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IN HEALTH AND DISEASE
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INTRODUCTION

thm recent years, there has been a rapidly mcreasing store
of information concerning the physiology and pathology of the
cutaneous appendages of man However, one of these appendages,
viz, the apocrine sweat gland, has received considerably less
attention than have the others While the eccrine sweat glands
are found over almost the entre skin surface, the apotrine sweat
glands are himited to certain well-defined areas, such as the axlla,
anogemital region, the mammary areola, the ear canal (ceru-
minous glands) and the eyehid (glands of Moll) The restriction
of the apocrine glands to such sites parallels the regression of
terminal body hair and 1s believed to represent an evolutionary
change In lower forms, such as the horse and dog apocrine
glands associated with body bair are found over almost the entire
cutancous surface Because of the special localization of the
apocring glands 1n man, plus the fact that they have been regarded
as atavistic organs hittle effort was made to examne them in greater
detai}

One of the first descriptions of the “large sweat glands” of the
awlla was made by Professor Horner of the Department of Anat-
omy, of the Umversity of Pennsylvama, in 1846 (1) Later
descriptions by Krause (3) and by Rolin (2), who described
these glands 1n the nguinal region and pornted out that they were
wisible grossly, were noteworthy Heynold {(4) described the
apocrine ghinds of the ear canal in detail, i 1876 The first
mention of the nature of apocrine sweat was made 1n 1852 by
von Kolliher (5)  He deseribed 1t as “whitish-yellow, tolerably-
visad™ matter a rather accurate description in light of our present
Anowledge  One 1s unable to find any additonal information of

3



4 Tke Human Sweat Gland 1n Health and Disease

significance regarding the secretion of the apocrine sweat glands
up to the present day

Other 1solated reports on the apocrine sweat gland appeared
prior to and after the turn of the century However, 1t was not
unul 1922 that Schiefferdecker wrote the first really estensnc
account of the human apocrine sweat glands (6) Tlus author
detailed the anatomy of the apocrine sweat glands, emphasized
the racial vanations seen, and formulated an anthropological
hierarchy based on the number and location of these glands He
proposed that the fewer the number of apocrine sweat glands
present, the higher the developmental state  He found the highest
level of development to be represented by the Nordic male, winle
the Australasian and Negro, with larger and more numerous
glands, and with apocrine glands less restricted in locahization
were at the bottom of the scale  Other races fell 1n between In
general females, with greater numbers of apocrine sweat glands
were thought Jess evolved than males

One of the pnmary pomts of interest regarding the apocrine
sweat glands during unus period concerned the development of
these glands at puberty, and the influence of endocrine states
and age on therr funcuon  Much of this work was controversial
and will be discussed later m this report

Another interesting facet of the development of the apocrine
sweat glands concerned the claim that apocrine glands may
undergo metamorphosis mto eccrine sweat glands during adult
lfe (von Eggeling) (7) We are promptly reminded of the claims
of Kuno (8) and O'Brien (9) that there may be intermeciate
sweat glands whih possess properties of each, and defy strct
hustologic classification

For all pracucal purposes, the pliysiology and pharmacology
of the apocrine sweat glands hase been completely 1gnored through
the years The mnenation, means of stimulaton, mechamsms
wsolied 2 apocne function, and the pha logy were un-
Loown and httle mention of these features can be found n the
lhterature The study of Olivet and Nauck i 1930 on apocrine
sweat gland function was onc of the few that was available (10)
These authors, studying the histology of biopsy specimens of
axillary skin previously stmulated by vartous drugs, reached the
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rather unhhely concluson that atropme sumulated and ept-
nephrine 1hibited the apocrine sweat glands  Except for the
time honored notion that these were “scent glands” sumilar to
those 1n the Jower mammalia, no other concept of their impor-
tance to man was avalable

The pathologist, however, perhaps stmulated by the dernia-
tolomst who noted pecubar eruptions himuted to apocrine areas,
mcrimmated the apocrine sweat gland in several dermatoses
Fox-Tordyee discase (1902) and hidrademus suppuratnea (1933)
became known as “apocrme” disorders  However, as 15 often the
case where basic knowledge of the morphology and function of a
structure 1s laching, the pathogenests of these diseases was not
understood

Our investigative program on the apocrine sweat gland began
 May, 1951 It continued through 1956 comprising therefore
some five years of study Duning this pertod there was a renewed
interest m the tutancous appendages by some anatomusts and
histochemusts, notably Montagna and this served as a great
wnpetus  In addiion, Yas Kuno, the renowned Japanese physt-
ologist who has contributed so much to our knowledge of eccrine
sweat gland function, sumulated us by the excellence of his work

The bulh of the observations made in these studies concerns
the apocrine sweat glands of the awilla  The avillary apocnine
sweat glands are the largest, best developed and most numerous
in human shin no matter what the race of the subject studied
Furthermore 1t 1s relansely easy to utiize the auila experimen-
tally While some enbiosm as 10 extrapolation of our findings to
apocrine sweat glands of other regions can be made we feel that
for the most part, such extension of our observanons may be made
with confidence  Correlaune studtes of the apocrine glands of
the human ear canal have verified this assumption (11)

Apocrine gland tumors have not been mcluded in this book

stnce we have not had an opportuntty to study these lesions experi-
mentally



I

THE ANATOMY OF THE
APOCRINE SWEAT GLAND

A. METHODS AND MATERIALS

Tms work 1s based on observations made on over two hundred
biopsy specimens  The great majority of these were taken from
the axillac of normal adult male volunteers between the ages of
19 and 75 vears of age Several specimens were alo obtained
from male and female bodies at autopsy In addiion to the
aulla, from which most of our matersal was secured, samples
from the ingutnal region, chest, abdomen, face, and scalp were
also included

Lxamination of gross morphology was accomplished in some
cases by m yno study of the avillany structures after meston of
the shin and reflection of the shin edges with Allis forceps  In
addition, micro-dissection of axllary shin specrmens alter stain-
1ng with 0 19, methylene blue was employed, along with special
techniques for the preparatton of whole mounts  These methods
are described further 1n the captions beneath the photographs

Stamning techniques used yncluded routine hematoxshin and
eosin, phosphotungstic acid-hematoxyhin, periodic actd-Schiff
stains with and without diastase (12) Gomorr’s Prusstan blue
stain for iron (13) silver statn of Perez (14) and the chohnesterase
techmque (Koelle) (15}  Appropriate fixatnes were cmploved
throughout In addition, unstained specimens were studied after
frozen sectiomng (10-20 microns) and sectiomng of parafiin-
ymbedded tissue (6-10 mucrons) It should be emphawuzed that
all of the bropsies taken were of adequate size and depth Rela-
tuely large biopstes are necessary 10 order to insure isualization
of entire apocrine sweat glinds as well as adycent glands and

related structures
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B EMBRYOLOGY

The apocrine sweat gland is a denvanve of the primary epithelial
germ as are the sebaccous gland and ha follicke {16}  Actually,
at an early stage of des elopment, about the fourth to fifth intra-
aterine month, all haw follicles over most of the shin surface, have
the potential to develop apocrine sweat glands At this ume, a
small mpple-hhe downgrowth appears at the upper end of the
fhair fothicles  This downgrowth consists of a sohid cord of epithelial
cells It continues to extend and develop nto apocrine gland
rests 1 only a small percentage of haws, however, primaniy i
those of the axilla, ano-genital region, mamsnary arcola and ear
canal but also wregularly on parts of the trunk, scalp and face
In the rest of the shin, the apocrine bud gradually diminishes m
size and 15 exentually lost as a part of the hair folhele or adjacent
epdermus It should be noted that the point at which the down-
growth appears is about at the junction of the hair folhicle and
epdermis  This 15 an anatomucal relationship that is retained
cven at full development for the apocrine duct of the adult apo-
crme gland apens at a high fevel far up near the hawr follicle
onfice  While the haw follicle should be regarded as the site of
ongin of the apocrne bud  the close proxumity of the bud to the
epidermus readhly explams the occasional extra~follicular apocrine
duct one sces in the adult It would appear that the apocrine
bud mugrates or pulls away from the follicle to develop inde-
pendenth

Txiension of the apocnine downgrowth 1s conunued with coling

and cleft formation m the center of the coiled cords

Esentually,
a lumen is formed and subseq differ 10n mto glandut

and ductal portions occurs by the sesenth to eighth months
3t birth however and for several years thereafter, the apocrine
glands wihile distnguishible Instologieally are non-funcnonal and
e mere rests vn essenuatly alf apocrine areas escept the car canal
In this site full development of the apoerine glands occurs before
buth Thus these apocnne glands, which are called cerummnous
giands i sharp contrast wih other apocrine glands of the shin,
are fullv functiomng at irth and are apparently under a different
endocrme contrel  In the apocrine sweat glands, myoepthehal
cells xre not present at breth bat differentiate some time thereafter




8 The Human Sw.eat Gland in Health anl Disease

v
; NORMAL APOCRINE SWEAT GLAND
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Fig T Drawing of apocrine sueat gland Observe shunts and diverticuls along
course of tubules in secretory portion of the gland  Duct opentng miv hur
follicle ordinanly enters at a higher point than shown 1n this drawing

The secretory cells ol the apocrine sweat gland are devoid of
granules at birth with comparatnely low cytoplasm indicaung
the lack of secretory actnvaty (17)

The puberal era marks the period during which full activauon
of the apocrine sweat glands occurs  Paralleling the change in
the apocrine glands 15 the growth of the termumal harr 1o the same
regions Signtficantly thc mammary gland, an apocrine glind
anatormtcally also does not reach full deselopment untl puberty

C MORPHOLOGY
The apocrine sweat gland can be classified anatomycally as 2
umple tubular gland with shunts and drerticult 1t is simple since
1t has a single duct which proceeds from the coiled glandulr
mass below and empties above into the hair follicle  Itas a tubufar
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gland 1n contrast to an alveolar or tubulo-alveolar gland since
1ts secretory component consists essentially of a coiled tube How-
ever, careful exarmnation (Fig 1) of the gland reveals that some
parts of the tube are bridged by small shunts, while in other
areas, pouch-jike projections or diverticulr are present It should
be recalled that these variations of the ssmple tube as seen 1n the
apocrine gland are not a feature of the eccrine sweat gland coil

The apocrine sweat gland 1s grossly visible without the aid of

fication or special If one 1naises and then reflects
the shin of an apocrine gland-beanng area, visualization of the
apocrine sweat glands as small yellow or reddish-yellow globular
masses approximately 1 mm diameter in the deep dermis and
subcutaneous tissue 1s readily made (Figs 2 and 3) The reddish
tint of the glands which has been attributed to 1ncreased amounts
of wron, 1s quite variable in 1ts appearance The relatively great
size of the apocrine sweat gland should be easily appreciated for
the eccrine sweat gland (approximately ten tumes smaller) and
sebaceous gland are visible only after some degree of magmfication

On casual exanunation, apocrine glands may appear to be
broken into lobules Close inspection, however, reveals that this
ts not the case, and the apparent lobules are really all part of
the same gland

Negroes have apocrine sweat glands of relatively great size
They are larger than those of the White race (Fig 2)

In general, the apocrine duct 1s much shorter 1 proportion to
the gland than 1s the eccrine duct to the ecerine gland, (see frontis-
piece) However, this 1s not always true for occastonally the
apocrine duct shows a loop or cail along 1ts course, indicating
longer length in these instances The point of demarcation of
the apocrine duct from the tubule can be precisely marked only
under histologic examrmnation, although some change 1n calibre
of the ductal diameter can be seen grossly (see Frontispiece) As
in the ecenine gland, the imtial portion of the apocrine duct
usually begins within the coiled mass but 15 generally cosled for a
sttorter distance 1n the apocrine than in the eccrine gland At
upper end, the apacrine duct becomes funnel-shaped (infundi-
bulum) as the duct opens (abose the sebaceous ducts) into the
upper end of the hair follicle (Fig 4), or separately onto the shin




g ? White and Negro afocrine sweat glands Fhe axillary skin was incised and

reflected with Allis forceps  Adult White man s skin {above) and adule Negro

man ¢ shin (belsw)  Globular bodies beneath skin surface are apocrine sweat

glands. Although magmification for each photograjh was shghtly different
glands of the \egro are larger Mag x 314 fujper) x 4 (Lwer)
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surface  Quite commonly, more than one apocrine duct empties
nto the same hair follicle (frontispiece) On occasion, even three
ducts have been observed opening mto the same follicle

D TOPOGRAPHICAL RELATIONSHIP — LOCATION IN SKIN
T'undamentally, apocrine sweat glands are oriented anatomically
in relation to hair, more specifically, the terminal body hair of
the area 1n which they are found Thus they are part of an “apo-
pilo-sebaceous unit ” As mentioned previously, 1t 1s true that a
few apocrine ducts are cxtra-folltcular i locanon, but all are
derived embryologically from the primary cprthelal germ and
much of their development and funcuonal activity parallels that
of the hair of these arcas The main body of the apocrine gland
Lies deep 1n the true skin n the deeper portions of the corium and
upper subcutancous tissuc  They appear densely packed together
1n most areas such as the axilla (Itg 2), although there are prob-
ably only a few thousand glands per astlla as compared with four
to five tunes as many eccrine sweat glands in the same area The
axilla contains the greatest number of apocrine sweat glands and
1t 1s our finding that the overall wize of the mdwidual gland 1
larger there than elsewhere
In contrast to the eccrine sweat glands winch are found over
almost the cntire shin surface, the apocrine sweat glands are
restricted to a fow well detined arcas such as the axilla, the inguinal
region  penanal shin the mammary arcola and less consistently
on parts of the runk sucli as the umbidicus and hairy cegion of
the chest In addition there are apocrine glands in the ear canal
(ceruminous glands) and i the eyehd (glands of Moll)  Timnily
the mammary gland, a cutancous dernative 15 an apacrne gland
Apocrine sweat glands in arcas other than the above are con
sidered heterotopie in locaton (18) Howeser se have been
wmpressed with the numbers of apocrine glands found on the face
especially the malar regon of the chechs  These facial glands are
considerably smalier than were those of the axilt but are typical
structurally  Sumularly  the scalp shows apocrine elements not
uncommonly (18) It 1s our fecling that deeper cuts and more
thorough examination (uuhzing serial secuons) of routine bropsics

from these arcas would disclose the presence of these glands with
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imuch greater frequency than has been percewved heretofore  The
quantities of sweat secreted from these glands 1s quite small and
consistent with the size of the glands Moreover, 1t 1s probable
that many of these glands are non-functional

E HISTOLOGY AND HISTOCHEMISTRY

The histologic appearance of all apocrine glands 1s distinctive
[he very designation “apocrine” resulted from an interpretation
of the method of secretion of these glands based on the histology
Afo—» a Greek root meaning “from” and apocrine secretory
cells appear 1o be losmg the apical tip of the cell histologically,
a decapitation (Fig 7)  Thus, part of the cell appears to be lost
1n the apocrine secretion  In contrast, eccrine glands form a
flurd product without appreciable loss of any of the secretory
cell  Thi 1s referred to as merocrine secretion

Histologic visuahzation of eccrine sweat glands reseals none of
the pinched-off lumnal nups of the tubular cells, as seen 1n the
apocnine glands It 1s interesting 1n this respect that Kuno has
described eccrine secretory cells which do show such changes 1n
Japanese (8) Also, O'Brien has referred to an “intermediate”
gland 1n some biopsies he has studied which have both apocrine
and eccrine charactenstics (9)  The significance of such variations
1 not entirely clear but may reflect racial differences  Finally,
the third glandular type, the holocrine gland, 1s also represented
by a cutaneous appendage the sebaccous gland In this type of
secretton all of the cell 1s lost 1n the secretory process This 1s a
much steadier and sfower phenomenon than eccrine or apocrne
secretion

The ductal poruon of the apocrine sweat gland 1s difficult of
not impossible to distinguish from that of the eccrine gland on
stologic appearance alone  Both have a double layer of basoph-
the staming cubaidal cells devord of myoepithelum, but with a
well-delined hasement membrane (Fig 5) The apocrine duct
» believed to be of shghtly larger caltber and sorue authors feel
the cells show more cosiophiba than does the ecerine duct, but
s ow fecling that such vanations are nsignificant and not of
vilue in dilferentiation  The transivon from tubule to duct 18

quite abrupt i the apocrine sweat gland  The intraepidermal
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end of the apocrine duct 15 marked by the presence of a luminal
hyaline fringe, the cuncle, which 15 simularly visualized at this
level 1n the eccrine duct  Unlike the eccrine duct, the intra-
epidermal portion of the apocrine duct 1s straight and not coiled
1 appearance  There 1s some heratmuzation near the open end
of the apocrine duct, also as 1n the ecerine duct Histochemucally,
the apacrine duct shows cytoplasmic basopliha winch s removable
after exposure to nbonuclease  Glycogen s absent or present only
wn munwnal quantiy i apocrine ducts  Aaid phosphatase and
Lipids are present tn moderate quantiies and Feulgen-positive
staiming of the nucler 1s evident  Apocrine duct cells show ne
metachromasta and no alkaline phosphatase (19-21)

Apacrine sweat gland tubules possess a single type of secretory
cell surrounded by a basement membrane with myocepithehum
interposed (Fig 6)  The secretory cells are eosinophilic, and
have a round nucleus with promment nucleclus (Fig 7) The
nucleus occupies a basilar position in the cell The cytoplasm of
the secretory cells varies 1n size from a flat cuboidal type to the
tugh columnar vanety with the appearance of a pinched-off
lumnal tip (Figs 7 and 8) This vanation in cell height 1s believed
to reflect the cyclic nature of the secretory process However,
no umformuty of cell height withmn an individual, a skin area,
a single gland or tubule, can be seen, and variations n cell height
are evident even in nearby cells within the same tubule Under
tugh power after frozen sections especially, the lummnal border
of the apocrine sccretory cell shows a “fringe” or row of what
appear to be uny droplets (Fig 9) These were first described
by Montagna as posably representing apocrine secretion (19)
I'his author has d rated that the **decapitation” or pinched-
off apperrance of the glandular ccll 15 a visual artfact Exami-
niuon of verial scctions reveals that such cellular projections ema-

nite from adjacent cells below those in the immediate surface plane
of secuon

The mvoepithelinl cells of the apocrine sweat gland are a
specrtlized vanen of smooth muscle and will be discussed n
more detul i the Phyvaiology secion They are better descloped
wn the pocrme gland than in the ccerne aland but not so prom-
ment s an the mamman gland  The cells are fibollar, 40-100
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lig @ tpocrine secretion Drawing by Dr Wm Montagna depicting lumnal
friage ordroplets () This may be mechanism of apocrine secretion  Best seen

after frozen scctions Luminal fringe alo tcen under electron microscopy (109)

mucrons 1n length and arranged so that ther long axis 13 roughly
parallel with that of the tubule They stam with hematoxylin
and cosin but are scen espeaially well with phosphotungsuc acid-
hematoxylin and peniodic actd-Schiff techmiques (Dig 10)

The apocnine secretory cells contatn numerous pigment granules
which are readily visualized 1n an unstained section  They are of
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Lig 10 AMpoeputhelum of apocin sweat gland 1 inger like projections surrounding

apocriae tubules (here filled with luminal cast) are myoepithehial cells  Mage

are cut oblrquely tn this secion  This 1s a PAS stain after diastase  note also
absence of glvcogen i Sccretory cells of apoerne sweat land  Aag x 330

varying size and are browmsh-vellow in appcarance (fig 11)
The number of these pigment granules varies greatly from cell
to cell  Chemcally these granules are in the ipofuscin fimly,
similar to the ‘abnutzung  or * wear and tear’ pigment found i
the lver spleen peripheral vessels and other parts of the body
They have a spectrum of properaes depending on ther ovdative
state, showing saryiny degrees of sudanophiia  acid fastness,
reducing activaty and fluorescence (20) It 1s thus pigment which
15 responsible for the occastonal color in apocnine sweat and
the sectton on chromudrosis we shall discuss ot further  Sigash-
cantly, the ceruminous glands {apocrine glands of the cir cinal)
contan great numbers of these granules in the Cucisian although
they are reduced in numbers in the Onental

Histochemucally  apocrine sceretory  cefls contun I eulgen-
poutne nuclear matanal nibonucleasesensiive cviopl isiie
basoplulia mummal aerd phosph itase (much less thann the ducts),
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graph of same secuon showing fluorescence of some of these granules after ex

posurc to ultra wiolet hight (4200 A)
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and some alkaline phosphatase (19)  The latter 1s present
the myoepithelum, also, and rmught wn part represent dif-
fusion from nearby blood vessels which contan great quantities
of this enzyme Small cosinophihic granules of quite consistent
size and supranuclear position are seen also along with a variety
of hpids  Bunting et al (21) described four distinet types of lipids
1 After Sudan black, a delicate gray cytoplasmic sippling prob-
ably associated with mitochondria 2 Sudanophilic droplets
which gnve a plasmal reaction, and are acctone-isoluble, but
pyndine-soluble at 60° C 3 An acetone-soluble, natural yellow
pigment dissolved 1n the sudanophilic droplets, wiich emts a
yellow-orange fluorescence under ultra-violet hight and 4 An
abundance of birefringent matenial soluble in acetone  Montagna
was unable to define clearly more than the first type described
by the above authors (19) Mitochondria are present in great
numbers 1n active apocrine tubular cells, and are most numerous
near the nucleus Iron 1s present in many of the apocrme cells
{Fig 12) especially in relaton to the small yellow-brown granules
The iron content of the apocrine cells shows some indsidual
vartation It 1s not found within the glandular lumen  Mitoses
are a rarty m adult apocrme glands (Frg 13), but are seen with
greater frequency 1n “ageing’ glands in clderly individuals (22)

