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Successful product introduction In today’s 
markets Is a l-to-5 gamble at best. But with 
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For more Information on how we can help 
you produce superior products, please write 
Wltco Chemical Corporation, Sonneborn Division, 
277 Park Ave., New York, N.Y. 10017.
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In vivo skin friction measurements 
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Synopsis 

In rhe area of SKIN CARE BENEFITS, consumers rend ro rare SMOOTHNESS as an imporranr arrribure in 
rheir overall judgmenr. This paper describes a TECHNIQUE ro measure rhe FRICTIONAL FORCE result
ing from roraring a probe on rhe skin surface as a function of normal load and speed of rorarion. A brief back
ground review on FRICTION TH EORY is presented. A number of facro rs were invesrigared . The high
lights of our findings are as follow~. 

l. The use of a highly polished stainless sreel disc or hemispherical probe produces "wrinkling" or "rwisring" 
of rhe skin surface during rorarion, especially ar higher normal loads . The use of an inrenrionally 
roughened probe produces fricrion clara which satisfy rhe simple laws of fri ction. 

2. The force of friction is nor a linear function of rhe normal load as suggested by Amonron's Law, F = J.tl, 
where F is rhe force of friction., Lis rhe normal load and f.t is a consranr called COEFFICIENT OF FRIC
TION. A differenr expression, F = Kl", was found ro describe our results fairly well. K and n are 
consranrs. The deviation from Amonron's law is arrribured ro rhe elasric behavior of skin. 

3. Dry skin produces low friction values. Much higher values are obtained on hydrated skin. A rationale fo r 
rhis behavior is proposed. 

4. To produce immed iate and significant changes in rhe friction properries of skin, sufficienr quanriries of 
beneficial agents have ro be deposited on rhe surface. Talcum powder and silicone oil reduce rhe friction 
force. Wirh silicone oils, fluid or hydrody namic lubrication is involved. 

INTRODUCTION 

This paper describes a technique which assesses quantitatively the frictional properties 
of skin in vivo and the effects of product treatment on such properties. Cosmetic 
products, which are aimed at conferring smoothness to the skin, are thought to 

perform their function by depositing sufficient amounts of desirable ingredients lead
ing to a perceptible change in the adhesion and friction properties of skin. The percep
tion of such changes is usually subjective, and a fair assessment may not be possible be
cause of the simultaneous interaction of other attributes. Obviously, a method to assess 
skin friction properties quantitatively not only offers a better way of generating basic 
information on the condition of untreated skin, but it could also provide valuable 
guidelines in the course of developing new products aimed at producing a desirable 
tactile feel. 

The technique to be described in this paper features a cylindrical metal probe, which 
contacts the skin surface under a given normal load. The probe can rotate within a wide 

37 



38 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS 

range of speeds, and the resistance to the rotating motion can be measured directly via 
a torque measuring device. Specifically, we have set out to examine the applicability of 
the general laws of friction, derived mainly for metallic materials, to human skin as a 
substrate. A basic premise of modern friction theories relates to the distinction 
between the real area of contact between sliding materials and the geometrical area. 
The real area of contact is much smaller than the geometrical area due to surface rough
ness. This point has been examined in some detail using a rough and highly polished 
probe made from the same material. Also, the effect of lubricants (talcum powder and 
silicone oil) has been examined and an attempt was made to elucidate the lubrication 
mechanism of these materials. 

THEORETICAL BACKGROUND 

The coefficient of friction /.L between two solids is defined as F/L, where F denotes the 
frictional force and L is the load or force normal to the surfaces. When F.L is constant, 
/.L = F/L is known as Amonton's law and expresses two important observations: (1) the 
friction force is proportional to the normal force; and (2) the friction force is inde
pendent of the apparent area of contact. 

There is abundant evidence that even microscopically smooth surfaces are irregular on 
a molecular scale of distance. As a result of irregularities, two surfaces brought into 
contact will touch only in isolated regions. The true area of contact is then much less 
than the apparent area; it can be estimated, for example, from a measurement of the 
electrical conductivity between the two solids. It is also known that high local tempera
tures can develop during rubbing, as well as high local pressures, which can lead to 
plucking out of portions of the softer material by the harder one ( 1-4). 

As the two surfaces are brought together, the pressure is large at the initial few points 
of contact, and deformation immediately occurs to allow more and more contact to 
develop. This plastic flow continues until there is a total area of contact such that the 
local pressure has fallen to a characteristic yield pressure Pm of the softer material. 
Thus, around each region of contact, there is a plastic zone, with further elastic de
formation outside (2). The actual contact area is then determined by the yield pressure, 
so that 

A= L/Pm ( 1) 

In a typical measurement of friction, a slider is pressed against a stationary block and 
the force F required to move the slider is measured . This force, in general, will consist 
of 2 terms. First, there is the force F required to shear the junctions at the points of 
actual contact. This is given by 

F = ASm (2) 

where Sm is the shear strength per unit area. The second term, F~> is the force required 
to displace the softer material from the front of the harder one. With metals of dif
ferent hardness, the harder one, if used as a slider, will plow a track in the softer, and F1 

is, therefore, a work term associated with this plowing action. In a general way, one ex
pects F1 to be proportional to the width of the slider, i.e. 

(3) 
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where A, denotes the width of the plowed track. Usually, the plowing term is im
portant only for the case of a hard material rubbing against a soft one; if both are hard, 
the . friction is due mostly to the shear term. As an approximation, then, A may be 
eliminated from equations (1) and (2) to give 

(4) 

or 

(5) 

This is Amonton's law as stated earlier. A point in connection with this law is that the 
two quantities, Sm and Pm, represent the resistance to plastic flow of the softer of the 
contacting materials to shear and compression, respectively. 

The coefficient of friction may also depend on the relative velocity of the two surfaces. 
This will, for example, affect the local temperature, the extent of work hardening of 
metals, and the relative importance of the plowing and shearing terms. These facts 
work out such that the coefficient of friction tends to decrease with increasing sliding 
speeds (4, 5) contrary to Coulomb's law, which holds that 11- should be independent of 
sliding velocity. At very low speeds, the effect is small. 

A number of friction studies have been carried out on organic polymers in recent years 
(4-6). The detailed results show some serious complications, however. The coefficient 
of friction was shown to be dependent on the load as has been illustrated, for example, 
in the case of a copolymer o -hexafluoroethylene and hexafluoropropylene (7) , where it 
was suggested that the area of contact is determined more by elastic than by plastic de
formation. The difference observed between the static and kinetic coefficients of fric
tion (the force required to initiate sliding of the load gives IJ-s, where s refers to static, 
and the force requires to sustain the motion gives !J-k, where k refers to kinetic) was at
tributed to the transfer of an oriented film of polymer to the steel rider used in the ex
periment during sliding and to low adhesion between this film and the polymer surface. 

An important aspect of friction measurements in relation to cosmetic applications is 
the friction between lubricated surfaces. Two limiting conditions exist where lubrica
tion is used. In the first case, the oil film (lubricant) is thick enough so that the surface 
regions are essentially independent of each other, and the coefficient of friction de
pends on the hydrodynamic properties, especially the viscosity, of the oil. Amonton's 
law is not involved in this situation, nor is the specific nature of the solid surfaces. As 
load is increased and relative speed is decreased, the film between the two surfaces be
comes thinner and increasing contact occurs between the surface regions. The 
coefficient of friction rises from the very low values possible for fluid friction to some 
value that is usually less than that for unlubricated surfaces. This type of lubrication, 
i.e., where the nature of the surface region is important, is known as boundary lubrica
tion and involves a strong physical adsorption of lubricant on the surface or even a sur
face chemical reaction leading to a very strong bond between the lubricant and the 
substrate. The general feature of friction between lubricated surfaces is usually 
represented by what is known as the Stribeck curve, which is a plot between the 
coefficient of friction and the so-called Sommerfeld number, YJ VIP. YJ is the viscosity of 
the lubricant film, V is the speed of sliding, and Pis the normal load per unit area. This 
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Figure 1. Stribeck curve showing the relationship between friction coefficient and the Sommerfeld number 

relationship is represented schematically in Fig. 1. It has been shown that the value of JJ.

in boundary lubrication depends greatly on the state of the adsorbed film and that, 
generally speaking, the film must be in a condensed state to give a low coefficient of 
friction. A number of models have been suggested to explain the mechanism of 
boundary lubrication (1, 4, 8, 9). 

PREVIOUS FRICTION MEASUREMENTS ON SKIN 

Few papers have been published on the frictional characteristics of skin. Naylor (10) 
measured the friction of a polyethylene ball rubbing against the skin. He found that the 
friction was higher when the skin was damp than when it was either very wet or dry. 
Appeldoorn and Barnett (11) have observed other distinctive frictional characteristics 
of skin as follow: (1) skin friction is "relatively high;" (2) a small amount of talcum 
powder greatly reduces skin friction. This is well known, but it is not a characteristic of 
the friction of other systems such as steel-against-steel, where talc increases friction; 
and (3) the skin friction is higher on a smooth surface than it is on a rough surface. This 
behavior is just the opposite to that normally encountered , but it can be verified by 
rubbing one's finger on a microscope slide. The friction is much greater on the clear 
glass (smooth) part than on the ground glass (rough) part. 

Although Appeldoorn and Barnett have not conducted any in vivo work, they found 
that an in vitro model combining a rubber ball and a rotating stainless steel cylinder cor-
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relates well with their observations on the behavior of skin friction . They concluded 
that the property of skin that gives it the unusual and characteristic behavior is not its 
roughness nor chemical composition, but its "flexibility." Like rubber, the skin can flex 
to conform to the shape of another surface. This gives it a relatively large area of 
contact and, therefore, a high coefficient of friction as compared to the relatively 
unflexible metal or plastic materials . These results have been confirmed by Prall ( 12) 
and by Comaish and Bottoms (13) on skin under in vivo conditions. 

EXPERIMENTAL TECHNIQUE 

Earlier experimental techniques for skin friction measurements have been reviewed by 
Prall (12) . Traditionally, fric tion measurements involve the sliding of a probe over the 
skin and the force is determined as a function of load. Prall describes a friction dyna
mometer which features a constant-thrust friction head whereby a standard ground 
glass disc was pressed against the skin with a force of 200 g/cm2

• The friction head was 
attached to the shaft of an ac motor, which was energized by a variable transformer. In 
use, the friction head was presented to the skin, and the power to the motor gradually 
increased until the friction head just started to rotate . 

In this work, we employ a modified Haake viscometer (RV-1 )" to measure the friction 
behavior of skin in vivo with the help of a rotating stainless steel probe in contact with 
the arm (or any other part) surface. Preliminary experiments have shown the need for 
controlling the contact pressure between the skin surface and the probe. To this end, a 
special probe assembly was designed such that a constant load was maintained in 
contact with the skin surface in the course of the experiment. The assembly is depicted 
schematically in Fig. 2. The assembly features an adapter which fits tightly onto the 
shaft of the Haake measuring head . The part carrying the load and the probe is 
precisely machined so that it slides smoothly over the cylindrical adap ter. The extent of 
vertical movement of the probe attachment is controlled by the size of the slit and a 
protruding knob on the adapter body . Loads can be added to the assembly by screwing 
on metal discs of known weight. The load is, thus, suspended and floats freely between 
the two ends of the slit. This design offers a convenient means to ensure a constant load 
contacting the skin. The pa elist is only required to maintain the knob approximately 
in the middle of the slit during the experiment. 

The measuring principle is as follows. The control console of the Haake R V -1 houses 
the operating controls, synchronous motor, electrical circuitry, and indicating meters. 
It drives the measuring head and the meter reading indicates only the torque induced 
by the frictional resistance to the rotating probe, and not the friction in the trans
mission. Torque is measured by the angular displacement of a creep-resistant torsion 
spring, mounted between two concentric conical shafts. The displacement angle is 
converted into an electrical signal by means of a high-precision potentiometer. The 
voltage output of the potentiometer is linear to the angular displacement of the spring. 
Thus, the torque exerted on the probe is proportional to the signal registered on the 
console meter. 

• Haake Inc., Saddle Brook, N .j. 
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Figure 2. Friccion probe assembly 

We have calibrated the scale readings in terms of absolute force by determining the 
scale response to different weights attached to the probe with a thread. The measuring 
head was laid horizontally on a table such that the probe assembly protruded over the 
edge. Measurements were conducted at the lowest speed available (3.6 rpm) and care 
was taken that the thread windings did not pile up on the probe. The calibration curve 
obtained representing the force versus load was linear. Joy, Machin, and McGaw used a 
similar technique employing a modified Haake viscometer for measuring skin friction 
properties in vivo (14). 

RESULTS AND DISCUSSION 

A general view of the set-up is shown in Fig. 3. As will be discussed below, the state of 
skin hydration affects its friction properties, and, hence, it was necessary to conduct the 
measurements under controlled temperature and humidity (22°C and 55 per cent rela-
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Figure 3. Friction measurement sec-up 

tive humidity). In general, measurements can be carried out on almost any part of the 
body, but for the sake of convenience, the test site used in this study was restricted to 

the volar forearm of about 20 female panelists ranging in age from 20 to 50 years. 
Normal loads of 0 to about 200 g were used. The friction force was determined 3 to 4 
times at any given load to compute an average value. A number of factors were 
examined and these will be discussed separately. 

EFFECT OF PROBE SHAPE 

Initial attempts, using a disc-shaped highly polished stainless steel probe to measure 
the friction force, led to an interesting observation. It was found that in the course of 
the measurement, the friction increased with time accompanied by a certain degree of 
discomfort to the panelist, especially at higher loads. A closer examination of the skin 
in contact with the rotating disc revealed obvious "wrinkling," leading to what could be 
described as a "pinching-effect." This type of probe was discarded, and to alleviate this 
difficulty, we resorted to the use of a hemispherical probe (radius 0.6 em). Two such 
probes were employed in this work; one probe was highly polished, and the other was 
intentionally roughened using emery paper. Both probes were of the same dimensions 
and made of stainless steel. The response of the two probes at a given load is shown 
schematically in Fig. 4, which demonstrates clearly the difference in behavior of the 
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Polished Probe 

Rough Probe 

Time 

Figure 4. Schematic response of po lished and rough probes during fri ction measurements on human skin in 
Vt1l0 

two probes. In the case of the rough probe, it can be seen that as the probe starts rotat
ing, a maximum value for the force of friction is recorded which quickly tapers off to a 
constant value within a few seconds. The polished probe, on the other hand, produces 
a friction force-time profile which indicates an instaneous large response on the force 
axis, followed by a continual increase and a leveling off after a few minutes (3 to 4 min). 
Close inspection of the skin contacting the rotating probe revealed that while no 
"pinching-effect" was felt by a panelist, there was obvious wrinkling of the skin. The 
degree of wrinkling or rwisting of the skin was found to be related to the load used in a 
given measurement. Thus, at low loads (ca ., SO g) no wrinkling was observed with the 
polished probe, whereas, the disc-shaped probe produced wrinkling even at lower 
loads. Skin wrinkling was not observed with the rough probe over the whole range of 
loads used, and the results obtained with this type of probe were reproducible. Rather 
large fluctuations in the force values were observed with the polished probes, espe
cially under high loads. 

The formation of wrinkles is a complicating factor in skin friction measurement, since 
it is doubtful that the data obtained under such conditions relate to the inherent fric
tion properties of the skin corneum. This point will be discussed further below. We 
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have, therefore, focused on the use of the rough probe, since the results obtained with 
this probe seem to conform in a much simpler way to the basic laws of friction. 

The dependence of the coefficient of friction on load is shown in Fig. 5 for two pan
elists. The data are presented as the static (J-t8 ) and kinetic (J-tk) coefficient of friction. f.-ts 
was determined from the maximum value of the friction force versus time curves and 
f.-tk relates to the value of the force of friction after attainment of an equilibrium value 
(Fig. 4). It is clear from Fig. 5 that the friction force is not related linearly to the load, 
and, hence, Amonton's law is not obeyed. 

All panelists examined showed the same general relationship as given in Fig. 5. These 
data confi rm Comaish and Bottoms' findings that the friction coefficient for human skin 
in vivo increases as the load decreases (1 3). 

. ~; :- .. 
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One can recall that Amonton's law expresses the relationship between the friction 
force and load for systems in which only plastic deformation occurs at the contact 
points. The nonlinearity of the force-load relation has been attributed to contributions 
of other mechanical components in the process of deformation such as elasticity. A 
simple equation describing the force-load relation under these conditions was 
proposed by Bowden and Tabor (2), and has the form 

F=KP (6) 

where K and n are constants. The value of n ranges from 0.66 to unity. When n = 1, 
the above equation expresses Amonton's law. We have attempted to fit our data to the 
above equation using regression analysis with the help of a computer. Eleven cases 
were analyzed to evaluate the determination index (a measure of the goodness of fit ) 
and the values of the regression coefficients at 95 per cent confidence limits. The 
results are given in Table I. A more detailed example of the computational analysis 
where the actual friction force values are compared with values calculated from equa
tion (6) is presented in Table II. 

