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SYNOPSES FO R  C A RD  IN D E X E S

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

Combability measurements on human hair: Mario L. Garcia and Jose Diaz. 
Journal of the Society of Cosmetic Chemists 27, 379 (September 1976)

Synopsis—An instrumental method for measuring the effect of cosmetic products 
or any other treatment on the combability of human hair has been developed. 
The required instrumentation, experimental procedure, and interpretation of 
the data are presented in detail. The method involves the continuous recording 
of the forces, which oppose the motion of a comb through a swatch of hair. 
The data thus produced consists of graphs showing the forces opposing (or gen
erated by) combing as a function of the position of the comb along the length 
of the swatch. Examples of applications are presented.

Testing skin tolerance in the hairless mouse: Christian Gloxhuber. Journal of the
Society of Cosmetic Chemists 27, 399 (September 1976)

Synopsis—The uv-produced edema in the hairless mouse is an experimental 
model which may be used for testing the skin tolerance of cosmetic products. 
It is also suitable as a sunburn model.

Birefringence: polarization microscopy as a quantitative technique of human hair
analysis: Roger K. Curtis and Don R. Tyson. Journal of the Society of Cosmetic 
Chemists 27, 411 (September 1976)

Synopsis—An alternative to the conventional method of mechanical stress-strain 
analysis of human hair condition is presented in this paper. Numerical birefring
ence is an extremely sensitive measure of molecular orientation. As such, this 
technique has the potential of determining hair fiber condition as a fundamental 
molecular level. Basic theories of polarization microscopy are presented and 
utilized as the basis of a quantitative technique developed for the measurement 
of birefringence in hair. The theories, morphological origins, and contributions 
of both the intrinsic and form birefringence components, and the correlation of 
numerical birefringence with the mechanical properties of hair are discussed. 
Numerical birefringence, a quantitative measure of the optical anisotropic prop
erties of a hair fiber cortex, as a reflection of the hair strand condition presently 
observed with mechanical stress-strain testing, is demonstrated.
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Intra and extracellular cementing substances: H. P. Baden, L. D. Lee, and 
J. Kubilus. Journal of the Society of Cosmetic Chemists, 27, 433 (September 
1976)
Synopsis—The stratum corneum consists of flattened compacted cornified cells 
which are filled with cross-linked fibrous proteins. The association of the fibrous 
proteins with a specific lipid gives rise to the barrier characteristics of the epi
dermis. Stratum corneum cells are attached to one another by desmosomes and 
an intercellular cementing substance. The latter material has been rather poorly 
documented and described. Recent studies concerning diseases associated with 
hyperkeratosis which employed a keratolytic gel, have suggested that solubiliza
tion of this material can result in the loss of adherence of cells to one another. 
The solubilized material appears to have unique properties, which will be 
characterized.
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Combability Measurements on Human Hair
M ARIO L. GARCIA, Ph.D . and JOSE D IA Z, B.S.*

Presented M ay 29, 1975, SCC Seminar, St. Louis, M issouri

Synopsis: An instrumental method for MEASURING the effect of cosmetic products or 
any other treatment of the COMBABILITY of HUMAN HAIR has been developed. The 
required instrumentation, experimental procedure, and interpretation of the data 
are presented in detail. The method involves the continuous recording of the forces, 
which oppose the motion of a comb through a swatch of hair. The data thus produced 
consists of graphs showing the forces opposing (or generated by) combing as a function 
of the position of the comb along the length of the swatch. Examples of applications 
are presented.

I n t r o d u c t io n 7

C om bability can be defined as the subjective perception  of the relative ease 
or difficulty w ith  w hich hum an hair can b e com bed. It depends on the m agni
tude and on the fluctuations of the forces that oppose com bing.

C om bability is an im portant attribute, w hich  is always considered w hen  
judging the “condition” of hum an hair. Im proved com bability is perceived  as 
the hair b ein g  in better condition. Another concept closely associated w ith  
com bability is that o f m anageability. Still another factor related to com bability  
is that of the m echanical dam age, w hich is done to hair w ith  the com bing  
process, w hich is accelerated if the hair is hard to com b or to untangle. It fo l
low s that com bability, due to its close connection w ith other desirable hair 
qualities, is a very im portant factor in judging the perform ance of m any hair 
care products.

T he m ethod described in this paper was developed  in our laboratories for 
the purpose of quantitatively evaluating com bability. It has been  extensively  
tested  w ith  a w id e variety of hair products and treatm ents and is now  u sed  as 
a standard test during product developm ent and for claim substantiation in 
finished products. A num ber of instrum ental m ethods for evaluating com babil
ity have been reported in the literature (1—3). Some of the sim ilarities and 
differences b etw een  those m ethods and ours w ill be discussed later. It is our 
opinion that our m ethod has advantages in its sim plicity and in the typ e of 
inform ation that can be obtained by using it.

“Clairol Inc. Research Labs., 2 Blachley Road, Stamford, Conn. 06902.

379
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In w hat follow s, the m ethod is first described in fu ll detail so that it can 
easily  be used by any interested laboratory. This description is fo llow ed  by a 
selected  num ber of experim ental results, interpretation of the data, and a 
general discussion of the m ethod.

M e t h o d

Experim entally, the m ethod consists of suspending a hair swatch from a 
force-m easuring device, inserting a com b close to the root end of the swatch, 
setting the com b in a straight com bing m otion through the sw atch at a con
stant speed, and continuously recording the forces that resist its m otion during 
this transit from the point of insertion till it  clears the bp end of the swatch. 
T he data resulting from this operabon consist of a graph show ing the load  
(in grams) opposing (or generated by) com bing as a function of the posibon  
of the com b along the length of the swatch. W e call this graph a ‘C om bing  
Curve.’

C om bing curves can be recorded using dry or w et hair. T ypical exam ples 
of these curves can be seen in F ig. I (dry) and Fig. 2 (wet). Dry com bing  
curves are recorded using sw atches, w hich have been  previously hand  
com bed. In spite o f the precom bing, they show  gradually increasing com b
ing forces w hich reach m aximum  values at or near the tip end of the swatch. 
W et com bing curves are recorded using sw atches w hich  have been  purpose
ly tangled by im m ersing them  in water. T h e resulting curve shows a h igh in 
cidence of tangles all through the length of the swatch. In som e cases, the 
com bing forces are higher close to the tip end of the swatch.

In our m ethod, com babdity is m easured by means of two param eters, w hich  
can be directly obtained from the com bing curves. The first param eter is 
‘peak com bing load’ (PCL). This is the h ighest load (in grams) that is re
corded during the com bing of the swatch. Points P in Figs. 1 and 2 are ex
am ples of PCLs. If desired, PCL can be converted to peak com bing forces 
(PCF) (in dynes) by m ultip lying them  by the acceleration of gravity  
(«*980. c in /s e c 2). The second param eter is the average com bing load (A C L ). 
This is the average load during one com bing of the swatch. It is expressed in 
grams • cm units) by the distance in centim eters traveled by the com b  
through the swatch.

Both of these param eters g ive us a quantitative m easure of how  difficult 
(or easy) it is to com b a sw atch of hair. Our m ethod is based on m easuring  
the changes that occur in such parameters w hen the hair is treated w ith  a 
product. D ecreases in PCL an d /or  ACL, w hich  indicate im provem ents in 
com bability ( and vice versa) correlate w ith  w hat is perceived  w hen the hair 
is com bed by hand.

As could  b e expected, the absolute values o f the PCLs and ACLs depend  
on a large num ber of factors such as speed  o f com bing, handling of tire 
hair, dim ensions of the hair swatch, curliness o f the hair, com b dim ensions, 
com b m aterial, etc., w hich  cannot be totally controlled. It is for these reasons
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Figure 1. Dry combing curves, B before 
treatment, A after treatment with com
mercial creme rinse. Combing loads ap
pear plotted against distance of comb from 
top end of swatch

Figure 2. Wet combing curves, B before 
treatment, A after treatment with com
mercial creme rinse. Combing loads ap
pear plotted against distance of comb 
from top end of swatch

that changes in  the values of these param eters are more im portant and  
more reproducible than their absolute values. It also follow s that great 
care has to b e taken so that com parisons—as, for exam ple, before and after 
the use o f a product—are done under experim ental conditions that are, 
insofar as possible, identical. If done carefully, however, this m ethod al
lows us to m easure changes in com bing forces of the order of ±  20 per cent. 
Average changes are calcu lated  b y  averaging the individual values m easured  
on a set o f replicate sw atches.

E quipm ent

T he instrum entation consists of an Instron T ensile Tester (M etric T able  
M odel, T M -M °) to w hich som e attachm ents have b een  added (see  F ig. 3 ) .  
T h e Instron load cell B w hich has a range of 0 to 2,000 g is used. Other re
cording tensile testing instrum ents could be sim ilarly adapted.

T he attachm ents to the Instron Tester show n in Fig. 3 are as follow s ( c )  
Com b Stand: the com b stand is an L -shaped alum inum  part designed  to hold  
different types of com bs, it is m ounted on the traveling crossbar of the In
stron b y  m eans of two screws; ( b )  Comb: the com b used in our m easure
m ents consists of 8 cylindrical stainless steel teeth  (unpolished), 2.2 mm in 
diam eter, m ounted (w ith  an interteeth  distance of 1.5 mm) on an aluminum  
frame. T w o rem ovable bars of the sam e m aterial and diam eter as the teeth  are

“Instron Corp., Canton, MA.
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Figure 3. Part of Instron Tensile Tester showing combing attachments: (a) clamp; (b) 
comb; (c) L-shaped stand; (d) crossbar; (e) hair swatch; (f) load cell

m ounted perpendicular to them  in order to keep the hair in place during 
com bing (Fig. 4). (a) Clamps: the hair as u sed  for these m easurem ents is 
m ounted on specially  designed  aluminum  clam ps (Fig. 4). T hese clam ps pro
duce approxim ately rectangular cross-sectional sw atches .They have a hole on  
the top from w hich they are hung on a 1.5 mm diam eter m etal rod, w hich  is 
connected  to the load cell of the Instron. At the clam p, the dim ensions of the  
cross-section of the hair sw atch are 2.8 cm in length and approxim ately 2 mm  
in  w idth. At least tw o regular hand com bs should be at hand  
for each m easurem ent. O ne o f  the com bs should only b e used for clean un
treated hair sw atches. T he other one should b e  used for the treated sw atches. 
Ordinary hard rubber or nylon com bs are suitable.

The m easurem ents are done under standard tem perature and hum idity con
ditions ( 7 0 ± 2 ° F ,  65 ±  2 per cent RH). This requires the availability  of a 
tem perature and hum idity controlled room w herein the tensile tester can be  
located  and operated.
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Sam ple Preparation

T he preparation of sw atches consists o f m ounting the hair that has been  
selected  to be used in the m easurem ents, on the clamps previously described. 
T h e uniform ity of this operation is facilitated  by proceeding as follows: start 
b y securing enough hair for a com plete set of m easurem ents. Six sw atches 
are recom m ended in routine evaluations of products. If changes in com ba- 
bility  are very small, m ore sw atches m ight be required to ascertain statistically  
significant changes. About 10 g of hair are required to prepare each swatch. 
A lthough if could  be desirable to use perfectly  straight hair, this is not prac
tical because it is difficult and expensive to obtain such hair. Virgin European  
hair w ith  its natural soft curl is perfectly  suitable for these m easurem ents and 
should be used.

If possible, all the hair to be used  in 1 set of m easurem ents should com e 
from the sam e batch o f com m ercially purchased hair. B lending the hair is not 
necessary and is not recom m ended because the coherence of the hair’s natural 
curl is lost, and this results in excessive tangling.

The length  of the individual hairs to be used should be uniform. A good  
length  to start w ith  in preparing sw atches is 11 in.

M easure the length of the hair in inches. On a top loading balance w eigh  
(to ±  0.2 g )  individual bundles of hair (on e  for each  sw atch ) so that each

C O M B

top v iew  side view

C L A M P

top  v iew side view

O 1
I___ I___ I___ 1_

IIMCHES

a
j

Figure 4. Top and side views of comb and clamp used in measurements
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bundle’s «'eight in grams is approxim ately equal to its stretched length  in 
inches tim es (0.7); that is, the linear density of each bundle should b e  ap
proxim ately 0.7 g /in . H andle the bundles gently so that the hair’s natural curl 
is not unnecessarily disturbed.

Place the rootend section of a bundle in the throat of the clam p and d is
tribute the hair evenly  throughout its w idth. A llow  approxim ately 1 in  of hair 
beyond the throat o f the clam p. Secure the m ale part o f the clam p to the  
other part by m eans of the 2 screws. Proceed in the sam e w ay w ith  the rest of 
the bundles. Cut the excess (root end) hair close to the top of the clam p’s 
jaws. Stretch the hair swatch with the hands and cut the tip end of the hair 
at a d istance of 6.5 in. from the closest end  of th e clam p. This can b e done  
conveniently using a laboratory guillotine.* T he am ount of hair freely h ang
ing from the clam p will w eigh  4.5 to 5.0 g.

T he hair m ounted  on the clam ps should be cleaned  in order to rem ove 
dirt, grease, or any foreign m aterial that m ight be present on the hair w hen it 
is purchased. The cleaning is done using a 15 per cent aqueous solution by  
w eigh t of sodium  lauryl ether sulfate. The (unadjusted) pH  of this solution is 
in  the range of 7 to 8. The solution is liberally applied  tw ice  to each sw atch  
as if it w ere a sham poo. After the second application, the sw atches are thor
oughly rinsed under running deionized  w ater (at room tem perature) for 30 
min. For our purposes, this cleaning treatm ent is m ore realistic and less ar
bitrary than the com m only used precleaning of hair w ith  various organic sol
vents.

After cleaning, th e sw atches are com bed and hung to dry and equilibrate  
to the standard conditions of 70°F  (21.1°C) and 65 per cent RH for 24 hours 
in a controlled environm ent room or chamber.

E xperim ental Procedure

T he experim ental procedure consists of m easuring the PCLs a n d /o r  ACLs 
of the sam e hair sw atches w et a n d /o r  dry before a treatm ent and after the 
treatm ent.

M easurem ents on U ntreated Hair—W e t M easurem ents as follows. Step 1: 
turn on the Instron, allow  it to warm up, and calibrate, fo llow in g its operation  
m anual. Step 2: p lace each of the sw atches to be m easured in deionized  w ater 
at room tem perature (70°F) for at least 10 m in and for no m ore than 30 m in  
prior to the m easurem ents. This can be done by supporting the sw atches by  
the clam ps and allow ing them  to hang freely inside a large beaker («= 3000 ml) 
full of deionized  water. Step 3: take the first swatch out of the w ater and com b  
it  until no detangling is noticed  on further com bing. Start this operation using

Harvard Apparatus Co., Inc., Dover, MA.
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the wide-tooth section of a hand comb and finish using the thin-tooth section. 
Step 4: immerse the hair swatch 3 consecutive times in a separate beaker con
taining deionized water at room temperature. The purpose of this step is to 
generate a certain degree of tangling of the swatch under controlled condi
tions. This step is very important and care should be taken to perform it in 
the same way each time. It should be done by holding the swatch through the 
clamp and gently dipping it in and out of the water 3 times. After the third 
immersion, squeeze out the excess water twice with the fingers. Step 5: with 
the crossbar sufficiently out of the way (below), hang the hair swatch from 
the load cell hook and adjust the pen of the recorder so that the swatch plus 
the clamp read zero. To do this, use the balance control of the recorder, which 
does not affect its calibration. Step 6: remove the swatch from the load cell 
and hang it by its clamp close to the Instron. Displace the crossbar upward 
to the starting position. At this point, the teeth of the comb should be at a dis
tance of 2.5 cm from the lower edge of the hair swatch clamp. Step 7: hang 
the hair swatch from the load cell, and using two fingers to flatten the swatch, 
push-guide the hair into the comb. If done carefully, this operation insures a 
fairly even distribution of the hair between the interteeth spaces. Also, be
cause the width of the swatch at the damp is 2.8 cm, and the distance between 
the 2 outer teeth of the comb is 3 cm, it is simple to have all the hair “in” the 
comb. Place the thin metal rod below the teeth, perpendicular to them, to pre
vent the hair from coming out of the comb during the measurements. Step 8: 
once the hair is properly placed in the comb, the actual measurement can be 
started. This consists of continuously recording the force that is required to 
move the comb down through the hair swatch at a constant speed. This is 
done by setting the crossbar in downward motion while continuously record
ing the load. If a recorder integrator is available, it should be functioning so 
that the area under the combing curve is measured. The combing speed will 
be set at 10 cm/min and the chart speed at 10 cm/min. The sensitivity for the 
recorder will be set according to the values of the forces encountered. Step 
9: repeat steps 4 through 8 twice for the same swatch in order to record tripli
cate runs. Step 10: repeat steps 2 through 9 for the remaining swatches. Step 
11: after the wet measurements are completed, comb the swatches using the 
hand comb, hang them through the clamps and allow them to dry and condi
tion for at least 24 hours at 65 per cent RH and 70° F.

