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FOREWORD

Thu sympouum of the Amencan Assoclation for the
Advancement of Saence, cosponsored by the Amencan Medical
Anocution s Committee op Cosmetis and the Soclety for
Tnvestigauve Dermatology represents an endeavor of the Aso-
clation to mamtan close contact with developments in the basic
brotogical aciences which have an ever increasing mmpact on
the progress of medical sciences. The American Medical Asso-
clatron s ulttmate aim 15 pracucal, namely to auure optimum
medical care of the public This amn {s eficcnvely promoted
by the coatinued educaton of 15 physiians. However the
Assoctation I3 aware that succens in education of its physicans
and the improved care of the sick are inseparably coanected
with sound progreas in the banc saenees because many of their
results ean be applied most succensfully mn medicine

Thus trend 45 expressed in the compositon of the Commiteee
on Cosmetice. Although the Committee deals with practical
maiters, It 15 composed of dermatologusts and expermmenzal
pharmacologists who take actnne part 1n rescarch 1a the field of
cutaneows physiology The trend of rescarch in dermarology
makes this arex particulardy approprute for a symposium From
& medical science once devoted primanly to descriptive methods,
tt har progresed dramanaally durning recent years because of a
change 1n emphasis A greater interest 1n ats functional aspects
has sumulated research on ¢utaneous physology The apphica
tion of these funcuonal aspects 1 chinical dermatology has
prodwced new rdeas and Lnowledge that will improve patient
«are 1t 11 not suffiesent that research be sucoessful the news of
this success munt be dimeminated. This is the purpose of this
symposium

\ zxoniea Lvery Coamy
Secretary Commiltee on Commetia
American Medical Auociation
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PREFACE

In the past, in textbooks of physnology that were amanged
according to organs and organ systems, of all the chapters the
one on physiclogy of the skin always was the leanest and empt1
est. Thus poot showing was the result of the imuted interest
the subject matter Thus, scarcely any research was done in this
field. Few facts were ostablshed. More or les the skin was
regarded as a dezd cover Chapters on the skin were in id con
trast to chapters on subjects such as physlology of the kidneys,
Iver musculature respiration gastrolntestinal tract, and endo-
crine orgams which were far advanced as early as the tumn of the
century Part of the blame 1ested with the peculr development
of chimcal dermatology In all other fields phynology and chniaal
medicine exerted a mutually sumulating effect by setting com
mon prohlems so that they could be approached expenmentally
by exchange of methodological experiences, and by the fact that
discases often gave the fint clue to clankcation of phiynological
functions, In der logy the main empl was on descriptive
methods. Olsennaton of morphological minuuae proved useful
n eunblishing true disease enuites, but thinling along func
tional lines developed slowly

The situation has changed abruptly 1n the last twenty years
with an unparalleled surge of interest i cutaneous phynology
an uprring which contmues at an ever accelerating rate \fore
and more young investigators with broad basic training the
majonty of them accompluhed dermatologists, devote them-
slves with enthusiasm, imagination and success to the study
of cutancous phynology and its appliations 1n chinical derma
tology The exchange of knowledge and ideas among biologists
and cliniclans also has become a reality n this field

Thus new direction of research i3 by no means neglecting or
oven  opposing  morphological observation and descriptive
methods. \either daes it neglect chinieal study or even forget
the suffering pauent  ay some dichard dermatologisa like to
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A PREFACE

claim On the contrary one of the main reasons for the great
attaunment of research 1n thus field has been that function and
structure have been correlated successfully more so than in any
other area. Many examples of such fruitful correlation may be
found throughout this volume clinical applications were empha
sured everywliere

The invited speakers of thus sympasium have taken active part
in the development jus described In a two-day symposium 1t
was Impossible to include all phases of cutaneous physiology
However the selection of subjects was not quite arbitracy An
attempt was made to select topia that best illustrate the new
development. It 13 hoped that this volume offers a fair illustra
tton of what has been achieved by modern rescarch in cutancous
physiology and pathopliysiofogy

Students of the cutanecous system are greatly indebted to the
Amenican Association for the Advancement of Saaence for hatving
arranged this sympossum and to the Committee on Cosmetics
of the Amenican Medical Amociation and the Sacicty for
Invesugaure Dermatology for having sponsored it

STEPNEN ROTIDAN
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RELATION OF THE ANATOMY OF
NORMAL AND ABNORMAL SKIN TO ITS
PROTECTIVE FUNCTION

RICHARD B STOUGHTON

Scctlon of Dermatology Depariment of Medicine
Veastern Reserve Univernity Cleveland Ohio

The pnmary function of skin 1 to protect 1ts encased organ
ism. Thowands of intricate biologie processes contmually oc
curmng in this umgue organ are demgned 1o perform this
function. It 15 uniquely adapted to prevent injury from a mul
tipheity of noxious environmental influences. 1t 13 2 magnificent
barrier to water loss yet, when needed, 1t an provide excess
water to the surface to maintain an even internal temperature
L s an extremely efficient regeneratine organ It manufactures,
i the form of Leratin one of the mow Hexible yet durable
resistant structures known in nature It has created 1n form
of melanin one of nature s most effective screens to ultraviolet
hght Tts vuable cells in the epidermis have developed phynal
attachments to cach other which only the severest [orces can
dustupt. It has adapted mtncate physical and chemical means
to withstand succesfully the continuous enslaught of mnumer
able microorgamizms Many diseases of the skin are directly re
lated to disturbances 1n 5ts protective function

In this short presentation it will be possible to relate only a
few of 13 more ymportant and better understood protecuve

functions,
Terminology

For purposes of orientation a few terms and structures will
Le deined The thin 18 divided into dermis and eprdermis The
following layems are recognized 1n tl ¢ eprderms
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4 THE INTEGUMENT AS ORGAN OF PROTECTION

The outermost layer of skin 15 a tough horny material called
the stratum corneum

The process by which this layer is formed from viable ep:
dermal cells beneath 11 known as the cornufication procest.

The proximal part of the stratum cornenm is apparently a
specialized structure with different properties from the horny
matenal constituting the rest of the stratum corneum zbove.
There 13 no officzal term for this area but because of its remark
able role in preventing absorption of agents through the skin
1t 13 now commonly called the barmer area

The cellular layer immediately beneath the stratum comeum
is prominent because 1t contans umque basoplilic gmnules
and is called the granular layer

Below the granular layer lies the cellular epidermis. This
consists of the stratum Malfnghi and a layer of paliaded cells
called the stratum genmnatroum

The area where epidermal cells meet the connective tisuce 1
known as the dermal-eprdermal yunction

The connective tissue which along with Its blood vessels and
nerves 1s Jocated between subcutaneous fat and epidermis and
is known as the dermus

The spedalized epithelial derivatives in the dermis such as
sweat glands and ducts and the hair follicle with fts attached
schaccous gland  are frequently referred to as epidermal
appendages

With apologles for 2 brief and inadequate coverage of terms
and structures, 1 will now take up details of anatomy as they
relate to the protective functions of skin.

Surface Film

The first line of defense of the skin againt its environment
is a thin film of emubified material spread rather evenly over
iy enure surface The components of this complex film are
contnibuted by sebaccous glands s cat glandy, and the products
of cornificanon. This cien plable film contributes 1o pany
asential functrons among which are antisepus  interference
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with absorption of taxic agents, buffering of acid and alkali
lubrication of hoiny layer and control of hydration of the
horny layer The surface film contains innumerable products,
many of which perform a Lnown definite function.

Among the contents of the surface film are (a) lactic acid,
amino xdds urea, uric acid, and ammonia derived from sweat
ghnds (b) tnglycendes free fatty aclds, and wax alcohols de
nved from sebaceous glands and (c) tterols, amino acids, pen-
toses, phospholipids, and complex polypeptides derived from
the cormfication proces. The composition of this flm will
differ m different areas of the body and these differences will
in many cases determine specific susceptibility of an area to a
particular bacterium fungus or other pamasites as well as
determine reglonal locall of many ¢ skin discuses.
The soles of the feet, for example do not contmin sehaceous
glands and therefore do not contribute such products as trn
glycendes, fatty acids, and wax alcohols to the sufsce film of
the sole of the foot. This 13 directly correlated with the facts
() that fungns infections occur commonly on the soles of the
feet and very rarely on the other parts of the lower leg and (b)
that fatty aclds denved from schacrous glands are srongly
fungistatic (1,2)

A umple example of a disease created by change in the sur
face film is that seen in the winter drynes of old peoples skin
which 15 technically known 53 asteatosis. The supply of Lipid
substances to the skun surface is nsufficient so that the horny
layer does not bind water properly becomes dehydrated scaly
and fissured, with resultant extreme pruntus. If srmple wool fat
or petrolatum compounds are applied to the dry” and saaling
skan surface the process is rapldly brought under control so
that the skin again appeans supple and smooth and is no longer
prunuc,

The scalps of cliildren peesent friendly soil for the growth of
epidemic nngworm fungi (microsporon audouini) whereas at the
time of pubetty these fungi can no longer grow in the sclp (2)
Post pubertal scalps are rarely the site of nfection by epldemic
nngworm It n known that the fon of fat sub

cs



6 THL INTEGUMENT \S ORG\N OF PROTLCTION

on the har and scalp of children is lower than that of adults
(34

The surface flm 15 well emulnfied and spreads rapldly over
the skin surface Sweat contributes 2 great deal to the emuls-
fication and fluidity of the surface film (5)

Stratum Corneum

Proceeding from exterior to interior the next hine of defense
of the skin is represented by the horny layer Thus insensitive
hning of tough fibrous material varies considerably 1n thickness
aver the body being thickest on the palms and soles and very
thin 1n areas most protected from external trauma. It 18 a
peculanty of this Jayer that 1t mereases 1n thickness in response
to trauma (G} as well as being normally thicker even 1n utero
m those aress (paims and soles) which bear or will bear the
most trauma. The homny layer continually desquuamates and 15
conunually being replaced. These are features of the cotntfia
tion process. The horny layer conusts of countless tiny cells
which have no nucler and are desquamated as microscopre units
from the surface What controls the process wlhich binds and
releases theye adjacent cells 13 poorly understood However
obvious chinical alterations 1n the e my layer such as calluses
asteatosss wchihyoss and many other abnormaliues are prol-
ably the result of malluncuioning of the mechanism 1 inding
and releasing these cells from each other

Sclby s recent stidies with the electron microscope show that
the granular layer 1s the main site of final transformation of
epidermal filamens into true heratin (1) The Leraun cells lose
therr nuclet and become svery compact but they mammain phys
ical connections vith neighboning cells through structures
called desmesomes  wlnch are the same as the desm nomes or
itercellular bridges of the lover cellular epdermis Selly
speculates that the desmosomes may contrel sepasation of kera
tin cells Ir no caxch other and thereby regulale desquamanon
The tranyf rmatrm o Cmofibnls into true keraun prohably

involves molecular rearrangement as well as addition of anuno
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aads in which thiol-containing amino acids play an rmportant
part (8.9)

The comifiation process 13 unique to the shin and some
mucous membranes. However normal mucous membrane forms
little or o true kerain When mucons membranes form true
Leratin they also develop 2 granular layer When this happens
1t 15 a pathologk change. Tt 13 well known that continuous
trauma tolacco smode and other insults will cause this change
m mucows membranes. In many instances, this pathologic
change in keratin formanon is the [oretunner of capcer

Pouson ivy extracts applied to normal mucous membranes
usually do not provoke any reaction even m a sennuzed indi
vidual Lorina has shown that the 1vy extract does not serve
ns an antigen unless 1t 13 applied to shin wlich has the homny
layer present (10}

The horny layer 13 a definite 1f not complete physcal barrier
to electromagnetic waves, micToorganisms, parautes noxious
chemicals, and practically all environmental agents. Its prin
cipal mgredient Leratin 15 a tough fibrous protein which
depends to a great extent on disulfide hnlages and hydrogen
bonds lor its unique resusaant properties (11) It 15 hghly
resustant to acid and alkali as well as common enrymatic pro-
teolync agents Beaawse of the unquestioned importance of the
ltorny Jayer 1n protection against the environment a brief re
view of the entire cornification process 1 warranted. A more
detatled account is available mn Rothmans text (12)

Starting 1n the basal layers of the cellular eprdermis and ex
teoding to the top of the cellular epiderrms there are numerous
ytoplasmic filaments (topofibrils) contained within all the cells
(1314) These filaments tend to agglomerate higher 1n the ept
dermis but remain quite consiant 1 number (7) There are
many 1easons wihiy these filaments may be regarded as forerun
ners of true heraun (a) heratin and epidermal cells have the
ame alpha type xray diffraction pattern (1516) (b) fibrous
prutein extiacted from cpidermal cells also has the alpha type
\ ray diffraction pattern and heat eontraction response similar
to Leratin (17 18) (c) Selby Ias recently demonstrated Iy elec
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tron microscopy that tonofibrils (filaments) are transformed
directly nto Leratn in the granular layer (7) and (d) Stoughton
bas demonstrated that tonofibrils and intercellular bridges, like
keratin  probably contain more disulfide Iinks and hydrogen
bonds than the rest of the cytoplasm (19)

The final transformation of epidermal cells mto keratin 1
no doubt an active metabolic process wlich among other
things, 1nvolves loss of water release and uptake of amino acids,
release of sterols and pentoses and apparent increase in actvity
of simple esterases (°0) pliosphatases (21) and fglucuronidase
)

It 13 extremely remarkable that peeling off only a few of the
many layers of the stratum comeum results in an intense stumu
lation of mitoses 1 the stratum germinativum (°3) Certainly
onc of the primary functions of the epidermis 15 to manufacture
and maintan an 1ntact {ayer of horny materal hetween 1ts host
and the emvironment.

Barrrer Area

Where the horny layer meets the granular layer there 15 a
specialized arez of Leratin which seems to function as a sclective
and highly functional barrzer to absorption Thus layer behaves
as a hpid water sandwich ( 1) which means in part that sub-
stances having Loth vater and [at solubility are more hikely to
pass through this area than are substances having pnimarily
water or fat solubility It is equivalent to the stratum lucidum
present on palm and sole and has electron microscopic prop-
erties which definitely dilferentiate 1t from the stratum comeum
above and the stratum granulosum below (/) Very intense
staiming for sullhydryl compounds can be demonstrated in chis
area by using the DNFB (dinnrofluorolenzene) method (°3)
The sulfhydryl groups present i this area differ from other
sulfhydryl groups m that they (&) bind maletmide in such 2
way as to lease 1t free to combine with H acld (b) stain with
DN\FB muh more mtensely than 1 ith Bennet s reagent or the
Barnett Sehgman method and (c) are not dilferentiated by
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tetrarolium (25) Otlier evidence indicates that sulfurcontain
g amipo acids are utilized 1 keratin synthess 1 this area
(89

‘I‘)l‘u relation of any of the hugh thiol content of this area
to lx barner lile properues s not clear After damage or re-
moval of the bamer ara by stnppmg with Scotch wape the
bamner to water loss and percutaneous absorpuion reforms in
from 24 to 60 hours (10,26) Once the barrier area is damaged
or removed practically any molecule regardless of size or other
chancteristis will casily pass through the cellular epiderms.

! » - »—’;‘;—;ﬁd T
CaliE et
; ”—'\..‘*‘ -
t ~ L -
;
R
] »
}\ﬂ ‘W
v - - -
3 [ -
_:—-::,_\;-: N
L .,__.f_'-&u:.,. - :" -
- - -

Fuo. 1 Palmar human slin. S{uoed with DNFB method. Barrier
area {3 well outlined by inteme staun.

Granular Layer

That the granular layer partiapates actreely in Leratinization
an hardly be doubted, but details of o function are not
known Thu layer duappears in many inflammatory and some
malignant disexses. When thus happens the horny layer retains
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nuclear mateial  \ metallic substance s definstely present m
the keratohyalin gianules, but s exact nature 15 unknown
However 1t 1s known that copper catalyres cornification (°7)
and 1t has been suggested that copper may be piesent 1n gran
ular cells and perform this function (1) The work of Lansing
and Opdyhe however suggests that the metallic substance 1s
calaum (98)

Cellular Epidermus

The cellular epidermis presents umque structural features
which correlate well with 1 function as a protectine organ.
Electron microscopy has given us a better vision of the fine
structures (7 1314 °9 30) Each epidermal cell contams mnnu
merable tiny (50 angstroms) filaments believed to be fibrous
protemn. The mam bedy of the cell connsts of these filaments
v hich are more condensed 1n the topmost cells than n the
lower or basal cells. These filaments flos toward and terminate
in dense linear areas on the ccll membrane The umique find
ing 1 epidermal cells s that each of these dense linear hands
on the eptdermal cell wall meets, directly the identical process
of & neighboring cell However there appean to be an amor
phous materal n a 300 A space between the oppoving denst
tzes (7) The filaments do not run from one cell into another
as previously thought by some (7.31) so that every epudermal
cell 13 connected to tty nesghbor by a number of intercellular
bridges. (Selby prefers to call these desmosomes. ) There s
good evidence that these desmosomes are responable for the
mtegnity of the epidernus as a unit and that without them the
cells would hterally fall apart from cach other and away from
the body Tlns s precisely what happens for example 1n a
fatal blistenng skin disease known as pemplugus sulgans. In
this disease nurcroscopic analymis of the skin reveals fairly nor
mal epadennal cells except for lows of mtercellular bndges

Blister fcrmatt n s a basike reacnion of skin to mjury (3°)
There are many different types of blisters but most of them
imvolve the epidermis or the dermal-eprdermal juncuon  Actu
ally over thirty different skin discases including the quite com
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mon powon ivy dermatity, involve the formation of blisters.
Because of 110 tmportance a3 a basic reaction of skan to mjury
a3 well 21 2 common pathologic event in ducase processcs
blister formation will be discused in more detml

Blistering duseases can be clasfied by mictoscopic morphol
ogy into five different types depending on whether (q) the
separation 13 between the cellular epidermis and the stratum
comeum ot (b) the rete cells are stretched apart from each
other bat 1emin therr long thin fntercelinlar bridges and large

¢ Jurctional separstion

Fic. . Dlagram showing different areas of blister formauon in
buman slun disease  Arrows Indicate area of [rimary damage in
bli ter [ormadon,

spaces exist between the cells, or (¢) the cpidermal cells com-
pletely scparate from each other and intercellular bridges are
dilficult or imposible to find or (d) separation of cells from
cach other 1 agsociated with severe damage to the mtertor of
the cells (vesicant gas, heat or vins invasion) or () separauon
occuns between the cellular eprdernns and the corrum below

1 stated above the fibrous protein of epidermal cells 1
umilar ;m many respects to keraun e know that the ntegrity
of Leratn depends to a large extent on fts disulfide hinks and
hydrogen Londs, It fs not too surprising then to find that disul
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fide sphtting agents such as thieglycollate, thioglyeerol gluta
thione and cysteine all break down intercellular bndges and
ause the cpidermal cells to separate from cach other (19)
Similar changes can be induced wath 3-6 molar urea (19) and
one anumes this to be due to 1ts hydrogen bond breaking ac
uvity particularly as the ame results can be obtained with
757 lthium bromide also a hydrogen bond breaking agent
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Fic. 3 Normal epldermal celly of 1 uman skin. The intercellular
Lirkdges are exsily scen. 880

(19) Onc is led to conclude from tlus that the connecting links
between epidermal cells depend on disulfide Iinks and hydrogen
bonds and that the functional connecting links betneen epider
mal eells are actually the Intercellular bndges or desmosomes.

The cpithelial lining cells of bowel trachea and cwphagus
have been shown to contain desmosomes just as eprdermal cells
do (33) Thus is of particular interest as it has been shown that
these celly are also scparated from each other by dusutlide aplit
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ting and hydrogen bond breaking agents (19 34) It scems that
the physical and chiamical devices for holding quite diffevent
types of eputhiclial celly together are smilar

If eprdermus is mikdly injured with 50-60 G heat for 30 to
60 seconds and then incubated at 37 G cither in vivo or in
mtro the intercellular bridges dusappear the cells fall apart

Al P

:?/ /ﬂ-’ﬂ‘x{-. ﬁ‘
;’A{‘t‘pfﬂ e.xt’ 3-*;-’5
ress, ‘!:..«&?f PR
Fic. 4 Human slin wreated with 3AL urea for 10 mlnut.cx Note

g;{ Intercellular bridges and separution of cells from each other

from cach other and a blister forms (19,84) In witro work with
freth human skan explants has shown that mild thermal injury
releases enzymatic actwaty in the cell which results in break
down of the intercellular bridges and subscquent separation
of the cells (34) 1f the epidermal cells are exposed to frecnng
formalln suramin sodivm Hgt+ Ag+ or anenate before the
thermal damage and subsequent incubation neither the break
down of intercellular bridges nor the separation of epsdermal
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cells trom each other 1s oberved (34) It appears then that the
epidermus atsell 15 quute capable of aeatmg all the events nec
esary for blistey formation providing an mutial phyneal injury
i supplied The ensymatic factor(s) present in eprdennus, which
cause the breakdown have not yet been rdentified Peptidases
of many types have been 1solated from whole skin (35-38) but
Wells and Babcock have the only evidence for proteolytic

- ——— ~ [F R ~

Fic 5 Normal hurmun sk ueated witl thioglycollate 0 141
pH 85 Note separat on of cells and 1y ) acantholvn.

enzymes 1n the epidermus (39) It 15 n st even determined what
class of enzymes us responsible for the blister process following
thermal mnjury  An ensyme has been adenufied in exeracts of
s00] from patients with nleratne cohns which will break
down intercellular bridges 1n formahn fixed epidermal cells
(40) Thus enzymatic acuvity 1s different from the well known
proteolytic ot mucolytic enzymes and seems to be present only
1n stools from pauents with ukeratne ccins. Cantharidin will
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hreak the intercellular bridges and give bhister formation m
this way It has been shown that cantharidin will do the same
thing in [resh skin removed [rom the body and incubated at
37 C (41) Agents which when apphied to the slin Guse bluter
formation in almost anyone are classed as primary irritants It
is quite likely that different primary frritana have different
mechanisms of action Blister formation resulung from sepana

To. 6. Normal human large bowel exposed to 33 urea for 10
m nutes, Note dean separation of bowel epithellal cells. 680%

tion at the dermal-epidermal junction will be discumed under
the latter heading

Many loose statements concerning  bluters resulting from
hydrostatic pressure have found their way mnto the texts Ex
perimenally af fluid is injected directly 1nto the cpidermis or
corlum umler maximal manual pressure 1t 15 impowsible to
create un wivo 3 blister in human skin This should suffice to
rule out hydrostatic (orces as the primary cawse of blister for
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mation under pathophysiologic conditions Alio 1t 1 almast
imposutble to create a true blister by shearing action or direct
[nction on skin The bluters resulting from friction are sec
ondary to damage of the cell and follow the mitial mjury by a
sizable time 1ntenval Pictures shown of bluter formatlon fol
lowing directly a severe fricuonal force (4°) cannot be distin
guwshed from that seen directly foliowing severe heat applica
tion (43 44)

One last important conuderation 1n bluter formation iy the

Fr.. 7 Sccton of Lu f gm patent with pemph gu Ig
Ante the separation of e ithel 1 el from cach other whih allows
the [ Iistersng in thes dise se Compare 15 | cture to the sepamanon
of epithel al cells inddwed by heat (Fig 8), th oglycollate (hig 5)
urea (Fig 4) and with normal skin (Fig 3) 480 X

amotic pressure of the epidermal sercellular flind. This 1s
unknown Dbut onc can speculate that breakdonn products
(proteolyss 1) of the epideninal fibrous protein increase ostnaic
presures atract flmd and give rise to the typical tense ele
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vated blister Alto breakdown products of the epxiermal struc
tures could act as leuhotaxins in the corium directly beneath
{45 Recent work mdicntes that brealdown products of the
epldermis following thermal injury act as rather specific attract
ing forces for eosinophils which accumulate m large numbera
around vesels wherover the epidermal extract 13 injected 1
human kin (46)

Thickening of the cellular cprdermus 13 known as acanthons
and thickening of the horny lager 1 known a3 hyperkeraton
Acanthosus 13 ohserved with a wide vanety of diseases, but only
a ymall percentage of the population will retpond to chiomc
trauma with acantloth. When subjects are exposed for long
periods to an antomauc scratching machne at regular imntervals
some will react to this with acanthosis and others wll not (47)
Another sudy indicates that all people respond to chronie
rubbing of the skin with an increase in the thickpets of the
horny layer or hyperkeratons (6) Exposure to uitraviolet light
wall also increase the thicknew of the homy layer (48)

Melanmin Pigment

One of the primary functions of melamin pigment 1n 1k is
to protect the organism from ultraviolet hght. When melanin
13 absent from shin as 1n vitiligo or albinsm the shin can tol
etate only the smallest amounts of ultraviolet hight without a
severe reaction In normal skin exposute to ultraviolet hight
results in darkening of preexisting melamin as well as forma
ton of new melamin (49.50) Tt 13 also quute well amablished
that melanin by i sereenung of ultraviolet ight protects the
slin against dexelopment of the common epidenmal malignan-
aex (51) The only cells 1 the buman body capable of forming
melanin are deried from the neural crest and are present pri
manly n shin and eye but may also be found in the lepio-
memnges. Thewr umque feature it the ability to convert
tyroune to diliydroxyphenylalanine by an enzrymatc process
miofving tyronnae Congenital absence of the enryme tyro-
umase results 1n albinsm., To vitiligo, an acquired loms of prg
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ment 1 the skin the melanocytes are present, but for reasons
unknown they no longer form melanwn pigment The number
of melanocytes in different races s about the same the mam
difference betng in the amount of pigment in each cell

A number of compounds naturafl and synthetic, when present
n sk will cuse severe erythema and blstering of skin when

14 —_ ~ .
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Fs. 8 “Normal human sk n exposed t0 55 L for 90 second and
then incubated at 37 G for 12 hours Note ad  needl epithelial ¢ )}
scparation 635%

exposed to ultraviolet hight (0%,5%) This reaction even i s
minimal form results in dense hyperpigmentatiim of the shin
There are alw a few compounds whidy when appled to skin
will decrease or completely tnhibit the formation of pigment
(54) Some of these compounds are uthized though mther
ansmcessfully to yegulate the smount of pigment 1 hunman

skin
It iy well knowm that heanly pigmented skin Is more se-
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sstant to external irmtants It Is also known that melanin Is
apable of croshinking nith protemn to form a tough resuseant
compound (55) This may help to explain the generally acrepted
observauan of the supenor resistance of heavily pigmented skin
to {rmuanu.

Dermal Epidermal Juncuon

The area of contact between epidermus and conum 18 a spe-
claliced one 1n many respects. Electron microscopy shows that
there is a defimte membrane in this area which s separated
from the wall of the basal cell above by a submicroscopic space
(13) Histochemustry alio reveals a dense accamulation of poly
wacchande matenal at the dermal-epidermal junction (56)

In splte of prolonged previous controversy about the exist
ence of a defimte basement membrane, it appears now that a
membrane like structure docs exist. Its functional role no doubt
concerns the cementing of epidermis to the conum below Even
excesive shearing forcas wall not separate the epidermis from
corium 1n normal shin Excessive hydrostatc pressure exerted
1 vwo by forceful injection of fluld ntoe the corum will not
cause separation of the epridermis from the conum. There are
however a number of blistering discases of skin 1 which the
primary pathology is separation of the epidermus from the
conum (32) Experimentally the epidermns may be eanly sep-
arated from the corfum after heating the skin to 50 G (57)
The cpiderms will readhere to the comum below alter the
slin 1 allowed to cool Felsher was able to separate the ept
dermis from corium by exposing skin to 10ns and pH which
are known to cause collagen swelling (58) Collagenase wall
degrade the polyacchande membrane of formalin-fixed skin
whereas trypsin hyaluronidase and other mucolytic and pro-
teolytic enzymes will not (59) In fresh speamens many proteo-
lytic and mucolytic enrymes will ause sepananon of epideron
from conum (60)

It secms logical that the cpidermis 15 cemented to the corfum
at leat in part, by a gel state of polysaccharide material at the
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junction Percival has shown that dye mjected 1nto the conum
spreads diffusely through the corum but will not penetrate
the junctional area (61) It 15 doubtful that the junctional area
prasents any significant barrier to absorption of materials from
eprdermu through to the corum The role of the junctional
arca n preventng nvasion of organisms has not been ade-
quately investigated. That organisms can and do pass through
the junctional area 15 obvious, but the fact that they do so only
rarely leads one to suspect some barmer to organisms n this
area.

Sweat Glands

Man s protection against a warm environment 1s primanly
Ius ability to sweat and change periphicral blood flow  Circula
ton will be discused by others, leaving us to deal with the
organ for sweatng. It 15 simplest to consider three parts of
the ccerine sweat unue (a) the glandular part deep in the dermis
1 hich 15 responsible [or secreting sweat (b) the dermal portion
of the duct which ttansports sweat and () the epidermal por
tion of the duct which delners aweat to the surface of the skin
The sweat mechanism i man may deliver up to 14 liters of
sweat per day Excess demand on the sweat gland may result
1n severe damage to the eccrme secreting cell (%) The secretory
pressure of sweat may be as hugh as 210 mm Hg Whether this
13 pure secretory pressure of that plus contraction of the myo-
epitheha of the duct and, or electromsmotic forees (5) 13 not
Lnown. The epidermal portion of the duct contans a prom
nent snner lining of dense homogencous matenal 1 hich le not
glycogen although 1t stans with the penndic acwd Scluff tech
mique (6364) Thu lming also stamms mtensely for disullide
compaunds. It 1s quite likely that the lining membrane may
be 1molved 1n the common reacticn called miliana or prickly
heat In thn condiion the epidermal s eat duet §s bloched
sueat backs up n the duct leaks out nto the epidermis or
corum and (auses an inflammatony reaction Sweat duct ocelu
s10n octurs n a persistent hot humid enur mment and may
be caused experimentally by a number of scemingly different
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methods {65 66) The most scrous result of sweat duct occlusion
{12 systemic resction of hyperthermia hyperventilation malaise
and total mcapacitation which occurs when a large number of
wreat ducts are blocked and the individual remams in a hot
environment. This was a severe problem 1 military personnel
in the South Pacific duning World War 11 (5) The epidermal
sweat duct functions as a completely independent unit which
docs not participate in numerous inflammatory and malignant
diseases which may involve surrounding epldermal cells. Also
if the cpldermal sweat duct umit 1 severed it will replace itself
rapudly in a spiraling proliferation of cells completely obhvious
of the presence or alsence of surrounding epidermal cells (67)

Sweat glands are mnervated by sympathetsc fibers, but phar
maxcologically these fibery are cholinergic. Cholinesterase can
be demonstrated histochemially m Jarge amounts around the
ccerine sweat glands (68)
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Discussion

Dr. Bymizwooo (Prabyterian Hospital, Newark, N J) From
your rernarks, particularly about enrymatic action do you think
cold applications are of therapeutic value i thermal Injune?

Dx. StouchTon Theory tells ua they would be of value, but I
don t know of experimental proof

Dr. Surzsmcer Is the barrler thunner or does it disappear in
the hair follicle at about the level of the openung of the acbaceows
gland duct? It is at thuy point that Frans Hemmann and our group
found that substances penetrate into the skin most readily

Du. StovsHToN I don t have exact information on this point. It
13 hard to quantitate the morphologic features of the barrier



PROTECTION AGAINST THE TRANSFER
OF MATTER THROUGH THE SKIN

ROBERT D GRIESEMER
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The chief function of the integument, protection is largely
dependent upon special structural features of the eprdermu.
The toughnes of the entre external homny layer the atratum
comeum makes the cpidermis resistant to many Linds of phyn
al and chemiaal agents. The failure of phynal agents to
penetrate through the stratum corneum i dugrammatically
shown in Fig 1 The cffect of trauma and large particles i3
cushioned by the reslience of the dermis and fatty nssue which
underlic the epidermis. The tough Gbrous proteln keratn in
the stratum cornewm withstands direct sliearing and fnction
The closely knit keratin mesh within the cells of the horny
layer and the ughtly packed arrangement of these cells prevent
movement of &ll but the smallest molecules through the ntact
epidermls,

Chemical agents of small molecular dimensions probably pass
directly through the cpidermis of mtact skin (Fig 2) Penctra
tion through the superficlal stratum comeum 1 rapid but at
the base of the horny layer it is enormowsly retarded by the
main barner Passage from the barrier to the capillary bed 1
rapid with possibly a little retardation at the juncuon between
epdermis and dermn.

Chemical substances whose penetrauon is blocked by the
Larrier may be held by the stratum corneum. The physiological
process of continuous shedding of the stratum corneum casts
off these adsorbed substances which eventually might penetrate.

b
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If the barrier Iayer is fractured both physical and chemical
agents can penctrate all layers of the skin very rapudly (Fig 3)
Even the smallest scratch increases the permeability to liquids
and dissolved substances Larger breaks obviously permit all
physical and chemical agents to enter the body withont restric
tion Rapid reparr of such breaks, which closes the portal of
entry of large molecules, is an ymportant part of the protective
funciion of the skin.

traums, largs small Infectious
particles part cles organisms
camand i

Fie 1 Inwct sk n resuty the effect of physiaal agents wich ay
trauma and the penetradon of particles and mscroorgani ms.

Avenucs of Penctration of Chemical Substances

Chemical substances may pass chrough the epidermis mto the
dermis 1n three ways  (q) through patent hair follicles wnto
scbaceous glands (b} through the spiral sweat ducts and (¢}
directly through the epidermis Since epidermis extends heyond
the mouth: of the sebaceous duct vthin the hair follicle 1t 1
posuble that the course of transfollicular penetration 1s mamnly
transeprdermal Al three avenues may take part in the transfer
of a chemua) substance Witten (1) interpreted hibs auto radio-
grapluc studies with thorium X\ ) indicate that ths sulstance
penetrated to the dermis by all three routes. Honever specific
substances may prefer one avenue to the other two In 1043
Rothman ponted out that lipidsolul le sulstances probably
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enter mamnly through the sebaceous glands (%) 1In 1956 Mali (3)
publnshed data which he thinks mdicate a donunant role for
the sweat duct in the 11 vivo pasage of water out of nonsweat
ing skin. Blank Gneemer and Gould (4) have published
autoradiograms of rablut skin which had been exposed to the
anticholmesterase sann tagged with PR These 1ndicate that
penetration ocrurred through the epidermuy itself and not
preferenually through the hair follicles. A sumilar route of
penetration through eprdermis and not via hair follicles was
described for (@ hydrocortuone by Scott and Kalz (5)

N
NN
f )

e 2 Inuca Lin )lows penetration of chermical agents of low
molecular weight. The rate of penetration i markedly decreased by
a thn barrker layer at the base of the stratum corneu  From the
barrier 10 the e 1llary bed, chemicul agents diffuse freely The umall
rectangular area 15 hown in higher magnifieation in Fig 5

The problem of avenue of penetration has not heen solved.
A series of autoradiograms taken at vanous tme intervals should
demonstrate the route of entry of a radiotagged substance into the
shan. Adequate studies of this kind have not yet been reported
Unless future studies prove otherwise the main avenue of
transler of many chemical agent across mwmct skin may be
consiiered to be & path directly through the epidermis.

Barrier Layer n Epidermis

In 19°4 Rein (6) demomstrated, at the junction between the
horny layer and tie granular layer underlying it, an electro-
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negatively charged barnier which repelled anions and attracted
and held catrons from further penetration Rothman (7) o
1979 felc that this charged layer checked the transfer of water
across skin Blank (8) n 1953 thowed graphically that the
barrier to water transfer in skin 1 a layer a few microns thid.
at the base of the stratum corneum He used the adhesive tape
stripping method of Wolf (9) and Pinkus (10) to remove the
stratum comnmeum gradually He found that the diffusion of
vwater through skin remained low unul the base of the stratum

Fie '3 When the barnier » dorupted, all physical and chemical
agents pan ummpeded nto the epidermis and dermis.

comneum had been stripped away thereafter the permeabilicy
to water rose sharply Szalall (11) reported in 1951 that after
the stratum corneum had been seripped off with tape the enure
bamner could be removed on Tesa tape in a sngle strnipping
Subsequently he recovered the Larmier layer by dusolvng the
tape in petroleum ether \ali usolated the barmer by another
method 1n 1905 (8) After maceration of skin for two days in
1 per cent methylene blue solution he scraped away the stained
stratum corneum and rete 12yer leaving the unstained bartier
nact.

The effectiveness of the barrier has been further demon-
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strated by the increased ease of penetration of radicactive sarin
after slight scratching of the skin (Fig 4) Thus work demon-
strates the necessity in permeability studies of regarding as
normal only skin in which the barrler remams uninjured.

A simple method has been devised for rapid determination
of whether or not the barrter 1s Intact (I9) The electrical con
ductlvity of the shin is measured by means of the simple drcuit
described by Levine mn 1933 (13) The clectrical conductivity
of excused human skin and 1ts permeability to sarin have been
shown to parallel the degree of damage resulting from stripping
(sec Table I) Only 1n skin of low conductivity 13 the barnier
ntact.

TABLL [ The effect of serfal siripping with adben ¢ ta Dnlbcdt(
wie 1 nduct! ty and perme Bilty to mari o(udscdr

T Tenctanon
Degree of of aarm
tnjury Conductivity xamp muM/cm? hr
Control 1 00
6 srippig 17 29
12 srppiog 17
1 wnpp g 65 470

The rate of repasr of the harner can be folloned by periodic
measurement of the conductivity of injured mtes. € ricsemer has
found that superficial scrarches heal witlnn 91 to 48 hours (14)
Thus, part of the skins protective function depends on rapid
reconstruction of the barrier

Direct Penctration of the Epidermlis

Perusal of the literature on the permeability of intact shin
reveals a dearth of thought{ul invesugauons on both the path
ways and the phynicochemial mechamsms by which chemiaal
agents penetrate through the shin The excellent reviews of this
subject by Laug (15) Rothman (10) and Malkinson (17) show all
100 clearly that only a very few muestigators have been concerned
with more than superficial demonstration of the fact that sub-
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stances diffuse through slan Rates of permeabihity have rarely
een determined. The thoughtful discussions of skin permea
ULiluy published by Higuchi (18) Guillet (19) and Treherne
(20) are sigmficant contributions to knowledge mn this field.
To attain a more profound understanding of permeability of

the slan a clearer nndentanding 1s needed of (g) the structures
which penetrating molecules are likely to encounter in their
direct pasage through the epidermis and (0) the physical and
chemical factors which affect transepidermal diffusion of these
molecules.

ANATOMY

When placed on the surface of the mtegument, a penetrating
sulstance first comes wito contact, not with the shin telf, but
with a surface film composed of scbum, sweat and 1t residue
and desquamating stratum corneum  The chemial compost
uon of thy Bim 13 complex and vamable The character and
extent of 138 1teracuon with a penctrating agent are exceed
ingly difficult, if pot imposmible, to predict. They will vary
with the physical state of the penetraung agent—whether 1t be
solid lquid, or gas—and, if the agent 15 1n solution wath the
natute of 1ts solvent. Once the penctrating agent has passed
through this surface film to the shin 1tse)l the scbum sweat,
and other substances of which the film 15 composed probably
have very litde effect on the subsequent pathways and mecha
nisms by which the agent penetrates mnto or through cutaneous
tissue

Figure § shows duagrammancally the histolomal sructures
encountered by a substance as it penetrates through the stratum
comeum to the stratum granulosum. The barmer which i
penetration lies between these two layers. Above and below
the barmer penetration takes place freely In the superficial
siratum comeum 2 penetrating molecule 15 most Likely to panm
through the aur filled or mouture-lmed intereellular spaces
where it would encounter exsentially no renstance Some mole

ules mught pas directly through the cells of the stratum
comneum, but penetration by this route would be much slower
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In the barner where intercellnlar spaces arc narroner and
cells are denser resistance to diffusion increases. A molecule
which passes thies bottleneck can agtin diffuse without great
resistance through the iquid svadun the ntercellular spaces of
the stratum granulosum and lower Inmg epidermis to the

stratum
cornsum

barr r
layer

atratum
granulosum

Fi. 5 Magmifxaton of rectangle in Fig 2. The cell of the
barrier are more compact anil nare closely bound together than re
those of the stratum  ormeum The intercellular spacey are smallest
i the barrier and largest 1 the living e} dermibs beneath In the
stratum corneum, the [ntercellular paces m-rease in sire ay the cells
separate and {all awny into the extern | emironment. The small
rectangular arez in the barrrer is shown an higher magnificaton in
Fig 6
dermu and finally to the capillanes, whience 1t is dustributed
throughout the organusm.

Selby has used the electron microscope for sudy of the detailed
structure of the eprlermus 1n the region of the barmer (°1)
Figure 6 13 a dagrammatic representaton of the microanatoms
of cellular junctions as they appear 1n her photographs of this
area In the center of each ntercellular bndge (desmosome)
a narrow space separates the cell membranes. Tl space ¢
tains some electron denuty In the hving epidermus it is 300 A



TRANSFTR OF MATTER THROUGH THE SKIN 33

wide in the barmer only °00 A, In other words, the cells of
the barrer appear to be more closely bound to each other
than do those of the hiving epidermu Nevertheless in Sclbys
microphotographs there 1 intereeliular space between adjacent
desmosomes which could serve as a yide avenue of penetraton
for molecules. The question arues of whether tlus space which
appeans in the electron microscope picture actually exsts o

Fi. 6. Diagram of cellular junction in Larrier layer talen from
electron mucroscop ¢ photograph in Fig 11 of Selbys pa; @
or intercellular Lridges are not continuous from cell

to cell welldefined crll membranes crom the center of each bridge.
Between adjacent d the cell t have retracted,
feaving {ntercellular ayprces. Thae space have no electron denslty
they may be artelacts, electron<dense material present in life may
have been lost dunng preparation of thsue for ekertron micrascopy

sich tn 1o or 13 merely an artefact. If the space doea exust
during life what does 1t contain? One must consider the powsi
bilines that molecules might penctrate the barder through this
space or through the cells wiuch form the bamer or through
both the space ard the cells.