Panelist Number 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Actual Load 
(g) 

20.9 
50.5 
71.4 
98 9 

11 9.8 
149.4 
187. 7 

Table I 
Regression Analysis of Friction Data Fitted to the 
Equation F = Kln at 95 per cent Confidence Limit 

Regression Coeffi cients 

Index of Determination K 

0.971 0.70 
0.981 0.66 
0.996 0.82 
0.950 0.45 
0.975 0.28 
0.986 0.68 
0.985 0.36 
0.994 0.43 
0.959 0.18 
0.979 0.41 
0.988 0.59 

Table II 
Example of Data Fitting According to the Equation 

F = Kln For Panelist Number 3 (Table I) 

Actual Friction 
Force (g) 

6.25 
11.25 
14.38 
16.56 
19.38 
23.75 
27.50 

Es timated Friction 
Force (g) 

6.21 
11.18 
14.1 0 
17.52 
19.92 
23.08 
26.88 

n 

0.79 
0.71 
0.67 
0.80 
0.90 
0.68 
0.87 
0. 75 
0.96 
0.79 
0. 76 

95 Per Cent 
Confidence Limits 

5.77-6.68 
10.74-11.65 
13.63-14.58 
16.93-18.13 
19.18-20.68 
22 .09- 24 .11 
25 .53-28.30 
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In general, the equation seems to satisfy the experimental data reasonably well. A 
theoretical interpretation of the above equation has been suggested by Bowden and 
Tabor (2), based on the simple premise that if the shearing strength, Sm is constant 

F = ASm (7) 

then, the variation of the friction force with the load is due to the way in which A (the 
real area of contact) varies with the load, i.e., 

(8) 

The differences in behavior of the polished and rough probes could be ascribed to the 
difference in the number of contact regions involved. With the polished probe, it 
would be expected that a much larger number of contact points would be established 
with the skin surface. Thus, upon rotating the polished probe on the skin substrate, the 
skin is "pulled" along, conceivably as a result of high adhesion. Continuous rotation 
should lead to the formation of wrinkles. The formed wrinkles will present an added 
resistance to the motion of the polished probe, which would be a function of the rate of 
"wrinkling." The measured value of the force under such conditions will not reflect the 
inherent friction properties of the substrate. The rough probe on the other hand, does 
not produce wrinkling because of the much smaller real contact area with the skin, so 
that the skin is not pulled along as the probe rotates , presumably because of the lack of 
adequate "grip. " 

Friction force measurements with the rough probe were highly reproducible at the 
lower loads showing variation of 2 per cent about the mean, but the variation increases 
to about 10 per cent at the higher end of the load range. 

We have also examined the state of skin after contact with the rotating probe for 3 min 
for any possible plowing action or disruption in the surface. As mentioned earlier, the 
combination of a hard sliding probe on a softer substrate may lead to plowing. Scanning 
electron micrographs were taken of the same skin area before and after probe contact, 
using standard replicating procedures. Fig. 6 shows two such sites of a female panelist. 
There is no evidence of plowing or surface disruption as a result of contact of the rotat
ing probe with the skin. 

EFFECT OF SPEED OF ROTATION AND SITE-TO-SITE VARIATION 

A study was made of the effect of the speed of rotation at a given skin site on the 
coefficient of friction under constant load. The speed ranged from 3.6 to 583 rpm. A 
number of measurements were also conducted to establish any variation in the value of 
the coefficient of friction along the volar forearm . Such measurements were usually 
carried out at a given speed of rotation and load. The general conclusions indicate that 
the effect of speed of rotation is negligible over the range examined , and that there is 
no site-to-site variation on the volar forearm if the measurements are restricted to the 
larger area close to the elbow. 

EFFECT OF SKIN HYDRATION 

After initial determination of the coefficient of friction at a given speed and load, a 
number of panelists were asked to rinse their arm with water and blot away any excess. 
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Figure 6. Photographs coded 69 17 B and 6918 B show rwo different sites on skin surface before probe 
contact. Photographs coded 6913 B and 69 14 B show the after effect 

Measurements of the friction coefficient were then repeated immediately on the same 
test site. A 2-3 fold increase in the coefficient of friction was recorded on most pan
elists using the rough probe. It is interesting tO note, however, that normal values of J.L, 
obtained before rinsing, were again achieved after about 2 min. It is also worth noting 
that during the first measurement, immediately after rinsing and blotting, the rough 
probe exhibited a response similar tO the polished probe, i.e., an increase of the force 
of friction with time. Subsequent measurements showed a normal response. The 
degree of wrinkling increased substantially when using the polished probe on the 
hydrated skin. These observations can be explained by assuming a substantial decrease 
in the compression modulus of skin due to presence of water, leading to an increase in 
the size and, perhaps, the number of the junction zones (hence, an increase in the real 
contact area) which would ultimately increase the coefficient of friction . The decrease 
in the value of J.L, after about 2 min, to the original value, indicates a return of the 
mechanical properties tO the normal values due to the fast evaporation of water from 
the skin surface. These findings support Appeldoorn and Barnett's observations con
cerning the effect of skin hydration on friction properties ( 11 ). 
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Table III 
Comparison of Fricrion Values on "Normal" and "Dry" Skin 

Load 98.9 g, Rorarion Speed 2.03 em/sec 

Normal Skin 
Dry Skin 

•Values afrer 20 sec. 
bValues refer ro kineric fricrion force. 

Fricrion Force (g)• 
Polished Probe 

62.5 
37 

EFFECT OF SKIN DRYNESS ON FRICTION PROPERTIES 

Fricrion Force (g)b 
Rough Probe 

16.0 
11.6 

49 

Because of the difficulty in inducing skin dryness under laboratory conditions, it was 
not possible to conduct an exhaustive study on the effect of dryness. We were able, 
however, to conduct some measurements on 1 panelist suffering from a severe case of 
skin dryness, which was obvious even to the untrained eye. The dry site was located on 
the dorsal forearm, and its extent was rather restricted. Friction measurements were 
made on a "normal" and the "dry" site using the polished and rough probes. The data 
are given in Table III. It can be seen that a substantially lower value of the force of fric
tion is found on the dry site with both probes. A much larger decrease is observed with 
the polished probe, however. 

EFFECT OF TALCUM POWDER 

Before-and-after friction measurements were conducted using talcum powder as a 
solid lubricant on 7 panelists. The polished and rough probes were used at a speed of 
32.4 rpm and 98.9 g normal load . As expected, some wrinkling was observed 
on the untreated skin with the polished probe, and the force readings were arbi
trarily taken after 20 sec. A decrease averaging 50 per cent in the friction force was ob
served with the polished probe after application of talcum powder. No wrinkling of the 
skin or increase of the force with time was observed in the course of the measurement. 

Little or no decrease in the friction force was registered with the rough probe after ap
plication of talcum powder. The amount of talcum powder applied to the skin was 
enough to cover the surface with a thick film, such that direct contact between the 
probe and the skin substrate was not possible. The effect of talcum powder can be at
tributed to its low Sm value and adhesion to the stainless steel surface; hence, a lower 
friction force would be expected. The fact that the same values for the friction force 
were obtained with the polished and rough probes after application of talcum powder, 
lends support to the notion that a film of talcum powder was transferred to the probe 
surface such that the measured values of the force reflect the property of the 
talcum/talcum system. 

EFFECT OF SILICONE OIL 

An investigation of the effect of silicone oil (polydimethyl siloxane) as a fluid lubricant, 
when applied as a thick film onto the skin surface, on the friction properties was 
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Table IV 
Effect of Silicone Oil Viscosity and Probe Speed on the 

Friction Force. Load 98.9 g. Polished Probe 

Friction Force" (g) 
Untreated Skin 

Viscosity of Silicone Oil (cks) 

Speed (rpm) 

3.6 
10.8 
32.4 
67.2 

"Values at 20 sec. 

30.6 
30.8 
30.7 
30.8 

100 

6.5 
7.5 
9.4 

11.9 

1,000 10,000 

7.5 8.5 
11.9 15.0 
15.0 28.8 
19.6 37 .5 

conducted on 10 panelists. The effects of speed of rotation of the probe and of the vis
cosity of the silicone oil were examined in some detail to identify the mechanism of lu
brication involved. The relevant data for 1 panelist have been compiled in Table IV. 
The results obtained indicate that the presence of silicone oil decreases substantially 
the friction force compared to untreated skin and that the mechanism involved is fluid 
or hydrodynamic lubrication, i.e., the friction force is dependent on the bulk 
properties (viscosity) of the lubricant. Both probes behave similarly in the presence of 
a fluid lubricant, both qualitatively and quantitatively . 

A number of important points emerge from the above findings regarding in vivo fric
tion measurements on skin as follows: 

1. The effect of the surface condition of the probe. It has been shown that the type of 
finishing given to the probe surface has an important qualitative and quantitative ef
fect on the results. 

2. Low friction values for untreated skin do not necessarily mean a smooth skin condi
tion. As has been shown in this work, obviously dry skin gave lower friction force 
values than seemingly normal skin. It is , therefore, necessary, before assigning any 
practical significance to the effect of product treatments on skin condition, to es
tablish a meaningful correlation between instrumental measurements and what 
consumers perceive as an acceptable skin condition. This can be achieved by using a 
large panel and trained judges to help determine the range of the friction 
coefficients which describe the different skin conditions. 

3. In order to bring about perceptible changes in the friction properties of skin 
through product application, it is obvious that a sufficient amount of some beneficial 
ingredient should be deposited on the surface. The simplest approach is to use the 
product directly as in the case of creams and lotions, for example. As suggested by 
this work, the properties of the residual film will probably have a direct bearing on 
consumer acceptability. Such products will probably exhibit hydrodynamic lubrica
tion, and, hence, the viscosity of the applied film will be of considerable im
portance. Again, it will be necessary to define the optimum ranges of an acceptable 
friction coefficient under these conditions via panel testing. A very low value of the 
friction coefficient may be associated with "slippery feel" and too high a value will 
most likely be associated with "sticky feel. " 
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Synopsis 

An O PEN EPICUTANEOUS TEST (OET) is proposed for rhe detection of SKIN IRRITATION and 
CONTACT HYPERSENSITIVITY induced in GUINEA PIGS. Thirry-rwo compounds described in rhe 
literature as being ALLERGENIC for man were reseed in rhe guinea pig by the OET technique, and for rhe 
purpose of comparison, by three ocher techniques, namely the DRAIZE TEST (DT), rhe MAXIMIZA
TION TEST (MT) and a res t with FREUND'S COMPLETE ADJUVANT (FCAT). In the OET, a high 
degree of correlation was found between the allergeniciry of rhe reseed compounds for the guinea pig and for 
man. 

I. INTRODUCTION 

A considerable amount of work has been done over many years developing pro
cedures for detecting skin-irritating and/or sensitizing effects of chemicals on labora
tory animals, in order to preselect compounds likely to be well tolerated by man. As in 
general toxicology and pharmacology, the results of such tests on animals cannot be 
fully valid for humans because of interspecies differences in the absorption, me
tabolism, and excretion of the compounds concerned. Furthermore, in the case of 
topical medication and of cosmetics, the conditions of exposure, such as concentration, 
frequency of application, and site of contact, can never be identical in human use and in 
animal experiments. 

The problem of identifying contact allergens, in humans as well as in laboratory ani
mals, was first approached critically and on a scientific basis by Kligman (1, 2, 3) and by 
Magnusson and Kligman ( 4, 5 ). These authors carried out comparative tests of nu
merous drugs, industrial contactants and cosmetics with well-known sensitizing 
properties, by various so-called predictive procedures commonly used on humans (6-
21 ), and have shown conclusively that these procedures often fail to identify even 
known sensitizers. These procedures are, therefore, also likely to be inadequate for the 
recognition of the allergenic ity of new synthetic compounds. By carefully analyzing all 

•Deceased February 8, 1974. 
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the factors influencing contact sensitization in man and in the guinea pig, and by includ
ing all these factors in the same experiment, these authors developed a testing tech
nique which they called the maximization test (MT). With this technique, they found a 
close correlation between clinical experience and experimental results. The authors 
conclude that by testing compounds on laboratory animals under extreme experi
mental conditions it should be possible to detect the whole sensitizing potentiality of a 
compound.
This statement should permit the assumption that the probability of a compound caus
ing sensitization in humans could be estimated. The authors emphasize, however, that 
it is impossible, on the basis of animal experiments alone, to formulate fully reliable 
predictions valid for humans.
The purpose of our work, taking into account the knowledge acquired by Kligman and 
Magnusson, was to develop a testing procedure for guinea pigs convenient for testing 
new synthetic chemical compounds intended for use in fragrances and cosmetics. Spe
cial attention was paid to developing a test which would be simple to perform, would 
simulate the conditions in human use, would yield quantitative data, and would mini
mize the effects of subjective factors in evaluating the results. Like Kligman, we 
checked the reliability of our test by performing concurrently 3 other tests commonly 
used in this field. We tested a series of compounds with a well-known sensitizing ca
pacity for man, in order to establish whether or not a correlation exists between clinical 
experience and the results of our animal experiments.
For the first step in these investigations, we chose 32 compounds described in the 
literature as being allergenic for man. These compounds were tested concurrently, on 
groups of 6 to 8 guinea pigs each, by the open epicutaneous test (OET), the Draize test 
(DT), the maximization test (MT) and an intradermal test with Freund’s complete 
adjuvant (FCAT), all described below.

II. MATERIALS AND METHODS

C H E M IC A L  C O M P O U N D S

Thirty-two compounds used in the perfume industry were tested. All these compounds 
were tested under code numbers, their nature and potential allergenicity being un
known to the experimenters prior to testing.

A N IM A LS

The animals used were male and female outbred Himalayan white-spotted guinea pigs 
bred at the Institute of Biomedical Research, Fiillinsdorf, Switzerland. The guinea pigs 
weighed 400 to 500 g. They were fed on pelleted feed supplemented with green 
vegetables, carrots and vitamin C in the drinking water, all available ad libitum.

T E S T IN G  M ET H O D S

OET: All the compounds were tested undiluted as well as dissolved in acetone, ethanol, 
diethyl phthalate, etc., at concentrations of 30, 10 , 3, 1 , 0.3, 0. 1 , and 0.03 percent (or 
less when necessary) in order to establish a dose-response curve making it possible to 
determine the minimal irritating and the maximal tolerated concentrations on an “all or
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none" basis. This contrasts with another method still in use (11), where only one arbi
trarily fixed concentration is used, and its activity is evaluated subjectively according to 
the intensity of the lesions observed. 

Before the induction procedure (see below), we determined the skin irritation caused 
by a single application. For this purpose, we applied 0.025 ml of each undiluted com
pound and of its progressively diluted solutions to an area measuring 2 cm2 previously 
marked with a circular stamp on the clipped flank skin of 6 to 8 animals per group. In 
each case, the liquid tested was applied uniformly with a pipette. After evaporation of 
the solvent, the application site was left uncovered. The reactions were read after 24 h 
using an "all or none" criterion, i.e., the dose-response curve was established by end
point determination. The minimal irritating concentration was defined as the lowest 
concentration causing mild erythema in at least 25 per cent of the animals of the group 
concerned, and the maximal nonirritant concentration as the highest concentration 
causing no macroscopically discernible reactions in any of the animals of the group. 
The highest concentration of a compound used in this local application test was de
termined by its solubility and skin irritating capacity. Most of the substances used could 
be applied undiluted. However, high concentrations causing strong reactions, e.g., 
swelling, necrosis, or ulceration, were not used for evaluation because the end-point 
determination was considered a more sensitive index of activity. 

The determination of the tolerance threshold on the guinea pig in the OET is mainly 
done for methodical reasons, in order to quantitatively realize an eventual sensitiza
tion, and besides it gives information on the concentration-dependent skin tolerance of 
substances. Carrying over these results onto man is possible under restriction. 

Induction procedure: On day 0 we applied 0.1 ml of each undiluted compound and of its 
progressively diluted solutions to an area measuring 8 cm2 on the clipped flank skin of 
6 to 8 guinea pigs per concentration group, using 4 to 6 such groups for each com
pound. The applications were repeated daily for 21 days, always using the same skin 
site. The application site was left uncovered and the reactions were read 24 h after each 
application. The maximum nonirritant and the minimal irritating concentrations were 
determined by the same "all or none" criterion as described above. When necrotic or 
ulcerating reactions were provoked, the application site was changed. 

Generally speaking, the degree of the topically irritant effect after one single or after 
repeated application is characterized by the intensity of the skin reaction and by the 
magnitude of the minimal irritating concentration. For evaluation of the irritations, we 
applied the following scale: 

0 = no skin reaction 
0. 5 = red spots 
1 = confluent redness 

2 = redness plus swelling 
3 = redness , swell ing, crusts 
4 = necrotic skin alteratio ns 

Challenge procedure: To determine whether or not allergic contact dermatitis was in
duced, all the groups of guinea pigs previously treated for 21 days as described above, 
as well as 6 to 8 untreated controls for each compound, were tested on days 21 and 3 5 
on the contralateral flank with the same compound at the minimal irritating concentra
tion and at some lower nonirritant concentrations. We used the minimal irritating 
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concentration of each compound in order to confirm the biological activity determined 
after the first application and to exclude false results. These tests were performed by 
applying with a pipette 0.025 ml of each concentration to skin areas measuring 2 cm2, 
the reactions being read after 24, 48 and/or 72 h. This procedure enabled us to de
termine the minimal sensitizing concentration necessary to induce contact hyper
sensitivity and the minimal eliciting concentration necessary to cause a positive reac
tion. A concentration was considered allergenic when at least 2 out of the 8 animals of 
the concentration group concerned showed positive reactions with nonirritant 
concentrations used for challenge, based on practical experience.
The total dose of compound administered in the OET ranged from 2100 to 63 mg or 
less, depending on the concentrations used.
Solvents, like water, ethanol and acetone, even when applied repeatedly, yielded no 
macroscopically detectable alteration on the treated skin. When other bases were ap
plied, like vaseline, diethyl phthalate or polyethylene glycol, additional controls for the 
vehicles were set in.
D T (11): A dose of 0.05 ml of a 0.1 per cent solution of the compound tested in 
isotonic saline was injected intradermally on day 0 and further doses of 0.1 ml each 
were injected on 9 alternate days (total dose = 0.95 mg). The treated animals and 
untreated controls were challenged intradermally with 0.05 ml of a 0.1 per cent solu
tion on days 35 and 49. The evaluation criterion was the mean diameter of the papular 
reactions.
M T (4, 5): On day 0 the animals were injected intradermally with 0.1 ml of a 5 per cent 
solution of the compound tested, with 0.1 ml of a 5 per cent emulsion of the same com
pound in Freund’s complete adjuvant (FCA) and with 0.1 ml of FCA alone, each injec
tion being given twice. In addition, 250 mg of the compound dissolved in petrolatum at 
a concentration of 25 per cent, which always causes mild to moderate skin irritation 
under occlusion, was applied on day 8 to a clipped skin area of the neck and was kept 
under occlusive bandage for 2 days (total dose 20 mg intradermally plus 250 mg 
epicutaneously). On day 21 an occlusive patch test with the compound at a subirritant 
concentration in petrolatum was applied to the flank for 24 h. The reactions were read 
24 and 48 h after removing the patch.
FCAT: Doses of 0.05 ml of the undiluted compound mixed with the same volume of 
FCA were injected intradermally into the neck on days 0, 2, 4, 7, and 9 (total dose 250 
mg). The control animals were similarly treated with 5 X 0.05 ml of FCA alone. All the 
animals were tested epicutaneously on days 21 and 35 as described in the section 
above.