D r y  M e a su re m e n ts :  Dry measurements comprise steps 12 and 13. Step 12: 
Start the dry measurements by taking the first conditioned hair swatch and 
combing it with the hand comb until no detangling is noticed on further 
combing. Proceed then with steps 5 through 9 as before. Step 13: repeat step 
12 for the remaining swatches.

T r e a tm e n t:  Give the treatment to the hair mounted on the clamps following 
the recommended instructions for the product. Use deionized water whenever
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water is needed. The amount of product to be applied to each hair swatch is 
calculated taking into account the amount recommended for a head of hair, 
using 100 g of hair as the average weight of hair for adult females, and weight 
of hair in each hair swatch. The following formula is applied for this purpose.

( Amount of product \  
recommended for a 1 

head of hair /
to apply per swatch — pjO

If rinsing with water is the last step of the treatment, care should be given to 
this operation. Rinsing should be sufficient to eliminate excess product, but 
not so intense so that the effect of a product could be completely eliminated. 
The way in which the product is used in actual practice should be followed. 
For example, shampoos are rinsed until foam is no longer evident; the same 
should then be accomplished with the rinsing given to the hair swatches. Once 
the conditions are specified, care should be exercised in rinsing each of the 
swatches in the same way. Rinsing conditions should specify volume of water, 
temperature of the water, rinsing time, and method (flowing water or immer
sion).

M e a s u r e m e n ts  o f  T r e a te d  H air: Wet measurements on treated hair should 
be done right after the treatment, preceded only by a 5-min period in 
which the treated swatch is allowed to relax immersed in water. The rest of 
the wet treated swatches should be left hanging from their clamps while they 
wait for the 5-min relaxation period and subsequent measurement. The 
main reason for doing the wet measurements right after the treatment is be
cause, in practice, the hair has to be combed after any treatment, and it is at 
that point that the user will associate the product with its effect on wet comb- 
ability. Obviously, wet measurements can be done at a later time if this will 
contribute additional information on the effect of the product.

Calculations
Once the measurements are completed the data required to calculate chang

es in combability are obtained from the combing curves.
The PCL for each run corresponds to the highest load recorded for that run 

and is read directly from the corresponding combing curve. The load for a 
full-scale deflection use for recording obviously has to be taken into account.

The ACL for each run is calculated by first measuring the area under the 
corresponding combing curve (in grams cm • units) and then dividing the 
value for the area by the distance in centimeters that the comb travels through 
the hair in that run. This distance is read directly from the curve.

It has been our experience, in developing this method, that per cent changes 
in PCL are similar in value to per cent changes in ACL. For this reason, and
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Table I
Combability Results on Bleached Hair 

Before and After the Use of a Semipermanent Dye Product 
A

Swatch
Number

Before Treatment (BT) 
Run Number

Wet Measureme 
Peak Combing ]

Average
Column

nts 70°F)
Load (G)

After Treati 
Run Number

nent (AT) 
Average 
Column

Per cent 
Change1 2 3 1 2 oo

1 700. 1050. 1160. 970. 980. 820. 320. 707. -27 .1
2 1500. 1125. 925. 1183. 366. 360. 664. 463. -6 0 .9
3 525. 690. 1000. 738. 664. 422. 460. 515. -3 0 .2
4 1200. 1175. 1210. 1195. 650. 900. 616. 722. -3 9 .6
5 850. 1950. 825. 1208. 436. 500. 480. 472. -6 0 .9
6 1845. 1425. 1550. 1607. 440. 350. 530. 440. -7 2 .7

Average BT =  1150, average AT =  553.
/  553 — 1150 \

Per cent change 1150 —  X 100 = —52. per cent.

B

Dry Measurements (65 per cent RH, 70° F)
Peak Combing Load (C)

Before Treatment After Treatment
Swatch Run Number Column Run Number Average Per cent
Number 1 2 3 '. verage 1 2 3 Column Change

1 800. 530. 784. 705. 236. 258. 220. 238. -6 6 .3
2 416. 390. .304. 370. 200. 247. 140. 196. -4 7 .0
3 500. .340. 275. 372. 263. 19T 140. 200. -4 6 .2
4 488. 365. 399. 417. 275. 310. 255. 280. -3 2 .9
5 1180. 800. 500. 827. 400. 210. 370. 327. -3 9 .5
6 620. 550. 650. 607. 187. 155. 256. 200. -3 2 .9

Average BT =  550, average AT =  240.

X 100 =  —56 per cent.

because they are more readily calculated, the use of PCL values is recom
mended. The computations are best illustrated by considering examples.

Example I

The data, which appears in Table I are typical and correspond to an experi
ment that was done for the purpose of determining the effect of an experi
mental semipermanent dye product on the wet and dry combability of 
bleached hair.

Per cent change = 240. -  550, 
550.
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The columns with headings Run 1—3 contain the PCL values for each of 
the 3 replicate runs that were recorded for each swatch.

The average column consists of the averages of the runs for each swatch. 
The average before treatment (BT) and average after treatment (AT) 
values are the averages of the average values appearing in the average col
umns. The per cent change in PCL is calculated using the expression

( Average PCL AT — Average PCL BT ) 
Average PCL BT X  100 = per cent change in PCL

If average combing loads are measured instead of peak combining loads, 
the data are treated in an identical manner.

The results of the above set of measurements are summarized as follows. 
Effect of experimental direct dye base on combability: average per cent 
change in dry PCL • • • —56. per cent; average per cent change in wet 
PCL • • • —52. per cent.

The percent change columns on the right hand side of Table I give tire per 
cent changes for the individual swatches. We have chosen not to use these 
numbers, i.e., their averages, to calculate the total per cent change in PCL, 
due to the treatment. These numbers, however, give, on inspection, a practical 
indication of the reproducibility of the experiment and/or treatment effects.

E x a m p le  I I

In most cases, combability measurements involve the comparison of the 
effects on combability of two or more products. Even when this is not the 
case, a product whose effect on combability has been previously measured, is 
normally included in the experiments. This is recommended because it 
serves as an internal standard which will detect any bias in the results due to 
differences in the hair. Hair from the same source should always be used in 
any comparative study.

A comparison between products can be done by measuring the effect on 
combability of each product individually as in example I and then comparing 
the average per cent changes. If the effects on combability of two products 
are sufficiently different, that is, of the order of (per cent change PCL) 
Product A— (per cent change PCL) Product B — 20 per cent, and if the per 
cent change in PCL for most of the replicate swatches is uniform, the 
validity of the observed difference frequently can be decided by simple 
inspection of the data. If there is any doubt and/or the data are going 
to be used as part of documentation supporting claims for a product, the 
statistical significance of the differences must always be established. This 
is best accomplished by doing an analysis of variance on the data (4). 
Such an analysis is illustrated as follows with data that were used to com
pare the effect of shampoo A (Table II) to that of shampoo B (Table III) 
on the combability of dry human hair. As can be seen in the Tables, 8
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Table IV
Analysis of Variance for Data in Table II

Source of Variance Sums of Squares Degrees of Freedom Mean Squares
Pel ween rows 185,415.7 n, -  1 =  7 26,488.
Between columns 9,052,5 ns - 1  =  1 9,052.5
Row X column interaction 14,459.6 ( ni — 1 ) x ( n2 — 1 ) =  7 2,065.7
Residual 73,495.6 n,n2(n;, — 1) =  64 1,148.4
Total 282,423.4 nin2n3 — 1 =  73

ni equals number of rows equals 8 (one for each swatch). 
n2 equals number of columns equals 2 (one for each treatment), 
rt, equals number of replications equals 5 (five for each swatch).

swatches were used and 5 replicate runs were done on each swatch; 
It can be seen in Table II that the use of shampoo A resulted in a decrease of 
the forces required to comb 7 out of 8 swatches used. On the other hand, 
Table III shows that of the 8 swatches that were treated with shampoo B, 3 
showed an increase and 5 a decrease in their PCLs.

Analysis of Variance for Data in Table II. The statistical parameters needed 
to perform the analysis are shown in Table IV. The following operations are 
done to determine the significance of the different components of variance.

Step 1. Significance of the interaction (between rows and columns) against 
the residual: 2,065.7/1,148.4 = 1.79. For degrees of freedom (df) Nx = 7, 
N2 = 64 the above ratio is not significant at the 95 per cent confidence level. 
(Fisher variance ratio test.) This means that the data do not show any de
tectable statistically significant interaction between the treatment and the 
PCLs of the swatches. If the interaction had been significant, it would 
indicate that the effect of the product is a function of a characteristic of some 
of the swatches, in our case their initial before treatment average PCL. This 
seldom occurs if all the swatches are prepared from the same homogeneous 
batch of hair. If it does, it indicates inhomogeneity of the hair, and the best 
solution is to prepare more swatches and exclude from the set of swatches 
those that have extremely high values for them initial before treatment PCL. 
This should be done on the complete set of swatches participating in the 
experiment. The set would then be randomly divided in half into subsets 
to be used with each product.

Step 2. Pooling of the sums of squares of the interaction and residual and 
their degrees of freedom: (14,459.6 + 73,495.6)/(7 + 64) = 1,238.8. This num
ber is now treated as a new mean square for the residual.

Step 3. Significance of the variance due to differences between columns 
(i.e., due to shampoo A treatment). The value of the ratio of the mean 
square of the between columns term and that of the new residual determines 
the significance of the “between columns’’ variance: 9,052.5/1,238.8 = 7.31. 
For degrees of freedom Ni = 1 and N2 = 71 the value of the ratio indicates



3 9 2 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

Table V
Analysis of Variance for Data in Table III

Source of Variance Sums of Squares Degrees of Freedom Mean Squares
between rows 133,028.0 m — 1 =  7 19,004.0
Between columns 32.5 n. -  1 =  1 32.5
Row X column interaction 13,401.0 (n i— l ) x ( n 2—1 ) = 7 1,914.4
Residual 59,972.0 11,112(113 —■ 1) =  64 937.1
Total 206,433.5 niii^ns — 1 =  73

m equals number of rows equals 8 (one for each swatch).
112 equals number of columns equals 2 (one for each treatment). 
ii:, equals number of replications equals 5 (five for each swatch).

statistical significance at the 99 per cent confidence level. This means that the 
decrease in PCL measured experimentally (—15. per cent) can be considered 
statistically significant at the 99 per cent confidence level.

Analysis of Variance for the Data in Table III. The parameters needed to 
perform the analysis appear in Table V.

Step 1. Significance of the interaction: 1,914.4/937.1 = 2.04. For Nt = 7, 
N2 = 64 the interaction is not significant at the 95 per cent confidence level.

Step 2. Pooling of sums of squares and degrees of freedom: (13,401. + 
59,972.)/(7 + 64) =  1,033.4.

Step 3. Significance of the variance due to between columns differences: 
32.5/1,033.4 = 0.31. For Nj = 1, No =71 is not significant.

These results confirm that the changes noticed on combing loads (Table 
III) after the use of shampoo B do not indicate any effect due to this treat
ment.

The analysis of variance provides us with a criteria to establish the statisti
cal significance of the observed changes in combing forces. In order to com
pare the effect of shampoo A to that of shampoo B we can proceed as follows.

Step a. Calculate the difference between the average after and average be
fore treatment values for each shampoo, i.e.,

average difference for shampoo A = DA = 116.8 — 138. = —21.2 g 
average difference for shampoo B = Du = 124.5 — 123.2 = 1.3 g

Step b. Calculate the standard error (standard deviation) of the difference 
in the means, i.e., DA and Du using the formula (5)

Standard error = o' X V  2 =  cr m

V n ~
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where cr is the common standard deviation of each of the before and 
after treatment means, and n (40) is the number of observations used 
to calculate the means. In our case, cr will be given by the square root 
of the residual mean square calculated in Step 2 of the analysis of variance. 
We will have the following:

<rma for shampoo A 35.2 X 1.41 
6.32 = 7.85

<rmb for shampoo B 32.1 X 1.41 
6.32 = 7.16

If desired, these numbers can be used to estimate confidence level limits 
( ± L) for the differences, i.e., ±L = t X crm. The residual variance used 
to calculate the standard errors has 74 degrees of freedom. The correspond
ing value for t for the 95 per cent confidence level is 2.0, hence

±La = ±2. x 7.85 = +15.7 ±LB = ±2. x 7.16 = ±14.3

and the changes in combing forces for shampoos can be expressed as follows:
Change in PCF shampoo A = —21.2 ± 15.7 g
Change in PCF shampoo B = 1.3 ± 14.3 g

Step c. In order to calculate the significance of the difference between the 
two average differences for each shampoo we perform a t test. The value for 
t is given as follows:

=  D a ~  D b X n 2
cr0 \  111 + n2

in which crc is the combined standard deviation obtained by combining ormil 
and o-mb. According to the expression

crc2 =  c r X df». + cj-mb- X dfb = 1151.7 
dfa. + dfb -2

o-o =  33.9

where the degrees of freedom = 74. Also, nx = n2 = 40. The calculated value 
of t equals 2.97. The value of t found on a t-table for the 99 per cent con
fidence level is 2.6. The difference between changes in PCL produced by 
shampoos A and B is thus shown to be significant at the 99 per cent con
fidence level.
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In the present example, the analysis of variance would have been sufficient 
to demonstrate the superiority of shampoo A over B, because it showed that 
shampoo A had a significant effect while shampoo B did not. In other cases, 
however, if both products are shown to have a significant effect, the calcula
tions under steps a to c leading to the t-test are required in order to prove the 
superiority of a product over the other one.

A pplications

Effect of commercial hair products on combability. Table VI shows the ef
fect of a selection of commercial products on the combability of originally un
treated human hair. It can be noticed from the table that most types of hair 
products, if formulated correctly, can improve the combability of human hair.

Effect of quaternary ammonium compounds on wet combability. The effect 
of quaternary ammonium compounds on the combability of human hair is 
well known (6). Figure 5 shows the effect of increasing amounts of dodecyl- 
trimethylammonium chloride sorpted by bleached hair on its combability. 
The hair was bleached for 60 min using a commercial lightening product. It 
was then treated by immersing it in 0.05 g/100 g aqueous solutions of the 
quaternary for 0, 1, 5, 60, and 120 min at room temperature and then rinsing 
for 20 sec under running deionized water. The amount of quaternary on the 
hair was determined by extraction with chloroform and further analysis using 
the method of G. V. Scott (7). Table VII shows similar data for a set of 
quaternary ammonium compounds (8). The two levels of uptake were pro-

Table VI
Effect of Commercial Hair Products on Combability

Per Cent Change in 
Peak Combing Force

Product Wet Dry
Regular shampoo +  4.% -  19.%
Conditioning shampoo A -  23.% -  27.%
Conditioning shampoo B -  57.% +  31.%
Leave-in creme rinse -  40.% -  72.%
Rinse-off creme rinse -  69.% -  48.%
Semipermanent dye product -  33.% -  34.%
Oxidation dye product A -  55.% -  15.%
Oxidation dye product B +741.% +  47.%
Oxidation dye product B plus a rinse-off creme rinse -  65.% -  25.%
Lightener (15-min treatment) +265.% +  20.%
Lightener (60-min treatment) +760.% +  110.%
Lightener ( 60-min treatment ) plus a conditioner +  180.% -  20.%
Conditioning setting lotion -  63.% -  72.%
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Figure 5. Per cent reduction in wet PCL as function of uptake of dodecyltrimethyl- 
ammonium chloride on bleached hair

duced by immersing the bleached hair in 1.0 and .05 g/100 g aqueous solu
tions of the quaternaries for 5 min at room temperature and then rinsing 20 
sec as was previously done.