PHYSICOCHEMICAL FACTORS
Brochemustry

The material within the intereellular spaces of the epidermis
I derived from the adpcent cpidermal cells themselves and
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from flutds creeulating slowly from the dermus. Its composition
1s not precisely known but probably includes hipid carbohy-
drate and protein substances The arrangement of these sub-
stances within the mtercellular spaces is even less well under
stood than their composition One can only speculate whether
they are loosely organtzed mto some fibrous structure in a gel
state or into 2 welldefined lipid-protein barrier amilar to
plasma membranes.

Winle there 15 no direct evidence about the chemical and
physical structure of the intercellular material hustochemical
data concermung the entire barrier Tayer have been obtained by
Stoughton (?°) and the biochemical compasitton of human
stratum corneum and living epidermis has been determined
by Matoltsy (°3 24) In Stoughton s nork as in the anatomical
stucies already mentioned there 1 evidence that the barrer
may be denser than the rest of the stratum corneum Stoughton
demonutrated that 1ts reaction to stains differs from that of the
rest of the stratumn comeum  This difference 15 subtle and
would be difficult to detect by Matolsy s biochemical methods
until they had been adapted for use on a microscale Matoltsy
found that the relatine proportions of components 1 the
stratum cormeum was roughly the same as 1n the living ep
dermus, namely keratn 75 per cent hiprd 8 per cent carbo-
hydrate © per cent indestructible cell membranes 5 per cent
and soluble dualymble substances cf low molecular weygic 10

cent Framinauon in polanized hght showed intense post
wre double refraction parallel to the skin surface not only m
the barrier but also in the rest of the wratum corneum This
indicates a tight paching of fibrous elements parallel to the
long axis of the homny layer cells. Probably some hpid 1y inter
spersed between these elemente It would be anteresting ¢
apply Matoltsy s methds t  the barnier alter it had been 10
lated by the techmiques of Mal (3) and Ssakall (11)

It 13 hard 0> smagine that molecules would penetrate the cells
of the barrier more easly than tiie inaterial 1n the sntercellular
spaces which should be loss dense and lows organuzed than the
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ceils, One annot be certan of actual conditions, howerer
without more information than we non have. Permeability
studia alone cannot determmine whether the molecular path
ways in the epidermal barmer he n the mtercellular spaces
the cells themselves, or in both. Permeabihity studies may be
experted to Teveal only the chemical structure of the hnings
of molecular pathways and not their anatomical locavon In
vestigation of the effect of solvents on the permeability of the
bamer followed by electron microscope and hustochernical study
of the altered barmer might provide definjuve evidence.

Physncal Chemutry

From studies of diffumon in simple phymcal systems and
through simple biological membranes such as that of the red
blood cell plipsical chemists and biophysiciss have discovered
the prindples of permeation in variows Linds of membranes.
These can be expressed 1n mathematcal form and are beaut
fully discussed by Davson and Danielh (25) and by Higuchu
(18) The degree of molecular nteraction betneen a penetrat
ng substance and a membrane determines the nature of the
permeation mechamism Mot of the properies which affect
permeabilicy—partition eoefiaent, viscosity charge Q e—are
derved from the 1nteraction between forces which attract one
nolecule to another The strength of interaction vanes from
the weal van der Vvaals force between —CH, groups to the
urong electrostatic force between jons. Molecular volume also
plays a role 10 permexbihity when the dimennons of pathwap
in 2 membrane approach those of penetraung moleeules, but
this uate of affains 13 rarely seen 1n biological membranes.

The parution coefficient of a penctrating substance between
its velucle and a membrane and between a membrane and its
recepior solution has 2 large effect on permeability It depends
chuefly on the lorce of molecular interaction between mem
brane and penctraung molecule. Polar substances have low
affinity for nonpolar membranes. Highly polar membranes re
Ject nonpolar molecules but attract and retain polar molecules.
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A substance can easily enter a membrane when the partiton
cocflicient (membrane/vehicle) 15 ugh 1t @nnot casily leare
the membrane when the partiton coefficient (receptor solu
ton/membrane) 1s low In complex structures such as the skin
where the membrane may be nonpolar and the receptor tusue
fluids polar a substance whose parttron coeffictent between
polar and nonpolar solvents is nearly 10 will have the highest
penictraton rate Thus, permecability 13 more rapid 1f there 13
some but not too much affinity between a penctrating mole-
cule and a membrane. Under these conditions the membrane
will attract the penetrating molecule but not so strongly that
1t fasly to release 1t on the other nde.

lons penctrate biolomcal membranes slowly by diffusion
Expenditure of cellular energy 1s often required for fon trans-
port 1t 15 always required when transport occurs against a
concentration gradient The enrymes and other types of meta
bolic machinery wiich awist 10ns across membranes may be
absent from the skin

@ 11 the rauo of velocities of diffusion determined at abso-
lute temperatures 10 h apant The more slowly a molecule
penetrates a membrane the higher the Qe Measurement of
{) n be avaluable tool 1n permeabiiity studies

By studying the permeabihity of 2 merubrane to a senies of
polar and nonpolar substances at different temperaturey it 1s
posuble to formulate some rezsonable 1dea of the chemia) and
physucal nature of the pathways in the membrane If a series
of nonpolar substances penctrates a membrane more rapidly
than does a senies of polar substances, the membrane 13 com
posed of hipid at the sites of penetrauon In a lipid membrane
of this kind the Q4 1nareases markedly as —OH groups are
mtroduced 1nto the penetrating substance  Addiuonal —CH
groups clevate the Qy only shghtly

The rate of permeabtihity per umit area ames the square root
of the molecular weight (P X M ) 1s conwant for diffusion of
subatances through hiquids or very permeable membranes with
large pores When the membrane is less permeable P > M
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declines rapidly as the molecular weight of the penetrating
substances increases. It reaches zero when the size of the molecu
lar pathways throngh the membrane equals the size of the
molecules of the penctrating substance.

In a complex membrane like the skin the overall permeabil
ity characteristics are probably 2 function of the most reshatant,
or limiting portion of the membrane {e., the barrier There
fore, data of the type just discusied when obtained from the
whole skin or from cpidermis would provide information
about the nature of the bammer

Most brological membranes are thought to consist of oniented
double layers of lipid molecules to whose polar groups protein
clains are attracted. The fact that these proicn chauns are
cromlinked by hiydrogen bonds, and by 1onic, cther disulfide
and other linkages rendens the membrane mechanically sable
(25) Whether or not there 1 a structure sirnilar to this in the
barrier of the epidermis is not yet known but certamm expent
mental work suggests that this may be the case

Experimental Studies on Skin Permeability

The previously menuoned studies by Remn (6) showed that
1ons do not pas through the epidermal bartier Rein believed
that the transfer of 10ns is blocked by the negative electnc
charge of the barrier Recent experiments with radloisotopes
shor however that very small amounts of fonic matenal aan
paw through the barrier (16 17)

Rothman (%) in 1948 pownted out that lLipidsoluble sub-
sances penetrate the tkin more readlly than polar substances
and that substances soluble 1n both hipids and water penetrate
most rapudly of all In support of Rothman s concept Treherne
(*0) in 1956 obtained quantitative data on the permeability
of excued human slin to a senies of radioagged substances. He
showed conclusively that the permeability of skin 1s directly
proportional 1o the ether/water partition cocficients of the
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following penctratung substances ethyl sodide methanol eth-
anol thiourea glycerol urea and glucose. The product, P X
Al was not constant for whole skin but was constant for
dermus. Thee data support the concept that a lipid structure
13 present at the sites of epiderma) penetration In the derms
it 15 clear that penetration occurs through a Iiquid medium
The penctration of water through skin 15 2 special problem
because of the lugh concentration of water within the body
It 15 clear that water 1s loat by diffusion through skin tisszes
as well as by sweating (16) Table 11 13 a compilation of the

IABLLIl Los !w ter from the epsckrmal wrf ¢ [ hunw ki

~ (ex/em h)
i ngma Ex ncd
Reference 30 Q) (337 ()
Ikeucht and huno (") o T
(forearm)
Buorch acd W mor (27) 0z oz
(eprgaun ) (cpiganric)
Felsher and Rothma  (28) 15 -
(f Wearm)
Blank (% - 06
{ Laomer)
Mal (3) 30 os
(back) (a 1)

quanutaty  data on diffsion of water from normal human
skin (in the alsence of sueating) which have been published
by a number of imestigators (3.8 76-°8) The varations
these dara may result from vanatons m the type of methods
used and the fact that studiey 1ere made on different parts
of the body More work 18 needed to support Mali s contention
that 80 per cent of the s t9ro loss of 1 aler in the absence of
swcaung takes place through the sweat dikts (3)

Water can paw int) the body chrough the skin by exchange
but there 1s no net transler inward The inward pasage A
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water has been demomstrated by expenments with deuterium
axide (D£0) (°0) and tntrum oxide (HTO) (30 31) Water pene
trated into the skin of living man at the rate of 1.5 mg/em™hr
Pinson (30) reported that the HTO diffusion ate out of the
skin equals the HTO diffusion rate mnto the skin.

Pimon (30) shoued that heating the shin increases its per
meability to water But few quantitative dats have been ob-
taned with which to aaleulate @ for diffusion of water threugh
sk Blank 15 1n process of gathering such dat. His prelim
mary experiments indicate a Qo value of approximatcly 2

There 13 no evidence that substances move mto the skin
against a concentration gradient. As excised ekin dies, its per
meability to any given substance neither increases nor dechines,
This indicates that the barrier remains intact and that pene
tration of most chemcal agents through the shin requires no
encrgy from cellular metabolism Penetration 13 therefore
entirely a process of diffusion

ey lntle mtwfactory quantiative nformation hax been
reported concerning the permeability of skin to substances
aother than water The papens reviewed by Laug (15) Rothman
(16) and Malldmson (17) do not contan sufficient dam to per
mit alculation of rates of permeability @ o, and other mathe
matical exprewsions wliuch might astist our understanding of
the nature of the barner and 168 permeation mechanusms. There
1 enuirely too much varizuon 1n the penetration values of the
small group of substances already studied to permit one to
draw general conclusions for all clases of substances. Many
mote studies must be made, as Cuwllet emphasized mn hus inter
esting discusston of permeability of the skin (19)

While we have evidence that the tough keratin mash of the
cpidermis, with some sort of lipid protein structure at the sites
of permeation probably constitutes the apparatus by which
the skin protects underlymng body tissues we need more de
tarled inf rmation about these structures. Further invesuga
tioms should include measurement of the permeabiliy of skin
to many series of related substances. These groups of sub-
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stances should e 50 selected that only one property at a time
vartes within each group eg molecular weight and shape,
polanty and charge partition coefficient. If data so obtamed
are to characterize intact skin 1t 15 mportant that the ept
dermal barrier should not be injured by the substances tested.
Mustard gas, for example would not provide data about normal
permeability because the first few molecules wiiuch penetrate
probably destroy the barricr and allow abnormally rpid pene
tration by the molecules which follow

After data for intact whole skin have been secured compar
able studics should be made with the isolated barrier Mali (3)
has already studied the permeablity of the molated barnier to
water In interpreung permeability data obtaned with the
barrier as isolated by the methods of AMal: () and Srakzll (11)
the invesugator must be alert to the postbiiity that the barrier
may no longer be functionally intact. Measurement of the elec
trnical conductivity of the wolated barrier might be a reliable
means of determining whether 1t 15 uninjured.

Measurement of permeability before and after extraction of
epidermzs wath polar and nonpolar solvents may revcal valuable
informauon about the chemical structure of the barrier The
great problem in such a study would be to locate with precision
the sites from which materal had been extracted Flectron mi
croscopy may be waeful £r this purpose More than the barrier
may be extracted if the solvent 15 too destructive

Practical Considerations

The cffect of physical and chemical trauma on the protectise
function of the skin may be of great practical importance for
such trauma may permit the easy entry of toxic substances
which noukl not penetrate intact skin 1n significant amounts.
The senstting catechols of the poison tvy plant for example
when applied to wratched ¢ omflaned shin cause a much
more severe Teacton than when apphied to intace skin

The same holds true for sulstances of therapeutic value
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Hydrocortisone, zpplied topically to inflamed skin 1n which
the barrier 15 broken raprdly penetrates to relieve the mflam
mation By blocking infammation hydrocortuone allows the
barrier to heal more rapidly but m so doing it cuts off further
ngnificant penetration of hydrocorusone. It 13 probably for
this reason that some inflammatory diseases of the skin are
benefited only briefly by topical hydrocortisone

The effectiveness of the skin s a protective organ ultimately
depends on 1ts ability to create and repair the barmer If the
body has difficulty in restoring the barner or if an individual
expects to be exposed 10 agents likely to damage the Larmer
external protecuve devices may be used to replace or supple
ment the skin s activity Barrier creams have not proved to be
a1 effectne as early enthusatic reports indicated  Clothing
made of impervious materlals, such as rubber or syntheuc
substances, fs the only safe external protective measure aval
able today
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DiscussioN

Do hovorrern (Army Chemial Center Maryland) Is it your
contenton that penetration through the eprdermis takes place by
true diffunon fe thermal dufusion or by flow through onfices
and aipllar{es? If 1t b penctrmtion by thermal diffusion, proof of
this mechannsm would come from the determinadon of the tem-
perat e d ding on the proces and the conuructio  of an
Artheniuy plot. In practice this may be extremely difficult to sccom-
plih and may prore to be a stumbling block 1t penetration s by
flow through pores and apllana (the work of Selby may indicate
thn 1o be the case) the clect of temperature on the rate woald be
fow or vot great.

Dx. Grrese 1rn Very few studies have been reported on the effect
of temperatare on permeation of chemical substances through the
shin. It h our bope that your quations, Dr hondriter will stimn
fate more work on the eflect of temperature. Dr Irvin H Blanl, in
our hboratones, fs now In estlpating the effect of remperatare on
water perme t{on of skin. Only after nonpolar and other polar sub-
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staices have been mvesngaied will sufficient temperature daa be
avallable to help decide whether diffusion or caplllary flow fs the
important phynical factar in skin permeabllity

Dr. Surzarxere 1 would like to point out that in histochemical
studies and in radicautographic sections, fixation should be gascous
to prevent Hquids from carrying the applied materfal from the sur
face and into the tissue by dilfusion fiom the edges and Lelow Alio
all cutung must be from within outward, nith a clean Llade each
time to prevent carrying material from the surface into the tissue
with the Lnifeedge Unng thesc techniques, VMachee Herrmann
and 1 showed that the pnincipal route of penctration of topially
ap] hed sulfonamides was via the follicular openings and through
the follicular wall at about the level of sebaceous gland openingy.
Morcover Witten s radiozutographic work with thonium \ pene-
tration obriates the doubts as to whether the change In the photo-
graphic sibver emulsion iy due to the actual presence of the radio-
active molecule at the ste of change or 10 the action of the encrgy
emanating from molecules will at the surface With thorlum \ one
can localize the fourpronged star of the alpha particle in the unues,

Dr Gripstairk Dr S lsberper s reruark about the precautiom
necded in fixat on  nd cuttung to avoid diffusion and contaminauon
po nt out very clearly some of tl e technkal problems encountered
in autoradiography In our worl ith mnn since the thsue re
mained frozen dunng cutung and cxposure of the photowensit ve
emubion, diffision wa  minimal Moreoser our autoradiograms
sl owed | ttle or no sarin 0 the dermis, and this sarin was distribuzed
so diffusely thuat it 1 doul tful whether ontamination from the K ife
blade could ha ¢ a counted for 1t Sarin did not penetrate deey ly
into the foll cles Thercfore 3t i 1ore | Lely that sanin reached the
dermbs by pasing directly through the epidermis Of coune one
cannot exclude the pos ihity that sarin may have penetrated fol
hicles, sebaceon glands, and sweat glands a3 well as the epidermis.
The autorad ographic work with thornm \, which Dr Sulrberger
mentioned (reference 1) was, I behieve snterpreted by Watten to in
dicate that thorfum X had no | referenual pathway of penctratron

I think that when one focuses attention so intemely on such
subtle point a3 enuc of penetr ton  nd uses drananc deviees like
autaradiogr ply i ery ean to lose penipecine It h tempting 10
think that those hitte bla k grant bes in the autoradiogramy indiate
sdgnif cant permeation of the shin \ctually only a few molecules are
needal t | roduce tie effect Direct hemical analyvh or quanuta
tive measurement of radioa vty must be utllured for  ccurate de
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termimation of rates of penetration. Radioactvity data should be
converted to moles i one wihes to np::\acd:(: 1ts significance. For
example, when this n done for mdicacthvliy measurements In urine
after application ol radicactive subsiances to the shin surface an
almost 10finltastmal amount of sulstance appears to Liave penetrated
the skin.

Dr. Manzuins (Army Chemucal Center Mar(yhnd) Although you
were unable to find penetration into the hair follicks by sarin, with
an autoradiographic technique, scientists at Porton England, with
a slmilar technique, have reported that 1t does penetmate the hair
follicles. At our labomtories, we bave used a fluorescent tracer sub-
stance (the tracer material was tested by application to the shin
surface as = 1 99 solution in the sarinike materlal, and recovery in
the subdermis 1n the ame proportion 1 99 after penctration of the
skin) to trace the pathway of ~ sarin-lile material through the skin
of monkeys (in vivo) We concluded that the tracer substance and
probably the sarindike material penetrated the pilosebaceous ap-
paratus and ecnne sweat glands as well a5 transcpadermally By
mears of this technlque, t ¢ barmer was found, as Rothman and
Rein have postulated 1o be moch th aner than the enure thicknen
of the stratum Judduny Its locatson appeared to correspond to the
Junction between stratumn lucldum and stratum germinadvum. Peoe-
tration of the stratum luadum was accom) hthed wathin 90 seconds
whereas the barrier was not penetrated for $0 minutes or more.

Dx. Brawx. While, n general autoradiographic techniques have
supplied much valuable Information, it must be remembered that
they are subject to much muinterpretanon. With radiophosphorus,
one may get darlening of the photographic plate at some distance
from the actual site of the phosphorus atom.

1 too, have scen some of the autoradrograms made at Porton,
Englard they may or may not be the mme ones 1o which Dr Mar
rulll hn referred. These autoradiograms did show more darkening
within the hair follickes than did ourt But darkeming within the
hair fellicde or even a thort dmtance around the ha r follicle does
not indiate that sann has necesarily penetrated farther than the
follicke of that the route of penctration into the deeper layery of the
skin has necenarily been through the hair follicJes. As Dr Griesemer
has waid, only a serles of 2 toradrograms [rom sectiom of skin talen
at increaring tme intenaks follawing the  pplication of the sarin
and showing a progremion of the sann along some pathway as the
time lengthem, will actually reveal the route of penctmation.

Do Guuarnaw, Dt olial witha @l label bined
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with sanin must also be carefully interpreted One has to be sure
that the label and the ma1in follow the same route.

I agree that the major barmer in the skin b near the sratum
lucidum and that the sarn rapidly penetrates the entire stratum
cumneum and posubly the stratum lucidum  bue It penetrates
through the magor barrier much more slowly
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The pratection which the iptegument provides agamst trans
fer of matter was dicussed earlier Thu paper will deal wth
the protection offered by the integument against the invasion
of bacterla and fung Doth forms of protection are wmportant
m the muntenance of general health Actually the skin plays
an important role 1n the protection of other organs from inva
son by bacteria but 1n so domg the shin atself may become
mvaded 1f 1t continues to protect the other organt it must
hold the invading microorganisms within itelf 1 thall here
discuss first the ways in which the skin fs able to main@in a
limited surface flora of bactena and fungi I shall then consider
the underlping structural barmner agamnst mvasion from the
envitonment and the subepidermal defenses against invanive
organisms. Finally I shall discuss vanous manifesations of

madequate defense.

Surface Delenses

RESIDENT I'LORA
A well-amblished flora of bactena rendes on the cutaneous
surface. This resident flora consuts prinapally of Alicrocoer
Diphtheroids (Corynebnctera) and Propronibactenta (1) The
skin furnishes adequate nounshment for these organiams they
1eproduce and maintain a relatively constant population Surely
47
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TRANSIENT FLORA

Organisms not indigenous to the cutancous surface are rarely
able to establish resndency on the shin Among the factors which
prevent them from actively multiplying and becoming a pant
of the resdent flora are (a) the low mouture content of the
stratrm comeum and (b) the presence on the skin surface of
naturally produced anubactenal substances. A microorgamsm
ke Alicrococcus pyogenes var aureus which is not wsually &
member of the revdent flora, but for which the stratum cor
neum supplies numtion adequate to support active multiphica
uon does not grow and mulaply unless adequate moisture is
present (5) If 1t cannot muluply ¢ soon dies Thus lack of
molsture 1n the stratum corneum prevents potentially invasve
organisms from gaiming a foothold on the surface of the skin

For another reason the cutaneous surface 15 not condudve
to bacterial muiuphication Measurements of acidity on the
normal cutaneous surface show the range of pH to be 4.5 to
60 From such obsenauom, the acd mantle concept devel
oped, and thus has been thought to be an 1mportant factor
the autogenous sterilization of the cutaneous surface (G) It
has been shonn however that many bacteria wiuch fal to
grow on the cutaneous surface can grow w1 vtro in mucd! more
acid environments. This indicates that the low plH alone does
not prevent the bacteria from multiplying The aad reaction
results from the secretion by the sebaceous and nveat glands of
organic acids or substances which yield organic acids on hy
drolysis. Some of these organic acids, such as caprylic and lactic
aad have speafic anubactenal properties (/) others such as
capric and undecylenic acid have anufungal properties (8)

Thus the finst hine of defense aganst bacterial invasion 1s the
estabhshment of an environment which 1s unfavorable for the
growth and maluplication of mowt hactena except those few
relatnely harmless species which constitute the revident flora
The lack « f mouture and the prexence of speaific anubactenal
and anufungal organc auids are the two most unportant fact m
1n making the cutancous surface unsatisfactory for the growth
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The protection which the integument provides aganst tram
fer of matter way ducumed earller This paper wall deal with
the protection offered by the integument against the invasion
of bacteria and fung Both forms of protection are important
n the maintenance of general health Actually the skin plays
an mnportant role n the protection of other organs from nva
1on by bactena, but m so doing the shin itself may become
mvaded tf it continues to protect the other organs it must
hold the ivading micromganisms witiun luelf. 1 shall here
discuss first thie ways 1in which the skin 1 able to mamtam a
hmued surface flota of bacteria and fungr T shall then consider
the underlying structural barrier against invamon from the
environment and the subepidermal defertes against invasive

organums. Fimally I shall discuss vanoms manifesatons of
madeguate defense.

Surface Defenyes

RESIDENT FLORA
A well-etabluled fora of bactena resides on the cutancous
wrface Thu reudent flara constus princimlly of Micrococed
Ihphtheroids (Corynebactena) and Propronibactena (1) The
b furns hes adequate nourishment for thete ormniems ¢
reproduce and maintain a relatively constant papulauon Surely
4
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they do not cause any disease in the true sense of the word
as long as they remam on the surface Even when they pene
trate below the surface these resident organisms are not con
sdered to be pathogenic. It 15 not defimutely known whether
they can produce disease but if they can do s0 the conditions
under which this 15 possible probably ocrur very rarely

It 15 desirable that the rate of reproduction of the surface
bacteria be minimum for two reasons With the chance that
some of these bacternia might Lecome invasive under rare con
ditions 1t 1s advimble to have a small bacterial populauon A
cosmetic reason for controlling the bacterial muluplication is
that body odor hay been shown to be caused mainly by bac
tenal decomposition of cutaneous seactions (2)

The rate of reproduction of bacteria on the surface of the
skin depends 1n part on the mouture content of the cormified
cpithehum There 13 adequate mouture for reproduction of
bacteriz on the skin of normally sweating axillac groins, palms
and soles In the axillze and gromms the mouture comes from
both apocrine and eccrine sweat glands—more from the eccnine
than from the apocrine Apocrine sweat contains substances
which though odoriess at the ume of secretion undergo bac
terial decomposntion and become odorous. Pure eccrine sweat
13 odorless and 13 thought to remain odorless even after bac
tertal growth Fornne sweat picks up lipids and proteins from
the cutancous surface and these substances produce odors
when they undergo bactenal decompositton Thus, moist areas
of the skin which bave no apocrine glands (soles) can also
become odorous. Amoog the resident flora of the skin the
diphtheroids and micrococa are thoughit to be responnible for
most of the odor (3)

The moist areas of shin possess no adequate natural defense
agamst the development of odor We must depend therefore
on arttficial means if we with 1o prevent odor formnation
The use of anuperspirants somewhat reduces the amount of
orsture delnered to the cutancous surface by the sweat glands.
but ths reduction s not sufficient per se to prevent mult
plicaton of bactena. Most antiperspirants arc alio however
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antibactersal agents, and they therefore retard bactenal mul
tiplication even in the presence of adequate moisture

Good hygiene with regular soap can hold the resdent bac
terral population at & mimimum and, by frequent removal of
the odotows products an preient the development of strong
odor Same of the recently developed antiseptic compounds
which have been added to soap such as hexachlorophene and
tetamethylthiiram duulfide adhere to the cutancous surface.
When such soaps are regularly used enough of the antibacterzal
agent Temains on the skin to retard multiplication of the sur
face bacteria, even when adequate molsture 1s present. Thus,
the development of odor i diminished These antibactenal
agents are not good germiades and they do not reduce the
bacterial population by Lilling the bacterla rapldly They are
pronapally bactenosmane not bactencidal

In areas of the slan which are not supphed with actrvely
secreting sweat glands and are not covered with occlusive cloth
ing the gratum corneum is usually relatively dry Most of the
mousture in this e must come from the mout structures
which he underneath the magor barnet of the skin. Since the
major barner in the skin s in or near the base of the sratum
cofneum 1t separates the upper part of the stratum corncum
from its source of mouture. The amount of water present
the stratum comeum at any given time must depend upon
the relation between the rate at which it receives water through
the bamer from the underlying tissues and the rate at which
it loses water to the environment (4) The rate at which the
stralum corneum recenes water from the underlying tinoes
a hunction of the permeability of the bamer and the rate at
which 1t Toses water 1s & function of the vapor pressure of the
emtronment. Only at high relatne humidities wnll the stratum
corncum of nonsweating, normal slin retain enough water to
support the multiphcation of bactera (5) Different spedies of
bactena requite different amounts of water for growth and
multipicaion The number of bacteraa per unit area, their
rate of reproduction and the resulting odor level are all lower
on the dry areas of slin than on the molst areas.
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TRANSIENT FLORA

Organuisms not indigenous to the cutaneous surface are rarely
able to establish rendency on the skin Among the factors which
prevent them from actively multiplying and becoming a part
of the rendent flora are (a) the low mousture content of the
stratum corneum and (b) the presence on the skin surface of
naturally produced antibacterial substances. A mgoorganism
like Micrococcus pyogenes var aurens which is not usually a
member of the renident flora but for nwhich the stratum cor
neum supplies nutriuon adequate to support active multiplrca
ton docs not grow and muluply unlewy adequate mosture 15
present (5) If 1t cannot multiply 1 soon dies Thus lack of
moisture 10 the stratum corneum presents potentally mvauve
organums from gainmng 2 footliold on the surface of the skin.

For another reason the (utaneous surface 13 not conducne
to bacterial multuplication Measurements of acility on the
normal cutancows surface show the range of pH to be 4.5 to
60 From such obsertations, the sad mande  concept devel
oped and thrs has been thought to be an important factor m
the autogenous steriltzation of the cutaneous surface (6) It
has been shown hos ever that many bactenia wiuch fail (o
grow on the cutancous surface can grow t vifro m much more
aud enstronments Thrs mdicates that the lov pll alone does
nat prevent the bactena from muluplyimg The aad reaction
results from the sccretion by the sebaceous and sweat glands of
organic acds or substances whih yield organic aceds on hy
drolysis Sorue of these organrc aads such as caprylic and lactie
acid have specific antibacternal properties (7) others, such as
aapric and undecylenic acid have antufungal properties (8)

Thus the first line «f defere against bactenial invasion s the
establishment of an envirenment wlhich 1s unfavorable f)r the
growth and muluplration of m st bacteria except those few
relatinely harmless species which ¢ nwitute the resident flora
The lack f m isture and the presence ¢ f speuific anubacteral
and antfungal organic aads are the two most important factors
in making the cutaneous turfzce unsatisfactory for the growth
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1 ulation
of mucroorganisms By holding the surface bactenal pop!

at & pummom one reduces the likehhood that pathogemc
orgamsms will be present to invade the ussues, if the other
protectine functions of the skin prove inadequate.

Stroctural Barrler

Hustologic secuons of normal slin sekdom reveal any micro-
onganisms except those on the surface of the skin Under ab-
normal condstions O Brien has demonstrated bacteria in the
sweat ducts snd hair follicles (9) The smallest dimension of
the smallest bacterium 18 approximately 200 mu. A virus may
e onetenth this size Since the outer part of the starum
corneum 13 loosely held together and Is beng shed continu-
omly ft is concevable that there mught be holes  here large
enough for bactena to enter this portion of the stratum cor
neum. The more compact lower part of the stratum comeum
(barrier) 15 unlfkely to contaln many holes ay large a3 even
the small bacteria Thu barrier probably extends at least part
way 1nto the hair follicter. Therefote a bacternnum which enters
the hair follicle would atill have to traverse the barmer before
it could actually enter the skin. A pathway into the tisues via
the sweat duct might be more eanly followed since no compact
larner 1 koown to line the sweat duct. There 1, however hittle
evidence that bactena actually do enter by this pathway

Bactena carry an electronegauve charge. One might hope
that the cormufied eplthelium were electropositively charged 5o
that those tacteria which found openmgy through the akm
large enough 10 permit their patage would be held on the walls
of the opemings by electrostatic attraction Unfottunately this
docs not appear to be the G 1 the comnified eprthelium
Although the pH of the cutancous surface is lews than 70 the
protens m this tisue are probably sull on the alkaline pde
of their soclecinic point and prolably carry a negative charge
{(10) They therefore would repel negatnvely charged bactera

The structural barrier 1, then the second line of defense
of the slin 1f this barrder always remained intact 3t might
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senie adequately to protect man agamnst all bactenal nvasion
Unfortunately however even though the epidermis appears
to have a relatively high tenuile strength 1t seems likely that
very small mechanical breaks in the barrier must occur not
infrequently considening the many stresses to which tlie skin
1s subjected Small though these breaks are they are large com-
pared to the suze of the bactena Small numbens of bactena
must penetrate the structural barner via these breaks Fortu
nately the shin under the barner can muater atill other defenses.
and only under special conditions do the bactena spread to
other organs or grow and reproduice to the pont of producing
pathology m the skin.

Subepldermal Delfenses

Only after they have penetrated the structural barrier can
the mucroorganisms be comidered to be actually within the
body of the host. Once they are within the body the defenses
which the skin can muster aganst them are probably no dif
ferent from those which can be used by any other organ
Anatomiczally the skin may be somewhat better suited than
some other organs for dealing with the invasion of microorgan
wms. For wnstance the skin 1s relatively rich in Iymphaties. In
general however defense mechanisms 1n the skin are the same
as i other organs of the body () contmnment. (b) phagocy
o, (c) action of antibacteral substances and (d) formation
and action of anubodies.

Thus phase of the protective mechanmisms of the skin could
be aderquately discussed only by a group representing variows
disciphines and including 2 bacteriologist a hematologist an
immunologst, a physscal chiemist and 2 phywologist Since the
protective mechanisms involved are not unique to the skin {t 1
necesary here only to menton briefly certain facets of the
subject and t refer tc some comprebensive Teviews such as
those of Miles (11 Dubos (1°) Flberg (13) amd the recent
symposium on natoral resistance to nfection (14)

All the subepidermal defense mech can be grouped

P
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under the general term “Liost ronstance.  Wiule adequate host
resstance may 1mply that major pathology withun the host will
not develop 1t does not necemanly imply that pathology within
the slin 1self wall not develop. Actually cutancous lesions may
occur a3 a result of the activity of the skin 1n contaming the
bacteria within wself thus prevenung thewr spread to other
organs. Infammation almest always accompanies the defense
and Indeed may constitute a part of 1t (15)

CONTAINMENT

Below the epidermal barmer of normal skin bactena en
counter n the skin no major structure which can prevent their
systemic d fon with the possible exception of the blood
vessel walls, A more gencral consideration of the nfluence of
the lacal blood supply on the pnimary lodgment of bactena in
a given area of skin has been presented by Miles (11) The
local blood supply 15 particularly inportant duting the early
hours of invasien In expenimenu in which adrenaline was
wed to produce vasoconstriction at the moment of 1njection
of bactena the raulung loal levions were much larger and
the death rate was much higher than when vasoconstriction had
not been evoked. Cutaneous circulation and vascular reactions
are discussed in detail in another paper in this volume.

OF course bacteria need not penetrate directly from the skin
o capillanes 1 order to reach the blood stream Apparently
the walls of the lymphatics offer very little resustance to the
transfer of bactenia. Most of the orgamisms which are not held
within the dermis probably enter the lymphatics rather than
the aapillaries. From the lymphatlc system  they may then enter
the blood stream. Fortunately in most areas of the body the
bacterta must pass the tymph nodes before they can enter the
blood stream and the lymph nodes constitute a major struc
tural barrier against therr tansmussion.

In inflamed slun, a Gbrin dot forms which also becomes a
structural barrier Hughes (16) has studied fibrin films formed
n vitro and has shown that they are capable of retaining mxro-
organlims but permut the passage of lenkocytes,
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The true 1soclectric point of the proteins in connective tissue
remains unsettled. If in normal or inflamed dermls it could
be shown that these protein structures were on the acld side
of therr yoelectne point ther net surface charge would be
postne The bactena would carry an electronegatne charge
and would therefore be attracted to and held by the surface of
the connective ussue fibers.

Any clumping or agglutination of the bacterta which occurs
at the site of nvasion will facilitate containment of the bacteria.
Agglutinanon may occur 1f the host has been invaded previ
ously by the same organim and has developed agglutinanng
antibodies speaific to the bactera

The edema which accompanies mflammation works agaunst
contunment. Larger mterfibnllar spaces filled with flud form
better channels for the easy transport of bactenia.

One scliool of thought 15 now questioning the protective value
of containment of invading bacteria witun the skin and lymph
nodes (11) Expenmmental work has shown that mice can tok
erate larger numbers of some pathogens after intravenous 1n
jection than after subcutaneous mjection Possibly there are
tusues and cells in other organs of the body v luch can deal
with some bactena more effectively than can the skin and lymph
nodes. If this 13 correct then containment within the shin 1
not necesarly the most efficient way { protecung the body
against systemic infection

PHAGOCYTOSIS

It is not definitely known nhy numerous phagocyuie cells
reach a given area of the dermis soon after the amval of bac
tena. The phagocytic cells are thought to be attracted from
other tssues by some dhemotactic mechamism Tor 2 number of
years, the surface charge on the bacterium and the phagocyte
has heen thought to influence the mosement and the activity of
the phagocytes. In 1978 Falk (14) conndered this phase of the
problem to be unsoled More recently 1n a complete revicw
of the subject of phagncytosss, Rerry and Spies (18) discussed
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the interrelationship between surface chaige and the free sur
face enctgy on the phagocyte and bacterium

The fice surface energy on a phagocyte detemmines its inter
facal tennion wluch i tum influences 1ts movement in hquids

and along surfaces. Phagocytes seem not to mosve easily through
a ligmd medium but they do move along a sohd surface. The
fibrin threads in an inflamed area may provide such a surface.

The complex mechanums wlich control the movement of
phagocytes toward bactenna and therr ability to enclose, contain
and sometimes L1l the bacteria are not yet completely under
stood.

Tompkins and Cnllo (19) found that when killed tubercle
baalll were mjected sulcutaneously into mice the reticulo-
endothelial cells of the subcutancous tissue (the so-called wan
dering cells) were the acive phagocytc cells dunng the fisst
12 houny following injection After thls interval the poly-
marphonuclear leukocytes reached the site of injecuon and
subsequently both types of cells phagocytized the bacteria A
more complete discussion of the types of fixed and wandering
cells capable of phagocyursing bacteria may be found n the
textbook by Wilson and Miles (°0)

Thus far in our ducusuon of defenuve factors we have con
sidered moatly thase factors which apply to any microorganism
and which are present in the host whether or not there has
been previous Invasion by an organlem We have considered
only one adapthe or acquired factor It 15 tecognued that
Phagocytons takes place the finst thine that 2 given organism
miades the host. The phagocytic process 13 more efficient how
aver if the hogt has previously been invaded by that organism
and has succen(ully overcome the nvasion Antibodies devel
oped by the liost during the fint invasion can so alter the organ
tsns of a subsequent invasion that they can be more cfficiently
engulled by the phagocytes

Vany mucroorganisms are not killed a1 2 sesult of phago-
€ytoss some appear to be able to hne and multply muracel
tularly They may actually be protected agamnst antibodies when
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they are held withun the phagocyte 1t has been suggested that
if on the other hand the defenses of the shin and the blood
and lymphatic systems are madequate to kill invading micro-
orgamustos  the phagocytes may contain them while they are
being transported to ao organ in winch they can be destroyed

ACTION OF ANTIBACTERIAL SUBSTANCES

Just as some of the products of secretion on the cutancous
surface have certan antibacterial properties, some substances
n the internal tssues are cxpable of kiling certan organisms
An example of this which has recened much attention recently
13 the properdin system of the blood (14) The activities of sub-
stances, such as the basic peptides, the heme compounds sper
mine lipids, organic aads, and enzymes (lysoryme) are dis
cussed by Dubos (1°) and are reviened by Elberg (13) All these
substances are nonspecific agents used by the host in 100 defense
against Invaiie micToOrganiyns.

The properdm aystem 18 hmuted to the blood stream Many
of the other substances are found both intra and extracellularly
n other ussues. The dermus 13 not known to Ik particularly
rich 1n any of these chemcals,

TORAATION AND ACTION OF ANTIBODILS

Most of the protective mechanusms which have been diy
cussed so far are independent of any adaptne processes within
the host. Immumity which (onusts of the development and
activaty within the host of anubodies against invading micro-
organums {s essentally adaptive 1in character The enuire sub
ject of immumity has been comprehensively revicned i recent
years in Topley and Ililsons Prncples of Bacteriology and
Immunology (20) and n Raffel s Immunty Hypersensitunly
and Serology (21) No auempt will be made here therelore
10 discuss the formation and actisees of anubodies agamst in
vading microorganisms, €xcept av these processes are manifest
in the slin

Few if any anubodics are thought to be formed by cells that
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are conudered to be part of the sin itself They are formed
however by certain cells of the lymphoid macrophage system
which ncludes the reticulo-endothelial system and the macro-
phages (%0) Small amounts of anubody coukd be formed by
cells of the lymphoid macrophage system which are present m
the shin In an immune host amounts of antibody larger than
would be formed n the skin are brought to the skin by the
blood stream and tissue fluids at the time of a bactenal inva
slon After inflammmation occurs at the site of invasion the fibrin
clot may hinder the transfer of antibody from surrounding
tissue (16) The pomibility of localized specaific immunity 1
skin 15 unsettled

Tle host produces multiple annbodies to any foreign ma
terial which is 23 chemically complex a8 2 bacterium Many of
these antibodies act by enhancing other defense mechansims
and probably seldom act alone It has been pomnted cut that
an antibody which causes agglutinauon of bactena may aid in
thewrr containment at the site of mnvasion and that the com
binatlon of antibodies with invading organusms makes them
more suscepiible to phagocytosis, For a few invading organisms
it can be shown that, together with complement, the antibody
appeans in some way to alter the organism so that It subse
quently undergoes lysts and is thus destroyed.