III. RESULTS

The results obtained by testing the 32 compounds by the 4 procedures described 
above are presented in Table I. The compounds are subdivided into 4 groups according 
to their allergenicity in the 4 animal tests, namely: Group I, not sensitizing in any test; 
Group II, sensitizing in the OET and in one or more of the other tests; Group III, 
sensitizing exclusively in the OET; Group IV, not sensitizing in the OET but sensitiz
ing in one or more of the other tests.
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A compound shown as not sensitizing in the OET does not sensitize even when applied 
undiluted; otherwise, the minimal sensitizing concentration is given.
Data concerning the allergenicity of these 32 compounds for humans were collected 
from the literature and are summarized in the last 2 columns of Table 1. Compounds 
considered as allergenic were classified into 5 types, as follows: Type A, compound 
simply described as “sensitizers,” without any confirmatory data being presented; Type 
B, compounds with confirmed sensitizing capacity for man; Type C, compounds sensi
tizing experimental animals; Type D, compounds causing positive patch tests in 
eczematous patients hypersensitive to complex allergens, such as balsam of Peru and 
turpentine, which contain the incriminated compound or are known to cross-react with 
it; Type E, compounds causing positive patch tests in eczematous patients with no his
tory of sensitization either to this particular compound or to the complex allergen 
known to contain it.

S K IN  IR R IT A T IO N

The OET findings relating to skin irritation are summarized in Table II. It can be seen 
that, after one application, a few compounds caused mild erythema at a minimal 
concentration as low as 0.1 per cent, whereas a few others did so only when applied un
diluted. In most cases, however, the minimal irritating concentration (after one applica
tion) was between 3 and 30 per cent.
After 21 applications, the minimal irritating concentration of most of the compounds 
tested was 3 per cent. Surprisingly, the minimal irritating concentration of 10 com
pounds was the same after 21 applications as after one application, whereas in the 
remaining 22 cases, it was lower after 21 applications, as expected. This may be 
explained by the accumulation of skin injuries after repeated applications or by the in
duction of contact hypersensitivity as demonstrated by subsequent contact testing. No 
relationship was found between the capacity to cause skin irritation and the capacity to 
induce contact hypersensitivity.

A L L E R G E N IC IT Y  AS D E T E R M IN E D  B Y  T H E  O E T

All the guinea pigs which had been treated for 21 days with the undiluted compounds 
or their various diluted solutions were challenged on the contralateral flank on day 2 1 . 
By this procedure, the minimal concentration necessary for the induction of contact 
hypersensitivity and the minimal concentration for eliciting contact reactions at the 
time of challenge, which corresponds to the degree of hypersensitivity induced, could 
be determined and expressed in per cent. These data are presented in Table III. It can 
be seen that, out of the 32 compounds studied, 22 compounds (70 per cent) induced 
contact hypersensitivity at one or another of the applied dosages. It is also evident from 
Table III that there was no correlation between the minimal sensitizing concentration 
and the degree of hypersensitivity induced.

C O R R E L A T IO N  B ET W EEN  S K IN  IR R IT A T IO N  A N D  A L L E R G E N IC IT Y

A scrutiny of the data presented in Tables IV and V shows that no relationship was 
found between skin irritation and the capacity to induce contact hypersensitivity, i.e.,
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Table II
Minimal Skin Irritating Concentrations o f  32 Compounds

Concentration % 100 30 10 3 1 0.3 0.1

Number o f  compounds causing irritation 
after one application 3 12 6 8 1 2

Number o f  compounds causing irritation 
after 21 applications 1 3 21 2 3 2

Table III
Correlation between the Minimal Sensitizing Concentration and the Degree o f  Contact Hypersensitivity

Minimal Sensitizing Concentration % 100 30 10 3 1 0.3

Number o f  sensitizing compounds 1 10 5 5 1
Minimal eliciting concentration % :

10 1
3 4 3 1
1 1 3 2 1
0.3 3
0.1
0.03 2 1

Correlation between
Table IV

Skin Irritation and Allergenicity

Concentration % 100 30 10 3 1 0.3 0.1

Number o f  compounds causing sensitization
after 21 applications 1 10 5 5 1

Number o f  compounds causing skin
irritation after 1 application 9 3 7 1 2

Table V
Correlation between the Minimal Sensitizing and the Minimal Irritating Concentrations

Minimal Irritating
Minimal Sensitizing Concentration After

Concentration % Number o f Compounds 1 Application % Number o f  Compounds

100 1 100 0
30 0
10 0

3 1
30 10 30 4

10 2
3 2
0.1 2

10 5 30 3
10 1

3 1
3 5 30 1

10 1
3 3

0.3 1 0.3 1
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that the degree of hypersensitivity induced was independent of the irritating capacity 
of the compound concerned.

C O M P A R ISO N  O F  T H E  O E T  W IT H  3 O T H E R  T EST S  U S E D  FO R  D E T E C T IN G  A L L E R G E N IC IT Y  O F  
F R A G R A N C E S  FO R  T H E  G U IN E A  P IG

In order to compare the sensitivity of the OET with that of the DT, the MT, and the 
FCAT as far as the detection of allergenicity is concerned, the 32 compounds tested 
were all tested concurrently by these 4 methods on separate groups of guinea pigs. It 
can be seen from Table VI that, by using all four tests, 25 of the 32 compounds were 
found to be allergenic in one or more of these tests.
Referring to the detailed data shown in Table I, it can further be seen that, of these 25 
allergenic compounds, 22 were detected by the OET and 21 by the other tests. In 
other words, 4 allergenic compounds were detected exclusively by the OET and 3 
others exclusively by one or more of the three intradermal tests. These results suggest 
that some compounds can only be recognized as allergenic when applied 
epicutaneously, whereas others only when injected intradermally. These differences 
may be due to the following: differences in the amount of compound administered in 
each test; the use of FCA which has well-known adjuvant properties, and/or; the nature 
of the solvent.
Thus, considering only the dosage, the differences are as follows. In the OET, 21 indi
vidual doses are used. Each individual dose may be 100, 30, 10 or 3 mg, or less, de
pending on the concentration used. In the DT, 0.1 mg is injected intradermally 10 
times. In the MT, the total dose is once 20 mg intradermally plus once 250 mg 
epicutaneously. In the FCAT 50 mg is injected intradermally 5 times.

C O M P A R ISO N  B ET W EEN  C L IN IC A L  A L L E R G E N IC IT Y  A N D  T H E  F IN D IN G S  O N  T H E  G U IN E A  P IG

The correlation between the allergenicity of 32 “incriminated" compounds for humans 
and their allergenicity for the guinea pig can be derived from the data presented in Ta-

Table VI
Compounds Described as Allergenic for Man and Detected as Allergenic3 

for the Guinea Pig by the Four Tests Used

Group
Total Number 
of Compounds

Tests
OET DT MT FCAT

+ - + - + - + -
Group II 18 18 0 7 ii 15 3 17 1
Group III 4 4 0 0 4 0 4 0 4
Group IV 3 0 3 1 2 3 0 3 0
Subtotal 25 22 3 8 17 18 7 20 5
Group I 7 0 7 0 7 0 7 0 7
Subtotal 32 22 10 8 24 18 14 20 12
Total 32 32 32 32 32

aThe group code is the same as that in Table I (see Results Section of this paper for data). Group I represents 
compounds not sensitizing guinea pigs in any of the 4 tests used.
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bles I and VI. Of these 32 ompounds, 25 were found to be allergenic for the guinea 
pig in 1 or more of the 4 tests used. This includes 4 compounds found to be allergenic 
only in the OET and 3 compounds found to be allergenic only in 1 or more of the other 
3 tests. The remaining 7 compounds were found to be nonallergenic in all 4 tests on 
guinea pigs. These 7 compounds are described in the literature (22) as sensitizing for 
humans, but without confirmatory data such as a positive history, a positive patch test 
or re-exposition. In view of our negative findings on the guinea pig, we consider that 
the reported allergenicity of these compounds for humans might perhaps reflect a 
possible cross-sensitizing capacity. 

It can be seen from Table I that all the compounds with a well-established sensitizing 
capacity for man were found to be allergenic for the guinea pig in one or more of the 4 
tests used. This could be expected for compounds of the "incrimination" Types B, C, 
D, and E. By contrast, the test results for compounds of Type A were divergent. These 
compounds induced hypersensitivity in guinea pigs when the incriminating data were 
accurate, and failed to do so when their reported allergenicity was based on an assump
tion or on an unconfirmed observation. The nonallergenicity of the first 6 compounds 
of Type A listed in Table I, as well as that of thymol , all of which failed to induce 
hypersensitivity in the guinea pig in any of the 4 tests used, may be considered fairly 
well-established, because they were negative in the OET even when tested undiluted 
(benzophenone and thymol could not be tested undiluted because of systemic toxicity, 
see Table I) and were also negative in the intradermal tests. On the other hand, 4 other 
compounds of Type A were shown to be weak sensitizers because they were positive in 
the OET at a concentration of 30 per cent. 

IV. DISCUSSION 

The OET is a procedure proposed for testing on guinea pigs the skin irritating and 
allergenic capacities of chemical compounds intended for use in perfumes, cosmetics, 
and dermatics. In the OET, the compounds to be tested are applied undiluted and in a 
descending series of concentrations. By establishing a dose-response curve, the 
minimal irritating and minimal sensitizing concentrations of a compound can be de
termined quantitatively. The end-point reactions are read on an "all or none basis," 
thus largely excluding subjective bias in the evaluation of the results. 

A total of 32 compounds described in the literature as allergenic for man were tested 
by the OET. For purposes of comparison they were also tested by the DT, the test with 
FCAT, and the MT described by Magnusson and Kligman (4, 5). The highest number 
of allergenic compounds were detected by the OET, somewhat fewer by the FCAT and 
the MT, and a few by the DT. However, certain compounds were detected exclusively 
by the OET and others exclusively by one or more of the intradermal tests (DT, MT 
and/or FCAT). The reliabili ty of the OET, i.e., its predictive value for man, was investi
gated by us, as had been done by Magnusson and Kligman, testing on animals the sensi
tizing properties of fragrances known from clinical experience to be allergenic for man 
and some known to be innocuous. Of the compounds tested, all those with well-es
tablished allergenicity for man were detected by the OET (see Tables I and VI). On the 
other hand , compounds wi th an unconfirmed clinical allergenicity yielded divergent 
results in the animal tests, as expected. 
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Table VII 
Allergenicity of Compounds Tested in Humans by the Maximization Test (47) 

and in Guinea Pigs by 4 Different Procedures 

Humans Guinea Pigs 

MT• OET DT" MTb FCATb 
Test cone. Test cone. 

Compounds % Results % Results Results Results Results 

Am yl-cinnamic 
aldehyde 3 100 

Diethyl phthalate 5 100 
Methyl-ionone 5 100 
Ionone 4 100 
H yd roxyci rronellal 6 100 
Vanillin 100 + + + + 
Cinnamic alcohol 2 100 + + 
Coumarin 4 10 + 

3 
Eugenol 4 10 + + + + 

3 
Geraniol 3 10 + + + 

3 
H e liotropin 3 30 + + + 

10 
d-Limonene 4 100 + + + 

30 

•The occlusive eliciting concentration application was only at the user concentration x 2. 
hDT, MT, FCAT: concentrations used see Sec tion II of this paper. 

Table VII shows a comparison of the results of our animal tests with those obtained by 
Greif (47) who used the MT on human subjects for testing several fragrance com
pounds "which had successfully weathered the test of time," i.e., the innocuousness of 
which for humans had been demonstrated by many years of practical use. This com
parison confirms the high predictive reliability of the guinea pig OET for humans. Ta
ble VII shows that some compounds, all negative in the human MT, were not aller
genic for the guinea pig in the OET even when tested in the undiluted form . Others did 
not sensitize guinea pigs at concentrations 2 to 100 times as high as the conventional 
concentrations used on humans. This shows that the guinea pig OET can be used to de
termine a quantitatively precise risk of sensitization for humans . Table VII also shows 
that the results of the intradermal tests on the guinea pig seem to be less predictive for 
man (see comments on Table VII) and that a better correlation was found between the 
human MT and the guinea pig OET. 

In a later paper, the correlation between the results of Kligman's Human MT and the 
OET, especially, will be discussed . 

V. SUMMARY 

An OET is proposed for the detection of skin irritation and contact hypersensitivity in
duced in guinea pigs by various compounds intended for use in perfumes and cos-
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m e t i c s .  A  d o s e - r e s p o n s e  c u r v e  w a s  p l o t t e d  f o r  e a c h  c o m p o u n d  t e s t e d ,  a n d  t h e  i r r i t a n t  

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

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

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

A  t o t a l  o f  3 2  c o m p o u n d s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  a s  b e i n g  a l l e r g e n i c  f o r  m a n  w e r e  

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

t e c h n i q u e s ,  n a m e l y ,  t h e  D T ,  t h e  M T  a n d  t h e  F C A T .  M o s t  o f  t h e  c o m p o u n d s  d e s c r i b e d  

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

a n d  i n  1 o r  m o r e  o f  t h e  3  i n t r a d e r m a l  t e s t s .  A  f e w  o f  t h e  c o m p o u n d s  t e s t e d ,  h o w e v e r ,  

w e r e  f o u n d  t o  b e  a l l e r g e n i c  o n l y  i n  t h e  O E T ,  a n d  a  f e w  o t h e r s  o n l y  i n  t h e  D T ,  M T  

a n d / o r  F C A T .  I n ' t h e  O E T ,  a  h i g h  d e g r e e  o f  c o r r e l a t i o n  w a s  f o u n d  b e t w e e n  t h e  a l l e r 

g e n i c i t y  o f  t h e  t e s t e d  c o m p o u n d s  f o r  t h e  g u i n e a  p i g  a n d  t h e i r  a l l e r g e n i c i t y  f o r  m a n .
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D a s  B in d e g e w e b e  d e r  
m e n s c h l i c h e n  H a u t  u n t e r  d e m  
E i n f l u ß  v o n  U V - L i c h t *

H .  W .  K R E Y S E L ,  W .  S T E R M A N N ,  A .  W I S K E M A N N ,  J .  K I M M I G * *  

V o r t r a g  a n lä ß lic h  d e s  I X .  I F S C C - C o n g r e s s e s  in  B o s to n , 6 . — 9 . J u n i  1 9 7 6

Synopsis — The Influence o f  U V  Light on Connective Tissue o f  Human Skin. —  In  s e p a ra te  
U V - A  a n d  U V - B  i r r a d ia t io n  series  o n  3 0  te s t  s u b je c t s ,  a n  in c r e a s e d  b io s y n t h e s is  o f  p r o t e o 
g ly c a n s  a n d  o f  c o l la g e n  w a s  n o t e d  e x c e p t  t h a t  c o l la g e n  b io s y n t h e s is  in t e r f e r e n c e  e f f e c t e d  
n o t  o n l y  h i s t o l o g i c a l  a n d  h is t o c h e m ic a l  a l t e r a t io n s  b u t  a lso  m o d i f i c a t i o n s  o f  th e  c o l la g e n  
b a c k b o n e  as d e m o n s t r a t e d  b y  i m m u n o f l u o r e s c e n c e  m i c r o s c o p y  a n d  b y  c o l la g e n  a t o p y .  O n  
t h e  bas is  o f  th is  s tu d y ,  s k in  ch a n g e s  ca u s e d  b y  s o la r  i r r a d ia t io n  —  w h ic h  a re  la te r  id e n t i f i e d  
d e r m a t o l o g i c a l l y  as s e n ile , i. e ., a c t in i c ,  e la s to se s  —  a re  i n t e r p r e t e d  as an  e x p r e s s io n  o f  
in t e r f e r e n c e  w i t h  p r o t e o g l y c a n ,  i. e ., c o l la g e n  m e t a b o l is m  o f  t h e  s k in .

E i n f ü h r u n g

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

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

G r ü n d e n :

1 .  I m  Z e i t a l t e r  d e s  M a s s e n t o u r i s m u s  i s t  d i e  S o n n e n e i n w i r k u n g  i m  W i n t e r  

( S k i f a h r e n )  u n d  i m  S o m m e r  g l e i c h e r m a ß e n  g e g e b e n .

2 .  D i e  E i n w i r k u n g  d e s  L i c h t e s  a u f  d a s  B i n d e g e w e b e  d e r  H a u t  w i r k t  s ic h  

k l i n i s c h  e r s t  n a c h  J a h r e n  b i s  J a h r z e h n t e n  a u s .

3 .  D i e  F r a g e ,  w e l c h e r  A n t e i l  d e s  u l t r a v i o l e t t e n  L i c h t e s  b e i  e i n e m  n o r m a l e n  

A b l a u f  d e r  L i c h t r e a k t i o n  z u  S c h ä d i g u n g e n  d e s  B i n d e g e w e b e s  f ü h r t ,  w i r d  

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

O b  e i n e  e i n m a l i g e  S c h ä d i g u n g  d e r  F i b r o b l a s t e n  u n d  d e s  H a u t - B i n d e g e w e b e s

z u m  k l i n i s c h e n  B i l d  d e r  a k u t e n  U V - S t r a h l e n r e a k t i o n  b e i t r ä g t ,  i s t  o f f e n .  D e r

*  A u s g e z e ic h n e t  m it  d e m  „ I F S C C  H o n o r a r y  M e n t i o n ,  1 9 7 6 “ .