The data showed that only very small amounts of these compounds are 
needed on the hair in order to produce significant effects on combability, and 
that increasing the uptake beyond these values does not result in additional 
benefits. It should be kept in mind that the uptake of these compounds by 
hair is going to be affected by the pH of the medium, the presence of other 
compounds in solution (especially anionics), and the type of hair.

Table VII
Effect of Uptake of Quarternary Ammonium Compounds on the Combability

of Wet Bleached Hair

Compound

1.0 g/100 g solution 5 min 
Uptake Per cent redue- 

m g/gH air tion in PCF

.05 g/100 g solution 5 min 
Uptake Per cent reduc

ing/ g Hair tion in PCF
T etradecyltrimethyl- 

anmionium chloride 5.9 94. per cent .2 92. per cent
Decyltrimethyl-

ammonium chloride 9.0 83. per cent 1.5 78. per cent
Stearyl dimethylbenzyl- 

ammonium chloride 2.5 90. per cent .8 90. per cent
Benzyltrimethyl- 

ammonium chloride 4.0 54. per cent .25 50. per cent
Distearyl dimethyl- 

ammonium chloride 3.6 92. per cent .2 92. per cent
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D iscussion

In principle, combability measurements are very simple. In practice, unless 
great care is taken in the preparation treatment, handling of the swatches, 
and statistical analysis of the data, the results can lose significance. This is es
pecially true when establishing small differences between products. The main 
problem arises from the fact that it is difficult to produce a reproducible de
gree of tangling of the swatches prior to the measurements. In our experience, 
if the method is followed carefully, changes in combability of the order of 
± 20 per cent can be accurately established without having to measure an un
practically large number of swatches. Changes of tills order appear to be 
close to the lower limit of what can be subjectively noticed by combing 
swatches by hand.

In this method, the before treatment measurements are done on hair which 
has been cleaned using a detergent solution. This is perfectly justified in test
ing most products because, in reality, shampooing usually precedes the use of 
most hair care preparations. In the cases where the effects of shampoos are 
being measured, it could be argued that the starting point should be unclean 
hair which, in many cases, has better combability than clean hair. This ap
proach, however, will introduce the unnecessary complication of having to ar
bitrarily define and reproducibly simulate dirty hair in the laboratory. Al
though this could be done, we consider that it is justified to start with clean 
hair and define any effect that a shampoo can have on combability as those 
effects that can be measured in addition, and beyond the effect produced by 
shampoos by virtue of just cleaning the hair.

In our method, we chose to quantify combability in terms of PCL and ACL. 
In particular, PCLs are relevant in terms of what is experienced subjectively 
while combing hair. This is not only because they correspond to the highest 
forces, but also because, as shown by the combing curves, they occur abruptly. 
This characteristic of combing forces has been used by Wedderburn and 
Prall (3) as the basis for developing a method for measuring combability. It 
is likely, as pointed out by these authors, that fast short-term fluctuations in 
the combing forces, i.e., “tangle noise” or “raspiness” (2), are a factor contri
buting to the subjective perception of combing resistance. The inclusion of 
this effect in the evaluation of combability would be most critical in cases 
where the effect of two products which produce combing curves of similar 
PCL, but dissimilar “raspiness” were being compared. This situation, how
ever, has not yet arisen in our experience, and we find that qualitatively PCLs 
increase or decrease simultaneously with the noise level in the combing 
curves, i.e., smooth curves give small PCLs, while scratchy curves give large 
ones. Short-term variations in combing forces thus appear to give similar in
formation to that given by PCL. In the absence of a detailed description of 
the Wedderburn-Prall method, it is not presently possible to do a fair com
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parison with ours. The method developed by Newman et al. (1) is similar to 
ours. It involves the insertion of a comb into a swatch of hair and the measure
ment of the forces opposing its motion. The authors indicate that after less 
than a second of comb motion at a rate of 1.5 mm/sec, the combing force 
reaches a nearly constant value, which is measured. This contrasts sharply 
with the shape of our combing curves (Figs. 1 and 2), and indicates that 
these measurements are being done on hair swatches that, either because of 
their size and geometry and/or because of the way in which they are handled 
prior to the measurements, do not get tangled before and/or while they are 
being combed. This approach, although desirable from the point of view of 
improving reproducibility, is not favored by us, because in reality, tangles are 
almost always encountered while combing hair, and detangling is an integral 
part of the function of products developed to improve the combability of hair.

Combability measurements have been reported to be in use at Hoffman- 
LaRoche Co. Laboratory, but the method has not been described in detail. 
The method developed by Waggoner and Scott (2), which involves the mea
surement and analysis of the sound frequencies generated when hair is 
combed, although it is an interesting approach, suffers in our opinion from the 
unnecessary complications introduced by the necessity of having to interpret 
the generation of sound in terms of combing frictional forces which can more 
easily and directly be measured in the first place.

C onclusion

The increasingly sophisticated product development taking place in our in
dustry is in need of methods which can objectively measure the effect of prod
ucts on human hair. Although these methods do not completely replace the 
subjective evaluation of a product’s performance, they are obviously of great 
help in guiding research and in substantiating performance claims made for 
hair products. Furthermore, by providing quantitative data these methods 
open the door to the investigation of the underlying physico-chemical phe
nomena involved in the modification of human hair for cosmetic purposes.

The combability method described in this paper has proven very useful in 
our laboratory. The authors hope that others will benefit from its use.
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Prüfung von Sonnenbadepräparaten 
an haarlosen Mäusen

CHRISTIAN GLOXHUBER*

Synopsis — The UV-PRODUCED EDEMA in the HAIRLESS MOUSE is an EXPERI
MENTAL MODEL wich may be used for testing the SKIN TOLERANCE of cosmetic 
Products. It is also suitable as a SUNBURN MODEL.

Haarlose Mäuse haben sich in unserem Laboratorium in tierexperimen
tellen Modellversuchen bei Prüfungen auf Hautverträglichkeit bewährt. Wir 
haben diese Tierspezies deshalb auch zu Prüfungen herangezogen, wie sie mit 
Sonnenbadepräparaten durchgeführt werden. Dabei haben wir uns besonders 
mit folgenden Fragestellungen befaßt:
1. dem Sonnenbrand
2. der Hautverträglichkeit von Sonnenbadepräparaten unter Berücksichti

gung einer UV-Vorschädigung der Haut
3. der Hautpigmentierung.

Versuchstiere reagieren unterschiedlich zum Menschen auf eine UV-Be- 
strahlung. Bei den meisten gängigen Laboratoriumstieren ist das UV- 
Erythem wenig ausgeprägt. Bei stärkeren Einwirkungen kommt es ohne eine 
Blasenbildung unmittelbar zu nekrotischen Veränderungen. Wilhelmi (1) 
und Winder et al. (2) haben sich mit dem UV-Erythem beim Meerschwein
chen als Entzündungsmodell befaßt. Eine objektive Quantifizierung bereitet 
aber Schwierigkeiten. Bei haarlosen Mäusen zeigt sich als Entzündungsfolge 
einer UV-Bestrahlung in erster Linie ein ödem, das leicht quantifizierbar ist. 
Dieses UV-ödem stellt nach unseren Beobachtungen ein gutes Modell für 
den Sonnenbrand dar, läßt sich aber auch für verschiedenartige andere Frage
stellungen heranziehen (3).

* Hauptabteilung Toxikologie der Firma Henkel & Cie GmbH, Düsseldorf.
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M e th o d ik

In den von uns durchgeführten Untersuchungen verwenden wir haarlose 
Mäuse eines selbstgezüchteten hr-hr-Stammes. Zur Erzeugung eines UV- 
ödems werden die Tiere in speziellen Haltevorrichtungen fixiert und aus 
einer Entfernung von 50 cm mit einer Osram-Ultravitalux-Lampe be
strahlt*. Zur Ermittlung der ödemstärke wird im Bestrahlungsbereich eine 
Hautfalte in ihrer Dicke gemessen, wobei wir in Anlehnung an Schütz (4) 
und Schmid (5) einen etwas modifizierten Schnelltaster der Fa. Kröplin 
(649 Schlüchtern) verwenden. Die Details dieser Methode sind an anderer 
Stelle beschrieben (3).
1. Abhängigkeit der ödemstärke von der Bestrahlungszeit

Durch Variation der Bestrahlungszeit läßt sich die Stärke der UV-Reak- 
tion gut dosieren. In einer ersten Versuchsreihe wurde der Verlauf der 
Ödemreaktion in Abhängigkeit von der Bestrahlungsdauer ermittelt. 
Gruppen von 10 bzw. 12 Tieren wurden 1, 2;5, 5 bzw. 10 Minuten in der 
angegebenen Weise bestrahlt und im Anschluß daran das Verhalten des 
Hautödems bis 96 Std. verfolgt.

2. Wirkung von Lichtschutzpräparaten
Die Wirkung der UV-Strahlung auf die Haut wird in den handelsüblichen 
Lichtschutzpräparaten durch Lichtfilterstoffe so weit reduziert, daß ein 
stärkerer Sonnenbrand vermieden wird. Das vorliegende Modell gibt die 
Möglichkeit, solche Filterstoffe oder Sonnenschutzcremes praktisch zu er
proben, wenn sie vor der UV-Bestrahlung auf die Haut appliziert werden. 
Wir haben drei Produkte, die als Lichtschutzpräparate auf dem Markt 
angeboten werden, in unserem Modell auf ihre Schutzwirkung geprüft. 
Die Präparate waren mit den Lichtschutzfaktoren 2, 3 und 5 ausgewiesen. 
In diese Prüfung haben wir außerdem eine Creme einbezogen, der wir als 
Lichtfilterstoff 1,4% 2-Äthylhexyl-p-methoxyzimtsäureester zugesetzt 
hatten. Die Präparate wurden 1 Stunde und unmittelbar vor der Bestrah
lung in dünner Schicht mit dem Finger aufgetragen (Versuchsgruppen 5, 9 
bzw. 10 Tiere). Die Bestrahlungsdauer war 10 Minuten. Im Anschluß 
daran wurde das Verhalten des Hautödems über 144 Std. beobachtet.

3. Hautverträglichkeitsprüfungen an UV-gesdiädigter Haut
Die Haut haarloser Mäuse ist in ihrer Reaktionsfähigkeit ein empfindliches 
Instrument gegenüber irritierenden Substanzen. Derartige Wirkungen

* Die erzielte Reaktionsstärke ist bei diesen Bestrahlungen stark von der dem Untersucher 
oft nicht bekannten vorangegangenen Brenndauer der Lampe abhängig. Der Ausfall der 
Reaktion muß deshalb häufig durch Kontrollversuche überprüft werden.
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lassen sich ebenfalls in der angegebenen Weise messend verfolgen. Dieses 
Verfahren kann zur vergleichenden Prüfung von Stoffen auf Hautverträg
lichkeit Verwendung finden. Es hat sich gezeigt, daß die Vorschädigung der 
Haut, wie sie beim Sonnenbrand vorliegt, ebenfalls simuliert werden kann,
d. h. man kann an diesem Modell auch leicht Sonnenschutzcremes etc. auf 
lokale Verträglichkeit untereinander unter den Bedingungen des Sonnen
brandes vergleichen. Zum Studium dieser Wirkungen wurden verschiedene 
Hautcremes auf die intakte Haut von haarlosen Mäusen aufgebracht und 
das Hautverhalten messend verfolgt. Die gleichen Hautcremes wurden im 
Anschluß daran Mäusen appliziert, die eine durch UV-Strahlung vorge
schädigte Haut aufwiesen.

In diesen Versuchen gelangten verschiedene Cremetypen zur Unter
suchung. Sie sind mit I—VI bezeichnet. Die Applikation der Produkte 
erfolgte unmittelbar im Anschluß an die Bestrahlung (Bestrahlungsdauer 
10 min.). Jede Versuchstiergruppe bestand aus 5 Mäusen. Gleiche Tier
gruppen wurden auch ohne Bestrahlung analog als Vergleich behandelt. 
Bei allen Tieren wurde das Verhalten des Hautödems über 144 Std. 
verfolgt.

4. Untersuchungen über phototoxische Wirkungen
Produkte, die beim Sonnenbaden Verwendung finden, müssen frei sein von 
Bestandteilen mit phototoxischen Eigenschaften. Das UV-ödem-Modell 
an haarlosen Mäusen läßt sich auch für derartige Untersuchungen heran
ziehen. Allerdings ist es dabei erforderlich, die Bestrahlungsstärke so 
schwach zu wählen (2,5 min.), daß nur ein geringes ödem entsteht und 
eine Verstärkung durch den phototoxischen Stoff erkannt werden kann. 
In den Versuchen wurde Limetteöl und Bergamotteöl den Tieren 2 Std. 
und 30 min. vor der Bestrahlung konzentriert in dünner Schicht appliziert. 
Eine Kontrollgruppe wurde ohne Bestrahlung analog behandelt. Im An
schluß daran wurde das ödem messend verfolgt.

5. Hautpigmentierung nach UV-Bestrahlung
Das Sonnenbaden ist meist mit dem Wunsch verbunden, eine braune, 
„gesunde“ Hautfarbe zu bekommen. Zum Studium von Pigmentierungs
vorgängen nach UV-Bestrahlung ist unseres Wissens bisher kein tierexperi
mentelles Modell beschrieben, das mit der Hautpigmentierung beim 
Menschen vergleichbar wäre und zu Pigmentierungsstudien herangezogen 
werden kann. Im Gegensatz dazu werden verschiedene Untersuchungen 
zur Frage der Depigmentierung beschrieben, z. B. Denton et al. (6), 
Bleehen et al. (7) und Gellin et al. (8). Der verwendete Stamm von hr-hr-
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Mäusen zeigt die Eigenschaft der Pigmentierung-nach UV-Bestrahlung und 
eignet sich zu Pigmentierungsstudien. Auf den Effekt der Pigmentierung 
haben erstmalig wohl Forbes und Urbach (9) hingewiesen. Die Pigmen
tierung ist bei diesen Tieren dann gut auslösbar, wenn man sie mit einer 
schwachen Ödemdosis täglich ca. 14 Tage lang bestrahlt. In den Versuchen 
wurden die Tiere täglich 10 Minuten in der beschriebenen Weise mit einer 
Lampe bestrahlt, die schon eine etwas längere Brenndauer aufwies.

Ergebnisse

1. Abhängigkeit der ödemstärke von der Bestrahlungszeit
Die Resultate der ödemstärke unter verschiedenen Bestrahlungszeiten 
sind in der graphischen Abb. 1 wiedergegeben. Es zeigt sich, daß das ödem 
ein Maximum bei 30 Stunden aufweist und im Anschluß daran eine Nor
malisierung des Hautzustandes sich wieder einstellt. Bei noch stärkeren 
Bestrahlungen kommt es zur Ausbildung einer Hyperkeratose, in Extrem
fällen zu Nekrosen, die hier aber außerhalb der Betrachtung bleiben sollen.

Graph. Abbildung 1
Abhängigkeit der Hautödemstärke von der Bestrahlungsdauer

• ------ ----- • 1 Minute
A------ ------ A 2,5 Minuten
T------ ------ T 5 Minuten
x ------ ------ X 10 Minuten

Bestrahlungszeit
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2. Wirkung von Lichtschutzpräparaten
In der graphischen Abb. 2 sind die Ergebnisse einer Kontrollbestrahlung 
im Vergleich zu Ergebnissen beim vorherigen Aufträgen von Lichtschutz
präparaten wiedergegeben. Die Lichtschutzwirkung ist deutlich aus der 
Graphik abzulesen.