Apocrine secrctory cells contain very hittle, if any, glycogen

Montagn1 has found some increased amounts within mnguinal
apocrine sweat glands, but much less than one sees in the restng
ecerme sweat gland (19)  Monoamine oxidase is found 1n granular
form 1n the secretory cells of the apocrine glands and similarly

localized 1t the ecerine sweat glands (23) Succrmic delydro-
genase, abundant 1n eccrine glands s reduced n the apocrine
wibutes Consersely non-spectfic esterase 1s much more highh

concentrated in apocrine than in eccrine sweat glands (24) 1t has
been suggested that these enzymes may be used to distnguish
these glands when necessary as 1n unusual cutaneous tumors of
apparent appendageal ongin The Jumen of the apocrine sweat
gland may contain cellular casts or debris This 1s much more
marked a feature after frozen secuons or with frecze-drying
methods, but ts sull evident after routne formahn fixauon
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F. BLOOD SUPPLY—LYMPHATIC DRAINAGE

The secretory portion of the apocrine sweat gland 1s supplied
by small arterial branches from the deep dermal arteral plesus,
m the mamn  Tiny arteroles follow and partially envelop the
tubules breaking up into smali capillaries  The blood-fifled scg-
ments of many of these vessels can be discerned on exanunation
of the apocrine sweat glands 1n vivo 1n mctsed, and reflected
axillary shin (Fig 3) Vepules follow the course of these vessels
and ultumately dran into the decp dermal plexus of vemns  As 15
true of the ecerine duct, a small arteriole and venule follow the
apocrine duct as 1t progresses upward

In the axilla, the arteral supply 1s derned from branches of the
subscapular and antertor circumflex humoral artenies, the aviflary
artery itself and occasionally from the mtercestal arteries (25)
This shows some indivrdual varaton  Sumilar branches from the
axtllary vewn carry the venous blood to the deep dermal plesus
of veins We will make no attempt at description of the blood
supply 1 the other apocrine gland-bearing arcas  Tins informa-
tron 1s available 1 any anatormical text

The lymphatic dramage for all cutancous appendages 15 via t
plexus of vessels i the derms just deep to the vascular plesus
In the awila, the axillary nodes recen e this return sending efferent
vessels to larger lymphatc vessels which empty eventually into
the thoracsie and night lymphate ducts

G INNERVATION

The innervaton of the human apocrine sweat gland s derned
from adrenergic hibres of the autonomic nervous system  Proot
that thus supply 1s of functional importence 15 supplied o the
section on physiology

Stlver stamns outhne these fibres poorly and sutkr from the
fault that they do not define nerve hbres sddectnely  Tlastie trsue
and possibly myohbris may be stained 2lvo preventng clear-cut
wdentification of the nerve fibres  As a result we could not deter-
mine the precse site of termination of the nerves supplying the
apocrine sweat gland with this technque AMyoepithehal elemenms
certainly secm to be mncrvated but sve cannot state whether o
not the secretory ks are smilarly supphed  We could not con
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firm Woolard's observation that only the mycepithelial cells of
the apocrine sweat gland are mnervated (26) Furthermore, we
could not make out an end plate or any specialization of the nerve-
endings supplying the myoepthehum, although such are com-
monly encountered 1n other muscular structures  Shelley and
Cahn using a supravital techmgue with methylene blue confirmed
these findings (27)  t 15 noteworthy that the apocnine duct, Iihe
the ecerine duct, does not recanve nerve fbres (107}

With the chohmesterase (ChL) techmique (Roelle) at the usual
incubaton times (30, 120 minutes), we demonstrated (Figs 14a
Aand 14b) an absence of speatfic cholinesterase about apocnne
sweat gland tabules (28) In contrast, the eccrine sweat glands show
heavy concentrauons of the enzyme  Non-specific chohnesterase
was not vsuabized about these structures  Absence of specific
(hE about the apocrine sweat gland tubuldes at 30, 60 and even
126 punutes meubanon perods indicates that these glands are
not supplied with choltnergic fibres while the ecorne sweat gland
tubules which showed the presence of the enzyme, do possess
tus type of autonornic supply  These observations correborate
the phsiologic and pharmacologic studies indicating an adrenergic
inuervation for the apocrine sweat gland and 2 cholinergic one
for the cecnine glind  Interestingly, of the mcubauon umes for
the (hE techmque are prolonged to four hours or beyond, some
of the adrenergic hibres supplying the apocnine sweat gland will
be stuned  Howeser the stuning 15 wcomplete (Fig 15) con-
sient wath the very low concentratons of the enzytne 1 ad-
reRerIc nerves

Sthough most of our stuches with nerve stasns were done on
buman nadhry sin we abo examined the shin of the human
war canal i collaboration with Perry and Wood with simijar

techmgues 1293 Fhewe studies sndicated an adrenergic 1nner-
saoon for te ceraminous glands also

H COMPARATIVE ANATOMY

Cutmeows wiimds which are an vomually apocrne i npe are
fowd ae dimont L mnsnads althoush thewr disinbution yaries
o the Pravaes fomurosds and platyrshines bave ouly apotrine
whmds whaess the tarchme monheys also powess ceerine
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perids 00 min 1o 120 smn ) weth e cholibesterase webnique revealed no
st g atko € apocrne sweat glands indicaung the lack of a cholinergic wner
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glands, though the numbers of cach type varies in different
species  Thus, i the macaques, the apocrine glands greatly out
number the ecerme winile 1n baboons, the two varieties occurred
with almost equal frequency (30) The orangutang possesses both
types of sweat glands in the axilla with the apocrine being more
numerous (31, 32)  Of the anthropoids, the chimpanzee has been
studied extensively, and apparently possesses both apocrine and
eccrine glands in the avilla (33)  The “axillary organ” of gorillas
15 usually apocrine, 1t seems, but there may be some individual
variations (30) Apocrine sweat glands are found over all of the
shin surface of the gorilla except the back, palm and sole This
15 not surprising tn view of the well-developed terminal harr
present 1n these ammals over most of the shin surface

Other mammals possessing apocrine type sweat glands are the
dog (I'ig 106), horse, sheep and ox (34) These glands arc found
over most of the shin surface of these animals and, at least sn the
horse and sheep, are the only variety of sweat glands found  Ihe
hippopotamus apparently also possessescutancous apocrine glands
which elaborate the well-known “bloody™ sweat of that ammal
In addition, apocrine glands somewhiat more restricted 1 localiza-
tion and productive of specialized colored secretions, are found in
the elephant, hangaroo gazelle, and antclope (34 93)

We have also esamined histologrcally the sweat glands of the
lorse and we shall discuss thrs in some detatl i a later section
(page 51)

It 1s agreed that for the most part, ammal apocrine glands are
quite symylar though not wdenticai with those of man  The grem
majority show ducts which, as i man empty mto harr folicle
orifices or quite close thercto

Schicefferdecker has pomted out that man, representing the
ughest level of development, 1s an eccrine gland ammal (6) He
emphasized that apocrine glands are the more primitinve, being
the typrcal sweat glands of mammals  The anthropotds such as
the chumpanzee and gorilla, appear to be closest to man n sweat
gland distribution A Jeast they possess both types o sweat
glands and 11 a disiribution more Lhe man than am other mammal
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THE PHYSIOLOGY AND PHARMACOLOGY
OF THE
APOCRINE SWEAY GLAND

A METHODS AND MATERIALS

Fox the most pars these stadies were performed on adult wale
olunteers However some children and women as well as clinieal
pauents wale and female were studied in certam instances oF
described Jater  Duning the course of the vanous imvesugattons
several hundred men Negea and White, were used I was found
neeemath 10 \reen great numbers of men i order to cecure
vubjects who produted adeguate gquapmbes of apoennt wweat
and at the same e did 1ot have much eccrne sweavng (which
would he confusing and would dilute the poertne sweat) i the
area

The axiila «er ed s the test site for the vast majorsty of these
stadses  No anatomic abnormahues were present an the avilae
of amy of the sulyjects  The tests were made duning all seasong of
the vear  In ome sufyects, anupecpicants were wterdicted for
1t feast one weck prior to our aliseryation pertad . Howeser an the
man  the aallae were merehy cleansed thoroughty prior 10
exunmaubn to remove such matenad ay i debns and old
ecrenon

The anllac were shived using either a safers razor or electric
chpper  The sndnadunds arm was eviended lateralh (o heep
the wallaes vaubt oxposed during the obsweryation periods Y au
he ion of the apocrme sweat droplets was achieved wich the
arhed eve and with an otoscope or stereoscopic wignificanon
{230y Sgeamens were coliected I means of fine capillar,
vrpetees eather placed dweetly an the lan susfee ac w oried o
e b fothicle 171 Uivoneeinte was determmed by the
we uf 1 sandard Wood hight

27
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Pharmacologtc agents were prepared n stenile physological
salne solution 1n concentrations as indicated 1 the specific
scctions  In some instances, a stoth commercial eptaephrine
solittion was used, while 1 others, a huffered sabine splution
(S¢renson’s phosphate buffer, pH 7 4) was employed to minnmize
local pamn during injection  Heat stress was produced by hating
the subjects remain 1n a spectally constructed tnfrared heat
cabinet for persods up to one hour

Spceial apparatus utihzed included a Raytheon microwave
(radar) drathermy umt to produce deep tissue heating, a standard
electrical square wave stunulator and an electrical skin resstance
recorder

It was necessary 1o wuse histologic techmques for portions of
these studtes alo  These included routtne hematoxylin-costn
preparations and the phosphotungstic acid hemato<yhn stain

Additional descripois e detaifs of speciaf methods used i certun
parts of these studies will he supplied in the appropriate scetions

B PHASES OF APOCRINE SWEAT GLAND FUNCTION
Durning our studies of the phystology of the human apocrine
sweat gland we soon Jearned that it was possible (o divide apocrine
sweat gland function nto two distinet phases, viz ,
Apocrine sweating, the appearance of apacrine sweat on the
shin surface, and
{pocrine secretion, the actual formation of the sweat in the
secretory tubules below
Lhat there are two such distinct functional phases will become
apparent as this section 15 read  For the purposes of betier organ-
17auon and comentence of descripuon we have utlized these
headings at the outset

C. APOCRINE SWEATING

1. General Description

Apocrine sweat 1s seen 10 appedr uwsually ar the har folhdle
onfices (Fg 18) € haractenistically 1t 1y sisualized as a turbud-
white flmd which gradually wells up 10 the jolbdle formmng o
tather flat globular droplet Fhis v in contrast with the dropiet
\of ceenne sweat whieh s sphenical and can be secn to cman it
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from a tiny pore  Lacept sn unusual mstances, when the amount
of apocrine sweat 1s great, or where 1t 1s dilnted by eccrine sweat,
spreading of the apocrine sweat droplet far beyond the follick
daes notoccur  This 1s primardy because the quantities of apocrine
sweat which appear at a grven follicle after sumulation are small
and also because of the wiscosity of the secretion  In addition,
apocrine swear dries rather quickly, formung an adherent, ghsten-
1ng, glue-lihe residue over the follicle orifice withmn a few pusutes
after appeartng  Tius restidue 1s opalescent and remipsscent of
clear plastic or dried varnish (Fig 18)  Thus property s a charac-
teristic feature of apocrine sweat and s not <een after ceerine
sweatnng It 1s not uncommon 1 the careftsl examnation ot the
axiffary skin, to find such dried apacrine swcat droplets over the
fotlicutar onfices although they are usually removed In washung
and profuse sweating
In some subjects, a farly large number of apoe nine sweat drop

lets may be noted at extra-follicular ortfices We found that s
was more common 1 White subjects and was never more thw
1.2 9 of the total number of droplets wcen

v While apocrine sweat ts usually whitish or gravnh  appeas-
ance 3t occasionpally shows a definite yellosnh unt and rarch
even blue, green or blach apocrine sweat may be observed («f
Secuon on Lacahzed {hromudross)  \pocrine sweat 18 tians
lucent but not transparent  However the amount of turhuditn
shows great indsodual sanation (g 19) In some sabjocts the
sweat may be almost dear and idenuficatton can e mdc onh
after coliectton m a capilany tube and examnation agannst o
wlack bachground In others however, comumonhy the Moo
1 the secretion may be muthv-wiute aud thich baving the consntencs
of heavy cream  In these instances 1t mas be imposible o caller ¢
in a capilary tube

The total quanuty of apocrme sweat produced is mmawte whon

compared with the volume of eccre sweat which my e sean
13 far cstimate of the amount of apocrine et produeed v
Jm(h\nhml gland 1n response to a gisen atpruugius s 00Y gt
Thus, the total quanuty of apocrne sweat whichi ¢ I samid
from a stgle gland mav be only a senall fraction of v pnBar
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g 17 Furbaty of apoctine s ceal

Pooled samples of apocrine sweat are shown
10 trst whe on the left

Compare with simples of gure eCernne sueat on the

bt The surbidits of the apocrne snear vartes greatly from those which are

mudhs to thost whith are almost clear Howeser some degree of clondmess is
ahvavs evident 10 apoennt Sneat

The Negro produces greater amounts of apocrine sweat more
commonly than does any other race, although the quantties are
ol relatsely <mall

1t s ymportant to stress that once an apocnne gland bas been
emptied 0o further sweat may be made to appear on the shan
surface untd there 55 wme for < formation 10 the secretory tobuies
below  We have repeated]y demonstrated that after any sumulus
whih crohes good apocrine sweating  subsequent sumulation
fails 1o produce further apoerise sweaung for 2 penod of twenty-
four to forty-eight fiours  This mterval s called the refracion
period and apparently represents che time required 10 form a new
supply of apacrine sweat  Such a finding ss evidence ennugh that

the apperrance of agocrine sweat on the shin ~ a function distinet
from the formation of the sweat wsell (34)
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In many of the subjects, the apocrine sweat whether dricd or
recently secreted, showed fluorescence when exposed (o Wood
night (g 20)  Eccrine and apocrine sweat can be readily dis-
ungwshed on tlus basis  In general, wmcrease in color tended to
mcrease the fluorescence although dark blue and black sweat did
not fluoresce at all (cf Section on Localized Chromidrosis)

2. Effect of Emotional Stimuli

/ Apocrine sweating was scen In response to such stresses as
evohed fear or apprehension  In an occasional panent on a routine
cltmc wisit, apocrine sweating was observed  This was more
common 1n those patients apprehensive concerning the posstbility
of skin cancer or 1n those about to have minor surgery However,
1t was far less common than the usual emotional eccrine sweating
scen under stmilar circumstances It was our impression that an
emotional sttmulus which was rather marked in intensity was
required to produce an apocrine response  However, this vaned
somewhat from ndnidual to indiidual and n an occasonal
subject, apocrine sweating In response to emotional stirmili

appeared more readily than an axtllary ectrine response
Seventeen patients were exammed prior to being subjected to
a lumbar puncture These people were all adnuttedly fearful of
the procedure and most had questioned us regarding its dangers
In four of these mdmiduals axillary apocrine sweating was ob-
served This compares favorably with a serics of absersauons on
consecutine chnie patients i whom two out of fifteen exhibited

apocrine sweanng
\nother study of the cffect of apprehension or fear was con
ducted on tinrty-three expenimental subjects  Huwse men were
entrely unaware of what expenimental procedures might be con-
ducted and many ol them showed distinct apprehension How-
ever, only five of the turts -three showed axillary apocnne swe g
prior to tesung

It was not powstble to study the apocrne response following
other forms of emotional stimulation such as sexual stmulation
or anger However it s probahle that the response to these
stimuli would correspond with that deseribed above after lear-

producing stimul
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12 W Flawe eme of apacz ne sucat droples Three small droplets of apocrint
s veat were placed on a glass shide L pon exposure to Wood hght (UVL 3660 4)
the Buorescence shown 2bone way sen

3 Effect of Sensory Spsmult

13 was found that rither severe pan was required o ehont
apoctine sweiting  In the senes of observations on seventeen
pattents having a jumbar puncture three of these sndividuals
showed apocnne sweatng wamediately jollowsng pawn produced
by the puncture  The application of an elecirically heated wire
o the dun of the back produced apocrne sweaung w wo of
eleven subjects studied  Radiant hear which was focussed on a
wmali arca on the forearm 1 inch sn diameter was used as a pawnful
strmglus m two subjects In both severe pown was produced and
apocnne sweating resulted  In wwenty five subjects a Mo 18
needie was snserted into the palm to produce pun
weating was observed 1 ten of these subyects

Fhe cffect ol pun 1o the producton of apocnne sweanns was
bewnfully sHustrated 10 womes during fabor 1t was found that
ld wterine contTIchons were not assotiated With an apocnne
response However sntense contractions producing severe pam
could be correlated with apocnine suewng Witun a fow seconds

Apocnine
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after the onset of each mntense labor pain, s\ to (en apocrine
sweat droplets appeared  Olbservations over a period of one hour
indicated that each burst of apocrine sweatung mvolied new
glands  Secreuon did not reappear at former sites of actiity

Tt was found possible to block the apocrine sweat gland response
to pamn by the introduction of procan nto the antiary shin
Sixteen subjects recened an injection of 4% aqueous procan
intradermally  I'ne to ten munutes later, after Jacal ancsthesia
1n the auilla had been produced, the sixteen subjects recesed a
painful stumulus consisting of the introduction of a needle into the
palmar shin  In four of these, apacrine sweating was visuahzed
1 the unanesthetized control zones In nonc of these subjecrs
was apocnine sweaung evident m the anesthetized areas A stmilar
local inhibition after procatn was produced followtng emoniontl
stimulation

The apocrine response to pain was further studied by the use
of a locahized external pressure which oebliterated the circulatory
supply  \ pressure of 225 mm of mercury was apphed to a small
area of allary shin of fourteen subjects using a cup device, with
an attached sphy gmomanomcter  Control obseryanions had shown
that tlus pressure did not produce apocrine sweating nor did 1t
dimimsh an apocrine response in any - The fourteen incdisiduals
were ginen a painful stumulus consisting of the ntroduction of a
needle into the palm  In fne of the fourteen subjects apocrine
sweat was noted n the normal control arcas (outside the pressure
zone) In four of the fourseen subjects apocrine sweat was noted
smultancoushy 1in the pressurized areas  The apocrine sweat
esponse to pun appeared within one second and was generalized

+ throughout the awllary region unlihe that to be desenibed i
response to drugs and other local stumuh (35)

It should be emphacized that the apocnine responses to emotion
and sencory sumull appeared within one second and were gen-
eralized 1n nature  They imvolved potentiliy all of the apocrine
sweat glands of the axillae unlthe that to be deseribed in response
to drugs and other local sumuh In this regard we aften notice d
responses from apocrine sweat ghinds of the mammary arcol?,
the pubic area and from occasion glands of the trunk as well
as the axillie after the above emotional and serory stunuh
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4. Effect of Heat

(a) General Nineteen subjects were placed 1 an wfra-red
cabunet for periods of approximately thirty minutes  .Apocrine
sweating was secn in only one of these subjeets as 3 sesult of this
heat stunulus, although profuse ecorme sweating was observed m
all subjects  Interestingly, most of these subjects showed “fol-
heutar” ecerme sweatng  That 1s, the econne sweat appeared
o ongwate from the folhcle  This was quite prominent sn the
ansllae and the thughs Capilary tubes were placed 1a the follicular
anifices of five of these subjects and 1t was imposable to demonstrate
the secretion of any apocrme sweat The one subject i whom
apocrine sweat was observed during heat showed definite signs
of anxiety and apprebension, and 1t was asumed that lus apoenne
sweating was on the basis of an emouonal stmulus rather than the
thermal one

(b} Local (“Deep’”) Heat Four healthy adult males were used
m this study  In & room at 22° C, these men had ther axliae
shaved and were placed at rest  No apecrmme sweating was seen
at this e Deep hear was apphed 1o the axila using a mucro-
wave {radar) diathermy machine with a corner reflector for twelve
mutes  In all four subjects studsed, definste apocnne sweating
was seen between five and ten nunutes after the appheation of
the heat  While mummal 1 amount, the secretion was readily
wenufied It s 1o be stressed that the subjects espertenced only
shght warming of the shin{l 2° C elevanon by thermocouple
determtnanon of externdd shin temperatare} Howeser the shin
temperature of the subcutintous nssue was elevated between four
and hve degrees {41 ~42° C)  The control zone the focussed
area which reeened the fargest amount of heat contamned 90%
of the apocrnine sweat droplets

5 Effect of Cold

(a) General {wcsubjects were examined for apocrine sweatng
before and upon removal fram & cold room (—30° £} These
men had been fully clothed 1 \retic wear wnd were lymg at rest
on 4 non conduching bied for forts fise minntes  The temperature
of the axdiwy an felt abowt 3° € (10 34° C ) dunng ths period
Al of these subjects seemed w be apprehensine upon removal
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from the cold room No fresh or dried axillary apocrine sweat
was observed when tfleseSubjecis were cxamined on 1emoval
from this environment  Unfortunately, we did not have the
opportunity to use drugs or other stimult 1 an effort to induce
apocrine sweating

(b) Local (**Deep”) Cold: Deep cold was apphed to the axilla
in such a manner as to effect structures at a deep dermal and
subcutaneous level The shaved avllac of four bealthy aduit
male subjects were procaimzed 1n a block technique leaving a
central area free from the pressure effects of the procain  An
18 gauge needle was mserted 3-4 mm  beneath the shin surface
adjacent 1o a hair follicle 1 the central zone Frequently, some
mechamecally sumulated apocrine sweaung could be seen  [his
was mummal 10 amount, however, and was allowed to subsude
so that after 2-3 munutes following the insertion of this large necdle
a chilled 20 gauge needle was inserted into the same hole This
20 gauge needle, two inches in length, was placed through the
tup of a 30 cc syringe  The needle hub remained within the
barrel which was then pached with dry 1ce In a 2-3 mm zone
immediately around the needle, no apocrine sweat could be
vicuahzed However at the periphery of tlus zone, small amounts
of apocrine sweat could be visuahzed  Itos probable that a tem-
perature gracdient was present and that in this central sone where
the temperature was coldest paralysis of the gland occurred A
suitable temperature was reached however m the tissue at a
3.4 mm distance