* *  U n i v e r s i t ä t s - H a u t k l i n i k  H a m b u r g - E p p e n d o r f  ( D i r e k t o r  P r o f .  D r .  D r .  ] .  K im m ig ) .
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c h r o n i s c h e  L i c h t s c h a d e n  i s t  d u r c h  e p i d e r m a l e  V e r ä n d e r u n g e n ,  w i e  A t r o p h i e ,  

P i g m e n t v e r s c h i e b u n g e n ,  H y p e r k e r a t o s e n  u n d  t e i l w e i s e  a u c h  H a u t k r e b s  e i n e r 

s e i t s  u n d  d u r c h  b i n d e g e w e b i g e  V e r ä n d e r u n g e n ,  w i e  k o l l a g e n e  D e g e n e r a t i o n  

( b e i  Z u n a h m e  d e s  e l a s t o t i s c h e n  M a t e r i a l s )  u n d  V e r l u s t  a n  F i b r o b l a s t e n  

a n d e r e r s e i t s ,  g e k e n n z e i c h n e t .  I n s g e s a m t  r e s u l t i e r t  e i n e  d ü n n e ,  s c h l a f f e ,  z u r  

F ä l t e l u n g  b z w .  F u r c h u n g  n e i g e n d e ,  a l t  e r s c h e i n e n d e  H a u t  ( L a n d m a n n s h a u t ,  

C u t i s  r h o m b o i d a l i s  n u c h a e ) ,  ( 1 — 9 ) .

I m  G e g e n s a t z  z u  f r ü h e r e r  A u f f a s s u n g ,  d a ß  d i e  s e n i l a k t i n i s c h e n  H a u t v e r 

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

s i c h t  v e r t r e t e n ,  d a ß  d i e s e  d u r c h  j a h r z e h n t e l a n g e  c h r o n i s c h e  o d e r  ü b e r m ä ß i g e  

S o n n e n -  b z w .  U V - B e s t r a h l u n g  z u  e r k l ä r e n  i s t .  D a s  A u s m a ß  d i e s e r  H a u t 

v e r ä n d e r u n g e n  i s t  d i r e k t  p r o p o r t i o n a l  d e r  D a u e r  u n d  I n t e n s i t ä t  d e r  S o n n e n 

e x p o s i t i o n  ( 1 0 ) .

O b w o h l  d i e  g e n a u e  E n t s t e h u n g s w e i s e  d e s  h i s t o c h e m i s c h  u n d  h i s t o l o g i s c h  

n a c h w e i s b a r e n  e l a s t i c a ä h n l i c h e n  M a t e r i a l s  b i s h e r  n o c h  n i c h t  g e k l ä r t  w e r d e n  

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

A u s s a g e n  e i n e  g r o ß e  Ä h n l i c h k e i t  z w i s c h e n  d i e s e m  u n d  d e m  s o g .  e l a s t i s c h e n  

M a t e r i a l  ( 1 1 — 1 8 ) .  N e b e n  e i n e r  d e g e n e r a t i v e n  U m w a n d l u n g  v o n  K o l l a g e n  

u n d / o d e r  E l a s t i n  z u  e l a s t o t i s c h e m  M a t e r i a l  w i r d  a u c h  e i n  a k t i v e r  B i l d u n g s 

p r o z e ß ,  d e r  Ä h n l i c h k e i t  m i t  d e r  n o r m a l e n  E l a s t o g e n e s e  h a t ,  d i s k u t i e r t  ( 1 9  b i s  

2 1 ) .

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

s i c h  w i e  f o l g t  z u s a m m e n f a s s e n :

N a c h  e i n m a l i g e r  B e s t r a h l u n g  m i t  d e r  3 — 5 f a c h e n  E r y t h e m s c h w e l l e n d o s i s  

( U V B )  f i n d e t  m a n  i n  d e n  o b e r e n  b i s  m i t t l e r e n  E p i d e r m i s r e g i o n e n  n a c h  a n 

f ä n g l i c h e m  i n t e r -  u n d  i n t r a z e l l u l ä r e m  ö d e m  i n  e i n z e l n e n  Z e l l e n  e i n e  K o n 

d e n s a t i o n  d e s  Z e l l p l a s m a s  u n d  K e r n p y k n o s e  ( s u n b u r n  c e l l s ) .  I n  d e r  C u t i s  i s t  

a u ß e r  e i n e m  ö d e m  k e i n e  S c h ä d i g u n g ,  i n s b e s o n d e r e  d e r  k o l l a g e n e n  F a s e r n ,  

z u  e r k e n n e n .  N a c h  e i n m a l i g e r  E i n s t r a h l u n g  h o h e r  ( e r y t h e m a t o g e n e r )  U V A -  

D o s e n  s i n d  n u r  e i n e  g e r i n g g r a d i g e  S c h ä d i g u n g  d e r  E p i d e r m i s ,  j e d o c h  ö d e m ,  

K a p i l l a r e r w e i t e r u n g ,  E n d o t h e l s c h w u n d  s o w i e  K e r n p y k n o s e  i n  F i b r o b l a s t e n  

u n d  E n d o t h e l z e l l e n  f e s t z u s t e l l e n .

N a c h  c h r o n i s c h e r  U V - S t r a h l e n e i n w i r k u n g  f i n d e t  m a n  e i n e  S c h r u m p f u n g  d e r  

K e r a t i n o z y t e n  u n d  i h r e r  K e r n e ,  e i n e  E r w e i t e r u n g  d e r  i n t e r z e l l u l ä r e n  R ä u m e  

u n d  e i n e  m a s s i v e  Z u n a h m e  a n  M e l a n i n g r a n u l a .  I n  d e r  C u t i s  s i n d  d i e  e l a s t i 

s c h e n  F a s e r n  u n d  k o l l a g e n e n  M i k r o f i b r i l l e n  d e g e n e r a t i v  g e ä n d e r t  ( 1 — 5 ,  

2 2 — 2 8 ,  7 2 — 7 4 ) .

I n  K e n n t n i s  d i e s e r  b i s h e r  d e m  S c h r i f t t u m  v o r g e l e g t e n  B e f u n d e  u n d  i m  H i n 

b l i c k  a u f  d i e  E r w e i t e r u n g  p a t h o p h y s i o l o g i s c h e r  V o r s t e l l u n g e n  i m  B i n d e -
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g e w e b s b e r e i c h  s t e l l t e  s i c h  f ü r  u n s  d i e  F r a g e  n a c h  d e m  A u s m a ß  d e r  B i n d e 

g e w e b s s c h ä d i g u n g .

D i e s e s  B i n d e g e w e b e  z e i c h n e t  s i c h  d u r c h  z a h l r e i c h e  m o r p h o l o g i s c h e  E r s c h e i 

n u n g s f o r m e n  a u s  ( K n o c h e n ,  K n o r p e l ,  C o r n e a ,  B l u t g e f ä ß e ,  S e h n e n ,  H a u t ) .  

S i e  a l l e  b i l d e n  e i n e  f u n k t i o n e l l e  E i n h e i t ,  d i e  a u f  d a s  s o g .  M e s e n c h y m  z u r ü c k 

z u f ü h r e n  i s t .  D i e s e s  i s t  d i e  B i l d u n g s s t ä t t e  z e l l u l ä r e r  B e s t a n d t e i l e  ( F i b r o 

b l a s t e n ,  F i b r o z y t e n ,  M a k r o p h a g e n ,  M a s t z e l l e n )  f i b r i l l ä r e r  E l e m e n t e  u n d  d e r  

s o g .  G r u n d s u b s t a n z .  D i e s e r  s k i z z i e r t e  u n t e r s c h i e d l i c h e  A u f b a u  d e s  B i n d e 

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

t u n g  d i f f e r e n z i e r t e r  F u n k t i o n e n  z u  e r k l ä r e n .  S o  i s t  d a s  A u f t r e t e n  z a h l r e i c h e r ,  

w o h l  i n  i h r e r  F u n k t i o n  g l e i c h w e r t i g e r  Z e l l e n ,  z .  B .  a l s  A u s d r u c k  l o k a l e r  u n d  

m ö g l i c h e r w e i s e  s i t u a t i o n s e n t s p r e c h e n d e r  A n p a s s u n g s v o r g ä n g e  z u  i n t e r p r e 

t i e r e n .  D e n n o c h  s t e h t  e i n e  Z e l l e  i m  M i t t e l p u n k t  d e r  B e t r a c h t u n g :  D e r  

F i b r o b l a s t .  D i e s e r  s t e l l t  d a s  s t o f f w e c h s e l a k t i v s t e  Z e n t r u m  d a r ,  d a s  p e r i p h e r e  

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

T ä t i g k e i t  s e t z t ,  u m  s o m i t  j e d e n  R e i z  m i t  e i n e r  S t e i g e r u n g  d e r  B i o s y n t h e s e 

r a t e n  u n d  S e k r e t i o n  b i n d e g e w e b i g e r  I n t e r z e l l u l a r s u b s t a n z  z u  b e a n t w o r t e n ,  

d e r  ü b e r  d i e  P e r i p h e r i e  h e r a n g e t r a g e n  w i r d  ( 2 9 — 3 5 ) .  Z w e i  B e s t a n d t e i l e  s i n d  

v o n  g r u n d s ä t z l i c h e r  B e d e u t u n g :

1 .  D a s  K o l l a g e n .

2 .  D e r  G e h a l t  a n  h o c h m o l e k u l e n  P o l y s a c c h a r i d - P r o t e i n k o m p l e x e n  ( P G ) ,  

d e r  i n  d e r  m e n s c h l i c h e n  H a u t  w e n i g e r  a l s  1 w/ o  d e s  F e u c h t g e w i c h t e s  b e 

t r ä g t .

2 . 1 .  D i e  B i o s y n t h e s e  d i e s e r  P r o t e o g l y c a n e  i n  d e r  H a u t  i s t  a n  4  w e s e n t 

l i c h e  S y n t h e s e s c h r i t t e  g e b u n d e n .

2 . 2 .  D i e  B i n d u n g  d e r  P o l y p e p t i d k e t t e n  ( A k z e p t o r p r o t e i n ) .

2 . 3 .  D i e  E r s t e l l u n g  d e r  B i n d e g e w e b s r e g i o n e n  a u s  a k t i v i e r t e n  M o n o 

s a c c h a r i d e n ,  d i e  m i t t e l s  s p e z i f i s c h e r  T r a n s f e r a s e n  a n  b e s t i m m t e  

A m i n o s ä u r e n  d e s  A k z e p t o r p r o t e i n s  ü b e r f ü h r t  w e r d e n ,

2 . 4 .  d i e  B i o s y n t h e s e  d e r  P o l y s a c c h a r i d k e t t e n  a u s  a k t i v i e r t e m  A m i n o 

z u c k e r  u n d  H e x u r o n s ä u r e n  m i t  H i l f e  e i n e r  s p e z i f i s c h e n  P o l y m e r a s e ,

2 . 5 .  d i e  S u l f a t i e r u n g  d e r  P o l y s a c c h a r i d k e t t e n  m i t t e l s  s p e z i f i s c h e r  S u l f o -  

t r a n s f e r a s e n ,  d i e  a k t i v i e r t e s  S u l f a t  a u f  A m i n o z u c k e r  o d e r  H e x u r o n 

s ä u r e n  ü b e r t r a g e n .

V e r s c h i e d e n e  T y p e n  d i e s e r  P o l y s a c c h a r i d p r o t e i n k o m p l e x e  s i n d  i n  d e r  H a u t  

a n z u t r e f f e n  ( H y a l u r o n s ä u r e ,  D e r m a t a n s u l f a t ,  k l e i n e r e  A n t e i l e  v o n  C h o n -  

d r o i t i n - 4 -  u n d  C h o n d r o i t i n - 6 - S u l f a t  s o w i e  a n d e r e  s u l f a t i e r t e  P r o t e o g l y c a n e ) .

F o l g e n d e  F u n k t i o n e n  w e r d e n  d e n  P r o t e o g l y c a n e n  z u g e s c h r i e b e n :
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1 .  F i x i e r u n g  v o n  e x t r a z e l l u l ä r e m  W a s s e r ,

2 .  B e e i n f l u s s u n g  v o n  B a u  u n d  B i l d u n g  k o l l a g e n e r  F i b r i l l e n  ( W e c h s e l w i r k u n g  

v o n  T r o p o k o l l a g e n  m i t  P r o t e o g l y c a n e n  s u l f a t i e r t e r  G l y c o s a m i n o g l y c a n e ,  

s o g .  M a t r i t z e n f u n k t i o n ) ,

3 .  K a t i o n e n a u s t a u s c h e r e i g e n s c h a f t e n ,

4 .  A n t i g e n e  E i g e n s c h a f t e n  u n d  B e z i e h u n g  z u r  B l u t g e r i n n u n g  ( 3 6 — 4 0 ) .

N e b e n  d i e s e n  P r o t e o g l y c a n e n  i s t  d e r  G e h a l t  a n  K o l l a g e n  i m  B i n d e g e w e b e  

v o n  B e d e u t u n g ,  d e s s e n  B i l d u n g  s i c h  a u s  m e h r e r e n  E i n z e l s c h r i t t e n  e r k l ä r e n  

l ä ß t .

E r s t e l l u n g  a k t i v i e r t e r  A m i n o s ä u r e n ;

E r s t e l l u n g  d e r  P r i m ä r s t r u k t u r  u n t e r  e n z y m a t i s c h e r  S t e u e r u n g ,  

H y d r o x y l i e r u n g ,  G l y k o l y s i e r u n g ;

S p a l t u n g ,  F i b r i l l e n b i l d u n g  u n d  A u s b i l d u n g  d e r  Q u e r v e r n e t z u n g  

( d r e i d i m e n s i o n a l e s  F a s e r f l e c h t w e r k ) ,  s i e h e  A b b .  I  ( 4 1 — 4 5 ) .

DNS
im in  i i i . iu . m .i i t  in  m  i i i .i u . iii in  m .

I I !  Transkri pt i on

▼ T f  ▼ m -  RNS
, t ll.  .AU- .111- U l. O ll 111- -111 U i.

OH O s  OH OH OH

Gal  -  Gl c

Kollagen

Abbildung 1

D ie  B io s y n th e s e  d es  K o l la g e n  (n a ch  K ü h n  1 9 7 4 ;  M i l le r  u n d  M a tu k a s  1 9 7 4 ) .
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M e t h o d i k

U n s e r e  m o l e k u l a r b i o l o g i s c h e n  U n t e r s u c h u n g e n  n a c h  U l t r a v i o l e t t e i n w i r k u n 

g e n  s i n d  w i e  f o l g t  d u r c h g e f ü h r t  w o r d e n :

1 .  A l s  S t r a h l u n g s q u e l l e  f ü r  d a s  g e s a m t e  u l t r a v i o l e t t e  H g - S p e k t r u m  d i e n t e  

u n s  e i n e  K r o m a y e r l a m p e  d e r  F i r m a  H a n a u - Q u a r z l a m p e n g e s e l l s c h a f t .

E i n e  n a h e z u  m o n o c h r o m a t i s c h e  S t r a h l u n g  d e r  W e l l e n l ä n g e  X ( 3 0 2  n m  

U V B )  w u r d e  d u r c h  E i n s c h a l t e n  e i n e s  I n t e r f e r e n z l i n i e n f i l t e r s  d e r  F i r m a  

S c h o t t  u n d  G e n .  M a i n z ,  D  m a x  ( m a x i m a l e  D u r c h l ä s s i g k e i t )  1 3  ° / o  e r r e i c h t .

E i n e  n a h e z u  m o n o c h r o m a t i s c h e  S t r a h l u n g  d e r  W e l l e n l ä n g e  X 3 6 6  n m  

( U V A )  w u r d e  u n t e r  Z u h i l f e n a h m e  d e s  L i n i e n f i l t e r s  E  d e r  S c h o t t w e r k e  

J e n a  e r z i e l t .

2 .  Z u r  B e s t i m m u n g  d e r  E r y t h e m s c h w e l l e  w u r d e n  b e i  j e d e r  V e r s u c h s 

p e r s o n  i n  A b s t ä n d e n  v o n  e t w a  1 c m  B e s t r a h l u n g s f e l d e r  v o n  1 0 x 4  m m  

G r ö ß e  a n  d e r  O b e r a r m s t r e c k s e i t e  g e s e t z t .  D a b e i  h a t  j e d e s  B e s t r a h l u n g s 

f e l d  g e g e n ü b e r  d e m  v o r h e r g e g a n g e n e n  e i n e n  D o s i s z u w a c h s  v o n  4 0  ° / o .  D i e  

A b l e s u n g  e r f o l g t e  n a c h  2 4  S t u n d e n  i m  O b e r a r m b e r e i c h .

3 .  N a c h  E r m i t t l u n g  d e r  E r y t h e m s c h w e l l e n d o s i s  w u r d e  d i e  B e s t r a h l u n g  d e r  

V e r s u c h s p e r s o n  ( n  =  3 0 )  a n  d e r  e n t s p r e c h e n d e n  k o n t r a l a t e r a l e n  O b e r 

a r m s e i t e  d u r c h g e f ü h r t .  D i e  B e r e c h n u n g s z e i t e n  f ü r  X 3 0 2  n m  ( U V B )  e n t 

s p r e c h e n  d e m  3 — 6 f a c h e n  d e r  E r y t h e m s c h w e l l e n d o s i s ,  f ü r  X 3 6 6  n m  ( U V A )  

d e m  5 0 f a c h e n  d e r  U V B - D o s i s .  D i e  U V A - D o s i s  b e r e c h n e t  s i c h  u n t e r  B e 

r ü c k s i c h t i g u n g  d e s  V e r h ä l t n i s s e s  d e r  B e s t r a h l u n g s s t ä r k e n  (X 3 0 2 / 3 6 6  =  

1 : 3 )  u n d  d e r  F i l t e r d u r c h l ä s s i g k e i t e n  ( 0 , 1 3  : 0 , 4 ) .