Graph. Abbildung 2
Verhinderung des UV-ödems durch Applikation von Lichtschutzmitteln

A------------- A Präparat mit angegebenem Lichtschutzfaktor 5
T------------- T  Präparat mit angegebenem Lichtschutzfaktor 2
X--------------X Präparat mit angegebenem Lichtschutzfaktor 3
H-------------- + Creme mit 1,4 °/o 2-Äthylhexyl-p-methoxy-zimtsäureester
• -------------- •  Kontrolle unbehandelt (18 Tiere) 3

3. Hautverträglichkeitsprüf ungen an UV-geschädigter Haut
Das Verhalten von 3 Hautcremetypen (I—III) an intakter Mäusehaut und 
nach UV-Vorbestrahlung ist in der graphischen Abb. 3 wiedergegeben. 
Es zeigt sich, daß diese Präparate weder an unbestrahlter noch UV- 
bestrahlter Haut eine Wirkung erkennen ließen. Die Meßwerte streuen 
innerhalb der Werte der Kontrollgruppen. In der graphischen Abb. 4 sind 
weniger ideal verträgliche Cremetypen (IV—VI) in ihrer Wirkung dar
gestellt. Solche Produkte zeigen bei der Ödemmessung schon an unbe
strahlter Haut einen geringen Effekt. Ganz besonders ausgeprägt ist der 
Effekt bei UV-vorgeschädigter Haut.
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Graph. Abbildung 3
P rü f u n g  v o n  C r e m e ty p e n  a n  u n b e s t r a h l te r  u n d  b e s t r a h l te r  M ä u s e h a u t  

T e il I S ta n d a r d a b w e ic h u n g e n  d e r  3 0 -S td .-W e r te  v g l. T a b e l le  1

mmi be s tra h lte  Haut

Graph. Abbildung 4
P r ü f u n g  v o n  C r e m e ty p e n  a n  u n b e s t r a h l te r  u n d  b e s t r a h l te r  M ä u s e h a u t  

T e il  I I  S ta n d a rd a b w e ic h u n g e n  d e r  3 0 - S td .- W e r te  v g l. T a b e l le  1
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Tabelle 1
Standardabweichungen der 30-Stunden-Werte der Zunahme der Hautfaltendicke

Graph. Abbildung 3 unbestrahlte Haut bestrahlte Haut

Kontrolle + 0 mm ± 0,05 mm
Creme Typ I + 0,1 mm + 0,06 mm
Creme Typ II ± 0,01 mm ± 0,02 mm
Creme Typ III ± 0,02 mm ± 0,02 mm

Graph. Abbildung 4

Kontrolle + 0 mm ± 0,22 mm
Creme Typ IV + 0,03 mm ± 0,034 mm
Creme Typ V ± 0,03 mm ± 0,17 mm
Creme Typ VI 0,002 mm + 0,14 mm

4. Untersuchungen über phototoxische Wirkungen
Der phototoxische Effekt von Substanzen läßt sich, wie die graphische 
Abb. 5 zeigt, mit der Versuchsanordnung erkennen. Bergamotteöl und

Graph. Abbildung 5
Untersuchung von Bergamotteöl und Limetteöl auf phototoxische Wirkungen an der Haut

haarloser Mäuse

• ------------ •  Kontrolle
A-----------A Bergamotteöl
▼---------- T Limetteöl
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Limetteöl zeigen als unverdünnte Substanzen eine so gute Hautverträg
lichkeit bei haarlosen Mäusen und lösen unter den Versuchsbedingungen 
nur so geringe Veränderungen aus, daß sie noch innerhalb der Streuung 
der unbehandelten Leerkontrolle liegen. Die Bestrahlungsstärke war unter 
den gewählten Versuchsbedingungen ebenfalls so gering, daß sie ein eben 
erkennbares Hautödem auslöste. In Gegenwart der beiden Substanzen 
trat jedoch bei Zusammenwirken von Bestrahlung und Substanzeinwir
kung eine deutliche Ödemwirkung auf, die als phototoxischer Effekt 
gedeutet werden darf, zumal die phototoxischen Eigenschaften beider 
Substanzen bekannt sind.

5. Hautpigmentierung nach UV-Bestrahlung
Das Ergebnis des beschriebenen Bestrahlungsversuches zeigt die Abb. 1. 
Das bestrahlte Tier zeigt auf seiner Rückenhaut im Gegensatz zum un-

Abbildung 1
Pigmentierung nach UV-Bestrahlung, Vergleich mit einem Kontrolltier
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bestrahlten Kontrolltier eine deutliche Pigmentierung. Diese Pigmentie
rung blaßt im Laufe der Zeit, wie das auch beim Menschen bekannt ist, 
wieder ab.

D is k u s s io n  d e r  V e r s u c h s e r g e b n is s e

Die Haut haarloser Mäuse zeigt bei UV-Bestrahlung in mancher Hinsicht 
ein qualitativ ähnliches Verhalten wie die menschliche Haut, so daß haarlose 
hr-hr-Mäuse als Versuchsmodelle für verschiedene Experimente mit Sonnen
badepräparaten herangezogen werden können. Dies gilt vor allem dann, 
wenn man als Folge der UV-Einstrahlung kein Erythem als Schädigungsfolge 
erwartet und als solche das Hautödem heranzieht. Ein Hautödem gehört 
auch zum Bild des Sonnenbrandes beim Menschen.

Die Versuche haben ergeben, daß sich das UV-ödem der haarlosen Maus 
nach UV-Bestrahlung gut dosieren läßt. Es ist deshalb möglich, Reaktionen 
verschiedener Stärke zu messen, wie das für die Ermittlung von Lichtschutz
faktoren nötig ist. Andererseits ist eine geeignete Vordosierung des Schadens 
nötig, je nachdem, ob man phototoxische bzw. sonnenbrandmildernde Wir
kungen untersucht.

Es ist seit langem bekannt, daß die Resorptionsfähigkeit der Haut unter
schiedlich ist, je nachdem, ob sie sich im Normalzustand oder in einem Zu
stand der Entzündung befindet. Man hat diesem Umstand bislang bei der 
Verträglichkeitsprüfung dergestalt Rechnung getragen, daß man die Pro
dukte nicht nur an intakter, sondern auch skarifizierter Haut prüfte. Eine 
solche Prüfung von Produkten ist aber im Falle von kosmetischen Präpa
raten, die allenfalls auf die UV-geschädigte Haut aufgetragen werden, unbe
friedigend, und wir glauben, daß das beschriebene Modell sehr viel zuver
lässigere Aussagen machen wird, zumal im Modell die gleiche Schädigung wie 
in der Praxis vorliegt. Produkte, die in dieser Versuchsanordnung insbeson
dere an UV-vorgeschädigter Haut nicht völlig reaktionslos vertragen wer
den, können in der Praxis bei Personen mit normaler Hautbeschaffenheit 
durchaus zufriedenstellend vertragen werden.

Die Möglichkeit, Pigmentierungsstudien an einem tierexperimentellen 
Modell durchführen zu können, eröffnet der Kosmetikwirkstofforschung 
eine Reihe interessanter Möglichkeiten, auf die zunächst nicht näher einge
gangen werden soll.

Frl. Rosi Südkamp danke ich für die gewissenhafte Durchführung der 
experimentellen Untersuchungen.
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Zusammenfassung

Das UV-ödem bei der haarlosen Maus ist ein Prüfmodell, das bei der 
Hautverträglichkeitsprüfung kosmetischer Produkte verwendet werden 
kann. Es ist auch als Sonnenschutzmodell geeignet.
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Im April 1975 wurde in Oberursel das Deutsch-Schwedische Symposion 
„PhotoChemotherapie - Grundlage, Technik und Nebenwirkungen" 
„Photodiemotherapy - Basis Technique and Side Effects" abgehalten, 
auf dem über Probleme der Photomedizin gesprochen wurde. Insbeson
dere wurden Vorzüge und Nachteile der P h o to c h e m o th e r a p ie  d e r  P so r ia s is  

eingehend diskutiert (UV-Strahlung und UV-Sensibilisatoren). Im An
schluß an diese Tagung wurde auf dem Kongreß der Deutschen Derma
tologischen Gesellschaft in Nürnberg mit besonderer Blickrichtung auf 
das o. g. Thema eine Erklärung verabschiedet, die von Prof. Dr. E. Fahr, 
Mainz, verlesen wurde. Sie hat folgenden Wortlaut:
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Erklärung auf dem Dermatologen-Kongreß in Nürnberg 1975

Es muß nachdrücklich betont werden, daß die Psoralen/Licht-Therapie 
von größter Bedeutung für die Dermatologie, aber auch für andere Zweige 
der Medizin und Biologie werden kann. Bevor diese Methode jedoch in 
die allgemeine dermatologische Praxis übernommen werden sollte, bedarf 
es noch sehr detaillierter dermatologischer, chemischer und molekular
biologischer Untersuchungen.
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Birefringence: Polarization Microscopy 

as a Quantitative Technique of 

Human Hair Analysis
ROGER K. CURTIS, B.A. and DON R. TYSON, B.S.* 

Presented May 29,1975, SCO Seminar, St. Louis, Missouri
Synopsis: An alternative to the conventional method of mechanical stress-strain analysis 
of HUMAN HAIR condition is presented in this paper. NUMERICAL BIREFRINGENCE 
is an extremely sensitive measure of molecular orientation. As such, this technique has 
the potential of determining hair fiber condition at a fundamental molecular level. Basic 
theories of POLARIZATION MICROSCOPY are presented and utilized as the basis 
of a quantitative technique developed for the measurement of birefringence in hair. The 
theories, morphological origins, and contributions of both the intrinsic and form bire
fringence components, and the correlation of numerical birefringence with the mechanical 
properties of hair are discussed. Numerical birefringence, a quantitative measure of the 
optical anisotropic properties of a hair fiber cortex, as a reflection of the hair strand 
condition presently observed with mechanical stress-strain testing, is demonstrated.

Introduction

The traditional method of detemining the condition of a human hair fiber 
is by measuring its mechanical stress-strain characteristics. The parameters 
determined, including: Young’s modulus; force at yield point; ultimate tensile 
strength; and either break point extension, or various parameters of elastic 
recovery hysteresis; (1) are abstract or secondary effects of the basic chemi
cal-molecular occurrences in cosmetic treatment and conditioning. What is 
needed is an additional system of analysis, which by looking at hair on a foun
dation molecular level, is more specific.

Crystalline, or molecular chain-sheet substances of a nonisometric nature, 
exhibit the optical property of birefringence when they are placed in a field of 
plane polarized light (2). This phenomenon, due to a condition known as

“Redken Laboratories, Inc., Van Nuys, California 91411.

4 1 1
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optical anisotropism, is a result of electron orbit polarizability and/or a re
fractive index differential between a crystal and its surrounding medium in 
which the crystal is embedded (2, 3, 4). The quantitative measure of bire
fringence, referred to as the numerical birefringence, is an extremely sensitive 
measure of optical anisotropism, wlrch arises from molecular orientation 
(2, 5).

The cortical region of a human hair is optically anisotropic (3, 6). In its 
function as the major fiber component (7), the cortex contributes 92 per cent 
to the elasticity of the hair. This is borne out by an analysis of the correlation 
matrix of a multiple linear regression model that explains the factors con
tributing to elasticity in hair (8, 14).

In the course of a cosmetic treatment, lie it chemical or mechanical in 
nature, the condition of a hair fiber is changed. The parameter of elasticity, 
or the resistance to and recovery from deformation by force, plays a major 
role in the final fiber condition after treatment(l). The change of condition 
during cosmetic treatment is due to molecular bonding changes, which occur 
mainly in the cortex (7, 9).

Therefore, the action of cosmetics, which affect condition and elasticity, 
should also affect the optical anisotropism of the cortex. Thus numerical bire
fringence, as a very sens'tive measure of molecular orientation, emerges as 
having the potential to very accurately determine hair condition.

This paper presents a quantitative system of analysis of human hair condi
tion, based upon the optical phenomenon of numerical b'refringence.

Theory of Birefringe
Plane polaiized light is utilized to observe the phenomenon of birefrin

gence. Ordinary light vibrates in waves, travehng in random planes perpen
dicular to the direction of propagation. By placing a polarization plate in front 
of a light source, only those waves tarveling in planes parallel to the axis of 
polarization of the plate are transmitted; the others being absorbed (Fig. 1A).

An anisotropic material has two unique optical properties as follows: (1) 
any one plane of light waves striking an anisotropic material is split into two 
wave-planes, traveling 90° relative to each other; and 45° each relative to the 
original plane of propagation (Fig. IB).  Hence the term double refraction or 
birefringence; (2) a plane of light passing through an anisotropic material 
encounters a path of a different refractive index, and thus travels at a different 
velocity, in each different direction of traverse (2, 5).

Therefore, a wave of plane polarized light strikes an anisotropic material, is 
split into tv/o waves, one of which, the ordinary or simply fast wave, is travel
ing through a path of lesser refractive index, and thus faster than the extra
ordinary or slow wave, which is traveling at a perpendicular angle in a more 
difficult path of higher refractive index (2, 5).
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ORDINARY LIGHT AND PLANE POLARIZED LIGHT

AXIS OF POLARIZATION

PLANE POLARIZED 
LIGHT PASSING 
THROUGH AN 
ANISOTROPIC MEDIUM

ORDINARY LIGHT

DIRECTION OF PROPAGATION

ANISOTROPIC 
MEDIUM

SLOW
WAVE

2 WAVE PLANES 
90° TO EACH OTHER 
45° EACH TO THE 
PLANE POLARIZED 
LIGHT

Figure 1. (A) Ordinary light waves being polarized; and (B) ordinary light waves further 
split into two perpendicular waves, each traveling at different velocity, while travers
ing anisotropic medium

The difference in refractive index between the two paths of the fast and 
slow wave (n2—nj) equals the numerical birefringence (2).

As the 2 waves advance through the material, the slow wave increasingly 
lags behind the fast wave in direct proportion to the numerical birefringence 
(the difference in path velocities) and to the distance or thickness traveled. 
This quantity of “lag,” measured in units of distance, is termed retardation. 
Hence the formulation, retardation equals numerical birefringence x thick
ness; or A = (n2 — ni)d. The numerical birefringence is determined by 
measuring the retardation and the thickness (2).

The retardation lag of the slow relative to the fast wave causes the two 
waves to go out of phase with each other (Fig. 2). These two waves, exiting 
the anisotropic material, interfere with each other, causing an elliptical 
interference pattern. In Fig. 3(A) the two waves are coming at you in phase 
with each other, the retardation distance having been some full multiple of 
the wavelength (A = nX). They are vibrating in unison, i.e., each reaching 
points 1-20 at the same time from points A, A' to B, B'. The elliptical inter
ference pattern is centered around an axis, formed by connecting the points of 
intersection of consecutive lines, drawn from the wave position at a particular 
instant, perpendicular to the wave axis. In Fig. 3(B), the slow wave has been
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INCREASING RETARDATION OF THE SLOW RELATIVE TO FAST WAVE

H H
FAST
WAVE / \ / V \ / ^
SLOW
WAVE

T1X RETARDED Vi X RETARDED Vi X RETARDED 1 X RETARDED 
(IN PHASE) (IN PHASE)

« ----------DIRECTION OF RETARDATION

DIRECTION OF TRAVEL---------- >

Figure 2. Two parallel waves of equal length X, traveling at different velocities. As slow 
wave increasingly retards from fast wave, two go in and out of phase with each other

Figure 3. Orientation of elliptical interference pattern formed by two interfering polarized 
waves; (A) in phase; and (B) % X out of phase (see text)

retarded some full multiple of the wavelength plus one-half (A = n + ViA). 
In this case, as the fast wave advances from point A, through points 1-20, 
finally to point B, the slow wave, being V2X out of phase, advances from point
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Figure 4. (A) Axis of polarization; (B) slow wave axes of compensator and hair; (C) fast 
wave axes of compensator and hair. In wave axes of hair and background retardation 
compensator: parallel alignment produces summation of their retardations—perpendicular 
alignment produces subtraction of their retardations

B', through points 20-1, finally to point A'; the elliptical interference pattern 
has shifted 90c (2).