There is an extensive literature on the inflammatory reac
don which often accompanies the combination of antigen with
antibody When Inflammation occurs, it 15 this part of the
antgenrantibody reacuon which is customanly assoclated with
hypensenutivaty of the host. When the anugen 15 part of an
imading organsm and when the {nflammation occurs at the
site of invasion we do not know definitely whether the mflam
mation {s helpful to the host in 13 effomt 1o overcome the
mvading organisms. Raffel (?1) separates acquired resutance
from hypersensitivity He states that at the present ume “there
exlsts no bans for regarding the hypersensitive reaction as part
of the mechansm of vesistance to Infections disease ® Thu
point of vlew 13 not shared by all immunologuts. 1t should be
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kept it mmnd, honever that if all terms were carefully defined
tbc;mlght be less dufference of opinton than there now appears
to

Immune mechamsms undoubtedly play a major role in the
host s defense agamst mnvasion of nucroorganisms, but the skin
itself probably does not play an mmportant role 1 the proces
by whrch antibodies help the host to resist the mvader

Inadequate Defense

In spite of the varous protecuve mechansms which have
been duscussed  microorganusms at umes succenfully invade
the skin and produce duseasc there. Abso although 1t would
be dificult to prove 1t secms pomible tiat microorganisms
might pas through the skin without producing discase
localize 1 some other organ and cawse disease at that point
Whetlier an invaston s successlul because of some specafic char
actenstk of the imading organism or becawse of some tem
porary duturbance 1n the defense mechanisms of the host 1
scldom clear

Few 1f any bactena can successfully penetrate die normal
cormified epithehum  No mechanism for locomotion which
they may possess, such as flagellac can function under the con
ditions found on tire cutaneous surface 1f 1 species of bactena
found favorabie conditions for growth on the cutaneous surface
and :f 1t posseysed a proteolvtic ensyme systemn capable of lique
fymng keraun 1n the same way that some organisms liquefy
gelatn chen that species mught be able 1o penetrate the stratum
corneum If sikh bacteria exist they must be rare

The fAlamentous fungr which produce cutaneous lesons grow
into the statum comeum and nto harrs and nails. Some spe
ces were s n 1o prxlike heratalytic ensymes. The more
moist the stratum « meum the m e easly the fung appear
to tnvade this us ue Dermat phytae fungs cauung superfial
nngworm diseases, imade nly keraumized structores

The most vulnerable area of the skin appeary to be the har
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follicle On an otlhe1wise normal healtliy skun 1t Is not uncom
mon to find small scattered superfiaal pustules around har
follicles. It may be that the han follidle simply provides a
switable ate for the lodgment of large numbers of organisms
which remain viable because the stratum comeum within the
follicle 15 moust, or the structural barner may become thin and
weak wthin that portion of the epidermus which lines the hair
lolicle

When O Brien (9) placed large numbers of pathogenic organ
1sms on the cutaneous surface he did not conustently produce
lesions unless he covered the cutaneous area of inoculation with
nutnent agar The moisture supplied by this nutment agar
probably aided the bactena m wvading the skin

Dreaks frequently occur in the structural barrier of the shin
That the subepidermal defenses are adequate to deal wath the
few Lacteria which may enter through these breals is shown
by the infrequency with which lesions appear in the normal
skin. Apparently the defenses are adequate unless large num-
bers of organums penctrate to the subepidermal region. Elel
(22) was unable to produce a furuncle 1 the shin of human
volunieers by the intradermal mjection of small numbens of
uaphylococons pyogenas. Only when he wnjected 75 % 10*
microorganisms could he consstently produce pus formation.
Wlen he placed a single suture in the skin which was contam
mated with an estumated 100 microorganisms, however a pus-
tular lesion resulted. It 13 not dear how the presence of the
foreign boxdy helped m overcoming the defenses of the host
m this case the subepidermal delenses. One cannot |y that
the nflammation caused by a loreign body predisposcs the skin
to nfettion since previowsly mentioned publications indicate
that inlammation olten augmeny the defense mechanums.

If microorganisms do pencirate the epidermal barner and
1f any or all of the subepidermal defense mechanisms are inade
quate then systemic bacterial duease may result. Under these
conditions, the mtegument has failed to perform 1ts pnmary
function—that of protection Fortunately for man this seldom
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happens. W Lien 1t does happen we are rarely able to determime
the speafic fault i the host s renstance which accounts for the
fatlure or the way in which any fault which becomes evident

an

be corrected. Although some progress has been made in

understanding resistance to microorgansms much remains to
be learned about the determinants of hast resistance and the
speafic role of the skin 1n protecting man from the invasion of

MICTOOTRANISMS.

=)

©

REFERENCES

Pillsbury D M and kIl gman A M Some current problems in
cutaneous bacteriology In Modern Tiends in Dermaiology
2nd senies, edited by R M D Machenna Paul B Hoeber
New York 1951 Pages 187213

Shelley W B, Hurley H ] and Nichols, \. C. Axillary odor
expenmental study of the role of bacteria apocrine sweat an1
deodorants Arel Deymat | and Sypl ol 68 430-116 (1053)

Strauss, ] § and Kligman, A M The ba teria responsdl e for
apocrine odor J Invest Derm tol G7 71 (1936)

Blank I H Factons which mfluence the water content of the
stratum comeum. J Invest Dermatol 18 433410 (1052)

Blank I H amd Dawes, R. k The water content of the stratum
orneum. IV Tle importance of water n promoti g bactenal
multiplication on cormificd epithelium [ Invest Derm fol
31 141 145 (158)

Burtershaw ] M L. The autogenot s di inlection of the shan.
In Modern Trends im De m tology edited by R M B Mac
Renna. Paul I Hocber Inc New York 1918 Pages 158185

Pillsbury D M amd Rebell, ¢ The bacterial florn of the sban
Factors influenang the growth of revident and tranwent or
ganismy. | Invest Denn tol 18178180 (193 )

Rothman, S. Smijank A Shapiro, A L. and Weldamp, v W
The spontancous cure of tunca cap - n puberty | Invest
Dermatol 8 8198 (1917).

O Dricn, | P The etology of ponal closure 11 The role of
sta) hylococal infecton 1n millaria rubra and hullows Im
peugo. J Invest Devmatol 135 109133 (19 0).

Blank, I H and Coolige M H Degerming the utancous



PROTECTION AGAINST BACTERIA AND FUNGI 61

surface. I Quaternary ammon um compounds. J Irvest. Der
matol 15 219-256 (1950).

Mila, A. A. Reactions to Bacterial Invasson In Lectures on the
Sctentific Basis of Medicine 11T 195354 University of Lon
don The Athlone Prem, London, 1955 Pages 235-258

12. Dobos, R. ] Biochemical Determinants of Microbiel Disceses.

Harvard Universlty Press, Cambridge, Mas, 1954

Elber, S. 8. Factors affecting resutance to infection Ann Rev
Alierobiol. 10 120 (1956)

Symposium on Natural Remstance to Infectioms Ann N 1
Aced S 65 55414519562;‘

Rich, A R. Infammation raistance to infection. Arch
Pathol,, 22 228-254 (1936}

16. Hughes, W H The fbrin bartier regarded as a filter In in-
Mammaton Bnt. J Lxptl Patlol 29-173-180 (1948).

Falk I S. InE.D Jordsnand1 S Falk, T/ ¢ Newer Knowledge
of Bacteriology and Immunology Unlvensity of Chicago Pren
Chicago, Tl 1928

Berry L. ] and Spies, T D Phagocytosis. Mediaxe 28 235-300
(1949)

Tompkins, E. H and Gnllo M A. Factors favoring phago-
Toln by reticulo-endothelial cells early in inflammation

m J Pathol 29 217 231 (1958)

Wilon G S, and Miles, A. A, Topley and Wilion Principles
of Bacteniol gy and Immunology Vol. II The Will ams &
Willins Co, Balumore, Md. 1955

Raflel, S Immunity Hypersennitrmty and Serclogy Appleton
Century-Crofts, Inc, New Yoik, 1933

Ekl, 8. D Expenmental uaphylococeal infections mn the shin
of man. 4nn A )} Adead Sci 65 8590 (1956)

Duscusiion

Dr Sutrmzcss 1 want to comment on { ur different po nta in
Dr Blank s excellent presentation. The fint concerns anupenspi
rants. Although Dr Blank secros to think that the action of the
alumunum sals in preventing the maintenance of monture of the
skin surface was negligible I think every woman who has had axfl
lary penspirauon  od has wed the andpenpiants will teuify thae
the staiming of the garments and the monture of the clothing and

illac fs much reduced  nd there b 0o reason why this should not



62 THE INTEGUMENT 4S ORGAN OF PROTLCTION

play a substanual role in the mamtenance of a certain degree of
dryness ot a leas humid chamber for growth of microorgansms at
the surface Whle I agree that there 1s no way in which one can keep
the cornified epithelium from having a certain degree of hydmtlon,
1 thunk surface moisture can be reduced by antiperspirants and that
this may play some role i reducing the conditions propiuocus to
the growth of bacterta

The second point I would like to male is that I belleve, and I
think most people will bear me out, that even one single thorough
washing with one of the soaps contalning so-called antibacterial
agents will reduce the odor of the axillae for many hours, much
longer than if one used a soap without such additiver. Thus clinical
olmervation 1s somewhat i contrediction to Dr Blank s stacenient
that 1t requires chron ¢ usage repeated use of these soaps to reduce
the res dent flora s gnificantly 1 would Iike to hnow 1f he agrees
with my stazement, how he wo W reconale those two facts The
tedu tlon of odor even after one an 1 the fint waslung and the lack
of reduction of the resxlent flore as determined by bactenologic
Eis )

Ihe tlunl pornt 13 one that I th ol is perhaps 1 nch more Impor
tant than thewe cosmetic ones  nd 13 based on the work of keller
Herrmann  nd Pisha who showed by staiming with electronegat ¢

nd electroposil ¢ lyes that at the barrier layer of the epidermn
there 13 a doubly charged membrane The neg tive charge (s on the
outside and the positive charge 13 imskle. On the outs de one woukl
get & repulston of the nucroorganinms but those hactena that hap-
pen to get thro gh co1ld be attracted  nd slowed by electrostatic
forey on the positt € 1de. [ would | ke to hear Dr Blank  comments
this.

The l s pont 1 would ike to nake s that thete e many mote
complicated conditions than he was able (o mention which hase to
lo with hast rer tance. One ol the (st preces of work that 1 ever
engaged 1, tn Blochs Chim 1n Zundy, concerned tle dermu
totrapism of pathogenic fungi that § roduce dermatoy hytmn, fung
mfection of the skin huir and nails When e infect giinea pg

kin with these fungi they | roduce disease on the skm urfa e One
an find tl em only 1n U € horny structures in the hain and the horny
fayer of the & n sula ¢ in dwe guines (15 However il anc ruln
them tn well at the t me when the inflammation starts, bout 6 to 8
lays [ter tnoc laton one can recoser these fungs from the blood
stream. Stll they @ine no dise se of the blood Al il one Likev wut
the org m of these guinea | g nd | uts d eminto test t bes, sl
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denly these fung: begin (o grow through thee oigam. One can sce
them as cultures in the lhver in the Lidneys, in the brain almost
where. So there 15 something about the skin, and the thmes of
mn\ml orgams that prevents these fungi from muluphung i
oo whereas they are able (o muldply in the Leratin at the slin
sarface. They are alw able to multply within the dead part of the
lens ay was shown by Wemer Jadasohn. But they are not able to
multiply on the cormen or within any other parts of the eye. So there
15 something that we all the necroph lm of these fungr. All living
thsues seem to have the capaaty of haltng ther propagation
whereas in cornifed matenals and the matenal n any organ that
n dead and removed from the body thee fungr can multiply n-
definitely
Dr. Brank. In repect to the antpenspirants, I certanly agee
that they do tend to reduce somewhat the amount of sweat deliyered
to the cutaneous surface. By the expenmental techniques we have
wsed, we have been unable to show a very large reduction in the
amount of sweat del vered to the cutaneous surface after the use
of aqueous solutlons of sluminum mlts We have also messured
by experimental methods the amount of water that the comnl
hed epithellum must contain 1n order to support bacterial growth
It bs exceedlngly dufficult for me to believe that the small reduction
of mobvture dellyered to the cutancous surface which follows the use
of antipenpirenu could decrcase the water content of the cornified
of itheljum mfficlently to picvent the muluplication of bactera.
With respect to single washings with hexachlorophene soaps, 1
have trled 10 make 1t clear that immediately alter a single washing
with onie of these soaps the revdent flora on the cutaneous surface s
no ke tan it would have been had one washed with 2 soap not
containing this matenal I have mid that the hexachlorophene will
be retained on the cutaneous surface and certainly 2 small amount
of 1t will be retained after only u single washing. 1 see no reason for
not saying that after a single wathing enough hexachlorophene
might be retained on the cutancous surface so that during the suc
eeding few houn reproduction of the ongamsms which rema n
would be retardedd. This retardation of bacterial growth should in
wrmn educe oxlor
[ beft the yuestion of retention of bacterla belaw the clectronega
uve Liyer of the tratom cometm unanswered. Your tatement that
there is alwo an elecropoutive Iayer t about this po nt may be
mporunt. Racteria might be retained just below the barrler 7one
De. Lominez The only comment 1 can make on necrophili - of
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fung Is that appaiently there are 2 number of sulntaces In the
fluid components of the body wlticl aie able to inhilnt fungl. Among
these we have fourdd evidence for a dialyzable, unstable relatively
small molecular material I think i Havey Biank has recently
biought forth evidence for somcthing of the order of a natuml
antibody or globulin molecule with anutungal activity Viamin K
nught be another such substance. So perhaps there fs o host of hu-
monal antifungal substances 1n the 1 ving body which prevent fungal
growth 1n Inang thses.
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The local regulation of blood flow through the penpheral
venels 15 achieved by the mterlocking of several separate syv-
tems the sympathetic nervows system local usue mediaton,
amd factons influencing the mntnnsc properues of the vesels
thermselves (1) It 1 mv purpase, after a bnef survey of the
general chanactenistica of the microcirculanion m the skin to
discuss some recent workh dealing with the nature of the chem-
lcal meduaton concerned with tissue response to wnjury The
minute size of the termunal blood vessels and their extraordi
nanly deliate nature has made difficuit an adequate nvesu
gauon of their funchional scuvities by any ungle method of
appraach The daw to be presented have been compiled by
three separate experimental techmques. Microscopic observa
tion of the airculation in vanoeus laboratory nmmals provided
2 baclground of information againit nluch 1t was posuble o
anablish the inumate relationship between structure and func
ton Measurement of vanous ceilular  oxidation reduction
mechamsms 1n separate parenchiymal and vascular elements in
the skin were oluamed Instochemucally by following the in
ntre reduction of suutable tetrazoliuvm wlts 1n conjunciion wath
sclected substrates. Tte cliemical mediators comcerned with
the reaction of the skin to local injury were studied, by unng
¥ expenimental models the leaons produced by bacteral endo-
tondns and vasoactive substances with selected pharmacologic
propettics

Establihed 1 estigator \merica  Heart Asociaton
3
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Structural Considerations

Our classical concepts of the manner in which the larger
blood vessels subdivide to form the microairculatory tree have
undergone conuiderable revinen in recent years (%) Instead
of subdniding repeatedly to form successively smaller arbonz-
tions the terminal ramifications of the arteral and venous
vessels exhibit a regular pattern of interconnecung links 1o asso-
ciation with progremve structural changes 1n the vesscls them
selves The small arteries as they enter the skin proper gie
nisc to a serics of long arterioles about 50 microns in dumeter
which 1nstead of subdividing further interconnect to form a0
extensive interarteriolar network Adjacent links of the arter-
olar mesh then gisc off cross branches yvery much like the rung
on a ladder which approach one another to interconnect by 2
series of fine capillary vewscls Most of the precapillaries and
capillanies which actually nourish the ussue are branches of
the mterarcading arterioles.

In association with the meshwork of large and small arten
oles is a comparable series of interconnections between both
large and small venules The prominent venous plexus, which
lies in the subcutancous tissue 13 much more extense thad
the associated network of arterial vessels. There are ngnificant
numbens of direct interconnections between the venous and
arterial plexuses, through which blood 1s shunted back to the
venous arculaten without trasering the network with capil
laries.

The capillary branches immediately below the eprdermal
layer of the shin are direct offst of the nter ot
arteriolar arcades. Fach of the branches 19 surrounded by %
eral coiled or spirally armnged muscular elements for a shott
dustance before subdividing 1nto two or three capillary loop*
These branches are in effect precapillary sphuxters, smular
those charaxctersuically seen at this level of organwzation 1 other
tssies of the bod  There are occasional capillary branc
which anise bie “pet exus and enter the dermis
proper \ { xclatively few 1n comp?
son with the ber branches ansing (e
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the arteriolar arcades, they senve an important function since
they contlnue to wupply blood to scattered areas of the skin
under condinons where arterio-venous shunts have opened up
and are permitdng the blood to bypass the majonty of skin
apillarie.

Functional Behavior

Direct observations reveal a defimute intermittency in apil
lary fow and frregular vasomotor excursions of the deeper
arterioles and venules. The small venules of the skin show an
extraordinanly prominent vasomotor activity in contrast to
other tissues, such as mesenteric structures the wall of the
intestmal tract, and skeletal muscle where venous vasomotion
14 muumal and seemingly pasive

As 1n other structures the muscular components of the ter
minal vascwlar bed exhubiut a gradient wn reactivity which can
be demonstrated by determining the threshold concentrations
of epnephrine or norepinephrine required to elicit a standard
Tesponsc. Scveral differences were noted 1n the skan with respect
to other vascular beds. The arteriole to arteriole arcades are
exceptionally sensitive to constrictor or dilator agents. As a
result of this unusial stuation mimmally effective stimul
affect prncipally the arcades and trap blood in the capillary
networls, The venular mbutaries are highly responsive to
changes in temperature to the extent that a fall 1n temperature
of from 1-2 C results 1n 2 ten to twenty fold mcrease in reac
nity to epinephrine and norepinephnne Although vascular
reactivity Auctuates with temperature in other tisues the
venous network in the skin represents a unique structure n
this regard.

There 11 a wide body of evidence to indicate that the small
blood vewsels of the slin are under the influence of the sym-
pathetlc and central nenous system (34) Our own group has
made an intemslve uudy of the microarculation m the skin
during vanous forms of systemic and local strem and st is clear
that the slan vewsel are perhaps the most responsive umit to
neurogenic constrict i and dilator influences. During hemor
rhage hypotension for cxample, the imterarcading arterioles
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undergo almost complete constriction within munutes alter the
onsct of blood loss and tend to remain narrowed unul the
blood pressure is restored by transfusion Under these cond:
tons the precapillary vessels shut down 3o that except for an
occastonal deep vessel the capillary arculation 1n the dermis
15 neghgible The undetlying network of venules shos a slow
but continuous flon cinefly because of direct shunts betteen
the deeper artertoles and venules. With protracted hypotension
a considerable backflow develops in the venous plexuses, lead
mg to a reflus into the collecting venules which become filled
with stagnant blood The vasoconstrictor rasponse of the skin
duning stress 15 mediated for the most part by neurogenic fac
tors since shock mduced under spmal ancthesia or in the
presence of autonomic blocking drugs, does not result in a
comparable curtaiiment of the shin arculation Actually in the
latter cases, the apillary circulation through the shin remarms
plethoric and sl Iy suagnates as the shock deepens.

Local Reaction of Skin to Injury

In recent years we have focused atenton on the physt logical
manifestations of bacterial endotoxins (56) partly because ¥
thre extraordinary scope of their brological properties and parthy
because the approach provided us with a useful expermiental
model fr analynng the regulatory mechamisms «f the skin
arnulati n 1t vas recognized early that the pathological effect
of bacterial endotonns were closely related t) the vascular re
actions whxh they produced (/) Many workers have pointed
out that the vascular effects produced by bacterial endotoxin
v ere wntkinghy simlar o those resultng from epinephinn
(8.9) It has been shown that the necrotizing 2ctsn of bactenal
endotonins 1n the shin of rablats could be reproduced by van

us ¢ smbinatins of epmephinine and endot muns (1) 1 e
ample the con entional Shy artrman skin leson s clusted
the rabbuit by tuc appropriately spaced injectons } ha teral
endotonn the first in the skin and thie sec nd prin xatine d e
wtravenously about 18 to 20 hours later Datensne fermal
nectosis and hemorrhage <an be produced by the a Inin e
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uon of endotoxin snystermally and the Jocal injection of ept
nephrine wto the shan Mixtures of epinephrine and endotoxin
injected into the shin likewisc lad to 2 hemorthagic lesion
despite the fact that epmephnine by itself even when Injected
repeatedly for penods up to 6 hours into a given shan site did
not produce & comparable lesion (10)

Direct observations of the arculation n the skin have re-
vealed that the Shwartrman type of lesion s accompanied ini
tially by an exaggerated response of the small blood vessels to
epmephrine and norepmephrine (6) Thus, normally threshold
dosas of epinephnine produce in the endotoxin treated animal
protracted vasoconstriction and when repeated several omes
lead to capillary srasis and tissue damage. We were interested
m this Jesion becawse 1t involved two separate aspects of local
homeostaus. First there was evidence of an altered attitude of
the smooth muscle cells to vatoconstrictor agencies particularly
the catechol amines and secondly the extensive curtsilment of
local blood flow 1as accompanied by endothelial damage, as
manifest by capillary stans and petechial hemorrhages Direct
sisual studies revealed that the altered pattern of 1eacuvity
imolved not only the feeding arterioles but also the effluent
venules. The reactlvity of the venules after endotoxin was
heightened to the extent that a threshold sumulus which nor
mally produced a transient effect lasting at most 1-2 minutes,
1n the endotoxin treated ammal resulted m an unrelieved nar
rowing of the venuler which permsted with a nngle dose of
epinephnne for as long as 45-60 minutes Sulsequently the
rectivity pattern  particularly on the arteral side, shifted
toward a diminished response until the feeding arterioles were
fully dilated.

One of the working hypotheses advanced to account for the
thanges n the skin circulation was the ponibility that during
tissue damage there was an Interference with the Inactivation
of cpitephnine a3 a result [ whil [acal comentrations of
epiacphnne were hept at high levels, Sikh a mechanism would
account for the ikreased response + pinepluine a well ay
the tendency of 1 ¢ i x th muwle elanents § the venules to
remaim consteicted when stumulated  [nasnuch as thete was no
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definite evidence in the case of bacterial endotoxing that these
matenals acted directly on the blood vessels the posnbility was
explored that the endotoxins brought about a release of other
amines which either interacted synergutically with local ept
nephrine or norepinephrme or which competed with epineph
rine for its inactivating enryme For many years it was believed
that the enzyme concerned with the regulation of epinephrine
was monamune oxidase More recently 1t has been shown that
this entyme system 13 probably concerned cluefly with the n
activation of anotler amine, serotonin or 5-hydroxytryptamine
(11) Since 5-hydroxytryptamine has a widespread dusribution
and has been shown to be released dunng vanous forms of
stress and tissue damage this potent vasoactive agent rmight
conceivably represent the hypothetial competitor of epmeph
rine which our concept required

5-Hydroxytryptamine 1n Local $kin Reactions

Several separate lines of investigation have supported the
importance of 5-hydroxytryptamine as a meduator in the local
skin rexcuons to bacterlal endotoxins and to tussuc njury in
general again watln the frameworl of the epinephrine reactron
as the central figtire of these conditions.

Although neither 5-hydroxytryptamine nor epmephnne by
themselves leads to local tissue damage mixtures of the two
amines produce dermal necrosis and extemsine apillary hem
orrhage (12) These lesions are almost indistinguishable from
those produced by endotoxin and epiephnine Direct observa
uonal studies of the microcirculation 1n the shan revealed that
a mixture containing threshold amounts of botl: of these agents
when administered repeatedly produced extensive damage to
the capillary endothelium and of pantxular interest the char
acteristic venospasm 1n the cffluent venules These experlinents
suggested that tssue damage was assoclated with the tocal ve-
lease of »-hydroxytryptamine or some associated humoral med:
ator It 13 well known that vaseactive substances can originate
in partkular components, such as the mast cells which accom-
pany the small blood vessels and which are unusually prominent
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m ectodermal structures. There also exists in the literature a
wide array of chemical subsances which have been termed
hustamine liberators (13) s named becawse they were shown
to bring about the duruption of mast cells and blood platelets
and the freeing of hutamine from 1its bound form 1n assocation
with timue polysacchandes. More recently 1t has been shown
that most of these liberators also bring about the release of
other pharmacologically acuve substances including 5-hydroxy
uyptamine, vanous euterases, and hepann (14) The substance
48/80 has been widely used and was selected for experimental
study mnce i the dosages employed it could be shown to have
litele or no effect on other systems

Effects of Compound 48/80

The local injection of 48/80 in extremely small amouns (In
the rat as bittle as 10-8 gamma) prodaces a loal wheal the
development of which was measured erther by the exudation of
intravenous dye ot by the outward pasage of albummn labeled
with an rodine wotope. It 13 of interest In this regard to note
that the shin lesions produced cither by endotoxin or by ept
nephrine and endotoxin or epimnephnne and S-hydroxytrypt
amine or 48/80 can be crcumvented by the use of autouomuc
bLlockading drugs, espewally those which interfere with both
cpinephnne and S-hydroxytryptamine. Among these drugs are
agents such a3 dibenzyline chlorpromarine and Phenergan

One further ponibility was explored namely the use of re-
peated adrunistration of 48/80 as a means of depleting the
win of its available stores of vassactine intermediarics. Thu
end was achieved by giving small doses of 48/80 to rats at daily
wntenals for periods of 3-5 days. The skin could then be shown
to be free of histamine or 5-hydroxytryptamine by bicassay
procedures. 1f our hypothests 13 correct concerning the impor
tance of theie vascactine substances in tisuc injury such pre-
traaunent should significantly alter the reaction 1o the vanous
expenmental models under discusion. Such was actually the
case. The local shin reaction  to the vanous mixtures of endo-

18/80 b condenm ron product of allophemylalkylamine and formal
defryde prepared bn the Durroughs W liome Rewcarch Laboratories,
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toxin epmephrine and 5-hydroxytryptamune were almost com
pletely wiped out 1n anmals pretreated with 48/80

Interestingly cnough  this form of pretreatment not oaly
altered the subsequent reaction of the skin to tissue mjury but
also permutted animals to sunuve otherwise lethal traumatic or
hemorrhagic shock When bacterial endotoxins aie given sys-
termaally  they produce varnious pathological manifestations,
ncluding generalized tissue injury involving the blood vessels
of the kidney and small intestine and with large single doses
an acutely lethal syndrome Here again the toxac and lethal
sequelae could be aircumvented by pretreatment with 48,80
Another interesting obsenvation was made 1n the skhin of rats
subjected to trauma 1n the rotaung Noble Collip drum Normal
controls when exposed to large doses of trauma by this means
sliow extensive petechial hemorthages and hemnatoma n the
shin. Ammals which had been depleted with 48 80 prior 1)
expasure to drum trauma showed no evidence Hf petechial
capillary damage 1in the skin pointing 1 a protectine action
againat the direct effects of tissue mjury

Summary and Conclusions

The abore studies have led us to conclude that we are dealmy
1n the case of the skhin arculation with « set of usue mediators,
either directly through ohydroaytryptamine w through an
effect resulung from the local accumulation of this substance
in the tussue The suggestion has been advanced that the reac
ton inmvolves also the local release of etther epincphnne or nor
cpinephnine and hence 15 probably dependent upon neuro-
humoral factors. The s called depletion experiments with
48 80 although corroborating the important role of thes
amimnes 1 local ussue homeostasis, may involve indirectly other
tissue mechanmisms, possibly concerned with an adaptata ¢
the repeated release of vasoactine agents
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Discussiov

Dx. StovcHTon I would Iike to ask Dr Zweifach whether the
changes he observed with noscpinephrine and serotonin were almi
lar hutologially to those of the Shwartzman reaction. And il they
are has he done anything 1n relation to obliterating the reaction
with nitrogen mustard or other methods that have been used to
obliterate the Shwartrman reaction the idea belng that they are
dependent upon anubodies rather than on Just epinephrine or
serotonin?

Dw. Zwriract The problem of whether or pot the Shwartzman
reaction invohes anubodies {3 controversial. Even [ we were to
accept this premise, there remains the question of the mechanbm
by which an antibody-antigen reaction results in vascular damage.
This problem represents the primary area which we were trylng to
resalve. There is some evedence that the mediation of the damage
inflicted by the antigen antibody reaction imvolves the mechanimms
under discunion. On the basis of hutopathology the dermal necro-
sis, produced by epinephrine and endotoxin comblnations, 1 very
similar to that produced 1n the conventional Shwartzman, Mixtures
of epinephrine and serotonin produce a ocal shin reaction without
extensive infiltration of white blood cells charzcreristic of the
endotoxin-prepared site Thomas conducted experiments with nitro-
gen mustard and found that the leucopenia did not prevent the
epinephnine 5-HT lesiom.

Qurstion How about the roke of cellular infiltration?

Dr. Zwriraat I dont think the cellular mnfbitration 13 2n exen
tial preparative feature of the dermal necrmmbs induced by mixtures
of amines.

Dr. Romistas  Dr Stoughton, you and Dr Zwerfach are walling
at different Ievels. You are talking about inhibiting the antibody
formation while Dr Zweilach {mplics that the antibody-antigen
reaction ends wth the llberation of some biogenic amines. It was
proposed unul now that the immediate urticarial reaction i the
result of an antigenantibody reaction which ends with the libern
tiont of h stamine

Dx. Zwiisact I tlunk that histamine has been emyj haslred with
out due comsrderation to other aminay uch as 5-hydrovy iy ptamine
1t 11 most intriguing (o cons der that the ewsel in w skin dey leted
of 1ts mast cells, amines, norep nephnne et by so< lled hi tamine
liberators rea t differently to all sort of traumatic epivodey than
does the normal untreated skir. This is & halleng ng sinutior. We
are uncertam wl ether the altered reacti ity is due to the dej letion
per 1o or whether it 3 assoc ated with some other anciltary efect
dependent upon repeated release of these ubstances and 2 subne-
quent adaptation.
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1 propose to discuss the physlology of the arculation of the
1kin 1o a very teleological manner In my opwon teleology 1
2 most useful almost esential tool of thinking for the brologrst.
The fact is that consutent uscful patterns do appear in
nature, and § an sec little to quibble about smying that this or
that feature exusts 1 order to fulfill some phystological need
or to say that jt serves that parucular function ™ as Jong as we
Temember that everything does not work out to the advantage
of the animal, The best laid phynological plans of mice and
men go often astray when unusual environmental or ntcrnal
bodily conditions are encountered A control mechanism, how
cver well adapted to meet the average operaung condiuons,
annot be expected to work well 1o all posuble crrcumstances,
s we well know Anyway I know no way of making learning
and remembering easy as good as the judicious use of teleology
with reservatons and caution.

Let us then discuss the purpose of arculation in general, and
i physiological control in genersl and for the crculaton of
the skfn in particular 1 shall then outline briefly and sketchily
what we know about some peculiar characterutics of the shin
creulation and how 1t serves that purpose Frnally we may
discus the mechannms thar may exust for meeting unusual cir
cumutances ounsile the a erage phyniological condinony, in
the control of skin arculauien This 15 1n the hope that some
light may be shed on what 18 encountered in dysfunctions of the
s\in and their treatment.

k
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The Purpose of Clrculation

In general the purpose of arculation 15 to supply oxygen
and nutrients to every cell 1n the organism and to remave the
unwanted end products of the living activity of these cells. Mont
cells are completely dependent on the arculauon for thee
functions but there are a Jew exceptions The cells of the pul
monary alveolac do not depend at 2ll on the arculation for
oxygen nor for removing CO, and water direct diffusion of
gas suffices. To some extent this 1s true of the cells of the skin
partcularly the outermost layers. It u undenfable that the
shin of a limb deprived of anculation will change color 1oward
the pink of oxygenated ussue when that imb 1s surrounded
by pure oxygen There 13 evidence also that atmosphenc oxygen
s0 alsorbed by the shin can actually be utilized 1n cellular
metabolsmn [ vas intngued many years ago when some col
leagues [Goldschmidt et al (1) at the Untversity of Pennsyl
sana) scaled naked subjects m a large metal @n up to then
necks, and measured their BMR by a metabolm machine from
1 hich they breathed They were able to show that when the
an was full of O the O consumpuon by the mouth was
sigmfcantly lowered below the value measured when the can
was full of \;. Howerver the difference was only 4 very fow per
cent and would be correspondingly leys with the parual pres
sure of O n arr Homever in cases where death of shin 1
threatened by uschema we should remember this posibility
If we were to lower the metabolic needs of the shin by cooling
ta a low temperature 1t 15 entirely possible that direct diffusion
from an atmosphere of pure O imight tip the scales toward sur
vival of these shin cells.

\eed for Control of Circulaton

For an 1deal bodily econony one would suggest thar the cir
culation should supply O and remove end prodicts 1 cach
cell an accordance with the needs of that particular cell Thete
is an enormous range of relatne requirements f the cells of
different 1 ues At the top of the range tands the Ludney then
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wme of the cells of the central nenvous system of which the
retnal cells are quoted a3 requining most then the muscles and
liver At the bottom of the scale stand the cells of bone, the
comuea and 50 on The cells of the skan are very low 1n the hst.
From the available lierature (9) mostly from the results of in
ntro techmique (and jumping from rat to man) [ made a very
rough estimate of the minumum requirement for the cells of skin
as supplied by about 0.8 cc of blood flow per minute per 100 cc
of skin tiaue (3) This 1 very low and evidently even 1n pro-
longed genreral vasoconstniction as m the cold, the blood flow
of the skin suffices for this. I have not heard of pathology of
skin developing in such vasoconstriction cven for days, though
amomly enough some climatlc expeniments in the cold have
shown suich patliology to develop after the subjects returned to
warm surroundings.

The needs of various tisues for O differ also m their range
of vamabihity The brain cells have a Jatge but apparently quite
constant requitement for extra physiological acuvity of the
Urain does not mvolve extra O consumption In contrast mus-
cle 1n 1 activaty of contraction needs a great deal more oxygen
{up t© %0 umes) and hence correspondingly more circulation
than when at rest In the case of the shin the requirement
would not be very varuble, the chief factor bemng the skin
temperature. From the wsnal Arrhenrus law of mcrease 1n ac
dvity of chermcal reactions with temperature we would esu
mate perhaps a uxfold varation 1in the usual range of shin
temperature

All this would suggest that in addition to ditmbuting blood
fove in different amounts 1o the different linds of umsue the
airculavion must cope with the very great changes in require
ment of some tisues at dificrent tmes, fe  there must be a
rather elaborate automatk or reflen  control of the circula
ton. 1 wish 1 had ume to remind you of the wonderful way the
contruls of ircu lation that we hnow deal with this problem
For example tle on tant and large requirement of the brain
umue 1 provided tn o m tant head of pressure at the portals
of the hrain ensur <t 1y Ul e carotid sinus reflex together with
a relainely fined rewi tance ¢ fow of the brain yemels, which
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are largely lacking 1n vasomotor activity In contrast the enor
mous tncrease 1n requirement for circulation of the muscles in
exercise are met by the dilation of muscle vessels to adrenalin
secreted and circulating i heavy exercue and by the loal
control of “reactive hyperemia elicited by CO; and lactic acid
so0 well studied 1n muscle by Barcroft and hus colleagues (4)
With these connderations 1n mind let us look at the amount
and varability of the arculation of skin to see how it fits the
metabolic requirements, and the range of requirement.

Range and Vanability of Skin Circulation

1 could discuss this in great detail for we know many fats
about 1t, but unfortunately about only one type of skin that
of the digits This 15 becanse of the fortunate cirrumstance
for the phyviologist that the blood flow of the digits Is almost
enurely to slun there being no muscle present and the bone
flow being neghgble The blood flow of the digits 19 eanly
measured by the venourouclusion plethysmograph (3) in cubic
cenuimeters per minute per 100 cc ussue and thousands of
measurements 1n ail sorts of circumuances have been made by
many other laboratories as well as mme Unfortunately we
know that the leatures of the arculanon of shin elsewhere are
not the same as tn the digits ndeed n some areas the charac
teristics are in direct contrast We know far less of the skin
cirenlation 1n the other remons maimly because only mdirect
methods, such as skin temperature oscillometry of the shin and
calonmetry are available 1 managed once to do plethysmog
raphy on my own cars, enough to learn the contrast in behavior
with my fingers 1 shall emphasize some of these regional dif
ferences by the little 1 ¢ know about them

What s found for the shin of the digitsr T vill summanre
very bnefly

First the range 13 from a mimimum of about 0, to 10 oc/
min/100 cc ussue in full vasxonstriction to a maxrmum in full
vasodilatien ¢ btamed with the subjert uncomfrtably It and
sweating f over M0 <o mun 100 ¢c tissue Fuen higher maxt
mum values have been found n acchmatiration to heat In one
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case of a subjet Living 1n a hot room (324 C, 1123 F) the
maximum 1ncreased in five days from 96 to 19° cc/min/100 cc
tisue (sdnmttedly the plethysmographne measurements becone
very 1ouglh with these very high flows) On the retum to living
in 2 cool room the minmmum value decreased in three days from
16 to 1.8 cc/min/100 cc (5) The range 1 therefore at least one
Inmdredfold, and the limits shuft with climatic adaptation.

Secondly the figer Llood fluctuates remarkably from mo-
ment to moment. It 15 quute casy to repeat measurements of fow
cvery 6 seconds From a long succession of these the standard
deviation about the mean flow of the whole penod can be
obtamed. It turns out that this 1s as high as %209 in the md
dle of the range of blood flow It 1 much les at the ends of
this range e, 1n sustained vasoconstriction or sustained vaso-
dilation.

Before we conmder the mechanism of this enormous range
and vardability let us sce hon these facts fit tato the ideas,
about need for control of circulation that I lve suggested
abore. It seems quite clear that neither the great range, nor
the fluctuation from moment to moment are consutent with
control of the skin circulation (at least of the digits) 1n accord
ance with the needs of the skin cells, The minimum blood flow
found would suffice for the needs of these cells, unless the skin
temperature were very high The range 1 far in excems of any
change 1n requirement for blood flow of slin and there is no
fluctuating need of skin cells that would explan the remarkable
variability from moment to moment.

Function of Vascular Control in the Skin

Thus the contro! of blood Aow of 3 digital shin 13 not n the
senvice of the skin iwsell but to senve a function or funcions
for the whole organism T1 e mawn purpose is easly seen to be
n temperature regulanon. This was cvident when we investt
gated the details and the mechamsm of the continual fluctua
tion. The wmall blood vessels of digital skin Le the antenoley,
arc apparently alt ays in & tanutory uate either of conuniction
or of dilation, or 1n the coursc of changming from one to the



82 CIRCULATION AND VASCULAR REACTIONS

other Records of the finger volume pulse which was shown
m the particular experimental conditions to be very nell cor
related with the blood flow revealed that there was a thythm
of vasoconstriction from as many a3 ten a minute 1 full vaso-
constriction to one only cvery 5 nunutes in full vasodilation
The frequency of recurrence of vasoconstriction depends on
whether the subject was warm or cold and the mean penod
between vasoconatmictions was dependent on the environmental
termperature (6) The constrictions were simultaneous in tocs
and fingers, and 0 many vewcls in the body were conurnctung
simultancously that the arterial blood pressure transiently rose
at the same moment
It v-a3 shown that these sidespread penodic vasoconstrictions

mn the shin vessels were mediated by impulses in the sympathenc
system The heart rate increased simultancously so there 1s a
mass dischamge 1 that syseem Ia 2 sympathectomized itmb
the correlaion with the mnervated areas was completely absent
Further experiments i water batls at different temperatures
showed how effectively the modification of this rhythm in the
symmpathenic yasoconstrictor system 1 the terett of temper
ature regulation adjusted the mean skin blood flow o a valu
approprate to the required heat loss from the extremities. Thin
we felt we understood the mechunimm by v hih the axfold
change 1 effectve insulanon of the usues (7) found in pre
s1ous experiments had been brought about These large changes
1n the insulation of the v hole tmmersed body suggest that th
control of shin flov for temperature regulation 18 not confined
to the skin of the digits. Indeed data on shin teniperatures ve
the trunk as well as the extremitics in chfferent environmental
temperatures (B) show that the ontrol «f skin 1 w for thy
functimn 13 widespread though the range of ¢ mtrol 33 not
great elsewhere as 1t iv 1n the digits

Differences in Different Skin Areas

It has | ng been known that the very great hungoy m in
flow 1n the digats and 10 the rabl it ear (9) are brouglt al it
not only by vasomotor control of the anterioles ¢ mtrolling the
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capillary beds, but alse by the unique  artetio-venous shunt”
found n these locations (but not yet definitely shown n other
areas of shin) Latex and plastic injection casts of these have
been beautifully demonstrated by Damiel and Pritchard (10) m
the cars of rabbit and sheep These shunt the blood directly
from artery to vein bypasing the resutance offered by the
cpillary bed and 1ncreasing the flow enormously It 1s of great
interest that Hurley and Mescon (11) have recently shown by
listochemical staining that the myocpithelal cells of the
glomus body of these shunts is heavily innervated chohiner
gially Agan the point can be made that the operation of
these shunts 11 not m the nterest of the shin itsell but of the
whole organsm  Kety (12) and others, usng the techmque of

radroactive clearance  have shown that the increased flow
through these shunts does not, as does aapillary flow increase
the dsfunon from blood to tisues, This 13 an important point
for the dermatologist, for some of his thempeuuc measures
concenably may increase the skin flow mainly by opening the
shuntt Ifs0 there will not be a corresponding increase in the
nutntion of the in cells.