2 4  S t d .  n a c h  d i e s e r  B e s t r a h l u n g  e r f o l g t e  d i e  E x z i s i o n  i n  L o k a l a n ä s t h e s i e  m i t

0 , l ° / o i g e r  P r o c a i n l ö s u n g .  D a s  E x z i d a t  w u r d e  m i t  e i s k a l t e m  m o d i f i z i e r t e n

K r e b s - R i n g e r - B i k a r b o n a t p u f f e r  m i t  1 1 , 6 M  G l u c o s e  v o n  p H  7 , 4  g e t r ä n k t .

N a c h  E n t f e r n u n g  d e s  F e t t g e w e b e s ,  A n f e r t i g u n g  v o n  H a u t s c h e i b e n ,  c a .  0 , 5  m m

d i c k ,  s e n k r e c h t  z u r  E p i d e r m i s ,  m i t  e i n e m  S p e z i a l m e s s e r  g e s c h n i t t e n ,  F e u c h t 

g e w i c h t s b e s t i m m u n g .

S t a n d a r d i n k u b a t i o n  d e r  H a u t s c h n i t t e  u n t e r  a e r o b e n  B e d i n g u n g e n :  ( 4 6 ) .

A u f a r b e i t u n g  d e r  r a d i o a k t i v  m a r k i e r t e n  H a u t s c h n i t t e .  N a c h  I n k u b a t i o n s 

e n d e ,  I s o l i e r u n g  v o n  S u l f o p o l y s a c c h a r i d p e p t i d e n  n a c h  I n k u b a t i o n  v o n  R a d i o 

s u l f a t  ( 24 * * * * * * * * * * 35S O t  t r ä g e r f r e i  d e r  F i r m a  B u c h e i e r ,  1 5  p C i ,  s o w i e  1 5  p C i  D - G l u c o -  

s a m i n - 6  :3H ,  s p e z i f i s c h e  A k t i v i t ä t  g r ö ß e r  a l s  2 0 0  p C i  s o w i e  C u - P r o l i n  1 5  p C i ,  

s p e z i f i s c h e  A k t i v i t ä t  l O O p C i / m m o l  p r o  I n k u b a t i o n s a n s a t z ,  V o l u m e n  3  m l ) .

K o l l a g e n f r a k t i o n i e r u n g  n a c h  J A C K S O N ,  m o d i f i z i e r t  n a c h  L I N D N E R ,

H y d r o x y p r o l i n b e s t i m m u n g  n a c h  J U V A  u n d  P R O C K O P  ( 4 7 — 4 9 ) .
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E r g e b n i s s e

1 .  P r o t e o g l y c a n s t o f F w e c h s e l ,  T a b .  1.

2 .  K o l l a g e n s t o f f w e c h s e l ,  A b b .  I I .
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D i s k u s s i o n

B e i  a l l e n  t h e o r e t i s c h e n  Ü b e r l e g u n g e n  z u r  W i r k u n g  d e s  L i c h t e s  i n  d e r  H a u t  

s p i e l t  d i e  E i n d r i n g t i e f e  d e s  L i c h t e s  ( 5 0 — 5 1 )  e i n e  b e s o n d e r e  R o l l e .  W e n n  m a n  

h i e r z u  d i e  g e g e n w ä r t i g  v o r h e r r s c h e n d e n  M e i n u n g e n  z u m  A b l a u f  d e r  L i c h t 

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

1 .  A l l e  P r o z e s s e  g e h e n  n i c h t  a u f  e i n e  e i n z i g e  f o t o c h e m i s c h e  G r u n d r e a k t i o n  

z u r ü c k .

2 .  M e h r e r e  R e a k t i o n s k e t t e n  s i n d  o f f e n s i c h t l i c h  d u r c h  d i e  g l e i c h e n  o d e r  v e r 

s c h i e d e n e n  L i c h t q u a l i t ä t e n  i n  v e r s c h i e d e n e n  T e i l e n  d e r  H a u t  i n  G a n g  g e -  

g e s e t z t .  S o  w i r d  d i e  I n i t i a l r e a k t i o n  d e s  S p ä t e r y t h e m s  i n  H o r n s c h i c h t  u n d  

S t a c h e l z e l l s c h i c h t  d e m  U V B ,  d i e  S o f o r t - P i g m e n t i e r u n g e n  i n  d e r  B a s a l 

s c h i c h t  u n d  S t a c h e l z e l l s c h i c h t  u n d  F i b r o b l a s t e n s c h ä d i g u n g e n  s o w i e  I n i t i a l 

r e a k t i o n e n  d e s  F r ü h e r y t h e m s  a n  d e n  ä u ß e r e n  B l u t g e f ä ß e n  d e r  C u t i s  d e m  

U V A  z u g e s c h r i e b e n .

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

E p i t h e l  u n d  C o r i u m ,  s o  e r g i b t  s i c h  f o l g e n d e s  B i l d :

U n t e r  d e n  v o n  u n s  g e w ä h l t e n ,  d e m  S o n n e n l i c h t  v e r g l e i c h b a r e n  U V A - U V B -  

I n t e n s i t ä t e n  f i n d e t  s i c h  e i n e  s i g n i f i k a n t  v e r s t ä r k t e  35S 0 4 - I n c o r p o r a t i o n  i n  d i e  

H a u t  ( B e z u g s g r ö ß e n  I p M / g  F e u c h t g e w i c h t / T r o c k e n g e w i c h t )  u n d  i n  d i e  s u l -  

f a t i e r t e n  G A G " '  ( B e z u g s g r ö ß e  I p M / p M o l  U r o n s ä u r e )  n a c h  U V A  m i t  e r 

h e b l i c h e n  p r o z e n t u a l e n  E i n b a u s t e i g e r u n g s r a t e n  g e g e n ü b e r  K o n t r o l l e n .  E i n  

ä h n l i c h e s  V e r h a l t e n  d i e s e r  P a r a m e t e r  k o n n t e  n a c h  d e r  B e s t r a h l u n g  m i t  U V B  

n a c h g e w i e s e n  w e r d e n .  E i n  V e r g l e i c h  d e r  p r o z e n t u a l e n  E i n b a u r a t e n  g e g e n 

ü b e r  U V A  l ä ß t  e i n e  R e d u k t i o n  d i e s e r  M e ß g r ö ß e n  e r k e n n e n .  D e r  e r h ö h t e  

B a u s t e i n g e h a l t  ( p M o l  U r o n s ä u r e / T r o c k e n g e w i c h t )  k a n n  a l s  A u s d r u c k  e i n e r  

e r h ö h t e n  S y n t h e s e k a p a z i t ä t  b z w .  a u c h  a l s  e i n e  S t ö r u n g  i n  d e r  A b b a u 

g e s c h w i n d i g k e i t  a u f g e f a ß t  w e r d e n .  D i e s e  V e r ä n d e r u n g e n  w u r d e n  v o n  N O D A  

i m  S i n n e  e i n e r  Z u n a h m e  v o n  D e r m a t a n s u l f a t  i n t e r p r e t i e r t .

D a  3H - G l u c o s a m i n  a l s  B a u s t e i n  n i c h t  n u r  i n  d i e  p o l y m e r e n  M u c o p o l y -  

s a c c h a r i d e  d e r  H a u t ,  s o n d e r n  a u c h  i n  d i e  n i c h t  d i a l y s i e r b a r e n  G l y k o p e p t i d e  

e i n g e b a u t  w i r d  —  G l u c o s a m i n  i s t  a l s  B a u s t e i n  b e i d e r  V e r b i n d u n g e n  a n z u 

s e h e n  — , d ü r f t e n  a u c h  d i e  e r m i t t e l t e n  S y n t h e s e r a t e n  b e i d e n  V e r b i n d u n g e n  z u 

z u o r d n e n  s e i n .  B e i  d i e s e r  B e t r a c h t u n g  z e i g t  s i c h  d e u t l i c h ,  d a ß  d i e  3H - G l u c o -  

s a m i n - I n c o r p o r a t i o n s r a t e n  g e g e n ü b e r  d e m  R a d i o s u l f a t  2 -  b z w .  3 f a c h  n i e d 

r i g e r  l i e g e n ,  s o  d a ß  d i e  M ö g l i c h k e i t  z u  d i s k u t i e r e n  i s t ,  d a ß  G l y k o p e p t i d e  

w e n i g e r  a n  d e r  E n t s t e h u n g  a c t i n i s c h e r  D e r m a t o s e n  b e t e i l i g t  s i n d .

*  G l y k o s a m in o g l y k u r o n a n e
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B e i  d e m  K o l l a g e n s t o f f  W e c h s e l  e r g i b t  s i c h  f o l g e n d e s  B i l d :

1 . D i e  b i s h e r  b e i  a n d e r e n  G e w e b s u n t e r s u c h u n g e n  b e o b a c h t e t e  K o r r e l a t i o n  

z w i s c h e n  G A G  u n d  K o l l a g e n s t o f f w e c h s e l  i s t  h i e r  n i c h t  o h n e  w e i t e r e s  e r 

k e n n b a r .

2 .  D e r  n e u t r a l s a l z l ö s l i c h e  K o l l a g e n p o o l  z e i g t  n a c h  U V A  ( F a k t o r  3 * )  e i n e n  

d e u t l i c h e n  n u m e r i s c h e n  A n s t i e g ,  d e r  a u c h  i m  s ä u r e l ö s l i c h e n  K o l l a g e n p o o l  

n a c h w e i s b a r  i s t .

3 .  B e i  e i n e r  B e s t r a h l u n g  m i t  U V B  ( F a k t o r  3 )  i s t  e b e n f a l l s  i m  B e r e i c h  d e s  

l ö s l i c h e n  K o l l a g e n a n t e i l s  ( n e u t r a l -  u n d  s ä u r e l ö s l i c h e s  K o l l a g e n )  e i n e  Z u 

n a h m e  d e r  B e z u g s g r ö ß e n  p M o l  H P / g  T r o c k e n g e w i c h t  e r k e n n b a r .  N a c h  

H e r a u f s e t z u n g  d e s  B e s t r a h l u n g s f a k t o r s  6  i s t  i m  l ö s l i c h e n  K o l l a g e n p o o l  

e i n e  V e r m i n d e r u n g  d e r  B i o s y n t h e s e r a t e  e r k e n n b a r .  I m  u n l ö s l i c h e n  A n t e i l  

d a g e g e n  f ä l l t  g e g e n ü b e r  K o n t r o l l e n  e i n e  d e u t l i c h e  R e d u k t i o n  d i e s e s  P a r a 

m e t e r s  a u f .

I n n e r h a l b  d e r  e i n z e l n e n  F r a k t i o n e n  i s t  e i n e  Z u n a h m e  d e s  H y d r o x y p r o l i n -  

g e h a l t e s  m M o l  H P / T G  e r k e n n b a r .  D i e  W e r t e  l a s s e n  e i n e n  f a s t  l i n e a r e n  A n 

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

l e n  e r k e n n e n .  D i e s e  A u s s a g e  b e a n s p r u c h t  u n t e r  H i n w e i s  a u f  d i e  T a t s a c h e ,  

d a ß  i n  d e r  m e n s c h l i c h e n  n o r m a l e n  H a u t  e i n  K o l l a g e n m u s t e r  e x i s t i e r t ,  d a s  

d e m  T y p  I ,  d .  h .  N a c h w e i s  z w e i e r  i d e n t i s c h e r  a i - I - K e t t e n  u n d  e i n e r  ä h n 

l i c h e n ,  n i c h t  i d e n t i s c h e n  a a - I I - K e t t e  e n t s p r i c h t ,  u n s e r e  b e s o n d e r e  A u f m e r k 

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

l i e f e r n  g u t e  G r ü n d e  d a f ü r ,  h i e r  n a c h  U V B - B e s t r a h l u n g  e i n e n  K o l l a g e n t y p  

a n z u n e h m e n ,  d e r  d i e s e r  R e g e l m ä ß i g k e i t  w i d e r s p r i c h t  u n d  Ä h n l i c h k e i t e n  m i t  

d e m  N a c h w e i s  s o g .  e m b r y o n a l e n  K o l l a g e n s  z e i g t .  Ä h n l i c h e  S i t u a t i o n e n  i m  

G e w e b e  d e r  H a u t  k o n n t e n  w i r  b e s o n d e r s  b e i  d e n  H a u t t u m o r e n  ( M e l a n o m )  

i n  g e t r e n n t e n  U n t e r s u c h u n g e n  n a c h w e i s e n .

D i e  p r ä s e n t i e r t e n  b i o c h e m i s c h e n  D a t e n  s i n d  d e n  h i s t o c h e m i s c h e n  u n d  e n -  

z y m h i s t o c h e m i s c h e n  U n t e r s u c h u n g e n  a n  d i e  S e i t e  z u  s t e l l e n ,  d i e  e i n e  S c h ä d i 

g u n g  d e r  B i n d e g e w e b s z e l l e  z u m  A u s d r u c k  b r i n g e n  ( 5 2 ) ,  d i e  i m  S i n n e  e i n e r  

S t ö r u n g  d e r  s e k r e t o r i s c h e n  A k t i v i t ä t  a u f g e f a ß t  w i r d .  P r o t e o g l v c a n  e i n e r 

s e i t s  u n d  K o l l a g e n b i o s y n t h e s e  a n d e r e r s e i t s  z e i g e n  n i c h t  d a s  s o n s t  g e w o h n t e  

s y n c h r o n e  V e r h a l t e n .  D i e  u n g e w ö h n l i c h  h o h e n  I n c o r p o r a t i o n s r a t e n  n a c h  

U V A  u n d  U V B  d e u t e n  n i c h t  n u r  a u f  e i n e n  e r h ö h t e n  t u r n - o v e r ,  s o n d e r n  a u c h  

a u f  d i e  M ö g l i c h k e i t  d e r  E n t w i c k l u n g  v o n  h y b r i d i s i e r t e n  m a k r o m o l e k u l a r e n  

S t r u k t u r e n  h i n  ( Ü b e r s u l f a t i e r u n g ) .  D i e s e s  m ö g l i c h e  F e h l v e r h a l t e n  n a c h  U V B  

f i n d e t  i n  d e m  N a c h w e i s  e i n e s  a t y p i s c h e n  K o l l a g e n s  i n  d e r  H a u t  u n d  e i n e r

* d r e i fa c h e  S tr a h le n d o s is
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A b n a h m e  d e r  V i s k o s i t ä t  N S C  g e g e n  A S C  e i n  e n t s p r e c h e n d e s  b i o c h e m i s c h e s  

K o r r e l a t .

D i e s e n  e i g e n e n  B e f u n d e n  s i n d  A b n a h m e  d e r  K e t t e n l ä n g e  u n d  R u p t u r  v o n  

P e p t i d b i l d u n g e n  n a c h  i o n i s i e r e n d e n  S t r a h l e n b e h a n d l u n g e n  a l s  A u s d r u c k  e i n e r  

Ä n d e r u n g  d e r  P r o t e i n s t r u k t u r  a n  d i e  S e i t e  z u  s t e l l e n  ( 5 3 ) .  U n t e r  H i t z e 

d e n a t u r i e r u n g  s i n d  ä h n l i c h e  Z u s t a n d s ä n d e r u n g e n  b e o b a c h t e t  w o r d e n ,  d i e  s i c h  

p r i m ä r  i n  e i n e r  A u f s p a l t u n g  i n n e r m o l e k u l a r e r  B i n d u n g e n  u n d  F r e i s e t z u n g  

w a s s e r a f f i n e r  G r u p p e n  a u s d r i i c k e n .  D e r  Z u n a h m e  d e r  W a s s e r b i n d u n g  ( A n 

s t i e g  d e r  P r o t e o g l y c a n e )  i n  d e r  e r s t e n  R e a k t i o n s p h a s e  f o l g t  e i n e  A b g a b e  g e 

b u n d e n e n  W a s s e r s  u n t e r  B i l d u n g  u n l ö s l i c h e r  A g g r e g a t e  ( 5 4 ,  5 5 ) .

W ä h r e n d  i n  d e r  H a u t  d i e  B i l d u n g  d e s  H y d r o x y p r o l i n s  d u r c h  e n z y m a t i s c h e  

H y d r o x y l i e r u n g  v o n  p e p t i d -  o d e r  p r o t e i n g e b u n d e n e n  P r o l i n s  a l s  a u s s c h l i e ß 

l i c h  i n t r a c e l l u l ä r e r  V o r g a n g  b e s c h r i e b e n  w i r d  ( 5 6 ,  5 7 ,  5 8 ) ,  w i r d  i n  v i t r o  

e i n e  H y d r o x y l i e r u n g  u n t e r  B e t e i l i g u n g  v o n  W a s s e r s t o f f p e r o x y d  b z w .  d i r e k 

t e n  S a u e r s t o f f  d i s k u t i e r t  ( 5 9 ,  6 0 ,  6 1 ) .  D e n n o c h  k ö n n t e  d e r  i n  R e l a t i o n  z u r  

U V - L i c h t e x p o s i t i o n  z u  b e o b a c h t e n d e  A n s t i e g  d e s  H y d r o x y p r o l i n s  i n  d e n  

e i n z e l n e n  F r a k t i o n e n  b e i  g l e i c h z e i t i g e r  A b n a h m e  d e r  B i o s y n t h e s e ,  v o r  a l l e n  

D i n g e n  n a c h  U V B - B e s t r a h l u n g ,  i m  l ö s l i c h e n  K o l l a g e n b e r e i c h  a l s  S t ö r u n g  d e r  

A b b a u g e s c h w i n d i g k e i t  a u f g e f a ß t  w e r d e n  ( 6 2 ,  6 3 ,  6 4 ) .  E i n  ä h n l i c h e s  V e r 

h a l t e n  i s t  a u c h  i n  d e r  A l t e r s h a u t  z u  b e o b a c h t e n  ( 6 5 ) .

