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checkmated by an elusive aroma?

“Uneasy lies the head that

wears a crown,” said Shakespeare.
Today you’re king of the castle . . .
tomorrow you're backed into a
corner. All because

aromas are

intangible and

people are

changeable. "W

How do you create the aroma that
inspires brand loyalty? Best stra-
tegy: call in Florasynth.

Write for our catalog of flowerols,
perfumeand bouquetspecialties.
And, if you're searching for an
ultra-elusive fragrance, we will
formulate it especially for you.

FLORASYNTH LABORATORIES, INC. EXECUTIVE OFFICES: 900 VAN NEST AVENUE, BRONX 62, N.Y.;
600 WEST MONROE STREET, CHICAGO 6; 2309 EAST EIGHTH STREET, LOS ANGELES 21; Branch Offices and Rep
sentatives in Principal Cities; Sales Offices in Canada, Mexico and other Leading Foreign Countries.
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Proof? You can find it in your product — in better performance, lower costs,
improved yields. How do we do it? By starting with the finest raw materials . . .
applying the most advanced techniques of refining, distillation and quality
control . . . drawing from more than a century of experience. Our Distilled
Vegetable Fatty Acids typify the results. Choose any one of nine. You can
be sure its 100% vegetable derived, low in

unsaponifiables, heat stable, and uniform. We'll

gladly send a sample (please specify use) and

specs so you can make your own comparisons.

Just call or write. While you're at it, ask for your 205 wadison Ave. N. Y. 17 N. Y.
free copy of "Handling Industrial Fatty Acids.” manufacturers since 1837
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THE “NEW”

IN CHEMICAL RAW MATERIALS

CAROLATE* SQUALENE
Self-emulsifying Hexamethyltetracosahexene
Spermaceti-Amide C3oH50

New Production—White Color  ‘a product of human sebum’

‘the satiny feel’
(Pat. Pend.)

ROBANE

Purified Hexamethyltetracosane, Squalane
‘Liquid vehicle NATURAL to skin and sebum,
accelerates percutaneous (transfollicular and transepidermal)
and horny layer penetration,*
a NATURAL adjunct to dermatalogicals,

topical pharmaceuticals and cosmetics
(Pat. Pend))

®Reg. U. S. Pat. Off. *New clinical studies
Technical data available

ROBECO CHEMICALS, INC

51 Madison Avenue New York 10, N. Y.
MUrray Hill 3-7500
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CHLORACEL. This remarkable chemical permits you to prepare a

product with a significant amount of active ingredient, and still be

gentle to skin and fabrics. 0 CHLORACEL (sodium aluminum chlor-
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W/W solution. Its companion product, CHLORHYDROL®, can give

you the same outstanding benefits in

your lotions, sprays, creams and REHEIS COMPANY
powders. For free information and DIVISION CF

samples pertinent to your particular ARMOUR PHARVACEUTICAL COVPANY

. . f . Berkeley Heights, New Jersey
application, write Reheis. Manufacturers of fine chemicals
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for evaluating petrolatum quality?

1. Is it smooth and uniform in structure . .. free from coarse, granular tex-
ture? Does it show a smooth, glossy surface when cooled to normal room
temperature?

2. Isthe fiber long and smooth? Does ityield an almost transparent film when
the material is drawn out with the finger at room temperature?

3. Does it have astrong, stable, homogeneous gel structure, capable of with-
standing repeated shear and deformation without collapsing?

4. Is it reasonably stable toward heat, oxidation and light?

5. Is the consistency within the range determined by needs of the end
product?

6. Is uniformity consistent from lot to lot?

7. Does it comply with all current USP, NF or TGA Specifications?
Ask for Sarples or tre RrmDrale Petrolaium Bulletin

PENNDRAKEPETROLATUMS

PENNSYLVANIA REFINING COMPANY
BUTLER, PA. 16029
Branches: Cleveland, Ohio; Edgewater, N.J.; Tokyo and Osaka, Japan



VARIATIONS IN AXILLARY ODOR

By Najib Shehadeh, M.D.
and A lbert M. Kligman, M.D., Ph.D.*

Some persons, and some races, emit an axillary odor which is a good
deal stronger than that of others. The cause of these differences is the
subject of this inquiry.

M ethod

The study was designed to contrast the extremely odorous with the
practically nonodorous, as determined by experienced “smellers.” Since
odor results from bacterial decomposition of apocrine sweat, the factors
bearing upon this result were analyzed separately as follows:

a. Bacterial Density. The odor might be proportionate to the number
of organisms available to metabolize apocrine secretion. Bacterial counts
were made using the previously described “scrubbing-machine” (1).
The vault of each axilla was sampled and the results averaged.

b. Eccrine Sweat. Water, through its hydrating effect on the horny
layer, is an important factor in controlling the number of surface organisms
(2). The dry regions have the lowest counts. The sweating capacity of
the eccrine glands was measured by absorbing the sweat oi each axilla into
nonwoven cotton pads (Webril, Curity). Pads, 8 X 4 in., were folded once
and inserted into the axilla. The subject kept his arms close to his side
during a 30 minute exposure in a chamber of 100% relative humidity and
130°F. Because of the crudity of the method, measurements were made
daily for five days and averaged.

H airiness

There were two reasons for examining the amount of axillary hair.
(1) The more hair, the more surface to support bacteria, as well as increased
adsorption of apocrine sweat and its derived odors. (2) Since each hair
follicle has one sebaceous and one apocrine gland to form the apo-pilose-
baceous unit, the size of the apocrine apparatus might parallel the size of
the hair. A hairy axilla might then indicate an abundance of apocrine
sweat.

* Department of Dermatology, University of Pennsylvania School of Medicine, Phila-
delphia 4, Pa.

60S
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Hairiness was estimated visually on an arbitrary scale of 1 to 5, taking
into account the total bulk of the hair, which is, of course, dependent on
hair density and length.

A pocrine Gland Volume

This was microscopically estimated in thick celloidin imbedded, anthra-
cene blue stained specimens. An arbitrary scale of 1 to 5 was used to
estimate the number of coils making up the secretory portion of the gland.
This is a crude but satisfactory method, if the differences are large.

Pharmacologic Stimulation

0.1 ml. of 1:10,000 epinephrine hydrochloride and 0.1 ml. ot 1:10,000
Mecholyl were injected intradermally to visualize the number and size of
the apocrine droplets.

Subjects

The subjects were 16 adult, Negro, male, volunteer prisoners. Eight
were maximally odoriferous and eight scarcely so (none used deodorants).

R esults

The attempt to estimate the volume of apocrine secretion by injection of
cholinergic and adrenergic chemo-mediators proved futile. In these
subjects, as well as many others, only a few tiny apocrine droplets, or none
at all, appeared following intradermal injection. It is only the rare in-
dividual in whom enough sweat can be delivered by such means to make
guantitative estimation possible.

As regards the other factors studied, a summation is presented in Table I.

Table |—W eakly vs. Strongly Odorous Subjects
Apocrine
Bacterial Count, Sweat, Hairiness, Gland Volume,
Subject Odor millions/sg. cm. gm. 1-5 1-5
1 Maximum 3.1 0.61 2 4
2 Maximum 3.6 2.70 1
3 Maximum 3.1 0.95 4 5
4 Maximum 4.9 2.98 3
5 Maximum 4.5 221 2 4
6 Maximum 2.7 2.57 3 4
7 Maximum 3.2 3.43 5 5
8 Maximum 9.0 4.87 2
Average 4.2 2.54 2.8 4.4
1 Minimum 6.1 2.00 5
2 Minimum 6.4 4.30 2
3 Minimum 3.5 3.41 2 5
4 Minimum 4.0 5.18 3 7
5 Minimum 6.8 3.77 2
6 Minimum 2.8 3.35 4 2
7 Minimum 4.8 2.09 1
8 Minimum 2.6 3.02 3 3
Average 4.5 331 2.8 2.4
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Discrimination between the extremely and mildly odorous subjects was
obtained only in respect to one parameter, apocrine gland volume. The
secretory portion of the glands of highly odorous persons is considerably
larger. Even in unstained, fresh biopsy specimens, their bulk occupies
most of the mass of the upper subcutaneous tissue. This size difference is
immediately apparent in stained thick sections. Odorousness is inde-
pendent of bacterial density, hairiness and eccrine sweat capacity.

Comment

In vitro, a single droplet can be shown to generate a remarkably potent
odor in the presence of gram positive resident organisms. The actual
volume oi apocrine sweat produced daily is minuscular and immeasurably
smaller than the potential for eccrine sweating. Since hairiness is a func-
tion of follicular density and is nonvariant with respect to odor, it seems
certain that it is not the number of apocrine glands but their size which is
decisive. It is assumed that larger glands produce more sweat. Though
apocrine secretion is mainly a vestigial function in man, who at best secretes
very small quantities, it would appear that the slightly greater amount pro-
duced by subjects with larger glands is sufficient to account for greatly
increased odorousness. An alternative but improbable explanation is a
gualitative difference in the composition of apocrine sweat.

In our experience, the Negro has a stronger axillary odor than the white;
this feature correlates well with larger apocrine glands. The statement has
truth only with regard to the average since individual differences may
encompass the whole range as we have demonstrated in our selected Negro
subjects. The reputed smallness of the apocrine glands ol the Japanese
would account for their relative nonodorousness.

Summary

Intensely and mildly odorous subjects were compared with respect to
axillary hairiness, eccrine sweating, bacterial density and apocrine gland
size. The only difference was the considerably greater secretory bulk of
the apocrine glands of the strongly odorous persons.

Assuming that larger glands make more sweat, it was concluded that it
is this anatomical factor which accounts for the greater odorousness of
some subjects and some racial groups.

(Received August 2, 1963)

R eferences

(1) N. H. Shehadeh and A. M. Kligman, J. Invest. Dermatol., 40, 61 (1963).
(2) 1. H. Blank and R. K. Dawes, Ibid., 37, 141 (1958).
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NOTICE TO
S.C.C. MEMBERS

Many members of the Society have requested that a com-
plete roster of their fellow-members be made available.

Such a membership list is now in preparation and, it is
hoped, will be published in one of the 1964 issues of the Jour-
nal.

To be sure your own listing will be accurate, please ad-
vise the New York office, as soon as possible, of any changes
in your address. Please send this information to:

Society of Cosmetic Chemists
Mrs. Eunice Thomas Miner,
Administrative Assistant

2 East 63rd Street

New York 21, New York



A REVIEW OF SOME RECENT FINDINGS ON
RADIATION-INDUCED TANNING OF MAMMALIAN
SKINX*

By Walter c. Quevedo, JI"., Ph.D.|

Presented May 8, 1963, Semi-Annual Scientific Meeting of the Society of
Cosmetic Chemists Held in Joint Sponsorship with the American Medical
Association Committee on Cosmetics

When mammals are exposed to ultraviolet light (UV), the epidermis
of their skin becomes darker (tanned) and thicker (1-13). The tanning is
caused first by a darkening of pre-existing melanin granules and later by
the biogenesis of new melanin within melanocytes of the dermoepidermal
junction. The thickening of the epidermis is achieved by increased pro-
liferation of the malpighian cells with a resulting enlargement of the stratum
corneum. The intensity of radiation-induced darkening is based, in the
main, on the formation of new melanin granules within melanocytes and
their accumulation within the increased population of malpighian cells.
The transfer of pigment granules from melanocytes to malpighian cells
has been described as “cytocrine activity,” implying that there is an active
secretion of melanin granules (14); however, the exact mechanism of this
transfer is not clear. It has recently been suggested that malpighian cells
acquire melanin granules by “pinching off” parts of the pigment-bearing
dendritic processes of melanocytes (15-18). As a consequence, the
rate of melanin synthesis within the melanocytes may be regulated by a
“feedback” mechanism of control being dependent on the rate at which
melanin granules are removed by malpighian cells (18). The UV-induced
proliferation of malpighian cells, by providing increased numbers of vehicles
for the removal of melanin, may play some role in stimulating melanogenic
activity within melanocytes. This view of melanogenesis stresses the
interdependence of melanocytes and malpighian cells (12, 19) and has
given rise to the concept of an epidermal 7nelanin unit (18). Each epidermal
melanin unit consists of an epidermal melanocyte and a constellation of
malpighian cells with which it is associated.