While the maor role of these artenaky enous anastoroses 18
in temperature regulation a second function may be suggested
otce more in the service of the whole organism rather than of
the skin, Simtlar shunts exist 1n abundance in the stomach and
meenteric circulations (18) where they can play no conceivable
Part in temperature regulation They seem to open and close
tmore or less automatically A violent closure of the capillary
bed astoa circulaung \asoconstnictor agent or to some local
stunulus, results 1n their opening Indeed we have sugvested a
biophyucal theory of operation of all suth artenal venous shunts
(14) with supporting evidence [rom woik on the digits. It may
well be that the shunts act hike the mafety vahia on a boiler a
violent rise of bluod pressure brought about by intense vaso-
cunstrk tron clsewhere tases tl ¢ pressure in therr lumina and
dutomaucally pen them prevenung an exccanve nse of pres
sure This 13 prewa Tetem latory  rather than  thermoregu
latory and may be mc { the functions of the skin that is not
usually Hated.
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We know that one area of shin differs greatly from the rest
n the physiology of control of its blood flow Tlus u the skin of
the head neck and upper thorax the so-called Dblush area
It 13 well known that inhalation of amyl nurrite a general chem
1cal dilator of blood vessels produces a profound flushing of
this area. Many other vessels also dilate, for the blood presure
tends to drop precipitously Yet we found that simultancomly
with the incrcased blood flow of the skin of the blush area
there 1s a strong vasoconstriction in digital shin (15). That
region of the skin is dommandy under the control of the
nervous system and the carotid sinus reflex, ehcted by the fall
m blood pressure would account for the clamping down of
the digital vessels—an example of the pressure regulatory func
ton of the skin In the case of the shin of the blush area theie
is very little 1f any vasomotor control so chermeal effects are
unopposed whereas in the digits the nervows effects completely
overshadow the chemical e recently venfied this vasomotor
mactivity of the skin of the head and neck 1 a research on the
heat losses of the head (16) Thus shows no sign of taking part
n the thermoregulation of the rest of the body In a cold en
wvitonment the thermal insulation of the fingen incrcased six
umes over that in the warm yet the thermal insulation of the
head did not change at all

Autonomy of Skin Blood Flow

Though my mamn potnt has been that the control of skin
blood flow 13 dommated particularly mn the case of the extrem
1es, by the needs of the whole organism  there are some mech
anusms by which skin flow is regulated 1n accordance with local
needs. These are nothing like as important as 10 muscle where
local control 1s dommant I knon of thiee such mechanums.

REACTIVL 1Y EREMIA
Dr Patel and I (1 ) recently measured reactive hyperemia in
the fingers, where the conunued fluctation makes it diffrcult
to disunguth che underlying trend This ve elyminated by
using a second finger as control and since the fluctuations are
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completely correlated, wing the difference between control and
previously occluded finger There 15, however no conustent
relation of the amount of the extra blood flow after deprivation
to the amount of the oxygen debt, the duration of the penod
of occlusion and s0 on a1 there 13 m muscla In fact, since
the requiraments of slan are 10 munumal, the excess flow 1 far
greater than the blood flow debt. There 15 also evidence that
if the deprivation of blood flow 15 accompanied by venous dis-
tention as when there is venous obstruction, constrictor effects
may be dlicited 1n what we have alled a local veno-vasomotor
reflex (17) Because of this reflex, posture of the Limbs greatly
mfluences their skin arculation While undoubtedly this type
of autonomous local control 1¢ reactive hyperemua of tssue
blood fow exists i the skin and probably operates in disturbed
phynology as in local inflammation, 1t s not as nmple and
snightforward a mechanism a3 1n other ussues.

COLD VASODILATION THE HUNTING REACTION OF LEWIS

We have continued to mvestigate this curious phenomenon
in the tkin of the fingen When 2 finger 15 immenkd in cold
water there 13 a progrestion into intense vasoconstriction  the
skin temperature falls almast to freezing temperature and there
B considerable pain Suddenly after 4 to 5 minutes there i1 a
local and very great increase 1 blood flow the pain 13 relieved
and the finger feels very warm even though its skin tempera
ture which hay ruen conuderably s saill less than that of
sdjacent fingers not tmmersed Thus 13 succeeded by a second
sudden vasoconstnction and corstniction and dilauon follow
each other in cyclic fashion as long as the expeniment continues.
There has been a great deal of research on this nowably by
Greenfield and his amsocintes (18) but its mechanlsm remains
rather mysieriows. As the very large increase in flow 1 cold
vasodilation is known to be largely due to the opening of the
shunu, the capillary flos may not be correspondingly increased.
However the increased flow shunt flow or not does result in
a warming up of the tstues and thus has a local protective funce
ton againat {reering This is at a considerable disadvantage 1o
the total thermal economy of the organism against cold for the
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heat los i this vasodilation from the digits alone would
amount to a great deal We are mnclined to think of this phe
nomenon as a cuniosity and a physiological acaident  rather
than a protective adaptation 1n the interests of the skin trsues.

1 LASTICITY OT THE ShIN CIRCULATIGN

The blood vessels of the skin have a remarkable power of
regeneration and increased vasculanty in response to abnormal
conditions that represents a very nnportant local autonomy To
wse only one example with which T am familiar Ileroux (per
sonal commumcation) recently examined histologically the vas
culanty by capillary counts per unit of tusue in the ears of
rats After exposure to cold for several days, the vawularty in
the shun fhows 2 most remarkable increase This seems to be the
chief  autonomous regulation of the skin circulation and of
great importance in considering dysfunctions of the shin Use
of the trophic sumulus of cold to produce increased vascular
izauon 18 worth considering m therapeutics of the skin

Conclusion

Thus bricf suney of the physiolegy of the crculan n of the
skin 1 hope v ill lead to the generaliavon with quahifiations.
that i 1ts blood flow the skin 13 peruliarly the servant Of the
whole organism and 1s less endov ed with autonemous control
than other tssues. Pssibly this sview 15 important in under
standing the susceptibihity of the skin to 1schema in abnormal
conditions, and worth remembening in considering management
of disturbed skin function

REFLRENCES

I Gotdschmidt, 5 M Clone B and Donal | % O lnorps m
through the A n Im [ Med S 197 580 (1931
Fell | Belding, H % amd Mfarun A W Rel uon beiw en
basal metabolsm  nd summation o ex bed ¢ sue met !
Ihm 10 young Ibino mate im J Ihysol 1301118
3 Burtm \.C The mnge ndvarabilig [the Hood fF w n the
human Foger I [ 10 ol 17 137 (1 %))



o

-

©

=

THERMORECULATORY FUNCTIONS 87

Barcroft H and Swan, H ] C Sympathenc Contiol f Human
Blood Jemels. E. Amnokd, London Willlams and Willins,
Baltimore, 1953

Burton, A C, Scott, ] C. McGlone 1§ and Barett, H G Slow
adaptatfons in the heat exchanges of man to changed climatic
condidons. Am ] Physiol 179 84101 (1939)

Burton, A. C, andd Taylor R. Al A study of the adjustment of
peripheral wascular tone to the requirements of the
tion of body temperature, Am J Plysol 129 565 (1910).

Burton, A. C, and Barett H C. A study of the average tempera
ture of the tisues, of the exchanges of heat and vasomotor
reponses in man by means of a bath calorimeter Am J
Phytiol. 11 36 (1936)

Barton A C. The application of the theory of heat flow to the
stinly of encrgy metabolism. J Auinton 7 497 (1934)

Grng R. T and Bland E. F Olervatons on arteriovenonas
wnastomoses In human skin  and in the bind s foot with spe
clal reference to the rracwon to cold Heart 15 385 (1931).

Dapiel, P M and Pritchard M M L. Arterio-venous anasto-
mowar in the external ear Quart J Exptl Physiol 41107
(1956)

Hurley H J Jr and Mescon H Chol nergic innervation of
the digital arteno-venous anastomoses of human skin A his-
lochemlcal localization ol cholinesernse. | Appl. Plyuol
9 82 (1056)

Rety 8.8 Measurement of regional arculat on by local clear
ance of radwactive sodium. Am Heart j 38 321 (1949).

Walder D N Some obtervations on the hlood {low af the
human stomach, in Ciba Symposium 7 usceral Cirrulation
Churchill Ltd,, London, 19 . Page 210

Burton, A. C, and Eagan C. ] The operation of arteno-venows

nastomoses  nd the “hunting reacton of Lewiv Proc of
20th Intein C ngr Plhyniol Brumels, 1956 Page 150,

Burten A (. The blood flow temperxture and colour of the
sk n in Blood Heart & d Ct culation American Amociation
for the \d  cement of Saence, Wash ngton, D C, 1910
Page 508

Froce, G and Burton, A. C The heat lomes of the human
bhead J Ippi Plv ol 1023 (1937

Pael D ] nd Burton, \ € Reacti ¢ hyperaemis in the
human G gers ¢ cal &t n Resen | 4 710 (193G).

Creenfeld, A D M Shepherd, ] T ml Whelan R T The
lovs of heat Inan the hand  nd from the Gngers mmersed in

okl water J Iin of (fo d nj 11 159 (1951)



as CIRCULATION AND VASCULAR REACTIONS

Discussion

Dx. Sm RosmaoN (Unnenity of Indiana) What are the actual
blood flow relationships in the hunting plienomenon of Sir Thomas
Lewn in these periodic vasoconstnictions and vasodilatations?

Dr. BuxroN The plethysmographic method for determination of
blood flow does mot work duning the phases of intense vasocon
striction  EvKently the veins are 10 constricted that there is no
reservair into which blood can pile and thus increase the volume of
the finger before 1t reaches a pressure 5o high that [t ships by Instead
of getting & plethysmographic curve which rises and then flatens so
that the initial tangent can be determined it ¢ rises in one beat
and stays there. \s far as I know no one has yct been able to measure
blood flow plethymnographiaally 1n this dicunstance.  Such flow
measurements when attempted 2re unally made calonmetnally
We menured the heat coming from the finger and so dkl Creen
feld. Judging from the heat that comes off blood flow s higher dur
ing the periods of vasodilanon than you get with any other kind
of vasodilation Dr Robinson have you succeeded in getting meay
urements plethysmographically? Evidently all the shunts arc open
and, duning thee el periods of \mafvxlzlhm. one gets a blood
flow that compares witl the blood flow one gets by headng a man
and maling him uncomfortably hot

D& Rotnuax  As concerms these sympathetic rhythmic Intrinsic
impulses runming from the central nenvous 3y tem to the periphery
It the environmental temperature changey, ap parently the frequency
of these imy ulses changew 1 this & reflex and, {30 what L'nd of
afferent pathw 35 do you 2 ume to funcuon herer Are they yympa
thetic runn ng uj wan! or are they senvory?

Dr Ririox  lhe same quostion octurred to us a3 so0n as we
found thiy phenomenon Dr Taylor and I did a pretty thorough
study 1o ind out whether the rhythmic changes of skin temperature
produced the afferent impulses for the next vasocomtrction Dy
studying the phenomenon i wellstirred water where the slin em
perature 3 not allowed to change and Linding that the rhythm wa
just the same we ruled out this posubibty 1 think that Iile many
other central nenous sysiem elly, those of the hypothalamis are
intan tcally rigtmic In sending out theve sympathetic impulses amd
the rhythm 1+ modificd 1y the alferents comung to the temperatur
regulating center In ather words, tis not the cyclic afferent which
produce the next vasoconstriction but rather there s a modificatson
of an intnm  rthythm

N bdward  our) Lomt tv has mem sk cated The  lue um
{lar to those [l nother ypood  socomuritlo  nd awnd Laiban



PATHOLOGY AND THERAPY OF
CUTANEOUS CIRCULATORY DISORDERS

ROBERT R. RIERLAND

Section of Dermatology Mayo Clinic and Mago Foundation
Rochester Minnesota

In the connderation of cutaneous circulatory dusorders one
must begin by defining this term A moment of thinking wll
indicate that there are extremely few If any dermatologic con
divons that do not result from, include or provoke some vas-
cular alteration either anatomic or physiologic. Obviously mnthe
briet scope of this presentation one cannot begin to cover the
subject thoroughly The apphicauon of the phrase  cutaneous
arculatory disorders  therefore will be limited to thosc ac
quired, nontraumanc nonmalignant cutaneous aflictions pro-
duced by primary anatomic or physiologic alterations of blood
vessels. By such definition are exclided diseases of lymph vessels
congenital abpormalities such a3 hemangiomas and arterio-
venous c ications, angiotarcomas ias  purpuras,
sbrupt aneral occlusions aneurysms, new growths, and vas-
cular disorders without der logl 1 rons. Still the
hist to be included 1 oo long As a rosult, certain important
entitics have been excluded arbitranly lupus erythematosus,
nodular vasculitis, allergic vasculitis, periarterits nodom, and
others. In fact. we do not Lnow whether vascular alterations
produce the dermatologic nigns and symptoms or whether the
process s reversed in many of these conditons,

In the preparation of the basic matenal [ have drawn freely
from the bools of Ormsly and \Montgomery (1) of Pillsbury

The M yo Foundation, Rochester Mi nesnta {s
Schoo] of the Und erlty of M nemta.
.ul

part of (be Graduate
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Shelley and Kligman (2) of Rothman (3) of Allen Darler
and Hines (4) and of Wolstenholme and Freeman (2} Laterin
the paper suggested avenues of further physologic investigation
will be considered. To this audience of primanly basic saen
tists, the anatomic, physiologic and patholomic conniderations
are most important howeier 1 have been asked to duscuss the
pathologic chinfcal and therapeutic aspects of cutaneous ar
culatory dusorders, and these 1 have ctegorized according to
the basic pathologic condition of the blood vessels involved

e Raynaud s phenomena in assoctation with scleroderm
show n; punctate ulceration  nd scarnng

Conditions Assoclated with Arterial Conunction

Finstisa group  fconditions in which vasoc mstrrct mof the
artenal side of the arculation appears t¢ be the pnmary path
ologic change Raynaud s disease and Raynaud ¢ phenomena
Iivedo reticulants and probably acrocyanosis are the m »t promi
nent linral examples of this group

RAVAAUD S DISEASE AND 1HENOMENA
The niy dear cut distinetn 1 bets een Ravnaud  disease and
Raynaud s phen smena s that in the [ rmer there are no frank
assounated findings Ihe ¢l al findings of the ara in the
disease are tniggered by ¢ 1d and Ty emotonal umul 2 with
Raynaud s plienomena Wnth Raynawud s phenomena hmever
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are amocated such findings as evidence of trauma occlusive
arterual disease neurologic lesions, and muscellaneous states such
as systemic lupus erythematosus paroxysmal hemoglobinuria
and scleroderma (Fig 1) Actually many imatigators prefer to
speaak. of Raynaud s phenomena only avouding the word “du"—
ease by usc of the qualifying terms pnimary and  secondary
In this condition the clasic color changes of pallor cyanoms,
and rubor following emotlonal upheavals or exposure to cold
involie firw the finger tipy and afterwards may spread prox:

Fio. 2. Seere and extemne gangrene as a consequence ol in
teae Raymaud's phenomena of the serondary type in a patient with
scleroderma.

mally Later still the toes, hands, ip of nose and ears may become
imolied. Extensive gangrene does not occur wath the prnimary
phenomena or Raymauds discase small puncrate areas of
gangrene at the finger tips and the to&y occur infrequently in
patients with dincase of long duration Cangrene may be ex
tensne wth Raynaud s phenomena of the secondary type (Fig
) Thu condition wsually appears 1n women 1 the thyrd and
fourth decades of hfe In most patiens with mild Lut yet
hronic Raynand ¢ phenomena gangrene may never develop
because the eprodes are of short duration By some chis is
called  functional vasoneuross.
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Most authorities seem agreed that the findings derenbed are
due primanly to vasospasm of the digital aitertes, but disagree
a3 to what nttiates thu vasospasm Some belicve that the fault
18 local while others think that 1t lies with the vasomotor nerves.

Practically nothing is known of the early pathologic state of
the digial artenes. As the condition becomes chronic and ad
vanced the intima of the artenes becomes thickened

Treatment obviously 1 directed toward presention of vaso-
spasm by both surgiaal and nonsurgical methods. Aveidance of
smobing of cooling and of emotional tension stres and stran

Fic.3 Liedoretcularky
(infrared photograph).

15 essential and m milder cases 13 sufliient to prevent further
development of Raynaud s phenomena In other cases the ad
ministration of vasodilaung agents may prose of some value
although as a rule nensurgical management 15 unsatisfactory
If the Raynaud s phenomena are of the sccondary type relief
or cure of the underlying dist rder 13 m »t important Sympa
thectomy 15 the m st :atisfactory treatment of Raynauwd s disexse
but sympathectomy alone will 1% necessarily alter the coune
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of underlying disease 1n secondary Raynaud ¢ phenomena—for
example sympathectomy m a patent with scleroderma will
have no cffect on the progresuon of the cutancous sclerons or
1ts associated mtermnal findings.

LIVEDO RETICULARIS

Another vasospastic disorder livedo reticulans, 1s featured by
blotchy or reticulated red or biunh red markings in the skin
most promnent about the ankles and legs, leaas prominent on
thighs, buttocks and forearms It octurs usually m women
(Fig 8) The eruption ordinanly 15 more apparent in cold
wetler although there 15 2 small group of patienu (6) in whom
the linedo 15 more apparent in nmmer and 15 assocated with

|
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Livedo reticulans with ulcerators of small infarctive
fope

small infarctive ulcerations about the ankles and lower portion
of e legs (Fig 4)

The cause of livedo reticularis 1 obscure. Hypertension a3
well as nervous instability has been noted as a frequent ac
ompamment. Amociated cryoglobulinerma rarely is scen In
one of my patients with the summer ulcerative type serious
syitamic lupus erythematotus developed after the ulcerations
h.:d been controlled well by the administration of heametho-
nium

The physiologic changes wudied 1 lLivedo reticulars indicate
predommance o vasospasm of the arterioles with dilation of
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the capillaries and venules. The obstruction affects only the
artenioles occurring peripherally thus accounting for the retic
ulated ducoloration Micrascopic study of invohed tiue re
veals inumal proliferation of arterioles and small arteries and
mn some cases thickenmng of the muscular wall Occasionally
there 13 complete occluston of the lumen

Treatment 13 not necessary i the great majonty of cases
since the only complaint 11 a cosmetic one In severe instances
and in thase assocated with recurrent ulceration erther sum
mer or winter sympathectomy has been advised More recently
my colleagues and I have had success with nonsurgical measures
alone namely the use of antthypertensive agents such as hex
amethonium or pentolinium (ansolysen)

ACROC) ANOSIS

In the past acrocyanosis has been confused with Raynaud «
disease It occurs as a persutent Dlueness i the fingers and
hands and to a lesser degree the toes and feet of girls and young
women Constant coldnexs of the acra and [requent hyperhi
drows are assocrated  Although worse 1n cold weather the symp-
toms do not disappear with warmth Occasionally acrocyanosts
may be the fint manifatatuon of lupus erythematosus. Evt
dence of occlusive artenal disease 18 not present and atrophic
changes do not occur

The exact physic logic mechanism at fault 15 uncertain Seem
ingly there 13 a strong sympathetic influence tesulung in height
ened arteniolar tone and arteriolar spasm followed by secondary
dilation of the capillanes and senules.

Treatment usually i3 not necessary except that as in all cases
of vasmpastic disorder cold should be avoded I severe cases
sympathectomy gnes excellent resuls

Conditrons Amociated with Hyperemm

In the second group of conditicns \asospasm and \enous
hyperemia again are associated with exposure 10 Old Ther
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onset may have no relation to any pre-exuting vascular dus-
orders however 1f preexuung vascular discase 18 present, the
signs and symptorns produced will be more severe and destruc

tive and will 2ppear more rapidly with shorter exposure 10 len
intense cold.

PERKIO

Allied to frombue *“immenion foot and trench foot
pernlo appeans to be asocated with some inherent hypersen-
stve vascular reacuon or hypersensiuvity to cold. Usually there
1 &vidence of presious coldness of hands and feet 1t is known
that the acra of patients with pernio maintain = lower environ
mental temp rature and warm more slowly than the acra of
notmal controls. In this there 1 a resemblance to acrocyanosis.

The lesions develop usually 1 the cool but not extremely
cold weather of carly fall. They appear manly on the toes and
legs, are redduh blue and shghtly edematous, sometimes nodu
lar and are charactemized further by pronounced pruritw and
bumning especnaily on wanming of the aficcted parts. In severe
instances hemorrhage and bullac may be present. If there is no
further exposure to cold the lenions gradually mvolute 1n 7 to
14 days, laaving posinflammatory hyperpigmentation  With
repeated exposures to cold, a chironic form may develop nodu
Lar leslons may recur each winter The lesons which at first
may have been mild and tranutory become more severe and
chronie, eventually producing scarring and atrophy

The sympioms descnbed are produced by vasospasm with
an cnormously dilated subpapillary venous plexus and tisue
anoxia with an nflainmatory reaciion But they are not speafic
similar pathologic changes may exist with advanced Raynand s
Phenomena acrocyanosu, livedo reticulans, and some types of
trench and immersion foot and froubite

Treatment demands primarily avoidance of cold even mon
DE 10 a warm climate may be necessary \asodilating agents
are of ad although sympathectomy has not prevented further
attacks on exposure to severe cold.
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FRONMIBNF

In contrast to pernto Immervion foot and trench foot frast
bite resules from actual freenng It s not Anown whether the
cventual damage to tinue 15 a result of the crystalliration in
freezmg or of changes which take place 1n the blood vemels.
Lews (7) has shown that after the shin temperature of a finger
placed 1n 1ce water has fallen to near 0 C there is a rhythmic
rewarming up to 10 to 12 C Blawdell (8) Interpreted thu as
being due to changing of the spatial thermal gradient The
rewanming 13 ushered 1n by erythema increased blood flow and
loaal reflex vasodilauon which result from a steep thermal
gradient Later as the gradient lessens vasodilation subsides
to be followed shortly by vasoconstriction Wath vasoconstric
uon a chinwal pallor becomes apparent

Long expasure to cold produces a Inad hue as a result of
parests 1n the venous side of aapillanies. Intense cold sumuli
are followed by a viud red hue which 15 due to parasis of
arterioles. The color 15 not caused by ncreased flow of blood
but such pamalytic artenal hyperenia can persist i the presence
of increased flow when the metabolism of tissue 1s 30 far dimin
1shed that oxyhemoglobin cnnot be used. This reacti m rep
resents the erythematous phase of congelation It at this phase
the cold 13 nithdrawn there 13 but lule rewduum If the cold
stimulus continues, however the part bec ymes pallid and se
quelae depend on the ntensity and duration Hf freezing If the
ulumate vasoconstniction 18 temporary and relaxes quickly
rapid recovery 13 to be expected. When rasoconstriction  is-
chiemia and anoxia are prolonged thrombasis of arteries de
selops with subsequent ussue death necrosis, and gangrene of
varyng degrees \exrosis also results from actual freenng |
cellutar fluid wath ¢ystalhzation and formation [ice In addy
tiom to low air temperature ¢ ntnbuting factors an frosed we
are wetnesy, wind an xemia 1schemia [rom nmm odility or g re
custing occlusal arteral discase and Jowered  sypem tem

at ngh aluudes
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Perustent paresthesia and senutivity to cold may be expected
followlng any type of frostbite (Fig. 5)

The best treatment 15 the prevention of frostbite by prophy
lactic measures—Leeping warm and dry wearing proper boots
and dothing and anng for the feet by duly washing and
ofling with prevention and treatment of fisures, maceration,
and dnea It has been sliown by Carlson (9) that a readjustment
w the arculation adapts aganst cold, and that the extremitics
of the adapted person tend to keep warmer allowing lim to
erdure the cold with less discomfort and loss of eficiency The
alm of definitive care 15 to restore namiral warmth as rapidly
a3 pesiible, although warmath greater than normal body temper
ature never should be applied. Avoidence of trauma, prevention

Fia.5  Frosbite marked
Uy edema discolorauon
ard small areas of vleern
tion and scarring  which
were anoqated with persust
ent pareythesls nd sem]
ity to cold.

of miection, and moderate elevation of the affected extienuty
are cuential The place of vasodilating agents and anticoagu
lants in treatment is controversial The decusion to amputate

should not be made humedly cven 10 the prexence of much
necrosis and gangrene
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TRENCH! AND IMMERSION TOOT

Similar if not identical conditions, immersion foot and trench
foot result from prolonged exposure of the feet to coldness (not
freezing) and dampness. Thie feet are cold and numb and while
they are numb pain is not prominent. Later when the boots
are removed the feet are pale or cyanotic and cold and edema
appears with intense pain As the feet are warmed the ederma
increases reflex hyperemia appears, and there is Intense burn
ing The Imtial phase is one of vasoconstriction and ischemua
of the superfiaal arteries and artenoles. Otthostatic ederma de-
velops, which further mterferes with circulation If exposure 13
prolonged lesions simtlar to those of pernio appear accom-
panted by varying degrees of anesthesia TIns phase 1s likely to
persist as long as the extremity 15 immened 1n cold water and
the body exposed to cnlhing

The next phase 1s that most frequently seen by physicians
and Is charactenized by hyperemia following remosval from the
wet and cold environment to a warm dry onc The feet are red
hot and dry—conditions simular to the climcal findings 1n
erythromelalgia. Edema increases with hemorrhagic blebs and
sormetimes ecchymaoses, and in more severe cases with nexrow
and ulceration The anesthesia and numbness may perast for a
few days, but about the eighth 3 tenth day after remosal from
the cold an ntense burning develops which 15 similar to that
of whemic neuritis. This phase Lasts about two weeks and 13
folloned by the gradual return to nermal of circulatlon al
though 1n screre cases gangrene may appear It should be noted
that v 1th ths as with frostbite the gangrene may affect the skin
only

In mild instances of trench or immeist n Toot the final 1+
chemic vasospastic phase 15 unlikely In patents with scvere
cases cold pain and stuflness persist alier the hyperemie phase
has sulmded There may be Raynawd s phenomena and other
cudence [ vasomotor imstability such as hyperhidrosis. These
symptoms may persist for months and cven yean 10y
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Treatment 18 the same as has heen recommended for {rostbite,

It 1 interesting to note that all the different clinical cond:
trons duscussed thus far are essentally vasospastic and vasocon-
strictive and that the therapeutic suggestions are remarkably
umilar Yet there must be dufferent anatomx and physiologic
mechanums operating to produce the different effects

Conditions Amociated with Chromic Occlusive
Circulatory Disorders

Sull other occlushve airculatory disorders produce cutaneous
symptoms that must be mentoned These are thromboanguus
oblierans (Buergers discate) arteriosclerosis obliterans and
the hypertemive uchemic leg ulcer

THROMBOANGITTIS OBLITERANS

Primarily a disease of men between .5 and 40 years of age
thromboznguitis obliterans involyes the medinm-tized and emall
arteries of the extrernities (usually the lower extremities) and
' claractenized by ey 1 nfl ppuratne
pamartenius or panphlebltn with associated 1h|ombo:h produc
Ing otganic occlusion of the vesiel The capillaries are atonically
dilated which accounts for the dependent rubor The chmial
¢hanges resulting are those due to ischemia The shin and nauls
become atrophic and later there may be spontancous or post
taumatlc ukeration and gangrence Pain ia characterisue but
it may be of the vanous types amsociated with intermittent
caudication. nchemic neurius, and uleeration and gangrene or
it may have the form of rem pamn paresthenia cokd senntivity
and 10 on. The gangrene usually affects only one hmb at a ume
and is acral imvolving the up or the whole of a digit

As with other occlusive vascular diseases, treatment mcludes
proper hygiene of the feet alsunence from tobacco avoidance

of trauma measures eflecting vasodilation and surgical pro-
cedures.
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ARTERIONCLEROSIS OBLITERANS

Another form of vascular occlusion artenoscleross obliterans

is the result of degencrative athcromatosis involsing the abdom
nal aorta and large and medium-sized artertes of the extrem
tties, It 13 a2 disease of more advanced age and 1s found usually
in men The occluding mass is an atheroma on which a throm
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bus has formed. Deposits of cakaum are not mirequent The
prosennng sympeom usually s pan of the same type as 0
Buerger s discase and 15 the result of ichemia. | hyncal findings
ordinarily are confined to the lower extremities and consist of
impasred artertal pubatons changes of ¢ lor (pallor on clna
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uon, rubor on dependency and delaved filling) atrophy of the
stin naily, subcutancous npues and musles and ulceraton
and gangrene (Fig 6) Diabetes melltus 18 recognized as 2 pre
disposing condition, and of course there 18 great current interest
in the problem of impaired hipid memabolim

. 7 Hypenemsive Ischemic leg ulcer

Treatment conaius of control of the predisposing factors sud
* diabetes melhtus or hypercholesterolemia, increanng dilation
of the arteries, relicf of pan avadance of trauma. proper
hygiene of the feet and \various surgrcal procedures.

BYTERTENSIVT ISQUILMIC LEG ULGER

Womn who have and have lad hypertension suffer the
hughest inadence of hypertensive ischemac leg ulcy‘hc female

-
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to male ratio beng 4 to 1 The lesion 13 stuated most frequently
on the lateral surface of the ankle or lower leg It begins as a
painful erythematous plaque, turns blue and purpuric, develops
a hemorrhagic bleb and finally becomes the painful superficial
uchemic uleer (Fig 7) Such ulcens may appear spontancously
or follow minor trauma they usually are unateral Winle
ordinanly there 15 but lutle granulation occasionally a dense
adherent sphacelus suggesung a diphthentic ulcer 15 seen In

"
t
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Fie. 8 Cutancous lesions of angiokeratoma corporis diffusum.

geueral hypertensine sschenuc leg ukeers are extremely slow t
heal

Pathologic charactensties are mumal prohferats m Ivalhne
degeneration of the media and mild perarteris The lumen
of the malied artertoles may be almast ¢ ampletely xdided

The treatment 15 that { 1 occlusine vascular discase in adds
tion to measures directed t the uleer atself Skin grafts have
been performed successfully t shorten the ume required {1
spontanec us healing
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Other Cataneous Circulatory Disorders

ANGIORERATOMA CORTORIS DIFFUSUAL

Sull another condinon having dutinctive cutancons lesions
and anoclated with moderate hypertension iy that rare entity
Loown as angiokeratoma corporis diffusum (11 19) sometimes
clied the cardiovascular repal symptom complex.  The o
aneow lesions have their onset prior to puberty and are mul
tiple soall ducrete reddish purple macules and papules some
of which are hyperkeratotic and of generalized dutribunion
(Fig. 8) Hustologic examinanon duscloses Jarge vascular spaces
filled with erythrocytes and posesing a thin intact endothehal
wall In the larger vessels there 1 vacuolation of the wall with
depontion of ipid The pathogencns of thus rare syndrome is
not clear

STASIC DERAATITIS AND STASIC ULCERATION

The curaneou cruptions anociated with venous fnsufhiciency
are well known to all of us in the form of stanc dermatitis and
stric ulceration. In evuptions of long standing, promimence is
atned by secondary cutaneous mansfesmtions such as pro-
nounced Lichenificanon secondary infection  recurrent cellu
lith, pachyscleroas, and others (Fig. 9) Auch has been written
on thu subject and 1 shall add no more than ta mention that
the Gt object of mreatment is to promote susfactory venaus
returm which 13 atternpted by surgicai and nonsurgical measures
at by supportnve Landaging 1t s important to realize thar sur
tal measures frequently are contrandiated 1o patients with
Interference of deep venous drcutauon duc to previcus deep
thrambophiebitis.

THROMBOPHLERITIS

Defined as a parnal or complete occlusion o 2 vemn by a
thrambuy with antecedent or secondary infammatory reaction
of the wall of the vein thromhophiebitis may be divided 1nto
three clinkal and eqol e groups local secondary or compli
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atng and primary The local type 1 anociated with njury
of the venous wall or preexisting known discase of the wall
and 1t can be assumed that the thrombosis 1 secondary In
cluded 10t this category are those cases of thrombophlebitis due
to chermal nmiation mechanical injury or suppuration and
thrombophlebitis occurring 1n varicose vens or 10 conjunction
with uchemia of occlusive artenal dusease

( '
\ - wop E
H
13 |
af‘
e
) )
Fio. 9 Sl dermatk
Q,je: tiy with ulcerathon, howing

Iichenificaton with excon
atloms surrounding uker

In the secondary or comphiating fype of thrombophlebity
1t appeans that thrembosis 1s prmary and that phlebitis deselops
set mdanly \enous stass s thought to e the majpr aus
since the veins of the loner extremities are 1mvolved more fre
quentdh and the pauents often have been 1esting o nunnlly
1 bedd. It 1y tlus type which appears 1n post partum and past
operatne patients and wlich complicates cases of 1lood dyy
crasa caranoma and heart fatlure
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Thrombophlelitss of the primary type may appear without
apparent predusposing causc and as a single epusode However
recurrent epuoda of idiopathic phlebitss (thrombophleblts
mugrans) are also mncluded m this group as 1 that thrombo-
phlebitis assonated with Buerger s disease.

The pathologic findings of thrombosis and nfl 10n of
the venous wall are common to all types of thrombophlebitis
although the thrombus and the degree of phlebitus vary greatly
among the scveral types and among cases of the mme type. The
thromb1 may be red or white more commonly mixed the Teac
tron 1n the venous wall may be mimmal or extend well inio
the perivenous tissues. The primary physiologsic duturbance
1 obstruction of venous flow and depends on the size of the
thrombus as well as the site and size of the involved versel
Clinsaal cutaneous mamifestations vary also with the site of the
infammatory reaction

In acute superficial thiembophlcbitis, linear infammatory
erythema outlines portions of the course of the ven with local
tendernen and pain. Edema is not prominent. In deep thrombeo-
philebitis the imb 15 edemnatous the skin may be cyanouc and
exhibit prominent superfictal veins. The latter may be more
readily visualized with infrared techna,

With recent greater apprecation of the influence of venous
#taals a3 an etiologic factor i secondary thrombophlebit, the
inadence of this duorder has been greatly decreased. Early
ambulation post partum and pastoperatively excrases and
adequate hydration are most {mportant.

Anticoagulants are given both for prevention and for treat
ment. Local treatrment consists of elevating the affected extrem
ity and applying heat to 1t unul ngns of mfammation have
subuded Moderate exercise in bed is permutied after the thurd
day from onset of symp Supportive bandaging usually is
ot necewary with superficial thrombophlebits, but should be
used i deep thrombophlebitis as soon as the pauents legs
become dependent. With proper support chronic deep venous
mufficiency may be prevented in many instances.
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ROSACEA

The commonly seen rowcea may also be considered, in part
at least, a arculatory cutancous duorder It occurs i those
individuals with an especially labile vasomotor reaction who
are likely to respond to all sorts of sumuli with vasodilation.
At first there may be psydiogenic blushing which 1 pure
nervous cholinergic vasodilanon with increased artenolar flow
This 1 seen frequendy in physicians offices while a woman is

— e
Fic 10 Rosacea with rhinophyma.

undressing as a blotchy erythema over the face upper back
shoulders and chest It fades quickly but to the mexperienced
eye may bnefly smulate an cruption Hr exanthem  \s vanau
sumuli—psychogenke and other—add their respectine amounts
of vasodilation the previcus transient flushing hecomes mone
lasting the final result being a permanent erythema with tel
angiectasta and wncreased otlimess of the skin (Fig 100 The
sebartherc hyperactivity may exist at the sutset r appear later
as a result of the chronic hyperemic state Freatment 13 divected
in two channels fint, the avoidante of these sumul that pro-
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duce vasomotor flushing™ and sccond, measures directed toward
lemening of sebaceous hyperacuvity

Opportuniues for Investigation

With aill that has been said heretofore concerming many
apparently unrelated duorders of cutaneous circulation a vast
ralm of physiology is yet to be explored. Actually as was
ndicated in the introduction to this paper all but = few der
matologic disorders are amocated with some disturbance of
cutaneous arculation An instance 1s the artenal hyperemia of
an inflammatory reaction. Vivid redness may result from acute
mnburn and dushy shades of red and blue may be effects of
the chronicity of the erupuon the depth of the pathology the
amount of infiltrate the thicknew of the squamous cell layer
and 50 on and from simaple lichenification psorians, and Lichen
planus,

Tshould lile to point out some interesting problems wherein
our knowledge of basic phyology is lacking, hoping that some
may be stumulated toward grester invaxtigation thereby

Ihe fascinating cutaneous vascalar physiology of the atopic
wdividual is one of these problems Charactenstic ate the white
dermographism seen more frequently n patients with atopic
dermautis than in other dermatoses the delayed blanching of
Lobutz and Gampbell and a tendency toward decreased vaso-
constricion in the antecubital and poplitcal fomsae and in
crexsed vasoconstnction of toes and fingen 1 a cold room
together with delayed vasodilation of tocs and fingers and m
ereased vasodilation of the antecubntal and popliteal fossae n
a hot room (15)

The influence of estrogens s 2 dermatologe problem 10 ws
relationshup 1o symmetnical erythema of the palms and soles
and the small spidens that dexclop dunng pregnancy Further
mote why are 30 many patients with vasoconstrictive dusorders
women® The anociation of liver discate with puliating spiders

and the development of the  ruby rpot a3 we grow older are
further cxample
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We sull do not know much concerning the contro! of areu
lation by the central nervows system and the reflexes, and we
know next to nothing of other factors enhancing vasocontric
tive phenomena, such as the increase wihich the prasence of
cryoglobulinemia and cold agglutinins produces in the suscept
bility to frostbite and Raynaud 1 phenomena. The mechanism
of sludging is interesting n these and tn other disordens.

The contemplation of chemicals having influence on phyno-
logrc circulatory mechanisms 15 overwhelming for 1t involves
the entire realm of autonomic sumulants and blockers—those
that act centrally peripherally or locally and thow that are
humoral The intnguing deselopment of knowledge concerning
the syndrome of the functiong carclnoid 1 but an unusual
case 1n pont here 5 hydroxytrypamine (scrotonin) liberated
by cells of the functionng tumor produces a serles of symptoms
which 15 manifested espeaally by frequent profuse diarriiea
recurrent asthmalike attacks lesions of the valves of the nght
side of the heart, and—more 1mportant in this discussion—
epuodic intense Aushing ot the skin as 2n indication of a ar
culatory cutaneous reaction

\umerous questions natmally arise 1n this speculation For
instance what 13 the role of the mast cell with 1ts load of sero-
tomn histamine and heparn (all potent chemicals mnvolung
arculation)? However 1 must leave to others the attempt to
clucidate these far reaching problems which involie not only
dermatology but all of medicine

If there must be a summary to this paper it 1s aumply this
A wide range of artulatory cutaneous problems have been
duscussed  but more importantly the deficiency of current
Lnowledge of the underlying physiclogic mechaniuny has been

stressed.
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D ] Benwsors (Ford Hosputal Det ait Al ). I would like to
ok the panel and other memben present about data on sk n gralt
g and regencration from epidermal appendages.
donDL himianp R.A. Good and  Lso Haxthausen [ Denmark have
€ 2 great deal of work with gralted win in tudies on rmmunot
Oxiy Dr Curth and hn group at Ann Arbor ha  donc some work
Mith thin gralting of cond woms 1n wh b there han been a defidit of
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cutancous circulation such as in necrobiosls with ulceration, and so
on In our own experience, if the def dt goes down to the muscularn,
there are no slan appendages left 1T we feel there are skin aj pend
ages praent, we allow eplthelization to take place spontaneously
rather than resorting to grafting unlews the deficit iy so large tn ar
cumlerence that we think the ‘pauem will be myved time and money
ultimately because of the rapidity of healing of a good graft. It is
well known that epidermal regeneration following dermabrasion
ongnates from the remaining pottion of the dermal appendages.

STATEVENT FrON TRE AtDiike: Dr Converse at New York Unr
verity has been dolng work in thus area. He i heading a New York
Academy of Science Syrni)oﬂum on skin grafiing

Dr. Romimar  Ploysiological Reviers will soon bring out an ex
cellent review by Dr Sherwood Lawrence from New York Univeniry
on tramplantation and graiting dheussing both immunological and

| rrctrcal aspects.



III  Sebaceous Gland Secretion






SIGNIFICANCE OF CHANGES IN
PILOSEBACEOUS UNITS
IN ACNE AND OTHER DISEASES

EUGENE ] VAN SCOTT

Dermatology Service, General Medicine Branch National
Cancer Insnitute Bethesda Maryland

The loion of arne geperally has been considered to result
from the comedo a Lerattnous mass occluding the follicular
onfice (1,2) Recent cvidence 1ndicates that hyperkeratinuzmuon
of the duct of the sebaceous gland occuns pnor to the occlusion
of the follicular Jumen and that the acne lesion appears to be
inttuated at that ume (3) Thus 2cne 15 one of few cutancous
ducases in wiich the sebaceous gland appears to be the site of
the primary lesion,

Whether the changes occurring in the sebaceous gland and
folicte in aepe are pecular to this ducase is unkaawn The
#im of thus paper 11 to review the changes that tale place 1n the
pllosebaceous unie during the course of the lesion of acne and
to eraluate the speaifiaty of these changes by comparing them
10 somewhat ymilar changes that may be found 1n priosebaceous
i involyed n other diseses,

The description of the leston of acne in this paper 1 based on
uodiar of serially cut hustological preparatiors of shin from
patienis and reconstructed models of prloscbacesus structures.
The patlents, the techniques, and observations have been de
sribed 1n an earifer publicanon (3) The same techmques have

been applied 10 the study of plloscbaceous units mvolved with
discases aehier than acne

Mommal Pllaschaceoas Unit
The selaccous gland is detived from the epithelium of the
folbcular neck and anatomically is taseparable {rom the hawr
113
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follicle, Its structure and functien therefore would seem to be
bewt dealt with m hight of the enure pilosebaceous umt. This
discumuon deals primanly with the pilosebaceous units from the
upper back and bearded skin of the face.