Z u s a m m e n f a s s u n g

I n  g e t r e n n t e n  U V A -  b z w .  U V B - B e s t r a h l u n g s s e r i e n  a n  3 0  P r o b a n d e n  k o n n t e  

e i n e  S t e i g e r u n g  d e r  P r o t e o g l y c a n b i o s y n t h e s e  u n d  e i n e  S t e i g e r u n g  d e r  K o l -  

l a g e n b i o s y n t h e s e  b z w .  R e d u k t i o n  d e r  K o l l a g e n b i o s y n t h e s e  ( U V B )  n a c h 

g e w i e s e n  w e r d e n .  D i e s e  s e k r e t o r i s c h e  S t ö r u n g  f ü h r t  n i c h t  n u r  z u  d e n  h i s t o 

l o g i s c h e n  u n d  h i s t o c h e m i s c h e n  V e r ä n d e r u n g e n ,  s o n d e r n  a u c h  z u  i m m u n 

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

u n d  z u m  N a c h w e i s  e i n e r  K o l l a g e n a t y p i e .  D a m i t  k ö n n e n  d i e  u n t e r  S o n n e n 

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

s e n i l a k t i n i s c h e n  E l a s t o s e  a u f z u f a s s e n d e n  H a u t v e r ä n d e r u n g e n  a l s  A u s d r u c k  

e i n e r  S t ö r u n g  i m  P r o t e o g l y c a n -  b z w .  K o l l a g e n s t o f f w e c h s e l  d e r  H a u t  g e d e u t e t  

w e r d e n .

Diese Arbeit wurde dankenswerterweise von der Beiersdorf AG, Hamburg, unterstützt.
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S y n o p s is

T h is  r e p o r t  d e s c r ib e s  h o w  th e  S O L U B I L I T Y  o f  C H O L E S T E R O L  in I S O P R O P Y L  M Y R I S T A T E  w as d e 
t e r m in e d  b y  o p t ic a l  r o ta t io n . T h e  p r o c e d u r e  d e s c r ib e d  is p a rticu la r ly  a ttra ctive  as c o m p a r e d  to  o t h e r  
a n a lytica l p r o c e d u r e s  u s e d  to  d e te r m in e  c h o le s t e r o l  c o n te n t  q u a n tita tiv e ly  w ith  r e s p e c t  to  s p e e d  a n d  s im 
p lic ity  o f  th e  m e a s u r e m e n t. T h e  o p t ic a l  r o ta t io n  p r o c e d u r e  in d ica te s  that 5 .2 6  p e r  c e n t  (w /w )  c h o le s t e r o l  is 
s o lu b le  in  is o p r o p y l  m yrista te .

IN T R O D U C T IO N

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

c o s m e t i c  t o p i c a l  f o r m u l a t i o n s  ( 1 - 3 ) .  I n  t h e  c o u r s e  o f  r e c e n t  l a b o r a t o r y  e x p e r i m e n t s ,  i t  

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

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

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

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

o f  t h e  t y p e  g e n e r a l l y  u s e d  f o r  c o s m e t i c s ,  t o i l e t r i e s ,  a n d  t o p i c a l  p h a r m a c e u t i c a l s .
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E X P E R I M E N T A L

Q u a li ta t iv e  d e te rm in a tio n  o f  so lu b ili ty  o f  cholesterol in  iso p ro p y l m y r is ta te :  C h o l e s t e r o l *  a n d  

i s o p r o p y l  m y r i s t a t e f  w e r e  h e a t e d  t o  9 5 - 1 0 0 ° C .  T h e  m i x t u r e s  w e r e  s t i r r e d  u n t i l  s o l u 

t i o n  w a s  c o m p l e t e .  T h e  s o l u t i o n s  w e r e  t h e n  c o o l e d  t o  r o o m  t e m p e r a t u r e  ( 2 1 ° C )  a n d  

o b s e r v e d  f o r  t h e  p r e s e n c e  o r  a b s e n c e  o f  c r y s t a l s .

Q u a n t i ta t iv e  d e te rm in a tio n  o f  so lu b ili ty  o f  cholesterol in  iso p ro p y l m y r is ta te :  C h o l e s t e r o l  

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

2  w e e k s .  A n  a l i q u o t  o f  e a c h  s o l u t i o n  ( o r  a n  a l i q u o t  o f  t h e  s u p e r n a t a n t  l i q u i d )  w a s  w i t h 

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

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

M o d e l  1 4 1  P o l a r i m e t e r J  e q u i p p e d  w i t h  a  5 c c  c a p a c i t y ,  1 d e c i m e t e r  c e l l .

R E S U L T S

Q u a li ta t iv e  m easurem en t:  A  s e r i e s  o f  s o l u t i o n s  o f  c h o l e s t e r o l  i n  i s o p r o p y l  m y r i s t a t e  w e r e  

m a d e  i n  t h e  c o n c e n t r a t i o n s  a s  is  s h o w n  i n  t h e  c h a r t  t h a t  f o l l o w s .

- S o l u t i o n  (p e r c e n t  b y w e i g h t ) -
A B C D E F G H I

C h o le s t e r o l 9 .8 8 6 5 .5 5 .2 5 5 4 .5 4 2
I s o p r o p y l  m yris ta te 9 0 .2 9 2 9 4 9 4 .5 9 4 .7 5 95 9 5 .5 9 6 9 8

A t  t  =  0 ,  a l l  s o l u t i o n s ,  e x c e p t  A  a n d  B ,  w h i c h  w e r e  a  m a s s  o f  c r y s t a l s ,  w e r e  p l a c e d  a t  

5 ° C .  T w o  a n d  o n e - h a l f  h o u r s  l a t e r ,  s o l u t i o n s  C ,  D ,  E ,  a n d  F  f o r m e d  c r y s t a l s  a n d  s o l u 

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

t e m p e r a t u r e  ( 2 1 ° C ) .  E i g h t e e n  h o u r s  l a t e r ,  w h i l e  a t  r o o m  t e m p e r a t u r e  ( 2 1 ° C ) ,  t h e r e  

w e r e  n o  c r y s t a l s  i n  E ,  F ,  G ,  H ,  a n d  I ;  C  a n d  D  r e m a i n e d  a s  a  s l u r r y  o f  c r y s t a l s ;  a n d  A  

a n d  B  w e r e  a l m o s t  a  s o l i d  m a s s  o f  c r y s t a l s .

Q u a n t i ta t iv e  m ea su rem en t: A  s e r i e s  o f  m i x t u r e s  o f  c h o l e s t e r o l  i n  i s o p r o p y l  m y r i s t a t e  w a s  

m a d e .  T h e  s y s t e m  c o m p o s i t i o n s  r a n g e d  f r o m  1 . 0  t o  8 . 0  p e r  c e n t  b y  w e i g h t  c h o l e s t e r o l .  

T a b l e  I  i n d i c a t e s  t h e  o b s e r v e d  r o t a t i o n s  f o r  a l l  t h e  s a m p l e s  m a d e .  A  p l o t  o f  t h e  p e r  c e n t  

c o m p o s i t i o n  v e r s u s  o b s e r v e d  r o t a t i o n ,  a t  b o t h  5 8 9  a n d  3 6 5  n m  ( a s  is  s h o w n  i n  t h e  c h a r t  

t h a t  f o l l o w s ) ,  o v e r  t h e  c o n c e n t r a t i o n  r a n g e  o f  1 t h r o u g h  5 p e r  c e n t  ( b y  w e i g h t )  c h o l e s 

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

f r o m  s o l u t i o n s  6 ,  7 ,  a n d  8  w e r e  u s e d  t o  c a l c u l a t e  t h e  c h o l e s t e r o l  c o n c e n t r a t i o n  i n  s o l u 

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

t i o n s  1 t h r o u g h  5  o f  T a b l e  I .

* U .S .P . g r a d e  s u p p lie d  b y  A m e r c h o l ,  E d is o n , N .J . 0 8 8 1 7 . 
f A r m a k ,  C h ic a g o , 111. 6 0 6 9 0 . 
t N o r w a lk ,  C o n n .



SOLUBILITY OF CHOLESTEROL 

Per cent by weight of cholesterol 
in isopropyl myristate 

(starring mixture) 

5. 5 
6.0 
8.0 

Average 

Pe r cent by weight of cholesterol 
soluble in isopropyl myristate 

(supernatant so lution) 

589 nm 365 nm 

5.14 5.28 
5.37 5.39 
5.26 5.15 
5.26 5.27 

81 

This procedure would enable one to determine unknown cholesterol concentrations in 
isopropyl myristate accurately using the Perkin Elmer Model 141 Polarimeter (or 
equivalent) at least one order of magnitude below that reported for the lowest 
concentration shown in Table I. An 0.05 per cent solution of cholesterol in isopropyl 
myristate chloroform (1:1) as a rotation of -0.017° at 589 nm and -0.057° at 365 
nm. Incidentally, at 365 nm, there is still sufficient readability of the rotation to go 
down to a 1 to 5 dilution. 

Table I 

Percent by Weight o f Cholesterol in 
Observed Rotat iona 

Solution Number Isopropyl Myristate a589 <>365 

1.0 -0.163° -0.562° 
2 2.0 -0.366° -1.21 r 
3 3.0 -0.540° - 1.760° 
4 4.0 -0.695° -2.382° 
5 5.0 -0.868° -2.920° 
6 5.5b -0.897"" - 3.103"" 
7 6.0b -0.938oc - 3. 168"" 
8 8.0" -0.9 18"" - 3.028"" 

3 Roration of cho lesterol/isopropyl myristate so lution diluted by an equivalent vo lume of chloroform. Read
ings were taken at 24°C. 
"Crystals of cholesterol present. 
<Supernatant solution assayed. 

CONCLUSION 

The estimation of cholestero l solubility in isopropyl myristate by the classical approach 
of visually ascertaining when the system composition can no longer support a homo
geneous condition requires a large number of experiments in order to put upper and 
lower limits on solubility. The use of optical ro tation yielded a precise solubility figure 
with a minimum of effort. In principal , one need only examine the supernatant of a 
single isopropyl myristate/cholesterol system for cholesterol content which contains 
solid in equilibrium with solution. 

The simple optical rotation procedure indicates cholesterol is soluble in isopropyl 
myristate to the extent of 5.26 per cent (w/w). This technique conceivably can be 
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e x t e n d e d  t o  i n c l u d e  t h e  d e t e r m i n a t i o n  o f  t h e  s o l u b i l i t y  o f  c h o l e s t e r o l ,  c h o l e s t e r o l  

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

o t h e r  o p t i c a l l y  i n a c t i v e  s o l v e n t s .  T h e  o p t i c a l  r o t a t i o n  p r o c e d u r e  d e s c r i b e d  a b o v e  is  

p a r t i c u l a r l y  a t t r a c t i v e  a s  c o m p a r e d  t o  o t h e r  a n a l y t i c a l  p r o c e d u r e s  ( 4 )  u s e d  t o  d e t e r m i n e  

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

m e n t .
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Synopsis

A  m o d e l  c o s m e t ic  L O T I O N  co n ta in in g  0 .2  p e r  c e n t  M E T H Y L P A R A B E N  p lu s  0 .1  p e r  c e n t  P R O P Y L  
P A R A B E N  w as p r e v io u s ly  s h o w n  to  b e  u n sa t is fa c to r ily  p r e s e r v e d  b e ca u s e  it fa ile d  to  k ill Pseudomonas (P. 
aeruginosa. A d d it io n  o f  0 .3  p e r  c e n t  I M I D A Z O L I D I N Y L  U R E A  to  th e  lo t i o n  g a v e  an Im id a z o l id in y l  U re a  
P A R A B E N  P R E S E R V A T I V E  S Y S T E M , w h ic h  w as e f f e c t iv e  aga inst b o th  an in itia l c h a lle n g e  o f  P. ae 
ruginosa a n d  tw o  re c h a lle n g e s .

IN T R O D U C T IO N

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

c h a l l e n g e s  h a s  b e e n  r e p o r t e d  b y  t h e  C T F A  M i c r o b i a l  P r e s e r v a t i o n  S u b c o m m i t t e e  ( 1 )  

I n  a  s t u d y  d e s c r i b i n g  t h e  r e s u l t s  o f  c h a l l e n g i n g  a  “ m o d e l ”  l o t i o n  w i t h  b o t h  p u r e  an< 

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

v a l i d ,  b u t  t h a t  t h e  i n f o r m a t i o n  f r o m  p u r e  c u l t u r e  t e s t s  c a n  b e  “ a  v a l u a b l e  a i d  ii 

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

T h e  S u b c o m m i t t e e  u s e d  t w o  m o d i f i c a t i o n s  o f  a  m o d e l  l o t i o n  ( 2 )  f o r  e v a l u a t i o n ,  a 

s h o w n  i n  t h e  f o l l o w i n g  t a b l e  t a k e n  f r o m  t h e i r  r e p o r t  ( 1 ) .

* G e r m a ll  1 1 5 , r e g is te r e d  tra d em a rk  o f  S u tto n  L a b o ra to r ie s , In c . ,  R o s e l le ,  N e w  J e rs e y  0 7 2 0 3 .

8 3
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In g re d ie n ts

L o t io n  A  
(U n p r e s e r v e d )  
P e r  c e n t  w /w

L o t io n  B  
(P r e s e r v e d )  

P e r  c e n t  w /w

1. L a n o lin  A lc o h o l* 6 .0 6 .0
2. A c e ty la te d  L a n o l in f 2 .0 2 .0

3. S tea ric  A c id  X X X 2 .0 2 .0
4. G ly c e r y l  M o n o s te a r a te — A c id  S tab le 2 .0 2 .0
5. S o d iu m  L auryl S u lfa te  ( 1 0 0  p e r  ce n t) 1 .0 1 .0
6. M a g n e s iu m  A lu m in u m  S ilica teJ 0 .5 0 .5
7. M e th y lp a ra b e n — 0 .2
8. P ro p y lp a ra b e n — 0 .1

9 . P r o p y le n e  G ly c o l 5 .0 5 .0
10. W a te r  (d e io n iz e d ) 8 1 .5 8 1 .2

(T h e  first f o u r  item s  in th e  a b o v e  tab le  c o n s t itu te  th e  o i l  p h a se  and  th e  r e m a in in g  ite m s , th e  w a ter  p h a se ).

L o t i o n  A ,  w h i c h  h a d  a  p H  o f  5 . 6 ,  w a s  p r e p a r e d  w i t h o u t  a n y  p r e s e r v a t i v e .  L o t i o n  B ,  

w h i c h  h a d  t h e  s a m e  p H ,  c o n t a i n e d  a  p r e s e r v a t i v e  s y s t e m  o f  0 . 2  p e r  c e n t  m e t h y l -  

p a r a b e n  p l u s  0 . 1  p e r  c e n t  p r o p y l p a r a b e n .  B o t h  l o t i o n s  w e r e  c h a l l e n g e  t e s t e d  b y  t h e  

p a r t i c i p a t i n g  l a b o r a t o r i e s  i n  t h e  S u b c o m m i t t e e ’ s s t u d y  w i t h  p u r e  c u l t u r e s  o f  t h e  f o l l o w 

i n g  o r g a n i s m s  ( 1 ) :  E sch er ich ia  (E .) coli, A T C C  1 1 2 2 9 ;  P seudom onas (P .) a e ru g in o sa , 
A T C C  1 3 3 8 8  ( Q M B  1 4 6 8 ) ;  S taphylococcus (S .) a u re u s ,  A T C C  6 5 3 8 ;  eccxA C andida (C .)  
a lb icans,  A T C C  1 0 2 3 1 .

W h e n  c h a l l e n g e d  w i t h  a p p r o x i m a t e l y  1 0 6 o r g a n i s m s / m l ,  L o t i o n  A  k i l l e d  S. a u re u s  
w i t h i n  7  d a y s ,  b u t  f a i l e d  t o  k i l l  t h e  o t h e r  3  m i c r o o r g a n i s m s .  L o t i o n  B ,  w h i c h  c o n t a i n e d  

b o t h  m e t h y l p a r a b e n  a n d  p r o p y l p a r a b e n ,  k i l l e d  E. coli, S . a u re u s ,  a n d  C . a lb ica n s,  b u t  

f a i l e d  t o  k i l l  P .  a eru g in o sa ,  w h i c h  r e m a i n e d  a t  h i g h  l e v e l s  t h r o u g h o u t  t h e  2 8 - d a y  s t u d y  

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

s a t i s f a c t o r i l y  p r e s e r v e d ,  a l t h o u g h  i t  i s  c l e a r  t h a t  L o t i o n  B  w a s  b e t t e r  p r e s e r v e d  t h a n  L o 

t i o n  A ”  ( 1 ) .

METHODS

S i n c e  t h e  p a r a b e n s  a l o n e  w e r e  n o t  c a p a b l e  o f  a d e q u a t e l y  p r e s e r v i n g  t h i s  l o t i o n ,  t h e  

m t h o r s  d e c i d e d  t o  t e s t  t h e  e f f e c t  o f  a d d i n g  I m i d a z o l i d i n y l  U r e a  a t  a  l e v e l  o f  0 . 3  p e r  

: e n t  t o  L o t i o n  B ,  t o  g i v e  “ L o t i o n  B  M o d i f i e d . ”  T h e  p H  o f  “ L o t i o n  B  M o d i f i e d ”  w a s  5 . 6 ,  

:h e  s a m e  a s  t h a t  o f  L o t i o n  B .