* Some of the work described herein was supported by PHS Research Grant § CA-06097-02
from the National Cancer Institute and PHS Training Grant #2G-582(C1) (William Mon-
tagna, Director) from the Division of General Medical Sciences, United States Public Health
Service.

t Biology Dept., Brown University, Providence 12, R. I.
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Although it is now clear that there is an intimate association of melano-
cytes and malpighian cells in the evolution of radiation-induced hyper-
pigmentation, the general mechanisms that regulate this phenomenon re-
main largely uncharacterized. Of particular significance are the roles that
hereditary and hormonal factors may play in determining the “tanning
potential” of mammalian skin. It is the purpose of the present report to
review briefly some contributions of research on laboratory animals leading
toward an understanding of this complex problem.*

Tanning in M ice

The value of the laboratory mouse for studies on radiation-induced
tanning first became evident when hyperpigmentation was observed in the
extremities of pigmented mice exposed daily to gamma-rays for the dura-
tion of life (9). Although all of the extremities of the gamma-irradiated
mice darkened, the plantar surfaces of the hind feet were the most reliable
sites for evaluating pigment increase. Similar observations were made on
mice treated with x-rays or ultraviolet light (Fig. 1) (9, 11). An arbitrary
grading system was devised for subjectively measuring the rate of tanning
(Fig. 2). Within limits, the plantar skin acted as a “ biological dosimeter”
wherein the rate of tanning was influenced by the daily dose-rate of radia-
tion (9). At the cellular level, the hyperpigmentation elicited by x-,
gamma-, and UV-radiations resulted from increased melanogenic activity
within individual epidermal melanocytes, increased numbers of melanogenic
melanocytes, and increased deposition of melanin granules within mal-
pighian cells (Fig. 3). Direct exposure to the radiations was necessary to
induce tanning within the skin; continued treatments were necessary to
maintain it (Fig. 1) (9, 11, 12).

H ormones and Tanning

In an attempt to characterize the mechanisms which regulate the tanning
process, hormonal effects were studied in C57BL (black) and LAFi (brown)
mice receiving daily total body irradiation with 97 r/day or 125 r/day of
gamma-rays (11). Intact, gamma-irradiated C57BL and LAFj mice
achieved the maximum fl-+ + grade of tanning in the plantar skin between
the nineteenth and twenty-fifth day of treatment. Orchidectomy and
oophorectomy did not alter the tanning response. Similarly, adrenalec-
tomized mice, although showing higher mortality on exposure to gamma-
rays, darkened at the same rate as the intact control mice. Daily treat-
ment of intact mice with high doses of adrenocorticotropic hormone (1 to
4 U.S.P. units/day) also failed to modify the tanning process.

* The main emphasis of this paper is on work performed by the author and his associates.

Although presenting a cross-sectional view of the current knowledge of tanning in mammals,
it is not intended to be an exhaustive treatment of this subject.
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Figure 1— Hind feet of a pigmented mouse of the L strain after 16 daily treat-
ments with UV. Note the intense tanning (+ + + grade) in the irradiated foot
(arrow). The slight amount of residual pigmentation in the shielded foot did not
increase during the period of treatment. Reproduced from Quevedo and Smith (12),
with permission of The New York Academy of Sciences.

Subsequently, the general effect of pituitary hormones was tested in
hypophysectomized juvenile NIH black rats. The plantar skins of the
intact and hypophysectomized rats darkened markedly on repeated x-
irradiation and were indistinguishable in their intensity of tanning (11).
Collectively, the findings on animals irradiated following surgical removal
of specific endocrine glands, when added to those of the shielding studies,
stressed the local nature of mechanisms controlling the tanning response
within murine skin.

Nonetheless, daily treatments with cortisone did inhibit radiation-
induced tanning when administered in sufficient quantities (2.5 to 6.0
mg./day) to intact mice (11). Similarly, daily treatments with 1.0 mg.
of diethylstilbestrol prevented significant tanning in gamma-irradiated
mice. There was a slight increase in the number of melanogenic melano-
cytes in the skin of irradiated mice treated with cortisone or diethylstilbes-
trol, but the numbers were dramatically less than those of control mice,
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Figure 2.—Grades of tanning in the feet of irradiated mice. The grades
range from O, for no radiation-induced darkening, to + + +, characterized
by an intense darkening of the general plantar surface and the presence of
darkly pigmented bands on the toes.

and little melanin was found within malpighian cells. This finding in-
dicates that cortisone and diethylstilbestrol in the quantities employed
did not completely prevent epidermal melanocytes from responding to
radiant energy (11). In view of the failure of hypophysectomy to influence
tanning, it is probable that cortisone and diethylstilbestrol inhibited
darkening by a direct rather than pituitary-mediated action on the melano-
cytes. At present, closer attention is being given to the identification of
hormonal effects at the cellular level that may not be reflected in the gross
tanning of irradiated skin.

Figure 3.—Diagram of plantar skin sectioned longitudinally. (A) Non-irradiated: Only
a few melanotic melanocytes are present at the dermoepidermal junction, and there is little
pigment within the epidermis. (B) Irradiated: A marked increase in melanotic epidermal

melanocytes and in melanin granules within the epidermis accounts for the tanning shown
in Figure 1
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Genes and Tanning

Hereditary mechanisms influence every phase of melanocyte form and
function. The action of genes on pigmentation has been particularly well
studied with reference to the coat color of mice (20-27). Utilizing this
body of information, the role of genes in regulating the “tanning potential”
of skin was examined in mice of 13 different inbred strains and three special
stocks selected on the basis of characteristic differences in hair coloration
(12). The problem was to determine the extent to which mice clearly
differing in their qualitative and quantitative mechanisms for melanin
synthesis also differed in their ability to tan. More specifically, what
differences in intra- and inter-cellular events accounted for gross differences
in radiation-induced darkening of the skin, and how might such events be
a manifestation of underlying genetic control? From these studies it
became evident that specific genes regulate the “tanning potential” of
irradiated mammalian skin by influences on melanocyte morphology,
melanocyte distribution, melanocyte activation, the color and size of
pigment granules and the total amount of pigment synthesized by melano-
cytes. Each melanocyte synthesizes melanin pigment in quantities and
with qualities specified not only by its own genetic machinery but also
in some cases by the cellular community of which it forms a part (12,
20, 21, 22). The magnitude of gross tanning elicited by UV is prede-
termined by programing mechanisms which regulate the melanogenic
performance of melanocytes and the accumulation of melanin within
malpighian cells (12). Although genetic effects on the mobilization of
malpighian cells were not examined, such mechanisms no doubt are of
importance in this phase of the tanning process.

Usually, mice with the darkest hair coloration showed the most intense
tanning response to UV (12). In mice achieving a + + + grade of tanning,
there was a striking increase in the number of melanogenic epidermal
melanocytes within the plantar skin (Fig. 3). In some cases the number
of melanocytes in a given area of irradiated plantar skin was 10 to 30 times
greater than that found in nonirradiated skin. For example, in CS7BL
mice there were approximately eighty melanotic melanocytes/mm.2 in
nonirradiated plantar skin and 1100 melanotic melanocytes/mm.2 in ir-
radiated skin. In addition, large numbers of melanin granules were located
within the irradiated malpighian cells. Although a similar increase in
melanocytes usually was noted within the irradiated skin of mice exhibiting
a+ to + + tan, the color of the pigment granules and in some cases the
numbers of pigment granules within the epidermis were insufficient to cause
agross grade of + + +.

In those mice that failed to show any evidence of UV-induced tanning,
several different mechanisms appeared to be operative. No evidence of
melanin synthesis was found in albino mice treated with UV. Mice of
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two different strains characterized by a light brown coat color (IPBR and
PBR) also failed to tan (12). However, examination of their skin showed
a striking increase in melanotic melanocytes at the dermoepidermal junc-
tion. These melanocytes, although clearly melanotic, produced only a
few melanin granules, which were small in size and light in color. Little
pigment was found outside of the irradiated melanocytes. It is possible
that the melanogenic activity (manufacture of melanosomes*) of the
melanocytes did not reach a level high enough to permit the release of
melanin granules to malpighian cells. The absence of tanning appeared
to be associated with the gene-regulated restricted capacity for melano-
genesis which persisted in spite of repeated exposures to UV. Thus, the
judicious use of genetically characterized mice permitted both an identifica-
tion of the critical stages in the development of tan and the specific sites
of gene action which accounted for variability in the tanning response.

Although the melanocyte system of the glabrous plantar skin has been
the major target for study, the melanocyte system in hairy skin has also
been examined (10). The significance of such a study lies in the fact
that there are striking differences in the architecture of the epidermis of
hairy and glabrous skin surfaces. One might predict that the morphologi-
cal differences reflect underlying biochemical differences and accordingly
that the epidermal melanocytes of these regions would differ in their re-
sponses to UV. However, in spite of the striking anatomical differences,
it was demonstrated that the melanocytes of hairy and glabrous skin re-
spond to UV in an essentially identical manner. In genotypes of mice
showing intense tanning of the plantar skin, there was a correspondingly
intense darkening of the irradiated (depilated) general body skin. Whereas
melanotic epidermal melanocytes were rarely encountered in the hairy skin
of nonirradiated mice, irradiation produced a marked increase in their
number. As in the plantar skin, the activated melanocytes often dis-
charged significant amounts of melanin to malpighian cells. With few
exceptions, in genotypes of mice showing little to no tanning in the plantar
skin, there was a similar failure of the hairy skin to darken on exposure to
UV. Thus, the epidermal melanocyte populations of hairy and glabrous
skin appear to share a similar developmental fate.