An important concept, utilized in the measurement of numerical birefrin
gence, is that of addition and subtraction of retardation. If anisotropic objects 
are placed in line (i.e., one on top of another) in the path of light of a polari
zation system with their slow wave axes parallel, the total amount of retarda
tion in the system equals the sum of the retardation of the individual objects. 
If, however, the slow wave axes are aligned perpendicular to each other, the 
total retardation is equal to the difference between the objects as they tend 
to cancel each other out (Fig. 4) (2).

The anisotropic material being illuminated as has been described (Fig. 
1(B)) is viewed through a second polarizing plate, termed the analyzer, 
whose axis of polarization is 90° to that of the “bottom” polarizer. Only when 
a portion of the elliptical interference pattern lies in the same axis as that of 
the analyzer, does light pass; thus, light due to retardation, which in turn is 
caused by the product of numerical birefringence and thickness, can be seen 
and measured. No light is passed, a condition referred to as extinction, when 
A = nA; maximum light is passed when A = n + VzX (Figs. 5 and 6) (2, 5).
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N

NO LIGHT-EXTINCTION MAXIMUM LIGHT

Figure 5. Fast and slow waves exist anisotropic medium to form elliptical interference 
pattern: (A) A =  n X: the interference pattern is aligned 90° to the analyzer axis; no 
light can pass; (B) A =  n +  i/2 X: the pattern is in alignment with analyzer axis; maxi
mum light is transmitted

Figure 6. (A) (a ) Light passing through monochrometer of wavelength X; (b ) polariz
er; (c )  546 nrn retardation compensator; (n) analyzer. (A) compensator causes 1 X of 
retardation; no light; (B) [2 compensators (c) are stacked together equaling 1092 nm 
retardation]. Compensator causes IV2 X of retardation; maximum light transmission

Until now, only monochromatic light, or light of one particular color and 
having only one wavelength, has been considered in the theory of birefrin
gence that has been presented. White light is made up of a combination of all 
wavelengths of light in the visible spectrum, from about 400 to 700 nm. The 
same phenomena of birefringence and retardation occur, as has been previ
ously described, for monochromatic light with one exception: retardation of a 
particular distance value will cause some wavelengths or colors of light to be
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o f  th e  X o f  w h i te  l ig h t :  5 5 0  n m . ( B )  [ A d a p te d  w i th  p e rm is s io n  o f  t h e  p u b l i s h e r  ( 2 ) ] ,  
f ro m  M inera l O ptics: Princii>les a n d  T e c h n iq u e s  b y  W in . R e v e ll  P h i l l ip s ,  W . H . F r e e m a n  
a n d  C o m p a n y ,  c o p y r ig h t  ©  1 9 7 1 . R e ta r d a t io n  o f  p a r t i c u l a r  v a lu e  t r a n s m i t t in g  e a c h  c o lo r  
X d if fe re n t ia l ly .  T h e  s u m m a t io n  o f  th e s e  Xs c a u s e s  r e p e a t in g  se r ie s  o f  co lo rs
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in phase, some one-half out of phase, and others out of phase in varying de
grees in between. Each of the individual wavelengths will, therefore, pass the 
top analyzer in a differential amount where they summate, giving a single 
color or wavelength. Figure 7 is a black-and-white representation of this 
phenomenon. For a color interpretation of the summation of retardation, refer 
to Michael Levy’s birefringence chart (2).

There are two types of birefringence which occur in an anisotropic mate
rial: intrinsic and form (2, 3, 11). Intrinsic birefriengence is a function of the 
anisotropic polarizability (nonisometric molecular orientation) of electron 
orbits, and not dependent upon any particular morphology. Form birefrin
gence, however, occurs when crystallites of one refractive index are immersed 
in a medium of another refractive index. Intrinsic birefringence occurs on a 
molecular level, whereas form birefringence occurs more on a macromolecular 
or structural level. The measured quantity, numerical birefringence, is the 
summation of the intrinsic birefringence and form birefringence (2, 3, 4).

E x per im en t a l

A p p a r a tu s
M icro sco p e :  A  Reichert Zetopan research microscope is outfitted for po

larization as follows (Fig. 8(A )):
(1) 100 W quartz-iodine lamp house6; (2) strain free, 0.95 N.A., dual

diaphragm condenser;* (3) calibrated-rotating polarizer and analyzer;6 (4) 
25 X. 0.60 N.A. Neofluar N.A.t objective, checked to be strain free; (5) KPL 
8 X Pol OccularL modified to contain a measuring reticle; ( 6) 360° rotating 
stage6; (7) Gips Rot 1 Ord Compensator6 (Fig. 8(B )); and (8) Ehringhaus 
Compensator with quartz platest (Fig. 8(B ) ).

R o ta ru  D e v ic e :  This device enables a hair fiber to be rotated 360° on its 
own axis for microscopic viewing and to evaluate structure and measure di
mensions (Fig. 8 (C)). Two 25x75 mm glass micro slides (i.e., Corning 
2948J). one cut longitudinally with a standard glass cutter, are needed to 
make 1 reuseable device. The 3 pieces are held together with an epoxy 
resin glue. It is necessary to use only high quality glass is all parts of the 
svstern as any inherent strain present will cause “background” birefringence. 
A canillarv tube ~  0.5 mm i.d. ~  1.0 mm o.d.. and 75—90 mm long (i.e., 
Scientific Products B4195-266), to which a short piece of plastic tubing 
(Coming Silastic®t medical grade tubing 0.035 in. i.d.) is attached, holds 
the hair for rotation.

The capillarv tube is filled with immersion oil. n„ =  1.515, of a light 
to medium viscosity (Carl Zeiss Immersionsoelt). The holding channel is 
filh'd with oil of the same refractive index, but of a higher viscosity to damp
en tube movement (i.e.. Ziess EinschluBmittel W15t). With a coverslip in 
place (Coming 22 x 40 mm Number l-%t), a nearly homogenous refractive

“ R e ic h e r t  D iv is io n  o f  A m e r ic a n  O p t ic a l  S c ie n tif ic  I n s t r u m e n ts ,  B u ffa lo , N .Y . 1 4 2 1 5 . 
t C a r l  Z e is s , In c ..  N e w  Y ork , N .Y . 1 0 0 1 8 .
t C o m i n g  G la ss  W o rk s , S c ie n tif ic  G la s s w a re  a n d  E q u ip m e n t  D e p t . ,  C o rn in g , N .Y . 1 4 8 3 0 .

“ “ S c ie n tif ic  P ro d u c ts ,  M c G a w  P a rk , I llin o is .



POLARIZATION MICROSCOPY 4 1 9

i'cfi&'>.

. 75mm _

COVER SLIP

TUBE _________ \

_ t
CAPILLARY TUBE

ROTARY DEVICE

1mm

1mm

25mm.

1mm CAPILLARI 
TUBE

END VIEW

F ig u re  8. R e ic h e r t  Z e to p a n  m ic ro s c o p e  a p p a r a tu s  fo r  d e te r m in a t io n  o f  n u m e r ic a l  b i r e 
f r in g e n c e  in  h a i r :  (A ) m ic ro s c o p e  w i th  (a ) p o la r iz e r ,  (b )  s t r a in  f r e e  c o n d e n s e r ,  (c) r o ta ry  
s ta g e , (d ) r o ta ry  d e v ic e , (e) s t r a in  f r e e  N e o f lu a r  o b je c t iv e , (f) a n a ly z e r ,  (g ) c o m p e n s a to r ,  
(h )  q u a r tz - io d in e  l ig h t  s o u rc e ;  (B ) d e ta i l  o f  q u a r t z  f irs t o r d e r  r e d  (i) a n d  E h r in g h a u s  r o ta ry  
q u a r t z  (j) c o m p e n s a to rs .  [ N o te  s lo w  w a v e  ax is  o r ie n ta t io n  ( k ) .] ;  (C ) d e ta i l  o f  h a i r  
r o ta ry  d e v ic e
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index path having plane outside surfaces is formed. This arrangement vir
tually eliminates any distortion, due to the convex surfaces of the capillary 
tube. Another version of this device has been utilized in previous studies 
( 12) .

S tre ss -S tra in  T e s te r

In this study, stress-strain measurements are used as a reference to which 
the numerical birefringence is compared and correlated. A single hair fiber,
1.9 cm long, is suspended between a set of clamps. Force, applied to one end 
by a constant speed motor, elongates the fiber at a rate of 1.5 per cent/sec, 
while being monitored on the other end by a strain gauge transducer.® Stress 
versus strain graphs are plotted on XY Recorder./

P ro ce d u re s

1. M ic ro sc o p e  A lig n m e n t;  With the microscopic system having achieved a 
condition of Kohler illumination, the polarizer and analyzer are inserted and 
rotated to the correct position. This is best done by first rotating the bottom 
polarizer to a position of either cp, 90, 180, or 270°, and then, while focusing 
on an illuminated microslide, by rotating the top analyzer until maximum ex
tinction (minimal light transmission) has been reached. If the fixed first-order 
red compensator plate is now inserted into the compensator slot, a deep red 
background will appear in the microscope field. This is indicative of a N-S, 
E-W, polarizer-analyzer alignment, with a diagonal slow-fast wave alignment 
of the anisotropic compensator (2, 5).

2. M e a s u r e m e n t o f  N u m e r ic a l B ir e fr in g e n c e  in H u m a n  H a ir  S h a fts : To re
call, retardation equals numerical birefringence x thickness (A =(no — n^d). 
In trying to determine the numerical birefringence, this can be rearranged to 
read: numerical birefringence equals retardation/thickness ((n2 — lq) =A /d)  
(See Fig. 11(B) later on) (2).

A hair shaft of approximately 4 cm length is inserted into the glass capillary 
tube, into which the medium weight immersion oil is drawn from a reservoir. 
The capillary can then be plugged and stored in a microhemocrit tube sealer- 
holder.

" S ta th a n  I n s t r u m e n ts ,  In c .,  O x n a rd , C a li f o r n ia  9 3 0 3 0 . 
'H e w le t t  P a c k a r d .  In c ., P a lo  A lto , C a li f o r n ia  9 4 3 0 3 .
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F ig u re  9. (A ) S c a n n in g  e le c t io n  m ic r o g r a p h  s h o w in g  e l l ip t ic a l  ax e s  o f  h u m a n  h a ir ;  (B ) 
h a i r  in s id e  r o ta ry  d e v ic e  f o r  m e a s u re m e n t  o n  its  n a r ro w  ax is; a n d  ( C ) o n  its  w id e  axis. 
B lack  l in e  is e d g e  o f  c a p i l la r y  tu b e  (a rro w )

To begin the actual measurement, with the rotary device in place on the 
microscope stage, a few drops of the heavy weight immersion oil is inserted 
into the slot, together with the loaded capillary tube, and a coverslip is 
placed on top. This basic procedure is repeated each time a hair is viewed, 
as miniature air bubbles, churned by capillary rotation, become trapped 
under the coverslip, disrupting the homogeneous refractive index, introducing 
distortion and loss of resolution.

The rotary microscope stage is positioned so that the hair is aligned with its 
longitudinal axis parallel to the slow wave axis etched on the first order red 
compensator.

In this position, the slow wave axis of the hair is in the same axis as that of 
the compensator, giving the hair added retardation providing enhanced view
ing ability.

Hair is essentially elliptical in shape, with a wide and narrow axis (Fig. 
9(A)). The narrow axis is equivalent to the thickness when tire hair is resting 
on its wide axis, the position used for evaluating the numerical birefringence 
of the fiber.

The hair is placed exactly on its narrow axis. At that point, both hair edges
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F ig u re  10 . D e te r m in a t io n  o f  r e ta r d a t io n  w i th  E h r in g h a u s  r o ta r y  c o m p e n s a to r .  (H a ir s  
B , C , D , a n d  E  a re  o r ie n te d  9 0 °  to  th e  c o m p e n s a to r .)  In  se r ie s  f ro m  A  th r o u g h  E , 
c o lo rs  in  h a i r  g o  d o w n  in  o r d e r  i.e ., in  le f t  to  r ig h t  d i r e c t io n  o n  s u m m a t io n - in te r f e r e n c e  
c o lo r  c h a r t  (F ig . 7 ). (A ) h a i r  o r ie n te d  w i th  q u a r t z  f irs t o r d e r  c o m p e n s a to r ;  (B) E h r in g h a u s  
c o m p e n s a to r  s e t  a t  <f> ( n o te  e x t in c t io n  b a c k g r o u n d ) ;  (C ) r e t a r d a t io n  a d d e d  to  fie ld  b y  
c o m p e n s a to r  w i th  e q u a l  a m o u n t  s u b t r a c te d  f ro m  h a ir ;  (D )  in c r e a s in g  r e t a r d a t io n  f ro m  
c o m p e n s a to r  b r in g s  c o lo r  b a n d s  to  b a c k g r o u n d  a n d  d e c r e a s e d  h a i r  c e n te r  c o lo r; ( E ) a ll 
o f  r e ta r d a t io n  o f  h a i r  h a s  b e e n  s u b t r a c t e d  o u t  in  c e n te r e d  b la c k  e x t in c t io n  “ a r ro w .” 
F ro m  d e g r e e  o f  c o m p e n s a to r  r o ta t io n ,  r e ta r d a t io n  c a n  b e  c a lc u la te d

will appear sharp, the retardation colors will be more or less symmetrically 
running down the shaft, and the hair will be at its thinnest point (Fig. 9(B)). 
Record the measurement of the axis with the viewing reticle.

The hair is then rotated 90° where again, the edges will be sharp, the re
tardation colors symmetrical, and will now be at its widest point ( Fig. 9(C)). 
A measurement of the hair wide axis “diameter” in this position, together with 
that of the narrow axis, can be put into the formula for the area of an ellipse,
0.5 wide x 0.5 narrow x 7r, to determine the cross-sectional area. This infor
mation is useful in swelling and/or stress-strain analysis.

Next, the retardation must be measured to calculate the numerical bire
fringence. To do this, the quartz rotary compensator is put in place of the first 
order red. The hair is to remain on its wide axis, aligned as above. When the 
rotary compensator is set at <f>, it is lying flat and has no effect on the system. 
When it is turned in either direction from </>, it adds retardation to the micro
scopic field by getting effectively thicker to the traversing light. The slow 
wave axis of the rotary compensator is 90° to that of the first order red (Fig.
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( T )  THE CALCULATION OF RETARDATION

rx ■ y/e2 - sin1 i — - sin2 i
WHERE. IN AN EHRINOHAUS QUARTZ ROTARY COMPENSATOR:

r x IS THE PHASE DIFFERENCE IN HT* mm AT THE WAVELENGTH X.

X IS THE WAVELENGTH IN 1(T* mm FOR WHITE LIGHT ■ 560 0

u -  REFRACTIVE INDEX OF THE ORDINARY - 1.5469954

AND

REFRACTIVE INOEX OF THE EXTRAORDINARY WAVE
IN THE PLATE «X • 1.5661909

i - THE ANGLE OF INCLINATION OF THE PLANE OF THE 
PLATE RELATIVE TO IT* ZERO POSITION

THE CALCULATION OF NUMERICAL BIREFRINGENCE

( b )  I r j -O ,)  -  -A

( n2 " n l I  -  num aricM  b ire frin g a n ct 

A  “  retard ation in  m icron«

d -  thick nats in m icron«

F ig u re  11.

8(B)). By switching compensators, without changing the orientation of the 
hair, the slow and fast wave axes of the compensator are now opposed 90° 
relative to those of the hair, rather than being aligned. Therefore, beginning 
from <f>, any retardation added to the microscopic field by rotation of the 
compensator, is subtracted from the hair. By rotating the compensator, until 
no birefringence or light is present in the center of the hair or at the edge of 
the medulla (if present), the retardation can be calculated. Figure 10 por
trays this procedure. The compensator reads in degrees of rotation. This has 
to be converted into microns of retardation through tables supplied with the 
compensator, or more accurately from a mathematical formula (Fig. 11(A))
(13).

The numerical birefrigence is then determined from the measurements 
taken (Fig. 11(B)). A programmable microcomputer is used for the various 
calculations.