PILOSERACEOUS UNITS OF THE UPPER BACK (PLATE 1)

The majonty of pilasebaccous umts of the upper back of
young adult men and women were found to posen two hair
root portions which project downward from a common follic
ular neck (8) The hain produced by both hair roots travel
through the lumen of the foliicular neck and emerge at the
surface through a common follicular onfice. The growth cycle
of each halr root is independent of the other although both
may be found aimultancously in the ame stage of the cycle

Each hair root posseses 1ts own sebaceous gland attached to
the follicle at the yunction of the root and the follicular neck.
The aze of sebaceous glands is quite variable and may be sev
eral fold larger than that of the glands shown m Fig 1 The

—_
Pame | Balu wood model and photomicrographs of normal
baccous unit of upper back of 24-year-old white man. Artows
tndicate levels of piloscbaceous unit from which photomicragraphs
were talen (From roaternal dted by W Montagna and E. ] Van
Scottin B ol gy of Hatr Growt! Academic Press, New Yord, 1958.)

Flx 1 Moxlel of pilosebaceous unit. Paloscbaceous init
9 hair roots attaclied to a commeon follicular nech. Each hair root
tas its own sebaceous gland (white). Upper hair root is in telogen
(rexting) phane of the growth cycle lower hair root fs in anagen
(xrowing) phase of the growth oycle,

Fig .. Thotomirograph of transverse section through upper
follicular necl. Strat m comneum lomely surrounds hair hafts in
heniric ringy. X 10

Flg 3 Phot microgra h of sectwon through duct of upper scba
ceous glard shown on model Small amount of keratinous materfal
ks present in duct. Three hawr in follicular lumen s nce piloseba-
€ty unit here povesses only two hair roats, one ha r must represent
atelogen ha r rema ng from an earlier growth cycle. %75

Tg 1 Selmceous gland duct, of lower 1ebaccoun gland shown
o0 madel, seen on Hght side of photomicrograph. Roat of telogen
harr in center of photograph. X 78

Frr 5 Halr root in amagen phase of the growth o le, X125
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duct of the scbaceous glands empties directly into the lumen
of the follicular neck thus a single lumen provides passageway
for both the hairs and the products of the scbaceous gland.
Normally a small amount of keraturous material Is present m
the lumen of the duct (Figs. 3 4)

FILOSEBACFOUS UNITS OF THE MALE BEARD REGION

Most of the piloscbaceous units of the skin of the male beard
posscxses a single bair root in distinction to the twin hair roots
of pilosebaceous units of the upper back The lumen of the
follicular neck of the beard 15 divided 1nto two discrete channcls
that are 1solated from one another by 2 wall of keratinous ma
tertal The hair panes through one dhannel while the other
channel serves as a condunt for connection between the duct of
the sebaceous gland and the surface of the skin

Changes 1 Pilosebaceous Units In Acne

EARLY CHANGES OF AGNE (PLATE 11)

The finst recognizable change of acne 1n a piloscbaceous unit
15 hyperkeratimzauon of the duct of the sebaccous gland. In
the skin of the upper back this change becomes manifest in the
pilosebaccous unit at a ume when 1ts hair roots are in the
telogen (resting) phase of the growth cycle The keratinous ma
terial prodiked by the sebaceous duct appears in the folhcular
nech as a penpilar sheath  An nfiltrate of leukocytes within
the conum surrounds the prloscbaceous unit at this ume and
11 maximally dense ar the level of the sebaceous duct Leulo
eytes ivade the follicular lumen at the level of the sebaceons
duct accumulatung firse as intralomina) mycroalscewses (Fig 9
and later fill the entire lumen of the follicular neck The accu
mulated mass of leuhocytes (puy) appears to compress the
Letatinous materral within the follicular nech o an impacted
plug that occludes the Hllicular lumen at ity epidermal ortfice
The follicular neck becomes ekmgated and distended antil 1t
ruptures cithier onto the shin surface abme or thrugh the sides

of the follicular neck
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The primary ongin of the lewon of acne within the duct of
the sebaceous gland 11 peihaps more clearly demonstrated in
pilosebaceous units of the male beard skin In these units where
the lumen of the follicular neck 15 divided into two scparaic
chanpels the changes that follow the mitial hyperkeratinization
of the sebaceous duct ate confined solely to the schaceous ex
artory channel within the follicular neck, whereas no discernn
ble dranges cocur within the channel through which the hair
pases (Fige. 10-12)

LATCR CHANGES OF ACNE

A svere inflammatory reaction around the follicular neck 1s
amocated with rupture of the walls of the folhicular neck by
the pus contaned 1n 1ts lumen The entire follicular neck may
thus be destroyed In this event the lower portion of the pilo-
scbaceons unit is isolated within the corium  having no connec
ton with the epidermal surface. Later 1t may be obliterated by
2 grnulomatous type reaction. Such obhiterated units can be
Hentified by the presence of nests of foreign body giant cells,
bt shafu, epithelial tisue remnangs, keratnous debns and
amorphous matenal.

The remaining upper follicular neck of the disrupted pilo-
sebaccow nmt persuts as a blind sac. Since neither sebum nor
hair pags through 1s lumen the keraunous material produced
by 1 walls accumulates and forms a comedo Such comedones
are thus sequelae of a destructive lesion of acme and are quite
dfferent 1o nature from the keratinons mas occluding the
follcular neck 1n the carly lesion

Evaluation of Changes in Piloschaceons Unlts 1n Acne

3IZE OF SEBACEOUS GLANDS
Although the mprension may be gamned from histological
prepanations that schaceous glands in acne tend to be larger
than thase of normal skin the actual sue of the glands has not
been measured. Plloscbaceous umus of normal skin have both
Large and small sebaceous glands. Furthermore the presence
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quent course of the latter lesion however is quite difierent
from that feund In acne Occlusion of the folllcular onfice with
keratinous material occurs, but leukocytes do not invade the
follicular lumen. The follicalar nech becomes marhedly dis
tended with sehaceous material forming a noninflammatory
cyst (Fig 14)

Occlusion of the follicular lumen occurs 1 a number of
other diseases without subsequent development of acne of
acneiform Jesions. Such 13 the caye for example 1n both 1chthy
osis and psonans 1n which the follicular lumen may be com
pletely occluded with densely packed keratinous material (Fig
15).

Discugsion

Nelther heratinization of the duct of the sebaceous gland nor
occlusion of the entire lumen of the follscular neck are changes
speafic for the lesion of acne. The specific feature of the lenon
would seem to be the concommnt jnvaston of the follicular
lumen by leukocytes and the subsequent counses of the lesion
tesulting therefrom.

‘The early migration of leukocytes into the follicular lumen
at the level of the sebaceous duct in acne suggests the presence
of & chemotactic substance within the duct. Whether sebum of
patients with acne is qualitatively different from sebum of nor
mal indwiduals is unknown Washbum and Liese (5) found no
difference 1n the cholesterol content of sebaccous material from
the forcarm in the two groups. The fodine number of the
scbaceous matenal was shghtly increased in the patients with
acne but the authons questioned the significance of this increase

Pratr 111 T lowhacess units in lestons other than acne.

Fig 13 Early lesion of teatocystoma multiplex showing Lera
tinuation of sebaceous gland duct. From the anterfor chest of a
yearokd Negro mun. x50

Flg. 11 Cyn of ueatory toma muhtiplex, resulting from occd
o of the [ollicular neck. Lasion b noninfammal x40

g 15 From keion of prorimis. Follicular neck occluded with
deme mans of Leratmous material, x50,
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Summary

The first recognuable change 1o pilosebaceous units involved
with a Jenon of acne conyuts of hyperkeratinuauon of the duct
of the sebaceous gland. Leukocytes invade the follicular lumen
at the level of the sebaccous duct and later 1l the entire lumen
of the follicular neck The accumulated mass of leukocytes ap-
pears to compresy the keratinous materia) within the follicular
neck into an impacted plug that occludes the follicular lumen
at 1ts epidermal onifice Rupture of the wall of the follicular
neck results in destruction of the mid follicular nedk isolating
the lower portion of the prlosebaceous unit from the remalning
upper follicular neck The loveer portion eventually may be
obliterated by a granulomatous type reaction while the upper
follicular neck persists 23 a blind sac that produces a comedo

Hyperkeratinization of the duct of the scbaceous gland and
occlusion of the folliular lunten with keratinous materal are
not spectfic for acne since they occur m otlier diseases. Invasion
of the sehaceous gland duct and follular fumen by lenkocytes
hnstologically differenuates the carly lesion of acne [rom other
lesions imvolving the pilosebaceous unit
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Discussion

Dx R 1nias Iwill be nteresting to peulate on j n ble pe

cific canes [or the specal deselopment of - ne lesion - fter Dr\on
Scott has homn so lramat cally that there 1 ph gging o follkdes n

other corklition where no a ne will develng
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Dx, Sutzsirces. Of course I think the very careful recomiructions
that Dr Van Scott has made and that were shown so beaunft lly
bring in certain new ponts. 1 think the prinapal now point, which
was the newest (o me, was that this keratinuzztion docs ot come
[rom the surface downwards, but atarts further down at the oriiice
of the sebaceous duct and then morves upward in the follick. I don t
Lnow how much difierence that makes in principle regarding the
genais ol acne becawse the old concept and Dr Van Scott s concep t
agree that the thung that occuns then regardless of the exact point
of origin of this Leratn, is an obstruction of the onfice. I cannot
quite agree with Dr Van Scott that there It a direct relatiombnp
between the size of the sebaceous ghinds and the amount of scbum
excreted, because there b good work that seems to point to the oppo-
site. There ks a direct correlation between the sire of the sebaceous
gland elements and the amoamt of sicbum they produce and deb e 10
the srrface. I am referring partlcularly to the work of Miescher and
his 1 would I'ke to hear Dr 1an Scott s comments on thae

One thing that 1 mised in hn prasentation i that the quality of
the sebum and the chemical properties of s}l material that is in the
occluded pilaebaceous apparatus may have sormething to do with
the leukotaxis and the production of the aene lenon Tt Is quite pos-
sbk that, under the hormonal whmull the conditfoms of adoles
cence and the state of the plloseh PR in reay to
new hormonal simull, the compaosition of sebum may be different

hemically from the sebum In steatocystoma multiplex which he
showed here and which didnt produce the inflammation which
sccorupanies the aene ledon. 1 thinl the bet hypothesu woald be
that In Heatocysoma multiplex something {rom the pilosebaceouws
appamtus gets Into the corum which is different from that which
comes out {n acne. And in the latter case, the material that comes
out is inflammaden-provelang Included in that, of course, are bac
teria which may be !rnppcd"?n part of the occluded follicle, other
microorgankims, products of these living agents, and wlso materials
that are being exereted with the scbum 5-:1 may come from Internal
sources such as ingested fook

lam g fte ure that in the case of bromide and iodide eruption
the bevt hypothews {3 that these materfals e actually excreted with
the scbum nto the pllosebaceous ortfice and if that is plugged more
of the irrital ng material gets into the cutis. Probably n the case of
wme fods that hypothah might also apply for instance in those
cases in whikh a &3 re definitely made worne  nd new showens of
leslons Te Lrought on by the ingesdon [ such things a3 chocolate

nd shell fi h. Also there b the possibility that ucts of dutant
foct of infection may somehow get into these follicles ia the blood
stream and be excreted into the openings or around the plogged
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follicles. So all those condiions might acrount for the final diffe
ence between the nominflammatory occlusion as 18 seen in Qysts of
steatocystomna multiplex and the [nal mflammatory levlon of acne
vulgans. In that connection I think I shoukd po nt out that as all of
you know there are many lesfons 1n acne vulgans that are nonin
fammatory too There are many comedones that show pracually
no at least no gross, cliucl inflammaton around them and many
small gystic lesions, milia-like lesions, and even fairly Large cyuts that
from all clirucal polnts of view hase practally no inflammation and
resemble those 1n that respect, at least clintally growly macro-
scopically the lesions of steatocystorna multiplex.

D2\ an Scotr 1 feel that those bestons which do not have inam
matory reactions could very well be the result of pretious Iesions of
acne. In thn late leston the comedo b the accumulated heratinous
material in the follicular neck that remains {solated aflter the
destruction of the lower portion of the pilosebaceon unit.

I do agree with you in regard 1o possible qualitat ve dilferences in
sebum that might explain the occurrence of different levrons. The
reason | waid that sebaceous gland sze may not necosardly correlate
with function Is to explamn posubly those lenions of acne which
occur 1n piloscbaceous umts with small sehaceous gl nde. These
leslons may be related to how much sebum js secreted by the glad
rather than the sire of the gland. Certainly acne does occur in the
areas on the skin where the sebaceows glands are largest and where
the sebaceous output fs greatest,

Dx. Romiruan [ tlunk as Dr Sul berger pointed out that it s an
untenable view that the amount of scbum produced docy not de
pend directly on sebaccous glamd volume I think this has been
prored many times with strict q anuzauon amd [ dont sce amy
evidence to the contrary If you agree amd [ think you brought 1t
out very beautifully that there might be in the sebum some product
which is responuble for leukotaxn and nflammatory reactiom and
you agree that the concentratron of 4 is product may be independent
of glandular volume you may of course get acne leon in piicweba
ceou units which ha ¢ small sebuceous glands. That b noth ng to
with the well-stabl shed fact that the gre ter the glamd ol e the
greater 1 the sebum prod ction [ think thaty eny welljrned n
many respect and parts tlarly tlrough the worl of M eschwer
Woukdn t you agree withi chuat

Dx. \as Scott Yo | just wonder about the exception  Lhe o
relation does exist gener Il that the sire of a seba eow gland o7
responds to the am xunt of sebum excreterdd 111 1 true of whole
populations of gland  Now whether thi almay t true when nde
vidual units arc compared to onc another 1 do not know whether
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there are large sebaccous glands which secrete little scbum and
small sebaceous glands which secrete large amounts.

Dw. Rotiivan It is hard to fathom how sebum can be pro-
duced in large amouats, if there 15 o mitotie activity in the basmal
Layer of the sebaceous gland. This activity wiil be the only dediuve
factor on how many cells are belng formed and indeectly how many
cells will be destroyed 1 do not think there are cxceptions to that.
There might be 1 large shacrom gland which does ot function,
which does not fall npart.'l'}uxhn-u:[ur'd)acromnlcnmnxmd
if that {s what you are wslking about, we agree.

Dr., VAN ScoTT Yes, the sire of the scbaceon gland could cither
reflect degree ol activity or it may simply be lange becausc it remaing
its product.

Dr. Susaxo I would like to polnt out that there is available a
faltly good tool Uy which we can foflow the evolution of an acne
type of procew, which from the point of view of the morphology af
the lesl ns and the clinxal evolution of the lesions u very similar to
that of acne vulgaris. 1 refer to the acne which one can induce by the
applikation of chlorinated naphthal and ck 1 diphenyl
on the slin. One an trace the evolution from the earliest posible
changes that ane can see to full blown lesions all of which are also
scen in aone vulgans. There be cernain metabolic dimimilarities
which I am not prepared to discuse. But I think one can note In
induced acne that Eist thing that scems to occur is a hyper
Leratinlation aither at the sehaceowrs duct orifice or a1 In the cse
of occupational aowe or indured acee, at the infund bulum, that fy,
the ng of the follicke. An obvion ocxlmion of aither the duct
or follicke follows this early Leratinimtion. Subsequent to this we
see (this may be where acne vulgans difiers from induced acne) 1n
flammatory changes carly or may see inflammatery changes after
large qystic lesions are developed. But onc very interesting similarity
iy that onder thh wimulauon the sebaccous glands seem to breal
dowrt What really happer i that most undiBerenthated sehaceous
gland cells at the bottom of the adini do pot form the bpld-hearing
cells, They form undifferentiated epidermal cells which are indis-
unguhhable from ordinary follkular cells. So lnstead of having
wchaceous g} ndv. we ha e a thkk follicular epithdlum which actu
alhy replaces the sehacenwn glamls This I3 not true atrophy Thh b

mply replacement by umdifferentlated celh. This occurs also in
ene  lg ns. One can demonurate within the follkle the formation
of small miropusules which apparenty are not d ¢ to bacterin
Ther e duc to the chemical material which has been applicd. In
the case of ndwced amne or in the case of scne vulgar s, a chemica!
amulation occurs boc 1y amd st must be a metabolle produa which
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[ think one can speculate is similar to that of the chlorinated naph
thalenes and chlorated diphenyls. This 13 something which one
should bear 1n mind when onc thinks of the ponible local chemucal
stmulation which gives rise to the smilar changes In acne yulgards
and 1n induced acne. They are very similar—almost wlentical

Dx RorivaN I do not belimve that Dr Lornez will speculate on
that {n lus presentation 1 call on him to see what he has to xay about
thu material which 1s leukotactic and mflaniniatory

Dr. Lowinaz This is pure speculation: One might posiibly chink
of a brealkdown product of a sterol or some steroid hormone. If one
stips two of the rings, four and five, from the phenanthracene nu
cleus of steroids, one obtaim naphthalenic compounds with sulsti
tuted groups that in a rough way resemble the chlonnated naph-
thalenes and other acnegenic agents. It seems fairly | lausible that
bactena the normal flora that reslde 1n the {ollicle, may do this meta
bolic tnek and so give nse to acnegent. Observadons that might cor
relate with thus view are the well known examples of sterond aone
Administration of corticosterolds will produce acne which may la L
the sebaceous gland component but the other basic part of the
lesion the abnormal follicular keratimization 1 present. There ha
alo been some falrly recent Rus ian worl which ¢l ims to show
that the amount of androgenic terokd a <bum n acre { actually
inaensed
Dx. Pinnus  In seeing thee people who work in the Halowax
(chlorinated naphthalene) manufacture it iy surprising that even
with severe degrees of acne on the face and neck and powibly even
the shoulders T do not think I have ever seen one who had the same
lessons on the scal] One of our ambitious instructony at Vayne
Unt enity thougl llhc would use some of thy chlorinated compound
H lowax 1n mi rosporum audouint infectiom of the wal} to see of
he coukd obhterate the har folli be temporarily So he apphed 1t
very aarefully to lesions om the walp and several children deseloped
severe chilor-acne of the [z e hut absolutely no reaction of the s« )i
This would kit in w th Dr Van Sotts st tement that there 1 son
thing diferent about these folliddes on the s Ip

Dx Stsuinp I want to point out th t there are 1 nal vanation
n these jrol lems th tone ha to cons der Ina senes of M ae |
occupation tacneal  y ngseer ty which [ foll med in one mdu
trial plant there were at least & half dosen severe ¢ s fn which
nearl even folli 1 lar or e wa affected, inchxling the % I One
has t a  me that there re d Berences perhaps 0o dn | doeal 1o
spon enes 1 perh po liflerences n the degree of chemk st mu
lation  d [the suse] ul il ty ordegree fex) rire  pgreat enough.
sctic katom ma even be fvund an the walp
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1n mammals including man the skin surface 1 covered by a
film composed of an cmulsion of fatty and agueous materials
which also permeates the stratum dujunctum of the horny
layer Thu film has mgmificant protective and other biological
functions. It helps muntain the normal hydraten and plability
of the homy layer delays or regulates the absorpilon of many
foreign subsances, and contributes to protection againat ex
ogenows nfections and infestations. It partly carmes the pre
cunor of vitammn D and contains odorotn substances mvolved
in amumals in the recognition of therr own and foreign species and
{n gexual atraction, Other yet unrecogtured functions in all
probatility remain 1o be uncovered.

‘The lipid components of this surface film derive manly from
sebum, the excretory product of sebaceous glands. Other Tipids
released from keratinizing epidermal cells and 1n certain areas
from apocrine sweat secretion also coninbute to the surface
hpid lm

Phylogenetically the first truc ancestors of mammalian scha
ceous glands occur in reptiles (1) In these reptilian glands the
fnide of cach cell undergoes fatty decomposition wlile the
periphery heratinzes (%) Thus liskage of faty decomposnition

Bawed 1) on rmaterlal amembl prepared
whh R. Bhs:':u:;hm for Phystologe :dR’:‘n- :nr::fl\:d. 1;((_1&’1‘[(';‘!\
bolw Procewes of the Siin.
1°7
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I think one can apeculate 1 similar to that of the chlonnated naph
thalenes and chlorinated diphenyls. Thus Js something which one
should bear in mind when one thinks of the possible local chemieal
stimulation which gives rise to the mmlar changes In acne vulgards
and 1n induced acne. They are very similar—almost rdentlcal

Dx. Roninaan: 1 do pot belimve that Dr Loriner will speculate on
that in hus presentation I all on him to see what he has to say about
this material which 1s lenkotactic and inflammatory

D Lowvcz Thus 13 pure speculation One might powlbly thinl
of n brealdown product of a sterol or some steroid hormane. If one
stnps two of the rings, four and fise from the phenanthracene nu-
cleus of sterolds, one obtaim naphthalenic compounds with sulstr-
tuted groups that in a rough way resemble tie chlorinated nlrh-
thalenes and other acnegenic agents. It scemy fairly plausible that
bacteria the normal flora that reside 1n the follicle, may do this meta
bolic arick nad so give rise to acegem. Obserations (xu( might coc
relate with this view are the well-known examy la of sterou! acne
Administranon of corticosteroids will produce acne which may lack
the sehaceous gl nd component but the other basuc part of the
lesion the abnormal follicular Keratiniration 13 present. There has
also been some fa rly recent Russtan work whi h ¢l s to show
that the amount of ndrogen  steroid insebu 0 acne s actually
increased.

Dx. Prxkus In seeing these people who work in the Halowax
(chlorinated nay hthalene) manufacture, 1t {s surprising that cven
with severe degrees of arne on the face amld neck and powibly even
the shoulders I do not think I have ever seen one wha had the same
lesions on the walp One of our ambitiows instructors at Wayne
Uni ensity thought lic would use some of this hlor nated compound
Halowax 1o microsporum audouini infect oms of the saalp ta see i
he coult obliterate the | 11 follicle temporanly So e applied &
very arefully to lesions on the scalp and seseral clildren developed
severe chloracne of the { ce but alsolutely no reaction of tee sl
This would it in w th Dr \an Scotts statement tlat there 13 some
thing different abod t these follicdes on the saalp

Dx. Stsainp 1 want to point out that there are hinkal v patom
m these { roblem  that one has to con ider In a series of 23 cases of
oc upational ane of  nying seventy which 1 foll med in one imluy
tral | lant there were at least a | Il doren sexere casey in which
nearh evens £l ular onfi ¢ was affected including the scalp, Onc
has t aw e that tter arc differences perhaps in fndividual e
spon 1 enes 1 peth ps lillerences in the degrec of chemwal tima
latton  nd [ the suscep Ul ity or degree of ex| noure fsgr 4t enough,
acne lesions may even be fourd in the salp
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glycendes of palmutic, stearic and oleic acids with only small
amounts of other lipidy, whereas the surface fats in man con
tain about 30 per cent of unsaponifisble material and the fatty
2¢lds are present to the extent of about 60 to 65 per cent. These
fatty aads occur In much nicher variety and are esterified not
only with glycerol but also with sterols and wax aleohols. Also
m contrast to depot fat which has essenually the same compo-
nron n all mammallan species, many striking speaies daffer
ences exist 1n the surface lipids of varous mammals

During the past decade wntemlve work has been done espe-
caily in man in elucidating the chemical consutuents of sebam
hair fat, or the surface hpid film. These studies opened new
chaptens 1n lipld biochemustry abolished the concept that only
fatty acddds with even numbers of carbon atoms occur m natural
lipids, and stimulated work that uncovered the intermediary
metabolsm of cholesterol synthess. The names of Rothman
Watkamp Nicolaides, and their co-workent and of MacKenna,
Wheatley and associates have been expecially prominent in this
analytcal work. Reviews on the chemistry and biochemistry of
surface lipids or sebum have been compiled recently by Roth
man (5) and by Wheatley (6-8)

Faity aaads on the skin surface occur in the free state as well
= etenified with glyoerol wax aleohols, and sterols. Mono-
glycerdes and diglycerides as well as triglycendes oecur (9)
The relative percentage of free fatty acids s varlable This
varability 15 no doubt caused by progresive lipolyss which
occury on the skin surface or during storage of harr fat (10)
largely a3 a result of hipolytic enryme activity Microorganisms
on the skin surface posscss such hipolytic activity and there 1s
£ood histochemical evidence for the presence of hipases in seba
ceons gland dacts (11-13) Nicolaldes and asociates further
more have shomn lipolyis of radiocarbon-labeled tnpalmitin
to occur when applied to the skin surface. \ery recent studies
suggest that possibly all thie fatty acids 1n freshly formed sebum
may be in cterified form (k)]

The firt detatled study of the fatty acids in human hair fat
¥t carried out by Weltkamp Smiljanic and Rothman by
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and Leratinization 15 also seen 1 mammals 1 the formation of
vernix caseosa and smegma from surface epithelium and further
n the lipid rich contents of keratin epta. It is ponible to spec
ulate that all epidermal cells have the potentiality not only of
keratinizing but also of undergoing fatty decompoution Surface
epidermal cells normally differendiate to form primanly Leratin
whereas sebaceous cells differentiate to form sebum Under
some circumstances  lowever such as the partal occluslon
of the sebaceous gland duct the germinative epithelium of
sebaceous glands can give nse to eprdermal cells which wall
keratinize and vice versa, under some arcumstances of irmitation
schaceous transformation can occur 1a cells normally destined
to produce keratin (3)

Morphologically sebaceous glands are generally appeirdages of
the outer root sheath of hair follicles and open to the skin surface
via the pilosebaceous canal They usually have a muldtiple acinar
structure and produce sebum by a holocrine mechanum. The
outermost layer of cells 15 the germinauve epithchum of the
gland. Mitouc activity in thus layer as well 25 in the eprthelium
of the sebaceous ducts grnves e to the continuous stream A
sebaceous cells that move from the periphery to the center
of the gland. As the cells move in this stream they grow pro-
gremsncly larger as the result of intracytoplasmic accumulation
of numerous droplets of fat which remain separated by a proto-
plasmic meshworlk in contrast to the single large fat droplet scen
in body depot fat cclls. Finally 1n the center of the gland the
sebaceous cells become 30 distended with fat that therr cell
walls disintegrate hberating the enclosed hipid. Other cell con
stituents which lave undergune dsintegration n the process
arc also released. Hustologic obsenvations indicate that most of
the lipid which accumulates in sebaceous cells does not anse
by reorgantatuon of cytoplasmic comstituents of the cell but
rather by accumulation of precursor materals from the outsde
This lipid apparently accumulates imtaally i the Golgr ek
ments (4)

Chemically there are vast differences betneen shin susface
lipids and body depot [t [he latter consists nainly of trt
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glycetider of palmtic, steannc, and oleic acids with anly small
amounts of other liplds, whereas the surface fats i man con
tain about 30 per cent of unsaponifiable material and the fatty
aclds are present to the extent of about 60 to 65 per cent, These
fatty saads occur i much nicher variery and are exterified not
only with glycerol but also with sterols and wax alcobols. Alo
m contrast to depot fat which has esentially the rame compo-
sition 1 a1l mammahan specics, many stribing species differ
ences exdat in the sutface hipids of vanous maromats.

Durlng the pat decade intensive work has been done espe-
clally in man in eluadating the chemical constituents of sebum,
halr fat or the surface Hpid film These studies opened new
chapters 1n lipld biochemistry abolished the concept that only
fatty acdds with even numbers of carbon atoms ocrur m natural
lipids, and sumulated work that uncovered the intermediary
metabolism of cholesterol symthesis The names of Rothman
Wadamp Nicolaides, and their co-workers and of MacKenna
Wheatley and assocates have been especially prominent in this
amalytlaal work. Reviews on the chemistry and biochemustry of
surface lipids or schum have been compiled recently by Roth-
man (5) and by Wheatley (6-8)

Fatty acids on the skin surface occur in the free state as well
o atenfied with glycerol wax aloohols, and sterols. Mona-
glycerides and diglycenides as well as triglyeerides ocenr (9)
The telative percentage of free fatty acids i variable. This
varability k no doubt caused by progresive lipolysls which
occurs on the stin surface or during storage of hair fat (10)
largely as a result of lipolytic enzyme activlty Microorganisms
on the slin wrface posvess such lipalytlc activity and there is
Kood htitochemical evidence for the presence of lipases in seba
ccois pland ducts (11-13) Nicolardes and awociates, further
moee, have shown hipolyss of rachiocarbon labeled tripalmiun
ta occur when applied to the slan surface. \ ety recent studies
suggest that possibly all the fawy adids in freshly formed sebum
may be in esterified form (13)

The firnt detailed study of the fatty acids in human hair fat
wa arried out by Weithamp Smiljanic and Rethman by
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amplified disullation of their methyl esters (14) A homologows
teries of normal strught-chain aads was found with all members

from Gr to G (except C; and Cu) being present (Table I).

TABLE I Appro Imate composltio of the methyl esters of free Latty

acrds in human halr fat (14)
Carbon  torms Per cent present Per cent unwturated
7 007 0
8 [IRE] o
9 020 0
10 013 0
n Q15 T acc
1 35 1~ 1)
13 14 3(— 1D
1 as 15— H)
15 60 25 (- 211)
16 360 50(— H)
17 60 67(— H)
18 230 80 (— AH)
20 8.5 A3 (—25H)
2 20 -
Bottoms 10 -

Fatty acds with even numbers of carbon atoms were present
1n much larger amounts than those with odd numbers of such
atoms. Unnaturated acids were also found whndh differed from
those present i commonly occurring fais. In the unsaturaied
compotndds mrast of the dcuble bonds were between the minth
and tenth aarbon atoms from the carbon which iy farthest frm
the carboxy Ik end On spliang at such double bonds one frag
ment of 9 carbon atotns ts always present Recently James amd
Wheatley (15) have confirmed all these findings by analysing sur
face lipid from the human forearm by means [ gas-liquid dhiro
matography Inadditicn these workens [und very small amounts
of single-hranched and multiple branched acuds through mit the
series which could not have been detected by the previus
amplified distillati ;v tethnyque  [hie free faty ands W the
shan surface have important anubionc properties. The I mg
chain unsaturated 2aids particularly suppress some kil of
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eral h {16 17 whereas the shorterchain saturated
mpounri'sm:: nr(nl[ungnL Rothman and asociates (18) have
presented good evulence that the spontaneous cure of eprdemic
nngworis of the xalp at puberty 1 velated ta the {ncreased
sebaccous gland actrvuy at that time The extent of sprading
of a film of surface lipid as 2 monomolecular layer on water
(19,20) appeans to be determined almost enturely by the amount
of [ree fatty acids that are preasent. Such spreading on water sur
faces, therelore, as pomnted out recendly by Herrmann and sso-

S
oA B

Ix. I Suuctual formulas of wqualene lanostero! lathasterol,
ami cholesterol

crates (°1) cannot be used a3 a measure of the amoumt of surface
hipid ot sehum being produced.

Squalence 15 the principal hydrocarbon present in human
sutface fipid and 1t accounus for about six to eleven per cent of
the total surface fat. [t s an aliphatic acychic hydrocarbon with
the empirical formula Ceal{s and 13 composed of slx 1soprene
unuts (Fig. 1) It has been shown by Langdon and Bloch (%)
0 be an important 1ntermediate n the biosynthetis of choles-
terol Nicolaldes and Rothman ( 3) found that the squalenc
content of har far i the adult Iy thrre 1o four umer higher
than 1n ctildren whereas the reverse 1 true for cholesterol con
tent. It was further found by thete worlen and othen (74.25)
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that human skin incubated 1n vitro can incorporate Cyr-labeled
acetate 1nto fatty acds, sterols, and squalenc and that the main
site of sterol synthesis s the Leraunving epiderms while the
main site of squalene synthesly 15 the sebaceous gland,

Attempts to sasign special roles to squalene other than that of
sterol precursor in the metabolism of human skan have o far
been unsuccessful (26) as have been hiypotheses attempting to
relate squalene to human hair growth or balding (27-%9)

The cholesterol content of human surface lipid in normal
scbaceous gland beaning arex 15 about 3 to 4 per cent (8 10)
More than six times higher values are obtained 1n liprds from
surfaces lacking scbaceous glands such as the soles (30,31) and
very much higher values also occur under conditioms where
scaling 13 present as the resnlt of accelerated keratinization (39)
Furthermore, within limuts the longer one leaves surface fats
on the skin the lugher 15 their cholesterol content. Marchionim
and Ottenstetn (33) found that the maximum chofesterol leve!
on the skin surface 15 reached only 4 to 5 days after a bath
Simular findings were reported by Carmié (34) All these points
clearly support the conclusion that the major part of the cho-
lesterol and 1ts esters in shin surface lipids denves from Leraun
1ang cells and that the cholesterol content of true sebum 13 very
low It would appear as though cholesterol synthesis by scha
ceous cells 13 blocked at the intermediate squalene stage It o
of interest homever that under pathological laading of the
system with cholesterol the relative and absolute amounts of
this matenal n slin surface faws increases (35) It appears as
though scbaceous glands 1n the presence of an excese supply
of cholesterol can pannely take up and excrete it

Other sterols have also been found in human surface hipids.
These include dihydrocholesterol and miowt probably /-hydroxy
cholesterol (36,50 Minute amounts of 17 ketosteroid estrogen
and 3hydroxysterord have also been reported (37) and evidence
for traces of lanosticrol has been claimed (38) Traces of other
untdentified steronds are also likely present (5)

As concerns sraight and branched-<ham paraffue hvdro-
arbons which were found in vanng small amounts 1n carly
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studies on surface hpids n man (10,36) {t appeant that they
almost certainly represent contaminants (9) Hougen recently
claims to have found polycyciic hydrocarbons 1n the bair fat of
Bantu natrves (39) but agan the possibility of such being con-
faminants cannot be ngidly excluded.

The wax alcohols account for about & per ceat of the total
human skin surface fat. They are all primary alcohols and
chiefly sraight<hain compounds formmg a homologous scnies
ranging {rom Gy, to Cae (1040) Compounds with odd as well
a8 &ven numbers of carbon ators are present, and only about
onelourth of the compounds are unsaturated. Hougen (40) has
alo found branchedchain alcohols wath terminal isapropyt
groups of chain fengths Cis, Cn and Cn- It is of interest that
frec wax aleohols do not occur on the skin surface (9) They are
all estenbed. It appears that only giycerides are split when sur
face fat s stored and that fatty acids are not liberated elther
from waxes o1 from cholesterol esten.

On the basus of biologual effecuvenem, ultraviolet irradiated
human surface lipld bm been known to contamn viamin D
Only recently has spectroscopic demonstration of provitamin D
10 such lipyd been made (38) With the exception of traces of
viamuin E, the other fatsoluble vitamins, A and K, have not
been chemically detected 1 human sebum (5,8) Abont 7 to
8 per cent of human hair fat consusss of umdentfied substances
{9)- TFraces af phespholipid and some phenolic reducing sul-
#ances account for part of this matenal

Detasled analytic information on the compasition of lanolin
ot wool fat, which has been used commercaally for decades. has
also become available only dunng the pait 10 years (8) which
B an indication of 1ts complexaty Unbike human sebum 1t lacks
triglycenides and has only a trace of hydrocarbons. Instead of
squalenc 1t containg 12.5 per cent of Bsocholesterol whuh is
2 mixture of the four terpene aleohols or trimethylated sterols
Linosterol dihydrolanosterol sgnosero! and dihydroagnosterol
Free fatey acids account for only about 10 per eent of the ma
teral Abowt {our times this amount of fatty acid is present in
asterified form with aliphatic alcohols, sterols, mierpene alco
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hols, and alkanediols (41) The fatty acids of wool fat were
examined m detail by Weitkamp (42) and fell into four series
(Table IT) (a) normal Ci to Cx 201ds with even numbers of
carbon atoms (b) alpha hydroxy aclds Cqy and Gie. Cy3 and C,
and §s0-C;; have more recently also been added to this series
(c) 1o acids Gy to Cx cven numbered only and (d) anteiso
acids Gy to C;  odd numbxred only Some unidentified unsatu-
rated acids were also found The ahphatic alcohiols i woo!
fat (43) account for about 10 per cent of the materal and

TABLE II  F tty acid [wlated from wool [ ¢ (1)

oG
by ol ol
aen mmbery
Homokyow «riey (omeral formals or k. of sbey
{ Normallatty | GH {CIL).COOTL 1ol am €
t 2lirdmayaods QT —CH o ~CI-COOI €7 o (O a
on
3 Im sk wh I —CHACIL),-COON el em € ot
wcth L ede chaln ]
peputioms u,
o fom
4 Amclosad  CHE-CH -CHHUL)-LO0IL 2613 ol Car
B metin | sade 1
hsem b emie ot
peakiste po
o

belong to three series (1) normal e, (e Coy € and (o
(2) 150-Cy, (  Cp, and Cs and (3) ante1soCy, ( (e, Oy
C; and Coe The alkane 1.2-diols (41} with terminal 1sopropyl
groups have chan lengths of . Cam G and G5 In addiion
small amounts of cholesta 3.5dien 7« ne appear t be present
Cholesterol accounts for another 10 per cent of v x | fat and
dihydrocholestercl for ®  per cent It 15 clear from thewe daa
that lanohn differs rather radwally from human shin surface
fat Wheatley and James (8) have exanuned the shn surfxe
fats of common laborat iy animals such as the guinea pig
mouse rabbit and rat ([alle I In spite of the fxt that all
are rodents very stuking diffcren & in their surface hpnd com
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positions were found Even gas chromatograms of only the fatty
acld components of these surface fats revealed highly charac
terline features for cach species (Fig 2) It would appear that
study of surface hpds 1n animals might well prove frutful in
anblishing mwological relatonslupe. A curious pomnt 1n corm
mon to all the rodent surface lipids is the presence of lathosterol
instead of squalenc or wocholesterol (Fig 1) It 15 of interest
that horse sebum contains squalene, whereas the scha of rumi-
nants icluding sheep goat llama and dromedary contain fso-
cholesterol. The scbum obtained from the unique preen glands
of birds containg only a very small amount of sterols (45 46)

It has been postulated that the biogenesis of the vanous series
of fatty acids and wax alcohols in surface fat involves the normal
proces of acetate addition but that this proces may commence
upon the carbon skeletons of decarboxylated and deaminated
amino acids so that products with odd numbers of carbon atoms
could result (58) The 150 and antewso series of branched-chain
compounds could readily be bullt by this mechanism upon the
skeletons of valine and isoleucine respectively There are of
counse still very many unsolved problems in the biogenens of
the vanous components of surface lipids.

Phyuologn:lly the amount of sebum delivered to the skin
surfzce depends prnimarnly on three factors. (a) the number of
sebaceous gland cells per unit area, (b) surface slin tempera
ture and (¢) the emuinfying acuon of sweating The fint of
these factors 15 clearly the most important, and twenty years ago
Emanuel (4748) contended that sebum 13 excreted alonc
through the force derived from the proliferation of the scha
ceous celly Micscher and Schonberg (49) brilliandy showed
this conception to be true. They measured sebum secretion rates
in normal individuals and m those with varying degrees of
seborrliea. Then 1n skin biomy speamens, they measured seba
ceous glandular surface areas relative to total skin area and
found a constant ratio between sebum production and glandular
rface area in all caser

Increauing shin surface temperature and sweaung increase
delivery of sebum over the skin surface by lowening s viscosity
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and enhanang 1ts spread over the surface from reservoirs in
the sebaceous gland ducts, the follicular canals, and the inter
stices of the stratum disjunctum of the horny layer (50.51)
Scbaceous secretion @n be viewed primanly as a more or less
conuinuous process manifesting the differentiation of cells in
the sebaccous glands. This process has not been sliown to be
under any direct nervous control (5) It 15 of interest that when
scbaceous matenal 1s removed from the skin surface fat reac
cumulation begins at a rapid rate but then tlns rate appears to
decline (47 48,5%-54) Probably the best explanation for this
phenomenon lies i the work of Herrmann Prose and Sulr
berger (51) who aalled attenuion to the role of schum reservoirs
tn regulating the amount of scbum on the skin surface when
measured by the usual wiping procedures. Others (55.56) have
felt that partizal plugging of sebaccous ducts with very viscous
scbum may actually hinder sebaceous cellular prolhiferation
Thu latter view has recently been under strong cnticism (54)
but the question 13 not settled An estimate for 2 muimimum rate
of sebum secretion n iuman skin has been placed at 0 1 micro-
gram per square cenumeter per minute (*0) or about 17 mg
per hour over the whole body surface The actual excretion 13
probably much 1n excess of this minimum estimate

Factors that regulate sebaceous gland size and development
are clearly the detenminants of the amounts of sebum excreted
Under ordinary circumstances these prime regulators of seba
cevus gland sire and actnaty are endocrine factors. A fact of
outstanding 1importance 13 the stnhing pubertal enlargement of
these glands m both sexes tn man as well av 1 animals. That
male sex hormone plays an mmportant t le m s pubertal
desclopment has been firmly established for a long nme Along
chnical lines Hamilton ( 8) noted failure f sehaccous gland
enlargement 1n male prepubertal castrate o eunikhoid inds
wduals and Rony and Zalon (o9 olsened stnling enlarge
ment of sebacenus glands tin prepubertal boys given inpec am
of testosterone Numerous amimal experiments by many w 1k
ers including De( raal (60 61) Hamilton and Montagna (67)
Fbling (63) and Reis and Gelln (€1) have ¢ mfrmed these
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clinical observations, and simulanon of scbaccous glandular
growth by androgen was reported 1n the rat rabblt, and ham
ster In the rat admimistranion of estrogen 1n unphysiologicaally
huge doses was found by Eblng (8%) and by Hooker and
Pfeiffer (65) to cause a reduction m size of schaceous glands
and also by the latter worhers to counteract the growthstimu
lating effect of androgen on these structures

In {emales 1t had generally been assumed that pubertal sebor
rhea was induced by increased production of adremal androgems.
However this assumption was difficult to accept because male
attntes and ovansn-deficient females who do not alow this
phniological seborthea have normally functioning adrenal
glands. In 1958 Hailin Lasher and Rothman (66) following
up earlier controversial observations (60 65) on the effects of
progesterone were able to demonstrate clearly in castrated rats
by means of a specially devwed histometnic method that proges-
terone s well as testosterone has a stniking growth-promoting
effect on sebaceous glande. They alio found that there was
alwan 2 constant rato of sebaceous cell nuclear counts to
sebaccous gland alveolar volume indicating that hormone-
Induced sehaceaus enlargement 1 the tesult of hyperplasta, 1e
an increase In numbers of sebaceous cells, rather than nmply
hypertrophy o enlargement of single cells. Climial observa
tions in man have since then added supporting evidence lor the
sumulating effect of progesterone on schaccous glands. These
adnenvations inclide the following: (a) the assoclation with
luteomay (presumably progesteronc-ecreting wmon) of scbor
thea xnd acne (67) (1) the rough correlation between premen
“rual acne and peal levels of arculating progesterone (68)
and (¢} the aggravation of acme as well as fts induction by
adminhtntion of large doses of progesterone Zeligman and
Hubener (69) 1n 1937 demonstrated this last point particularly
well. They admintyered progeuterone to women without previ
™Mn e in doses of 40 myg daily for perlods as long as twelve
weeks and noted that acne was induced 10 a way closely similar
10 the ane which can be induced with testosterone admimistra
tion. Of coune ecne vulgans is not based solely on sehaccous



140 SEBACEOUS GLAND SECRETION

gland enlargement, but such enlargement appears to be a necer

sary prerequusite for 1ts development,
A number of years ago In collaboration with Lasher and

Rothman I undertock a study of the effect of the pituitary
adrenal axis on sebaceous glands in ovariectomuzed adult rau

k3
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tomy ACTH 1 unit daily

(70 71) The results of the first series of these experiments can
be summanzed as follows

1 Removal of the pitmary and adremal glands leads to
atrophy of sehaccous glands which cannot Ie counteractel by

progesterone.
2 Hypophysectomy alone leads to sehaceous gland atrophy

n similar manner
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3 Adrenalectomy alone leads to much less atrophy of seba
ceous ghands which can be readily overcome with progesterone
admmistration.