T h e  d e t a i l e d  p r o c e d u r e  f o r  c h a l l e n g e  t e s t i n g  w i t h  P .  a e ru g in o sa  1 3 3 8 8  a n d  e v a l u a t i o n  

3 y  t h e  q u a n t i t a t i v e  p o u r  p l a t e  c o u n t  w a s  d e s c r i b e d  p r e v i o u s l y  ( 1 ) .  A l l  p l a t e  c o u n t s  

• e p o r t e d  i n  T a b l e  I  w e r e  c a r r i e d  o u t  i n  t r i p l i c a t e .  T h e  e f f i c a c y  a n d  c a p a c i t y  o f  t h e  p r e -  

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

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

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

" A m e r c h o l  L -1 0 1 , r e g is te re d  tra d em a rk  o f  A m e r c h o l ,  E d is o n , N e w  J e rs e y  0 8 8 1 7 . 
(M o d u la n , re g is te re d  tra d em a rk  o f  A m e r c h o l ,  E d is o n , N e w  J e rs e y  0 8 8 1 7 .  
t V e e g u m , re g is te re d  tra d em a rk  o f  R . T .  V a n d e r b ilt  C o . ,  In c ., N e w  Y o r k ,  N . Y .  1 0 0 1 7 .
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T a b le  I 
A

R e s u lt  o f  C h a lle n g e  o f  L o t io n  B  w ith  P. aeruginosa (C o n t r o l  R u n )

T im e  a fte r  C h a lle n g e Pseudomonas P la te  C o u n t

0 days 5 .6  x  1 0 5
1 day 6 .8  x  1 0 5
2 days 5 .4  x  1 0 6
7 days 7 .1  x  1 0 6

14  days 8 .4  x  1 0 6
21  days 8 .2  x  1 0 6
2 8  days 6 .6  x  1 0 6

B
R e su lts  o f  C h a lle n g e  o f  "L o t io n  B  M o d i f i e d ” (L o t io n B  p lu s  Im id a z o lid in y l U re a ) w ith  P . aeruginosa

T im e  a fte r  ch a lle n g e Pseudomonas P late C o u n t

0  day 4 .0  x  1 0 5
1 day 1 .3  x  1 0 2
2 days 0
7 days 0

1 4  days 0
21 days 0
2 8  days 0

T im e  a fte r  first r e c h a lle n g e

7 days 0
14  days 0
21  days 0
2 8  days 0

T im e  a fte r  s e c o n d  r e c h a lle n g e

7 d a ys 0
14  days 0
21  days 0
2 8  days 0

c h a l l e n g e d  a g a i n  w i t h  P. aeru g in o sa .  T h i s  w a s  s a m p l e d  1 w e e k  l a t e r  a n d  t h e n  s u b d i v i d e d  

i n t o  2  p o r t i o n s .  O n e  p o r t i o n  w a s  r e t a i n e d  f o r  f u r t h e r  s a m p l i n g ,  a n d  t h e  r e m a i n i n g  p o r 

t i o n  w a s  c h a l l e n g e d  a g a i n  ( a  t h i r d  t i m e )  w i t h  P. aeru g in o sa .  A l l  c h a l l e n g e d  s a m p l e s  w e r e  

s u b c u l t u r e d  a t  1 , 2 ,  3 ,  a n d  4  w e e k s .  A l l  w e r e  s t o r e d  a t  r o o m  t e m p e r a t u r e .

R E S U L T S

C h a l l e n g e  t e s t i n g  c o n f i r m e d  t h a t  L o t i o n  B  f a i l e d  t o  k i l l  P. a e ru g in o sa , w h i c h  c o n t i n u e d  

t o  g r o w  v i g o r o u s l y  o v e r  t h e  2 8 - d a y  t e s t  p e r i o d  i n  s p i t e  o f  t h e  p r e s e n c e  o f  p a r a b e n  p r e 

s e r v a t i v e s .  I n  c o n t r a s t ,  L o t i o n  B  M o d i f i e d  d i d  k i l l  P. a eru g in o sa  w i t h i n  2  d a y s ,  a n d  

c o n t i n u e d  t o  s h o w  t h e  a b s e n c e  o f  P. a eru g in o sa  t h r o u g h o u t  t h e  2 8 - d a y  t e s t  p e r i o d  ( s e e  

F i g .  1 a n d  T a b l e  I ) .  C o u n t s  o f  “ 0 "  i n  T a b l e  1 a r e  a c t u a l l y  “ <  1 0  o r g a n i s m s / m l , ”  a n d  a r e ,  

t h e r e f o r e ,  p l o t t e d  a s  1 0 1 i n  F i g .  1 . )
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10 7 L o t i o n  B

1 0 6

1 0 5

1 0

io -

1 0
2

1 0 1

1------------------------ 1------------------------ 1------------------------- 1---------------------------- 1------------------------- 1--------------------T -

0 1 2 7 14 2 1  28
D a y s

F i g u r e  1. P. aeruginosa as ch a lle n g e  o rg a n ism : test p r o d u c t  L o t io n  B  ve rsu s  L o t io n  B  m o d if ie d

A s  c a n  b e  s e e n  f r o m  T a b l e  I ,  L o t i o n  B  M o d i f i e d  s a t i s f a c t o r i l y  m e t  t h e  s e c o n d  c h a l l e n g e  

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

t h e  2 8 - d a y  t e s t  p e r i o d .

SU M M AR Y

L o t i o n  B ,  c o n t a i n i n g  0 . 2  p e r  c e n t  m e t h y l p a r a b e n  a n d  0 . 1  p e r  c e n t  p r o p y l p a r a b e n ,  w a s  

i n a d e q u a t e l y  p r e s e r v e d .  W h e n  0 . 3  p e r  c e n t  I m i d a z o l i d i n y l  U r e a  w a s  a d d e d  t o  L o t i o n  

B ,  t h e  I m i d a z o l i d i n y l  U r e a - p a r a b e n  p r e s e r v a t i v e  s y s t e m  w a s  e f f e c t i v e  a g a i n s t  b o t h  t h e  

i n i t i a l  c h a l l e n g e  o f P .  a e ru g in o sa  a n d  t w o  r e c h a l l e n g e s .
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I F S C C  a n d ,  w i t h  h i s  c o l l e a g u e  D r .  B r o w n ,  w a s  a w a r d e d  t h e  p r i z e  f o r  t h e  m o s t  m e r i t o 
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T h e  U s e  o f  F r a g r a n c e  I n  C o n s u m e r  

P r o d u c t s , b y  J .  S t e p h a n  J e l l i n e k .  J o h n  

W i l e y  &  S o n s ,  N e w  Y o r k ,  1 9 7 5 ,  2 1 3  

p a g e s ,  I n d e x e d .  P r i c e  $ 1 6 . 7 5 .

I n  h i s  p r e f a c e  t h e  a u t h o r  s t a t e s  . . t h i s  

i s  t h e  f i r s t  b o o k  w r i t t e n  e x p r e s s l y  f o r  n o n 

p e r f u m e r s  w h o  i n  t h e i r  w o r k  n e e d  t o  

k n o w  s o m e t h i n g  a b o u t  t h e  u s e  o f  

f r a g r a n c e  i n  p r o d u c t s . ”  T o  t h i s  e n d ,  t h e  

a u t h o r  h a s  s u c c e e d e d  f a i r l y  w e l l .

I n  g e n e r a l ,  t h e  t e x t  r e a d s  w e l l  a n d  t h e  

p o i n t s  t h e  a u t h o r  a t t e m p t s  t o  m a k e  c a n ,  in  

m o s t  i n s t a n c e s ,  b e  r e a d i l y  a p p r e c i a t e d .  

U n f o r t u n a t e l y ,  f r o m  t i m e  t o  t i m e ,  t h e  

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

b r o a d  g e n e r a l i t i e s  t h a t  t h e  r e a d e r  w i l l  

w a n t  t o  r e r e a d  a  s e c t i o n  i n  o r d e r  t o  f e r r e t  

o u t  i t s  m e a n i n g .

F o r  t h e  d e v e l o p m e n t  c h e m i s t ,  t h e  h i g h 

l i g h t s  o f  t h i s  b o o k  a r e  C h a p t e r s  1 , 2 ,  a n d

7 .  C h a p t e r  1 : " T h e  R o l e  o f  F r a g r a n c e , ”  

d o e s  a  g o o d  j o b  o f  e x p l a i n i n g  h o w  

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

p r o d u c t  t o  m a k e  t h e  d i f f e r e n c e  b e t w e e n  

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

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

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

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

m e s s a g e s  o v e r  a n d  a b o v e  p r o d u c t  p e r f o r 

m a n c e .  C h a p t e r  2 :  ‘ ‘ F r a g r a n c e  S e l e c t i o n :

M a r k e t i n g  C o n s i d e r a t i o n s , ”  s i m i l a r l y  

d o e s  a  g o o d  j o b  o f  e x p l a i n i n g  a n d  i l l u s 

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

t h e  “ w i t c h c r a f t ”  t h a t  s e e m s  t o  g o  i n t o  t h e  

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

c h e m i s t s  c r e a t i o n .  C h a p t e r  7 :  “ S o m e  

P r o p e r t i e s  o f  F r a g r a n c e , ”  i s  c o n c e r n e d  

w i t h  t h e  u s e s  a n d  c h e m i c a l  c h a r a c t e r i s t i c s  

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

m o r e  a d v a n c e d  d e v e l o p m e n t  c h e m i s t  

w o u l d  a l s o  p r o f i t  f r o m  C h a p t e r  4 :  “ R e l a 

t i o n s  w i t h  F r a g r a n c e  S u p p l i e r s . ”  T h i s  

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

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

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

i n s i g h t  i n t o  h o w  t o  g e t  t h e  m o s t  f r o m  t h e  

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

t e c h n i c a l  c o n s i d e r a t i o n s  i s  t o o  s h a l l o w  t o  

b e  o f  m o r e  v a l u e  t h a n  t o  i l l u s t r a t e  t h a t  i n 

s t a b i l i t y  c a n  a n d  w i l l  b e  a  p r o b l e m .  

C h a p t e r s  6  ( O r g a n i z a t i o n a l  A s p e c t s  o f  

F r a g r a n c e  D e c i s i o n s )  a n d  5 ( M o n i t o r i n g  

F r a g r a n c e  Q u a l i t y )  a p p e a r  t o  b e  o u t  o l  

p l a c e  i n  t h i s  t e x t .  T h e i r  s u b j e c t  m a t t e i  

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

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

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

T h e  f l e d g l i n g  n o n p e r f u m e r  c o u l d  f i n d  

t h e m  o f  g e n e r a l  i n t e r e s t  b u t  l i t t l e  m o r e . —  

C a r l  B .  F e l g e r — G i l l e t t e  R e s e a r c f  

L a b s .

8 9



9 0 J O U R N A L  O F  T H E  S O C I E T Y  O F  C O S M E T I C  C H E M I S T S

P e r f u m e r y  T e c h n o l o g y  A r t : 

S c i e n c e : I n d u s t r y , b y  M a r c e l  B i l l o t  

a n d  F .  V .  W e l l s .  E l l i s  H o r w o o d  L i m i t e d ,  

C h i c h e s t e r ,  S u s s e s ,  1 9 7 5 .  3 4 3  p a g e s .  

P r i c e  $ 4 1 . 0 0 .

B e c a u s e  2 5  y e a r s  h a v e  p a s s e d  s i n c e  a  

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

b e e n  o f f e r e d ,  t h e  p r e s e n t  c o n t r i b u t i o n  

w a s  a w a i t e d  w i t h  h i g h  a n t i c i p a t i o n .  T h e  

a n t i c i p a t i o n  w a s  f u e l e d  b y  t h e  a u t h o r s ’ 

p r e f a c e ;  i t s  f i r s t  s e n t e n c e  m i r r o r i n g  m y  

s e n t i m e n t  e x a c t l y .

T h e  f i r s t  o f  1 5  c h a p t e r s  e n t i t l e d  “ T h e  

S t u d y  a n d  P r a c t i c e  o f  P e r f u m e r y ’ ’ c o v e r  

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

p o s t  d a t e  p r e v i o u s  t e x t b o o k s .

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

s u c h  a s :  S a f e t y  o n  S k i n ,  T h e  U s e  o f  

M o d e r n  I n s t r u m e n t s ,  a n d  T h e  I n t e r n a 

t i o n a l  D i m e n s i o n s  o f  P e r f u m e r y ,  a r e  

r e c e n t  d e v e l o p m e n t s .

U n f o r t u n a t e l y ,  t h e  r e m a i n i n g  1 4  

c h a p t e r s  d e a l  l a r g e l y  w i t h  t r a d i t i o n a l  

t o p i c s  h a n d l e d  j u s t  a s  t h e y  m i g h t  h a v e  

b e e n  3 0  y e a r s  a g o ,  w i t h  a l m o s t  n o t h i n g  t o  

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

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

T h e  h i s t o r i c a l  r e v i e w  i n  C h a p t e r  2  i s  a  

m o s t  c o m p r e h e n s i v e  t r e a t m e n t  o f  t h i s  

e a r l y  p e r i o d ,  b u t ,  u n f o r t u n a t e l y  i t  f a i l s  t o  

d e l i n e a t e  b e t w e e n  t h e  e x t e n s i v e  u s e  o f  

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

e a r l y  p e r f u m e r y  a n d  t h e  m o r e  f a c e  v a l u e  

a n d  m a t t e r  o f  f a c t  c h a r a c t e r i s t i c s  o f  t h i s  

f i e l d  i n  i t s  r e c e n t  2 0  y e a r s .

T h e  p e r f u m e r ’ s  r a w  m a t e r i a l s  a r e  o r 

g a n i z e d  i n  c h a p t e r s  I I I  t h r o u g h  V I ,  u s i n g  

s e v e r a l  d e v i c e s  t o  c a t a l o g u e  a n d  c r o s s -  

r e f e r e n c e  t h e  l a r g e  n u m b e r  o f  o d o r a n t  

s u b s t a n c e s .

T h e  o l d  o r d e r  o f  r o s e ,  j a s m i n ,  o r a n g e  

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

a n d  s o  o n ,  s e e m s  m o r e  c o n t r i v e d  t h e s e  

d a y s  t h e n  i t  u s e d  t o ,  b e i n g  n e i t h e r  a n  o d o r  

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

n o r  a  c o n v e n i e n t  s y s t e m  f o r  s t o r i n g  a n d  

r e t r i v i n g  i n f o r m a t i o n .  I n  t h e  s a m e  s e n s e ,

t h i s  r e a d e r  w o n d e r s  w h y  t h e  b o o k ’ s a l p h a 

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

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

r a n g e m e n t ,  a m o n g  E n g l i s h  s p e a k i n g  

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

F r e n c h  l i s t  w i t h o u t  b e i n g  r e a l p h a b e t i z e d .  

T h i s  “ s h o r t  l i s t ”  o f  s y n t h e t i c s  i n c l u d e s  

o n l y  t w o  o r  t h r e e  m a t e r i a l s  t h a t  a r e  n e w e r  

t h a n  t w e n t y  y e a r s  o l d .

C h a p t e r  V I I  i s  d e v o t e d  t o  t h e  d i s 

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

i s  w e l l  a n n o t a t e d  l i s t i n g  3 2  r e f e r e n c e s .

C h a p t e r  V I I I ,  “ C r e a t i n g  a  P e r f u m e ”  i s  

u n i q u e  i n  i t s  c o m p r e h e n s i v e n e s s .

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

r e w a r d  a n y  p e r f u m e r  w i t h  m a n y  h e l p f u l  

h i n t s ,  e v e n  i f  h e  o r  s h e  m u s t  d i s a g r e e  w i t h  

s o m e  o f  t h e  v i e w s  t h a t  a r e  e x p r e s s e d .

C h a p t e r s  I X ,  X  a n d  t o  s o m e  d e g r e e ,  X I  

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

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

a g e . ”  E x c e p t  f o r  s o m e  s p e c i a l t i e s  t h a t  a r e  

a  l i t t l e  n e w e r  t h a n  1 9 3 1 ,  t h e s e  f o r m u l a s  

r e c a l l  t h o s e  o f  F e l i x  C o l a  i n  t h e i r  c o n 

s t r u c t i o n .  I t  i s ,  o f  c o u r s e ,  u n d e r s t a n d a b l e  

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

c o m m e r c i a l l y  v a l u a b l e  f o r m u l a s .  A  w o r d  

o f  c a u t i o n  t o  t h e  t r a i n e e  p e r f u m e r :  s o m e  

m a t e r i a l s  r e c i t e d  a s  p o s s i b l y  s e n s i t i z i n g  i n  

C h a p t e r  I  a r e  e m p l o y e d  w i t h o u t  c o m m e n t  

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

O f  t h e  r e m a i n i n g  c h a p t e r s ,  C h a p t e r  

X I I I  i s  s i n g l e d  o u t  f o r  c o m m e n t ;  e n t i t l e d  

“ P e r f u m e s  f o r  M a n y  P u r p o s e s , ”  t h i s  

c h a p t e r  d e a l s  w i t h  t h e  g r e a t e s t  p a r t  o f  t h e  

p r o d u c t i v i t y  o f  t h e  w o r l d ’ s p r o f e s s i o n a l  

p e r f u m e r s ,  t h e  c o m p o s i t i o n s  t h a t  s c e n t  

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

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

f o r m a t i o n  i n  t h e  b o o k — s a v e  p e r h a p s  

C h a p t e r  I .

T h e  b o o k  i s  h i g h l y  r e c o m m e n d e d  a s  r e 

q u i r e d  r e a d i n g  t o  a l l  s t u d e n t  o r  t r a i n e e  

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

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

t h e i r  c h o s e n  p r o f e s s i o n .  A l l  p e r f u m e r s  

s h o u l d  a d d  t h i s  b o o k  t o  t h e i r  f a r  t o o  s m a l l  

t e c h n i c a l  l i b r a r y .  —  H a r r y  C .  

S a u n d e r s — S h a w  M u d g e  &  C o .
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S Y N O P S E S  F O R  C A R D  I N D E X E S

T h e  f o l l o w i n g  s y n o p s e s  c a n  b e  c u t  o u t  a n d  m o u n t e d  o n  3 x  5 i n d e x  c a r d s  f o r  r e f e r e n c e ,  w i t h o i  
m u t i l a t i n g  t h e  p a g e s  o f  t h e  J o u r n a l .