6 Effect of Seasonal Variations

Apocrine sweating was stuchied 1n over forty subjects duning all
seasons of the year Unlthe eccrine sweatng which was greater
during the summer months we were unable to detect an appre-
ciable change 1n the quality or quantity of apacrine sweat seen
during the various scasons  We have not had an opportumity to
exammne the effects of accinnatzation to heat and cold on the
apocnine sweat gland responses

7. Effect of Drugs

(g} Adrenergic In wenty-fine male subjects, eprnephrine
a 11000 concentration 1n sterile saline solution was jected
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intradermally The quanuties mnjected varied from 001 cc to
010 cc  In each of the twenty five subjects, apocnne sweaung
appeared usually at folheular orifices, although a few extra-
follicndar droplets were scen in some of the men The larger
quantites of the drug produced sumulation of more glands since
there was a greater spread of drug A latent period, representing
the time required for spread of the drug and reactvity of the
gland was scen and was never less than fifteen seconds The
average latent period was 30 secs although in some instances 1t
was as hugh as 120 seconds  The response continued for a pertod
of from five to ten munutes with an ever-widentng zone m which
glands began to show actvity The active glands were almost
wmvariably located in the zone showing blanching from the epi-
nephrine  This was an indication of direct pharmacologic stumu-
fauon of the glands

It was possible also to produce apocrine sweating by the sys-
temic adminsstration of epinephrine TIn these cases, 1t was
necessary 1o give rather large doses of the epinephrine  Apocrine
sweaung was hot seen unil systemic signs of the drug were also
evident It could usually be produced by the hypodermic imection
of 10 cc of 11000 solution of eprephrine

The local introduction of nor-epinephrine (levo-phed bitar-
trate, 005 cc of 1 1000 solution) 1n seven subjects also induced
apocrme sweating 1n all of them

The use of epinephinine (1 1000) 1n a buffered solution (ph =7 4)
n an effort to minimize local pain, mn ten subjects also produced
4 apocrine response corresponding to what was described above
after epinephrine in saline

Lpinephirine 1a dilusions from 1 10,000 to 3 1,000,000 were also
employed 1o sumulate apocrine sweating  The response was less
consistently produced n the hgher dilutions, above 1 500,000

(b} Cholinergic  Froshly prepared acetylcholme 005 cc of
[ 1000 aqueous solution was introduced intradermally 1n the
axdl shin af en adiupets 1o, pene of dasr e v APRRTYIR
sweatng oberved  However “Tollicular” ecenne sweatng could
he <cen

Weaker ditutions 1100 000 of the drug were also used without
production of an 1pocnne response
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Puocarpine (0 05 ec of 1 1000 sterile buflered saline) was njected
mtradermally in the awlla of twenty-five subjects In thiee of
these, true apocrine sweating was seen  In melie of them clear
“follicular” eccrine sweating was obscrned  Normal ccermne
sweating was seen 1n all of the subjects

Ply sostigmine (1 10,000 1n sterile buffered saline) was imjected
intradermally i the axlla of four subjects  Apocrine sweating
did not occur 1n any of these, but an eccrine response was readily
visualized m all four

(c) Anti-adrenergic The admimstration of Dibenzylime®
(20 mg) prevented subsequent awillary apocring Sweating 1n
response to 0 15 cc, of 1 1000 local epmnephrine 1in two normal
adult male subjects A blood pressure drop and reduction in
pulse rate was observed n cach indicating systemic effect

Local inunction of Dibozane Mvdrochlonde,® a potent ant-
adrenergic found to be effective when applied locally in ammls
was used in three adult male volunteers The concentragon of
the drug was 50 mg Gm of otntment (polycthyline giycol 4000)
and effort was made to rub the ointment nto the shin  After
two such applications one hour apart 0 15 cc 1 1000 epinephrine
i mormal saline was injected into the treated axtflary shin Apo
crine sweating was observed mall of the subjects with no evidence
of inhibition ~ There was no vasodilatation in the dibozanc-treated
skin and no inhibition of vasoconstricuon to epinephrine

Ergotamune tartrate which blocks some adrencrgic responses after
local admumistration did not inhibat ¢piephrint-induced apo-
crine sweating 1n three male subjects in whom st was attempted
Dosage used of the ergotamine tartrate was 0 1 ¢ 1 1000 <olution

(d) Antichohinergic The local njection nto antllary shin of
010 cc of atropme solutton (1 1000) failed 1o produce apocrine
sweating 1n nne male subjects SllB‘C([uCnl introduc tion of
epephnine (01 cc 11000} into this atropinized arca produccd
apocrine sweating mn all of the subjects studied

Systentie adinnistrrton of atropine vay not employed

However Prantal * admumstered oralls m 100 mgm  tihlets
(2-6 tablets q1d) to five normal adult mk subjects hd not
produce mhibiton of apocnine sseating after ¢puephrine Re
duction i eccrine sweating was noted only alter sign of systeme
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effects of the drug  Prantal ointment was also without effect on
apocrine Or €ccrine sweating 1n the axilla

(e) Local Anesthetics In sixteen subjects, a small area of
aullary shin was anesthetized by the local mjection of 10 cc of
4¢7, procain solution Epmephrine given nto the normal un
ancsthetized areas produced apocrine sweat in all sixteen In
the anesthetized areas apocfine sweating was produced after
cpinephrine 1n 15 of the 16 subjects

It 1s 1o be recalled that the response to emotional and sensory
sttmuli can be blocked with local procane (see page 34)

(f) Antispasmodics—Smooth Muscle Relaxanls  Papaverine
mirate, 2-10 mgm 1 02 cc normal saline, was imected ntra
dermally 1n the anillary skin of three subjects  Subsequent injection
of 005 cc of 1 1000 to 1 100,000 epinephrine produced apocrine
sweating 1n all three

In a sumilar series of experiments uthzing sodum minte, 1
<o called relaxant of smooth muscle, we were unable to mnbubit
apocnine sweating to epinephrine  Subcutaneous administration
of 01 cc of 11000 solution of sodium nitrite brought about
prompt vasodilation  Subsequent injection of 0 1 ce of 1 1000 to
1 300 000 epinephrine then produced blanching in this same area
and as the blanching developed areas of apocrine sweating
appeared It 1s felt that the action of epinephrine was more pro
nounced and because of its high potency, overcame the onigmal
relaxant effect of the mitrite

(g) Effect of other Drugs Fuocin the oxytocic principal of the
posterior pituitary which contracts uterine musculature so charac
tensticnlly  will also produce coplous apocrine sweating The
subcutaneous injection of various strengths of pitocin varying from
01 to 1 international umt produced such a response 1n each of
30 male subjects  Injection of 001 iternational unit produced
apocnine sweating 1n 21 of 30 mdividuals studied

thstamme whichs also a censstent sumulant for many vaneties
of smooth muscle was injected subcutancously m mine healthy
2dult male subjects  The phosphate salt was used 1n a concen
tration of 1 10000 True apocrine sweating was observed 1n

oniv one of these mine indimiduals  Histamine urncaria developed
m all mne
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Fhe effect of nicotine on 1pocrine sweatng is discussed below
the section on axon reflex apocrine swe iting

8 Effect of Physical Stimuly
\pocrine sweat may be manually exfresie ! from the pallwy shin
‘ Compressian of the rallars shinin a gentle shiding, 1cuon resulicd
n the appe wrance of pocrine sweat at tolliculir orthces 1 1) of
sixty subjects studied  Apocnine sweat wos not seen at ol the
folbeular onfices of the compressed shin however (fiy, 21)
Apprently these glands had been cmpued 1 short ume provionshy
from some other smulus  Thus i the thaence <f iy secretors
simulition one may nstantly oxpro s pocnne swert by sunple
manual compression of thie axdlary <hir Hus would mdic tee diei
such sweat 15 preformed and 1 pooled in o) ¢ twbulir lamen
anung 10 expulsne evacuiting force s we shall lewrn hier
thus force 15 supplied by the myoepithdiam
Stroking of the 1xalhiry shin with 1 tonjue bl whe wilt an saime
subjects produte 1 hinear response in the zone of strokin.,  Tins
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phenomenon 15 chseussed 1 wore detasl tater (page 47) and
apparently results from 2 mechanscal stimulaton of the myo-
epithelium

9 Effect of External Pressure

Using a glas cup apparatus attached 10 an aneroxd sphyg-
momanemeter by means of a side arm, tt was posstble to subject
a localized avea of the awilla to lugh external pressure. In five
sabyeets, 1t was determmned that the application of this pressure
«sd not sumulate any apecnme sweat gland actiaty  The following
experunent was then conducted  Epinephrine (015 cc of 1 1000)
was mjected wtradermally Withun 1 to 2 seconds, a pressure of
225 mm (plus or minus 10 mm ) of mercury was applied to the
smyection mite and mamitamed for three mmutes  Dunng this
period apocrine sweating was observed 1o the pressureed area,
but not i the surrounding zone Howeter, within a munute
after removal of the pressure, apocrine sweating could be scen
to appear 1 the surrounding shin - This was presumabfy due 1
Iymphatic spread of the epinephnine, which had been prevsously
prevenied by the pressure of the nm of the cup

10 Effect of Natural Factors——~Age, Sex, Race

Lieven cluldren ages five to ten years were studed for apocrine
sweating  The group comprised three Negro beys, three Negro
gurls three Wihite boys and two White garls Lach was gen
005 cc of 11000 sojution of epineghirine sntradermally in the
asitfary shin In none of them was apocrine sweating visuahzed
N pan sumudns also was given o cach of the clsldren  This
consisted of the mtroduction of a hypodermic needle, No 25
gauge nto the shin of the forearm  Agaws no apocrine ~teatng
was sern It should be ponted out that none of these clildren
had awllars har other than the fanugo type

Thrry five normy healthy adult males (19 Whie 17 Negro}
Faging woage from 15 10 50 yews were also eamuned  Sach of
this group was given a panful stmulus by means of the miro
duction of a \o 18 ncedic m the pum  Tourteen of these 1n
divrdads (of whom B were Negro) showed ApOTHING BWweating
tter this stmutus  Phese subjects alo were studied after € 15 o
of 1 1000 epinephrine was introduced mto the s of the aulia
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Definite apocrine sweating was seen 1n cach of the thirty-five sub-
Jects  However, the degree of response showed marked variation

An older age group was also studted This consisted of 11 male
subjects (8 White, 3 Negro) ranging in age from 60 to 75 years
The pan of the palmar myection produced axillary apocrine
sweating 1n three of the 11 men (all Wiite) Each of them also
recenved an intradermal injection of 0 1 c¢ of 1 1000 epincpheine
in the avilla Six of the eleven subjects developed apocrine sweat-
g m response to this drug

Limuted studies were also made, with similar findings, on the
apocrine response in female subjects  Five women sarying in age
from 23 to 38 ycars were examined for apocrine sweating after
local epmephrine and pain - The response was less than that seen
1n adult males of the same age group

Racral vanations mn apocrine sweating are remarhable  Com-
parison of thirty Negro and thirty White adult male subyects after
local epinephrine and emotional sumulaton revealed that the
Negro consistently produces greater quantines of apocrine swet
than does the White  In additnon the apocrine sweat of the Negro
gencrally showed more turbdity and was elicited more reachly
after minor stimul, such as produced by strohing  These features
also reflect the racial superiority of the Negro  Vanious groups
within the Caucasian race showed no sigmhcant variations VW
have not had the apportumty to study Ortental or Indian races
for apocrine sweating
11 The Refractory Period—Miscellancous Observations

It was pomnted out earlter that the individual apocrine gland
has a defimte refractory pertod  After the inttial mjection of
epinephrine 1t 1s impossible to produce apocrine sweat from any
umit which has responded unul a period of hours bave elapsed
The exact duranon of this period always exceeds twenty-four
hours and varies from indnidual to ndiadual, even from gland
to gland In general Negroes with larger glands, tend to huve
shorter refractory periods  The maximum duration of this period
15 about 72 hours

No spontancous apocrine sweating was observed 1n subjects at

rest  One indiidual had capillary pipeties placed in the folliculir
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orifices, and dunng a persad of three hours, no flud or follicular
seoreiion could be seen to enter these pgettes, nor was any dred
apocrine sweat seen At the end of this persod, 015 cc 11000
epimephrine was iyected mtradermally mto the observed axila
and a typieal apocrime response noted

Apocrine sweat never appeared at aft har {follicle orsfices
response to & guven sumulus  In one such study, 63 hair follicles
were observed following local epmephnine  Sixteen glands were
actnated, 14 of these being folbcular, whereas 2 were eatra-
{olhicular

In fise adult male valunteers, we also studied the electnieal
shan resistance (D SR} of the awllary shim Bach of these sub-
jects was carefully selected on the basts of his abihty to produce
an adeqguate apocnine response and {atlure 1o show emotional or
sensory avatlary ecenne sweating  The autlae were shased and
cleansed carefully The axffary shin was mostened with a wad
of cotton saturated with normal salime A small hole was cut in
the cotton just large enough for the metal elecirode (05 em 1n
drarneter) A base b electnical shin resistance {resstance to the
passage of dweet current, thus not a measure of impedance)
reading was taken sn the avdla  Normal saline was constantly
dropped onto the cotton to msure its saturation  Following this
610 o of pironin was ugected nto the aailary skin to induce
apocrine sweating  n four of the five subjects, the ES R showed
no change hom that of the previous pre-stimulavon level 1In
ame subjeet a deerease of 2 ma from the base ine LS R was
secorded  Phue subect showed no outward manifestation of pamn
or agpechiemsion at the ume  Ten munutes later after apocnne
sweating had ceaved another “sawration  basehne readang was
ahen and found to be within 1 ma of that taken before the e
secuon of pioan @11 cc of 1 1000 pilecarpine was then inro-
duted wita the andlary shin © induce econnie sweating  Wnin
10 seconds the F SR was seen to fall an addstionat 4 to 7 ma.
and even 10 mlower in one subjeer Thus lowered DS R was

mamtuned for 10 10 3 munutes apparently as tong as the eccrine
s ing contaest

Darrow i mgemous expeniments, wang a wet® elecisada
wehmgue his shown that the drop mm £ SR seen afier ceerine
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sweating 1s not merely the result of adding fluid to the skua surface,
but results from a change witlun the shin apparently related to
the active eccrine secretory process per se (36)

It 15 noteworthy that Lobitz and Campbell in studying the
apocrine wax glands of the ear canal also found no drop mn skin
1esistance as a result of apocrine sumulation while they did record
the usual drop in the TSR of the palmar shin simultaneously
(37} These findings are 1n agreement with ours and lend support
to the concept thst no active cellular secretion gceurs at the tme
of apocrine sweating

12 Axon Reflex Apocrine Sweating

Lfforts were made to induce apocnine axon-reflex sweating,
heretofore not demonstrated 1n man  In thurty cxpertments on
fificen adult male subjects, utthzing appropriate concentrations
(1 50,000 to 1 150,000) of acetylcholine and nicoune salts intro-
duced 10ntopheretically or by local injection, we were unable
to produce the instantancous, wide area response characteristc
of the axon-reflex  While distant glands were activated the
response was trregular and inconstant  his may have been due
i part to the long relractory perrod (23-38 hours) following a
bout of apocrine sweanng It 1s pracucally impossible to prevent
some apocrine sweatmg since many emotional and physical stimuh
may prompt s occurrence thus emptying some or many of the
apocnine sweat glands  While the anatomic and physiologic
evidence of the mmnemation of this gland suggests that apocrine
avon-refley sweatng should occur, we were unable todemonstrate
the phenomenon to our satfacuon  In this regard, s intereviing
to note that Yokl using appropriate concentranons of notine
and acetylcholine, could not induce avon-reflex sweating an the
dog except n certain restricted arcas (38) It should be rec alled
that the dog possesses a sweat gland sshich atdeast by histologi o
criterta, 1s apocrie i type
13. Mechanism—Role of the Myoepithelrum

Earher we desarthed the well-developed band of smooth muscie
which uvests the tubular portion of the apocnne sweat gland
Tius layer of cells has been called myoc prihehum and o~ seen
also 1n the eccrme and mammary glands in varying degrees of
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i 7 Uaepathebum of apncrine gland  Phosphotaagst
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wievelopment e have pomited out in recent pages, the need for

«a contrac tile foree 10 empty the apocrine tubujes and thus produce
aporsine sweating 1t s the myoepithelum which prosdes this
force  \i} of the physwologic and pharmacologic phenomenn
<ancerned with apocrine sweatmg reflect the reactvity of tus
band of smooth muscie

ft 15 our purpuse then n tins secuon to carefully review the
evdenee already presented  adicatng that wuch & mechanism

exnts and 1o presem addhuional corroboratne data which prove
1 (3%

a 4 1 Turd,

The stol

findsngs suggest that
myorpthcditm s sthooth musde

1t 15 a well developed Gbritar
bwer of mvord cddb which s present about the secretory portion

of the apocnine sweat gland Lut absent about the duct  Individuat
msocpithedul cells are lmost hpear or spindle-shaped (Fig 22)
and show sviepiwsme branching i rare anstances  They have
m aveeare width of B-10 microns and reach a lengeh of 40 1o

101 mcrony \n clonvatedd bophalie nucleus can be visuahized
near the and portion of the eytoplasm
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The arrangement of the myoepithehal cells 15 suggestive func-
tionally for they yun longitudmally with their long axis roughly
parallel with that of the apocrine tubule. Large sheets of these
{ibril-hke cells may be seen on routine secuoning «f the tubule 15
cut longitudinally (Fig 22)

Although the myocpithelial cells tahe some muscle stamns
poorly, a fact which has led some histologists to exclude them as
plain muscle, they are casily visualized under routine hematoxy lin
and costn preparations or with the periodic acid-Schiff procedure
However, they stan more completely with the phosphotungstic
acid-hematoxylin stain as blue fibrils 1n contrast with brown
tobular cells  Under high magmfication a famt longitudinal
striatton may be seen  When examined with proper illumination,
the myoepithehal cells exhibit a birefringence wiich 15 posine
with respect to the long axis of the cells This indicates the
presence of longitudinally arranged rodlets or fibnls (21)  Such
a property 1s common to smooth muscle 1n general

Woolard has stated that the innerzation to the apocrine sweat
gland 1s to the myoepithchum exclusnely  As mentioned carler,
we would agree that these cells do recene fibres although we are
unable to state categorically that the secretory cells are not also
innervated

An attempt was made to secure some incicatton of myocpithelial
function by studying its appearance before and during apocrine
sweating  Biopsies were secured from the avllac of fine normal
subjects  Pracain block anesthesia was used to mimmize pressure
effects on the histologic appearance  Siular biopsies were secured
from five subjects in whom apocrne sweating had been induced
3-4 minutes previousty by the local mjection of cpinephnine Al
biopsy material was sectioned serially and stamned with hemo-
toxyhn and cosin - Comparison of the scctions from the two groups
did not reveal any conustent morphologic differences No evidence
could be obtained from these studies which would support or
refute the view that myoepithchum s contractule  Tailure to
provide evidence with tlus study 15 apparently due to techmeal
difficulty, primanily the mability to prevent some myocpithehal
actisity from non-specific stmult encountered in the study Hm:
ever, many segments of apocrine tubules of “unsumulated




The Physialogy and Pharmacolagy of the Apocrine Sweat Gland 47

D

he
azch

) -
kg 23 Penstalnc ware m apocrine tubules  Chance secuoning of rather long
stietch of an apocrine tubule showing multiple compression and dilatation along
s course These glands were not purposely sumulated Changes seen arc
remimscent of penstaluc wave as seen i the G I tract H and E Mag 310

glands after routine staiming show changes which could be easily
interpreted as contraction (Fig 23)
b Phystol: & Phari logic Evid The fact that
(apocrine sweat, in the complete absence of any other simuli, may
be manually expressed, as described earler, 1s a strong indication
that a contracule force 15 Tequired to dehiver the apocnine sweat
tto the shin surface Furthermore, the duction of apocrine
sweating by stumuli selective for smooth muscle suggests that a

contrictle force 1s responsible for sweating  These stumult are
as follows

\(a) Mechameal stimulation of the axillary shin will result 1n the
appearance of apocrine sweat on the shin surface  In fifteen healthy
adult male subjects, the shaved axlla was firmly stroked in a
hinear fashion 10-15 umes  Within 20 seconds, a linear band of
apocrine sweat was scen 1n ihe zone that had been strohed in
mine of the 15 men (Fig 24) The amount of sweat produced
with thus stimulus was small when compared with the quantity
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Tig 21 Apocrine sweating after stroking avdlary skin  After hightly siroking the

awillary 1n a hinear fashion with a tongue blade 10 15 umes 1 lincar band of

apocrine sweat was seen in the arca strohed as shown above  Thisas the result
of phyvsical sumulation of the myot pithehum

seen on other occastons mn these indiniduals It should be noted
that the strohing was not overly forceful and that no compression
or excessive stretching of the awilary skin was scen [t was fut
that apocrine sweaung following strohing of the asllary skin
occurred as a result of mechamcal sumulation of the myocpithe-
lium surrounding the apocrme tubules

In three subjects in whom half of the axilla was anesthetized
with procain {4%) anesthessa, strobing across the normal control
area and the anasthenzed zone produced the same effect The
apocrine sweating was sharply defineated o the area of «trohing
Both of these observations suggest that the sweaung was not
induced by neural sumulation
(b) Thermal stunult, such as heal or cal 1, when properly apphed at
a deep level so as to produce actual thermal sumulation of the
myoepithehium  can induce apocrine sweating These evpert-
ments were described carlier in the Physiology chaptee (pp 35-36)
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1t should be stressed that this s an artificial mode of sumulation
and one that 1 very unishely under phvsiologic conchtions