4. The stumulaung cffect of testosterone on the growth of
sebaceous glands 1 greatly reduced 1n hypophysectomized am
mals although not totally abolished.

Ebling (72) has confirmed that a pituitary factor 1 required
for testosterone to exert its full action on sebaceous glands.

TABLE IV  Types of standard hormores used and their domge bases

Commerclal preparation
Hermone sxnd manufacturer Dosage bavs
Prolactla Luateotrophin International unit
(E R $quibb & Sons)
ACTH Puribed ingel USP unit
(W on L. Ca)
Prtwhtria (ovytocin ploe Pleuitring Internations] unlt
other posteriar petaltary  (Parke Davis & Co.)
nctrviter)
Frtremin (rmopresson plas peemor unlt
muﬂmknhmﬂl;l (Parke Davls & Co.)
Chonenie Al intcrnational wnlt
(fnr;:’hmmnmmnq (Ayerst, McKennz
Gonadotropln (from preg- G Cartland Nelson
NAnt erare werom) (Upjohn Co.) unit (equal to
20 internatiomal
Gonad baare dl 8 — tonit
from pliuttary ind rke-Dn s & Co, e
“h*Ymem?q e !

In the next pluse of our work we 100k up a study of the
Dature of this pituiary effect and attempted 1o find out what
factor from the pitmtary gland must be present in order for
PTogaterone or testosterone to cxert their sumulatng cffects
00 schaceous glands. We firn tested various known pitustary

preparations in hypophysectomized castrated rats for
their abilicy to restore growtt responsiyenen of sebaceous glands
to progesterone stimulanon.

Neither ACTH nor growth hormone (STH) were effective
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(Fig 3) although physiologically active doses were used as mdi
cated respectively by adrenal hyperplasia and mamntenance of
good body growth

Table IV shows the various other pituitary and analogous
hormone preparations that we also tested

The results of these tests are summarnized 1 FHy 4 It can
be seen that pituirin pitrenin prolactin follicleatmulating

400—  _
* I accestemone 0 Mow ey
O vestosTERoNE ) 0 wem DarLY
20—
! Ot VYEHICLE DAILY
200- -

W wk';‘dk N N |

s « 1
Fi. 4 1 Orvanectomy - ovariectomy | jtuitectomy 3 ovane
tomy jituitectomy Synapoxhn 15 units laily 1 ovanectomy

| ntuttectony Gonadogen 0F umit daly 5 ovariectomy  patuited
tomy All 20 unjus daily & ovariectomy pituttect Any Prolxt n
10 umb daly ¢ ov nedtomy putuitectomy FSH umity dadly 8
ovaniectomy pitu tectomy Prtultnn & and Tiewin 1 unit of ea |
daily

hormone and chononik gonadotropin all failed to restore seha
ceous gland responineness. Thyrotropim though nost sh ma
the figure has also been tested and found inactine By way of
contrast the Synapmdin® and (onadogen® preparations had
such actinaty (-omad gen® 13 a preparation obtained fr m preg
nant mare serum which presumably contams gonadotroping of
pittitary as well as of chononic ongin and Synapotdin® 1 3
mixture f gonadotropms frym puonan and prequarky unne
wonrces.
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In order to characterize further the nature of the pituitary
sebaccous gland tropic [actor present i these gonadotropic
preparations we obtaned the cooperauon of represenmtives
of Wilson & Co In preparing for us crude fractions from hog
anterlor pituiary glands.

At fint the general fractions shown in Table V were sup-

TABLEV Inital crud [ractions tested for sebotrople  crivity

Fraction General method of preparation

Pt 1 Alallne extract at pH &5 Q1A N2OH) of frah bog an-
terior pltuftaries

P11 Alkaline cxtract t pH 85 (0 1Ar NaOH) of renduc keft

after extraction of fresh hog oteror pit Htanes with hot
Klscial acet ¢ sdd

P 111 Hot glacial crtic add extract of fresh hog  nterior pituk
taries

plied and tested. Their general hormonal natures are shown 1n
Table VI and Fig 5 shows their sebotropic activities. It can
be seen that although prepartions I and T1 both had porent
scbaccous gland tropie actvity preparation IT had almost no
goradotropic activity and thus sebotropic activity appears to
‘ary independently of gonadotropic activity

TABLE VL. Gonadotropic nd other normal activitles in crade [ractiom
peepared [rom  mterbor pltuitary glands of hogs (71)

Other
Prepaniion wcurvity hac:) sctinties

M. 1 0110 —
P 11 003 —
Pa 11 9007 ACTH
STH

TS

_ MSH

The work of punlying and further characterinng this plrui
tary sebotropic factor is atill in progrest and present evidence
indwates that activity resides in a fairly large protein molecule
rather than 1n a small peptide. In 1957 the weight mcrease of
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preputial glands in hypophysectomized cattrated adult ras
given standard doses of progesterone was found uscful 1n amay
ing for sebotrapic acuaty (73)

The apphcability of these results to man of course still hay
to be shown Nevertheless, it 15 1mnteresting to speculate should

2 3 4 s
Fre.5 1 Sal ne 2 Gonadogen 05 unit daily 3 Pi 17 ccduly
4 Pie. I 2cc darly 5 Pue HE 2 oc dally In all groups the rats were
oanectomired, pituitectoinred and gnen progesterone 10 mg
daily

these experiments be applicable to man about a possible ex
planation for the seborrhea assoqated with some types of mkd
brain damage such as occur 1n postenceplulitic syndromes. Such
sehorrhea based upon sehaceons gland enlargement eould con
cervably result from release of normal nhibicion of pluntaty
output of schotrapic hormone

Finally as regards other endoctine influences on schaceous



SERACEOUS S8ECRETION 143

glands it scems that thyroudectomy in young amimals results in
regression of the entire pilosebaceous apparatus (+4) Chinial
observations on the cffect of thyroid substance on scborrhea
and acne are poorly controlled and controversial

As concerns nutntiomal nfluences sebaceows glands may be
affected late in the courze of many nutrinonal deficiency states
Lut only nboflavin and ninc deficiencles affect sebaccous glands
ertly in the course of the deficiency In the rat, 1n zinc deficency
spectacular enlargement of sebaceous glands has been reported
by Folls, Day and MacCollum (75) In nboflavin deficency
early diuntegranon and atrophy of scbaceous glands was re
ported by Sullivan and Nacholls (76) A curious fxct reported
by Smedley McLean and Hume (77) 15 that cutaneous hipids
increase 1n amount and retain their content of essenual unsaw
Tated fatty acads m raus hept on a fat free diet. Thn has led
10 speculation that essential fatty acids may posnbly be synthe
shed by sebaceous glands (5) Finally 1t 15 of interest to note
that in rats forced feeding of unphysiologially Jarge amounts
of fat causes sehiaceous gland enlargement with greatly increased
cxcretion of sebum (+8-80) Indication of a sinular phenomenon
has been reported in man (58) It has been suggested that sela
ceoms glands can prch up and excrete lipids when offered o
them 1n excersne amounts by mechanisins which may Lypass
the usual metabolic pathways for sebum formation (5) Defit
the uudies to confirm this suggesuon have yet to be done
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Discussion

D, Vax Scorv (1) Is {t known clinically that gonadeciombred
females do not develop acne as do gonadectomired males? (7) A
pharmacist recently gained notoniety on a product which contained
tin on the bass that 1 n snhibus boils Ty there any evlence that tn
really cuses a decrease 1n the e of sebaceous glands

Dx. Lownez The un stary s a very old one and several decades
ago tin was cormdered good treatment Jor acne 1Ly honever highty
toxic and furthermore wa abo shoun to be incflecu ¢ Ay onerm
gonadectomuzed [emales not Ja ing a ne 1 do not know fm
clearcut data on this point. We have recently seen 2 ae nhete



SERACEOUS 3ECRETION 149

ovanan deficiency appeans to have developed and in wluch acne has
continued, but all details of the endocrine status of this individeal
have yet 1o be worked out.

Dr, Statisn It bas been observed that the metal vanadium will
{nhibit the blovyuthesy of cliotesterol  When administered to ani-
mals, vamadnm compounds will afford a decrease In blood cho-
lesterol levely Recendy the imesdgator most interested in this

henomenon, Dr G L. Curran of Kamas City obwerved blood cho-
ruu:ml decreases In volunteer mediaal srudenty after the administra
tion of 2 nontexic varadium comypound. All the subjects were young
adulte I think that it might be profitable to study the effect of this
mwetal on skin lipldy, including cholesterol.

D RotHaax Was your question in reference to primary amenor
then, Dr Van Scott? \\omen with aplastic ovarles do not develop
acne. They are lile hermaphrodites or evmuchold males In that they
never develap acne.

Quostiox  If such women are g1 en progesterone, will they de
vedap acne?

Dr. Romitatan This has not been done. Ve tried very hard to get
wch patlents [rom our gynecologisty, but they are 10 cager to give
them stilbeurol 10 get them going that it s hard to penuade them
to make a clean expennment. The Zeligman experiments, which were
quoted by Dr Locinez, were done on pormal [emales.

Stannie chlotlde injections in furunculosis have been absolutely
+ lueles, and abo + lielow in acne. 1 thinl it was one of those
nicely built up therapeutic illsions In ducases which one eats
locally anyhow and therefore they improve.

Dx Buans. [ hedtate to ok permision o decus a small
pont in Dr Lonnas sery complete and logical presentation, but
1t {3 & point that has been made sercral times and 1 wish it could be
danfied T refer to the physical state of the lipuds on the cutaneous
surface. 1t has been nldpum they are present s an emubion. What

1 the composition of this lslon? Is thh an jon of ol and
water and {[ 30 i it o1l in water or water in ofl; Personally 1 doubt
that {t fs esther 100t b ol 1n water the water munt cvaporate very

(ﬁ:kly- ilit Is water in o 1, the water will aill evaporate but more
fy I thinl early worl of Lustlg nd Perutz, which may not have
G L Cuman. Effect of certain transion group clemeun on hapatic
nnthens of holesterol  the rat. [ Miod Chem  210-763% {1931).
G L Cuman nd R L Costello. Redundion of exces chaleserol i the

rabbut sonia by nhubiton of endogenoas cholesterol nothesls, J Expll.
Med, 103 49 (1936,

D L \mmof and G L Curmin. 84 of apadium inhibition of choles
terod beomy thess. J A Chem Sor. 79.2068 (1957)
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been confirmed showed that two immuscible oil were present.
I Dr Lonne hay an opinlon about the physial state of the surface
lipids, 1 would like to hear it

Dx. Lomivaz 1 would say the surface film is probably an ollin-
water emuluon. Of course exactly haw one n go?r:; to picture such
an emulsion when it accurs on a water-imbibing surface spread a3
a thin film is perhaps where we get Into dufficul

Dw SuLzarzeex [ wnh Dr Herrmann mmm to answer this
question beaause he has done all the work which forms the baus for
my reply According to his work, and this 13 done by lipkd staining
and other things, there is a remarlable capadity reciprocal capacity
of the lipids and the watery comtituents on the skin surface to enter
Into emulnification with each other In fact, it is so strong that il
you put the s¢bum or the surface 1| k., and sweat together they
emulsify without any agiation on a plaie ar once. There js some-
thing even more remarkable than that Although the lifids from A
with the sweat from D will emululy sweat from B will emubily
liprds from B even better In other wordy, there is sndivkinal adjust
ment ard Individual capacity to mutua) emulsification of a l:-rmn
own sweat wath his own i) ids whidh Is stronger than il he used
othere. Then the question of whether it 1 oll In water or water in
otl-according to Herrmann s word, 1t an be either deperud ng cn
urely upon the amount of water that | be ng delivered. You can
tramsform it from water in ofl to ofl 1n water as sox n as there s more
fluid, liquid agueous phase on the skin surlace

D Manrutur (Army Chemical Center) How do the chimjansee
and monkey compare with man regarding suiface hipidy?

Dr Lomsez The surface hpids of thewe animal have yet to be
collected and analyred in dcurl
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Dermatologlats and non-dermatologists as well know that acne
1 a disease of the very highest inaidence, and also that it 1s a
very destructive disense But one of the very first things that T
have larned in thinking about acne vulgaris relates to a com
mon fallacy of medical statsticn One cannot find out the prev
alce of a duease particularly a duease such av acne by
Rudying any figures that are available 1n the records of epldemr
olopu One cannot find out the prevalence of acne from the
Teconds of the autopsy table or from the fila of pathological
laboratonies, And more important one cannot find out about
the prevalence of acne vulgaris from insurance company statistics
of from the attendance figures 1n chnics hospuaals, or doctors
Prvate offices. These last named show only the prevalence or
Aumbers of those who seek reliel who have recourse to medical
ad for controlling their duease Such figures are of counse very
muleading They are musleading as far a3 actual prevalence of
Acne 13 concerned x far as age of onset 1 concerned and as far
1 the sex dunbution 1 concerned—for very obvious reasoms,
For instance if one tnes to duscor er the sex dutnibution one finds
At ence that many more [cmales than males with scne appear in
the clinic records and in the case files of doctors offices That is
vmply because their beauty their pukhntude the appearance

i
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of therr shin are far more important to the females of the specics
than to the males.

Perhaps the fire available accurate figures as to the prevalence
of acne vulgars came from the work of Bruno Bloch wlhich
was carmied out at about the time that 1 was an assistant 1 his
clinic. It was reported and published 1n 1930 and 1931 Bloch
examined 4 191 school cluldren for the presence of acne. They
were about evenly divided betneen girls and boys. The age
Tange was from G to 19 yeans. He found out that at the age of
maximum prevalence which was at 17 years n the females and
at 18 years in the males 96 7% of the gitls had acne and 99 47
of the boys had acne These figures refer to acne vulgaris in its
widest semse Five to twenty comedoes or more was considered
by Bloch to be a chinial manifetation of acne and lus figures
included these mild cases as well as papular pustular acne or all
the more severe forms. Thus, a3 expected the actual prevalence
15 tremendously high. But quite contrary to what one mught hay
expected from medical records, one finds that the prevalence
1in males 13 shightly bhigher than 1n females. Morcover the severe
cases were much more common in males than in females. They
reached maxima of 57% in the males at 19 yeans as compared
with enly 229" n the females of 18 years—according to Bloch s
critena for severity I thunk that this findme corresponds to
and emphasizes what Rothman reported about the effects of
testosterone and progesterone Testosterone 13 likely to be a
stronger acnegenic agent than progesterone for the tesucular
hormone was the most pawerful of the hormones studied in pro-
ducing sebaccous gland hyperplasia in experimental animals [
think that this finding is borne out also by the growth of the
hajr on the trunk and face and the enlargement of the puoseba
ceous apparatus at puberty These are all conustently stronger
in the male than 1n the female

But acne vulgans 15 not only a discase of the very highest
incidence and therefore of unnersal concern but alw anm

Bruno Bloch  Mctabolmm, endocr ne gland o ki dusease, with
1al referenc o one wigar nd xantboma  fing J Dermaiel Syph

tl1s 43 61 (1931)
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portant disease becawse of the tremendous amount of anguish
that it produces. It 15 a serious disease despate the fact that super
fical conslderatzon scems to deny it As Dr Rothman once
expressed it 50 aptly  One must remember and comider most
scriouly those duseases whuch do not end life but which run it
And amme is 2 particularly pernicious discase because it starts
atsuch a bad time a bad time for the patient and for hus famly
It comes just at the me when the human being s most 1se
cure, when he 15 most labile in huis emotions, when he is trying
to find hus niche—his level socially economcally and sexually

Tt comes at the very worst time of life 1n so far as 1ts fmpact
upon the duposition, the personahity emotions, and psyche of
the indivrdual 15 concerned. Acne appears genenlly at precuely
the age when personal appearance is natorally of paramount
importance. Fortunately later n life one need not depend so
muth upon one s looks for establishing one s place in the world
and society but the adolescent still must and still does. And
then the exacerbations of acne the pimples come not only at
unpredictable umes, but apparently at the most mopportune
momenty. Just when the boy or garl 13 about to have an inter
¥lew 1o get 1nto a school to make a club or to get into college
of when the boy has the heaviest date with the best girl or the
g1l the most important party or dance, the acne seems to be at
s worst, and to break out with fresh scemungly malevolent,
force. So the disease often really mterferes with the adolescent s
getting Into o school or fraternity getting a job or a hifc partner
Then again acne vulgars strikes at the very worst sites. It strikes
just in those places that can t be hidden at the face and at the
décolleré areas in the girl

Stlll another point makes acne a nunous dusease this 15 based
upon certain ideas firmly fixed in many lay minds. As far as T
AN ascertain from anclent times nght up to the present some
how or other acne has been erroneously connected with ideas of
i contagron sexual abberations (etther excesses, or absti
netices, or inadequa-ies) and wath fanlty and  filthy  habits of
all Linds. This situatin leads to tremendous conflict between
rarents and children more than s the case In any other disease
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One regularly sees the adolescents coming into the physlcians
office accompanied by their parents and sometimes by ther
grandpatents as well Almost immediately one pereennes the tre
mendous guilt feelingy associated with thee pilgnmages. The
parents blame themselyes or the children Often they blame or
try to blame, the acne upon something that the children are
doing or have done. They tell the doctor that the cutbreaks
come from not sleeping enough or sleeping too much from not
going out enough or from going out too much from not dnink
mng or from drinking too many cokes, from smoking or from
studying from washing or from not washing Fyerything the
child does or does not do 1s wrong They hecp prching amd
nagging Often the cluld in tum quite shrevdly sees that the
parents too have had some acne (because acne centainly 15 a
faymlial disease) So the patients blame therr troubles on their
mothers or their fathers. They sy to their parens Your fae
is all marked up and now you have gnen 1t to me  and the
parents often belive this and must compensate 1n some way
for their guilt Al thus emotion quute often leads 1o open con
flict 1n the physian s ofice One hears lowl and angry v ords
encounters tears and tension n the doctors offce more often
than occurs n any other ducase I Lnow Acne 1s, in these re
spects, 2 most malignant disease an almost ansupportable dis
caze 1 that it leads to many almost insuppottable situations.

I would <y also that acne vulgaris s a somato-psychic disease
par excellence  \ene offers the most instructine 1ltustranoms A
the ways that a physical disease affects the mind  the mentalns
and the personality of the individual When one conuiders tha
this disease will usually last for a decade at leayt amd maintam
1ts severe form for 10 years or more In many (aws  He 4n
sec how 1t must be capable of leaving 1ts permanent wars nod
only upon che skin but also npon the pryche and peranahiy of
the affected youthful individual In view o ths, at 1s very grat
fying to be able to state that dermat logx treatment o this
discase has pnpr ned tremendously in the kst decad  Terthaps
our therapy has impr ned here as much of more than n any
other su h ¢ smmon discase OQur methods of treatment ¥ juve
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nile acne have really made great advances We can now keep
these indn iduals presentable while nature 13 curing the duease
—acne juvenls 1s self limited 1 shall come back to that later
Only a very small proportion of cases of aene remain dlinically
actine after the early twenues. The real clinical decade of acne
Is from the sge of about 18 to about °3 It usually starts and
tops within that span 1 think at this moment 3¢ should be said
that this 13 one of the first facts that should be explamed to the
pmtentsand to their parents Because they must not get the idea
thatonecan give themz shot  or tvo or a miracle drug ora few
ray treatments or whatever 1t may be and produce 2 cure What
the trauied phyalcian 1s able to give them 13 a form of manage
ment which will lead to what I have called “Vorbsdistasis  that
Is a method of producing not a cure bat an arrest or suppres-
uon of the morbid process—in analogy to what one does
bacterrostauly fungustass ete.

My next remarls may be considered most unsclentific, but
the practical considerations and the truth compel me to discuss
treatment in the way that 1 am going to It may be unsclentific
to give more than one remedy and to approach the treatment of
2 patient s disease from many different angles at once because
one cannot then find out what each of the factors that one is
introducing s actirally doing or Las done. From that point of
view such polypragmatic practice is unscientific. But I would
emphatize that the best chance of helptng pauents with certaln
discases (and acne 11 a superb example of this) is to adminlster
reatment from esery passible practical angle and to hit at every
Hnk of the pathogenetic chain which leads to the diseasc. T shall
peal Jater about the vanous pouible links an this chain of
cuntion about the multitude of different factors which
their conjunction and in their addidon perhaps even in their
fyergum will lead to the production of acne lestons,

Figure [ shows what a serious cosmetic problem acne can be—
2 severe case of acne wit! tremendous cysts and crusts and dis-
colorations which ¢ ner the patients face When this happens
toa young man it 4 a dreadful cross for him to bear and for &
Young mid it s even worse
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Figure  shows the hack of the same young man who was on
Guam and suffered from a tropical form of ame Raie cases
are as severe a1 this one and some are even more severe In
mibtary personnel this degree of tropical amne constuted not
only a casmetic defect but also a disabihity Men like tlis could
not carty 2 pacl could not wear a umform could not go nto
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Fic. | Lxample of severe acne as seen frequenthy in humr:;l
toj lo and occastonally 1o temperate climes [From Sul ltrgc': i
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the showers with the other men. (As high as 70% of all indrvid

uals being sent back from the Pacific area dunng certaln periods
of World War II were being sent back because of this form of

o~

Fic. . Back of 1ame patient ay in Fig |

tropical acne ) This sevete form @n also occur in peacetime and
temperate chimate

Figure 3 15 a duagram of one chain of caumtion This is a
schemate Incomplete and by no meams all Inclusive representa
tion and not necessarnly the only chain of pathogenens of acne
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vulgans but 1t represents one possible pathogenetic chain and
2 common type Here the primary stimulus s the androgenic
hormones, perhaps progesterone Secondly the target otgaos or
organs of response  are the susceptible pilosebaceous structures.
Without these two there an be no acne vulgans and they are
really its basis and therefore these two links are drawn larger
than the othens. Very often nothing much happens in most cases
from just these two factors alone. There may be a Lutle acne

OFCX COMaaOn TYPR OF PATHOGIIC CRAN
o T PRCIC TN OF ACKT YRLOAMS

perhaps the mildest form of 5 to ?0 comedoes that Bruno Blach
described and which has such high madence that it s alm nt
a physiologic happening and sarcely a disease Honever when
one adds to these two fundamental links ene or more of the
other links then one can complete a chain wlich leads to mani
fest discase including the wemble dufigurement of the degree
and type shown 1n Fige 1 and ? ot therapy in 1 poly alent
form which 1 think, 1ts most effective form shwld be directed
agaimst everyone of the links A the (han shown m Fig | and
agamst any ther hinks 1f they exist and one can find them.
What should e do about the hormonal link? In femules one
can gne the antagomstic hormones the eurogeny hormonet.
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We usually give them monthly for several days before menses.
With proper dosmge and form they are of some heip and en
urely mfe to gne in othermse healthy young females.

What can one do about the target organ? Here the derma-
tologus have concentrated most. We can treat the plugged
pilosebaceous apparatus and apply medicxments directly to the
suscepuble piloscbaceous organs (because not ali these organs
are susceptible) Ve know that only a certain number of har
follicles and only the hair follicles in certain areas are susceptible
to the acne procem at any given moment. The man thing here
15 2 measured peeling of those follicular opemuings in order to
keep them patent. That can be done physically and chemscally
by washing, by abrauses, by resorein and sullur combinations,
by other physlczl and chemical peeling agents, such as carbon
dioxide snow or malicylic acd or beta naphthol Moreover the
hyperacuvity or rather the hypertrophy of the plloscbaceous
organs and of the ketatimztion procen can also be reduced by
carcfully administered x-rays. e know now that this should
be reserved for the cases that have proved refractory to other
forms of treatment Neverthelem in the severe cases of acne ths
discase is 50 ruinous tlat all safe methods must be applied. Cer
tainly careful < ray trearment by qualified shin specalmts today
s cmmnently safer I thunk the indscations for x ray In certain
cascs of resistant acme are just as compelling as they are in cer
tain skin cancers

As another link 1n the chain we find that into this occluded
follicle all Linds of t! ings can be excreted  arculaung allergens
and jrrdtants bromudes, lodides, and derwvatlves of certain foods
(eg chocolate shell fish nuts) Obniously here the problem 13
te ehiminate these amegenic exposures from the diet and [rom
mediation.

External physical and chemical agents that produce acne by
creanng the plugeing and the irritation of the follicles must
be excluded not only the chlorinated diphenyls and oils, Lut

wher things found to be offendens 1n the panticular ase—fric
tion maceration a fur plece a wool garment a girdle a harr
laquer a pan cake ype of makeup a tarconuining oint
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ment etc. All such things will sometimes produce acne
susceptible follicles and these too must then be sought and
excluded.

As stil] another Imk we find somethmg vauy unportant and
relatively new which has noproved our management of acne
tremendowsly We used to think that infection played a sery
minor role perhaps 1t does. Nevertheless one of the very bewt
anuacne therapies 15 to give systemic antibacterial agents con
ustently for as long as 1 necassary during the existence of the
acne, 1n the proper arcumstances, and with proper regard for
the responses and hypersensitivities of the individual patient
and always with admimstration of the smallest morbidistate
doses as well as with the necessary regular exanunations precau-
tions and adjuvants of vitamins. Crrcumstances will determine
whether one gives Achromycin Comyan Mysteclin Erythromy
an or peniallin or sulfonamides by mouth The Jast two are
much cheaper and in some cases just as effectre as the more ex
pensive anubiotics This therapy may perhaps act againg the
local and trapped microorgamsms 1 the occluded folliles, or it
may be directed against microorganisms lurkang 1n distant foci of
mfection the products of which may come to and empty nto the
occluded follicle by way of the blood stream and by excretory and
schaceous and horny  secretory  processes. I am sure that this
happens occanonally and that after elimmating a focus of mfe
tion at a distance one can sonictimes (dear up an acne that me
could not clear up before

There are of courve other hinks, such as general hygiene and
habits, and perhaps even tension faugue and the psyche 0
volved 1n producing exacerbations of same cases of acne These
are 11 my opinton among the smaller and less comm mly 1m
portant links in the chamn

So much for logical therapy diretted against the various linky
of the pathogenic chain of active ane—now let us cn ) 98
sequelae You all know that ammg the sequelac of 2cne are
vanous degrees A scarnng The sevenity of the sarming d »es oot
always go parallel 15 the sevenity « f the actne lest mo. Often 1t
does, but not necessantly 1t 13 not an ol ligatory sequence Some
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people have relauvely severe aenes with hitle or no searnng, and
viee verm We dont knon Just why However I have ob-
served wanething buc 1 lrave never found 1t publhed or du-
cussed, 1t 1 thus. when a person has chicken pov, apparenty
one skin area fosms pitted scars more commeonly than any other
—that u the nuid farchead. Thus there secms to be Loth a local
and an individual suscepuibility to pltted scarning too just as
there is to Lelowd formation, although the suceptible mdivid-
vals and areay are of conne not the same ones.

What can be done about the acne scarmng? 1 think this be
Jongs to the dermatologist s management of acne Just as does
alt other munor surgery the opemng of the plugged follicles
the evacuation of cysts and so forth the mjection of antibiotles,
cniconerads et into the optts all thee must be done ac
cording to the judgment of the treating phyncian The same
applics nlso to0 simple remmoval of comedoer Usually this 1s not
ficeessary with modern treatment but n some cises 1t sall s

The treatment of scarring it really of too kinds. Qne is the peel
Ingto various depths, Erom more superficial peehing with phenol
fesorainol etc down to the very decpest form thae dermatolo-
151 wie today so-called dermabrasion or plastic plamng This
¥ introduced by Kromayer and was reintroduced developed
modernired and made poputar by the work of the late Abner
hurtin, Thu form of deep scanfication and peeling & com
pared with the aandpaper treatment has the advaniage of being
done without a general anesthessa It also has the advantage of
bemng an office procedure However in our panents with arne
sarring we fnd that in only about 1 case out of 7 are the
comditions suitable for such a procedure There arc many cow
traindications wlich we alsenie These have been written about
and published n many places Although dermabravon o the
best available metod for deep pited sarming the treatment of
the Iy pertrophic marmng 3 hrd o ur sn ace 1 vexy wmiltar
to tee rreayment f L lowdal xarrmg and hypertophic sar
i an general w th the modern methods of  anous mjecuons
locatly bydrocornsne niecton hally and especially < mys
None of these 1 sulficentls ansfactory Locilzed repeated
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freezing of the scars with CO, wath pressure 1 another way of
treating the hypertrophic scarring and perhaps one of the best
These methods m some cses will produce a certain degree of
improvernent. None of them 135 good enough my opinion ot
in my hands,

In concluston T would like to reemphasize my concept that
under clinical conditions the acne lesion occurs only in ana
tomiaally or physicochemically or immunologically susceptible
ptlosebaceous organs. The greater the force and number of
acnegenue stimuli {external and internal) to winch a penon Is
being expoted the greater the number of follides which will
develop climcl acne Jesions 1 also inchine toward the hypothe
a1 that ordinary Juvenile acne bumns atself out goces on to
dlinlcal cure becomes inactive and quiescent, once all the piko-
schaceous organs that were susceptible to the prevatling level
of hormonal infectious, and other physicochermical acnegen:
stmull have become resistant—have low their previous rela
utely lugh lesel of susceptibihity Thus suscepuibllity may be
lost 1n each partcular target organ when that particular gland
and follicle has een destroyed or 1ts orilice has een widened
fixed or scarred or when 1t has been immunologically or other
wise altered by a previous acne leslon

This praentation has been fragmentary but | lope that U
have shown that acne can be a devastating diusease chae derma
tologuts have learned much about its management and that
we can help most cases. One thing phywiciams as nell as patent
and thetr famihies should remember notlung could be more
erroncous on their part than to sy that this 13 just a few ad
lescent prmples, that notlung an be done and that nothing
need be done A great deal needs to be done and a gicat deal
an be done for almost every sufferer {rom axne t xlay

Discussion
Dr Romeuas [alink there was a ¢ mnment that en il »2

wid about the roke of hacteria (n inflammatory acne keom mld
what was sakl was more or ks contradictory On the one hant It
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»as pointed out that Jeucotaxis occun without demonurable bac
teth m the kepon On the other hand your therapeutic suggeston
was that antibsoticy be given. Also 1 would 1ike to ask if you have
ever uxed staphylococrus vaccines, which many people think are
effecthe? Would you tell us your op nion on the role of bactera?
Is jt always secondary? 1f you can show patbogenic bacterla by
calrure, do they play 2 role or not?

Dr. Strza:rorr. That is a long question and 1 am afraid 1 do
oot bave all the answers. Fint of all. T shall try to answer about
vacrines. I do not use vacanes any more in any sgnificant number
of cuses. Perhaps for the last year or so T haven ¢ had to use such a
Tacrine in 2 smgle case of acne imply berause the action of other
teatments, espedially the antibacterial medications, seems to be 0
much quicker and so much more effective A bad case of acne that
raponds well to antibiotias by mouth will dear up almost 75-50%,
within a week to ten days and will maintain thrs improveraent
through the entire years of the course of the acne sometmes with
very sonll daily doses of the antibiotic. An example would be the
Qe in which 4 % 250 milligrms of a widespectrum antibiotic a
day bs given 1o start with after a few weeka to a few montha 125 or
100 milligrams can be given 2 day and then 100 milligranm every
Secned duringv.hcmd:ecoumo(mcame,nndlhhan
Leep the under control and the pauent practically free of
kesfons. 5o many cases react 3o well to this kind of treatntent that one
feed not use vacciner Of coumse ome hat to welect the antiblotic,
Fieryone with whom 1 have discussed this hay sald maybe it b an
¢enrely different form of mechanism Perhaps the antiblotic 1s
Anfmﬁou microorganisms. But perhaps, on the other hand the
antil Is not acting as an antibacterial agent at all but is acting
® t does when it promotes growth and other thingy. The argument
gaiont the laut named hypotheis is that many casex of acne do well
with ceriain antiblotics nd pot with others which scem to have the
ame sort of action in stimulaung growth in animals Moreover
many cases will do well also with sulionamides, which have
common with antibioues the nubacterlal effect but oot the growth
smulating effect, a3 (ar a1 know So I thinl the of acne
o anubiot & pe L in faver of a more im nt Eacrlal role
than we thought before Beaause It i undeniable that many of these
pustules are sterile by L methods that we use today to culture them
1tis hard 1o explain these two thingy. Dut perhaps these ntiblotics
act upon dhtant loc of Lactenal mfection and pot on the local
ustole

Dx. Romiuan You had wrtien  p divant focl as being one link
n the patbogenesly of 4 ne Do you seriowly belice that it you
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pull a tooth or tale out the tomils, or take out the gall bladder
that you {nfluence the course of acne?

D Surzaercrr I don t only serlowsly beliese it, I feel T know {t. 1
Lnow 1t to hold true in some cases. W hat tle mechanbm 1 whereby
the sequence is produced, what the relationship is between the a@uie
and effect and how the remosal of a focus doa 1t, 1 don ¢ Lniow
I do know that I have scen chin acnes in women that could not be
cleared up and did not clear up unul an infected tooth was pulied
The mught have been one with just a small aplcal abscen and
after 1ts removal the acnes responded very well to aene therapy but
not before. There is no doubt that 1 have scen such cases, not one
but several. I don t know if anyone ehe here hias had this experience.

Dx. Benovson (Ford Hospital Detroit) We had a woman in her
tate twenties who had acne primarily on the nght side of her face
which was resutant to all modalities of treatment unul she had a
lesion around the anal aypt cleared up by a proctolog st, where
upon this process immediately resolved lusclf

Dx. Romuax Wouldr t you agree that acne hat a quite specal
form which almost looks Like a different discaser This is a form we
all acne conglobata. It characteristic i that 1t doa not reypect the
regional limitatlom of acne vulgans. Wouklnt you agree that all
the tropical cases you have shown do belong 1n the acne conglobata
group? \\ hat 15 characteristic for acne conglobata i thut the great
majonty of lesions do absceys, they do breal down, they do form
undermined ulcerations with slow healing tendency aml vgly large
pitted s@rn. In true acrre vulgaris we do not sec eruptions on the
nape of the neck on the extremities, etc. as you have shown us

Dr. Sutzsercrr What Dr Rothman said s night But I fnterpret
acne conglobata as being a ardant, a scverer form of acne  ulgans,
because 1t 1s assocsated with acne sulgaris That s why I drcuwed
the boy whio had acne sulgarss on the [ace when he @ame to ( vam
becawse he had never immunued  the mloehaccows organs by
previous acne 1n that area Those pilosehuceou organs were sull
suscepuble Then he got the conglobata form on his ha & chest and
arms. Whereas mamy of the older men hud previously had 4 ne
vulgarls of the face very often onc coul! ol jecir ely prove that
they had had at by the faul scars. Thoe men dd not get thewr
traprcal acne on the face but 1 t on the army. chort and ba k
One sees these cases not only In the troj 3 Tut abo here

Dx. Ronvas In what sense do y o pe Lol mm nit naln
connections Would you call st immunity that the prost te gland
grows to a certain sire an | then stops growing 7 he same th ng lup
pens with all the adclexent langes There re alolewent changes

which do come to a leveling off Our voce does not get deeper and



ACNE VULGARIS 165

decper with our age. It gets deeper to a certaln degree and then {t
kerehs out.

Dr. Soursrxcrs, What Dr Rothman said fs correct. What pro-
duces thu arrest of any cutancows disease phenomena we dont
know but there maost be forces that do 1t. Thu Is an interesting
dung” for imtnce, with o infections, why do they form
rings of a certaln ure? Why t each ring grow unul it covens
the whole body? In other words, one cannat yust ccept this stop-
|age. There must be an explanation for 1t too, and In the case of
ringworm Stephan Epstein and others have shown it to be based on
loca! acquired immunity 1 you now ask me how I use the word
immun ty 1 use it in its plain English seme meaning the smate of
being immune.

Dx. Girow (Hend of the Sdence Department of Ametican High
School) I would Hie to polnt out one thing that was mbung on
the board there a mising link, and that B nomtion. 1 think that
we ha ¢ omitted a very important thing In nuwitlon and that s
milk. We ha e milk in everything today milk in hot dogy, milk in
cake, milk in bread. People are preaching milk Qur youngaten are
speeded up. Thear growth iy from three yean ahead of what they

sed to be. They are growing abend sexually Thelr metaboliym Is
thrown out of Lilter The milk {3 unhalanced. It las a high cldum
and low content. 1t 13 low in trace minerals. Dr Stark
of Harv 1d 1and there h 100 times more zinc 1n 2 pound of opteny
than there i m a pound of mill T think if we search along the
lina of nutritbon here and think of the whole chld, its growth
sexmal devel pment everything, we may come out with someth
that would be simple. If we lived naturally perhaps we shouldny
have all this trouble. I wonder if children in other countnies have
the acnie we have 1n our American children. The European children

not.

Dx Stiraracr 1 agree w th Dr Gerow that many links were lefx
out of that chain. B t 1 dd state that certain foods do produce
outbreals of acne in certa n individuab. In some few cises 1 have
even seen mill do it. Chocolate 1 the most common of thee foody.
But the evidence that 1 s the genenil state of nutntion that lead
teame  not good. It occurs in undernourished populations as well
s overnaurtthed ones. Although acne has a distdbution that vanes
throughout the w th and there is somewhat more acne In certain

:‘d:(“w workl than others, we cannot link these varlatlons with
[i

Dr. Ronrvay Dr Gerow wat your point that milk may e
Hnegenic or ke ena?

Dx Gmow I ha esen ey sovere ane of aeme In student
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in my class who ame to me afterwardy. He sard he had been to a
dermatologust who sald nothing could be done about it. I once read
that potassium had something to do with fat metabolsm. 1 suggested
that the doctor give the student a prescripon for five grams of
potzmum chloride a day and that he cut ot the milk Within two
weels he was cleareil. So I believe that salt comes into the picture
There 15 sodium-powansium balance Today you see people sprn-
Wing the salt all over Man in the past did not eat pure sodium
chloride. We used to grne our chikdren sea salt. 1 will think that
potamum linked up with 2 lot of other things, might have some
thing to do with aene

Dr. Burtoy I was astonished to hear that 2 condition n aalled a
discase which has an inddence of 99 in the adolescent ages and
in 509, of the cases is scrious. I wonder senously whether or not
we ha e a right to all this a disense I think |hL should stir our
thinking about this whole blem. After all should we since it
causes ukch 2 dramatic emotton2l state which is enurely due to our
thinking about this problem—our social thinking characterize it
as & disense cven when 1t 13 mild. Maybe we should do sometlung in
thrs direction Maybe we should tall about people who are mne
deficlent  They are the abnormal The 17 who are acne defiaent
are the ones we should worry about. Of course we should
about the exacerbation arnd when it becomes most uncomfort ble
Ve tall about the scarmng But 1t wasnt too kng ago that the
women put on beauty spots, which lnoled to me very much like
these pictures of acne, when they went out foc the evening There
are many Europeans wlho are very proud of the mber san on ther
faco. We could do something n changing our atutikbe DBut more
serfowsly I agree with the last speaker that there { sometl ing for
which the sumulus is apparently the normal physologr | dunges
of adokeacence It produces this discomlort 1 do not helieve that in
the natural state whatever that s, the phydologiaal d ngesd  lead
to such discomfort. They certainly would not lead o tn - emntional
trauma If we had the night atutwde to the thing. 1 ant help leching
that we aught to look closely imnto the mcrden e n pom 11 ¢ e
aml 10 on and hnd out af thr s re lly um emal I nt help fechng
that there 1 some aceompamument of our chillzatin the way the
civilized people Ine that i resjx mible 1dont Lnow tht but !
would Iike to ask Dr Subberger 1f there ha e been ny duta e
duced on really pnmitise tribew M ybe the factor | the use of w2y
Maybe we shouldn t w sh with seap I remember d ring the »
that there was a problem of | rickly eat in the troc psin the trog w0
and there was 4 very i € prece of w ok done 1y hen O Binen 0
Australan, on the problem, a good scentifl e resear h nwhi hbe



ACNE VULGARIS 167

coacluded that prickly heat was brought on by the use of soap
Maybe it b something else in the way we live. I m stirred up to say
this because of hearing that here 13 a disease mn which 999 of
adodescents partidpate.