I n  v i v o  s k in  f r i c t i o n  m e a s u r e m e n t s :  A . F. E L -S h im i .Journal of the Society of Cosmetic Chemists 2 8 , 
3 7  (F e b ru a ry  1 9 7 7 )

S y n o p s is — In th e  area  o f  sk in  ca re  b e n e f its , c o n s u m e r s  te n d  to  ra te  s m o th n e s s  as an im p o r ta n t  at
tr ib u te  in  th e ir  o v e r a l l  ju d g m e n t . T h is  p a p e r  d e s c r ib e s  a t e c h n iq u e  to  m e a s u r e  th e  f r ic t io n a l f o r c e  
r e s u lt in g  f r o m  ro ta tin g  a p r o b e  in  th e  sk in  s u r fa ce  as a fu n c t io n  o f  n o r m a l lo a n  a n d  s p e e d  o f  r o ta 
t io n . A  b r i e f  b a c k g r o u n d  r e v ie w  o n  fr ic t io n  t h e o r y  is p re s e n te d . A  n u m b e r  o f  fa c to r s  w e r e  in v e s t i
g a te d . T h e  h ig h lig h ts  o f  o u r  f in d in g s  are  as fo l lo w s .
1. T h e  u se  o f  a h ig h ly  p o l is h e d  s ta in less  s te e l  d is c  o r  h e m is p h e r ica l  p r o b e  p r o d u c e s  “ w r in k lin g ”  o r

“ tw is t in g "  o f  th e  sk in  s u r fa ce  d u r in g  r o ta t io n , e s p e c ia lly  at h ig h e r  n o rm a l lo a d s . T h e  u se  o f  an 
in te n t io n a lly  r o u g h e n e d  p r o b e  p r o d u c e s  f r ic t io n  d ata  w h ic h  satisfy  th e  s im p le  law s o f  fr ic t io n .

2 . T h e  f o r c e  o f  f r ic t io n  is n o t  a lin ea r  fu n c t io n  o f  th e  n o r m a l lo a d  as s u g g e s te d  b y  A m o n t o n ’s L aw , 
F =  /xL, w h e r e  F is th e  f o r c e  o f  fr ic t io n , L  is th e  n o rm a l lo a d  a n d  ft  is a c o n s ta n t  ca lle d  
c o e f f i c ie n t  o f  fr ic t io n . A  d i f fe r e n t  e x p r e s s io n , F =  K L n, w as fo u n d  t o  d e s c r ib e  o u r  resu lts  fa ir ly  
w e ll . K  a n d  n a re  con sta n ts . T h e  d e v ia t io n  f r o m  A m o n t o n ’ s law  is a ttr ib u te d  t o  th e  e la stic  b e 
h a v io r  o f  sk in .

3. D r y  sk in  p r o d u c e s  l o w  fr ic t io n  v a lu e s . M u c h  h ig h e r  v a lu es  are  o b ta in e d  o n  h y d ra te d  sk in . A  ra
t io n a le  f o r  this b e h a v io r  is p r o p o s e d .

4 . T o  p r o d u c e  im m e d ia te  and  s ig n ifica n t ch a n g e s  in  th e  fr ic t io n  p r o p e r t ie s  o f  sk in , s u ff ic ie n t  q u a n 
tities  o f  b e n e f ic ia l  a gen ts  h a v e  t o  b e  d e p o s i t e d  o n  th e  su r fa ce . T a lc u m  p o w d e r  and  s il ic o n e  o il  
r e d u c e  th e  fr ic t io n  w ith  f o r c e .  W ith  s il ic o n e  o ils , flu id  o r  h y d r o d y n a m ic  lu b r ica t io n  is in v o lv e d .

S c r e e n i n g  o f  f r a g r a n c e  m a t e r ia l  f o r  a l l e r g e n i c i t y  in  t h e  g u i n e a  p i g  1. C o m p a r i s o n  o f  f o u r  
t e s t i n g  m e t h o d s :  G .  K le c a k , H . G e le i c k ,  and  J. R . F rey . Journal of the Society of Cosmetic Chemists 
2 8 , 5 3 (F e b ru a ry  1 9 7 7 )

S y n o p s is — A n  o p e n  e p ic u ta n e o u s  test (O E T )  is p r o p o s e d  f o r  th e  d ir e c t io n  o f  sk in  irr ita tio n  and 
c o n ta c t  h y p e rse n s it iv ity  in d u c e d  in  g u in e a  p ig s . T h ir t y - tw o  c o m p o u n d s  d e s c r ib e d  in th e  lite ra tu re  
as b e in g  a lle r g e n ic  f o r  m an  w e r e  t e s te d  in th e  g u in e a  p ig  b y  th e  O E T  t e c h n iq u e , a n d  f o r  th e  p u r 
p o s e  o f  c o m p a r is o n , b y  th re e  o t h e r  te c h n iq u e s , n a m e ly  th e  d ra ize  test ( D T ) ,  th e  m a x im iz a tio n  test 
(M T )  a n d  a test w ith  F re u n d ’s c o m p le t e  a d ju v a n t  ( F C A T ) .  In  th e  O E T , a h ig h  d e g r e e  o f  c o r r e la t io n  
w as f o u n d  b e tw e e n  th e  a lle r g e n c ity  o f  th e  te s te d  c o m p o u n d s  f o r  th e  g u in e a  p ig  a n d  f o r  d e g r e e  o f  
c o r r e la t io n  w as f o u n d  b e tw e e n  th e  a lle r g e n ic ity  o f  th e  te s te d  c o m p o u n d s  f o r  th e  g u in e a  p ig  and  fo r
m an .
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T h e  i n f lu e n c e  o f  U V  l i g h t  o n  c o n n e c t i v e  t is s u e  o f  h u m a n  s k in : H . W . K r e y s e l,  W . S term a n n , 
A . W is k e m a n n , and J . K im m ig  .Journal of the Society of Cosmetic Chemists 2 8 , 65  (F e b ru a ry  1 9 7 7 )

S y n o p s is — In sep a ra te  U V - A  and  U V - B  irra d ia tion  ser ie s  o n  3 0  test s u b je c t s , an in cr e a s e d  
b io sy n th e s is  o f  p r o te o g ly c a n s  and o f  c o lla g e n  w as n o te d  e x c e p t  that c o l la g e n  b io s y n th e s is  in 
te r fe r e n c e  e f f e c t e d  n o t  o n ly  h is to lo g ic a l  a n d  h is to c h e m ic a l  a lte ra tion s  b u t  a lso  m o d if ic a t io n s  o f  th e  
c o l la g e n  b a c k b o n e  as d e m o n s tr a te d  b y  im m u n o f lu o r e s c e n c e  m ic r o s c o p y  and  b y  c o l la g e n  a to p y . 
O n  th e  basis o f  this s tu d y , sk in  ch a n g e s  ca u se d  b y  so la r  ir ra d ia t io n — w h ic h  a re  la te r  id e n t if ie d  
d e r m a to lo g ic a lly  as s e n ile , i .e . , a c t in ic , e la s to se s — are in te r p r e te d  as an e x p r e s s io n  o f  in te r fe r e n c e  
w ith  p r o te o g ly c a n , i .e ., c o lla g e n  m e ta b o lis m  o t  th e  sk in .

S o l u b i l i t y  o f  c h o l e s t e r o l  in  i s o p r o p y l  m y r is ta t e :  R . J . H a r w o o d  and  E. M . C o h e n  .Journal o f the 
Society o f Cosmetic Chemists 2 8 , 7 9  (F e b ru a ry  1 9 7 7 )

S y n o p s is — T h is  r e p o r t  d e s c r ib e s  h o w  th e  s o lu b ility  o f  c h o le s t e r o l  in is o p r o p y l  m y ris ta te  w as d e 
te rm in e d  b y  o p t ic a l  r o ta tio n . T h e  p r o c e d u r e  d e s c r ib e d  is p a rticu lar ly  a ttra ctive  as c o m p a r e d  to  
o t h e r  a n a lytica l p r o c e d u r e s  u sed  to  d e te r m in e  c h o le s t e r o l  c o n te n t  q u a n tita tiv e ly  w ith  r e s p e c t  to  
s p e e d  a n d  s im p lic ity  o f  th e  m e a s u re m e n ts . T h e  o p t ic a l  r o ta t io n  p r o c e d u r e  in d ica te s  that 5 .2 6  p e r  
c e n t  (w /w )  c h o le s t e r o l  is s o lu b le  in is o p r o p y l  m yris ta te .

P r e s e r v a t io n  o f  c o s m e t i c  l o t i o n s  w i t h  i m i d a z o l i d i n y l  u r e a  p lu s  p a r a b e n s :  W illia m  E. R o s e n , 
P h ilip  A . B e r k e , T h o m a s  M a tz in , and A r th u r  F. P e te r s o n ,Journal of the Society of Cosmetic Chemists 
2 8 , 8 3  (F e b ru a ry  1 9 7 7 )

S y n o p s is — A  m o d e l  c o s m e t ic  lo t io n  c o n ta in in g  0 .2  p e r  c e n t  m e th y lp a ra b e n  p lu s  0 .1  p e r  c e n t  
p r o p y lp a r a b e n  w as p re v io u s ly  s h o w n  t o  b e  u n sa t is fa c to r ily  p re s e r v e d  b e ca u s e  it fa ile d  to  k ill Pseu
domonas (P.) aeruginosa. A d d it io n  o f  0 .3  p e r  c e n t  im id a z o lid in y l u rea  to  th e  l o t io n  g a v e  an 
Im id a z o lid in y l U r e a -p a r a b e n  p re s e rv a t iv e  sy s te m , w h ich  w as e f fe c t iv e  against b o th  an in itia l 
ch a lle n g e  o f  P. aeruginosa and tw o  re c h a lle n g e s .
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WANTED:
Innova tions in th e  Drug, 

Personal C a re  
A nd  Toiletries Field

Are you an inventor in search of a licensee? Or, does your company own a technology 
that isn't producing the income for you that it should?

In either case, you should know about this search for new inventions and developments 
in the drug, personal care and toiletries field. Wanted are:

• N e w  e n d - p r o d u c t s

• N e w  p r o c e s s e s

• N e w  c o m p o s i t i o n s

• N e w  d i s p e n s i n g  s y s t e m s

•  N e w  p a c k a g i n g  i n n o v a t i o n s

The search is being conducted by Product Resources International, Inc., as a service 
for a group of major marketers of drug, personal care and toiletry items.

These companies have subscribed to the search for two reasons. It can give them a 
wider choice of new products to market. It can give them ways to improve existing brands.

The report on the search is scheduled for delivery to the companies in mid-1977. The 
companies will then contact directly the owners of innovations that interest them.

------------------------------------------------ NO CHARGE TO YOU -----------------------------------------------
There is no charge to you, now or ever, for items included in the report to the com
panies. You may submit as many items as you wish, but only those that PRI judges to 
be novel, useful and feasible will be included in the report. For full details, including 
correct submission procedure, please write to the address below. Please do n o t  in
clude any disclosures with your letter, except, if you wish, issued patents. To protect 
the interests of all parties, disclosures, when made, will be on a non-confidential basis.

P R O D U C T  R E S O U R C E S  I N T E R N A T I O N A L , I N C .  

A t t e n t i o n :  “ S o u r c e  B o o k  E d i t o r ”

P .O .  B o x  1 9 3 1  • G r a n d  C e n t r a l  S t a t i o n  • N e w  Y o r k ,  N .Y . 1 0 0 1 7
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WHITTAKER DELIVERS
Basic Materials for the Cosm etic and Drug Industries Since 1890.

Bentonites—U.S.P., bacteria- 
controlled, albagels

Calcium Carbonate—Precipitated, 
U.S.P.

Calcium Sulfate
Cosmetic Colors—Certified D&C, 

purified inorganics, custom 
blends

Kaolins—Colloidal, N.F., bacteria- 
controlled

Magnesium Products—Magnesium 
carbonate, magnesium oxide, 
magnesium hydroxide—hydro
magma

Plus custom blending to most exacting
specifications.

Mica—Water-ground, bacteria- 
controlled

Stearates—Aluminum, magnesium, 
calcium, zinc

Talc—Domestic, imported, U.S.P., 
bacteria-controlled

Titanium Dioxide—C.T.F.A., U.S.P., 
N.F., bacteria-controlled

Zinc Oxide—U.S.P.

Exclusive worldwide distributors for:

0 0 5

(#jÏÏTTXj(È|) Whittaker, Clark & Daniels, Inc.
1000 Coolidge St., South Plainfield, N. J. 07080 
(201) 561-6100 • Telex 138248
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THE BEAUTY PEO PLE
Specializing in highest quality ingredients for
skin and hair care. ...... — —  ■
Basic manufacturers of:

•Lanolin U.S.P.
•Lanolin Derivatives
Lanalol® (alcohols)
Lanalox® (ethoxylates)
Lanalene® (ester; bases; etc.)

•Cosmetic Proteins

Specialties

Formulators of new product 
concepts for skin ana hair.

A dynamic new company dedicated 
exclusively to the cosmetic trade.

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

Sales, Technical & Administration—
P.0. Box *11 Oradell, N.J. 07649
Tele: (201) 2621822...ask for Rock Riso.

Plant-
600 Broadway, Lawrence, Mass. 01842 
Tele: (617) 682-1716...ask for Bemie Horrocks.
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CETINA
S y n t h e t i c  S p e r m a c e t i  ( a n d )  S t e a r a m i d e  D E A "  

E M U L S I F I A B L E  F R A C T I O N  O F  S Y N T H E T I C  S P E R M A C E T I  
t h e  s a t in y  fe e l

GLYCINE N.F.*
A m i n o  A c e t i c  A c i d  G l y c o c o l l  

C R Y S T A L  P O W D E R  
f o r  b u f f e r i n g  a n d  f l a v o r  e n h a n c in g

ROBANE®
Squalane*

L I Q U I D  V E H I C L E  N A T U R A L  T O  S K I N  A N D  S E B U M  
A  N A T U R A L  a d j u n c t  t o  c o s m e t o - d e r m a to lo g ic a ls

•

ROBEYL
S q u a l e n e  ( a n d )  H y d r o g e n a t e d  S h a r k  l i v e r  o i l “

A  N A T U R A L  P O L Y U N S A T U R A T E D  E M O L L I E N T  
f o r  h i g h  c o lo r  glo ss

SPERMWAX®
S y n t h e t i c  S p e r m a c e t i  N . F . "

N O W  I N  N E W  N A T I O N A L  F O R M U L A R Y  X I V  
d u p l i c a t i n g  t h e  N a t u r a l  W a x  p r o p e r ti e s

•

SUPRAENE®
S q u a l e n e ”

T H E  N A T U R A L  P O L Y U N S A T U R A T E  
A  p r o d u c t  o f  h u m a n  s e b u m

•

UREA PEROXIDE*
P e r c a r b a m i d e  U r e a  H y d r o g e n  P e r o x i d e "

A  D R Y  F O R M  O F  H Y D R O G E N  P E R O X I D E

ROBECO CHEMICALS, INC.
99 Park Avenue, New York, N.Y. 10016

T e l .  ( 2 1 2 )  9 8 6 - 6 4 1 0  T e l e x :  2 3 - 3 0 5 3
® R e g . U .S .  P a t . O f f .  " C T F A  D i c t io n a r y  A d o p t e d  N a m e
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N ext to her skin 
the m ost bacteria-free 

beauty aide 
should be yours.

Now laics, colors, starches, brushes, vegetable 
gums, lashes and many other cosmetic ingredi
ents (an he safely and inexpensively treated to 
eliminate contamination worries.

Microhiologicallv controlled cosmetics are 
vital. VACUGAS* gas sterilization treatment is 
the answer. It's safe, sure and inexpensive.

Micro-Biotrol Company maintains eight ster
ilization facilities in key population (enters 
across the country. Our service is fast and con
venient. Since Micro-Biotrol pioneered the de
velopment of gas sterilization technology, we 
can answer any and all the questions you may 
have.

Call or write today for more information.

MICRO-BIOTROL CO.
12200 South Central Ave., Alsip. Illinois 60658

13121 371-0900 |
UNION. N .J. • UNION CITY. CALIF.
LITTLETON. COLO. • ATLANTA. GA.

LOS ANGELES. CAI IK  • MEM PHIS. I !  NO 
LFVITTnW N  ’ ’A • i'.H lf lA i- fI.  II L

J

B.B. Bird
T o  m any, this m ay s eem  absurd  

T h ou gh  n o t absurd, bu t 
q u ite  a thrill 

T o th e  B .B. B ird  — sh e  
lo v es  N O V IL L E .

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

V 743-972
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M A K E PL A N S TO  A TTEN D  
TH E SO C IE T Y  OF 

C O S M E T IC  C H E M IS T S

ANNUAL SEMINAR, MAY5 -6 , 1 9 7 7

LE CHATEAU CHAMPLAIN & 
BONAVENTURE HOTEL 
MONTREAL, CANADA

THEME: COSMETIC METHODOLOGY

There will be four half-day technical sessions covering:

"Substrate Characterization”
Moderated by Dr. John Corbett

"COSA Session”
Moderated by Dr. Steven Carson

"Medical-Legal Considerations”
Moderated by Dr. Yale Gressel

"Analytical Techniques”
Moderated by Robert Schubert
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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

%  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 I C 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 .

....... ; .............................._



G o t a  p ro b le m  in  s u n b u r n  p r e p a r a t io n s ?  
C a ll th e  F i r e  D e p a r tm e n t  (2 0 1 ) 2 8 7 -1 6 0 0 .
At Amerchol, we put out fires. That's 
why the scientists who formulated 
this sunburn preparation called us 
when they had a problem with heat 
stability and staining.
Our solution? Amerscreen® P U.V. 
absorber,a PABA derivative (U.S. 
PatentNo.3,880,992)that’sefficient,

safe and nonstinging. Not to men
tion nonstaining and heat stable.
It's this problem-solving ability that 
gets a lot of people to call Amerchol. 
They, know well give them fast, ex
pert, meaningful answers to all their 
problems.
Got a burning problem in cosmetics,

toiletries or pharmaceuticals? Call 
Amerchol.
Amerchol, a Unit of CPC Interna
tional Inc. Amerchol Park, Edison, 
New Jersey 08817
Cable: Amerchols. Telex: 833 472 - 
Amerchol Edin

(201)287-1600
Make the Amerchol call.
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