It has been previously sbown that the external apphcation of
heat and cold, as would be produced 1 a hot box or a cold room,
would not generate an apoenne response apparently because
there 15 no mycepithebal shimulation
{¢) Blectricat stmuds, when appled directly, also prompt pocrine

sweating apparently through direct electrical stumulation of the
myoepithehum  The use of a square wave stmulator with 3
needle electrode Howed for umt gland stimulation  Tive healthy
adult males were studied  The axillae were procamized in a bloch
techmque as previously deseibed  The acuve electrode was then
mnserted o the axllary skan During the two minute antervad
following insertion some apocrne sweating was occastonally seen
as a result of mechamcal stimulation  This was allowed to sub
side and then the square wave current was apphed  The voltige
apphed ranged from 0 1 to 28 0 v, frequency was 50 to 200 pulse
and the pulse duration 01 to 3 0 mthseconds Definste though
not prenounced apocring sweating i the form of 1 unst gland
Fespomse was seen an ath subjects

() The pharmocologre stmuly which produce apotnse sweating
will also prampt contraction of other vaneties of smooth muscle

Efunephrine and non epmephrine have been shown to be powerful
pharmacologic stmult for the apocrine swet giand  These drugs
stimulate 2 wade range of <mooth muscle such 1s the didntor muscle
of the pupit of the eye nd the smooth muscle round blood
vessels

Lrgar the oxvtace prinaipal of the josenor prtustwey which
sumul stes utersne musculiture will alse produce copious Apocnne
sweating as descnibed earher Pitocsn sidarly sumaoltans mo
epihelnt contraction an the mimmin cland ind  iccomphishes
the letdown of milk {108)

Hhistamme howover 3s apparanthy nor @ stemdus for the myo
wpedaiic o R et o v W v 1 g o jee
apocnne sweatsng conastenth Boas well known boweser that
this drug st sl ne mony B of smootls snde

¢ Direct Visual Emdence of Contractile Mechamsm  \etempts
o obsene the dlects of myvocpstheld comirx non 1w yvilro sere
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umformly unsuccessful - After removal of thin strips of avllary
shin and subsequent 1mmersion m warm oxygenated mammahan
sahine solution, we were unable to detect any tubultr changes
which might indicate myocpithehal contraction  In view of onr
failure with this approach, an in 1o techmque was tried for an
ntact nerve supply s a requustte for the proper function of certain
types of smooth muscle
The axilac of five sclected subjects were procatmzed and

shghtly curved imcisions, approximately 144 inches long, madc

Little attempt was made to control blood flow eveept for muld
campression temporartly  Qune cdge of the incwsion was cverted
with Allis forceps  The other edge was depressed and the apocrine
glands then reacily observed through a stercoscopic microscope
(30 x magmficanon) No staiming of tht tissue was necesary

The addition of a few drops of epmeplirine (1 1000 solution)
prompted pertstaltic waves in the apacrine tubules of two of the
subjects  However, two or three drops of full strengih pitocin
solution miated sinmlar wave motons 1n the tubules of all of
these subjects  These contractile changes were more readihy
clicited and seemed more uigarous after pitocin than after epr

nephrine  Llectrical sttmulation as well as the direet applic tion
of heat or cold was not attempted

{t 1s to be emphastzed that the peristaltic wave Jihe changes i

the apocrine tubules comcided with the appearances of apoerine
sweat at the shinsurface  These wates are schemaucally dtastrated
in Ngure 25 They are geatle, delicate constrictine changes winch
progress smoothly and rather slowly alony the tubule to result
in evacuation of the gland  No estreme segmental contrartions
were seen as are common 1a the small bowel  Howeser 1t wie
posstble to detect vernuform movements in the bulk of the gland
1selil  These were thought to represent the graduil progression
of the perstalue wanes along the tubules It should be noted that
1n order to <ce such changes i tubular lumen 2t 1 necessany 10
concentrate on a smll segment of the tubule  High magmshication
and criucal dlummation are essental  In addition, not all of the

glinds seen during thae siudies were rospotisne 1o sumuh

Although the blood supply to these glands appewed to be exels
tent during the entire procedure perhips the glnds the melves
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APGCRINE SWEAT GLAND TUBULE

Fig 25 Penstaltic wares 1 apoonpe tubule  Schematie drawing of apoenne sweat

gland tubule showing progression of persstaltic wave

or inpervation of some of the glands had been damaged during
the actual ncision

The array of evidence thus presented provides us with more
than adequate proof of the contraculity of the apocrine myo-
epithelium  This same myoepsthelium has been shown to funcuen
stmularly 1 the mammary gland, providing the “let down of
milk’ in response to the same drugs In the eccnine gland, how-
ever, where 2 less well-developed myoeptthelium prevails, no real
evidence of myoeprthelial activity 1s available  Eccrine sweating
can he explained satsfactorily on the basts of us secretory acuvity
14 Comparative Studies

Our studies 1n other antmals have been sigmificant, although
limited and supply us with cogent data with which to cempare
mymmahan apocrine function

The horse 1s one ammal we had the opportunity to observe
carefulh  The sweat gland of this ammal 1s more “apocrine”
than * ecerine  anatomiscally while having some of the features of
both miands First thehorse sweat gland 1s found over most of the skin
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surface as 1s the human ecerine sweat ghind, and 1s not restricted
i localization as 1s the human apocrine sweat gland  The oeral
size of the individual sweat gland i the horse 1s considerably smaller
than the human apocrine gland, but larger than that of the
eccrine sweat gland (g 26)  However, when one compares the
overall body size of this ammal with that of man, perhaps the
horse’s sweat gland 15 proportionately equivalent to that of the
human ecerine gland It appears that the sweat glands mn certain
cutaneous areas are somewhat Jarger than on the gencral shin
surface  Tlis 1s true about the anus for example, but 1t 15 equally
true that eccrine glandular size in man will vary somewhat from
regron to region  The palmar sweat glands 10 man arc compara-
tively large, for example  Histologically, we are again faced with
a dilemma for the horse s sweat gland agan appears to be miter-
medrate  The tubular diameter 1s small, consistent with that of
the eccrine sweat gland tn man (g 27) However, only one
ty pe of secretory cell may be seen as m the human apocrine sweat
gland and unlike the eccrine tubule which shows two distinet
types of secrctory cells  In additon the secretory ceils of the
horse s sweat gland show what appears (o be decapitation
secretion  the pinched-off jummal buds charactersuc of an
apocrine  type of secretion It should be stressed, however that
lumina) casts occasionally scen m the human apocrine gland
but not 1n the eccrne were not evident e the sweat glands of
the horse
We decided to extend our comparative studies to physiology
and pharmacology 1n an effort to determine the nature of the
horse sweat gland  I'wo healthy mature ammals were used for
tlus study through the co-operation of Dr F Krai of the School
of Veterinary Medicine Unieraty of Pannsyvivama Pinladefphia
Pa  The following sumult were employed to stumulate sweanng

(1) Hot room  100° 1

(2) Lxercise

(3) Manu il cxpresston of sweat

(4) Strohing with tongue blde

(5) Lpinephrine (1 1000 and 1 100 000)
(6} Acetylchating (1 1000 and 1 100 000)
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Direct visualization of shaved (and tharoughly cle wsed) and un-
shaved areas of shin was unployed  Arcas studied cluded the
neck, axllae, trunk {side), and extremties

It was found that the sweat glands of the horse respond to heat,
exercise, epmephrine (both concentrations) and acetylcholine
(both concentrations) However, stroking of the skin did not
chicit a response nor could any sweat be expressed manunlly
It should be stressed also that the sweat gland of the horse has no
refractory period as does the human apocrine gland  The horse
sweat gland continues to secrete untl the sumulus ceases I urther-
more, the turbidity ascribed to horse’s persprration s apparently
duc to contarmnation with dander  Winle unshased areas showed
turbid sweat, the shaved skin which had been thoroughly cleansed
showed clear watery *“‘ecermnord’ sccrenon  Evans and Smith
have demonstrated also that the horse sweat gland responds to
both epinephrine and acetylcholine, as well as heat  Interestngly
they were unable to inhibst the thermal sweating with atropine
(41)

Through the courtesy of Dr Herbert Ratchffe Curator we
had the opportumty to observe the secretion of “ bloody  sweat
by the huge hippopotamus Jimmy at the Phtadelptny Zou
This shmy, mucoid reddish secretton appears in response o
cmottonal sumulation such as anger or fear  The ammal « dishhe
of s handlers 1s so wntense that we were able 10 provohe him
quite readsty by having onc of these men approach ham - Areas
which seemed to show the greatest response were the face (fore-
head region) and rostral back  We were unable to sumulate the
ammal with drugs or other stmuli because of the nisk mvolved
The glands responsible for this seeretion are purportedly apocrime
intype (34)  The similanues of the sweatof the hippo (1ts turbity
siscosity and color) as well as the responsiveness of thes gland to
emotional stimult would fully support this

We alsa oxamuned e gy hippopotamus a dulferent speoes
from South \merica under sumlar conditions  Thus apml chid
not secrete a calored sweat, but did produce o frothy, whue
product when angry or frightened over the trunh and nech

A large gonilla ughtly caged because of violence was observed

Although s fur prevented identificaion of any cutaneous seeres
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tion the strong, acrid body odor of the animal was quite apparent

Dogs possess apocrine glands over most of the <kin surface
Thesc glands do not usuaily respond to heat, but will be activated
when the thermal stimulus 1s excessiv e, suggesting that an associ-
ated emotional stimulation 1s brought into play (42)

Sheep, hke horses, possess apocrine glands aver most of the skin
surface which secrete Jarge quantines of a clear flud Like the
horse, the sweat glands are apocrine Instologteally, but eccrine
physiologically, at least 1o many respects

A number of other ammmals possess special localized skin glands
which produce colored or odoriferous secretions n response to
fear or anger-provohing stmult (34) The skunh and musk ox
are prime examples In addition, the elephant elaborates a blue
flud from a gland near the eye when angry Kangaroos secrete
red sweat, antelopes and gazelles a blue or blue-black sweat when
frightened These ongmate from tubular glands which have
apocrine characteristics

It 15 indeed interesting and mformative to cornpare the function
of the sweat glands of these various mammalia  Yet one should
be hesitant 1n the extension of nterpretations from one species
to another Study of the horse and human sweat glands 15 an
excellent example 1 pomnt A tally of the properties of the horse
sweat gland will reveal that it 1s more like the human eccrine
gland funcuonally than the human apocnne gland, although we
sull generafly regard 1t as mntermediate between the two Yet
because of the histological appearance of the secretory cells the
horse sweat gland 1s usually thought of as an apacrine gland Thus
points up nat only the folly of basing interpretations of functional
actnaty on anatormcal evidence but also the danger of using
comparatine data to draw conclusions regarding functions 1n
another amimal such as man  Wiule such evidence s helpfu] and
carroboratise 1t should be considered only n hight of all of the
available evidence
15 The Problem of Two Secretions

Herrmann has deseribed asilary apocrine sweanung i response
to heat and acenlcholne (43)  Furthermore Rothman has
added that the human apacrine sweat gland 1s apparently capable
of producing two secretions, totally different 1n appearance and
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resulting from totally different stimuli (40) Onc secretion a
viscid, turbid-white iquid appears at hour follicle erifices following
emotional (fear, anger), sensory (paw), mechanical (strohing) and
pharmacologic (epinephnine, pitoctn) stumult  This flusd does not
appear 1n response to heat, and cannot be inhibited by atropine
Moreover, 1t can be produced by simple, manual compression
of the asitlary skin It 15 probable that all observers, including
Herrmaon and Rothman, will readily agree that this secretion 1s
apocrine 1 ongin However, a second secretton, a clear, color-
less, watery flud will also appear to emanate from the sunt
hair follicle onifice 1n response to Aeat and cholergic (acetylcholine,
pilocarpine) drugs  Atropimzation of the areas prevents the
appearance of this Ruid It 1s this product which the above
authors feel 1s dernved from the apocrine sweat gland  We have
examined the problem mn detail and hne concluded thit the
human apocrme sweat gland produces only one secretion  the
vscrd  turbid wlhite sweat  The clear, aqueous, “follicubir’ fluid
15 10 reality eccrine sweat which anses from adjrcent ccenine
sweat duct pores and collects at the foliscultr onfices giving a
false rmpression of ity origin

At the bottomn of thus problem i the fact that suuple inspe ction
even with stereoscopic magnificatton (30 \) docs not enable one
to wdentify the poimnts of ongin of these seerctions  Addiional
evidence both direct and deducuite is needed 0 pustly our con-
clusion  We should hike to review this evidence now

a. Anatomical It can be shown that econinte sseat duct pores
are often <o situited as to allow the ecerme sweat to flow down
snto the hair follicles A« shown in Ttg 28 the oceasion il ecerine
duct {tes wm extreme pronvmmy to the follicke onfice  Others
opening mto the sides of smail shin grooves which are directed
mto a hair foilicle onifice cap supply sweat whieh gravitn will
draw down 1nto the follicle openmys  Using speaial antomi
dissection techntques we have further demonstrated the surd e
relationship between the hur follide onhices and ecertne duct
pores (higy 29 ny

Application of 1 water repellent (stheond) to the rall  promotes
ecertne sweat droplet formuon and reduces dree spre whin,, of
sweat i film form  In subjects so treveed with sthcone atos not
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Tig * Ecorine duct operang near hair folivete  Photomcrograph of secuon of awllary
shin showng hair follicle with an apocrine duct emping into one side of the
follicte (on the Ieft)  In addicon on the right an ecerine duct can be seen as
1t couls upward and opens quite close to the bate Dllicle onfee H and I Mae
< 130
Fae 0 L fallicke 5 2 attacked ghoome durt \ier amvoresian 1o 37 ammannm
mdroxde 4 small uece of avitary shin was strapped of s epidermus The
undersurfare § the detached e idermis 1s shown abose Two huir follicles are
orn pregecting downward from the epidernis  \n apoceine duct s seen empisiog
mto one of these follicles On each side of the follicles 1s an eccnine duct the
chindular portion < f which was retained by the conum  Mag x 27
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l1g 30 Pore pattern wn avilla  Another specimen of axillary skin wat immnersed

n 3% ammonum hydroxide for 3 hours and the stratum corneum stripped off

Transillurmnauon of this skin reveals the epidermal surface with large and

small pores The larger pores arc hair follicle openings some recetving small

apocrine duct pores  The small round hght areas not assoctated with the hair

follicles are eccrine duct onfices Note the proimity of many of these 1o hair
follicle openings  Mag < 9

possible to see any primary sweat droplets developing 1n response
to heat

On other hairy areas of the skin 1n which no apocrine sweat
glands are found, such as the leg or thugh, the hair follicles may
also appear o be the stes of origin for eccrine sweat  Here it
15 apparent that physical factars are responsible for this finding

b. Histol 1 and Histoch al. A study of the apocrme
secretory cells reveals the uniforruty of character A single tvp*
of secrctary cell speaks for a single &y pe of seeretory product

Histochemically 1t 15 significant to note that the axillary apo-
crine sweat gland in man posscsses hittle or no ghcogen in contrast
with the weil-hnown ghycozndepositsof the ecnine sweat glind
It 15 our beliet that it the apocrne sweat gland were to produce
an additional sccretion which 1s eccnine-lihe not only i appearance
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Fig 31 Methplene blue rroret on 1 ecomne sternt - After ipjection of G 2¢cc of 01%
methvlene blue solution into the axillary skin subsequent tnjection of 003 cc
of prlocarpine (1 10000) produced blue ccerme sweat dropless i this area
Note promnent blue droplet 1n center of photograph  Other Hue driplets
were also scen but are not evident 10 black and white photo Sumulaticnr of
apocrime sweating 1n this area produced only wl 1t¢ apocrinc s cat

but also physiologically 1t should show glyco.en in at lcist some
of the secretory cells

We have demonstrated that the apocrine sweat glnd his
adrenermic but no cholinergic nerves It 15 difficult 1o accept the
view therefore that chohnergic sttmuli affect this glind

¢ Physiological The physiological observations made nlso fully
support our canclusion regarding the orimn of the clear colorless
flnd It always appears 1n response to measures whnch imvarihly
stumulate the eccrine sweat glind  The quanttitive response nd
fatent period correspond with those of econne sweating

Muving of the two secretions was not obsersed when onc scere
tion w i made to appear immediately after the other Tlus would
cortunhy e expeeted i both were arsing from the s une 1l ind

[t has tong been hnown tht the ijccuon of mohylone Muc
o the shin wall resalt i the colormy of cocrine swent (Fig, 31)
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We have found that this docs not occur i the apocrine sweat
gland  This differential dyemng techmque was used to distinguish
ccerine from apocrine sweating in the axilla After the njection
of methylene blue, the subsequent mnjection of acetylchohine led
to the production of a blue folltcular flurd, wlile stumulation with
eptnephrine resuited m cloudy wlite secretion

d. Pharmacological: All of the drugs which result in the ap-
pearance of the clear, colorless, “follicular” flmd are spectfic for
the production of eccrine sweat  Morcover, atropme will block
thrs response, just as 1t mhibits ecerine sweating

e. Chemucal The colorless “foliicular™ flurd 1s chenncally tden-
tical with eccrine sweat It 1s free of protewn which sharply sep-
arates 1t from apocrine sweat  In addition, its pH matches that
of samples of hnown ccerine sweat from the same anillac

S Theoretical. Yrom a speculatinve viewpoint, there 1s no neces-
sity for the anillary apocrine sweat gland to <ervein a thermoregu
latory role, and 1t would be difficult to understand any apocrine
gland response to heat The axtlla abounds in ecerine sweat glnds
and normally an excessine quantity of eccrine sweat 1s provided

The proponents of the dual secretion theory have rased objec-
tions to our concept regarding the ongin of the clear folhicular
flid It has been stated that the apocrine sweat gland s capable
of producing sweat m large volume  Tlis nouon ts bised on the
fact that the horse which possesses only apocnine type sweul
glands secretes large volumes of clear sweat in response to thermal
stmult  However as we noted earlier 1t 1s not at all certam that
the sweat gland of this antml s truly apocnine functionaih
comparable with the apocrine gland in man  Purthermore we
do not feel 1t 15 possible to predict the function of a human gland
on the basts of comparatine physiologic studies in fower forms

It has also been cited that the apocrine gland s capible of
producing an ecennowd type of secretion m rather 1 rge volume
because patients with congemital ectodermal defeet have been
shown 1n many instances to be completely amdrouc except i the
asllie  In these pavents the axtlla may present relatnely
normal amount of sweit and 1t has been consdered that 2l of
s arsses from the apocrine ghinds It 1s now hnown that this

15 not neeesandy true We hve venihied the presenee of well
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developed eccrine, as well as apocrine sweat glands 1in the axllae
of such patients and 1t 15 our belief that the eccrime glands present
were responsible for the normal sweating seen i the axilla

In conclusion, we feel that the evidence 1s overwhelmingly in
favor of the view that the human apocrine sweat gland produces
a single type of secretion, the viscid, turbid white product The
clear, aqueous secretion one may see at the follicle onifice 15 in
reality, eccrine sweat

D APOCRINE SECRETION
1 Definition—General Features
Apocrime secretton 1s the designahon we have employed to describe
the formation of apocrine sweat in the secretory tubules It 1s
to be regarded as a process separate and distinct from apocrine
sweating the appearance of apocrine sweat on the skin surface
Thus the apocrine sweat gland 1s much Iike the mammary gland,
another apocrine gland, 1n which there are two such distinct
funcuonal phases The eccrine sweat gland, on the other hand,
differs markedly for 1ts secretion 1s not formed continuously or
gradually but rather immediately, 1n response to some stumulu
such as heat, emotion or a drug
A casual exammation of the histologic appearance of the apo
erine secretory cell would quickly lead one to beheve that the
decapitation  phenomenon 1s in reality the mode of secretion
operatne in these glands  However, some doubt has been raised
regarding the veracity of this noton  Montagna, examining
frozen scctions unaltered by tissue fixatives, has demonstrated the
presence of a fine fringe at the lumunal border of the secretory
cells (Figs 9 19)  This 15 seen only at the higher hmits of mag-
mficition under the hght microscope and not well with thick
sections or fived matenal  Llectron microscopy has recently been
utihized to examine the human apocrine sweat gland and has
contirmed the presence of this luminal *fringe  (109) Montagna
believes that 1t m1y represent tiny draplets af aparane aseat, 28
they are being relewsed from the cell
It was pointed out that the apocrine sweat gland tubular cells
<liow marked vartion ranging from the high columnar cell full
of cytoplsmic granules to the low cuboidal or flat cells with a
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minmum of cytoplasmic clements  Some cells are so flat as to
appear atrophic and 1 some cascs they probably are  As we shall
point out later, 1t 15 not uncommon to find a segment of an apo-
crine tubule with atrophic seerctory cells or perhaps an entire
gland m this state Usually lunmnal casts may also be seen
such tubules and we feel that most develop as a 1esult of ductal
obstructions above, following maceration or other wyury to the
stratum corneum

The presence of pigment granules, probably ipofusein, has been
menttoned and will be discussed later under chiromndrosss 1 hese
granules are responsible for the occastonal color 1in apocrine sweat

Intracellular vacuolation is not uncemmon n the secrclory cell
of the apocrine sweat gland {(Tigs 7, 32)  The sigmficance of th
15 ot known, but 1t 15 apparently rclated to the sceretory process
This vacuolar appearance 1s scen principally in the cells with
higher more columnar epithelium

The absence or at best presence of only mnimal amounts of
glycogen m the apocrine secretory cedls is indeed sigmficant
Glycogen 15 an energy substanee and s present in celis with a
high rate of secretory acunaty  For example, the ecerine secretory
cells contan abundant quantittes of glycogen and after exhrusinve
ccerine sweating  this glycogen 1s decreased or depleted from the
gland The ceenine gland 1s capable of producing great quantities
of <ecreuon also up to one liter or more per hour under heat
stress  The apocrine sweat gland s secretory cells, however oper it
at a low rate forming a small quanuty of sceretion entirely con-
sistent with their glycogen contont