The retardation calculation is based upon the use of white light (mono
chromatic light is not necessary in this system), having a conventional gravity 
point of X =  550, with the Ehringhaus quartz plate compensator fast and 
slow wave refractive indices being 1.5459954 and 1.5551609, respectively. 
Precise readings are based upon the assumption that the optical system and 
the measured object are centered and aligned. In taking readings, the
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compensator should be tilted in both directions from <f>, with their average 
used in the calculation of retardation. This averaging process tends to 
cancel out any error caused by eccentricity (13).

E x per im en ta tio n

Two experiments were conducted to test the significance of numerical bi
refringence as a measure of hair conditions as follows.

(1) A total of ~  150 strands from a female Caucasian volunteer with virgin 
hair were picked at random. Each of these hairs was measured for the follow
ing parameters: wide and narrow axis diameter, cross-sectional area, microns 
of retardation, the numerical birefringence, and stress-strain curve character
istics. Any hairs showing obvious mechanical/chemical damage to the cortex 
were not used.

A prediction model was set up, utilizing an Olivetti P652 microcomputer0 
and Olivetti stepwise multiple linear regression program no. 3.03° to look 
at the contribution of numerical birefringence to the force at yield point (Fig. 
12). Utilizing the model, a prediction of the dependent variable, force at 10 
per cent elongation, is made from the measured numerical birefringence, the 
cross-sectional area, and their interaction (the product of the two). The ac
tual prediction is accomplished by putting the three measured values into 
the solution vector of the model (Table I) (14).

(2) Two hairs, approximately 8 in. long, were cut into 3 parts each and 
placed in vacuo at ~  1 x Iff5 Ton- overnight. Each of the three parts was 
picked at random with respect to distance from the scalp, and placed in 
either 100 per cent glycerol, distilled water, or a solution formulated of the 
two, to simulate the conditions of 0, 100, and 50 per cent relative humidities 
(3, 15). Mechanical stress-strain measurements together with diameter and 
numerical birefringence measurements, were taken within 30 min after im
mersion into the solution.

R e s u l ts  a n d  D isc u ss io n

The results of experiments 1 and 2 are summarized in Table I and Fig. 13, 
respectively.

An attempt is being made to answer two questions through these experi
ments as follows: (1) what is the value of numerical birefringence in de
scribing the static condition of a hair fiber; and (2) how does the change of 
numerical birefringence in a hair fiber relate to the effect of a particular treat
ment or conditioner? Thus, two proposed uses of numerical birefringence are 
tested as a measure of human hair condition.

O liv e t t i  o f  A m e r ic a ,  In c ., N e w  Y ork , N .Y . 1 0 0 2 2 .
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MULTIPLE LINEAR REGRESSION MODEL 
CORRELATING THE OPTICAL/MECHANICAL CHARACTERISTICS

OF HUMAN HAIR

Y 0O + 01 x, + P2X2 + P3X, X2 + €

. ■ . 03 ARE THE WEIGHTS
THAT ARE ASSOCIATED 
WITH EACH OF THE 
MODEL PARAMETERS

X2 = NUMERICAL BIREFRINGENCE 

X,X2 = INTERACTION OF X, AND Xj

WHERE: = FORCE IN GRAMS @ 10% 
DEFORMATION

AREA IN SQUARE MICRONS

e = UNEXPLAINED RANDOM ERROR

F ig u re  12. M o d e l  u s e d  to  t e s t  f o r  c o n t r ib u t io n  a n d  s ig n if ic a n c e  o f  i n d e p e n d e n t  p a r a m 
e te r s

Table I

x c
1 3743.57 896.57

2 .008763 .000909

3 32.4061 6 .1874

4 4 4 .2 76 2 9 .2 4 78

CORRELATION MATRIX PARAMETER DISTRIBUTIONS

SOLUTION VECTOR: N = 143

FORCE (IN GRAMS) = 4.9191 + 0.004361 (area) + 0.7106 (area x numerical birefrigence)

SE = 0.000952 SE = 0.1380

t = 4.58 t = 5 .084

df = 140 df = 140

P <0.01 PC0.01

COEFFICIENT OF DETERMINATION = 0.7652

OVERALL F 228.1795

df = 2,140 P <  0.001
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F ig u re  13. L in e a r  r e g re s s io n  w i th  9 5  p e r  c e n t  c o n f id e n c e  in te r v a l  o f  f o r c e / a r e a  a n d  
n u m e r ic a l  b i r e f r in g e n c e  v e r s u s  p e r  c e n t  r e la t iv e  h u m id i ty

In the context of this paper, the term condition is used synonymously with 
the parameter descriptions body and manageability. These, in turn, are more 
specifically defined as elasticity or the resistance to and recovery from defor
mation induced by external force. It can be seen by the nature of this defini
tion, that hair condition is traditionally thought of in a mechanical light (1, 9). 
Obviously, there is a molecular basis to this mechanical behavior (7, 9, 16). 
The a-helix molecular chain arrangement, basis of the keratin fibril system, 
is a symmetrically ordered configuration mainly responsible for this longi
tudinal stability in hair. In addition, both surrounding and infiltrating the 
fiber system is an amorphous cement-like matrix, which is high in cystine 
cross-linking, and has both a  and ¡3 keratin chains (7, 16, 17, 18).

It is this relationship between the fiber system and matrix which becomes 
important as the contributing factor to both optical and mechanical properties 
of the hair (3, 7, 9, 16, 17, 18) (Fig. 14).

The mechanical parameters of this relationship can be explained in terms 
of a two-phase model, which becomes apparent through experimentation 
with the aqueous swelling of hair (9, 16).

A hair fiber undergoes various changes due to absorbed moisture between 
the relative humidity levels of 0 to 100 per cent. Approximately 2.7 times less 
force is required to stress a hair to yield point in a saturated versus dry state. 
At the same time, swelling occurs at a rate of 16 per cent radially but only



POLARIZATION MICROSCOPY 4 2 7

F ig u re  14. (A ) S c a n n in g  a n d  (B ) t r a n s m is s io n  e le c t r o n  m ic r o g ra p h s  o f  f ib r il  a n d  m a tr ix  
s y s te m  in  h u m a n  h a i r  c o r te x . N o te  f ib e r  b u n d le s  in  ( A ) m a d e  u p  o f  s m a ll  f ib e rs , a n d  in  
(B ) t h e  8 0  A  p ro to f ib r i ls  (sm a ll w h i te  c irc le s ) , s u r r o u n d e d  b y  a n  a m o r p h o u s  m a tr ix  
( s ta in e d  d a rk )



4 2 8 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

1.2 per cent longitudinally. Equally, there are changes in the torsional- 
longitudinal modules ratio (9, 16).

The two-phase model is one in which a system of rodlets or fibrils, hydro- 
phobic in nature, are imbedded in an amorphous hydrophilic matrix. Water 
entering this system affects the hydrogen and salt bonds of the matrix, while 
the rodlet-fibrils remain relatively unaffected. The swelling experiments bear 
this out: the rapid rate of radial swelling is indicative of matrix bond break
down, while the low rate of longitudinal swelling is indicative of the fibril sys
tem molecular stability. A reduction in the longitudinal Young’s Modulus is 
indicative of a change in the summation of the fiber matrix relationship, con
tributing to the total elasticity (3, 7, 9, 16).

These changes are caused by variance in the water content of the fiber as a 
result of varied relative humidity. Water, in effect, is used as a model condi
tioning agent for the purpose of these experiments.

Within the realm of cosmetic conditioning and treatment, there also exist 
more severe agents (i.e., permanent waving solutions and bleaches), which 
not only affect the hydrogen and salt linkages, as is the case with water, but 
also the disulphide and even, at the extreme, the fibril backbone peptide 
bonds. These agents also have an effect equal in magnitude on the two-phase 
system and ultimately the mechanical-physical properties of hair (1, 7, 20).

This two-phase mechanical model has a rather unique correlation: it 
emerges surprisingly similar to the classic Frey-Wyssling optical model of 
composite body-rodlet birefringence (Fig. 15) (19). In this model, rodlet or 
micellar structures of a crystalline nature are imbedded in a surrounding 
medium of a different refractive index, as is the case in hair. The rodlet struc
tures themselves are responsible for a contribution to the birefringence of the 
total system in the mode of intrinsic birefringence. In addition, however, the 
relationship between the refractive index of the rodlets and their surrounding 
medium produces form birefringence, which is directly proportional to the 
difference between the 2 refractive indices of the components. The summa
tion of intrinsic and form birefringence equals the total: numerical birefrin
gence (3, 4, 11 19).

In Table I, the significance of a numerical birefringence system to deter
mine the static condition of a hair strand can be seen. Previous work corre
lating the molecular orientation of fibrous material, as measured by numeri
cal birefringence, with sonic pulse velocity, which is very well correlated 
with Young’s Modulus in hair, encourages this (21, 22). The correlation matrix 
explains the contributions of the various parameters to the dependent vari
able, grams force at 10 per cent deformation, as well as any interactions which 
occur berween parameters. Cross-sectional area offers the greatest single con
tribution to the force; a large hair is expected to require more force than a 
small one. In addition, information about the orientation or integritv of the
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F ig u re  15. C la s s ic a l  F re y -W y s s l in g  o p t ic a l  m o d e l  o f  c o m p o s ite  b o d y - r o d le t  b i r e f r i n g 
e n c e  [ w i th  p e r m is s io n  o f  th e  p u b l i s h e r  (1 9 )]

fiber-matrix system can be sought from the numerical birefringence value. 
This correlation, however, is low and not significant. (It does not appear in the 
solution vector.) This is due to the inherent characteristics of human hair be
ing such that the numerical birefringence has a tendency to be inversely pro
portional to the cross-sectional area (the correlation of parameters 2 with 1) 
and, thus, is not independent. In order to get additional information about 
orientation and integrity, the interaction term of the cross-sectional area and 
numerical birefringence must be looked at to correct for nonindependence. 
This parameter has a correlation of > 0.85 with the grams force.

The solution vector is based upon the 143 hairs placed into the model. It 
can be seen by the statistical t-values that the 2 parameters, area and the in
teraction of area and numerical birefringence, are highly significant: P <0.01.
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If one takes the 2 measurements from a hair and places them into the solu
tion vector formula, a predicted value of the force in grams at 10 per cent de
formation can be obtained. With this model, the coefficient of determination 
is >  0.76. Thus, more than 76 per cent of the variance of the dependent 
variable, force in grams, can be explained. This value is significant as is ex
pressed by the high overall F-ratio (228, df 2, 140), and low P-value (<0.001). 
With the future insertion of additional pertinent variables, as well as a greater 
sample size base, an additional amount of the unexplained random error can 
be explained. For more detail about this type of model see (14).

From Fig. 13, it can be seen that both Young’s Modulus and numerical bi
refringence are similarly correlated negatively with relative humidity. A 
change in relative humidity, or more precisely, a change in water content, 
inversely changes both the mechanical elasticity and optical anisotropic 
properties of the hair.

Cosmetic conditioning, or treatments which affect the condition of hair, 
change the hydrogen and salt bonding arrangements of the matrix, and even 
the more thermodynamic bonds of the entire cortex, in the case of harsher 
available cosmetic treatments (7). As a result, there is a change in the 
mechanical stress-strain characteristic, which is the traditional parameter of 
measurement, as well as a change in the refractive index of the matrix (1, 3, 
7, 9, 16, 20). This causes a change in the form birefringence, in addition to a 
possible change in the fibrils themselves, causing a change in the intrinsic 
birefringence (3, 4, 11, 19). Again, numerical birefringence is an extremely 
sensitive measure of molecular orientation in an anisotropic material (3, 5, 
21) .

Changes in mechanical elasticity or condition are a result of changes in 
molecular bonding and orientation (1, 7, 9, 16, 20). In that light, stress-strain 
analysis appears to be measuring a secondary parameter.

The mechanical method of testing is inherently obtrusive. Required are 
both an optical device for size determination and a tensile device for mechani
cal determination. Any inconsistency or flaw over the span of material ana
lyzed tends to bias the results (1).

To build a system of analysis, it is necessary to use certain known parame
ters of evaluation as a tangible reference to which a correlation can be es
tablished. In the case of numerical birefringence, mechanical stress-strain 
analysis has served this function.

Numerical birefringence is presented as an alternative quantitative system 
of analysis of human hair condition at the molecular level. With this tech
nique, one is able to determine, unobstrusively, utilizing only one instrument, 
at specific areas on the shaft, molecular occurrences associated with hair con
dition and conditioning.
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A  M E S S A G E  F R O M  T H E  E D I T O R  O F  T H E  J S C C

A s y o u  k n o w , T h e  J o u r n a l  o f  th e  S o c ie ty  o f  C o s m e t ic  C h e m is ts ,  a lo n g  w i th  a l l  o th e r  
p u b l ic a t io n s ,  h a s  b e e n  f a c e d  w i th  in c r e a s in g  p r o d u c t io n  c o s ts  o v e r  t h e  p a s t  y e a r .  T h e  
c o s t  o f  p a p e r  a lo n g  w i th  p r in t i n g  c o s ts  h a v e  in c r e a s e d  to  th e  p o in t  w h e r e  so m e  a c t io n  
m u s t  b e  t a k e n  in  o r d e r  to  in s u r e  t h e  c o n t in u e d  s c ie n t if ic  a n d  te c h n ic a l  i n te g r i ty  o f  T h e  
J o u r n a l .  T h e  P u b l ic a t io n s  C o m m it te e  h a s  b e e n  c o n s id e r in g  th is  p r o b le m  fo r  th e  p a s t  
s e v e ra l  y e a r s  a n d  h a s  f o u n d  i t  n e c e s s a ry  to  in c r e a s e  i ts  s u b s c r ip t io n  r a te  to  n o n -m e m b e rs ,  
in c r e a s e  i t s  a d v e r t i s in g  r a te s  as w e l l  a s  to  in c r e a s e  th e  to ta l  n u m b e r  o f  p a g e s  o f  a d v e r 
t i s in g  c o p y . W e  h a v e  n o w  r e a c h e d  t h e  p o in t  w h e r e  w e  c a n  n o  lo n g e r  in c r e a s e  t h e  n u m b e r  
o f  a d v e r t i s in g  p a g e s  w i th o u t  p r o p o r t io n a l ly  in c r e a s in g  th e  n u m b e r  o f  p a g e s  d e v o te d  to  
sc ie n tif ic  a n d  te c h n ic a l  a r t ic le s .  T o  d o  so  w o u ld  d r a s t ic a l ly  c h a n g e  th e  n a tu r e  o f  o u r  
J o u r n a l  to  th e  p o in t  w h e r e  i t  w o u ld  lo s e  m u c h  o f  i ts  p ro fe s s io n a l  s ta tu s .

T h e re f o r e ,  in  o r d e r  to  in c r e a s e  th e  n u m b e r  o f  p a g e s  d e v o te d  to  sc ie n tif ic  a n d  te c h n ic a l  
p a p e r s ,  t h e  B o a rd  o f  D ir e c to r s  h a v e  a p p r o v e d  th e  in s t i tu t io n  o f  a  m o d e s t  p a g e  c h a r g e  
to  b e  a s s e s s e d  e a c h  a u th o r  o f  a  p u b l i s h e d  p a p e r .  W h i le  th e s e  p a g e  c h a r g e s  w il l  b e  
w a iv e d  b y  t h e  b u s in e s s  o ffice  in  c a s e s  o f  u n d o  h a r d s h ip ,  i t  is  e x p e c te d  t h a t  su f f ic ie n t 
in c o m e  w i l l  b e  r e c e iv e d  so  a s  to  i n s u r e  th e  c o n t in u e d  v ia b i l i ty  o f  sc ie n tif ic  a n d  p r o f e s 
s io n a ls  jo u r n a ls .

I f  w e  r e c o g n iz e  t h a t  p u b l ic a t io n  is  o n e  o f  t h e  g o a ls  o f  r e s e a rc h ,  t h e n  th e  c o s t  o f  
p u b l ic a t io n  s h o u ld  b e  i n c lu d e d  a s  p a r t  o f  th e  r e s e a r c h  f u n d in g .

S in c e re ly , 
J o h n  J . S c ia r ra ,  P h .D .