Pigment Cell Populations During Tanning

What is the source of the increased numbers of melanogenic melanocytes
found in murine skin after UV-irradiation? As yet no certain answer can
be given to this question. The increased number of melanotic melanocytes
might simply reflect the progressive activation of melanogenic activity

* Recently, the term “ melanosome” has been widely used to distinguish developing melanin

granules from the fully mature forms. Some authors would designate all melanin inclusions of
melanocytes as melanosomes, regardless of their developmental status.
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within many nonpigmented melanocytes. To test this idea, an attempt
was made to identify amelanotic melanocytes* within the plantar skin.
The generally accepted methods (osmium iodide and brilliant cresyl blue)
for staining amelanotic melanocytes revealed reactive cells at the der-
moepidermal junction; as yet, no completely satisfactory estimates have
been made of their numbers. To test the possibility that melanocyte
proliferation might also contribute to the increased numbers of melanotic
melanocytes, mice were exposed to UV and injected with colcemid five hours
before they were sacrificed on the sixth to twelfth day of irradiation. This
was the period when melanotic melanocytes were found to be undergoing
the most rapid change in numbers. The treatment with colcemid arrested
mitosis at the metaphase stage, permitting a ready identification of divi-
sion within melanocytes. Preliminary studies indicate that melanocytes
were stimulated to divide in response to UV. Therefore, it is quite pos-
sible that the tanning of murine skin is related both to the activation of
nonpigmented melanocytes and to an absolute increase in the numbers of
melanocytes. Recently, Snell (13) found a marked increase in the melano-
tic epidermal melanocytes within the irradiated skin of pigmented guinea
pigs but did not observe aproliferation of melanocytes.

Species Differences in Tanning

Somewhat different mechanisms may account for tanning in the few
mammals which have been studied so far. All of the epidermal melanocytes
in human skin are thought to react to the DOPA-reagent (a buffered solu-
tion of /3-(3,4-dihydroxyphenyl)-L-alanine) becoming dark, owing to
their capacity for converting DOPA to melanin (28). Although there is
not complete agreement (29, 30), it is generally stated that human mel-
anocytes do not increase in number following treatments with UV (28,
31-33). In fact, areduction in the number of DOPA-reactive melanocytes
has been reported to occur in irradiated human skin (32). In the mouse
(12) and guinea pig (13), the dramatic increase in numbers of melanogenic
melanocytes is a significant feature of the tanning process.

Albinism is characteristically found in humans and rodents, as well
as in many other animals. UV fails entirely to elicit melanogenesis in
albino mice (12); the melanocytes in irradiated and nonirradiated skin
neither produce melanin granules nor react with DOPA-reagent. In
contrast, the melanocytes of human albinos are DOPA-positive, and ex-
posure to UV intensifies the DOPA-reactivity of these melanocytes (34,
35). Recent studies indicate that the melanocytes of albino mice produce
precursor pigment granules (premelanosomes) which do not darken, owing

* Strictly speaking, the nature of the epidermal amelanotic melanocyte is not known.

If it is truly embryonic in character, i.e., fully “undifferentiated,” it might more properly be
designated as a melanoblast.
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to the absence of a competent tyrosinase system (36, 37). In contrast,
the melanocytes of human albinos are capable of synthesizing melanosomes
with active tyrosinase, albeit reduced in amount (34, 35).

Under the conditions of the experiments described above, it would
appear that radiation-induced tanning in the mouse is largely a local
phenomenon. That is to say, the primary mechanisms regulating the
response of epidermal melanocytes to radiations reside within the skin.
Nonetheless, a wealth of experimental and clinical data clearly indicates
that hormones also regulate many phases of mammalian pigment cell
function (38, 39). In the mouse and rat, it is possible that hormones and
radiations exercise independent actions on the peripheral mechanism of
pigmentary control. Their interactions may be quite different in other
mammalian species, including man (38, 39).

Cellular Interactions D uring Tanning

The nature of UV damage to the epidermis suggests that the normal
stimulus for melanogenesis may originate within malpighian cells and is
transferred to melanocytes, resulting in their “activation” (2, 5). The
form of this message is obscure. Although epidermal hyperplasia may
stimulate the melanogenic activity of melanocytes to a higher level by
removing melanin granules at increased rates, it would appear most likely
that the primary initiation of melanogenesis requires another message.
Since UV has been demonstrated to be absorbed by epidermal nucleopro-
teins, it is possible that they are in some way associated with the origin
of the message which eventually initiates melanin synthesis within the
melanocytes of irradiated skin (2). However, other epidermal components
have been identified as potential targets for UV absorption and also may
be linked to the activation of irradiated melanocytes (2, 3, 5).

Genetic mechanisms, in addition to their more obvious effects on the
chemistry and morphology of melanin granules synthesized by melano-
cytes, may regulate the “tanning potential” of skin by setting limits on
the absolute rate of melanin synthesis in response to messages arising from
repeated UV trauma. How this is brought about remains to be deter-
mined. The genetic regulatory system may act directly within the mel-
anocyte, through its extracellular environment, or by both routes. Con-
siderable insight into the important problem of cellular interactions during
tanning will be forthcoming when more information is available on the
biochemical nature of cellular changes within irradiated skin.

(Received September 3, 1963)
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THE FUNCTION OF THE ECCRINE SWEAT GLAND*

By Richard L. Dobson, M.D.t

Presented May S, 1963, Semi-Annual Scientific Meeting of the Society of
Cosmetic Chemists Held in Joint Sponsorship with the American Medical
Association Committee on Cosmetics

Abstract

The main function of the sweat gland is concerned with temperature regulation,
and any salt in the aqueous sweat is wasted. After repeated exposures to a hot
environment the sodium content of human eccrine sweat falls. This adaptive
process, called acclimatization, involves both structural and functional factors.
If acclimatization is prevented by the administration of large amounts of salt,
the sodium content of the sweat remains high, and no cellular changes are seen
in the gland. On a low salt intake, the rate of sweat sodium excretion falls, and
marked cellular changes in both secretory and duct cells are seen. If corticosteroids
are given, however, all the features of acclimatization can be produced even in
subjects on a high-salt intake.

Many aspects of sweat gland function appear paradoxical. Phar-
macologically, the eccrine gland responds to cholinergic stimuli, yet it is
sympathetically innervated. After denervation the sweat gland is totally
unresponsive, although it remains morphologically intact indefinitely.
Physiologically, on first exposure to a hot environment, the eccrine sweat
gland wastes salt, but it is this very wastage which leads to a series of
events culminating in the ability of the gland to conserve sodium. Ana-
tomically, the cells of the sweat gland undergo profound changes during
sweating which, in turn, have functional consequences.

These characteristics probably represent manifestations of the unique
adaptive processes which the eccrine sweat glands have undergone in man.
Most mammals rely on a thick furry coat to protect them from heat. Man
in his nakedness no longer is protected by insulation. He, therefore, must
depend on evaporation to adapt to a hot environment. This, then, is
the main function of the eccrine sweat gland— to produce water for evap-
orative heat loss. The current concepts of how this is done will be the
central theme of this presentation.

* Supported in part, by the U. S. Army Medical Research and Development Command,
Office of the Surgeon General, Contract #DA-193-Md-2176; in part, by Public Health
Service Grant #AM-05635 and Training Grant #5-T1-AM-5300-3.

f Div. of Dermatology, University of Oregon Medical School, Portland 1, Ore.
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Anatomically, the eccrine sweat gland (Fig. 1) is a fairly simple tubular
structure consisting of a single-layered secretory coil and a double-layered
duct. The distal duct has a helical configuration within the epidermis
which, with the surrounding epidermal cells, has been termed *the epi-
dermal sweat duct unit” (1). The secretory coil is surrounded by a layer
of myoepithelial cells, which, although their name implies contractile pro-
perties, do not have, on the basis of available evidence, any known function
in man.

As has been already mentioned, during profuse thermal sweating, cellular
changes occur in both the secretory coil and duct, especially if the salt
intake is low (2). It is also known
that during sweating changes occur
in both the composition of sweat and
in the sweat rate (3). With re-
peated episodes of profuse sweating,
the rate of salt excretion gradually
falls, reaching minimal levels in a
few days. This is a part of the
process of acclimatization to heat.

Considerable insight into the
mechanism of function of the sweat
gland was obtained by studying the
effects of salt intake (4). On a high-
salt intake the rate of sodium excre-
tion is high and remains so day
after day. With salt deficiency, on
the other hand, there is a progressive
decline in the daily rate of sodium
excretion (Fig. 2). The rate of . .

. . Figure 1.—A diagram of the normal human

sweating, however, is not affected eccrine sweat gland showing: A. The epi-
by salt intake, there being an initial dermal sweat duct unit; B. The double-
rise and then a gradual fall during I?W%%;idua' C. The single-layered secre-
a six-hour exposure to heat (Fig.3).
In both cases, furthermore, the pattern of sodium excretion is similar, reach-
ing a maximum at about two hours and then gradually falling (Fig. 4).
It is therefore apparent that the rate of sweating and the rate of sodium
excretion, regardless of salt intake, are closely correlated and run parallel
courses.

Referring again to Fig. 4, it can be seen that the curve can be divided
into two parts. During phase I, the secretory phase, sodium excretion
rises, resulting in a depletion of body sodium and, since the sweat rate is
rising, a loss of water also. This produces a contraction of the extra-
cellular volume. During phase Il, the reabsorptive phase, the rate of
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sodium excretion progressively falls, as does the sweat rate. As has been
so clearly shown by Conn (5), the consequences of phase | result in the
production of aldosterone by the adrenal gland. Let us postulate, there-
fore, that aldosterone facilitates the reabsorption of salt in the sweat duct
during phase Il by a mechanism similar to that which takes place in the
renal tubule. Under these circumstances, sodium will be actively re-
absorbed, and water will passively follow because of the osmotic gradient
which has been established. Thus the sweat rate and rate of sodium ex-
cretion in the sweat are directly correlated.

If this hypothesis is valid, it should be possible to initiate the reabsorptive
phase from the onset of sweating by the administration of a potent self-
active corticosteroid such as 9a-fluorohydrocortisone (6). When this
was done, there was a low constant rate of sodium excretion (Fig. 5). In

other words, the reabsorptive

80 ON SWEAT. SOBIUM, CONCENTRATION phase was active throughout
sweating. Although this study

I Heh Intke was done in men given large

1 Low Intele amounts of salt, the sweat glands

i behaved, both functionally and

' structurally, as though there was

Na n salt depletion. This would sug-
MEg/l. gest that the cellular changes
observed as a result of profuse
30 sweating are a reflection not of
salt intake, per se, but rather the

amount of metabolic work the

gland is required to perform.

The lower the rate of sodium ex-

cretion the more sodium there is

nr
DAYS to be reabsorbed by the duct and
Figure 2.—On a high salt intake sodium excre-  thus agreater work load.
tion remains high. On a low salt intake there Following this line of reasoning
is progressive fall in sodium excretion to low . . .
levels. still further it should be possible

to block reabsorption of sodium
in' the duct with a diureticc. When methychlothiazide was given to
salt-loaded men, the reabsorptive phase was blocked (Fig. 6). Further-
more, since metabolic work was reduced, no cellular changes in the
sweat gland were seen (6). It is important to note, however, that the
secretory phase was also blocked by the diuretic, suggesting that the
secretory coil also actively transports sodium.
On the basis of this evidence a concept of sweat gland function which
takes into account both structure and function can be formulated. This
is illustrated in Fig. 7. From a precursor fluid (P. F.) derived from blood
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Figure 5—Effect of 9a-fluorohydrocortisone on the rate of sweat
sodium excretion.
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Na Excretion
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Figure 6.—Effect of a diuretic on the rate of sweat sodium excretion.

the secretory coil (S. C.) actively transports sodium across the secretory
cells. With salt-depletion and contraction of the extracellular volume as
a result of profuse sweating, aldosterone excretion is increased. This,
in turn, facilitates the active reabsorption of sodium from the lumen of the
duct across the ductal cells, increasing the concentration of sodium in
the tissues outside the duct. To restore osmotic equilibrium, water
passively diffuses across the duct into the tissues.