2 Effect of Natural Factors—Age, Sex, Race

The amount of apocrine sweat one sees on the shin surfice 1«
naturally 1 reflection of the amount of apacrine seercuion that s
proceeded below mn the wbules  The amnunt of apocring secre
tion 1 turn 1 dependent on the state of ghindular actisity and on
the glandulir size

We hne shown thit @ge can allect apocnne sweating
prunanihy the rosult of the secreton state of the gland  In the
cluld with a0 pocane sweat tiere are fesat any wincy seereting

cells At pubcrty such sceretion begine with the cventu W poih
After the chmacteric

This s

of actity reached during adult sexual bic
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secretory function again wanes with consequent dimmnution in the
amount of apocrine sweat It should be recalled however, that
we have seen apocrine sweat i indngduals even as old as 75
vears However, as 1s apparent from a histological cxamimation
of the anillary shin of the aged (Fig 33), the apocrine glands are
smaller and show considerably fewer active secretory cells with
hgh columnar epithelium

The mfuence of sex on apocrine sccretion s not marked  The
apocrine sweat glands of the adult female appear to be sotnewhat
smaller than those of the male and show comparably smaller
quantities of apocrine sweat

Profound chifferences in apocrine secretion may be seen as a
result of racial vaniations The Negro has apocrine sweat glandy
which for the most part are significantly larger than those of the
Caucastan (Ig 2) This, of course, results 1n greater quantities
of apocrine sweat which appear on the shin surface  In addition
chromudrosis of axilary glands s more common n the Negro
Indeed we have rarely observed axillary apocrine chromidrosts
in white subjects although two of our patients with locahized
chromudrosis of the face were White It scems that the Negro
apocnine sweat gland secretory cells function at a lgher rate of
actinity also They appear to hase more actinsty hstologicalhy
and the refractory period for apocrine sweating in the Negro 18
generally shorter It 1s realized that the latter could casily reflect
the greater size of the gland rather than an increased secretory rie

Schiefferdecher stated that the Mustralasians possessed  the
largest and most actine apocrine sweat glands (6)  We have not
examined any mdnaduals who would fall into this racial categony
However it s well-hnown that Onentals particularly the Japn-
ese have hittle or no body odor as a general rule and thn of
course 15 a dehnite mndication of apocrine sweat gland avoub
(8) We have examined several fJapanese and (hinese men ind
have confirmed this to our sausfaction  Nordie races were pre-
sumed by Schiefferdecher to have the smallest and ieast dervefoped
apocrine sweat glands
3. Effect of Endocrine States

The ampace of puberts on apocrine sweat gland funcnon s
marhed indeed as ss also that of the chmcterie In addition 1t
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hias been stated that other endocrine states will influence this gland

For example, numerous observers have described cyelic changes
i the apocrine tubules which correspond with various periods
of the menstrual gycle  The majonty feel the secretory activity is
greatest premenstrually or during the menstrual flow (45, 46, 47)
Others have stated that no correlation ¢an be made relating to
menstrual activity {48)  Qur experience would support thus latter
view, as does Montagna 1n his recent careful study (22)  As this
author ponts out, and we fully concur, the secretory cells may
normally show such marhed vanation from gland to gland that
1t 1s difficult to assess the overall functional state of the gland
Montagna found no histochemucal alteranons of note esther
While there may be changes occurring they are not detectable
by present methods of study

Pregnancy has also been described as a period i which dramatic
changes in apocrine secietory atuvity occur  Again the hiterature
contamns conflicting reports on whether there 1s an increase or a
decrease 1n glandular actiity during pregnancy and there seems
hittle pownt 1n detathng them here (49, 50, 51, 52) We have not
noted a remarkable mcrease or decrease in the amount of apocrine
sweat mn the pregnant women we've studied, but would hasten
to add that these women were not seen before their pregnancy
nor studied for a long peniod after puerperium  Interestingly, in
the few women examined within the first week after dehvery, at
a ume when the mammary gland 1s quite active, we were unable
to detect a sigmficant increase 1n apocrine sweat

It 15 significant to note that one subject examined seemed to
show a dimimished rate of growth of the axillary hawr duning
pregnaney  If hair growth s to be used as an index of appendageal
(at least those appendages that are denved from the primary
epithelial germ embryologically) acuwity, then perhaps some
decreased apocrine functional actinaty did occur in thys patient
However, the apocrine response 1n this pauent showed no appre-
ciable change In addition, other women failed to show a com-
parable decrease w awllary hawe growth

There 15 one bt of ewidence, howeser, that suggests that apo-
erine secretory activity 1s diminished during pregnancy  This 1s
the fact that most pattents with Fox-Fordvce dsease improve
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thanatieally durisg pregnancy and that the disease recurs asam
aftes delivery  Whale 1t s true other (aplanavons may be offered
for this smprovement, we feel 3t may speak strongly w fasor of
decreased secretory actuity during thns period

Yhe dimactene represents the cra i which the apocrine sweat
glands show the vulight of therr functional acusity We hase
esanuncd clderhy males lor apocrine sweating as deseribed m an
earher sechon  In general the response was decreased in the
cidesly but we hate scen some apocnne sweaung i a subject
75 years of age Hustologically, the retrogressne changes are
quite apparent 1he glands are smaller i overall size, and there
are fewer subules showing active secretors actnay  There is an
wicreased number of atrophtc tubules also, with cellular caste
many of the tubufar fumens (Fig 33} ¥ fve not had the
opportumiv to study listofogical specimens from the axsflae of
women of the post-chmacteric era  although Montagna has
descrtbed changes simdar to those outlined above 1n ow male
subgects  However, we have examned the axillae of such women
for the presence of apocrtne sweat  Sivnlar results i erght women
over 55 years of age as in the males referred to above were recorded
The apocrine response was dunnished in afl, although the eldest
woman ebserved 67 vears of age, showed some defite apocrine
sweat in her avilhe

4 Effect of Systemic Disease

To our hnowledge, mvolvement of the apocnne sweat gland
by svstemnic disease pracesses has never been deseribed  We have
not studied thus prablem specficalh However we have scen
normal axillary apocrine sweating in response to local epineplinine
and to mental stimult an one ndnadual wath sarcoidaosss, 10 two
with moderately advanced pulmonary tubcreulosts one with
Jeuherma, m one subject with dabetes melittus, and o one man
with hemochromatosis  The Jatter did not show cofored apocrint
sweat nterestingly It should be recallr  at the color s chrom-
idrotic apocrine swe. s beep attrld 4 ncreased quantities
of rron m the secr nf et ¢ unable 1o secure
a biopsy of the

nt chech (s pomnt
more carefully

\
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It 15 quite posable that people with marked debiditating discases
resudung 1 cachesia and wambon or where there s prolonged
agony razy welf show degeneratne changes i the apocesne swet
gland  We have often noted that thas gland shows wsolysis
relatnely carly post mortem and such changes may cven begm
before death 1 processes such as those referred to above

5 Effect of Deodorants

In 1949, Sulzberger, Zah and Horrmang showed histologreally
i biopsy spenimens from the awlia that alununum chlende
prepiration produced a degencratne change in the apocnine
wibular celt (53)  They also recorded dinmmshed ecertne sweating
wedentally, presumably breoouse of ductal occlusion resulting
from penductal 1nfl v ¢hanges  Qus pret ry work
stigzested that alomunum chloride paste preparations mught reduce
or abolsh apocrine sweating  Becawse of the importance of
deodorants 1u our modern sotiety, we decded (o mnnvestigate thes
problem i some detad  Although greatest emphass was placed
on the alummwum preparatioes, we also studied the effect of the
surface actinve agents and the pewer zircomum salts and thew
effeet on amilary sweaung  We shall not describe our stiedics on
the effect of deodorants on ecitine glandular actvity n shis
secuon {ef Boadv QOdor) Rather we showld ke to focus an the
apocrine sweat gland - While our special interest in this chapter
is selated 10 apocrns secrefion Por se Wwe Toust use onr obseryatoens
on afocre sweating tesponses 1 these subyects Obviously  an

alteratson i thus laster 1ctnaty could reflect a change 1n apacrne
secrenion

Meruop svp Nueris

Amen min were selected from approvmateh 168 subyects

for 2 study of apoerine swernnz A of these men had ahundang

and wanetneathy equat apocnine sweat responses The asllae

were umbaced and washing wy lnted 1o onee dasly

was appied other thin the produce under studs
preparitens were udied s 10 mon cach

MNothang
The follawsng

fal 25 ¢ v uaum chioads s gquens solistion

th wpray degdor ot (commeres 1 contusing shmuaum
chlorukc
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{c) sprav deodorant (; 1) anal salt
(d) cream deodorant cial) an al

salt
(¢) stich deod an al salt

(f) stick deodorant contatming a zirconum sale

(g) a cream deodorant containing a zirconium salt

(b} a crerm deodorant containing a surfactant

(1) zmc oxide paste

In the case of the aluminum chloride solution, the application
technique consssted of placing gauge pledgets (10 « 10 cms ) satu-
rated with the solution mn the axilla for five minutes daily for
seven davs  All other test substances were applied in one avlla
for five mnutes once a day for seven days [n all tnstances, the
oppowte axilla served as a control and was untreated except for
the usual wastung At the end of a week, the avillae were care-
fulls cleansed with 7074 alcohol to remove all debris accumulated
cream punte or hiquid deodorant, so that there would be no
difficults 1n wdenufication of apocrme sweat  These men were
then given a standard test dose of eptnephrine (0 15 cc of 1 1000
solution} subcutaneoushy i cach asllh - Comparson of the
response 1n treated and control sides was then made  In addition
i at least three men 1n each group biopetes of the treated and
control axillae were taken for histologic study of the glands after
such treatment  These were fived 1n formahn and stained with
hematoxsin and coun

OnscrVATIONS

In all subjects studied, there was no signihicant decrease i the
quanuty of apocrine sweat 1n the treated or untreated axiiae
In some of the men who had used the alurminum chloride prepara-
tions mulianal vesicles were produced on the treated areas

The zinc oxide was used to determine the possible mechanical
bloching effect of such a tinck preparation It too was meffecine
which 13 not surprising since the glands will ‘sweat ' agmnst an
external pressure of 225 mm of mercury

Histologically we could find no degenerative atrophic or other
change within the apocrine secretory cells, in the ducts or i the
stratum corneum  These as well as otlier structures obsers ed were
entirely normal and indistinguishable from  the control shin
Comment rezarding the effect of these substances on odlor reduc
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tion w the aullae will be discussed later n the section on Body
Odar 1t 1s concluded that nane of the materrals studied has any
apocrine enbipersprrant effect
6 Effect of Hormones

The natural tustory of the apocnne sweat glands w man mdi-
cates that they arc under endocrine control The precise relation-
shup of such hormonal controt s not at all clear, however  There
18 Jutle expenimental evidence wiuch mdicates that any hormonal
princeples can mduce changes 1n apocrine acinaty  Shelley and
Cahn, 1n an exhaustis ¢ study using topscal and sy stemme admumstra
uen of adeguate doses of vanous forms of estrogens, androgens,
progesterone, thyroxine, the growth hormone of the prtwitary,
prolenn and chorsonmc gonadotrophin, alone, and v wanous
combinatons, found no appreciable alteraton 1 apoacrine sweat-
mg or w the Instalogic appearance of the apocrine sweat gland
{54) These authors noted no changes m any of the other structures
faund in amblary sk as well

Hormonal effects on cutancous structures which have been
deseribed m ammals have not been satsfactonly reproduced m
man probably because of species vanauens and dosage differences
in man, sgmificant changes have been seen n the shan only after
long term Jugh dosage hormonal therapy m chmeat disease such
asbreast carctnoma (55)  In such imtances howeter hustologrc and
control obiservanons were usually lacking aand the underlying
disease process may have altered the observed tissues

Some of the prime difficulties in previows stiudhes on human
shin ey have been lach of absarption relatnely Jow dosage
levels and short term trials ¥n an effort to obusate these difficultes
we decided to employ hormone contamung pelicts unplasted sub
tutaneously in the study arca as an epernmental appraach
Because of the unpertance of androgens and esteogens i sevual
developinent and beeanse these substances hase long been sm
bheated for the changes m human shin belreved to be wduced
tndoc‘rmoloqncalh 1 was decided 1o use these substances in this
sy onige vared hom one to three peilets i the wies to be
2’:‘:‘1’;‘?‘ and they were feft w plice for perwods vanving from one

wonths  The hortmone wae intimately in contact wich

revsels appeadges and other shin strussures with thyy e hnigue
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raprt g
o of Tlormane(sY 1131 B pn
Subjects an{ Dorage After Commentr
1 Progynon - 25 msm 1 month
1 Progynon - 2> mgm 2 months
1 Progynan - 25 mgm 3 months
1 Progynon - 25 mgm 4 monthy
5 Progynon 2% mgm Smonthy Two of these subjects developed
bilateral gynecomastia and one
subject descloped umlatertl
£ynecomistin on the treated sule
t Oreton - 75 mgm 1 manth
1 Orcton ~ 7> mam 2 months
1 Orcton - 75 mgm 3 months
1 Ortton - 75 mgm 4 months
4 Oreton 75 mgm 5 months
> Prorynon - 75 mgm 3months  Bilateral gyaccomstr deeloped
m Loth sutyects
2 Orcton 150 mgm 3 months
2 Oreton 225 mgm | month
1 Oreton 225 mem 3 mor ths
1 Oreton 150 mem n 3 months Dilateral gvarcemaster
onc avlla
\s
Progynon 75 mgm m
opponte avills
2 Oreton 7% mgm n 3months  Bilateraf gynecom wtia deseloped
one axilla s both subjeets

\e
Progypon 75 mgm m
opposie willa

Lmphasis should be placed on the fact that in this study, the
hormonc-containg pellet was actually 1w contact with many
of the structures of the shin (Fig 34)  Using the implant techmque,
the local concentration of the hormone i the skin was far higher
than that which could be achieved by any systemic or topical
admuinistration  The fadure of these large local* dosages of
estrogen and androgen to produce change in the apocrine ana;
gland and other skin structures, 1n the face of observable hormona
effects (gynecomastia) ndicates that eleration of androgen af;‘d
estrogen concentrattons 1 the shin (of the adult male) were mlb-
out effect, despate the fact that these very substances may “5
responstble for the conunued activty and normal function of ‘[‘:c
shin and 1ts appendages Furthermore, these fincings suppest "
wew that peutralization of one hormone cannot be achreved by
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the admimstration of another Certainly, the estrogen levels
the avilary skin of our subjects with progynon implants far
exceeded the physiologic levels of androgen normally present

An obvious objection to these as well as previous studies of
the effects of hormonal substances on human skin mmght concern
the subject materal used It may well be that one will be able
to deternune the controlling endocrine principle or principles only
by studying pre-pubertal children We fully recognize this pos-
sibibty  Unfortunately, such subjects were not available to us at
the time of these studies

In concluston, we were unable to postulate the specific hormone
or hormones which may regulate apocrine secretory activity,
despite extensive mmvestigation 1n this direction  The recent work
of Lonncz et al indicates that the activity of the sebaceous gland
may be regulated by a specific trophic factor of the anterior
pitutary (57) It may well be that the human apocrine sweat
gland 1s sumlarly controlled by this same or another pitwitary
hormone
7 Effect of X-ray

The effect of X radiation on the cutaneous appendages has
always attracted great interest because of the use of this modality
m a variety of the dermatoses affecting these structures It 1s
stated that a total of 1100 roentgens will depress the holocrine
actvity of the sebaceous gland A dosage of approximately 350 r
will cause temporarv epilation of scalp hair and over 600 r 1s
required to produce permanent alopecia (58) It should be
emphasized that other shin arcas require different dosages fer
similar epilating cffects The beard, for example, may only yield
temporary and perhaps partial hair loss after 850 r It 1s recog-
nized that this dosage 1s approaching that at which shin damage
{radiation sequellae) may eventually develop

In contrast to holocrine function, however, the merocrine organ
of the shin, the ecerine sweat gland, requires about 2200-2300
roentgens, 1t 15 beheved, to cause whubition of 1ts secretion (58)
This hns not recerved experimental confirmation, however, and
this figure may be quite 1naccurate

o data are available regarding the amount of X radiation
required to affect apocrine secretion  Because it 1s thought of
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as antermediate between the ccerne and sebaceous glands, 1t
has been speculated that a dose of 1700-1900 roentgens might
produce this effeet. The problem of size of the gland and s
greater depth must also be considered however, and perhaps
would necessitate an increased quantity of irradiatron It 1s note-
worthy that we detected adequate quantues of apacrine sweat
in the axillae of a young man who had recerved 1000 r of heavidy
filtered (0 5mm Cu) X-ray 5 years carier for ccerine hy peridrosts
of the axillae The ccerine sweaung was also not depressed, and
axilary hair growth was as lusuriant as before  Its probable that
much of the X-radiation given in this case was actually recened
at a much deeper level than mn the skin because of the great
filtratton employed  In another subject, we admimstered 800 r
{10 mm AL filter) 10 aur at one sitting toa 50 cm arca mn the
avlla The subject was observed at weekly intervals for onc
month (hen monthly for three addiuional months  No apparent
change 1n apocrine sweaung was noted (hrs avillary odor was not
decreased) nor was there any hair loss

In conclusion, 1t may be restated that the amount of X-radration
required to produce a significant decrease i apocrine secretory
actnvity s unknown It 15 1n excess of 800 roentgens and probably
above 1000 roentgens
8. Relation to Pilo-sebaceous Activity

Because the apacrine sweat gland s a dernatnve of the same
parent germ 1t was thought that the function of tlus gland might
be related 1n some way to pilo-sebaceous activity  However, no
«pectfic changes have been noted 1n any studies to date but such
may be extremely subtle In some ‘shin cycle’ ammals, such as
the mousc and rat, parallel changes n the scbaceous glands,
metabolic actvity of the shin and other functions have been
demonstrated (59 60) Since all of the hams in these animals
are 1n the same stage of thewr ¢ycle sumultancously 18 15 relaimn ely
easy to exarmune this problem In man however, as in some other
ammals, hairs do not reach anagen or telogen together — there
s no synchronization of hair growth These ammals are not
“shan cycle ’ amimals and no constant relationship between hac“r
growth and other cutaneous actvities has been demanstrate
Howexer, if “um?t” appendageal function were considered, perhiaps
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some relationshyp between hair and associated glandular function
could be apprecinted  After studying several axiilary biopsies
carefully with this in wund, we could come to no conclusion
regarding the possible velationship of hawr cycles and glandular
activity  Aviary hars m anagen may have associated glands
{whose ducts empty tnto that follicle) which are indisunguishable
lstologreally from those whose related hawrs are i telogen
Silarly, after manually emilating several hairs in the axillae of
4 subjects and subsequently biopsying these areas at 2 and 4 weeb
interals, we could not wfluence apocrine glandular activity
despite produring an abrupt change in the growth cycle of assoct-
ated hair follicles It should be emphasized that serial sections,
properly cut in the long axs of the hairs, were necessary for this
study  Whtle there s every reason to believe that there nught
be a functiona) relationstup between har follicles and deratie
apocrine sweat glands, we are as jyer unable to demonstrate it

E DISCUSSION AND SUMMARY OF APOCRINE
SWEAT GLAND PHYSIOLOGY
Probably the most decisive single piece of evidence provided
by our studies of the physiology of the apoerine sweat gland was
the ohservation that apocrine sweat could be made to appear by
were manunal compression of the amilary skin - This ssmple fact
proves at once the lollowing

That the actual seercuion of apocrine sweat must be a process
independent of that wlich causes is appearance on the skin
surface  This latter more dynamie phase of apocrine function
we have chosen to designate apocrine sweating  Apocrine
secreuon 15 in fact a slow more or less continuous activaty
much like the formauen of milk in the mammary gland
Ihat an expresase or contractile force which empties the
wubules of preformed apocsine sweat, 15 responstble for
1pocnine sweating We subsequently adentfied this con-
irwnle foree as the myoepithehum  the smooth muscle layer
whch envelops the apocrme wbules AN of the plicnomena
concerned with apocrine sweaung are dependent upon achi-
sanon or mbhubinon of the myoepsthelrum

[

Let us recapriulate the sahent features chiracterizing the con-
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trol of cach of the funcuonal phases of apocrine sweat gland
physiology

Apocrine sweating 1s under the contrel of adrenergic fibres of the
autonomic nervous system  Neural control 1s operatinve because
an 1nstantancous wide spread response s seen following the
proper emotional and sensory sumuli  Moreoser, local anesthetics
will block this response while local arrest of the crrculation wifl
not The adrenergic nature of the innervation 1s apparent since
apacrine sweating may be produced by adrenergic and not by
cholmergic drugs Inaddition, the absence of specific ChE about the
apocrine sweat gland tubules indicates an absence of cholinergic
nerves, thus confirming the observaton that there 1s a single,
adrenergic supply There are no mhibitory fibres to this gland

Apocrine sweating may also be produced by other local, some-
what artificial {unphysiologic®) sumuht  Drugs, such as pitocin,
which exctte myoepitheftal contraction, can induce a focal response
Physical sumuli, such as strohing or rubbing of the axillary skin
may also activate the myoepithehium resulting 1n apocrine sweat-
mg It 15 concersable that a sumlar stimulation may be effected
i our daily hves by the rubbing of the axillary skin as produced
by the swinging of the arms mn walking or runmng  Thes may
well represent a normal means by which the apocrine glands are
emptied perrodically

The regulation of apocrine secrefion 1s not perfectly understood
as yet although the importance of the endocrine system cannot
be ovcremphasized  The influence of puberty, the chmactenc
and endocrine states such as pregnancy have been menuoned
However despite eatensne experumental imestigation, the spe
cific hormones which produce these alterations have not been
idenufied We know of no systemuc disease which effects apocrine
glandular acusity although the early development of autolyss
post mortem suggests that degeneratise changes may occur after
\prolonged cachectic ilinesses -None of the deodorant preparations
{prcscntly available have any effect on apocrine secretory activity
Indeed they have relatnely little anupersprrant effect 1n the awilla~
They function matnly as deodorants The dosage of X-radiation
required to depress axillary apocrine secretton 15 unknown It
s certaunly tn excess of 1000 r