Dr. Suiramcrx. The very high incidence does ot mean that a
mantfestation by not a discase no matter how hugh 1t Inadence.
You realire that the incrdence of tuberculows formerly was 0%,
or mare, judged by positne tuberculin tests in many ates You
realize that from 35%, to 75%” of all people will get poison iry If
they are exposed to it. So the high Incidence doex not mean that 2
thing 15 not a disease. There are discases that affect almost 100%
of the population. As far a3 the other aspects of what Dr Burton
nid, I have no information o+ to the occurrence of acne in pnimitive
tribes. Bat it seems to me that there i3 a contradiction in what he
Rid, because while the increased function of the p losetmccous ap-
partis at puberty i a plysiologic happening and not a disease,
when the hyperfunction lcads to papules, pustules, scarming, and the
disfgarement wiuch 1 have shown, this s & disease What I tried
to show 1n the pathogenetic acnegenfc chain was that other poten-
thilly harmful things must be {ovol ed in vanous countmes, but I
doat Lnow really what the factors ste I have had acne patients
that have gone from the US \. to England and have cleared up
anul have come bacl to the Uruted States and got their acnes right
back. These were older patients who didn t have the unm! spon-
Gneows cure. They were apparently liv ng the same sort of lives
in England as in the USA yet uugnghnufu.cy cleared up 1 have

struck 1z looking at people in theatres and o the streets of
London that acne 13 quite rare compared with what one sees in New
York Clty on the street and in the theatres and other places. In
France and Iualy it » more common than in England. But I have
the impression that the highest ncidence may be tn New York.

DL \an Scotr We have wondered about the role of chocolate
which you spearfically mentioned. A group of six teenage volunteen
“ho had acne were purposely gnen six chocolate ban per day and
an olutment of hocolate applied to half of the bacl of these indi

wuak O er a two-week period of ( me we were unable to detect
any increawe in severdty of the kessons generally or locally

D Stismancix. The incidence of exacerbations by chocolate b
¢ 33 frequent as 10 be demomstrable In sx patlents taken at mo-
dom. You m ght have w do tre experiment on 600 tmes 6. There
h 1o doabt that [ have cases in wh ch I could repeatedly produce
ne by feeding them  hocolate  nd have the a ne dear up under
treatment and rzynmjly produce fc again. That cl nical observ
ton b to my mind secure only 1 thiok the incidence of e
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cused to exacerbate by chocolate or any ingesant 1 not high 1
wouldn t expect you te produce 1t In six people chosen at random
and fed chocolate.

Dx. Suskino The age of susceptibility 1 a most interesting aspect
of acne. W\ e made two observations which relate to this problem in
persoms with chemically induced acre. In a group of 230 persons
affected wath chloracne of occupational origin the age range of
those affected was 24 10 65 No apparent differences i severty could
be coerelated with age. We had no ciderly persons in thh group On
the other hand, when we attempted to induce acne by local apphca
tion of chemical acnegens we found that the skin of subjects in the
70- to 85-year age range was refractory to the stimuln. There ap-

s to be even In acne ) rovoked by local agents, a cntical age
E).ond which the skin { apparently not respon ¢
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There are two major sources of information regarding the
etiologic factors 1 cancer of the shin. They are (a) clinical and
epudemiologic mformation based on observations made upon
man and (b) reproducible observatnoms derived from controlied
Aumal experiments.

Tt will e the objectit € of this review 1o cxamine some of the
MNaidable evidence from both sourcet to provide perhaps, 2
better understanding of the susceptible cells, the nature of the
pronvoling agents, and the mechanisms myolved in the produc
tron of neoplastic lesions of the skin Since the dinical problems
of man involve the epidenmis chiefly we shall resnia our dis-
cusion 1o epidermal wmork

We have chosen 1o discuns a few of the factors, the etiologu
Muporiance for wlich 1 man there 18 good support and
aho those for which there 14 reasonably good ¢ rrelation be-

™een obsenations made on human beingy amd those on v
Penimental amimals.

Human Tumors

The premahignant and malignant lestons of human skin pro-
‘ohed by chemical or phiysical sumull from a pathological view
71
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pomnt, are mdutinguushable from senle keratoses, xeroderma
pigmentosum  basal cell epitheliomas squamous cell epithelw
omas, and related pathological enuties which aruse tn the gen
enal population

The counterparts 1n experimentally provoked tumors of the
sk of mice and rats are the premalignant papillomas and kera
toses, and the type of epithelioma which 18 timilar hmtologicatly
to the human squamous cell caranoma.

It appears that a vanety of brological physical and chemica!
factons has been studied expenimenaally in ammals and hay
provided substantial support for the opinton that thesc factors
are operative mn human cancens of the skin Only a ymall frac
tion of the total number of human skin cancers which occur
can be causally related to a specific phyucal or chenucal agency
The vast majonty that are obscrved and treated by physicians
are regarded a5 spontancous  for want of better informaticn
n the mdividual case An examination of epidemrologic data
should, to some degree modify this attitude

Varous factors brologiwal pliyucal and chemwal may e
enumerated with the warning that although there 1s consider
able mnformanon about the significance of some of these there
15 little about others. The so-called biological factors are 1nher
ited suscepubility shin color sex speafic sites, and age Of
some importance also s the induction or latent period There
may be immunologic considerations as well The important
physiaal factors are mechanical trauma bums actinke raduation
or ultraviolet light 1onining radiation from x ray sources, 1a
dium  radiotsotopes, and cosmic rays. Among the chemucal
factors which have been shown to cause precancerous and can
cerous lesions of the human skin are materials contamned in or
denived from petrolenm coal shale and compounds of arenic

Hereduty plays an obsious role 1 the grossly abnormal tpe
of sensitivity of human sk o sunlight for example wr xern
derma pigmentosurn The precancerous and cancerou  hanges
which develop in cluldren affected by this disease are div uysedd
in another paper In the realm of normal kin there 18 fittfe
information available concerming the anatomi and l»’h)"'-'lo'::k
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factors which appear to influence eprdetmal susceptibnlity ex
cept for pigmentation On the bans of some experimental work
it appears that hormonal as well as immunologic factors may
affect the epidermal responsc to cartinogenic agents.

It 13 well known that Negroes and otlier pigmented persons
are less likely to develop skin cancer than Caucamans, Among

600~

§ 8

3

Ruabwdcaumrloo,DOOPcwhrbn

o 20 40 60 [: 1o}
Age

Fio. 1 Skin cancer incidence raies by sex and age (1)

the nonwhitey (including Negroes) 1n the Umited States, the
of shin @rcinoma is very low in companson with the
white population (1) The data from which we shall quate are
from an excellent study conducted by the United States Public
Health Service compiled and interpreted by Dom and Cutler
() They examined the rates of all ancer types in three geo-
graphucal urban areas in the Unued States as follows
1 North Chicago Detront Pittshurgh and Philadelphia
2 West San Francixo and Alameda County and Demver
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3 South Birmmungham Atlanta New Orleans, Dallas, and
Ft Woith
The extremely low rate in the Negro 1s practically unaffected
by the geographiic area as well as by age (Table I and kig ©)
TABLE1 Cancer f theskin
Incidence rate per 100000 pop lavon 1917 (1)
Male Temale

Face head, necd Other T ce, lwead, neck Other

White
North 68 80 05 49
South 1206 27 Fad 158
West 808 e 511 129
Nan hite
North 21 ] 29
Soath 25 29 ) 412

This s not true of the white population A recent survey n
Honolulu demonstrates that shin cancer 15 45 times as common
among Caucasans as ameng non-Cauncaszans (°) The figures m
Table I demonstrate quite vividly also the mfluence of exposed
site geographic location and to some degree sex.

Orver 90 per cent of akin cancers are found on the exposed
arca of the face nech hands and foreamrs (Tables I and II)

TABLE T Camer of tie sk
b poratl od nonexpmed  tes 1917 (1)

T s o Mia Females
Face bead neck o s o 1
Upper extremitses 7 L]
Trunk 31 9
Losercxtrem t &3 13 1 ;
Un fied ate Lo o
i s .

This 1s one of the most potent clues that sunhglt aselt 1 2
major etiologic factor 1n the precanertous ©cancet uis pr ©
which cannot be attributed to a speuific chemal 1 osber pliyst

al agent
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Blam (3) list five reasons why sunlight can be regarded a1 2
caranogenic agent. Twno of these reasons have already been
mentoned. (a) mou skin cancer occurt 1n exposed sites (b) pig
mented persons (who are relatively immune to sunburn) do not
develop thin aancer The other three are that (¢} shin cancet
occurs more {requently among ontdoor workers (d) ultraviolet
ndiztion of lengths present in

light induces cancer of

meh
8§ 3

§

Wumder of Cases pot 100,000

’
Monwhite ’

st
° -
0 ®0 40 80 80
Ape
Fie. 2. skin ancer inridence by race nd age 1917 (1)

the shin of muce and rans (¢) cutaneous cancer 13 more com
mon in the southern than in the northern lattudes.

In such states a3 Iowa, where more than lalf the population
lives 1n rural arcas and wmall towns, the incldence of slin cancer
1 61 per 100 000 males and 35 per 100 000 females as com
pared with a cormesponding rate of 33 and 5 males and females,
respectinely in American cities of the same latinde a1 Towa
The degree of exposure, therefore at any latitude {s important.

It has been demonstrated expetimentally thar ultraviolet
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wavelengths not longer than 3700 A and as short as 2337 A
may nduce tumors 1n the skin of mice and rats (3) Thus s
essentally the same range of energy which produces sunburn
n human slin

An examnation of cancer rates for all organs reveals that
only in the case of shin cancer 1 there a clear-cut difference on
the basis of geograplic location the rate being greater 1n the
south than in the north (Table ) While the waselengths that

TABLE 1L Cancer of the sl
Age dj sted incudence rates per 100,000 white populatio 1947 (1)

A e Females
South 13 L)
Weat 5 6t
Notth 33 3

are presumably carcinogenic for man compose only a small frac
tion of total sunhight this fracuon changes considerably with
latutude

The over all inadence of shin cancer 13 somen hat greater in
the white male than i the white female (1) (Tables 1-111)
There are several poanible reasons for this difference The most
plausible explanation s that the number of women engaged
1n outdoor work is considerably smaller chan that of men and
that the degree of exposure of 1 omen who spend ume 1 the
sun 1s not so great In some 1nutances the female use of cosmenics
may reduce the penctration of ultraviolet rays

As 13 true of other types of human cancer thoswe miolving
the skin are more likely to develop as the person grows older
(Fig 1) In the nonwhite person the increase in inaidence with
aging 13 very shght. New lines of evidence from bath epidemio-
logic and expenimental sources throw doubt on the venerable
supposttion that the aging process atself induces or predisposes
the skin to the inducnion of cancer One cannot discus the
age factor wuhout consdering the latent period or induction
time Tlus ts the period of time which elapses between the it
tial exposure to the caranogenic stimulus and the appecarance
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of visible precancerous or cancerous lesions. In animal expen
ments, the induction tune will vary with the type of carano-
gemic stimuluy, dotage accelerating or cocaranogenic agents,
syRergutic agents, speaies of animafs and many other factors
A single exposure to 2 caranogeni: agent 1 uniikely to Tesult
n neoplastic changes, This is espectaily true in the case of
chemiaal aranogenesis. In the field of occupational cancer
there are numerous examples of vanation in latent period, a
subject which we shall discuss later As ofte can see from the
inodence curves, most human skin cancers are noted after the
40th year Thu mncdence curve ngex sharply at age 60 The
increase 1n incxdence with advancing age may very well repre
scnt & long Jatent period mvolving carcinogenic sumuli of low
potency or of wtermuttent or infrequent oocurrence (4) The
concept that ultravicler radiation to which everyone is expoted
1o some degree (some more frequently and wtensely as well z
10 moce actively carcinogensc wavelengths, than others) it 2
major stunulus Jn human epidermal cncer has good support.
The reason however that some persons develop cancer and
otkers do not, may not be enurely related to the severnty of
their exposure to uitraviolet light there are other intrinsc s
well a3 extrnse factors which must be considered. Resiatance
to the development of tumars, as has been demonurated expen
mentally may also involve genetic, hormonal dietetic, immuno-

and other metabolic factors, a1 well as external physical
md chemical factors, In connecuon with immunologik consid-
CTalons, we might even speculate that the smmunologic Tenst
e of human bemngs to the growth of peoplasuc epidermal
cells 14 mhented, or 14 acquired early 1 life, and that this
tatbitance decreases with advancing age to the pownt where the
reoplastic cells grow with leas testriction

Animal Olnervationm and Correlation with Haman Ixperience

Certain industrial materlals derived from coal petroleum
and shale whirh are hnown o be carcinogenic for human skin
bave reproduced morphologically nmllar precapcerous and can-
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cerous lesions of the skin of anumals, when applied thereon.
The specific chemical structures of some but by no means all
of the carcinogens 10 these complex mdwstnal mixtures have
been identfied, Certain others have been classified but not
identified a3 individual compounds. In 1971 a Swisy dermatolo-
gut, Bloch (5) recognuzed the component of coal tar as a gyclic
hydrocarbon which was concentrated 1 the high botling frac
uons. The first known pure chemical compound found to be car
cnogenic for the shin of the mouse was dibenz(a,A)anthracene
It was synthesized by hennaway and Hieger (6) Since that tme
benzo[a]pyrene has been molated from coal tar (7 8) and more
recently from cracked petroleum muxtures (9) It has also been
identified 1n atmospheric dust (10) shale o1l (11) and automo-
uve exhausts (12) Although there 1 no direct evidence that
this compound will cause cancer of the human skin its carcino-
genic effect on the skin of ammals 1 well documented (13)

When a known polycychic hydrocarbon or & complex mixture
from caal tar or petroleum coatainmg a CANCIORETIC agent (s
applied upon the skin of a mouse certain important ‘variable
must be dealt with adequately f satisfactory inlommation re
garding the caranogenic potency of the material 13 to be ol
tained These mclude the concentrauon of carcinogen the total
dose per application  the schedule or number of tiie applhca
tions, the vehicle in which the carcinogen 1s apphied and the
state of health of the mouse (or mice) In the case of the petr
leum or coal tar mIXtures certain NONCATCINOZENIC CATpPoNEnts
of the mixture as we shall pomnt out may nfluence the result
ugnificantly

These qualitative and quantuatne relattomlups and per
haps others as well are of ulumate importance in hnan cx
perience in understanding why in some occupations molving
exposure to such indwstnal materals the occurrence of skin
neoplasms u common whilc 1 othens few or none ovcur 6
some nstances, the ume which may clapse before precanier yus
ot cancerous lesions are Noted may be relately short and in
others, long  \t this point the data of Henry (I4) who con
ducted 2 suney of several thousand cawes of cutancuus cancer
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among Britlsh workmen who had handled products of coal tar
shale or mmeral oil should be reexamined

The majority of cases among men who handled pich and
tar occurred withm %0-24 years after commencing work, but
mowt of those auociated with the handling of shale and munenral
ofl octurred within 5054 years. Hence 1t appears that pitch
and tar are capable of producing discase 1 man more quickly
than runeral ml. It should be noted too, that scrotal ancers
aan be regarded almast exclunvely to be of occupational origin
Thase which occur on exposed sites such as the hands or face,
may be under smtable circumstances, suspected a3 being occul
paucnal in ongin  but other nonoccupational stunuli must sl
be consrdered.

Tt 11 appropruate to examine our experimental data to sec if
they an provide some explanation of the differences referred
to above. It 11 almost axiomane 10 chemical research that, 1n
otder to leamn the mechanusm of a reaction one must determine
the manner in which the rate of the reaction varies with the
changss in the yutial concentrauon of the reactants An amalo-
gous approach to the mechanism by which certain ofls produce
precancerons lesions and carcinoma, when applied repeatedly
upon the skin of mice has proved frustful It scems hiely that
more may be learned about the mechanum of axrdnogeneus by
mestiating the rate at which tumors can be induced m am
wals under variows expenmental conditions, than by determin
g only the incidence From the atandpoint of pathogenesis we
must be concerned with quantitating the induction perlod since
1t 1 during this penod that the cellular changes occur and the
potentially neoplastic or malignant cell is produced and stmu
Lated 1o grow

It hag heen found that the dose of a @ranogen applied in
N appropriate sehicle may be exprested mast usefully in the
umit of weight per untt of area of the skin per weel (15 By
s untagem the rate of mduction of tumon by such poly

y I 1ydrxarhons as bensofajpyrene  and 3-methylcholan
threnc 1 a variety of common solvenu, may be equated (Fig
3 The intnnskc apaciue of the different so! itions to spread
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upon the surface of the skin vary considerably and the total
quantity of the polycyclic hydrocarbon required to obtam a
given dose per unit area will vary accordingly  Solutions for
which this charactenistic relationship between dosage and rate

e [

24

DURATION OF TUMOR FREE LIFE (wetks)
» E
> ?

36

0z o4 a8 ab 1o 2 14 18
fc RATE OF DOSAGE OF POLYCYCLIC CARCINOGEN b /wteres /wesd )

Fic. 3 The mate of inductuion of papillomas in (3H mke by
repeated ap| liauon of $-methylcholanthrene (MC) and bensofa}

pytenc (B1) in nonacceleraung solvents. The unit area s the area
covered by 100 mg of solution having a relative spread of one

Equation for bensopyrene

[}
e =EFei T

Eeuation for methylcholanthrene
13
Ty e
of carunogenesis holds are clasufied as  nonacceleratng  for
reasons which will be apparent sulsequently Soine of the sol
vents which have nonacceleraung charactenistics are henvene
n-octane decalm and white mineral ol of ligh viscouty These

are used frequently in expenmental work on cancer of the shin
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In contrast, certain less common solvents such as i-dodecyl
benrene, w-dodecane and dixmylnaphthalene accelerate the
aranogenic action of benrofa]pyrene and methylcholanthrene,
even though these solvents when highly purified are nonar
clnogenic (16) The cHiects of benzene and dodecylbenzene are
compared 1n Fig 4

When a low concentration eg 0002 per cent, of a strong
ardnogen is applied 1n a nonaccelerating medium more time

i ° —
I

3a

o o—o0 Sokuhons In Dodecylbeazem
i —e3olutions in Be zens
%

i

¥ o

i

-

sO.DOOoe 4 as ar G oM o4

&3
Concanraion of Metyicholanthrens (% by welght)

Fxc. 4 Relative rates of induction of tumons by solutions of
methylcholanthrene 1n benzene and dodecylbenrene in tests invohw
Ing three 1000y pplications exch week.

than the life span of a mouse would be required for the induc
Uon of tumors. Hence tumors are not observed n such an
CXpeTment. Wihen the solvent 15 an accelerator however this
\ery low concentrauon is adequate to induce tumors in all the
mice. Moreover certain polycyclic hydrocarbons which are gen
rally conudered 1o be enentially noncaronogenic, sach s
benz{ainthracene have been found to be capable of inducing

tumors 1n all the mue if applied as a solution 1n a suitable
xcelerating medium.
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What 1s the sigmficance of these findings m terms of cancer
of the human skin? Let us compare such expenmental data
with the climal information obtained 1n relauon to certain
types of occupational cancer (Table IV)

The latent period of skin cancer among workmen who handle
putch is relatively short as 13 the case among paraffin wax press
men n shale o1l and muneral oil refineries It 18 to be woted
however that thus mmlanty 1n latent period is asociated with
exposure to materials of quite different composition as 1s shown

TABLE 1V
Probabte Alice Human,
pereentage verage crage
Relat of long- Litent latent
@ cnogen  cha ¢ poriods peniodt
Material tontent lerators {wecks) {yeam)
Panfin distillate  Low High %% “lormore
(lack wax)
Sp dleoll Low Lowto 60 10-80 (Henry)
modcrate
Coal tar High Nexligibhe [ 1
Peh Veryhigh  Negligible - f = (tenry)
Wht mnenal None Low Notw oo Noncarcine
ol renle e

Thrre pplx tions per week

in Table IV In coal tar and pitch the concentration Hf ar
cinogen 1y high while the concentration of long<hain accel
erators 15 neghigible On the other hand the concentration |
crunogen m the wax dutillate 1 fow and the concentravon {
long-chain accelerators often tugh There appean tc be conyid
emable vananion among dutillates with respeat 1o their content
of accelerator. This may explain 1n some measure the vanable
inaidence of cancer of the skin among wax pressmen in different
refinenies including 1ts nonoccurrence I many Amolg persois
who come 1 contact with spindle oils such as mule spmers
in the Bntish textile factories the severity of exposure 1n tenns
of the carcmogenk content of the oils iy quite 1w Me m

centration of Jongchain accelerators i stk h ofly 1 less wually



PREMALIGNANT AND MALIGNANT LESIONS 183

than that in wax distillates, While a large number of skin can
cers among mule spinners has been reported their avemge
latent perdod is relatively long When materfals of the type
udicated above are applied upon the skin of mice, under ap-
proprate experimental conditions the Tesponses of the mice
correlate with those indxcated above in men to such an extent
as hardly to be fortultous (Table IV)

T Getrideomnt A 4

sesidesy

Benpa (g) prevme
TOsbarvimmm, A 3

g-Dwosans, A T3

Fi.5  Carbon skelesons of several typical cardnogens and aceel-
€Taton. The pumerical values Indicute relative accelerating activity
of cach sofvent using benrene with  value of 1.0 as a standard.

One annot discuss these | rollems withont mentioning the
fremendowms inlluence of hygiend fact s, Mhere | oample clin
laal and experimentaf cvidence t dem antiaie 1hat e proper
deanaing of the skin will detrease the 1ate of tinor formation
and lengthen. stgnificanedy the dm of in Tiuedon of nunore

Structural srmularitier betweens typdvat cafcinogens and accel
€ratory are shown by the Grbon sheletims fu Fig & (16) The
relative accelerating a ‘tivity of cach sdvemt wslng benzene with
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an accelerating activity of 10 as the standard, i indicated. The
freely rotating alkyl chain is apparently an ensential character
1stic of the accelerator If the alky! chain which 13 charactensuc
of all these compounds, 15 longer than a critical length the
compound ceases to be an aceelerator A compound which rep-
rescnts the completely cyclized version of diamylnaphthalene
has no aceelerating actvaty It bas been reported too that hy
drogenated derivatuves of the five ringed carcinogens are In-
hibitors (1+) of the induction of carcinomas,

It has been noted above that, when the solvent 18 nonaceel
craung the rate of mduction of tumors by a benrofa]pyrene
soluuon s a function of the concentration of the eaicinogen 1n
the solution and the number of apphaations cach necek (3iclding
a certain dosage per umt area per week) It {s not influenced by
vanations 1n the total quantity of solution used for each appli
cation a3 long as the sume part of the back of the mowse 14
exposed every time For example the apphication of 40 mg of
solution covers roughly tnice the area covered by 25 mg vicld
g essenually the mme dose of carcinogen per unit area in
either case and the same rate of induction of tumors

In contrast when accelerators are added to the solution n
nigmficant concentratidn (> %0 per cent) the quantity of solu
tion used for each applicauon bevymes a most important an
able The rate of indiktion of tumors may be accelerated
strongly 1 hen 50 mg of solution 1s applied each time and yet
not sigmificantly changed + hen 10 mg is apphied (depending
of coune on the actual concentrations and activity of the par
trcular accelerator employed) It 13 also noteworthy that 0 mg
of pure accelerator 13 very much more effective than 100 nig of
a inixture containing *0 per cent f the accelerator and 80 per
cent of nonaccelerators.

The results of Investigauons of the rate of induction of tu
mors by solutions containing so hittle carainoen that only abour
® per cent of the mice develop tumors may be particularly
helpful toward an understanding of the difference in the roles
of the arunogen and the accelerators When the solvent is non
accelerating most of the tumors appear late in the hfe of the

mice. The total incidence of the induced ancer scems to have
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been limited primanty by the death of the ammals and by the
slow growth of the neoplasms to detectable sire rather than by
any failure of the carcmogen to produce 1ts effect on all of the
Tuce.

Agam n contras when the medium it strongly acceleratmg
in order to produce tumors in 25 per cent of the rmce only
about oaetenth of the concentration of the arcnogen 1 re
quired. However most of the tumon thus produced appear
after a retatively short fatent penod (in about 15-20 weeks after
the first application 1n expenments nvolving three applications
each weel) Here 1t appean that the madence 1 definely
lirtted by the avautability of the carunogen but, at the same
ume that the catemogenic feaction in the  susccptible muce
takes place very carly in the senies of applications. The urm
larity m the fatent penods for the few tumors produced, as well
a1 therr relative shortnes, suggess that the role of the accel
enator w to fachtate the growth of 2 cell or group ef celle
Fhese celis lave been rendered potentiaily neoplasuc by the
aranogen which 1n the absence of an accelerator would not
have acted s0 promptly W e speculate that the accelerator may
enhance the alsorpuon of the ctanogen imo the suceptible
cell The posuibiliny that some naturally occurning smmune
mechanism may be exerting 2 canceromate actron and that the
ole of the accelerator 15 to mactnate such an 1mmune cm
t urder imvenigavon catrendy It 13 possible that the same
wHem may be involved 1o the natural reutance to nfection

e has been noted (15) that mice exposed to accelerators
appear to be much morte susceptible to fection than are the

ontrofs. The powibility that the acoelerawr may inhibit a
metabolic change whereby the arcinogenic agent becomes non
[Arcinogen mu also be conndered.

It has also been found that when the rccelerator (without the

aranogen) « apphied upon the skin prior to or folloming the
applcation of a aaranogen dissolved in & nomaccelerator car
cnogenic actinity n enhanced. The effeqy of preconditoning
mowe thin with t-dodecylbenzene and . phenyldeane 1s quite
wnking (Table W3 It was apparent that miwce were rendered
much more suscepuble to the arclnogenic action of & caulytl
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ally cracked oil by a prior application of zcrelerators upon the
skin Not only was the latent period reduced considerably in
the precondiuoned mice, but the incidence of tumors increased.
The presence of a small and normally neffective amount of

Porcert of Mice Baoring Tumors
B 835283883

X

Dod
M{:‘.ﬂ Carcinogen Corenogen

Fic. 6 Inddence of tumars following & single application of a
urong carcinogen as conirasied to inckdence rates when an accelerat
ing sohent, dadeane was applied subsequently

accelerators (indicated by other tests) in Oif No 9 (Table V)
was also an impartant factor in this demonstration of a precon-
ditioning of mice by accelerators.

It appears that acceleration of caranogeness by long chatn
compounts may be analognus to the cocarainogenic  action of
croton ol described by Berenblum (18) It Is demomtrated 1n
the har graph of Fig € that the madence of tamors followng 2
single application of a strong caranogen (7 17-imethy Ibenr(a)-
anthracene) may be rased from a very lon value to evsenually
100 per cent by the subsequent application of an accclerating
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TABLEV Precondhioning of GBH mice to aardnogenels

Average
doration
llua-t;‘hnppundupond.ln Namber of
mice during Effective oftumor  freellfe,
Seventhweek  number  beanng .
First § weeks o end of mler mice (weeka)
OilNo.9 OillNo 9 9 9 245
{cat. crached)
Denrene oaN 9 2 29 157238
2PhenyMdodecane OflNe.9 17 16 15422

bydrocarbon. The Jatent period was again about 15 weela (when
the accelerator was applied three times each week)

It seems probable that the basic change or mutation occurred
in the skin of ali the mice within a few days after the apphication
of the carcinogen. The abnormal ells, thus produced 10 rela
tively few instances, multiplied to produce a neoplastic tisue of
vhible uze without further stimulatwon. Accelerators produce
& condition in the amimal which makes it posble for ths
xrowth to take place almost univermally The rate of growth has

been found to be directly proportional to the frequency of ap-
plication of the accelerator

Summary

Significant etlologic factors in  spontancous cutancous can
€T have been ducussed. The intensity of intermuttent expasure
to ultraviolet warclengths which produce sunbum and the in-
berent ncepubility of the eprdermus are probably the major
Bactory rerponsible for shin ancer of nonoccupational origm

Relationthips between the essental vanables which affect the
potency of some expenmental ¢ gens have been pr d
Imight reparding etiology and pathogenesis may be ganed by
fWdying the enhanang effect of certain long-chamn aliphatic
and related hydrocarbons which may be regarded as accelera
ton (1) Solutions ot carcinogenic compounds 1n acceleratons
infuce tamon {n the skin of mice at a much higher rate than
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do solutions in hydrocarbon solvents of lover molecular weight
(°) The accelerating solvents are capable of preconditioning
the skin of the mouse 5o that 3t 13 more responaise to subsequent
applications of a carcinogenic matenal particularly if the latter
already contains a small amount of tlie accelerating component
(3) The accelerators, like croton o] appear to promote carcino-
genenis imuated by a single application of 2 arcinogenic hydro-
arbon Some speculative connderations regardimg the mode of
action of accelerators are presented.

The different rates of tumor formation observed among noth
men who come mn contact 1 1th vanous industnial matenals swch
as coal tar and certain fractions of shale and mineral o1l appear
to lend themselves to explanation in terms of the relative con
centrauons of carcinogens and accelerators in these materily
The chinkal data as regards the rate of tumor formnation are
paralleled closely by experimental obsennattons on mice sub
jected 10 contact of ther skia wubk comparable Indusiria) mix
tures The close correlation between epidemiologic findings and
expenimental data and the significant information derived from
thu comparative investigation justify the conunued use of an:
mal expenimentation as 2 means of studying the etology and
patlsogeness of cancer of the human shan

REFERENCES

U Dom H b and Cutler S. ] Morbidity from Can er n th
I kit d State  Publx Health Monograjh No 29 19

Allson 5 D amd Wong h L Shin cancer 34 1 4
Denn dol 4675 739 (19 4).

3 Blum H F Sunlight 23 a cawal factor sn cancer of the Ln o
man f \atl Canerint 9 1738 (1918)

1 Rennaway L1 and hemmaway N M Lhe relatwn betwoen
the 1 wlerwe nd incubation persxd of @ancer in man ) 1
] Bl \ed 1130161 (1911),

5 Moch B amnd Dreifus, W Ueher die experninrentelle Freengt g
vor (aranomen aut 1yvmp hdiisen 2 pd Lugsen x) 3 wm
| rh leabotandiale Wa - med Hoxh b S7103
103 (19°1)

© hennwy E I nd Heger 1 (acngen  ubauno ml
the fu reven ¢ pecn Bt A\ d ) 70N A



PREMALIGNANT AND MALIGNANT LESIONS 189

Hieger L Isoladon of a cancer producing hydrocarbon from
coal 1ar L. Concentration of the active sulatance ] Chem
Soc 1933 305-596

8. Cool,J W Hewett, C. L, and Hieger L Isolation of a cancer

©

producing hydroarboa from coul ar IL Iwlaton of 1,2
and 4,5benzopyrenet, perylene, and 12-benzanthracenc. J
Ghem, Soc,, 1933 396-398.
Tyve, R Graf M J, and Horon, A. \V Determimanon of
a)pyrenc 1 complex mixtures, Anel. Chem 77 248
253 (1985)

10 Waller R. E. The benrpyrene amtent of town air Bnt J

Cancer 6 821 (1952)

11 Berenblum, I and Schoenwal, R Caronogenic comstituents of

shale ofl. Bt J Exptl. Patl ol 24 282939 (1918)

12. hotin P Fall, H L, and Thomas, M Aromatic hydrocarbons

II Presence in the particulate phase of gasolinecngine ex
Iauus and the carclnogeniaty of exhaun extracus. Areht Ind
Hyg. Ocenpational Med 9 164 177 (19.4)

13 Hartwell, § L. Survey of compounds which have been tested

for carcinogenic acuivity U Publ ¢ Healt! Serv Publ “o
9 1851

14 Henry §. A Ocoug 1 cancer aur le to cer

tain chemicals m induatry Brit Afed Bull 4 389401 (147).
the akin

15 Horlon, A. W apd Denman D T Caranogenesls of

A reexaminaton of methods for the quanuian e meaure
ment of the patencien of complex materials Cancer Research
15 701 709 (1985)

If Horon, A W Denman D T and Tromset, R P Carano

genesis of the skin. 11 The nccekeraung properties of al-
phauc and related hydrocarbons Cancer Research 1, 758
766 (1857

km‘cl.:‘l' F;\l: H I, Lylemly W and Zechmenter L. Inhibi
tlon of cflect of some cardnogens by thedr {ally
hydrogemated denvatl es. Sciew e 123 102 (1956). Pt

Berenbl m, 1 and Shubik, P The 1ole of roton oil applic
Gont, usoctated witt & Ingle pant g of a carcinegen, n
tumor {nductron of the mouse s shin Brt J C ncer 1378
38 (BT

Ducusuion

r‘lh Rotiuas | would like to b two questons. 1he first one
Mo the i leraton | wonder whether thes ha ey In ally
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notceable {rmtaung effect. If not, it #1 hard to undentand the poxt
tive results of expeniments in which fint the accelerator was given
and the arcinogen was applied afltenvards, If the acceleraton pro-
mote the subsequent absorption of carcinogens they must bunt cell
membranes in the cpidermu, as it was emphasized yesterday and 1
hardly can imagine that such damage an be done without obtaining
subsequent inflammatory reaction.

My second question refers to the ardnogenic action spectrum of
ulmaviolet radiation 1n mice. I ant reall that H Blum has ac
tually demonstrated carcinogenlc action of the wavclength 537 A.
If he did this 13 somewhat 1n contrast to our own expenimental work
which Dr Lorincz will discuss. The 253/ A line of the mercury are
docs not cause true sunbumn 1t causes a short lasting erythema (pure

il without i ion) and it does not leave prgmen-
taion To my knowledge carcinogenic effect 13 restricted to the sun-
burn range 1n the narrower seme which 1 indeed a narrow range
extending from 2900 to 3100 A

Dx Suskinn Most of the longchain zcceleratons are pnmary irri
tants and produce inflammatory changes 1 the dermis and epi
dermis but when pure they are not carcinogenie

In connection with the carcinogenicity of rdiaton ay short as
2537 A, Blum has produced skin cancens 1 mice with a mercury arc
source at a very Jow pressure in which  Imost all the radi tron emit
ted was in the 2537 A line.  Such energy levels are of no importance
in the human exposure to sunlight stnce 2000 \ js the shortest wave
length reaching the slin in appreaiable amounts from solar sources

Dr Lominez We carmied out a few experiments a number of yean
ago which we never published. We tried to protect myce agaimst the
arcinogenic effect of ultraviolet light by application of a p-amino-
benzolc acid sumcreen in propylenc glycol solution p-Aminobenro
actd absorbs the sunburn rays aroundd 3000 A but n t the 2,37 A line
of the mercury arc. We found that this screen w2 effects e in m
pletely preventing ultravioket Induced caranoima Our higlt sour ¢
was a therapeutic  hot mercury quartr lamy

Dx Romiuax The protection of the mouse ¢ 13 wa nddeed ¢ i
plete When ue went on with the rad ation the mce deseloped
car inomas o thelr taily, these 1ea being also rel uvely free [
hair If both ear and tails were | i terted, carainom  develaped 1

H F Blum amd § W Lipp mott Carasagenut effect enew [ ult
wolet rediation of » length 337 v J A1 € rda V1 E

Q9.
1L F Blum Su light & cuual factor 1n cancer of the & of man

JNLCecernt 9 17 13(1918)
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the cvelids, Thus p > ¢ acld was abeolutely protective
al 1t does not protect sgains the 2537 A line.

dliug}:mm In regard to your fint question, Dr Rothman all
the Lnown aceeleraung hydrocarbors are definltely primary imi
unts. Howewtr a number of the nonacceleratons seem to give the
ame primary irftason [ dont beliere Dr Suskind imtended to
infer tnt the ooly pouible mechanism w uccelerators work is
by increasing the permeability of the epldernis to ardnogens. We
have reasons 1o suspect & systemic influence of the accelerators since
they make the animals much more susceptible to certaln types of
infectron. Thus the mechanism may be much more complex than a
umple Jocal effect.

D Lomuxcz, The obtervations on the infuence of the acceleratons
are very interest ng, particularly the experiment in which a single
qrcinogen dose was applicd and was followed by subsequent apph
atlons of accelerator to produce a very h gh inckdence of neoplasimt
To me this would suggest that these accelerators somehow Interfere
with the imm une mechanfsm of the host. One might concelve that
st the indimdual eeil level potennal carcdnomas of the slin probably
anse 1o very large numbers but that these cancerous mutant celh,
generally differ suffciendy in antigenic makeup from normal cells to
arcose mimune resctiom which take care of inciplent individ
ual cellolar neoplasms. 1f one tben interferes with this immune
mechanism by deprening antibody formation or delayed type reac
thity the potential cellular cancens can proliferate freely to form
£rom tumony, § wonder [ these acceleratar compounds affect delayed
1ype mberculin sers ti 1ty or sensituzation.

D Sutrspgen In reference to what Dr Horton and Dr Lonnce
hﬂ‘ejunnbd,llmmr:)uun?cxlldwnpcnmcuuofDnHm
mann  nd Sherw noin which the #dm nistration of cortlsone In
wpetified doses 1n @ part cular range, just before and during the
application of yoethy! holanthrene to crapoma-sanceptible mice,
ccekerated the rate of formation of the carcinomas substantially
That might be an anakogy to what has happencd bere, if you postu
Late that thus | a systemic effect and L something to do with resist
INCE (0 e aartinogenen system cally However 1 dont qulte

aderstand whether you postulate a sy temic effect of the accelera
for \Must you pply the carcinogen 10 the gme area to which vou
ta ¢ applied or are going to ap; ly the acceleraung solution or will
the accelerator act f om disanee? In other worls, do you obta n

“teleration if you pply the  ccelerator to one uite and the carcino-
g divant  ter

T Sts 1 o In answer to Dr Lonna question bout the role
o the cceler tor when employed ltera ingle dose of & carcinogen
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this is a phenomenon which has been dexcribed some time g As
you all Lnow croton resin or oil was described by Berenblum as
having just such propertics. He speculated that there were two
$0ages to caranogenesis (a) an mrtiating phase in which the neoplas-
tic or prencoplasuc cell was formed (b) the promoting phase m
which the cell grew erther as a result of the continued exposure to
the carcinogen or ta some other agent which was not carcinogenic.
When a solution of croton rasin 13 appled after a ungle dose of
dimethylbenzanthiracene  many more tumon are produced that
would anse without such promoting treatment. Berenblum proposed
that the action of the accelerator (he wsed the term  cocartinogen”)
was 2 promoting action which causes proliferation of the preneoplas-
tic cell which one sees In the papilloma or the neog Lastze cell which
ofic observes i the squamous cell cardnoma However this does not
aplain several other obsenanons made by Dr Horton and his
group They obsenved an accelernung or enhanang efiect when the
shin was pretreated wath the solvent and the carcinogen sulsequentls
ap} hed. Perhapw our solvenu are of 2 different order of ompound
than coton resin: Dr Horton docsnt 1think so When the skin s
etther pretreated with the sol ent or when 1t 1s used as a solvent for
the applied carcdnogen  ere sedl rate of wmor formation i noted
Dr Horton aml his group are now { robing into the pos 1t ke mech-
aniwms of action of the accelerator sol ents.