S. C DUCT

© 1 © ©m ©

W N a +

Figure 7.—A hypothetical model of the mechanism of sodium excre-
tion by the sweat gland.



624 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

With repeated episodes of profuse sweating persistent changes occur
in the secretory cells, presumably rendering them less capable of secreting
sodium and thus lessening the work load of the duct which has been shown
to have a limited capacity to reabsorb sodium (7). In this way a mech-
anism is established by which dilute sweat can be produced in amounts
sufficient for evaporative heat loss without general salt depletion resulting.

The mechanism of acclimatization to heat therefore involves an adrenal
mechanism (aldosterone) as well as structural and functional changes in
the eccrine sweat gland. As Conn (5) has so clearly shown, the response
of the kidney during acclimatization differs from that of the sweat gland.
In both there is an initial decrease in the rate of sodium excretion. After
several days, however, urinary sodium increases despite continued high
levels of aldosterone. The rate of sodium excretion in the sweat remains
low. It seems that the cellular changes which occur in the eccrine secre-
tory cells provide a way of insuring low sweat sodium excretion so that
acclimatization persists. The kidney, however, partially escapes from the
effects of aldosterone, thus leaving it free to function in its role as the gen-
eral regulator of salt and water balance.

Summary

The major function of the human eccrine sweat gland is to produce
water for evaporative heat loss. Any salt in sweat, therefore, is wasteful.
With repeated exposure to a hot environment the output of sodium in
sweat gradually falls. This acclimatization is dependent on adrenal cortical
factors as well as structural and functional changes in the sweat gland.

(Received July 6, 1963)
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Abstract
Theoretical considerations of radiation intensity and of the skin's response to
incident radiation are discussed. Various properties of sun screening agents, of
importance to cosmetic formulators, are mentioned. Among these, the absorption
spectrum, absorption through the skin and pharmacological inertness are of par-
ticular importance and are discussed in greater detail.

Introduction

The design of a satisfactory suntan preparation involves the inter-
action of three factors, all of which must be understood before an accep-
table result can be achieved. The major purpose of the material is to
interpose an ultraviolet-absorbing screen between the skin and radiant
energy in sunlight to modify the reaction of the skin to irradiation. The
intensity and physiological effects of the energy, the quantitative response
of the skin to irradiation, and the ultraviolet-absorbing characteristics of
the interposed screen must all be balanced to achieve the desired effect.

Quantitation of Incident R adiation

The sun emits energy in a grossly continuous band throughout the
electromagnetic spectrum. Passing through the upper atmosphere, the
shorter wavelengths are absorbed by atmospheric components so that at
sea level the radiation extends from a cutoff near 290 IUu through the
near ultraviolet to the conventional end of the ultraviolet range, which is
400 mi.  The intensity of the radiation varies nonlinearly throughout this
range.

The relative response of so-called “normal” Caucasian skin to mono-
chromatic (single wavelength) irradiation varies markedly with the wave-

* Newark College of Engineering, Newark, N. J.
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length of the radiation. The production of erythema and the subsequent
production of melanin pigment are both maximum with 296.7 m/x radiation
(1, 2). As the wavelength of irradiation increases, both responses fall
rapidly, so that 10 microwatts/cm.20f 307 m/x radiation, 100 microwatts/
cm.2at 314 m/x, 1000 at 330 m/x and 10,000 at 340 m/x are each equivalent
to the effect of 1 microwatt/cm.20f 296.7 m/x radiation in the production
of an erythema. The production of pigment follows a somewhat different
equivalence relationship. The formation of new melanin pigment is
excited by the erythema produced. Thus, up to about 320 m/x tanning
and erythemal response curves are substantially parallel. Above 320 m/x
another photochemical mechanism results in the reoxidation of bleached
melanin pigment present in the surface layers of the skin. In this wave-
length range the tanning response is the sum of the two mechanisms.

A unit of erythemal flux, the E-viton, is equivalent to the erythema in-
duced by 10 microwatts/cm.20f 296.7 m/x radiation. The response of the
skin to an E-viton(or Viton) is constant: irradiation by 10 vitons for one
hour produces the same erythemal response as does 5 vitons for two hours.
On this basis also, the effects due to irradiation by different wavelengths are
additive. The distribution of this erythemal flux in sunlight is shown in
Fig. 1, averaged for 5 m/x bands. This curve corresponds to a total of 2.59
vitons. Since it takes about twenty minutes exposure to midsummer
sunlight to produce a minimum perceptible erythema (MPE) on “normal”
Caucasian skin, this corresponds to an exposure of about 3100 viton-
seconds. Approximate response of “normal” Caucasian skin has been
determined, and the values are shown in Fig. 2.

ERYTHEMAL FLUX OF MIDSUMMER SUN

Figure 1.—Erythemal flux of midsummer sun.
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E ffect of Topically Applied Sun Screen on

Incident Radiation

The function of the sun screen is to absorb the irradiating energy before
it falls on the skin and produces an erythemal response. The nature of the
protection desired will determine the amount of screen to be used in the
preparation. For example, to protect an “average skin” during a four-
hour, midday midsummer exposure from more than a vivid erythema, the
viton-second exposure of the skin should be reduced to a maximum of
about 6000 viton-seconds. The unscreened sunlight exposure during this
period will amount to about 37,300 viton-seconds. Simple arithmetic
shows that the screen should transmit no more than 16.1% of the incident
viton units to achieve this result. A preparation which transmits as much
as 32% of the viton units will produce a painfully sunburned subject, while

SKIN RESPONSE TO SUNLIGHT

an 8% transmission will result in less than an MPE. These are, of course,
average figures, with no real meaning for the individual case. But an
examination of the practical level of transmission in marketed suntan prepa-
rations indicates the validity of this correlation of viton transmission with
actual use.

For example, 2% of glyceryl ~-aminobenzoate in a lotion base has been
successfully used for many years for a widely applicable single-strength
suntan. This transmits 7.5%, of the incident viton units. A screen con-
taining 6% of a salicylate has been widely marketed as a minimum-
protection suntan. This rapid-tanning product transmits 15% of the
incident viton units. Preparations which transmit more than 15% have
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not found continued market acceptance, and such products usually do not
reappear on the pharmacists’ shelves after a short time. While this is a
completely pragmatic correlation, it is an excellent one, because of the size
and random character of the sample involved: the entire sun screen-using
public. A third example of a successful preparation is one for so-called
sun-sensitive users. Using 4% propylene glycol mono-p-aminobenzoate,
it transmits 0.95% of the total incident viton units. The screen itself is
not a total block at 2% concentrations, but increase in the concentration
of the screen to 4% produced the effect desired in a total block.

Special Requirements of Sun Screens

The spectrophotometric qualities of a sun-screening chemical are only a
part of the requirements these materials must meet. Structurally, the sun
screen candidate compound must be able to resonate between alternate ionic
forms (3). This ionization change must require an energy quantum
within the ultraviolet region. This corresponds to electronic transition
(ionization) energies of 91.4 to 99.4 kcal./gm. mol for compounds with
absorption maxima between 290 and 315 m,u, the so-called erythemal range
(Fig. 3). Few classes of compounds satisfy this basic requirement. All of
the effective sun screens for human use are found in a very few types of
aromatic compounds: ”“-aminobenzoates, ~-dialkyl aminobenzoates, sali-
cylates and cinnamates. Chemical structures and wavelengths of maxi-
mum absorption for these classes of screens are shown below:

P-AMINOBENZOATE

I-AN~  yCOOR 2975 Mp
SALICYLATE ___y-COOR 307
CINNAMATE RO/ yCHCHCOOR 307
P-DIMETHYL r20 cCar 307

AMINOBENDATE

Once the proper spectral absorption has been achieved, many other fac-
tors require attention. These include spectral stability, resistance to
chemical and photochemical change, minimum percutaneous absorption,
sufficient solubility in permissible vehicles but relative insolubility in water,
compatibility with the usual ingredients of skin lotion formulations and
freedom from any toxic or sensitizing skin reactions. Some of these re-
quirements are obvious enough to require no further comment here, but
the import of one of these factors is not generally realized.
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Minimum percutaneous absorption is a very important factor. A
sun screen film is effective only as long as the screen remains interposed
between the surface of the skin and the sunlight. If it is absorbed through
the skin it no longer can exert the necessary screening action. This is easily
demonstrated in practice. For example, a lotion containing about 8%
homomenthyl salicylate transmits 7.5% of the incident viton units, suffi-
cient to prevent an MPE. If a skin patch is immediately exposed for 14
minutes under a standardized ultraviolet lamp after application of this
lotion, an MPE is produced (14 minutes on the standard lamp is equivalent
to four hours of midday midsummer sunlight). 1f an immediately adjacent
patch is exposed to the lamp for 3.5 minutes each hour over a four-hour

RESONANCE ENERGY RANGE IS NARROW

Figure 3.—Molecular resonance energy (kcal./gm.
mole) determines wavelength of peak absorption.

period, the same total irradiation is achieved. But the result is an ex-
tremely painful sunburn. Care was taken during the test to keep the test
patch untouched and immobilized, so that the only losses of screen which
could possibly occur would be through percutaneous absorption. Such
absorption of the screen reduced the effective surface concentration to the
point where much more than the expected viton dosage was transmitted to
the skin. A similar test with glyceryl-p-aminobenzoate at a concentration
of 2% in the same lotion base, which also permits nominally 7% viton
transmission, resulted, in the delayed test, in a vivid erythema without any
sensitivity. This screen was the more effective of the two because it did not
disappear by absorption into the skin as rapidly as did the salicylate.

Conclusion

Quantitation of skin response to irradiation by sunlight makes it possible
to design a suntan preparation for any desirable degree of protection.
Factors other than screen concentration in the suntan must be considered.
Especially important is the rate of percutaneous absorption of the sun
screening compound. When this is marked, the concentration of sun
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screen required to afford a desired level of protection would be greater than
that indicated by in vitro spectrophotometric measurements.

(Received July 24, 1963)
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Abstract

Factors which govern the use of topical sun-protective products are skin type,
average exposure, general usage and climatic conditions.

Virtues of sun-screening agents from the standpoint of the cosmetic and pharma-
ceutical formulator are described. These include absorption spectrum, absorp-
tivity, solubility, stability and pharmacological inertness. Some factors involved
in proper formulation of sun screens and their vehicles are explained. Finally,
the evaluation of the finished product from the standpoint of safety and effectiveness
is described.

l. Introduction

The use of sun-protective products by people desiring to eliminate
painful burns suffered by exposure to the sun has grown considerably over
the past 30 years. Fortunately, the scientific formulation of these products
has been continuously improved. However, there has been a recent
tendency observed in technical and lay publications to deprecate the
effectiveness of commercial sun-protective products. These criticisms
assume that only a broad-spectrum ultraviolet screen in high concentration
is worth considering. This view stems in part from the work on irradia-
tion-induced carcinomas in mice by Blum (1-3) which led to his theory on
the quantitative, irreversible relationship between ultraviolet dose size
and the term of growth and incidence of skin cancers. In addition, the
demonstration of aging effects on the exposed skin of fair-skinned indi-
viduals in areas of high UV incidence by Knox (4) reinforced this belief.
Knox also evaluated a number of commercial sun preparations (5) to deter-
mine their minimal erythemal dose on albino rabbits and concluded that
these preparations were only minimally effective.