The Phystology and Phan acolagy of the Apocrine Sveat Glani 77

Perived from

~

Secretory cells

w

Myoc pitheliam

-

Character of Sweat

Laocalization 1n man

o

Localization 1 other
mammals

-

Autononue nnerva
ton

n

Beg ns to funct on
Secretion of sweat

-

5

Refractory period

11 Responds to

12 Physiologie impor
tanec

TABLE II

1pocrine Sweat Gland.
. pocrine Swedl GATE_
Primary cpithelial germ
Iike haw and sebdceous
glands

Singletype, variable height
depending on stage of se

cretion  Numerous gran

ules no canalcult

Well developed  Func

tonal importance  Con

tracts 1o produce apocrine
sweating

Turbid May be eolored
and may fluoresce

Restricted
Generalized

Adrencrgtc only

At puberty

Slow gradual process re
sulting in storage of mnute
amounts cqual to tubular
volume Does not occur
at tune of apocrine sweat
ing Under endocrine con
trol

Once gland 15 emptied
for 24 72 hours

Lmotiopal shmuli pot to
heat

Luttle or none  Atavistic
d I

seent glans

Extrine Sweat Gland
__ Lrorine Sweal tane
Eccrine sweat gland germ

Two types  Cell heyght
constant Haveanter an
sntracellular canalicul no
granules

Poorly developed Prof
ably non functional Pres
sure generated from sec
retorv  acuvity JYorces
eccrime sweat tosurface

Clear watery

Generalized
Verv restnicted or absent

Cholinrrgic Adrenerzic
supply af present of no
importance functionaily
At birth

Very rapid process Great
quantities can be formed
up to one liter per hour
Actual secretion takes
place at time of sweating

None seen after any phys:
ologic stmalus ~ Sweating
continues as lng as stumy
1us remainy

Heat emotional stimuly

Vital in hot enviconments
Mayor

primanly because of local
discase

organ

As a final note 1t 1s of value to contrast the mode of function
wd actnity of the two varicties of sweat glands in man, the

apecrine and the eccrine

form

This 1s convemently deone in tabular
Anatomical and comparative features are included also

smce they provide a better understanding of the physiology of

these glands

11 should be emphasized that eccrine secretion and

eeerine sweatwng the place at the same ume whereas apocrie
SWeatng s a process independent of apocrine secretion
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THE NATURE OF APOCRINE SWEAT

A, PHYSICAL CHARACTERISTICS

Amcrum sweat is a turbud flud (Ing 35) It ss this property
of turbichity which 1s of great importance i the differentiation
from eccrine sweat, a clear, watery secretton  However, the cloudy
nature of the apocrine sweat varies greatly from person to person
In some, espeaially the Negra, tt may be so thick as to resemble
cream, while 10 others, m order to idenufy 1t with certamnty, 1t ts
often nceessary to collect some of the matemal 1n a small capillary
tube for exanmnation against a black bachground By <o dang,
one can readily disungussh apocrine sweat which always shows
some turbidity, from clear, aqucous eccrine sweat 1t 15 worth
noung that 1t may be difficult or tmpossible to even collect some
of the very tinck apocrine sweat in 2 capillary tube because of
its sisconity It 15 apparent therefore that the spectfic gravity of
apocrine sweat will vary from that close to water to that equivalent
to mulk or crecam

Apocrine sweat may also show some color  Most commonly,
a yellowish tint can be percesved although green, bluc and blussh-
blach sweat may be observed infrequently

Apocrine sweat, while gdorless when 1t 1nially appears on the
skin surface, develops a distinctive ador within a short tme because
of bacterial decompesition

If undiluted by eccrine sweat, apocrine sweat dries quichly to
appear as a ghsteaing, ghie-dke cap resembleng dnrd varmish or
plasuc If collected 10 a tube, curd hke particles will settle within
the sweat as st ages (Fig 30}

Fually, whether drsed or recently sccreted,
exhibtt a true flugrescence when exposed to Wood light

78

apoenne sweat may
{Tig 20}
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Fig 3o Apmrinesieeat Two capallary tubes contatmng sweat are shown The upper

twhe contasns clear eocrene sweae  The fower tube contamns turbid apocrine sweat

Fig 36 Cwds i apoerne swear Capillary tube contaming apocrine sweat was

allowed to stand for 24 hears  Exafunanon at this tune revealed the develop-
ment of curd-ike aggregates (zhove) in the sweat

B CHEMICAL CHARACTERISTICS

The pH of apocrine sweat was measuced usng pHvdran
Unsversal indicator paper with whieh 05 pH umt changes can
be detected Samples of apocrine sweat were collected from
wwenty normal, healthy adult male subjects  Both Negroes and
Whites swere studied and extremes of apocnine sweat ranging
from the very turbid viserd variery to that close to eccrive sweat
n appearance incduded  Pure mucro samples were collected
capillary tubes just after appearing at the anilary follicular
orlices in response to epmephnne or 1 1
Pure samples of eccrine sweat were collected n amifar tubes
alter emouonal sumulaton alo

Lt was fearned thay the pH of awilary apocrine sweat ranged
bLeaeen 25 and 65 whereas the ecorme sweat readings were

Humeen pH 30 and 60 In ¢ wiven mdnidual, the apocring

Waabappeared 10 have a pH approsubately 05 pH umit ligher
Wn the ecerine sweat but the differences were too shght to be
aof pricnsal satue in differentinuon of the two seceetons
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fie 37 lon n apocrine sucat on shirt A spot test (e ! dipyridvi) for sronwas
applied to the axllary section of a shirt stained with apocrine sweqt  The dark
hine 10 the right half of the photograph indrcates the presence of aron It should
be emphavized that this test 15 positive 1n onh a small percentage of cases

The nunute quantties of the apocrine sweat samples that could
be secured necessitated the unlization of ultra-micro analyuc
techmques  Spot tests proved to be the most sausfactory methods
of deterruming the chemical composition (61) It was found that
apocrine sweat n contrast to cccrine sweat, contains prolen
(using the 2 mtroso B-napthol test for tyrosinej, mrlu;h;d’mlz
(reducing sugars using siver nitrate), and ammoma (;nanganoc
nttrate silver mutrate)  Although we were unable to demonstrate
lipeds by means of spot tests we feel certan of the presence of
these compounds from the Justochemrcal studies The spot tests
for hipids are relatvely msensinve procedures  In addition _wron
m the form of ferric 1ron (o o dipyridvl after reduction) 1s present
m apocrine sweat although m no great quantiies  \ positine
spot test on the axillary section of a white shurt 1s shown m fig 37
Note the dark line indicaung the presence of iron  Apparently,
nugration of the wwon was greatest produring ths location for the
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won deposit in the mowstened shurt  These results were quute irreg-
ular however, and mn most people negatne “shurt” tests were
noted Samples of apocrine sweat collected 1n capillary tubes gave
a similar pattern on filter paper provided enough apocrine sweat
was used

We have not studied the chemical charactenstics of apocrme
sweat in other races, 1 women, after dietary restnctions or indis~
cretions, 1n areas other than the axilla or 1n patients with systemic
disease

C BACTERIOLOGY

The awlla 1s a morst intertriginous skin stte and as such harbors
2 maximal number of resident and transient skin mcro organisms

We atiempted to outline the normal range of the bacterial
flora found in the human axilla Swabs were taken from the
axillae of twenty healthy men and were mnoculated on blood
(horse) infuston agar In general, the following bactena were
found routinely
(1) Mucrococcus pyogenes, var aureus {coagulase-posthve Staph-
ylococcus, (2) Micrococcus pyogenes, var albus (congulase-
negative Staphylocaceus), (3) Corynet 1 (4) A
aerogenes (5) Sarcina lutea

Strauss and Kligman, 1n a later study of the allae of twenty-
nune healthy male subjects, found essentially the sarte orgamsms
along with an oreanional £ coh and Proteus vulgars as additional
transient organisms (57)

Lattte was hnown, however, regarding the bacterrologic state of
apocrine sweat Because of the possthle importance of bactena
wn the production of axilary odor, we felt it imperauve to deter-
imne what orgamsms f any mught normally reside 1 apocrine
sweat usell.  Thus information would be cqually cagent in a con-
sideration of the etialagy of duseases of the apocnine sweat gland

Mcriop AnD MAarTERIALS
Tuenty healthy adult male volunteers with no abnormaltes
of dre aviltte were used as sufyeets
The awllae were prepired in the following maaner  The
evening before the collection of the specumens the awillae were
closelh shved and clened carclully with Luon «oap ‘gam m
the AL on arng the auflae were cheansed with Ivory soap
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Three hours Inter immediately prior to collection of the sweat
samples the alle were cleansed 1 third ime with Ivory soap
After rnsing the avitlac were swabbed with a pad soaked n 707
ubyl alcobol Tinalh 2 10 5 10 om Sten pad «aturated with
707 etha i lcohol was applied to the avilla and left sn place for
5 munutes

Collection of sweat samples Upon rewoval of the aleohol
saturated Sten pad 1 thin lm of alcohol was scen on the surface
11000 eprnephrine angected subcutincoush to mduce apocrme
swering  Lecrine sweating was not obsuried an these subjects
during this collecuion pertod

A< soon as the ipocrine sweat apperwed at ws collected in
1 sterile capillany ttpped gla s pipette ipprosumatels 20 em an
length The didred dr tal portion of the collecting tube wis
plugged with cotton to msure sterihits. - The narrow capittry end
of the tube was then dipped 1n a tul e contunng stenle petro
latum thu sealing this cnd of the cotlecting tube to 2vord contim
mation and cvaporatton of the spectmen The entire collectng
tul e ws then pliced in 1 lerge stertle gl s twd € capped v 2th
cotton and prompth trw ported to the hboratory for t ¢
teriologice stuch

Bacterior oo TECHNIQUES

The contents of the 1\iltry tubes were placed 1n 1 ¢ce of brun
heart infusion broth  Cultures were mcubated acrabic i nd
anverobically  Hanging drop 1nd Gram stun prep mrations were
made of the broth cultures and subcultures made to nutrient
agar 1nd blood (horse) 1gar  When Gram nejative baafh were
present m the cultures subcultures were UJso mnde to eosw
methylenc blue agar 1nd $8 agar  The Brewer jar method wis
cmployed mn the anierobic studies  Micro acrophilic condions
were established with thus method dso but the method modified
n that hydrogen wns added ad the jar not completely oxh nsted

of o\ygen

Risurts
The bacteriologte studies of apocrine sweat showed the foltowin,
terolic tnaeralic  Vycroarrophilic
24 5 5

No of specrmens

Ne wsth bactermi grow th 4 4] [}
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Of the four spcaimens which showed bactenal growth, two
contained orgamsms of the genus Coryncbacterum, one of the
genus Acrobacter and one of the genus Sarcma The first are
normal resident orgamsms of the skin surface while the latter two
may be found n the transient flora of the skin surface  We feel
that thesr presence in the four specimens was the result of accidental
contamination of the apocrme sweat during collection It 1s
of interest that no anaerobes were found in apocrine sweat since
sebum has been shown to contain such orgamsms (Propson-
bacterium)

On the basis of the above described studies, we concluded that
human apocrine sweat 1s normally a sterile fluid on 1ts appearance
on the skin surface

D BODY ODOR

Because of the purported significance of the apocrine sweat
the production of body odor, we undertook to study this problem
i detail  In studying the physiology of the apocrine sweat gland,
we were impressed by the lack of appreciable odor in pure apocrine
sweat as it mnally appears on the shin surface Moreover, 1t
was noted that after standing, such sweat later developed a definite
foul odor which increased 1n intensity as ume progressed In
tius wvestigation, we were partcularly interested 1in the possible
roles of bacteria, apocrine sweat and deodorants 1n the production
of axillary odor (61)

Our preliminary studies indicated that apocrine sweat was
sterile and odorless when 1t 1mitrally appeared on the skin surface

(1) We then proceeded to study auillary apocrine odor in viire and

to determine the role of the axllary bactenal flora in the produc-
tion of this odor

McTioD AND MATERIALS
Ten healthy N\egro men were chosen (or this studv  No abnor-
malines were present in their asillac
Preparation of the allac One axilla was prepared exactly as
deseribed above under Bacteriologs of Apocrine Sweat  The
opposite axilla was unshaved and was not cleansed for at least
24 hours poor to collection
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Collection of the specimens  Collectton of the specimens was
sdentical with that desenibed under bacterologic study

Ten microtubes {Tubes No 1) were filed with pure apocrine
sweat tahen from the cleanscd ailla, and 10 tubes (Tubes No 3) _
were filled with pure apocrine sweat taken from the uncleansed
aulla  In addition, another senes of tubes (Tubes No 2), e
pecially prepared with & thin filim of hecachlorophene n alysolute
aleahol linag the inteniar of the tube, were filled with pure apo-
crine sweat collected from the uncleansed avilla  All of these
tubes were then allowed to incubate at room temperature and
studied at varying intervals  Several similar specimens were
kept refrigerated a1 0° C

Exanunation of the spectimens  The specimens incubated at
room temperature were then examned for odor m a careful
conustent manner at 1 hour, 6 hours and 24 houn, then once
daily up to the filth dav  Later examnations were made on the
8th, 11th and t4th days  They were read in the same order at
cach examintion, 1¢, Tubes No 1 (contmumng pure apocrine
sweat from the prepared awlla) Tubes No 2 (containng pure
apacrine wweat from the unprepared avilla with hexachlorephene
hning the interior of the tube) Tubes No 3 (contamning pure
apucrine sweat from the unprepared axith)

The tube was broken at the capillany cnd and then tested for
ador by two exameners, and the results were recorded indepen-
deatly by each exannner without hnow ledge of the other s reading

Resurts anp Iiscussion

Na odor could be detected 1n any of the tubes at one hour after
collection, as tlustrated mn Graph I In tubes No ! no odor
developed throughout the entre 14 day period Tubes No 2
had no perceptible odor until the final reading on the 14th day,
wheu a famnt odor was recorded  Tubes No 3 at 6 hours generated
a strong odor which became very strong at 24 hours and remamed
at thus intensity throughout the rest of the readigs  In the re-
{rigerated specumens no odor ever developed

Of great significance ssas the face that die odor developed 0
these tubes was, as far as we could tell, identical with that winch
we denafy with the anilla of man It 15 no¢ surprismg that the
refngerated samples failed to develop any odor smce the necessary
bactertal actwvity would be absent under such conditions
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In summary awillary oder was reproduced n the “test tube’
It developed within iy hours after collection of pure apocrine
sweat from an uncleansed, unshaved axilla No oder was noted
 samples of pure apoenine sweat collected from the  sterle ’
axtlla even after 14 days The addiion of hexachlorophene
prevented any odor from developing until the 14th day, when a
faint yet 1y preal axillary odor was recorded

1t was concluded that bactertal action 15 necessary for the pro-
duction of odor from apocrine sweat  This experimentally repro
duced odor was mdistinguishable from the classical axslfary odor
seen 1 man

12) An 1n e study of avllary edor was then dewvised 1n order to
test the afore menttoned principle (1n vitro) that bacterial action
upen apornme sweat would result i the typieal body odor and
that such odor cauld be presented or dimimshed by snhibitron
of bactenal actisty s the awlla A popular gerrmadal  de-

m"é““ pHisoHew™ was used as the antibacterial agent tn the
Rt 'y
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Me rtions anp Maicriats

Twents-ine healthy Negro men were chosen for this study
and were divided into two graups of 10 (Group 1) and 15 (Group
1D men cach No abnormabities were prosnt i thew axillae,
and aallary hur growth was good m all subjects

Groupr I Preparation of the avillae  No shaving of asillary hur
was done 1n these subjects  One avilla was carefully washed for
five mnutes with phisohex once darly for seven days The appasite
anilla was abw carefully washed for fiv ¢ nunutes with pHisoderm®
once daily for seven davs  Thorough rinsing of the axiifa with
tap water was donc tn cach case following cach wash, but no
other soap, deodorant, or alcohal was appled to these areas
durtng this trial pertod

Lxamunation of the axillae These men were tested for the presence
of awllary odor at 1, 2, 8, and 18 bour pertods Subyects
were placed 1n a supine positton with ther hands beneath therr
head and elbows directed Jaterally  Two examiners, unaware of
wh1t the previous treatment had been, carefully appraned these
axillae for odor cach mdependently staung therr findings to a
recorder A rest period of 10 munutes hetween readings was pro-
vided  Ohservations were recorded as negatn e (absence of odor)
or poutive (presence of odor) and no attempt was mtde to grade
the readings The odor of hexachlorophene which was 1n stsell
plenant, very fant and cash disttnguished from the clissic
axtllary odor was recorded asnegatiee (no odor), unless tn axillary
odor co-exnted tn which cave a positnve reading was made  Dif
ferencesnreadings when they occurred were recorded as posttine

Group I Preparation of the axillae  The axillary hair was un-
shaved in these men also For three dws a daly fise-ninute wash
with pHroHex (to one axila) and pHisoderm (to the opposte
1alla) was done  Thorough ninsing of the astllae with tap water
followed the washing and no other soap deodorant or dcohol
was apphied to the aress during this tral period

Collrction of specmens Two and one-half hours after the last
avllary wash 10 of these men were seen and placed 1n a supin¢
position with their hands beneath therr heads and elhows directed
laterally With stenle scrwors and forceps awtilary hairs were
removed from the respectne avillae and placed on blovd ngar
plates Only one hair was placed on each plwte  They were then
wcubated at 37 5° G for 48 hours

In the other five men, avillary hairs were remos ed and cultured
1 the same manner 20 hours after the last axiffary wish
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growth whereas all of the hars from the pHioderin-washed
axilla showed luxuniant growth (Fig 38)

In the test 20 hours after the last wash, only one of five axilary
hairs from the pHisoHex-washed axillac showed bactersal growth,
while four of five pHisoderm-washed axillary hairs showed excel-
lent growth after incubation at 37 5° for 48 hours

It has been shown that pHisoHex greatly reduces shin flora
when used exclusively and repeated!y for cleansing  The effect of
the hexachlorophene was revealed by using the same detergent
base, pHisoderm, as a control

This abolition of odor 1n the axilae of subjects using pHisoHex
along with the concomttant asillary reductton in bacterral flora
provides 1 vivo evidence that bacteral action 1s necessarv for
the production of body odor from the axilla

(3) The rofe of the apocrime swear was yet to be eluadated It
should be stressed that the secretion exanuned i the b teriologic
and odor studtes thus far was not mixed  axillary secretion but
apocrme sweat alonc The sweat droplets were collected it ther
pawnts of origin immediately after thewr appearance No other

secretion or at least only neghgible quantities was meuded
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Fusther proof of the importance of apocrine sweat 1s the fact
that the appearance of the axillary odor can be correlated with
the development of the apocrine sweat gland  Thus, in the child
before puberty, axillary odor 1s absent It 15 also dimirushed 1n
he post chimacteric epoch as actvty of the apocrine sweat gland
feanes

We studied five healthy adult males, ranging 1 age from 65
t0 70 years for apocrine sweaung and asillary odor [t was found
that four of the five had the usual asillary odor while the fifth,
2 69 year old white man, did not show the typical axillary odor,
but rather a flat, somewhat vague scent  This patent also pro-
duced no apocrine sweat after stimulation with epinephrine

We conciuded that apocrine sweat 15 the necessary substrate
for the production of the classic axillary odor 1n man

(4) Other factors, notably avillary hair and eccrine st eat may also
influence the development of the axillary odor

It 13 felt that the terminal hai of the axillary ncreases axillary
odor production since it acts as a collecung site for apocrine
sweat and debhis and because 1t makes cleanung of the area more
difficult  Moreover, bactena may chng to such har We pro-

Ceeded to mestigate the role of hair in the development of the
allary odor

MeTHOD AND MATERIALS

Ten healths Negro men wese chosen for study  No abnor
mahues of the awllac were present

Preparation of the awllae One awlla was shaved and care
fully washed with Ivory saap for 10 minutes  The opposite axilla
was unshaved nd was alo washed with Ivory soap for 10 win-
aes Cach axilia was thoroughly rinsed with water

Pxamination of the avllae  Olfactometric al; ervations were
vhen made n the <ame manner as presionshy described

ResuLt awp Discusston
The results are clearly wlustrated n Graph 111
The unshaved avillac of two men had a defimite odor at the
one haur reading, and at 6 hours 9 of these subyects showed such
odor At 48 bours, all 10 of the group had the usual axiliary
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scent  Contrast these with the <haved axillac where no odor
could be detected at 6 hours and at 24 hours only one man showed
the usual odor At 48 hours, however, most of the shaved axillae
developed odor
These findings substantiate the concept that retention of axiliary
sceretion and bacterra will prompt an increase 1w odor The
effect of shaving was quite remarhable, and it 55 understandable
} therefore, that 1n women who shave therr axilae regularly, there
15 a markedly reduced aillary odor
Eccnine sieeal 1s regarded as a stertle odorless fluid upon secretion,
but tt has been said that 1t develops an odor after standing for
several hours, presumably because of bacterial action (64)
However, this concluston was reached after studies wmn which
collection techniques were such as to allow for contamination of
the specimens with keratin scales, debrrs, ete The necessity for
the study of pure normal cecrine sccretion in any investigation
of 1ts odor-producing capacity should be obvious In our study
therelore, appropriate techniques were cmplo;cd to pamit col-
lection of uncontanmnated cccrine sweat



The Natwre of ol ocrene Sweat 91

METHOD AND MATERIALS

Prolusc thermal sweating was duced m 2 normal healthy
man 1 whom the awillae had been thoroughly cleansed and
shaved Uncontaminated eccrine sweat droplets were collected
from the avllac 10 the small glass pipettes in the manner deserilied
earher It should be stressed that the secreton was ahsolutels
clear and watery in consistency