E d i to r
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S y n o p s is : T h e  S T R A T U M  C O R N E U M  c o n s is ts  o f  f l a t te n e d  c o m p a c te d  c o rn if ie d  C E L L S  
w h ic h  a r e  f i lle d  w i th  c r o s s - l in k e d  F IB R O U S  P R O T E I N S . T h e  a s s o c ia t io n  o f  th e  f ib ro u s  
p r o te in s  w i th  a  S P E C I F I C  L I P I D  g iv e s  r is e  to  th e  b a r r i e r  c h a r a c te r i s t ic s  o f  t h e  e p i 
d e rm is .  S t r a tu m  c o r n e iu n  ce lls  a r e  a t t a c h e d  to  o n e  a n o th e r  b y  d e s m o s o m e s  a n d  a n  i n t e r 
c e l lu la r  c e m e n t in g  s u b s ta n c e .  T h e  l a t t e r  m a te r ia l  h a s  b e e n  r a th e r  p o o r ly  d o c u m e n te d  a n d  
d e s c r ib e d .  R e c e n t  s tu d ie s  c o n c e r n in g  d is e a s e s  a s s o c ia te d  w i th  h y p e r k e r a to s is  w h ic h  e m 
p lo y e d  a  k e r a to ly t ic  g e l, h a v e  s u g g e s te d  t h a t  s o lu b i l iz a t io n  o f  th is  m a te r ia l  c a n  r e s u l t  
in  th e  lo ss  o f  a d h e r e n c e  o f  c e lls  t o  o n e  a n o th e r .  T h e  s o lu b i l iz e d  m a te r ia l  a p p e a r s  t o  h a v e  
u n iq u e  p r o p e r t i e s ,  w h ic h  w il l  b e  c h a r a c te r iz e d .

I ntroduction

The epidermis is a complex tissue, which by means of a variety of mecha
nisms, acts as a protective barrier for the body. Our understanding of how it 
operates at the molecular level is gradually expanding, but some aspects have 
proved more difficult to investigate. This paper will deal with those factors 
responsible for maintaining the integrity of the tissue, these being the cement 
materials. This term is used in a very broad sense, since a number of the struc
tural components appear to play some role. We can divide these substances 
into materials which hold a single cell together and those which hold groups 
of cells together.

A major component of the epidermal cell is the a  fibrous protein, which ap
pears as filaments in electronmicrographs of the skin (Fig. 1). These fila
ments are first observed in the basal layer and go through a series of changes 
as the cells ascend into the stratum corneum. It is thought that these 70-80 
A filaments extend across the cell from one wall to another and hook on to 
attachment plates of desmosomes. Since it has been estimated that the basic 
fibrous protein has a length which is only a fraction of the width of a cell, the 
filaments must result from an aggregation of fibrous proteins. The fibrous pro-

“ D e p a r tm e n t  o f  D e r m a to lo g y ,  H a r v a r d  M e d ic a l  S c h o o l, M a s s a c h u s e t t s  G e n e r a l  H o s 
p i ta l ,  B o s to n , M a s s a c h u s e t ts  0 2 1 1 4 .
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F ig u re  1. E le c t ro m ic r o g ra p h  o f  c e ll  in  s t r a tu m  s p in o s u m :  ( D )  i ts  d e s m o s o m e  a n d  ( F )
sh o w s  f i la m e n ts  in s e r t in g  in to  i t

Aligned
Filaments

X - R a y
B eam

Stretched
Oriented
Tissue

A lp h a  K e ra t in

F ig u re  2. a h e lix  o f  k e r a t in  s h o w in g  X - ra y  d if f r a c t io n  p a t t e r n

>
0
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tein has been shown to be a helical molecule, similar, but not identical to the 
classical a  helix (Fig. 2).

The a  proteins have been most extensively studied in cow snout epidermis 
(1, 2, 3). The a  protein of the viable epidermis, prekeratin, can be solubilized 
by urea or buffers of organic acids below pH 2.7. Purification from acid buf
fers can be achieved by isoelectric precipitation. This material is insoluble in 
pH range 3-10, but can be maintained in solution at neutral pH by the addi
tion of urea, guanidine, or sodium dodecyl sulfate (SDS). The analysis of 
amino acid reveals a high content of the acidic amino acids and glycine 
(Table I). The cystine content is quite low, unlike the a  protein of hair and 
nail. In SDS electrophoresis has shown that a number of components (Fig. 3), 
and immunologic studies indicate that the A and B families are distinct from 
one another, but both are necessary to form an a  helix. These results 
are best interpreted as the prekeratin molecule consisting of 3 polypeptides, 
2 A chains and 1 B chain. It would appear that a major prekeratin exists with 
the A, A’, B chains and a minor one exists with an A, A’, B’ chain. No cystine 
cross-links occur between the polypeptides of prekeratin.

As the cells of the viable epidermis become cornified at the base of the 
stratum corneum, the a  fibrous proteins become cross-linked and can only be 
solubilized by alkaline buffers that contain a denaturing agent such as urea 
and a reducing agent (4, 5). This process is irreversible, and the stratum cor
neum fibrous proteins become cross-linked when the reducing agent is re
moved. The amino acid composition of the stratum corneum reveals a one- 
half cystine content of 2 residues/100 residues indicating that no one-half cys-

T a b le  I

A m in o  A c id s P r e k e r a t in

L y s in e 5 .1
H is t id in e 1 .0
A rg in in e 6 .1
A s p a r t ic  a c id 9 .1
T h r e o n in e 4 .0
S e r in e 1 1 .1
G lu ta m ic  a c id 14 .1
P ro l in e 1 .4
G ly c in e 1 6 .4
A la n in e 6 .7
V a lin e 4 .0
M e th io n in e 1 .3
I s o le u c in e 3 .5
L e u c in e 9 .2

T y ro s in e 2 .8
P h e n y la la n in e 3 .6

H a l f  c y s t in e 0 .6
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1

PREKERATIN
F igure  3. P o ly a c r y la m id e  S D S  e le c tro p h o re s is  o f  p r e k e r a t in .  T h e r e  a r e  tw o  g ro u p s  o f

p o ly p e p t id e s

tine rich matrix proteins are present as has been the case with hair and 
nail (6).

Thus, the system for maintaining the integrity of the epidemial cells in the 
stratum corneum involves filamentous protein, which is attached to the cell 
wall, and, which shows interchain disulfide cross-linkage (another structural 
protein complex, keratohyalin, which is unique to the epidermis is also in
volved.) This material is newly synthesized in the granular layer and has 
been thought to coat the filaments and stabilize them. The controversy, which
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F ig u re  4. P o la r  l ip id  is s h o w n  b e tw e e n  p o ly p e p t id e  c h a in s  w i th  i ts  lo n g  ax is p e r p e n d ic u la r
to  f ib re

exists concerning the chemical nature of this material, probably has as its 
basis the complex nature of the material and the different methods used by 
several investigators to isolate it (7, 8). It has been difficult, however, to ac
cept this concept of keratohyalin, since in a number of conditions, including 
ichthyosis vulgaris, no keratohyalin is formed, yet the filaments and stratum 
corneum appear to be normally stabilized. We feel that more work is neces
sary to determine the exact role of keratohyalin.

A final unique feature of the keratinization process is the deposition of a 
lipid material between the filaments (9). X-ray diffraction studies have indi
cated that a polar lipid, with its long axis perpendicular to that of the fila
ments, appears as cornification procédés (Fig. 4). It is likely that this protein 
lipid complex functions as the barrier. Extraction of the stratum corneum with 
lipid solvents removes the lipid, and at the same time, the barrier function of 
the stratum corneum is lost.

What has been described may be called the intracellular cement mate
rials and probably is the major barrier of the stratum corneum. Our prelimi
nary work with human and animal epidermis indicates that, what has been- 
found in bovine snout epidermis, is generally applicable to both. As research 
continues in this area, new facts will be added to complete the picture.

Information on intercellular cement is far less complete. In the viable epi
dermis, no irreversible linkage between cells can be present, since cells move 
up from the basal layer to the stratum corneum. The desmosomes of the epi
dermis are clearly important in holding cells together, and when these are 
disturbed, as in certain diseases, acantholysis or cell separation and blistering 
occurs (10). As a cell rises in the epidermis, these attachments must con
stantly be broken and reformed. The mechanism for this process has not been 
clarified.
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F igure  5. T h e  g ly c o c a ly x  is s h o w n  b e tw e e n  e p id e r m a l  c e lls  in  c u l tu r e .  T h e  m a te r ia l  is 
s ta in e d  w i th  R u th e n s u m  r e d  a n d  h a s  fu z z y  a p p e a r a n c e

A carbohydrate material called glycocalyx (11) has been described as coat
ing keratinocytes in the viable epidermis (Fig. 5). This material may be the 
antigen which reacts with the antibody found in the sera of patients with 
pemphigus. The role that this material plays in holding cells together remains 
to be demonstrated.

In the stratum corneum, a firm attachment between cells is formed. This 
is in part, a result of the stacking (which has been observed), which permits 
careful overlapping of cell and maximum use of cell surfaces (12). The thick
ness of the stratum corneum is almost certainly related to the capacity of 
cells to stick together. Eventually, at the skin surface, loss of cell adhesion oc
curs and desquamation results. By inference from what has been observed in 
certain forms of ichthyosis, cell separation is easier to achieve at a higher 
water content of the stratum corneum. Thus, the common type of winter dry 
skin frequently ameliorates when the individual is exposed to a high humidity 
environment.

Recent studies have perhaps indicated new approaches for looking at the 
cement material of the stratum corneum (13, 14). In studies designed to im
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prove the therapy of ichthyosis, it was discovered that mixtures of propylene 
glycol in the 40 to 80 per cent range in water, under plastic occlusive dress
ings, resulted in rapid shedding of the stratum eorneum. This appeared to be 
true for ichthyosis vulgaris and sex-linked ichthyosis. A marked increase in the 
effectiveness of the treatment resulted from the addition of salicylic acid. A 
gel containing salicylic acid and propylene glycol, which worked quite effec
tively has been finally developed. Use of this preparation under occlusive 
plastic dressings overnight resulted in rapid and dramatic loss of the thick
ened stratum comeum. Not only could this effect be observed in ichthyosis 
vulgaris and sex-linked ichthyosis, but in lamellar ichthyosis as well (Fig. 6). 
One could observe true keratolysis that is separation of the stratum comeum 
in sheets, which could be removed by rubbing the skin when the dressings 
were removed.

This action of propylene glycol and salicylic acid is not peculiar to the 
stratum eorneum of ichthyosis, but can also be observed in hyperkeratosis as-

F ig u re  6. A p p e a r a n c e  o f  sk in  o f  in d iv id u a l  w i th  l a m e l la r  ic h th y o s is  a f t e r  t r e a tm e n t  w i th  
s a l ic y lic  a c id  p r o p y le n e  g ly c o l g e l:  u n t r e a t e d  o n  r i g h t  a n d  t r e a t e d  o n  le f t
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sociated with psoriasis and eczema (15). It effects the stratum corneum of all 
body surfaces including the palms and soles. This can also be observed with 
normal skin, indicating that factors involved in thickening of the stratum cor
neum may be an exaggeration of normal mechanisms for holding the stratum 
corneum together.

The nature of the cementing substances in the stratum corneum remains to 
be demonstrated. Although they are difficult to visualize, still the desmosomes 
are present and may have been modified to become very resistant cross-links 
by dessication. In addition, intercellular material has been described as ap
pearing above the granular layer. This material has been poorly defined, but 
has been proposed by some authors as a cementing substance. It is not known 
how this material relates to the glycocalyx in the viable layers of the epider
mis, and some have suggested that it comes from the membrane coating gran
ules. Finally, as yet unrecognized materials may play a major role.

A firm fact of some significance is that hair and nail must have quite dif
ferent mechanisms for holding cells together. The propylene glycol solutions 
and propylene glycol and salicylic acid gel do not cause keratolysis of nail and 
hair even after prolonged use. If mechanisms similar to stratum corneum were 
involved in holding cells together, these tissues would not be as resistant.

A reasonable approach to this problem is to treat stratum corneum with 
agents known to produce keratolysis and to determine the nature of the solu
bilized products. Recent work has begun in our laboratory, which uses solu
tions of propylene glycol and salicylic acid. For technical reasons, materials 
with molecular weights below several thousand are not amenable to investi
gation in our preliminary study. However, we have identified solubilized 
polypeptides in the molecular weight range 5,000 to 15,000 using electro
phoretic techniques. Identification of their chemical composition is in pro
gress, and these may give clues to importance in cell cement.
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SOCIETY OF COSMETIC CHEMISTS

ANNUAL
SCIENTIFIC MEETING

December 6-7, 1976

Mr. Joseph Rosenstreich, Program Chairman, has announced plans for this 
forthcoming SCC Annual Meeting.

The theme will be “The Leading Edge of Cosmetic Sciences.” The pro
gram will be divided into four sessions. Sessions I and II will deal with skin 
and hair, respectively, while Sessions III and IV will deal with related cos
metic sciences.

Participation by noted experts in each of these fields is anticipated. The 
four moderators will be as follows:

Session I. Frank De Monico 
Session II. Harvey Fishman 
Session III. Augie Grueneberg 
Session IV. Sharon Reich

AMERICANA HOTEL
New York, New York
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Directions for the Preparation 

of Manuscripts
1. General Policy—All papers presented before a meeting or seminar of the 

Society  of C o sm etic  C hem ists  or before one of its sections or submitted 
directly to the Editor will be considered for publication in the Journal. 
Papers presented before the Society  of C osm etics C h em ists  or one of its 
sections are the property of the Society  and may not be published in or 
submitted to other journals. Only if the J ournal of th e  Society  of C os
m e t ic  C hem ists  is unable to publish a presented paper may it be pub
lished in another journal of the authors choice.

Manuscripts received by the Editor will be acknowledged and sent to two 
members of the Editorial Committee for review. Normally, the Editor will 
advise the author of acceptance, rejection, or need for revision of the 
manuscript within 10 weeks.

The J ournal of t h e  Society  o f  C o sm etic  C hem ists  publishes papers con
cerned with cosmetics or one of the sciences underlying cosmetics as well 
as other papers of interest to its members. It is the function of the Editorial 
Committee to set standards, to judge the scientific merit of a paper, and to 
help in the editing of the paper and its preparation for press. The Editorial 
Committee is charged with the authority to maintain high standards in this 
J o urna l . It is, therefore, n o t the policy of the J ournal  o f  th e  Society  of 
C o sm etic  C hem ists  to guarantee publication of all submitted papers.

The Journal considers manuscripts for publication in the following cate
gories:

R e v ie w  A r tic le s

These manuscripts are intended to present the more recent advances in a 
specific area related to cosmetics. The author of such a review is expected 
to be actively engaged in the area and capable of presenting a critical 
evaluation of published reports of a scientific and technical nature. Review 
articles are solicited by special invitation from the Editor and Editorial 
Committee and are not subject to review by the Editorial Committee.

O rig in a l A r tic le s

Articles covering original laboratory investigations by the authors in cos
metics and related areas are considered for publication in this category. 
These papers must be prepared using an acceptable scientific style and 
adequately referenced.



General Articles

Articles of a general character may be considered for publication providing 
they are of a scientific and technical nature. Normally, these articles may 
be concerned with newer analytical techniques, developments in derma
tology, toxicology, etc. It is expected that these reports will be written in a 
scientific style and be referenced.

Preliminary Com munications

Short communications which report new findings of sufficient importance 
to warrant prompt publication are considered. These reports are published 
immediately following review and acceptance.

Technical Notes

These are relatively short manuscripts containing new information ob
tained by laboratory investigation. They do not contain the depth or 
extent of research involved in an Original Article.

In writing, it is recommended that the material be carefully organized and 
not necessarily given in chronological order. With regard to style, it is es
sential that colloquialisms, jargon, and unusual abbreviations be avoided 
and that unfamiliar terms be explained carefully. The meaning of rare 
terms must be clear to all readers, especially those who are not well-versed 
in the language of the publication. Verbose and repetitive style must be 
avoided. Clarity and brevity are essential to make the text intelligible and 
to save readers’ time.