* Revlon Research Center, Inc., New York SI, N. Y.
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From a public health point of view, a total barrier, high-concentration
screening product is warranted in selected situations. These include the
fair-skinned person living in tropical or semitropical areas who spends
much time outdoors or even the temperate climate dweller who is chroni-
cally exposed to the sun through occupation, such as a farmer or sailor.
However, not all of us are fair-skinned, or continuously exposed outdoors,
or live in high UV incident areas.

The Revlon Research Center has conducted in vivo tests on both normal
and sensitive-skinned persons in midday Florida sun in the course of
developmental testing of new products. The tests were performed by
exposing the backs of previously unexposed persons to which various test
products had been applied. Variable factors included skin type, exposure
time, sun screen type, sun screen concentration and vehicle type. Im-
mediately after exposure and one day and one week later the degree ot
radiation effects (reddening, blistering, peeling and tanning) was graded
and evaluated, usually by analysis of variance. The results of these tests
showed that products can be properly formulated to permit rapid tanning
without residual significant erythema, blistering or pain after four to six
hours exposure with single applications (6). They also showed that very
fair-skinned subjects require significantly higher concentrations of sun
screen to achieve the same period of protection as individuals with more
heavily pigmented skin. However, where the ability to tan exists, both
types of people desire a product that protects from erythema while allowing
tanning to take place. In fact, tanning is beneficial in that it affords
additional protection. Furthermore, evidence is strong that these tanning
rays, that is, radiation above 320 mu, do not produce epidermal damage
(2, 7-10). It appears rational, therefore, for the market place to exhibit
more than one type of sun-protective product. The important qualifica-
tions should be thorough testing, as described below, to determine safety
and effectiveness and clear, proper directions for use which reflect its in-
tended applications.

I1. Development of Practical Sun Screen Products

A. Concentration of Sun Screen

A primary consideration in formulating suntan products is the concen-
tration of the sun screen compound. Figure 1 presents the ultraviolet
absorption spectra of three typical erythemal range screens: dipropylene
glycol salicylate, glyceryl /»-aminobenzoate and isobutyl salicylcinnamate
at concentrations adjusted for normal tanning. Note that despite the
disparity in their concentrations and in the wavelength of their maximum
absorption they exhibit approximately the same cutoff value, 95-98%
transmission at 320 mju. However, to achieve this high level of transmis-
sion at 320 mu, the absorption in the erythemal range of the salicylate has
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WAVELEMTH (X), m ™

Figure 2.—Ultraviolet absorption spectra of salicylates and cinnamates.

been reduced to much too low alevel. When the concentration is increased
to afford proper erythemal protection, a considerable fraction of the tanning
range (i.e., above 320 m”) will be screened out also, as shown in Fig. la.
One solution would be to combine this screen with another whose ultraviolet
absorption range is lower in the spectrum. One of the first commercial
suntan products utilized a blend of benzyl cinnamate and benzyl salicylate.
Figure 2 shows the desirable effect of combining these two screens to achieve
a proper range of absorption. Incidentally, although undesirable side
effects have been reported for the above mixture, the synthesis of the
cinnamate and salicylate moieties into one large, bulky and physiologically
inert molecule, an alkyl salicylcinnamate (cf. curve 1, Fig. 2), preserves the
advantageous absorption characteristics and eliminates the side effects.
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This may be due to a reduction in percutaneous absorption due to its larger
molecular size. In any case, however, the use of sun screen combinations
to achieve desired screening effects is feasible but insufficiently utilized.

B. Film Thickness

Film thickness on the skin is an important factor in evaluation of product
effectiveness. Concomitantly, variability of the viscosity of the product
at high ambient temperatures, which affects spreadability and film thickness,
should be considered. Figure 3 indicates the difference in results obtained
from two lotions where the only difference was that one product had a
flatter temperature-viscosity curve. It also follows and should be empha-
sized that indoor laboratory testing with UV lamps may erroneously indi-
cate high protectiveness for a product, due to lower temperatures encoun-
tered under these conditions. Clear fluid vehicles and aerosol sprays nor-
mally require markedly higher screen concentrations due to the thinner film
laid down on the skin.

Figure 3.—Effect of viscosity of sun screen vehicle on protectiveness.
Product applied on left has half the viscosity (Brookfield) at 100°F. as prod-
uct applied to right. Viscosities at 70°F. are equal.
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C. Stability of Screening Agent

Another factor to be taken into consideration involves the stability of the
screen to irradiation. It may be converted to a nonabsorbing film, which
requires periodic reapplication, or to a discolored or otherwise deleteriously
altered form. Screens should be carefully evaluated for their safety to
clothing to ensure freedom from staining. Stability of the applied product
film to washing and sweating should be ascertained. Sun screens, being
organic molecules, usually esters, are generally water insoluble. However,
the vehicle may be water soluble or dispersible, which can cause re-emulsifi-
cation of the sun screen. The degree of resistance to washing may be
tested in the laboratory by bilateral applications of the product to the
backs of several subjects followed by the rinsing of one side with measured
quantities of water, followed by the irradiation of both sides to the point
of minimal erythema. If significant differences in erythema are seen, the
product label requires clear warning to reapply after bathing, although
possibly reformulation should be considered. Reformulation may include
addition of a component to inhibit re-emulsification or selection of a differ-
ent emulsifier system, for example, an anionic system instead of a nonionic
type-

Percutaneous absorption of the sun screen is a factor which can rapidly
reduce the protectiveness of a composition. In addition, a high rate of
absorption can enhance any tendency toward physiological sensitization
that may be inherent in certain molecular configurations. This aspect of
sun screen stability is discussed more fully in Part | of this paper (11).

1. T esting of Practical Sun Screen Products

A. Laboratory Testing

Testing for effectiveness starts with UV spectrophotometric evaluation
to determine the absorption range and capacity. These may be expressed
as E-vitons (12), Sun Screen Index (13), or K-value (14), any of which
may be utilized, provided that comparisons are made to the values for a
known standard.

The second stage of testing is normally done on humans and utilizes a
mercury-vapor lamp. The use of the vapor lamp suffers from two dis-
advantages: (1) the temperature differences mentioned previously and
(2) the differences in ultraviolet emission between the mercury spectrum
and actual sunlight. For this reason certain precautions must be taken.
The experiment must be well-controlled in terms of amounts applied,
method of application, and similarity of vehicle, and also in terms of experi-
mental design.

A Latin-square design (15), including sufficient replications, is one
example of experimental design which yields results with good precision.
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Figure 4.—Two subjects on a four-treatment Latin-square sun screen evaluation test in the
process of being scored. The vivid erythema! bands are unprotected areas.

Included in the evaluation should be a standard control, the material to be
evaluated, and two similar compositions with screen concentrations in one
case lower and in the other higher than the test product so as to evaluate
properly the optimal screen concentration. A strip of unprotected skin is
exposed in order to act as an indicator of erythemal dosage. The
day after irradiation a panel of judges independently scores the
degree of residual erythema, using a numerical rating provided before-
hand. The results are totaled, and the optimal formulation picked as either
equal to or better than the standard control, or allowing no erythema, de-
pending on the chosen goal. Rank tests may be used if necessary and
applicable. Figure 4 shows two subjects being scored.

Adequately supervised clinical tests performed under actual sunlight
are the critical phase of the testing program. Here again, a standard con-
trol product should be used, a small area left unprotected as a blank con-
trol, and a recording UV light meter used to record total radiation. The
test and control products are applied equally to left and right sides of the
back. The results are evaluated as described above.

B. Use and Safety Testing

Finally, actual use-testing on large consumer panels is highly desirable to
determine over-all effectiveness, freedom from side-effects, acceptability
of formulation and general consumer acceptance. These use tests are
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necessarily short in duration since suntan products are generally utilized
on week ends and vacations. Because of this, the accumulation of suffi-
cient data may be drawn out over a long period of time due to the sporadic
use pattern.

Tests for safety have been greatly standardized for topical products and
need not be described in detail here. There are special tests which apply
to sun-protective products specifically which are worth mentioning. Since
suntan oils and creams are often utilized to soothe sunburned skin in con-
trast to their intended use, it is well to patch test them on skin purposely
injured by irradiation. Also, since adventitious contact with the eye is
quite probable for a number of obvious reasons, actual voluntary applica-
tions to the eye, after satisfactory results have been obtained on a Draize-
type eye irritation study (16), is a recommended procedure. Finally, it is
an advisable procedure to expose test subjects, with product properly ap-
plied, to irradiation past the minimal erythemal dose in order to uncover
possible irritants resulting from the actinic decomposition of the product
and in order to observe the effects of these irritants on damaged skin.
Needless to say, this test should be applied to laboratory animals first.

IV. Conclusions

To summarize, sun-protective products with different degrees of protec-
tiveness are both necessary and desirable for the consumer market. The
tendency to deprecation of tanning products which screen out erythemal
radiation only is not justified when these products are adequately formu-
lated. However, because effectiveness and safety in use are so intimately
connected in the area of sun-protective products, evaluation of both of these
factors is equally important. Testing should be systematic, well-controlled
and accurate. The results should be properly evaluated, generally by-
using statistical methods.

Since laboratory conditions may not be easily arranged to duplicate use
conditions, (e.g., mercury vapor lamp and natural sunlight) actual field
testing must be utilized finally to determine the product’s utility as a sun-
protective composition. Label copy should indicate clearly the skin type
for which the product is intended, the directions for use, duration of pro-
tection and contraindication. In this connection, it should be mentioned
that even minor changes in vehicle composition call for re-evaluation of
effectiveness due to the effects these changes may have on film thickness,
water dispersibility and other factors.

It is probable that formulation of sun-protective products will continue
to become more specific, with products designed not only to satisfy- differ-
ent skin type needs but other considerations as well. These might include
products for short-term or prolonged or continuous exposure, complete
protection for the unfortunate individual suffering from serious local or
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systemic disease aggravated by sunlight, and customary cosmetics with
ultraviolet screening as a secondary property. In any case, the use of sun-
protective products should become as universal as shaving for men or the
use of lipstick by women. For this growth to occur, to the benefit of the
consumer and manufacturer alike, the formulation and testing of sun-
protective items must continue to become more scientific and critical in the
future.

(Received August 2, 1963)
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Abstract

The morphology and distribution of the two different types of sweat glands in
the skin of man are described. Differences between eccrine and apocrine sweat
glands are discussed in terms of their function, anatomy, histochemistry and se-
cretion.

Introduction

Man sweats readily and profusely. Sweating is, in fact, one of
man’s most characteristic biological attributes.