Two scts of fine tubes each were collected, viz, Tubes A,
contamming pure eccrine sweat, Tubes B, contamning pure ecenne
sweat and with a thin film of hexachlorophene lining the interior
of the tubes

In addition small vials of contanunated eccrine sweat were
collected [rom the trunk, legs, and neck A “scraping™ techmque,
that 1s running the mouth of the vial along the skin of these sites,
was used The fluid 1n these vials was not clear, but was turbid
white 1 appearance  These tubes were then incubated nd
were examvned for odor at 2, 24, 48, 72, and 96 hours by two
investigators independentty

RrsuLts AND DiscUssSION

It was found that no odor whatsoever developed 1n any of the
tubes of pure eccrine sweat that were collected from the axillae
‘ppraisal of the small vials contaiming contarminated eccrine
sweat {rom the trunk, legs and nech revealed that a disunct
odor was present at 48 hours  This odor was not pungent or at
all offcnsive and was markedly different from the ‘axillary odor’
previously developed m sitro This odor increased shghtly n
mtensity at the end of 96 hours These specimens were cultured
for bacteria, and all showed defimte heavy growth both in brain-
heart infusion broth and on blood agar plates in 48 hours
3 It scems apparent that ccerine sweat 15 of no importance as a
primany odor source It 1s practically all water thus providing an
cnurely inndequate substrate for bactemal acuvity  Such con
\taminants w improperly collected sweat as sebum Leraun and
debris could be responsble for some odor 1n eccrine sweat  How
ver unless apounine sweat 1s also present the ador genernted in
samples of contwminited cconine sweat v as shown above, nat
the typical anillin odor  Feerine sweat i the ¥z m 1y provide
an added impetus to haeterial growth however and in addition
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ad 1 the volaulization of the odoniferous products of bactertal
decompositton  Thus the apparent “flush” of odor at an emotional
crisis, when emotional eccrine sweating occurs  Fresh apocrine
sweat, while edorless when it imtially appears on the skin surface,
could also aid in the volatiization process
(5) Any mvesugauon of avillary odor Ieads inevitably to a study
of the effects of antiperspirant-deodorant preparations In an
carhier section of this monograph, we demonstrated that none of.
the available products used teday produces a significant reducnon7
i apocrine sweating  Furthermore, we were unable to detect any
changes 1n the lustology of the apocrine sweat glands, ashad heen)
reported earher, and thus concluded that tlxg_rc was no umparrment
i avillary secretory activity following the use of such preparations

In these subjects, we also stuched the effects of such preparations
(see page 07) on avillary cccrine sweating  The Randall starch
paper-iodine techmque was used as an mdicator and representative
prints are shown m Figure 39 It 1s apparent that no sigmficant
decrease an the amount of eccrine sweaung was observed It
should be stressed that these post-treatment prints were compared
with sumilar enes taken before the apphication of the deodorant
and revealed no differcnces in eccrine sweating It 15 probable
that the eccrine sweat of the axilla washes away the ajuminum
salts and thus prevents the usual effects of these substances else-
where <1z, heratn damage and poral occlusion

While st has been shown that the alurmnum preparations as
commonly used  the axilla possess no remarhable anuperspirant
activity 1t 1s possible that they may act as deodorants  We con-
firmed this susprcion duning the studies described above on the
effect of antipersprrant-deodorint preparauons on  apocrine
sweating  Examinauon of the axillac of these subyects for axillary
odor revealed a significant reduction i odor 1n about 60% (12
of 20} of the men studied as compared with normal odor produc-
ton on the control wde Even at 18 hours 3 of the men st
showed absence of axillary odor while the others had dereloped

such odor m the interun 5
It was concluded that these alumimum  preparations {an

zirconium products also) apparently act as deodorants m ahols
of avillary odor -

(an
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(6) The final phase of this part of our 1nyestigative program was
concerned with the meckanism of action of the deodorant prepara
tians containing alurunum salts now that we were convinced of
their efficacy as axillary deodorants It was felt that the action
might be 1ntbactersal and or chemical in nature  The following
studies were done to explore these possibilities

METHODS AND MATERIALS
Ten healthy men were again cho en for study  The avllac
were unshaved and were clean ed dnly as usual - On one axillr
1 suturated pledget of 727 2 juco1 2l umnum chlonde solution
was applied d iy tor five nunute for three divs A smulir
applicttn of w iter was u ed on the control axlln Two and onc
hill hours sfter the last 11 ] heation the men were examined and
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avtliary hmrs were selected from the auillae and placed on blood
agar plates  These hurs were collected with sensars and forceps
which were hept sterile at all umes One hur was placed on
crch culture plrte The cultures were then meubated at 37 5 €
for 18 hours

Pooled apocrine sweat was then collected from 20 nowmal
healthy men and placed i a small vial - At the end of 48 hours
aery strong odor developed i this vi1l - One-tenth cubie centi-
mter ahquots of thivapocrine sweat were then 2dded to 3ce of
chstilied water and 1oa 2575 agueous almmnum chlonde solution
respectnedy Thespecimens were then examined mmmediatel for
any odor change

Risurts wo Discussion
Of the alumunum-chioride-treated axilary hans from the 10
subjects, sty showed no bacteral grawth an the agar plates, four
showed good growth  The awllary haws of the control side all
showed lusurant bactenial growth at 48 howrs  An esample 15
lustrated 1n Nigure 40
The specimen contaimng water plus apocrine sweat gave the
typical acnid odor one mught expect However an instantancous
odor change occurred m the solutton contuning the alummam
chloride and apocrine sweat  The resultant odor was detidedly
different from the oriqinal one and may be descnbed as a some-
what sharp yet relauvely neffensne scent  Ihlution of this
solutton of the apocrine sweat and aluminum chioride resulted
n a gradul dinunution of the odor to the point where it became
pleasant A sumlar odor was occastonally noted m the wallae of
men treated with aluminum chloride in the presious experiment
The antibactenal cffect of alununum 1s well known  However,
1t 15 apparently not as marhed an effect as 1s that of hexachloro-
phene 1t 1s our impression that the major deodorant effect of
the alammnum preparations 1s antibacterial m nature Athough
m addition there appenrs to be a chenneal action thus rendering
the normal odoriferous products of bacterial dccomposition
moffensise
Speculation upon the relwse eflects ol (e s awwus bulern b
interesting W concluded that almost any of the orgamsms of
the axillary flora w w capable o producing this odor It 1« possible,
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TABIE v
Hunroum wiesn Stunies of PioswrNTep GRANULTS 0 Nonwat Avp CHROMBROTH
APOCRINE SHEAT Grasns (1 oruants Fixep SpEcivens)

Lipofu
ofusan Stam Cerrd dron
Suby  Beopsy  Grame  Iluwess Stan (Sthwarl (Hurk (Frarse) (Perls)
o Sur wles ernce fon)  Stan)
Clhimcal
Chrom-  Case
drotic 1 Tace 4+4+4 Yellow ++4+4  fpdd4+ ]
Aalir + 44+ Yellow  F4+d 4 F444 O +
8 il 4 Yellow  ++4+ ++4F [ +4
1 Sl 444 dellow  ddbg Epfd b A
Normal 1 \xdhh 4 Yellow  + + [
2 b 4 Yellow  + + o 4+

Paper chromatography revealed that the fluorochrome and
the migment had the same mugratory pattern  The question of
solutnlity of the prement was explored  Dried colored sweat was
msaluble 1 water but did distntegrate 1n 709 ethyl alcohol
Althaugh mwtially 1t was felt the prgment dissolved, observation
under the microscope revealed that the pigment particles remained
discrete and did not go 1nte ~olutton  'urthermaore the pigments
proved to be insoluble in carbon disulitde, chloroform, carbon
tetrachjoride and pyridine

The mmual pH of the colored sweat was approvmately 60
\lterations of the pH of blue sweat had no effect on the color

Upon the additton of a crystal of the strong reducing agent
sodium hydrosulfite, blue sweat became decolonized

Normal white apocrime sweat became yellow-brown on standing
for several wecks \ crude nonspecthc test for carotenoids was
positne — addiuion of sulfuric acid to a drop of yeliow sweat on
filter paper produced debicate strands of reddish marcrial lates
becomung a diffuse violet  The Carr-Price antimony reaction {or
vitamin \ was negatine

Bacteral cultures of colored sweat takhen undet steriic conditions
were negatne

The histologic data obtained from biopsies of three of these
subjects, case No 1 (to be descrnibed on page 106) and normals
can be summuized in Table IN
Clinical Studres

Because ol the preponderance of aporfine swedt glands 1n “‘;
aulla, this stte looms as the prime arcain which apocrine chromic
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rowscan occur  The fact remains however, that the great majority
of chnical cases of Iocalized chromidrosss are in areas not thought
to contan apocnine glands Localized chromudrosis has been
deseribed most frequently on the face, an area generally regarded
as devoid of apocrine sweat glands  We were fortunate to have
referred to us for diagnosis, two cases of true, Jocalized chromudrosis
of the face  Each was from the same city, cunously, and both
proved to have colored sweat of apocrine sweat gland ongin

This was evident from the pharmacologic and physiologic studies
and was confirmed by biopsy of the involved area in Case No 1

Case Mo 1 Thus healthy 29 year old unmarried white woman from
Wilmington, Del first noted the appearance of “black sweat™ on
her cheeks when she was 19 years of age The flutd would appear at
times of excitement, tension, or overheating and was immedaately
preceded by an aura of warmth 1n the involved areas The flud
dried to form a very dark flake or scale which was adherent to the
shin The process was worse 1n the summner and showed short un-
explained remssions from time to ume Its appearance or
seventy had no relationship to diet, menses, or general health
Her menarche had been at age 15 and a 6 month period of
amenorrhea preceded the onset of the chromidrosis  Sweaung
elsewhere was normal  Other physicians had been consulted
over thy, condition and all forms of topical therapy proved unsuc-
cessful - All cosmetics had heen avaided for two years without
effect A general phveical examination revealed no abnormalines
Her shin was normal except for a few pitted acne scars on the
face  After five to ten minutes in a thermal chamber, uny, black-
and brown puncta and droplets appeared on both cheeks  Before
drung the droplets could be wiped away readily However, of
undisturbed and in the ahsence of ecerine sweat, they dned
rapudly formuing an adherent shinv-blach, grayish-black, blue-
black or brown flaky material (Fig 41) Many of these appeared
0 he ta the sehaceous artfices At ardimary room temperature
in injection of H10 cc of 11000 epmephrine solution (com-
merc1nl) in the left cheeh pro-duced about 25 droplets  Many of
these werd biack but some were white blue and green  Anangec-
ton of 11 ec of 1 100 pilocarpine nitrate <olution 1n the nght
cheel give a normal colorless ceerine gland responst At a later
date the loc 1l mjection of 0 1 cc of 1 1000 atropine sulfate solution
bad no offect and taded @ present the appearinee of colored
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Y I Choredr @ of (1 Cue 7 Note uny dark dropless of chromdrote
1po 1 swet on cheek

wweat tn response to epinephrine inadly it was found that the
colored flind could be expresed manuallh  The lihter colored
wweat showed 1 vellow Auotescence under Wood hght (11g 42),
wherens the blach flud and cile showed minmal or no fluores
cence  Study of ipoering sweating an the axttla revealed st to
be normal nd of the common white v ety The ccrunien o
showed the norml vellow brown color  Frve day pateh tests
with five of the prtient s cosmetics were negative and sub cquent
eccrine sweating 1n the area wa colorless  Her unine w s normal
i color and ncnfluorescent It remarned unchinged upon
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g
' 12 Tadured s ceat on cheek wnir bigher mignfe i n - Lwo dioplers of colored
'Bocrne sweat from the cheeh of Cas 1 Now therr fotlicular Jocation Ta the
aver photograph observe the fluorescence of these same dre plois on expecsure

10 Woud hiht
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L1o 43 Histelogs of clrom fotwe glants Case 7 Biopsy of face of Case 1 with
factal chromidrosis revealed the prescnce of apacrine sweat glands as shown
above H and T Mag x 250

stinding 1t room temperature  Specimens of the colored flnd
collected uncer stenle preeaunons revealed no bactenial growth
The dried scales were insoluble in water but dimntegrated i
cther 1nd 1leohol However the ptgment ttself did not appear
to be truly soluble 1 these solvents  Local treatment with 10n
exchange powders and hvdrogen peroxtde was wathout effect
With local procune (4¢%) anesthesir 7 small bopsy was
secured from the left chech  On gross exammaton four small
dark areas could be scen on routine scctiomng and stamng
Thest corresponded to the size and location of apocrine glinds
In hemuoxshn nd eosin stuned sections these apocrine as
well as eccrtne gland  could be cen (g 43)  The apocrine
glands were small  The tubular secietory cells appeared more
basophilic than normal 1nd showed numerous yellow hrown
granules of virying size nd cellular locrtion  Morcover un
stamncd histologie sections reveed these samne vellow ind brown
przinent granules (Fig 44} Tluore cent microscops demon wrated
that the e grinules wert wtofluore cent (g 45) Myoepithehun
could be secn about the pocrine glind  Speerd  tuns for
hpofu cin (Schmorl Hueck) (12) reseided positively staning
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Tig 41 Pigment granule m b midsatic apo rin gland  Case I An unstamed section
of the factit biopsy from Case 1 shons wncreased numbers of pigment granules
(compare with novmal gland T 11} Mag < 2000
18 0> Flusresience of prament graniles tn chromudratic glandy  Same section as
Figure 44 after «xposure 10 L\ L (4200 4°)  Note Auorescence of some of the
puzment grapules  Compare with Dizure 11 Afag « 2000
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Lig #o Normal and chramdretic (Care 1) apasime glands Schmort st Segment of

seeretory tubult of chromdrone apocine gland (upper) showing abundance of
dark-staming  Schimorlposttive (hpoiusan) matcrial 18 to be contrasted with
tubule from normal afia same stun Mag x 2000

granufar material in the apuerme wibular e oy toplasm (Fig 46
The Hueck stain for melamin was negatine  The Pearse stain
(19) for demonstratng acid-fast hipofuncins (cerand) was weakh



Dssorders of e pnereee 8 eat Cland

}
i
s
B
A
« .
v ) .
- »
. -
.

3

lig 37 Chramidrasns of fave Care 2

2 Photograph of cheeh of Case 2 showing

dricd droplets of colored sweat  These were made (o appear bn local imecnon

of 067 ¢ procsn

povine Perls fernes amde stam for sron was negain e {Table V)
O the b of thesechimieal histatomc and physiclogie alnena
tions 1 was concluded thac the pavent had o preal chromsdrons
and that the colored et was g from abeerantds placed
apocrne weent glands Dictars restniction of carotenomds faed
o tesslt in ynprosemierd of the conthtion i th s wosnan

Cas ¥ 7 Tl 36 vear old unmarted white male was fist ween
usatkort hnox Ry while 2 U5 Arme corporal  He was
mogeod general health was blond and farr <kinned  He was
Yorn 1 Battimore, Md but had pest his recent vears i Wil
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mington, Dcl, and hived there before nduction 1n the Army
He had not noted anv abatement an the amount of colored sweat
seen during the year while 1n the Army in Kentuchy  He stated
that for about three vears (age 23) he noticed blue-hlack “smoky”
droplets on the malar areas of hoth cheeks (Fig 47)  These were
not «een hefore this age, during puberty or adolescence, and
his development during thewe periods was normal tn every respect
He first noted these black droplets after taking a hot shower and
they have generalls been noticed stnce (1) afier a hot shower,
(2} after shaving (wet shave), {3} hefore getting reads for a date,
(4} after emotional disturbances He has observed also that the
colored secrction could bie eastly expressed manually He used ta
*“squeeze” these shin areas about once 2 weeh 1o try to empty the
glands  Although he could not empty every gland, he would be
ewsentially free of such exudation for about 6-7 days following such
an expresston No aura ol warmth was recalled preceding the ap-
pearance of the colored sweat There was no apparent cvchng or
seasonal tartation concerned with this secrction He did not
tan cauly wwally deseloping a good erythema upon exposure
to sunlight  He noted no change tn the chromidrosis after such
cxposures  No colored secreton has been noticed elsewhere in
the body and none 1n other apocrine arcas such as the axtlla or
pulis His urine showed no changes in color imtwalls or on
standing  Although he was a consumer of moderately large
quantities of carotenaids tn his day diet, restriction of thes
foods faled to produce significant change 1n the chromudrows
Examnation of the shin of the face revealed 1 definite dushs
pigmentation over the malar emences  Thi was shight but
distinetly present  and appeared to be deep wrthm the skin
Stroking of the skin of the face did not promipt a response Manuaf
expression of the colored sweat was readily accomplished however
The 1jection of 0 15 cc of 1 1000 epinephrine swlution praduced
a beautful response as did 0 1 ce of prroctn at a later examination
Atropine failed to inhibit either vesponse and procain did not
block the responses to local ijection of these drugs Prlocarpine
(01 cc 110000 wolution) did not sumulate the appearance of
the colored sweat  Examunation of the avilla for apocrine sweating
alter epinephrne and pitocm revealed an absence of colored
sweat although the wual white apocrine product was evdent
The colored secretion was extremels minute 10 ameunt so small
that st was dificult to esen collect a representatine sample
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#capillary tube Moreover, 1t dried very quickhy forming the
typrcal shiny cap over the orfice, almost alwavs follicular  Water
and alcohol (with greater use) would remove the dried cap of
colared matenial There was no fluorescence of any of this dark
blue blach swet to Wood light  We were unable to secure a bropsy
from the face of this patient for he refused this procedure  How-
ever, the observations above are quste ty pical and leave little doubt
that the ongin of the colored secretion was from the apocrine
sweat glands “abnormallyv™ placed on the face

DISCUSSION

An exammation of the literature concerning localized chrom-
wdrosis reveals striking similarities between our chinical caces and
those described earlier (64-90) It is remarkable that so few cases
were recorded after 1900 Actually, some 38 cases were described
up to 1869, mne by LcRoy deMercourt alone, who gave the
condition tts name and later wrote a magnificent survey of the
subject 1n 1884 The significant chincal findings and etologic
views for the areat majonity of the cases may be summanzed as
follows

1 Chromidrosis usually occurred symmetrically on the faces of
young women (Fig 48) Most frequently, 1t had been seen on the
lower eyelds but had wsually been noted on other parts of the
face also The abdomen chest, and thigh were nvolved occa
swnally The age range was from 15 to 57 years the avcrage
being 22 years The patients were in good health
2 In the vast majonity of instances the color was black or very
dark  Brown, blue and yellow color tones were also described
In more recent vears (1934 1939) red sweat in the axilla following
bismuth ijections and 1n the perianal region have been reported
also  However aside from obvious cases of red chromidrosis due
1o external contamination with trichomycoss orgamisms sn the
axilla there were no other bona fide reports of red clironmudrosis
3 7The color appeared (ntermuttenty often 45 tnes a dny
and even during sleep 1t was preceded by a pricking or warm
secretion Cmotional stmuly such as fear  an.er, aguion and
laughing regululy ¢ uned the secreton to ippear Usually the
problem was more severe in the summer  In one wstinee the
condition improvad duning Lctaton
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f1g 48 Faaal chromdiosn 1n pitient decribed in 7871 flusuanon reproduced

from hithograph 1o oniginal arncle  Patient nowd onset of chromdrosis 11 gt

15 Sweat was allowed to accumulate for 2 davs on left half ol forche 1d and for
5dayson rght  Lowcr evedids alvo involved

4 A thich hqud secretion was scen imtially I would dry
rapidly to form an adherent ghstemng cap usually 1t the hawr
follicle  Several observers desertbed the dried secretion as hving
the appearance of dried varnsh

5 Chemucal stucies revealed that the pigment w is amorphous
contained carbon and tron, was <aluble 1 acids especrally sul
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furic and nsoluble 1n water alcohol and ether  Melann, 1ndigo,
cyanurine, etc, could not be positively mcrimunated as the pig-
ment involved

6 The source of the colored secietion was not agrecd upon
The sebaceous glands and eccrine glands were wmentioned early as
the sites of origm as was the pigmentary system of the eye  Others
believed 1t was due to bactera or to external contammation with
dut, or carbon m the air

Colored skin secretions were described by Weber 1in 1888 in
a study of the comparative physiology of mammats {93) He con-
cluded that all such secretion aroce from tubular glands The
red sweat of hippopotamnt and kangaroos, the blue sweat of an-
telopes and the black sweat of gazelles were mentioned

Interestingly, Grieg also pomnted out that milk and colostrum
may at times be colored (98) Yellow, blue and green mulk have
been recorded by various observers

As stated, the onmn of the colored <ecretton 1n our chicat
cases with facial chromidros:s as well as our experimental subjects
was the apocrine sweat glands of these areas  All of the evidence,
anatonue, physiologic and histologic, supports this conclusion as
docs comparative data on other mammals  The vast majority of
the cases described 1n the older literature are so remarkably
similar to our own that we would postulate an apocrine gland
source for the colored material observed in these cases, also

While we knew the glandular ongin of this colored secretion,
the precise abnormalities tnvolved 1in apocrine gland function were
stitl unknown It was not possible to study the colored material
chemically because of the very minute quantities that could be
secured

We directed our efforts to histologic and histochemscal pro-
cedures to determine the nature of the pigment 1n the colored
apocrine sweat  Ihe one constant change noted histologically in
the chromidrone apocrine glands both on the face (where the
glands are small} and in the axilla was an increase tm the number
of pigment granules scen 1n the sec retory cells (T 44)  These
grinules are found 10 the gland producing white apocrine sweat
wn smaller numbers  They are varably sized, round or oval at
umes srregular granules  They may be found anywhere in the
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cytoptasm but are most abundant supranuclearly In color they
range from the large, round, golden-ycliow vartety to the smaller
brown-blach types Many of the cells may contain few or none
of these granules  Most possess a yellow autofluorescence and
show the abthity to reduce ferricyamde (Schmor! reaction) (Fig 46)
Some of the granules show a posttive test for ron  Aqueous and
hydrecarbon solvents do nat remave these granules  We found no
qualitatve difference between the granules of the chromidrotic and
normal apocrine glands  The difference was primarily quantitative
The chemical nature of tins pigment was the next question