The responsibility for good grammer and correct sentence structure rests 
with the author. The Editorial Committee will assist foreign authors with 
minor changes in text to bring it into good English usage. Alternately, 
foreign authors may get aid from a qualified colleague in the United States 
to approve revisions and to correct meaning and intent wherever neces
sary. Major revisions and retyping of the manuscript cannot be undertaken 
by the Editor, but must be done by the author or his designated colleague.

The rules and regulations to the author indicated below are made in an 
effort to insure speedy review and publication. Close adherence to these 
rules will reduce the amount of correspondence between the Editor and 
the author. Authors are requested to review these notes to avoid delay 
and disappointment.

2. Copyright—Manuscripts and the data therein must not have been pub
lished previously. Upon acceptance, the manuscript becomes the property 
of the Society  of C o sm etic  C hem ists  and may not be reproduced in part 
or as a whole without written permission of the Editor.
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3. Forwarding Address—Manuscripts submitted for publication should in
clude a covering letter and be addressed to the Editor, Dr. John J. Sciarra, 
Executive Dean, Brooklyn College of Pharmacy, Long Island University, 
600 Lafayette Avenue, Brooklyn, N.Y. 11216.

4. Preparation of Manuscript
(a) F o rm a ts: Manuscripts must be submitted in triplicate, an original and 

two copies. The manuscript must be double-spaced, typewritten on 
good quality white bond paper, approximately 210 mm x 297 mm 
(8V2" x 11”). The title of the manuscript should include the names, ad
dresses (including zip code), and affiliation of the author or authors. 
The meeting and date at which the paper was presented should be 
fully identified.

(b) S yn o p s is :  Each article should be preceded by a brief abstract of 100 
to 200 words. This abstract should include the pertinent n e ic  discov
eries and conclusions which are presented in the article. This synopsis 
should be in a form similar to abstracts appearing in C h e m ic a l A b 
stracts.

(c) R e fe re n c e s :  References should be numbered in the order in which they 
appear in the text and should be listed in numerical order at the end of 
the article under “References.” To assist readers, the complete title of 
the article should be included. Abbreviations of journals should be 
those used by C h e m ic a l A b s tra c ts  (cf. list of periodicals abstracted by 
C h e m ic a l A b s tr a c ts \
References should appear in the following form:
(1) The first name, followed by the initials and surname of the auth

ors). The names of all authors should be included.
(2) Title of paper (all case letters except first letter in first word).
(3) The name of the journal in italics, i.e., underlined once in the type

written manuscripts. Standard abbreviations as in C h e m ic a l A b 
s tra c ts  must be used.

(4) The Volume number in bold face type, i.e., underlined with a wavy 
line in the manuscript.

(5) First and last page of the article separated by a hyphen.
(6) Year of publication of the article (in parentheses); the month must 

be included for journals which do not use continuous pagination.
Correctly prepared journal references are shown below; please note 
all punctuation marks:
( 1 )  L . E . G a u l  a n d  G . B. U n d e r w o o d ,  R e la tio n  o f  d e w  p o in t  a n d  b a r o m e tr ic  

p r e s s u re  to  c h a p p in g  o f  n o rm a l  sk in , J. In v es t. D erm a to l.,  19 , 9 -1 9  ( J u ly  
1 9 5 2 ) .

References to books are handled similarly and should include perti
nent page numbers:



446 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

( 2 )  S. R o th m a n ,  P hysio logy  a n d  B io ch em is try  o f  th e  S k in ,  T h e  U n iv e r s i ty  o f  
C h ic a g o  P re ss , C h ic a g o , 111., 1 9 5 4 , P p . 4 9 4 -5 6 0 .

References to books containing contributions from numerous authors 
appear as follows:
( 4 )  S. D . G e r s h o n , M . A . G o ld b e r g , a n d  M . M . R ie g e r ,  P erm a n en t W a v in g ,  in  

M . S. B a ls a m  a n d  E .  S a g a r in ,  C osm eticss  S c ien ce  a n d  T e c h n o lo g y ,  v o l. 2 , 
2 n d  e d ., W ile y  I n te r s c ie n c e ,  N e w  Y ork , N .Y ., 1 9 7 2 , P p .  1 6 7 -2 5 0 .

(d) A b b re v ia tio n s :  The metric system should be used. In accordance with 
modern practice, abbreviations such as me, sec, rpm, ml, and mg are 
used without periods. It is requested that authors avoid all unusual 
notations, i.e ., milligram per cent (mg %) or ppm; rng/100 g and mg/kg 
are more acceptable terminology. Prefixes before names or organic 
compounds must be italicized (cis-, p -, te r t- , etc.).

(e) T r a d e  N a m e s:  A trade name must be followed by the sign “®.” All 
common cosmetic ingredients should be referred to by the name indi
cated in the latest edition of C T F A  C o s m e tic  I n g r e d ie n t  D ic tio n a ry ,  
The United States Pharmacopeia (U.S.P.) and the National Formulary 
(N.F.) including specific manufacturer’s designation as a footnote. If a 
material is not listed then the proprietory or trademarked name can be 
used with the chemical composition and the name and address of the 
manufacturer given in a footnote,

(f) S tr u c tu ra l F o rm u la s: Structural formulas should be used only if abso
lutely necessary and if the chemical in question is not well known to 
the reader. Structural formulas should be numbered and referred to in 
the text by Roman numerals.

(g) T a b les: Tables should be numbered consecutively, using Roman num
erals. Tables should include appropriate captions.

(h) F igures: Photographs and drawings (including graphs) are figures and 
are numbered consecutively using Arabic numbers (e.g., Fig. 3). On the 
back of each, the figure number, title of paper, author’s name, and top 
of figure should be indicated. Captions should be typed, double-spaced, 
on a se p a ra te  sheet of paper.
All drawings should be prepared on plain white tracing paper using In
dia ink or standard tapes. The size should not exceed approximately 
210 mm x 297 mm (8V2" x 11") and it is preferable that the original copy 
be submitted although glossy photographs are acceptable.
All numbers and letters must be sufficiently large on the original to 
make the smallest characters legible after reduction to print size. Let
tering of coordinates is part of the drawings and should not be set in 
type. A TYPEWRITER MUST NOT BE USED BECAUSE TYPING 
DOES NOT GIVE THE CLEAN, SHARP FIGURE NECESSARY 
FOR GOOD REPRODUCTION. All information and notations placed
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on the axis of the figure must be large enough to be legible when re
duced for publication.

5. Galley Proof—Galley proofs will be sent to the authors for careful rereview 
and correction. Proofs should be verified against the manuscript. The Pub
lication Committee will not accept this responsibility. Alterations in an 
article after it has been set in type are made at the author’s expense, and 
it is understood that any such alterations shall be charged to the author, 
be paid for by the author. Any material set in type but ordered withdrawn 
from publication must also be paid for by the author.

6. Reprints—The senior author of each paper will automatically receive 50 
over-run reprints free of charge. Additional reprints must be ordered at the 
time the galley proofs are returned and are charged to the author. An 
order blank for this purpose is sent to the author along with the galley 
proof and must be returned when the galley is returned.

7. Rejection of Papers Submitted—Manuscripts not prepared in accordance 
with these directions or deemed to be outside the scope of articles pub
lished in the Journal will be returned to the author by the Editor.

8. Page changes—Effective with the February, 1977 issue the authors of a 
manuscript published in this Journal will be assessed a page charge of $25 
per printed page. These charges are invoiced to the Senior Author at the 
time the manuscript is published.
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Visit the Library of

The Society of Cosmetic Chemists

in the Library Room-96

at the Society of Cosmetic Chemists Office

50 East Forty-first Street

New York, New York 10017

Library Hours Monday thru Friday

9 A M -4  PM

Holidays: Closed



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 Philadelphia Area
2 3 0  F o r re s t  S tre e t ,  M e tu c h e n ,  N J  0 8 8 4 0  5 3 5  E a s t G a y  S tre e t .  W e s t C h e s te r  P A  1 9 3 8
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SHAW MUDGE & COMPANY
51 MANOR STREET STAMFORD CONNECTICUT 0 6 3 0 2

(203) 327-3132

Perfume Compounders h a r r y  c . s a u n d e r s

VICE PRESIDENT 
RESEARCH & DEVELOPMENT

Sales Offices and Representatives:
ATLANTA, BOSTON, CLEVELAND, DALLAS, 
LOUISVILLE, LOS ANGELES, PHILADELPHIA, 
SAN FRANCISCO.

Overseas Production and Inventory:
MEXICO CITY, LONDON, MANILA, SAO PAULO, 
TORONTO, MONTREAL, MILANO.

AUTHORS PLEASE NOTE:
Page charges for contributed articles published in The Journal of the 

Society of Cosmetic Chemists will be $25 per printed page, effective with 
the February 1977 issue. Page charge costs should be considered as a part 
of necessary research expense. While acceptance of manuscripts for pub
lication is not contingent upon payment of page charges, it is anticipated 
that sponsors of research will assume some of the costs of publication.
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S a id  T .T .T .  to  Q -Q -Q - 
D o y o u  k n o w  M r. H o o -H o o -H o o ?  

I d o  in d e e d  k n o w  w h o  H o o  is 
H is  n a m e  is 

M r. S q u e e -G e e  W h iz z .
H e  s q u a ts  n ea r  y o u  a n d  sq u a ts  

n ea r  m e
As p la in  a s  p la in  as A .B .C ., 

H e ’s a lw a y s  w e ll,  so  n e v e r  ill 
A n d  a lw a y s  u ses , ye s , N o v ille .

N O V I L L E
Essential Oil Company, Inc. 

1312 Fifth Street
North Bergen, New Jersey 07047 

(201) 867 9080
Associated Company 

NICKSTADT-MOELLER, INC.
Ridgefield, New Jersey 07047

N ext to her skin  
the m ost bacteria-free 

beauty aide 
should be yours.

Now talcs, colors, starches,, brushes, vegetable 
gums, lashes and many other cosmetic ingredi
ents can be safely and inexpensively treated to 
elim inate contamination worries.

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

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

Call or w rite  today for more information.

MICRO-BIOTROL CO.
ft DIVISION OF GRirriTH 1. ABGRATQRI S S

12200 South Central Ave„ Alsip, Illinois 60658 
(3121 371-0900

UNION. N.J. • UNION CITY. CALir 
LITTLETON. COLO • ATLANTA. GA.

LOS ANGELES, CALIF • M EMPHIS. Tl-NN 
LEVITTOWN, PA • -HICAI30. ILL
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We can not sella lye.

The standard control tor irritancy in hum an patch tests is a  
1% soap in water solution.

Doesn't it m ake sense to leave soap out of your next skin or 
hair treatment formulation to achieve mildness?

Our alkoxylated lanolin derivatives SOLAN, POLYCHOL, 
LANEXOL AWS, PROCHOL, alkoxylated fatty alcohols VOLPO, 
PROCETYL, alkyl alkoxy phosphates CRODAFOS an d  our new 
sucrose esters CRODESTA are efficient emulsifiers, emollients, 
conditioners an d  gellants, which fill the need for mildness with
out high alkalinity an d  that's no lye!

Here are  two honest exam ples...
^pH balanced clear S H 3 0 ^  
I conditioning shampoo I
■  CRODAFOS SG (PPG 5 Ceteth 10 Phosphate) 4.50% |
I  CROTEIN SPA (Hydrolyzed Animal Protein) 2.00% |
■ Carsonol SLES- 2* (Sodium Laureth Sulfate) 45.00% m
I  Carsam ide CA* (Cocam ide DEA) 2.00% I
"  CRODESTA L (Sucrose M onolaurate) 5.00% “
I  Perfume, preservatives, dyes q.s. I
■  Deionised Water 41.50% I

Dissolve the CROTEIN in a  small quantity of ihe water. 
Blend all the components by warming gently a n d  
stirring. Formula SH30M has a n  approxim ate pH of 5

*Carson Chemical Co. (represented by us on the 
East Coast)

Non-alkaline liquid MU24 
make-up with Crodesta
CRODESTA F50 (Sucrose Distearate) 5.00%
PROCETYL AWS ( PPG 5 Ceteth 20) 4 00%
CRODAFOS N3 NEUTRAL (DEA Oleth 3 

Phosphate) 1 50%
COSMOWAX (Stearyl Alcohol Steareth 10. an d  

Steareth 20) 4.50%
LIQUID BASE (Mineral Oil, Lanolin Alcohol) 7 00%
Veegum HV* (M agnesium Aluminum 

Silicate) 0.90%
Propylene Glycol 3 00%
Cellosize QP4400** (Hydroxyethylcellulose) 0.40%
Titanium Dioxide — micronised 6.50%
Iron Pigments — micronised 4.00%
Preservatives, perfume q.s
Deionised Water 63.20%

Disperse Veegum in water a n d  heat to 85° C for 30 
minutes to achieve hydration, allow for evaporation q. s. 
with water. Wet the Cellosize down in propylene glycol 
a n d  a d d  to the Veegum dispersion. Cool with stirring to 
65° C a n d  when uniform disperse the pigments in the 
aqueous phase. Heat the oils to 65° C. Add the aqueous 
phase to the oil phase with high speed stirring, avoiding 
aeration. When uniform, cool to 45° C and  homogenize

* Vanderbilt Inc. * * Union Carbide

For samples of Croda 
materials an d  more informa
tion contact us at 51 Madison 
Avenue, New York, NY 10010

Croda (212) 683-3089, 
or one of the 
distributors listed.

Sales Agents Croda Canada Ltd. 62 Osier Street. Toronto M6P 4A2 C a n a d a  (416) 763-4123 W alt« H. Jelly ft Co. 2822 Birch Street. Franklin Park III 60131 (3 1 ^ £ -4 2 3 6 1 5ol 
la p la n  ft Son, Inc. PO. Box 17326. Memphis. Tenn 38117 (901) 685-0323. Quad Chemical Co. 2779 East El Presidio. Long Beach. Cal 90810 (213) 979-0606 HawWns 
Chemical. Inc. 3100 East HennpinAve.. Minneapolis. M ina 55413(612)331-6910. Hon-Wananty. All information contained hereon is intended pnm anly to dem onstratethe 
utility ol Croda surfactants a n d  emollients. We assume no liability in the presentation of this d a ta , nor should this information b e  construed as  granting license to practice 
any  methods or compositions of matter covered by U S or foreign patents
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A bankful of new ideas for the cosmetic chemist.
Innovative ingredient ideas. Like Patco's Pationic" line of 

acyl lactvlates. Combining the surface-active properties of 
anionic fatty acid salts w ith the ability to complex with both protein 
and starch  system s, the novel Pationic em ulsifiers perform with 
safety and money-saving efficiency in your cosmetic formulas.

Pationics give you the ability to form ulate cream s and lotions 
close to the normal pH of skin. Uniquely enhance the emollient effect 
of oils. W ithout inactivating phenolic preservatives.

One Pationic, TEA-LMS", can solubilize aerosol propellants for 
near-com plete product-propellant homogeneity. Or increase the 
m anageability provided by vour protein shampoo formulas. With no 
irritation to eyes or skin.

But the Idea Bank holds more than new 
ingredient ideas. Service ideas are also a 
Paten specialty. Just call our Customer 
Service Desk at (816) 561-9050 for 
assistance or information on 
applications. Or write.

VlL  P A T C O  P R O D U C T S

- x \

Division of C. 1. Patterson Co. 3947 Broadway, Kansas City. Missouri 64111



' FRITZSCHE-D & O
F ritzsch e  D odge & O lcott Inc.

Mete Y o rk , T%.Y.

j *

n o w ®
' A U S T R A L I A ,  C A N A D A ,  G E R M A N Y ,  G R E A T  B R I T A I N ,  J A P A N ,  M E X I C C  

A R G E N T I N A ,  C O S T A  R I C A ,  D O M I N I C A N  R E P U B L I C ,  E C U A D O R ,  E IR E .  F R A N C F  
G U A T E M A L A ,  H A I T I ,  H O N D U R A S ,  I S R A E L ,  J A M A I C A ,  N E W  Z E A L A N D ,  N I C A R A G U A

Ä  FOR CREATIVE FRAGRANCES
P A N A M A ,  P E R U ,  P H I L I P P I N E S ,  P U E R T O  R IC O , E L  S A L V A D O R ,  S W E D E N ,  V E N E Z U E L A
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