Even those who receive much of their education from television commer-
cials know that we have two types of sweating apparatuses. The two
types of sweat glands, eccrine and apocrine, were clearly recognized and
named only in 1922 by Schiefferdecker, who pointed out that most other
mammals have apocrine sweat glands over their body and have eccrine
sweat glands restricted to specialized areas. In the members of the order
Primates, to which man, the “monkeys” and the apes belong, apocrine
glands gradually disappear from the skin of successively higher forms at
the same time that eccrine sweat glands take their place. The replacement
is almost complete in man, in whom apocrine sweat glands are largely
rudimentary or absent over the larger surface of the body. Apocrine glands
abound only in the external auditory meatus, the axilla, the periumbilical
area, the anogenital skin and the nipples of the female breast (Fig. 1).
A few may be found almost anywhere on the body. Since most other
mammals have only apocrine sweat glands over the body surface, and the
more advanced Primates have both apocrine and eccrine glands, it is
appealing to think that apocrine glands are most ancient phylogenetically
and more primitive than the eccrine sweat glands. If this is correct, the
apocrine sweat glands of man are relics of a primitive organ system. Lest

* This work was supported in part by grants from Colgate-Palmolive Co., Chesebrough-
Pond’s, Inc. and Revlon, Inc.
t Oregon Regional Primate Research Center, Beaverton, Ore.
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one be swept away by this attractive idea, let him reflect that the duck-
billed platypus, the most primitive living mammal, and the tree shrew,
the most primitive Primate, both have highly differentiated eccrine and
apocrine sweat glands. One cannot assume, therefore, that the organs of
extant animals can give us enough information on the phylogenetic history
of these organs to allow us to reconstruct their evolutionary path. Similar
organs can develop independently in different orders of mammals.

The Eccrine Sweat G lands

Although present in limited numbers in the skin of other mammals
and in great numbers in some of the more advanced nonhuman Primates,
no other animal has as many eccrine sweat glands over the entire body sur-
face as has man, and in no other animal are the glands as highly functional.
Man has two to three million eccrine sweat glands over his body surfaces.
There are more in some regions than in others,
and some individuals have more glands than
others. On the face, for example, there are
twice as many as on the leg, and on the trunk
there is an intermediate number (1). Both
sexes have about the same number of glands.
In a survey of the skin of the fetus, the child
and adult, one finds a gradual reduction in the
number of glands per unit area of skin as the
individual attains full size and maturity. This
reduction is brought about by the expanding
body surface which spaces the glands farther
apart, their total number remaining the same.

The glands appear first in fetuses, three to
three and a half months old, only on the volar
surfaces of the hands and feet (Fig. 2). None
develop elsewhere at this time. The recogniz-
able anatomical details of these glands develop-
slowly, extending over a period of several weeks.
Glands do not differentiate on the hairy surfaces
until five to five and a half months, usually
grouped in characteristic patterns around hair
follicles. When these begin to develop, the
hair follicles and their sebaceous glands are al-
ready completely differentiated and functional.
In the scalp, the follicles have already gone through one complete cycle of
growth at the time that sweat glands appear. The glands develop dys-
chronously; they are seen first in the axilla before they appear anywhere

of apocrine sweat glands
the human body.
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Figure 2.—Eccrine sweat glands developing on the volar surface of a finger in an
embryo 3V2months old. Treated to demonstrate phosphorylase activity.

else. Thus, in the same fetus, glands can be histologically differentiated in
one area and undeveloped in another.

It would seem permissible here to speculate upon the possible meaning
of this dyschrony of events in terms of function. Since the glands on the
friction surfaces and some of those in the axilla develop before those on the
hairy surfaces, and these respond primarily to psychogenic stimulations,
whereas those on the hairy surface respond to thermal stimulations, per-
haps eccrine sweat glands should be divided into two groups. This is
in agreement with Kuno (2). The glands in the palms and soles and those
of the axilla may be the more ancient, and those in the hairy skin may be
more recent organs. |If this should be correct, the response to psychogenic
stimuli would be the original function of eccrine sweat glands, mostly to
maintain the friction surfaces moist, thus enhancing tactile sensibility
and grip. The glands elsewhere on the body, having arrived later, could
be just learning the new function of responding to thermal stimulation.

The two types of glands are also different anatomically. The diameter
of the duct of the glands on the palms, soles and axilla is less than one-half
of the diameter of the secretory segment. In contrast, the diameter of the
ducts of the glands in the hairy skin is roughly the same as that of the
secretory coil. All other details are similar.

The general anatomy, histology and histochemistry of sweat glands are
well known; only some of them will be discussed briefly. A detailed ac-
count of these is found in a recent monograph (3).

Eccrine sweat glands are simple tubes that extend from the epidermis
to midway in the dermis or deeper. Each gland has an irregularly coiled
basal segment, a straight segment that extends from the coil to the epi-
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Figure 3.— Diagrams showing an eccrine sweat gland on the right, and an apocrine
sweat gland with the duct emptying into a pilary canal on the left. The arrow
indicates the transition from secretory segment to duct.



THE ANATOMIY CF SWEAT GLANDS 5

Figure 4.—Section through an intact, so-called “ epidermal sweat
duct unit” from the axilla. The duct outlines a cone; the lumen,
which has been cut several times, becomes progressively larger as it
approaches the surface of the skin.

dermis, and a terminal spiral segment that is encased within the epidermis,
“the epidermal sweat duct unit.” About one-third of the basal coil con-
sists of duct and two-thirds of it secretory segment (Fig. 3). The duct,
then, comprises the greater part of the total gland (Fig. 4).

The secretory epithelium consists of two types of cells: smaller ones
crowded toward the luminal border which stain with basic dyes, the “dark
cells,” and larger ones toward the base of the tubule which stain poorly
with basic dyes, the “clear cells” (Fig. 5). The cytoplasm of the dark
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Figure 5.—Section through an eccrine sweat gland, stained with toluidine blue
to show the “clear” and “dark” cells.

cells abounds in ribonucleic acid and mucopolysaccharides, both of which
stain avidly with basic dyes; that of the clear cells contains small amounts
of these substances. Clear and dark cells, but mostly the clear cells, con-
tain variable amounts of glycogen. When the glands are overworked, the
glycogen usually, but not always, disappears (4). Between the secretory
cells and the basement membrane is a layer of myoepithelial cells, which fit
together loosely like the staves of a barrel. These cells, though believed to
contract to aid the expulsion of sweat, are really a cellular skeleton that
gives support to the friable tubule and prevents it from collapsing.

Eccrine sweat glands are lively biological entities. A large list of en-
zymes have been localized in them, in the ducts as well as in the secretory
portion. Among these are cytochrome oxidase, succinic dehydrogenase,
MAO, beta glucuronidase, amino peptidases, amylophosphorylases and
others (3). Alkaline phosphatase is precisely localized in delicate canaliculi
between the clear cells. Studies with the electron microscope confirm the
presence of these canaliculi; their structure suggests that they are secretory
surfaces. Sweat from the clear cells, therefore, passes into the lumen by
way of these canaliculi.

The secretory segment is encircled by many nonmyelinated nerves which
contain cholinesterase (Fig. 7). The predictable presence of these nerves
is one of the distinctive features of the eccrine sweat glands. The entire
gland is abundantly supplied with blood vessels. This vascular network,
precise in the skin of children, becomes less so in that of the adult, in which
the vessels anastomose with the other vessels nearby.
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The anatomical features of the duct are so different from those of the
secretory coil that the transition from one to the other is abrupt. The
duct consists of two or three layers of cuboidal cells. The luminal cells
have a variably keratinized hyalin, or cuticular border, which gives the
structure enough rigidity to prevent it from collapsing when the skin is
compressed (Fig. 6) (5). The terminal segment of the duct, inside the
epidermis, follows a helical path. The majority of these helices have a
right-handed coiling which Takagi (6) regards as normal (Fig. 4). The
coils of the spiral become progressively larger as they ascend to the surface
of the skin, outlining a conical pattern; the lumen also becomes increasingly
wider as it nears the orifice. Structurally well delineated upon the fric-

Figure 6.—Transverse section through that
portion of the duct where it joins the epidermis: the
clearly differentiated cuticular border has great
concentrations of disulfide groups.

tion surfaces, the orifices of the glands in the hairy skin are less clear.
On the hairy skin, the glands open to the surface at such a steep angle that
the stratum corneum of the epidermis acts as a sort of operculum which
often masks the slit-like pore.

There has been much unnecessary controversy about the possible role
of the duct in sweating. Omitting all details, which those interested may
find elsewhere (3), it is moderately certain that the duct is more than a
passive conduit for sweat, and perhaps it functions in the selective reab-
sorption of water and other substances from the sweat.

The Apocrine Sweat G lands
For fuller information on the structure, physiology and pharmacology
of apocrine sweat glands, the reader is referred to Hurley and Shelley (7),
Montagna (8) and Aoki (9).
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The diversity in structure of these glands, even in the same field, is so
great that a generalized description defies accuracy. Differences occur at
gross and microscopic levels. In the axilla, the glands display great di-
versity in shape, size and numbers. The focal point of glandular develop-
ment is the center of the axillary vault, where nearly every hair is as-
sociated with one very large gland. The glands become progressively
smaller and sparser toward the periphery of the axillary organ. In the
vault of the axilla, variably dilated glands form a solid mass (Fig. 8),
crowded into the lower dermis and hypodermal fat. The nests of adjacent
secretory tubules of each glandular unit, though well defined elsewhere,
are so jammed together here that they often encroach upon each other’s

Figure 7.— Coils of an eccrine sweat gland surrounded by nerves.

territory (Fig. 4). Great diversity occurs in the over-all size of the tubules
(Fig. 10). Adjacent tubules of individual units fuse together, forming
sponge-like mazes of interconnecting channels. A single, uninterrupted
canal, such as that found in the eccrine sweat glands, is no longer present.
Any one nest of tubules, representing a single gland, may have portions
blocked off, which may be cystic and dilated, while other portions may be
structurally unaffected. Differences occur in the outer diameter of the
tubules and the glandular tissue often appears cavernous. Some segments,
blown up like balloons, are thin walled, whereas adjacent ones may be
only a fraction of their diameter and thick walled (Fig. 10). An emphasis
upon the varieties of size and form, however, should not allow one to forget
that many glandular units are uniformly of one type or another.
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Figure 8.—Beads of eccrine sweat on the axilla of a young man exposed to
a hot environment. (Courtesy of the Colgate-Palmolive Co.)

It is difficult to give a description of the cytological details of an organ
which is characterized by such vagaries in structure. All of the secretory
cells, however, are of one sort. Yet, the structural expression of this
one type of cells is limitless. In the axilla of young adults, the majority of
the tubules are lined with columnar or cuboidal cells. Most cells, regard-
less of size, contain numerous pigmented granules in their cytoplasm, but
some do not. Some tubules, whether dilated or not, are lined with very

flat squamous cells. The lumen of some such tubules is full of still-intact,
cast-off epithelial cells.



60 JOURNAL COF THE SCCIETY CF COAVETIC GHEMISTS

It is meaningless to emphasize that the glands secrete strictly by an
apocrine or merocrine process. It seems to me that these glands are
either confused or highly versatile; even though they secrete primarily
by a merocrine process, like the eccrine glands, they can also function as
holocrine glands.

The pooled secretion inside the various tubules in any one specimen has
different histological properties. It may be clear, cloudy, flocculent, and
it may contain casts of whole cells particulate. The secretion may be
acidophilic, basophilic or chromophobic. It may stain metachromatically
or orthochromatically with thiazine dyes, it may be PAS-positive, and it
may even contain some glycogen, or it may have none of these properties.
Such an array of discrepancies suggests that the chemical properties of
the secretion may also differ in different glands, or that the properties
change as the secretion ages within the tubules.