Of the threc mam divisions of pigment, the frosme group
(iocluding melanmn  chromaffin and argentaffin granules), the
haem group (porphyrin ncluding hemoglebin and 1ts dernv atrves)
and the lpopigments (ccrod carotenoids and Irpofuscin), we hase
eltrminated the hrst two  The members of the tyrosine group are
nonfluorescent, and melanin stains were negatne  The porphyrin
group was excluded on the basis of differenual solubdiies and
fluorescence A comparison of the husto-chemucal propertics of
the Lipofuscin group with those of the pigment granules of the
apocrine sweat gland convinced us that our pigment was a hpo
fuscin

The hpofuscins represent a broad spectrum of progressively
oudized compounds  The hpid precursors at one cxireme possess
all of the chemical and phystcal characteristies of fats - Gradunlly
by a process of oxidation the following changes arise ~ the color
increases and gradually darhens basophilia develops and increases
in antenutv and fat solubulity and sudanophiia dimtmshes
Aluorescence 15 prominent mn the intermediate stages but faces or
1s absent at the extremes Thus very hght colored or very dark-
colored lipafuscins do not fluoresce  There 15 a progressive increase
1n the number of reducing groups reflecting their level of oxtdation
This 15 demonstrable by the Schmorl reaction wiich has been
used as 1 test for hpofuscins

Ceroid 1s commonly tiewed as a umque acid-fast pigment bur
1s prabably an intermechate form of lipofuscin Interestngly it
was found n our chromudrouc ghinds but was absent 1n the
al ones lending support to the notion that Jpofusuins are

norm.
increased 1n amount i the chromidrotic gland
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fron does not appear 1o be increased in the chromidroue
apoctine glands It 1s posaible however that 1t enters into the
ovdation processes responsible for ltpofuscn

We have not found significant effects on amilary chromidross
following bormone admumstration or dietary restriction

Indcan or wndigo blue was excuded because of its mmnbihty
ta fluaresce and because 1t would not expimn some of the other
colors seen

Curiously, the apocrine glands of the ear canal in Caucasians
and Negroes contasn numerous hpofuscin pigment granules while
those of the Mongohan show marhedly reduced granule content
Tt 15 to be recalied that the latter race also shows dimimshed
apocrine sweat gland development m the awifa and eleewhere
on the sin Paralleling thus difference in granule content between
these races 13 a dufference sn the color of the ear wax  In Negroes
and Caucasians 1t 13 yellow-brown while in the Mongohan 1t 1s
usuatly colorless One might say therefore, that the former groups
norraally show chromdrosis of the ear canal

An antempt was made to examne colored apocrine sweat by
means of ultra~microApectropt 11 hmq br Roy
Korson of the Department of Pathalogy, Unnersity of Vermont
School of Meditine, collaborated with us m this effort  We sent
Dr Korson samples of blue-black sweat from the faces of each of
our ehnscaf cases as well as twa samples of greemsh-blue apoerine
sweat from the amilae of two of our experimental subjects for
sudy  Included afso were five addional samples of whute apo-
erne sweat for companson  Dr Korson s anafssis of these speai-
mens was consistent for all of the cotored specimens studied and
reseated the presence of two distinet pigments in the <ecretion
rach with charactenstic absorpuon cunes  An altername pos-
sibiby was that one 15 an oxidation product of the other a notion
much more Bihely according to our observations istochemcaliy
of the chromdroue glands

in summary. localized chromidross 1 usually a disorder of
the apocnne sweat gland remardless of 1ts location on the <kn
surface The presence of apocrne sweat glands ousde the usual
apocnine areas 15 well-documented  The pigment responsible for
the colorauon i apparently a hipofusain which s found i the
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pigment granules of all apocrine glands  In the chromidrotr
gland there 1s primanly an increase i the number of these granule
although some merease 1n the state of ovidation may also be seen
Thus, all apocrine sweat glands probably produce some pigmen
but because 1t 15 relatisely small 1n amount or 1s diluted by large
amounts of colorless apocrine sweat, 1t 1s not seen  In this regard
1t 15 noteworthy that white apocrine sweat dries to Jeave a yellow
residue  We interpret this as a concentration phenomenon
Furthermore, although nermal white apocrine sweat vsnaily has
a faint white fluorescence, many samples show a distinet yellow
fluorescence  Tlus yellow fluorescence may be attbuted to the
presence of hipofuscmn wluch may be detected more readily under
Wood light than under visible hght

Ordmary localized chromudrosis as seen in the avilla 1s 2 normal
conditron and as such, requires no treatment  When the condinion
occurs on the face a cosmetic problem exists and some treatment
I necessary

Topical mcasures are incflfective except to ad 1n the removal
of the colored secretion  Systermic measures such as anti-adrenergic
drugs have not been satisfactory  Destructine measures are -
practical because of the large number of glands imolved  As stated
dretary restrictton of carotenoids is not helptul It 1 interesting
to note tn this regard that we were unable to induce awllary
chromudrosis tin twenty selected experimental subjects on a daily
intake of 200000 U of carotene for two montlis

C APOCRINE SWEAT RETENTION

1 Asymptomatic Apoecrine Sweat Retention

In recent years greit interest has been evinced m the eflects
of paral desure on the rarious appendages of the shin The path
ogenesis of the various forms of milant 15 clearly a result of
ductal obstructron (99 100) Lstension of this concept to include
diseases of the sebaceous glands, the acneiform dermatoses hns
also been recogmzed and occluston of the sebaceous duct wih
keratin 1s considered a fundamental step m the devclopment of
these disorders (101 102}

Lattle effore has been made to examune the effect of ductal
ohstruction an the diseases of the apocrine sweat gland Because
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ve felt that this process may be of prime importance i the apo-
nne duorders, we proceeded with the following studies (103)

MEeTHOD anD MaTERIALS

Seven healthy adult Whate males between the ages of 20 and
28 were selecterd for this study  Antiperspirants had bicen mter-
dicted for at least one month

The awtfiae of these subjects were shaved and the apocrine
sweat glands emptied by the local subcutaneous injection of 4 15
cc 11000 epinephrine solution WWhen the apocrine sweating
had subuded 5-10 amllary hairs mn a arcular area (V4 inches
1n diameter) were pluched with a fine forceps  These fotheulr
enfices were then treated 1n esther of the fallowing wats

{a) Application of concentrated nitric acid, or

(1) Elcctrodesicention (Bovie Upipolar setting at 5)

In addition several extradollicular apocrine duct orifices
were sumlarfy damaged

Three davs later, the apocrine sweat plinds were again simu-
laled in these subjects by the local injection of 0 15 cc 1 1000
epinephrine  Biopstes of the treated axillae of two of the seven
subjects were then taken after Jocal procain anestheaia 1n a *block’
techmgue  The other subjects were again examined for apocrine
amdross {(epinephrine sumulanon locally) and then hiopsied at
7 (twosubjects) 9 14 and 21 davs  Tissues were fived 1n formalin,
sectioned sertafly and stained with hematoxyhin and eosin

Ogsery AT10Ns AND Discussion

In all of the subjects examined, apocrine arudrosis resuited
Tins anidrosis was evident as early as 3 days after treatment and
persisted throughout the three weeh observation perniod  Under
stereoscopic mucroscopy (30x) one could usually outhine a small
heraun plug’ an these follicular ombices  This was especially
promunent at the 7-9 day penod

Mibiana) changes were absent at these sites and ro clmcal
“gns aither objectine or subjectne, were discermble except for
shight ervthema duning the first 2.3 davs following the apphicauon
of the acid or electrodesiccation

The pathologie alterauons of the apocrine sweat gland wihich
occurred secondary o these damaging procedures were at a
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Fg 49 heratnplug napoc acd et Bopsy ofavilly  shen 7 davs after ag [ ! cat on
of concentrated mitrc a d sto s ¢ mpact heratno s plug of apocr o duc
Contrast th s keranp w b the norm loose fbrillar mater alin the ba r foli cle
HadE Mg x300
Fg o0 Dlatedapa rinedu! ¢ultngfomporalo lfusan (7dn ) Stei nofas lary
sk n shov g extra foll cular apocr ne duct with occlusive keratn jlug and
progress ve dil1tat on of the duct do vaward Duct vas traced t aj ocr ne gland
belov H and T Mag x 160
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Fig 51 Apacrene sueat retvntion — 14 days Low power view of histology of apo-
CIne sweat Tetenuon process  Observe compact keraunous plug in apocrine
duct onifice plus dilated <egmen of duct below Some poruons appear to be

almostcysue H and T Mag » 35

lustologic level They are illustrated in the photomicrographs
(Ngs 49-55) and are fisted below, vz

1) Foeal hyperheratons and heratin plugging of the hair fol-
heles and apocrine ducts bath follicular and extra-follicular

2} tduaton of the apecrme duct progressinel down toward
the apocnine whule  In some mstances there was near ¢ysuc
change of the duct (big 54) and dil itatian of the wbules  Dreme
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Fg o> Dlatedafo n dut 71 dyy  Ano her exura foll cular ap rn d et
sho ving the sequence of changes i s eat retenton  keraon j1 g an duct le
orfce and dlata on of dsal segm ntof ttedut H and T Mag x 16

flattenung of the limng cells was scen alon,, with Iuminil cases
tn many sections Thesc changes were an/ evident in the biopsies
removed 3 days after follicular dimage At this stage the ¢linds
appeared normal except for t! ¢ heratin plu.s ibove  The mramal
dilatavon and cellulir Mttenim v scen e the 7 ) day pec

mens At 14 and 21 davs these chnges did not appear 2 be
increased nor was dehinite evidence of glandular rupture prestnt
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F¢ 33 Diated apocrne dut wth cast 7 Ins Nearly transverse sectun of
d1lated apocrine duct Just beneatt poral block  Trapp ¢ apocrme s veat 13
cvident as cast in lumen  H and L Mag x 250
T8 51 €t aporine tulules Seevan st o a1 g markedly dilated < suc apo
€rae t bules visnalized 21 davs aft + poral o ¢l  n Cast 10 avstic tubutes
“apparent Contrast cell | exght of ad acent t 11l apocrme wh ules with that
of thecvsticones H and L \Mag < 9
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(3) These scctions were otherwise normal n every respect  Fur.
thermore, the sebaceous glands appeared unaltered

Comment should be made regarding the techmques employed
to close the follicular ortfices While 1t 15 relanvely easy to produce
eccrine duct occlusion with the muilder myury produced by macera-
uon ultraviolet ight or adhesive tape, 1t is apparent that greater
mjury 1 necessary to close the more patulous hair follicle onfice
Concentrated mitnic acid and  electrodesiccation were utshzed
effecuvely in this respect  Both techmaques allowed for the treat-
ment of a single hawr follicle onifice  The acid was of addrtional
value since 1t floned down mio the harr foliele and produced
damage along tts path including the rather superficially placed
apocrine duct onifice The presence of a termunal hatr was some-
thing of a detriment to our plugging techmque and prompted
an addiional prelimmnary step 1a this procedure, viz , removal
of the hair with forceps Apparently the hair acted as a styletic
In maintaimng patency

Tte subjects were not examuned before 72 hours since studies
on the physiology of the apocrine sweat gland showed that apocrine
sweating cannot be induced for 24 48 hours after complete emp
wying of the gland  Ths refractory pertod 1s necessary for refilling
of the tubular reservoir with apocine sweat

The progressine dilatation of the apocrine duct and tubules
confirms the purely mechamecal nature of these changes The
gradunl secretion of apocrie sweat tn this closed system 15 accom-
panted by an increase n mniralurminal pressure with consequent
ductal and later tubular diataton Eventually this pressure
arrests further secretion  Apparently the duct 1s the more dis
tenstble part of the apocrine glandular system  perhaps because
of an absence of myoepithelium

Exarmination of routine axillary biopsies has mdicated that
asymplomatc apocrine sweat relention occurs Tather commonly
for 1t 1s not unusual to sec changes m the so-called normal
axillary skin which closely resemble those espertmentally pro-
duced here

The extreme flatteming of the apocrine cells seen in these
cections was thought heretofore to represent ather a restng
gland or atrophy of the tuhular cells of undisclosed orgin %
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tig 39 Fibrosis about dilated apocrine coutule 14 days Dilated apocrine tubule
showing pen subular fibrosis This was a late but not constant finding as a
consequence of apocrine sweat retention  H and E Mag < 300

s clear]ly demonstrated 1n this study, the low cuboidal state of the
apocnine gland cells 1n the resting or early secretory phase can be
casily distinguwished from the markedly flattened atrophic cells of
the “blocked gland These atrophic tubules are more common
1 the axillary shin of the aged patients The absence of aninflam
matory reaction accompanying these changes 1s not surprising

Rupture of the apocrine system did not occur even at 21 days
It1s 10 be recalled that such a *break” 1s necessary m the produc-
tion of miliaria, with resultant eccrine sweating wfe the shin
Such factors as infection endocrme variaton and ndividual
Suscepuibility may so modify the apocrine sweat gland so as to
Permit such 1 rupture At any rate at the end of this study it
“as our feeling that ruprure of the apocrine system was requisite
for the production of the climcal changes as seen 1n Fox Fordyce
disease and hidradenius suppurativa

2 Fox-Fordyce Disease

This dicorder 15 characterized by the presence of numerous
Prunitic papules primanly follicular 1n location 1n apocrine gland
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Ity ob Clmical appearance of 10v-Fordyze disease mt autla  Photograph of axullary
shin of 19 vear old gurl showing follicular papules charactersiic of Fox Tordyee
disease

bearing areas such as the axillae, pubes mammary areola and so
on It occurs predominantly 1n females and often appears during
early adolescense or just after puberty Pruritus s frequently
related to emotional stmulation although often occurs spon-
taneously  Generally the course of the disease s progressive
wvolving more and more of the apocrine areas, aithough un-
esplained remisstons have been described  Pecularly the disease
frequently abates completely during preghancy, even with clearing
of the sk lesions, only to recur during the puerperium  Treats
ment has been umformly unsuccessful over the years
Examinauon of the imolved skin of patients with Fox Fordyce
disease will reveal some loss of axillary haw in many cases but
except far the fallicular papules, these areas show no abaormahttes
(Fig 56) Our early studies of patients with this disease revealed
apocnine amdrosis n the region of the papular lestons In threc
cases studted after local cpinephrine or pitocin, no apocnnt
sweat could be made to appear 1n the imohved areas e panents
usually experienced some pruritus m these areas after such stimus
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118 07 Diagram showing development of Fox Fordyee disease Schematic drawing
showing point of rupture of apocrine duct 1n Fox Fordyce disease
13 9% Pathology of Fox Fordyee disease  Pathognomome vesicle of Tox Furdyce
disease found at a level of the wntra epidermal pornon of the apocrine duct
Compare with Figure 57 H and E Mag x 400

lation  These observations led us to believe that apocrine sweat
Tetention was a feature of these lesions

In the presious seetion we described subclinical changes which
€an oeeur 1n the apocrine sweat gland as a result of experimentally
produced poral closure  These changes were revealed alter careful
study of sersal sections of the 1nvolved shin Shelley and Levy
e described a secand change resulting from ceclusion of the
Apoctine sweat duct (104) This conusted of a rupture of the
emdermal duct as a result of the increasing distention and the
formaton of a sweat retention vesicle withun the epidertous (Fig 57)
Actually, this vesicle 15 formed 1n the intra epidermal portion of
the apacrine duct (Fig 58) It appears that in addon to the
Pangiows and edema produced there 15 alvo acanthosss of the
K[‘Pldcrmal cells surrounding this poruion of the apocrine duct
R this regard, 1t s sigmificant that Hambrick and Blank have
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described thickeming of the apocrine duct 1n whole mounts of the
avllary shin of patients with Fox-Fordyce disease (105) Ther
studies were at a comparatively gross level however, and did not
reveal the changes evident microscopically as described above
It should be emphasized that visualization of the sweat retention
vesicles of Tox-Fordyce discase may be impossible unless onc does
serial sections of the ussuec  Moreover, indvidual susceptibility
allowing ductal rupture to occur 1s essential for the preduction
of this discase  In the absence of this rupture, which 1s apparently
due to an inherent weahness of this tssue, there would Le only
amdrosts and possibly dilatation of the duct with eventual shut-
down of the apocrine secretion  In miharia, a sumilar story with
regard to eccrine duct rupture has been told  Finally, the pruritus
of eccrine multania and Fox-Fordyce disease 1s caused by extra-
vasation of apocrine sweat into the epidermus

There 1s no adequate treatment for ths disease At present, our
only approach 1s symptomatec, directed toward rehefl of the pruritus

Anupruritic lotions corticosteroid lotrons and sprays and seda-
tion have been used with some success Temartl ®, mn doses up
to 20 mg a day has been helpful 1n some cases but often fails to
relieve the mitense paroxysmal pruritus associated with this condi-
tton  X-ray 1s of no ialue 1n the management of thus disease
and systemtc corticosterowds are not recommended since ther
prolonged use 1 moderate to high dosage 1s required for reftel
of symptoms  Antibiotics  systemically and local, should be
employed m those cases in which secondary infection s present
In recent years marhed improvement in several pauents with
this disease has been achieved with estrogens mn dosages higher
than those previously used Premarin® up to 5 mg duly secmed
to accomplish an involution of the process (110)  Further clmical
study with this drug 1s necessary to confirm 1ts efficacy i1n this
discase, however

3. Hidradenitis Suppurativa

Hidradenitss suppuratna 18 a clronic cicatrizing suppur e

pracess tnvolving the apocrine gland-beartng regions prim ""Ill)
the awllac and no-gemtal reas It wsuidly hegins v )sﬂ;; N
C

firm erythematous leson fairly decp-scated and punful 4
casionally these subside chmrcally  More often however the
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Tig 50 Climeal 11w of hudra fenttis suppuratiea  Photograph shows dense scarning

and sinus tracts tvpcal of hidrademitis suppuratva  Process nvolves most
of axilla Ingumal ivolvement was also observed 1n this patent

process extends beneath the skin producing larger confluent
masses These eventually erode through the skin producing sinus
tracts and heahing with thick scars (Fig 59) The ulumate out-
come 1s a more or less chronic suppuratie process, with draining
sinus tracts and cicatnzation  Exacerbations, which consist essen-
ually of acute abscesses, occur at trregular intervals At times
tidradenitis and Fox-Fordyce disease may coewst (112)

In five cascs studied clincally by us, we were impressed by
the fact that as i Fox-Fordyce discase the areas of mvolvement
with ludrademtis show apocrine anidrosis  This would obviously
be found 1 a far advanced case with much scarring and fibrosis
However, we examned early lesions where scarring was absent
and the alxence of apocrine sweaung (after Jocal pharmacelogic
stimulation with epmephrine), was quite evident  This lead us
to hehieve that this disease was also the result of apocring sweat

;elenuon, with rupture of the apocrine system but with the added
actor of bacterial infection
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An extension of our oniginal experimental studies on the effects
of apocrine sweat retention by Shelley and Cahn proved this
concept to be correct (106)  ‘Ihese authors produced heratinous
plugging in the axillae of 12 normal adult male subjects by the
application of perforated belladonna adhesive tape 1o a shin arca
that had been manually epslated  All of the subjects developed
apocrine amdrosts 1n these areas at the end of one week  In three
of the twelve, however, chmcal evidence of hidradenitis was
observed  Three men presented small, deep tender nodules
sharply locahized to the tape sttes  Histologieal study of these
early cases revealed the following changes (1) heratinous plugging
of the apocrine duct, (2) dilatation of the apocrine duct, (3) severe
flammatory changes limuted 10 a single apocrine sweat gland
The diated apocrme duct became filled with polymorpho-
nuclear leucocytes  The bacteria, which bad been trapped beneath
the keratinous plug muluply rapidly, finding apocrine sweat an
excellent muhen  Subsequently, rupture of the apocrine duct
occurred with spread of the pyogemc process through the dermus
Because of the proximity of the apocrine sweat glands to one
another as ilfustrated n an earher section, 1t 15 easy to understand
the ready extenston of the process to other glands

It should be stressed that eventually, many or most of the
apocrine sweat glands are destroyed by this same inflammatory
reaction, leaving fibrous and 1solated atrophic tubular remnants
This 15 what 15 visuahized by the pathologist as he studies 2 bopsy
of advanced or chromc hidradenius suppuratna It 1s only by
reproducing the discase experimentally and examimng carcfully
the carly changes histologically, that an accurate reconstruction
of the pathogenests of tlus diseasc can be made

Treatment of hidradenitis 1s usually quuie satsfactory of the
process 15 secn carly Anttbioties, 1n adequate dosage and focal
anu-hacterial measures are cffecuve at this time

Tight fitung apparel 1s to be strictly avoded  In resstant cases,
management may be extremely difficult  X-radiation has been
advocated but we are not impressed with its effectiveness Ex-
posure and destruction of restdual, chrontcally mfected sinus
tracts may be beneficial in those chronic cases in w tnch the process
has become localized to such foct  Some have used the eleciro-
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coagulating current to destroy such exposed foci  As more and
more glands are destroyed or fibrosed secondary to the mflam-
matory process, the discase may tend to “burn iself out™ In
severe protracted forms of the discase extensive surgery with
exaision of the involved area and full-thickness shin grafing may
be necessary Even with this more radical approach, however,
recurrences may be seen Corticosterotds have recently been used
with success in the treatment of this disease  Hydrocortisone, 1n
doses up to 80 mg per day or other steroxds 1n comparable dosage
when maintained at this level for 1-2 weeks and then grdaually
reduced and stopped within 4-6 weeks has been quite helpful m
a number of cases (111}  The mechamsm of action 1s unknown
but may be a local anti inflammatory effect and—or result from
a depression of pituitary activaty, with some possible diminished
apocrine secretion
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