The glands develop in the five and a half month-old fetus, remain small
through infancy and childhood, and gradually become functional in the late
preadolescent years. They attain full development in young adults and
begin to decline very gradually in middle age (10). The decline, more
pronounced in women than in men, is not sudden, and structurally normal
glands may be found even in old individuals. Since axillary odor is feeble
or nonexistent in old people, either the glands have ceased to secrete, in
spite of structural integrity, or the substance which they secrete does not
produce asignificant odor when it decomposes.
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Figure 10.—Two apocrine sweat glands showing great differences in the
height of the secretory epithelium.

Figure 11.—Apocrine sweat glands (counterstained lightly by paracar-
mine) surrounded by a few coarse nerves which contain acetylcholinesterase.
From the axillaof aNegro.
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Too little attention has been given to the differences of apocrine glands
in the two sexes and in different ethnic groups. Casual statements that
the glands are better developed and more numerous in women than in
men (11) and in Negroes than in Caucasians have little meaning until we
have more information. Some significant differences have just been found,;
the glands of Negroes, for example, always have some nerves around them
that contain cholinesterase (Fig. 11), but those of Caucasians rarely do
(12). Other differences no doubt exist.

Summary

Eccrine and apocrine sweat glands are structurally very different and
probably have different evolutionary history. At least in man, eccrine
sweat glands serve only as thermoregulatory mechanisms, whereas apocrine
glands are effectively scent glands, which must have served some social
function when man was not so scrupulously fastidious as he is today.
Although much has been made of the differences in physiological and
pharmacological properties between the two types of glands, it is evident
that each responds to both adrenergic and cholinergic stimulations. We
now have impressive amounts of information on the structure of these
glands, but we have just begun to correlate these data with the fragmentary
and often discordant information gathered by the physiologists.

(Received July 8, 1963)
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BOOK REVIEWS

Electron M icroscopy of Skin
and Mucous M embrane, by Alvin
S. Zelicson. Charles C Thomas,

Springfield, 111 1963. 173 pages,
illustrated and indexed. Price
38.50.

Intended as a primer for the active
student in dermatology, this mono-
graph covers a large area in a rather
concise manner. Although prob-
ably too brief to be used according
to the jacket claim (“a text for the
clinical dermatologist”), the cos-
metic chemist will find it a very use-
ful summary of current knowledge
of the ultrastructure of the skin.

The references are up to date
(1962) and quite sufficient for the
author’s purpose. The illustrative
photomicrographs are numerous and
well chosen but often not reproduced
sharply. This is unfortunate, espe-
cially to those of us who have had
the pleasure of seeing the originals
when they were published by such
master craftsmen as Isser Brody
and Cecily Selby in J. Invest.
Dermatol, and J. Ultrastruct. Res.

The opening chapter is a 15 page
essay by J. Francis Hartman on the
electron microscope itself and tech-
niques of specimen preparation.
Following this is a general chapter
on ultrastructure features of the
cell; references to this chapter are
extensive and are themselves divided
into groupings such as The Nuclear
Membrane, Mitochondria, Golgi
Complex, etc. Next are three chap-
ters on the epidermis and the kerati-
nization process, followed by one on
melanocytes and the melanin gran-
ule, subjects of personal interest to
Zelicson. The final portion of the
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book is concerned with cutaneous
appendages (sweat and sebaceous
glands, hair), connective tissue and
blood cells.

The book is very well organized

and lucidly written. The interested
cosmetic chemist, even though hav-
ing relatively little special knowl-
edge of this field, will find the text
easy to follow and well worth doing
so. It makes an excellent desk
reference for quick checking of rela-
tively unfamiliar terms and con-
cepts encountered in biochemical
and dermatological  journals.—
Robert L. Gortdemberg— Shulton,
Inc.
The Hair and Scalp, by Agnes
Savill and Clara Warren. Williams
and Wilkins Co. Baltimore, Md.
1962. 326 pages, illustrated and
indexed. Price 38.75.

This book is written by a derma-
tologist primarily for dermatolo-
gists; nevertheless, it touches on
material with which chemists, phy-
siologists and others specializing in
the science of human hair should be
familiar. “Hair and Scalp” by
Saville has undergone numerous
changes since its first edition. This
latest, fifth, edition still contains
essentially the material of the earlier
editions; in addition, many sections
have been up-dated with new infor-
mation.

The major part of this book is
concerned with all disease entities
which may, from time to time, in-
vade or affect the hair or the scalp.
It is thus not only about healthy and
normal hair but also concerned with
diseases of the hirsute areas of the
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head. Of particular interest to
cosmetic chemists are, of course,

the earlier chapters covering the
structure, physiology, physics and
care of the hair. It is unfortunate
to find that in a book printed in
1962 no effort has been made to
include references to the recent work
of Mercer, Matoltsy, Zelicson and
many other brilliant students ot
skin and hair. The reviewer con-
siders these omissions most unfor-
tunate because the work of these
scientists will influence the course of
future hair research for many years.
It is refreshing, therefore, to find
that Professor Astbury’s chapter on
the Molecular Structure and Elastic
Properties of Hair has been almost
completely rewritten since the fourth
edition. This is in marked con-
trast to most other sections of the
book, which received only minor
revisions.

The sections devoted to perma-
nent waving, artificial curling and
hair dyeing are basically sound but
full of minor errors and misconcep-
tions. The emphasis on old fash-
ioned singeing of hair is also sur-
prising since the author states, cor-
rectly, “ I can find no scientific proof
of the value of this procedure.” It
is interesting to note that Dr.
Saville agrees with the supposition
that pityriasis simplex is the result of
pityrosporum ovale infection. It is
also surprising to find that, in a
book of generally high scientific
caliber, data on the tensile strength
of hair by Leftwich (published in
1901) should be included along with
similar inconclusive and amateurish
data by the author.

The chapters concerned with the
description, diagnosis, and therapy
of various diseases of the scalp
should have been brought up-to-
date. Treatment of impetigo with
neomycin is not mentioned; dan-
druff therapy with selenium sulfide
isomitted.
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This book suffers from the defect
of wishing to be too many things to
all readers. As a result, it is not
valuable as a source book to the
historian nor as a complete text for
the chemist or physiologist, not ade-
quate as a reference volume to the
dermatologist, and not readable for
the beautician or beauty operator
(at whom a large portion of this book
is directed).

The worst feature of this book is
the unwillingness of the authors to
separate clearly fact from fancy.
Thus, the uninitiated is confronted
with a babel of conflicting, contra-
dictory and sometimes even errone-
ous statements. Only the knowl-
edgeable expert is not confused by
reading this book, and he might
just as well save himself the trouble.
— M. M. Rieger, Warner-Lambert
Research Institute

Biological R esearch M ethod—-
An Introductory Guide, by H. H.
Holman. Hafner Publishing Co.,
New York 3, New York. 1962.
262 pages. Price $5.75.

In these days of scientific empha-
sis, many a research beginner starts
his work without adequate instruc-
tion in the fundamentals of experi-
mental design. Usually the neo-
phyte is tossed midstream into the
laboratory current, and a consider-
able period of time has to be devoted
to mastering the intricacies of good
experimentation. All  too fre-
quently, however, appropriate plan-
ning techniques are not learned, and
the result is a poorly executed exper-
iment and worthless data. Dr.
Holman has prepared a remedy for
this major problem in an excel-
lently written book that can best be
described as a primer on experi-
mental methods.

The author emphasizes statistical
design and analysis of experiments.
He also discusses in great detail the
variables and considerations in-
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volved in planning a biological ex-
periment. Although the book is
slanted toward agricultural experi-
mentation, many of the topics are of
general interest. The presentation
of correlation and regression analy-
sis, tests for homogeneity and good-
ness of fit, and the presentation of
nonparametric methods serve as
good introductions to these subjects.
Such topics as selection of test ani-
mals, report writing, and proper
presentation of data are also
covered. References are numerous
throughout, and both British and
American sources are given.

The book, which could more ap-
propriately be titled “Statistics
Applied to Agricultural Experimen-
tation,” is written in a fresh and
lucid style; and the reader should
readily be able to transpose the sug-
gested methods to his own field of
interest. Dr. Holman’'s sense of
humor isevident throughout. Typi-
cal is the quotation from Eisenhart
and Wilson: “It has been alleged
that certain people use statistics as a
drunk does a lamp post— more for
support than for illumination.”

This volume should prove useful
to young scientists at large, includ-
ing those in the cosmetic industry
who are just beginning to plan their
own experiments.—J. F. Douglas
and H. Breuer, Carter Products,
Inc.

T opics in Organic Chemistry by
Louis F. Fieser and Mary Fieser.

Reinhold Publishing Corp., New
York, X. Y. 1963. 668 pages,
indexed. Price $10.00.

This, the latest of the Fiesers’

texts on organic chemistry, is un-
mistakably a continuation of their
earlier volume, Advanced Organic
Chemistry (Reinhold, 1961). The
first portion of Topics consists of
nine chapters covering such diverse
topics as Polynuclear Hydrocarbons,
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Alkaloids, Terpenoids and Dyes.
Although the chapter headings in
Advanced Organic Chemistry were
clearly of a chemical nature, this
distinction unfortunately could not
be followed in Topics. Thus, chap-
ters on Vitamins, Chemotherapy
and Synthetic Polymers cover differ-
ent and chemically unrelated sub-
jects under the umbrella of headings
drawn from disciplines other than
organic chemistry. Despite this
arrangement, which is used in almost
all textbooks of organic chemistry,
each chapter in Topics is readable
and an excellent introduction to the
chemistry of a wide variety of sub-
stances.

The chapter on Steroids, which is
primarily descriptive, would have
been strengthened by inclusion of a
discussion of the stereochemistry of
sterols. Similarly, the absence of
physico-chemical material in the
chapter on Synthetic Polymers
seems unfortunate to this reviewer.

About 200 pages of this book are
devoted to supplements to Advanced
Organic Chemistry. This unique
section contains several hundred en-
tries covering literature published
during 1961 and 1962 which the
Fiesers believe worthy of addition to
their earlier text. The selection ap-
pears to be excellent, and a glance
through these pages, coupled with an
occasional referral to Advanced
Organic Chemistry, will be of value to
all with an interest in organic chem-
istry. For example, if recent infor-
mation on R and S specification of
configurations, twistane, or compo-
nents of royal jelly is of interest, a
look into this section of Topics will
prove helpful.

The style of Topics is lucid, and
the structural formulas are neatly
printed and carefully identified.
Although essentially a textbook,
Topics will prove to be a valuable
and often-consulted reference for
chemists who have been out of
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school tor some time—M. M.
Rieger, Warner-Lambert Research
Institute.

Aids to the Ovrganic
Chemist by M. St. C. Flett.
Elsevier Publishing Co., Amsterdam,
New York. 1962. 388 pages, illus-
trated and indexed. Price $9.00.

Physical

This excellent book is intended to
serve as an introduction to the field
of instrumentation for the Organic
Chemist. The book describes a
number of well-known physical aids
in sufficient detail to enable an
Organic Chemist to decide whether
they are applicable to his problems.

The scope of the book is best indi-
cated by the titles of the chapters:
Introduction, Chromatographic
Separation, Gas-Liquid Chromatog-
raphy, Zone Refining, Electronic
Absorption Spectroscopy, Infra-Red
Spectroscopy, Electron Spin Reso-
nance Spectroscopy, Nuclear Spin

Resonance Spectroscopy, Mass
Spectrometry and X-Ray Crystal-
lography.

The book is extremely well organ-
ized, the initial chapters dealing with
the separation and purification of
samples and the final six chapters
with identification and structure
diagnosis.

Each chapter has an introduction

to the subject, a simplified discus-
sion of the theory involved, a gen-
eral description of each method and
the technique and instrumentation
involved; finally, stress is placed on
the many applications and uses of
the instruments.

The author demonstrates with
many examples, tables and charts
how the various physical aids can

be wuseful in studying chemical
structure, molecular shapes, bond
energies, tautomerism, isomerism,

complex formation, steric hindrance,
hydrogen bonding, reaction rates,
thermodynamic quantities, molec-
ular weights, free radicals, impuri-
ties and other information of impor-
tance to the Organic Chemist.

Each chapter is well documented
with an adequate list of references,
which include original papers and a
special bibliography of books on the
subject. The type is large and clear,
and the author’s style of presenta-
tion is interesting and readable.
The book has 109 figures and 38
tables. It is also provided with a
subject index.

In summary, the book is an excel-
lent review of the different instru-
mental techniques which can be
utilized by the Organic Chemist
to solve his problems and should be
a valuable addition to his library.—m
S. R. K raus, Bristol-Myers
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confidential service
and effects with aromatic materials . . .

your laboratroy for fragrance development

A

for

new

Selecting exactly the right fragrance for your
product requires great care. Since even the
smallest difference in the chemical composi-
tion can affect the product, all materials used
must be completely compatible.

Our specialists at Verley have spent many
years studying fragrance . . . experimenting
with basic materials exploring new
processes . . . searching for better methods.
Their goal: to scientifically create harmonious
aromatic blends with stability completely
compatible with the materials with which
they are used.
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Before the scientifically compatible fragrance
is added to your product, it undergoes exten-
sive consumer and laboratory tests to be sure
that it is perfectly suited to the product
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pands its horizons.
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ideas

check with your man from Verley
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GLYCOMULSE*
GLYCOSPERSES

... emulsifiers and solubilizers in
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, .. “for superior emulsion stability For a guarantee of

higher quality”. ..
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, your products.
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WORLD OF FRAGRANCE!

THROUGH TIRELESS RESEARCH,
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Stability
Is child’s play forVEEGUM

From finger paints to cold cream, from
pastel crayons to eye shadow, whatever
the product. .. Veegum will help retard
the settling of pigments. Will impart
body. Will stabilize emulsions.

Veegum, highly refined magnesium
aluminum silicate, functions as a hydro-
philic colloid. Easily dispersed in water,
without soaking, Veegum is also a binder,
disintegrator, film former and organic
gum modifier.

In fact, name a pharmaceutical, cos-
metic or industrial formulation problem
and one or more grades of Veegum can
probably help you resolve it.

Worried about odor, taste, toxicity?
Veegum is odorless, tasteless, non-toxic!

For samples and more information
about the Veegum family of products, fill
out the coupon below, attach it to your
letterhead, and return it to us.

R.T. VANDERBILT COMPANY, INC.
Specialties Dept., 230 Park Ave, N.Y. 17.N.Y.

Please send information on VEEGUM for use in
the following products:

| would also like a sample of the VEEGUM grade
best suited for the product(s) indicated above.O
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TITLE

M-4-F
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emulsions,
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Non+ionic Surfactants PRIMARY
S . IRRITANTS
Solubilizers & Emulsifiers
NOR
SECONDARY
ALLERGENS

POLYCHOLS —ore reaction products of
ethylene oxide and distilled lanolin
alcohols. The five grades, available (5 10
1B D& Dnois EO) are all

practically 10D/, active solid meterials,
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pleasant clean odor.

SOLAN —reaction product of

polyoxyethylene and pharmecedtical
lanolin USP. (water and alcohol-soluble).

Write for free samples C r 0 d a.

New York

and brochures London, Englond

CRODA, Inc. 15 East 26th Street New York 10, N. Y. MU 3-3089

Subsidiary: Hummel Lanolin Corp., 185 Foundry Street, Newark 5, N. J.
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SIX MORE YEARS OF RESEARCH
DEVELOPS 14 NEW CHEMODERMS
TO COMPLEMENT THE ORIGINAL 10

Chemoderms® are reproducible perfume compositions for use in cos-
metics and pharmaceuticals where human dermatological safety is of prime
concern.

Now 12 years of experience with the original 10 Chemoderms is supported
by a 6 year study of 14 new Chemoderms—new odors—tested in cosmetics—
consumer fragrance tested—and backed by new protocols of investigation.

Public documentation of these data in medical journals provides dissemina-
tion for critical review by physicians, dermatologists and scientists.

Careful manufacturing control is the important key to meaningful pharmaco-
logical, physiological, dermatological “human use studies.”

Chemoderms are a series of perfumes of low skin sensitizing index by these

tests.
Acute Eye Application—A lbino Rabbits

Each Chemoderm was tested in the rabbit eyes according to Draize, J.H .(5).
Results: No eye responses of any consequence were produced. (11)

Skin Sensitization Studies—A Ibino Guinea Pigs

A modified technique was used, Landsteiner, Jacobs (6), Draize, Woodward,
and Calverv (7). Results: Unmistakable sensitization was not produced by any
material tested. Possible sensitization was noted in three of six positive control
animals, using known skin sensitizer. (11)

T issue Culture Studies, in Vitro

Using human conjunctival cells (Chang) and primary explants of chick heart
fibroblasts, cytotoxic studies were conducted. Results: The Chemoderms studied
were tolerated at considerably higher concentrations than mercuric chloride and
on acomparative tolerance level to that of oil of peppermint. (11) (12)

Human Skin Photosensitization

Photodynamic Chemoderm studies were conducted using natural sunlight
intensity 514.5 gram calories per square c.m. Challenge tests were conducted on
the same skin site 3 weeks after initial exposure. Results: Chemoderms did not
produce evidence of inflammation and/or pigmentation on either initial or
challenge application. The control material produced inflammation and pig-
mentation. (11) (13)

R epeated Insult Patch T esting—Humans
Using 4 times the normal perfume level in cosmetics; procedures (Draize-
Shelanski) Lehman, A. J., (8) and with patch modification (3). Results: No
Chemoderm produced primary irritation, skin fatigue, or skin sensitization. (11)

Use Patch T est—Humans

Chemoderms were put in 6 nationally known and widely used cosmetics; cold
cream, dry skin cream, hand lotion, four shades of lipstick, powder and make-up.
Several hundred women under medical and dermatological supervision used the
six cosmetics for three weeks. Fifteen days later they were challenge patch
tested. Procedures: (11) (Traub-Tusing-Spoor) (9) Schwartz and Peck (10).
Results: Initial and challenge patches revealed no evidence of primary irritation
or skin sensitization. It is concluded that these substances can be considered safe
for general use in consumer products. (11)
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Choose a Consumer Acceptable Fragrance with Scientific Precision

T wenty-four Chemoderms with awide range of consumer tested odor nuances
to meet your every cosmetic product need. None are primary irritants or sensi-
tizers. Worldwide use in hundreds of consumer products with millions of “in-
use” exposures amply support the clinical investigations. Chemoderms are per-
fume compositions of extraordinary dermatological safety. Published data in
leading medical and scientific journals provides you ample proof of the most
modern investigations.

These proofs are yours when a Chemoderm is in your product.

(€]
()
(3)

(4)
(5)

(6)
€))

(8
(9)
(10)
(11)
(12)

(13)
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NOW YOU CAN CHOOSE A FRAGRANCE WITH SCIENTIFIC PRECISION

Chemoderm . Odor Description . Chemoderm ® Odor Description
981 Floral blend, Lily 989 Classic fresh, flowery,
982 Floral blend, rosy aldehydic and powdery
983 Red roses blend
984  Mossy, woody, citrusy, 990 Woody, flowery,

Fougere and powdery notes
985 Floral blend, Honeysuckle 991 Floral, hyacinth
986 Rosy floral 992 Smart, woody, mossy,
987 Floral, lilac fresh flowery, citrus
988 Modern, woody, mossy, 993 Lily of the valley
rosy and aldehydic blend 994  Rosy floral

You are welcome to suitable quantities for study in your own products.
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The many facets

of perfumery...

demand the broad scope in fragrance
creation which is based on experience,
technical knowledge and an understand-
ing of consumer fragrance preferences.
Fritzsche brings these qualities to the
problems involved in the selection of
fragrances.

Your inquiry will bring prompt service.

HE I
B FRO T FR S, I N C.

T6 NINTH AVENUE, NEW YORK 11, N.Y.
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COSMETICS

SPECIALISTS TO THE
PRIVATE LABEL TRADE

Formulating

* Manufacturing
Styling

* Packaging

Our experienced staff offers a com-
plete service for Distributors in

the Atlantic and Central States.

COSMETIC LABORATORIES, INCORPORATED

2272 East Jefferson Avenue Detroit 7, Michigan
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The Alcolans are first choice

i among absorption bases t

because

they are a series of highly emollient,
nonsensitizing emulsifiers whose active
components are derived from pure lanolin.
Lustrous white, stable emulsions result from
the simple addition of water. Consistency
adjustable to almost any degree desired
between liquid and solid by modifying
water to base ratio.

For complete data request Product Bulletin 33.

ROBINSON WAGNER CO.f Inc.
Leadrsin Landiin Ressarch Devdlqamet
6BVdalyAae Mnaoek NY



P. ROBERTET'S

LOCAL MANUFACTURING FACILITIES

throughout the world...

« JAPAN

« TURKEY

« FRANCE

« UNITED STATES

« ARGENTINA

« BRAZIL

... assure you of

QUALITY, CAPACITY
and UNIFORMITY

MANUFACTURING PERFUME OILS FOR:

« Toiletries
* Spray-on Liquid

Window Cleaners

* Floor Waxes

P.

* Rug Shampoos
« Dry Cleaning Soaps

ROBERTET,

Soaps

Floor and Wall Cleansers
Laundry Detergents
Insecticides

Glass Wax and Cleaners
Waterless Hand Cleaners

Inc.

* Cosmetics

« Dishwashing Detergents

« Kitchen Abrasive Cleaners
« Aerosols

« Detergents

* Polishes

221 Park Avenue South =New York 3 «ORegon 3-7585



Refined and sun-bleached from the
world's finest Crude Beeswaxes,

BEEHIVE BRAND BEESWAX

undergoes rigorous chemical and
physical tests to assure:

1 Uniform Purity
2. Uniform Texture

3. Uniform Whiteness
Behind it is the reputation and integrity of
a concern with more than a century of experi-
ence in blending beeswax formulae to special
requirements. The guaranteed purity and uni-
form texture and whiteness of Beehive Brand
Beeswax will simplify your laboratory work

and assure more saleable quality in your
finished products.

WILL & BAUMER Candle Co., Inc., Dept. JSC, Syracuse, N. Y.

Consultation Service

« The experimental data and practical manufacturing

experience of more than 100 years’ specialization in
beeswax and beeswax compounds are at your service
without cost or obligation.

Write us about your beeswax problems.

NEW YORK 10 BOSTON 9
300 Park Ave. So. 71 Broad St.

CHICAGO 6 LOS ANGELES 15
162 N. Franklin St. 952-4 S. Flower St.

;to cQ+o
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