In amwer 1o Dr Suliberger s juestion 1eganling the application
of the accelerating solvent to the 1ame site or one remote from the
apj lication of the caranogen 1n all the expenments to date the
accelerating sohvent and caranogen ha e been applied (o the same
general area. We are in the proces of determining whether the en
hancing cffect may be produced «f the a cekerator + applied 10 me

arez md the ¢ reinogen to another
Quistiox I would like 10 ask Dr Siskind or amyone else here if

there 13 any idication that these agents have an eflett on the mut
tion rate of animal or human ells. e knaw that 1 microorgan
13, dibenzanthracene il benrprrene will acceleraie the mutat w

rate
Ix. Homton Me ha e no expernmental evwlence in dirett 4 nwer

to your queston, In this mechanhn we re presuming that the
inogen may have it ba k respomse becawse it produ eva utat m
and that this actu lly may occur relatnely early i th coune o
experiment that imval ev any igmificant concent o of & 3 g
carc pogen Whateer the accelerator docy 13 jua imp Iy some Al
[h:\c of the nochannm Perhaps as someone ugreated her
inherent immune repome 1y dey revsed 1y the x eher tor thi e
mitt ng the abnormal el 10 thy ve tnan en jonment wh ! et

wise would hold it in el
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Departmeny of Dermatology Wayne State Unneruty College
of Medsaine and Recerving Hospital and the Detrost Institute
of Cancer Research Detront, Michigan

The cntical ascsrment of the development of concepts and
an attempt at some kand of syntheis of modern views based not
only on work 1n the field of dermatohistopathology but drawing
also on advances in other branclics of science such a1 general
pathology anatomy and ancer research appear to provide the
best approach to this topic. A cataleguung and techmeal de-
scripton of the vanous tumors 15 unnecessary since the publica
tion of Lund s (22) fascacle “Tumors of the Slan which pro-
vider an excellent catalog and descrption of premalignant and
malignant lesions of the skin Thu discussion therelore will be
confined to considerations, derved from the study of hterature
of normal slin, and of several thowsand biopsics, and will be
based on personal convictiuns. It will be controversal m some
Tespects,

Interest 1n the chnical and lnstologic differentiation of skin
cancer became hively around the turn of the century A histon
cal review therefore has to go back about sixty years. Duning
thiy ime an mmense amount of facts, thoughts, and theones
have been laid down 1n the literature It is very difficult, 1f not
impesible o contribute anything ongnal to the concepts
about shin cancer and 1f expliait credit 1 not guen to prede

Spported  pamt Wy resarch grane € %072 brom the Navonal Inu
woof Heahh, L ted Stes Public Health Senvice, nd by reearch on-
rit DA 19007 MD 381 [ wn the Rescarch  nd Deaelopmsent Dnison,
Ol of he Surgeon Ceeneral Departeent of the \rmy
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cessors who proposed or opposed the views expressed the omus
s1oa 1 not 1n malice, but solely to save time and present the
wnvolied subject as clearly as possible

Clmical Considerations

Considening climical matters, one might point out racial dif
ferences in inadence and dutribution of shin cancer as a subject
of farrly recent mvestigation There seems to be a relanvely
greater susceptibihity of hight complexioned individuals not only
to carcinomas of actunic ongin but also to melanomas (77,33)
On the other hand melanoma Is relatively rare in Japanese and
espeaally 1in \egroes (23}

Another point that 15 of more general interest to the prac
ucing physician in this country 1s that in my expenence there
has been a considerable sluft in the case matenal one secs
office pracuce It has become relatnely rare although by no
means unknown, to sce large far advanced or neglected case»
of carcinoma sarcoma or lymphoma Increased awareness of the
lay public 1mproved diagnasis and more effective treamment
have had a greater impact 1n the ficld of cutancous cancer than
perhaps in any other specalty Many patients seek the doctor s
adsvice for uny and often isignificant lesions, and 1t has become
2 common task to reasmure the patient and to combat cancero-
phobia.

\o doubt many skin cancers are dixcovered at an carlier stage
Figure 1 scems to hear thi out. The data are 1aken from my
biopsy matenal of basal cell epitheliomas far the years 19,075
and ten years earlier 1946 17 Although the peal in both pen
ods 13 1n the seventh decade the percentage diunbution di
(ates a notkeable shift to the younger age groups, The cune
shan 3 this more clearly than the relatisely small drop in ncan
age from 67 o 8 years. Ay 1t 13 unhiely that people desel
Lasal cell epithelinmas at an carlier age today than they did
ten years ago these figures indicate that patients sce thetr doctor
earlier and that doctors dlagnose many earlier lesions Thiim
prawion s further supported by the fact that many of these
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biopsies came from tiny papular lenons, often witlout ulcera
tion and not more than a few millimeters in dameter

The stuft 10 clinical matenal to younger smaller and there-
fore lexs characterntlc leslons s notceable not only in basal cell
and squamonus cell arcinomas, but also perhaps even more ©0
in the lymphomas, eipecially mycons fungoides and in the
mreomas, espeaally Kapos's hemorthagic pigmented variety
The tumors and cven the plagues of mycoss fungodes often
are preceded for many years by innocent looking erupuons of

At wecidmrtn Of bl ool e

-

n- _ meaen
_ mee4r oLTy
1 POV Wex

Fio. 1 Age inddence of basal cell epitheliomas encountered In
blopsy materfal between Augmst 21 1946 and Augnst 20 1947 (solid

aurie) and between Auguse 21 1958 and August 20 1957 (dos
curre). Based on 457 specimens. 19T (doned

the

0“:‘ peotisly type The infiloating and uleerating tumon
pon s disease are preceded by stages 1n which the clincal
and even the histologic differentation from simple stasis derma-
mbmaybeverydlﬂ'\cu\t,m.," gut Tendenng a di 1
of mycons fungowdes or hapol sarcoma may be taken 1 task
several yeans later of the patient continues 1n good health How
€ve7 1t is the chinrdlan mther than the pathologut who must
change his outlool Early lesfons of Kaposi sarcoma may invo-
lute spontancoinly new lesions may Lecp developing and disap-
peanng for years. Mycous fungoldes may remain in the pre
fungoid dage for twenty yeans or more in exceptioml Cases




156 PATHOGINLTIC ) ACTORS

lesions may come and go with hrtle or no treatment. In these
premalignant stages 1n which the body manifests 1ts abulity to
Keep the dusease in check 1t seems warranted to withhold the
moie severe forms of modemn therapy wluch may be more de
structive to the hosts ability to resst than to the malignant
process

In this suuavon the clinician s responsibility 1s to malntain
a high level of suspicion without becoming an alarmust. He
must practice the art of exact dermatologic diagnosis by close
scrutiny and mental analysis of minute detai] an art 1n wlich
the pioneers of our specialty excelled To know a basal cell epr
thelioma from a squamous cell carcinoma a seborrherc keratoas
froin a senile keratosis, a inelanoma from a black seborrheic
keratosis or a thrombosed hemangiomz an amelanotic mela
noma from a granuloma pyogenicum  these and other chfferentt
atrons require a tramed cye and a tramed mind that can be
acquired only by daily applicatton over a number [ yeus
Therr possession more tun anything else s the distngushang,
mark of the dermatologist

Biopsy and histopatholomic examunatien of course should
not be neglected On the contrary any lesion that 1w ¢ nudered
worth removing certamnhy deserves microsc pic examinat n
Thie reasons for this statement range from the sporung intesest
of the chmcan 1 having s judgment ¢ nfirmed t reas ur
ance of the panent and to medico-legal ¢ maderan ms. From
the pant of viev of the histapathologust 1t 1v nukh m ne enpon
able to give an epmion to the dinican wh sul nutted a con
sidered differential diagnows than to onc who <alls all his sur
giaal trophies ¢ysts moles, and  merns.

Histopathologic Considerations

Exact histopathologic classificats s of tume rs may le pracexed
for two main reasons to 2ty the scaentific spiat  f ehe path |
ogist and for the practical purpow of prognostkatt o The
clintcian wants 10 know from the pathologist how the eumor
may be expected to react to varrous modalities of therapy and
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what 1ts biologic behavior may be i terms of local growth rate
and metastans. The pathologut s abillty to deduce prognows
from mucroscopic examination of a tumor 15 based i part on
abjective eritera. Often however he follows conceptual rules
of interpretation that may be dernved from enurely different
filds of research Changes m concept may affect his judgment
connderably Therefore a few topics 1 which recent develop-
ments have led to major shifts of concept have been selected
foremost of wlich 1s aranoma of the shun.

Carcinoma of Skin

Around the tumn of the century it became established that
there are two qute different types of skin cancer In addition
to thr relanvely fas acting metastanzing, and eventually fatal
type of tumor that we now call squamous cell carclnoma there
was found to be a more nnocent slowly prograve and only
loaally destructive aancer to which Jacob i England gave the
name rodent ukcer  The most commonly accepted name for
tlus second type of cancer 15 that bestoned by hrompecher of
Budapest basal cell aardnoma (17) The opinions regarding
hrompecher s contribution to the field have varied from en
thusintic support to the biing comment of Lacamagne (11)
that krompedhier contributed nothing but an 1nept dengnation.
My personal oprnion 13 that Krompecher contuibuted » great
deal by estabinhing the unity of a variety of cutaneous tumors,
many of which had been diagnosed a3 endotheliomas before
m and by setung forth diagnostic eriteria. On the other hand,
I feel that the dengnation lie used in his At paper  adenoid
qrcinoma of the surface epithelum  (16) 13 more correct than
hu later choice of banl cell caranoma  which indeed hay
Aen nse o much misundenstanding and futile argument and
specufauon. Many French and some English authors never took
100 Lindly to Rrompecher s view that this cancer originates in
the bagml cells of the stratified epithellum but duscussed its
denvation from one or the other of the cutancous adnexa
namely hair follicles or glands.
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A new chapter and a peniod of comparative agreement was
opened 1n 1922 by Daner and Farand (7,8) who gave a straight
forward and clear clamfication of skin cancer on the bans of
strct histopathologic crteria. They found that a certan per
centage of carcinomas conusted almost exclusnely of large
prackle cells, ochers almast exclunvely of small cells resembling
basal cells, and atill others of a muxture of both or of cu
boidal cells of intermediate character They proposed a classifi
ction in three groups  typlcal crcinomas reproducing the
Leratinuning propensities of the epidermis, atypral caranomas
without this tendency and metatypical carcinomas, which
might be either of mixed baso-squamous or of intermediate cell

type.

They pointed out that this classification on histologic basts
had great practxal sigmificance Prickle or squamous cell car
cnomas required a much higher dose of x ray therapy than that
thought sufficient for basal cell carcinomas. Inasmuch as 15-209
of all carcinomas were found to be of metatypiaal type that i1,
conraned a squamous element that could be recognized only
under the microscope histopathologic examination became of
parameunt jmportance in order to select the correct dose of
x ray therapy Daners findings and :nterpretation were soon
corroborated by H Montgomery (?6) 1n this country and Juon
(14) of Jadassohin ¢ school 1n Germany (Table I)

TABLE 1 d I of epitbelial tomon
Benign ! Ifgnant
Ad exal Rasal el) caronoma
Basnsquamoin cardooma
Eprdermal Squamnt cell care noma

Thus development wuth its smpliaty and clanty was very
satisfactory to all concemed to the pathologist betause it gave
him objective critena for diagnosis to the dmician because 1t
gave him defimite princaples of therapy and to the patient wh
was apt to recetve more adequate treatment Darler s comept

snl] §s accepted by most
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Only a [ew minds of speculative bend remained restive, They
argued that everywhere in cancer biology there 1s a rule that
the less differentuated the tumor the more aggresnve and malig
ant 1ts behavior and contranwuse the more highly different
ated a lasion the slower and les serious 10 nature. Here moslun
ancer the leut differentiated type the atypical basal cell
cardinoms, was 2 rclauvely harmlens growth, slow n develop-
ment and hardly if ever metastasung [for details see Pinkus
@9

Concept of Adnexal Tumors

Thus is 2 real dilemma. It solution was sought by going back
to older concepts. Lever (19,20) especially aalled renewed atten-
tion 1o the fact that many basal cell carapomas show evidence
of organization in the direction of adnexal structures hair halr
sheath, schaceous gland, or sweat gland. Sometimes it 13 not easy
to my on mictoscopic examination whether a tumor ahould be
clasified 21 a benign cystic epithehioma, trichoepithelioma, or
hidradenoma, or as a ban ceil caranoma Lever therefore pre
ferred the pame  basal cell epithehioma  and revived the con
cept that baul cell epithelioma 18 closely related to bemign
adnexal tumons, generally considered to be of nevoid or hamar
tomatows claracter He concluded that all these tumorns, includ-
wng basal cell epithehioma, are derived from the primary ep1
thehal germ  an embryonic snlage that normally develops into
the pilary complex connsting of hair follicle, sebateous gland
and apocrine gland. Squamous cell caranoma, on the other
hand, onganates 10 the epiderms in consequence of variows
@rcinogentc sumuli in pogt-feial hie,

Thus, according to this concept, we liave two entirely differ
ent types of caranoma in the skin onguaung in different parts
of the epithelial sysem and by different mechanisms There are
0o tranitions between the two types. If prickle cells and keratin
o urin bagl cell epithelioma, they are eviderce of rudimentary
adnexal differentmtion not evidence of cprdermord squamous

ell car woma. In a few Inuances squamous cell carunoma may
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develop secondanly 1n the epidennls abose a basal cell tumor
In support of thns concept it can be sard that lghly undifferen
tiared and nenkeratumizing squamous cell caranema 1s quite dif
ferent hustologically and biologically from basal cell epithelioma

Lever postulated pernistence of adnexal embrjonic rests wnio
adult Iife from which according to Cohnheim s theory benign
tumors as well as basal cell epitheliomas coukl develop The
fatter are not truly malignant as they fack the power of metas
tasis. Thus squamous cell carcinoma remams as the only true
carcinoma of the skin with the exception of rare adenocarc
nomas detived from adult cuneous glands.

Critlque of Levers Conecen

Before this concept could take firm hold 1ts two premises
were challenged [t was shown that neither the mechamsm of
pathogenesis nor the sources of dernanon of lasal cell and
squamous cell tumors were nigndly different

Instances were quoted slrowing thar basl cell epitheliomas
could be induced by actinic energy be 1t sunlight or aruificial
somyzing radiauon One of the examples 15 xerodenna pigmen
tasum 1n which the shin 1s overly semntive to hght Bawal celt
epitheliomas frequently are associated with squamous cell car
cnonas and mahignant melanomay m chese pavents. Andersont
and Andenson (°) reported 11 cases of basal cell epithelioina in
old x ray dermautis and collected others from the literature
Similarly in animal experniments tumors very much resembling
basa) cell epitheliomas can be produced by certzin caranogens.
notably by anthramun in rat skin

The hypothesss of embryotnc rests 13 hard 1o mamiain 1o the
ficld of shin pathology In the last analyns an embryonk 1cst
might be not mare than one undifferentiated cell sull capal le
of forming any of the adnexal structures. Inasmuch as these
emginate 1n fetal Iife from the basal layer of the epudermis, the
scat of such a cell 1€ it exasts should be i the baal fayer o
the adult eprdermus or powsibly in the regenerative Layer of some
part of the pilary complex It would have t  remam dormant
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for scveral decades amidst conninuowsly changing and prohicr
ating neighbors. Moreover a cell of this type should be deter
muned definitely as an adnexal germ and should not be aapable
of forming Leratinizing epidermis.

Pluripotentiality and Equipotentiality

Within the last few years, however a comiderable body of
evidence has developed thowing that all the matrix cells of the
adult skin retan a high degree of plunpotentulity and prob-
ably are more or less equipotential This concept was discussed
in a paper read to the American Medical Amoctation i 1952
(°9) Much of the evidence comes from quasi-expenimental
expeniences In wound healing 1f all the epudermis 18 lost, 23 1
a burn or 1n the donor site of a spht skin graft, or more con
vincing &ill 1n 2 sanding or plannung operation on the face
1t 1 very quiclly restored by the proliferauon of adnexal ept
thehum of hair follicles and glands. These dedifferentiate and
redifferentate 1nto Leratlninng epldermis indistinguuhable
from the orginal one. This expenence has been confirmed n
planned expermients by Clilman and his group (15) and espe
ctally in the work of Lobite and hn associates (21) They showed
that the maunx cells of ecrnine glands and of hair follicles restore
the lost upper end of these structures and also transform into
eprdermis which helps cos et the defect. Rligman and Strauss (15)
lately have publishied presumptive evidence that, in tarn the
new cpidermis of a planed face may produce new vellus halr
follcler. Epstein and Khigman (9 10) also lave supported the
concepk of pluripotentiality and equipotentuality of the cutane
o epithelium

The work in hurnan skin has been supported nicely by antmal
xperiments. Resoration of eprdermis from adnexal eputheliom
13 quite generally accepted 1n animals (3) Montagna et al (24)
showed that in the skin of halrless mice any part of the prlary
compley may produce sebaccous and Leratinuzing eplthelsm.
Montagna and Chase (25) showed that sebaccous glands are Jost
completely after application of methylcholanthrene to mouse
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skin and are regencrated from follieular sheath epithelium
Finally Breeds (6) discovered and Billingham and Russell )
confirmed that regencrated epideninis of granulating wounds n
rabbits gives rise to numerous hars by neogenens

There 11 good evidence then that any reproductive epithelul
cell of the adult skin is plurpotential and that all epithelia are
more or less equipatential Most certamnly all of them can form
epidermis and should gie nse to squamow cell carcinoma
under carcinogenic stimulation The real solution of the di
lemma must be sought elsenhere There 1s hintle doubs thas
Lever sand others olnervations of the basic similanty of bergn
adnexal tumors and basal cell epitheliomas are correct and that
thit entire group of tumors 13 basically different from squamons
cell carcinora

Tumor and Stroma

If the difference 13 not 1n the caumtine stimulus, nox 10 the
origin and potentalites of the tumor cell atself it nmght be in
the cell 5 relation to other celle Fxperimental cancer researth
by shoning that malignant cells can be transplanted and can be
propagated 1 tisuc culture independent of other factor ha
focused attention almost exclusinely on the cancer ccll for many
years. Only lately a general trend has developed 1) aband n
this preoccupation with the cancer cell and to stady what v
called tumor hoat relations. One «f the facets of tumor hostaela
tionship 11 the histologic relatton hetween tumor cell and str xma
Let us look at the relation of cutaneous cancer cells to their host
ussue the mesodermal conum

Squamous cell carinoma from the start 13 an aggressine leson
that destroys nommal structure [he connertive tssue whih it
imades produces a vascular and mfammat 1y reaction whub
n turn 13 destroyed by the advancing epithelial gr mth

Basl cell epithelioma at least in the heginning has a definite
mutual relavonship with s mewxdermal wroma and this rela
tronship resembles the one normally £ xind 10 the adnexa and
cren more that found in the bemgn adnexal tumors.
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Embryologically wherever a halr germ 13 formed by the epi
dermis, there 15 almost immediately an accumulation of meso-
denmal nucler beneath it As the pilary complex develops, all
its components are emcloped 1 the fibrous root sheath that
eventually forms the mesodermal papilla of the hair Thu pa-
pilia becomes the most important determinant of hair growth
As long as it persists In contact with follicolar epithehum a new
hair may be formed (?4) Once 1 has been destroyed for
wance by the point of the electrolyns needle, no hair will grow
fromn that root even though most of the epithelum survives.

Benign adnexal tumors always have a well organized stroma
of cellular connective tusue This mav give rise to an exces of
novmal products such a3 mucoid subatances, hyalm, or clastic
fibers all of which are present normally m the fibrous sheath
of hair follictes and sweat glands. It may also produce abaormal
subatances such a3 amylold cartilage or bone, In the laner cue
cutancous adnexal tumon may closely resembie the well known

mixed tumons  of shivary glands and often are diagniosed s
mrxed tumors of thin

1f one scans older texts of pathology onc finds that consider
able space o guen to the discumion of tumar sroma Ribbert
(31) 1 hus texe of 1904 has a chapter on fbroepithelial tumors
of the skin 1 have recently revined this term (°9) for a smalt
group of peculiar flashy wmors found vsvally on the lower par
of the trunk or the tlugls. These growths often resemble
Gbromas clinically and may resemble papiliomas of the sebor
rhewx Letatons type himtologically It could be shown however
that actually they are superfidal basl cell tumors in wlich
uromal development 13 #0 excemive that 1t makes up the ball
of the tumor and compreses the epithehum into thin septa
Some of these lesions later develop mto true ulceranng basal
«ell cpithelroma { therefore wed the designation  premaligoant
filrocpithelal wumors. It must be undemstood, however that
thn tevm really fits @ much larger group of tumors, in prnciple
a1l benign adnexal tumons of the benign cptic epithelhioma type

Ul trichaepithe honun for instance consist of arganuzed stroma
ar well a3 characterstic epitlichnm. Many of the sohtary ones
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may progress (o the formavon of more aggressive and eventually
ulceraing basal cell epithelioma

A stmular type of stroma 1 present in most basal cell epithell
omas. It it modified by the presence of infammatory infiltrate
which signifies host Teaction to the malignant gualities of the
epithelium. Stroma may be minor 1 quantity as the epithehal
nests get more bulky But 1t 1s present usually even around the
thin infiltrating cords of epithelioma that seems to grow naked
in senile skin 1n certain tumors. It 1 also interesting to note that
banl cell epitheliomas do not grow in tissue culture where
independence from organwing mBuences of other cell types
seems to be esenual.

Proposed Definition of Basal Cell Epithclioma

We thus arrive at a2 nen defimition of bzl cell epuirehioma
It may be consnidered the result of 2 penverted and monstrous
adnexal embryogeness tn the not fully competent adult dun
either 10 response to external tumongenic stmul or o un
known and presumably innate causative factors It 1s an aggres
sive tumor derived from any part of the equipotential ectoderm
of the skin in combination with organized mesodermal stroma
It may anse n matnx cells of adult normal structures or 1n
bengn adnexal tumory. It preseries, though in pathologrcally
altered form the relationship that adnexal epithelum has to its
stroma and therelore 11 incapable of metastasis although: it may
be invastve and destructase locally Itasn t fully mahignant

Darier s umple scheme that we portrayed 1n Table I thus 1
changed and becomes somen it more complicated as slrown 1n
Table I Thus @able requires some explanation and forces me
to discuss nomenclature and semantws 1 introduced the term

aggressine for want of a better vord [ certainly do not insi
an 1t There s howeter need for a term expressng the peculiar
positton of basal cell epithelivma It defintely 1s not - cara
noma 1 all the dire sense of the word Many of jext to the
word cprthelioma as meaming a tumor denved from sutface
epithehium I would be willing to accept the term  basalioma

which 13 widely uted 1n Europe but is frowned on 1 this coun
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try It may require an open-minded committee on nomenclature
w settle thae questions.

The defimtion of the term “malignant” has come under con-
nderable scrunny lately (f Leighton 18) A good review of the
subject is that by Foulds {12) who points outt that there fnosharp
dividing line between benign and malignant. There are widely
difierent degrees of malignancy depending oo a vamety of fac
tort. More malignant strawns of cells may ane m benign or len
malignant tumaore by progresion.

TABLE IL  Proposcd classthcatson af eplthelial romons

Benign Aggrenive Malignant
Adpeal Benygn cymtic epltbe-  Bam! cell epithes  Adenocarciooms»
Tioema Bocs.

Hidradenoma onpnoid
primondlal
Glandubar uevl, ete.
Epidermal  Epidermal oevl ?
Kermtoncanthom  Squamos el
Seborrhatc keratosts arcinoma
I have been digreming considerably from the field of histo-
pathology mto wmor biotogy This vas done intenuonally be
cause 1 feel there 15 no other way of artiving at a consisient and
meaningful interpretation of carcnom of the skin. I realure
that the new scheme will dliplease stnct pathologists becanse it
males objective mrcroscopie diagnosn of malignant tumors of
the skm dificule. Biologle retadons bevween epitbelum and
sroma are beyond the ken of the microscoput. They must be
deduced by nterpretative rasoming from the fixed images we
sec 10 our hustologic sectiors. This may seem regretrable to some
Init appeans nevitable s our knowledge progreses.
Table I11 givesa survey of the large group of arganowd tamons
of the shin There i an entire spectrum of differentiatron trom
auple hyperplasa o primordlal sndierentiated types The
levons are labeled a3 resembling” certain normal constituents
fihe in rather than  derived from.” This description bt not
wly more objective but also appears 1o be mote accurate on the
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bans of the concept of pluripotentiality and equipotentiahity
of all epithelium 1n the skin,

Sebortheic Keratosis

1 call attenton 1n Table 111 to the empty space at the bottom
of the epidermal column. Individual seborrheic keratoses or
verrucae may vary widely in the degree of epidermoid differen
tation, It is however extremely rare that they become aggre-
sive or really malignant. In the few cases of my own matenal
m which progretnon to mahgnancy seemed to have taken place
the result was squamous cell arcinema sometimes of Bowenord
type. The notion that seborthewc keratosss quite frequently
dexelop into baml cell epithelioma 1 due to muinterpretation
of imtated lesions, 1n my opinion 1 will not go wnto detmls but
will refer you to Lund s fascicle (22 p 42) in which these lenony
are dixussed a1 basosquamous cell eprdermal tumors.

Sell Healing Squamous Cell Cardnoma

Development away from objective lustopathologic standards
of diagnous has taken place n yet another field of cutaneous
malignancy A number of years ago Englsh authors arrived at
the conclunon that there are keif-healing squamous cell carci
nomas of the slin Two clinical types are recognized (5) the
Qses of Ferguson-Sauth in which a patient deselops muluple
t0ns over a number of years and the Lerataacanthoma or
molluscum sebaceum  which usually 13 a single tumor The
tumor Hle keratoses described by Foth in skan exposed to tar
and sunlight may constiute & turd type Thewe 1umors have
in common that they grow raprdly and rexch a dameter of a
centimeter or mote 1 a [ew weeks. Thiey then Ierome station
ary and 1n the counie of a few month s are serqueucred and elim
tnated with the formation of a war 1listologially a low grade
and hrghly Leraunizing squamaus cefi careinoma is fund The
priure may vary from what 1 clled  pavdocpitieliomatons
proliferation  iuell an interpretative term 10 <! anges repre
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sentng all the accepted hustologic and cytologic critera of ma
lignancy There 13 no doubt in any of these lesions that normal
ussue Is bewng destroyed and replaced by aggressive new growtls
Although certain enteria have been established that make the
pathologist suspect Leratoacanthoma such as a large central
Leratinized crater buttress formation of the normal epidermis
around the tumor and invasion of the epithehal pegs by Inflam
matory cells, all these cntena are uncertamn and may be found
in bona fide slowgroning squamous cell carcinomas of low
mahgnancy but with no tendency of spontaneous healing

Diagnosis thus depends on a combination of chnical and
microscopic criterla—rapid growth in the presence of Jow grade
of histologic mahignancy The biology of the tumor has to be
taken nto consideration

Melanoma

Some short remarks must sulice for the melanomas. Here
changes of concept concerming the derination of the nevus cell
and arguments concerning the epidermal or neuroectodermal
nature of the melanocyte have had litle influence on clinical
or lustopatliologic diagnosis. A major shift has occurred how
ever n the mterpretation of malignant melanoma mn children
Spitz (39) and Allen (1) have taught us to recognize the  juvenile
melanoma  a lesion that formerly had been diagnosed as ma
hignant but lias a good prognoss if removed completely though
consenamsely Some of these lestons alwo oceur 1n aduits, while
no doubt true malignant melanomas do occur in chikdren The
juvennle melanoma is an example that astute histopathologic
observation combined with chnical follow up and satisucl
evaluation has an important place in cancer rescarch

Importance of Staining Technics

1 should like to clowe with a few supgestions m i w the accu
racy of hnstopathologic diagnoss may be tmproved [y enabling

the patholognt to recognire biologe characteristics of a tumor
1 am looking here to the feld of histochemtry in its widest
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tense. Rather nmple procedures may suffice m some cases, pro-
cedures not even considered bistochemical by the punst. One
of the nmplest and very wseful methods 1 staining of clasnc
fibers. I recommend particularly aaid orcein counterstuned with
Giemn solutlon (28) The routine we of this combination in
my laboratory has helped me greatly in a considerable number
of cses. Elustic fibers have a very distinctive dutribution and
morphology in normal skin A secuon stained for clastic fibers
permits one to judge destructive invasiveness or on the con
trary new formation of organized stroma. The Giemsa solution
does not only permut better differentiation of cell types, but
stains hyalin, amyloid and mucold substances dustmetly

A wellknown procedure is demonstration of the enryme
tyrosinase by dopa ar more accurately by tyrosine. This method,
of course requires foresight in the praervaton of fresh tisue
It permuts the recognition of amelanotic malignant melanomas
and their differentistion from undifferentiated squarmous cell
carainomas and from Paget s disease, be it on the nipple or 1n
exinmammary location

Staning for glycogen especially by the PAS method in suit
ably fixed tisne shows differences between epldermoid squa
mous cell Tesions, which often contain glycogen, and basal cell
cpitheliomas, which rarely do. It also permits differentiation of
basal cell eprthelioma from certain benign sweat gland tumors,
such as the eccrine poroma (30) because the latter unnlly con
tains much glycogen.

Many other methiods can be employed with advantage. Our
good old stand by the HRE stain remalns useful but it needs
complementation by modern procedures in many doubtful cases.

1 hope I have shown you that histopathology of skin tumorn
and its relavron to the clinfeal field are far from dry or stag
mung Frontier are changing here as in any other field
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Discussion

Dr. Rotrsax 1 don t quite see why in practically all tabulations
the basal cell eprthelioma is called an adnexal tumor I particularly
think of superficlal erythematous basal cell carcinomas of the sur
face. There you sce 30 often proliferation downwards of basal cells
very far from any adnexal structure and o organoid formatlon
whatsoerer These tumors have the same stromal reactions as any
other basl cell tumor

Dx. Pivxus I thank Dr Rothman for bringing this up, because
that is cxactly the point I hoped would be brought up. I would Iike
to answer this way When I sy adnexal tumar I mean it not as a
tumor derived [rom adirexa but a tumor tesembling glands or hams
or whatever 1t n. Just as in fetal Iife all adnexa of coune are de
rived from the basal layer of the epldermus, I believe in adult skin
also quite a few of them, i not many are really derived from the
basal layer of the epidermis. Thus to a certain degree we are golng
back to Krompedher who called st adenoid carcinoma of the sunface
cpithelium. I thinl we have to ackl one more point to this hypoth
esis, which is tho. Let us say a carcinogenic stimulus Iiits the shin.
Often 1t will produce squamous cell carcinoma like that shown here
by Dr Suskind and Like what we know happens in anlmzh, From
then on the epithelial cell becomes tamformed 1nto the budding
cell of the squamowus cell carcinoma It 13 now determuned definitely
in the direction of Lerauniring epidermokl structure Another cell
hit passibly hy the same sumulus or ponibly Ly some other stimuluy
also undergees a change, but that change 1 in the direction of form-
g new adnexal structure It m ght even possibly form a normal
bair But since the adult skan probably 1s not as potental any
more a3 the fetal shin was, it forms rater monstrous hair follida
of the face and that 1 what we call basal cell eprthelioma.

Dr. Suezarrcrr 1 would like to reapitulate brefly one part of
th s presentation 1o see 1f 1 have undentood It It seems that the
carcinogenic stumulus can produce from the cprlermis and from the
adnexa which also come from the epklermis, duferent types of tu
mofs. Some of these tumors are a companicd by a tromz aml take
adenoxd or adnexal forms. Others are unac ompanicd by a stioma
and take the more basic charactenstics of the prxckle cell epithel om.
That sull lea o the mystery of why some go along with thelr stroma
whicl has an :nhibitory effect  far as metastases are omcerned nd
others go along without the stroma and therefore  re not inhilnted
and fully mal nL

Dx. I‘l’nm’glmg:\e you only ¢l mcal and histolog 4l comskdera
tiofs~pathogeness was oot o my




PROGNOSIS PREVENTIVE MEASURES
AND TREATMENT OF PREMALIGNANT
CONDITIONS AND MALIGNAMNCIES
OF THE SKIN

FREDERICK D MALKINSON

Scction of Dermatology Department of Medecine
Unneuty of Chuago Chicago Tilinois

Tt may be well to begin this discussion with a clasmficauon of
premudgrane condivons of precancerosts, as they ate often
alled, and pmary malignancies of the skin and mucous mem-

branes, The precancerows conditions may be divided into the
{otlowing groups

1 Lenom by orcumsaibed thue changet (¢) senile
kentosh (b)) cataneots horn (o) Ieakoplakia (d) amenical x-ray
a0l tar Leratoses {#) punction nevos melanotic freclle of Hutchin
o, ;:d.‘m:rtly cedlular bloe nevos,

- thowlng more diffuse tiswue changes () farmers
sk (b) xeroderma ppmentosum, (¢) chronlc ndludcmu)mh

3 Bongn, unually fongeranding levons which mrely are pre-
aurons of cncer (s) chronle inll jon (Indelcnt ¢ ul
) (b} chronic infeatoms (cutaneows syphin aed toberarlosk,
Erntulnts osteomyelith of undettying bone, &1ty {¢) benlgn temon
(epidermal and sehaceous cysts, trichoepitheliomy etcy (d) wan
(thermal, raumatle etc)

The primary cuanecus matignanaes an be divided Into two
wroupe.

1 Cardnoma in st («) Bowen s discase and (b irog Inia of
i [§ ) enythroy

~ Carclnoma (@) superficial erythematous bawl el) cardnona
®) bral cell ardnoma () mixed cell aniooms (d) wyizma
cell carrinoma, {¢) melanoma  nd {f) Pageis dhense
s
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Progoons
PRECANCEROSES
AMontgomery (1) has esumated that 20 to 259 of senule hera
toses ultimately develop into carcinoma usually of the squa
mous cell type although such changes may require months or
yeans (Fig 1) The potental walignancy of the mdu idual lesion
1 closely assoctated wath sts raprdity of growth For patients with
numerous scnile Leratoses and especially for those with ontdoor

L]
~ ’
'
Fic 1 Pauent with farmer ¢ shin showing numerotn senile kera

tones arul squamans el caranoma on the nose

occiipations, there 1 a good lilelihood that additional keratoses
will continue to appear and that one or more carcinomas will
eventually follow

The prognosis for malignant change 1n cutancous homs (Fig
) approximates that for sensle heratosts and again the tumor
13 of the squamous cell type Montgomery reported the accur
rence of carcin #na in 17 of hus 83 cases ()

Leul splakia may be regarded as the histe ] g counterpart of
sentfe heratosis as it wxeun on the mucous membranes (I'ig %)
Tire early lesions are charaterured by opalescent spots which
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later become milky white and which are almast mvarably be-
mign. After a period of months or years, however the surface
becomes rough thickened verrucous and fisured and it is in
such hyperkeratotic patches that malignant degeneration may
be found. As with senile keratosss then leukoplakia may remain
benign and show hittle change for many years, but ulumately
squamous cell carcinoma develops 1 %0 to 30%, of untreated

r

Patienta (3) For vulvar leukoplahua however the mncidence of
Qranoma varies from %0 to 50" 4.5

The awoaation of cutancous carcinoma with arsenical hera
toses (Fig 4) was fint descibed by Hutcdunson seventy years
g0 (6) Since that ume it has been found that the ingestion of
notganic anenic (unally as Fowler 3 solution containing potas-
stum anenite or o3 Asatic pills containing arsenic trioxide) may
also be followed by 4 wide aiiety of cumncous carcinomas and
Arammas in {u bawl and squamous cell carcimomas, mixed
(baalsquamous) cell tumors Bowen s disease and superficlal
erythematous baal 11 aranomas. About 077 of the arsenwal
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keratoses eventually undergo mahgnant change (7) Although
the rerultant squamous cell carcinomas are often stated to be of

lowgrade metastases may occur The overall Prognosis i
these padents is guarded because of the multiplicity of malig
nant and potentially malignant skin lesions which may be found
Anenical keratoses at mucocutaneous junctions are particularly
dangerous. It has also been shown that In individuals who have
recedved morganic or rarely organic arsenicals there 11 a higher

Fio. 3 Leukoplakia of the tongue

than normal incidence of visceral cancers arising in the esopha
gus respiratony tract and genito-urnary tract (8)

Perhaps the eathest contnbution to our knowledge of «ar
anogenesis was Percival Pott s obsenation n 1,75 that «rotal
ancer 1n chimney sweeps resulted from chronic soot exposure
In the mincteenth and twenueth centuries clinkcal olsenanens
revealed that skin Leratoses and skin cancers also arose from
long standing contact with tars pltch and petroleum products
(lubrrcating ofls etc.) Tar and pitch keratoses may arise on the
skin from a few months to 40 years a1 more (usually 10 to 30
years) following conunued exposure Many of these persnt in
definuely and some become mahgnant The ineidence of squa
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mous cell aranomas arising from tar keratoses 1s greater than
for tumors arinng from pitch keratoses (9)

In recent years, numerous reports have appeared in the liter
ature dexcribing kemtoacanthoma (Fig 5) a berugn self healing
lenoa which dinically may simulate tar keratosis or aarcinoma.
heratoacanthoma fas been reported to occur in patients with
occupatioml exposure to tar and patch (10 11) and it is possible
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Fro. 4  Arseniaal heratoses.

mh‘hcp:uwmeo{thﬂewtmmudupmudulow-gﬂdt
*quamous cell carcinomax Histopathological examination of
these leions cannot always rule out the possibility of malignant
change however and in such cases the tumor must be treated
2 din cancer

The importance of the nevus &3 a precursor of melanoma has
been widely emphanized in the medical hiterature The poten
ually malignant neva are those which histologically show nevus
ccll news at the dermal-eprdermal junction. The reported incl
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dence of tumory ansing from such leaions versus those ansing
from normal skin vanes anywhere from 18 to 1009 (19-16)
Becher (17) found that only ®3 , of melanomas dexeloped [rom
preexisting pigmented nevi He noted however that when the
total wurface arez of the shin 1 compared with the surface area
of the ten to thirty nest possesed by the aserage person mela
noma occurs 1n nevi relatively more frequently than 1n normal
shin Butterworth and Klauder (I8) reviewing 598 cases e
ported 1n the Iiterature found that the percentage of melanomay

-
k .3\
L

Fre. 5 heratma  nthonu

ansing from preexisting nevisaried accordingly to the locanon of
the tumor 16.5 wmthehead 7, onthened 1 on the
trunk ® 77 on the genital and anal vegrons and 52 37, oa the
feet In %0 10 30°" of melanumas arung (rom nevs a hustory of
trayma especally in the form f (bronic wruatien (3s from a
belt or clothing strap) or occasonally 1n the lorm Hf puncture
wounds precedes malignant degeneration (18)

Racal factn arc also imprant The neral indence of
melanoma and f melanoma arsing {rom nesi (1) s lower n
the American Negro than i the Cauasan even theugh there
15 some evidence that the Negr possesses at ot the wume average
number of nevi as the Caucasan (70}
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The melanotic freclle of Hutchinson (Fig 6) 1s a flat, slowly
enlarging pigmented patch which is usually seen m older inds
viduals and from which melanoma anses m about one-third of
cases (°1) Rarely too the cellular blue nevis roay underge
malignant change (°9-%4)

Chnial studies long ago suggested a relationsinp between the
development of shin cancers and clronic sunlight exposure In
many indiduals exposure to excemne amounts of sunlight
over the yems results in a severe form of senile atrophy of the

¥
SRR AL

M. 6 Melanoma tising in a partially eroded melanotic freckle

Am ( fanners san”) (Fig 1) The skin becomes thin sallow
dry wnnlled, shghtly scaling and wnelastic often freckles, len-
Ygines, and telangiectases are present. The incdence of senile
Leratoses and carcinomas 1n these people 13 exceedingly high.
Public Health Senice stausnes {25) have shown that precancer
ous Leratoses occur six umes as fiequently 1n the southern sec
tion of the United States as m the northern part, and that the
Incidence of skin and lip cancer 13 two and a lalf times as
Freat in the southemn sates (at 3 lantude) as in the central
Mates (at 38 lat urde) The more likely occurrence of cr
tinoma after o ronu prolonged sunlight exposure s further
Supported by sausik  gathered for 46 cawes of all types of
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shin aancer seen n the denmatology clinic of the Unner
nty of Chicago from 1980-1946 (26) Of these carcinomas
9119 arose on sunlight-exposed arcas and another © 17 of the
cases on partially exposed sites (Table 1) Numerous investiga

TABLE I Slin cancers
Distribution according to st

Exposed P rtllly exposcd N inexposed
Site % it % Site L4
Face 870 \rm 12 ha L
Far 1.6 Salp 09 Chest I~
Aeck 16 Abdomien ]
H nd 09 Thigh 09

Total 911 21 63

tons reviewed by Blum (27,28) have shown that the carcino
genic rays of sunlight are essennally the same as those responsi
ble for sunburn (°800-3100 A in the ultraviolet part of the
spectyum)

A dramatic association of sunlight exposure with cutaneous
mahignancy 1s scen n Xerodermnia pigmentosum A rare syndrome
m which extreme senutnaty to sunhight in infancy or carly
childhood results in severe atrophy or farmer s skin after a few
hrief exposures. heratotic and warty growths sulnequently ap
pear on the skin and many of these become malignant At a
later date basal cell and squamous cell carcinomas arise on
exposed skin sites and occauonally melanomas and even angio-
sarcomay develop Although some patients sunne into adult
hfe the syndrome almost 1mvariably terminates 1 death from

ic cutancous mahg y Since xerxlerma piginentosum
13 inlienited as a recessine trait (°9) it provides an excellent
illustration of a hink to genetke factors as well as to sunlight
exposure mn the pathogenesis of skin cancer

Chronic radiodermatits resulting from o erexpoure to x rays
of almost any mexalits or to soutces of spontaneous radioactin Iy
is not infrequently the wte of premalignant Leratmes or of
cutancous malignancies. Carcinoma  usually of the squamous
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cell ype may develop from one or more x ray keratoses or at
the utes of persistent radiation ukers, although squamows cell
arcnoma or les often bawl cell caranoma (30) may anse
de novo anywhere within the area of radiodermatitis Saunders
and Montgomery (31) found only one aranoma in patients
with fint degrec (mikd) skin injury but 174% of patents
with sccond degree  (moderate) and 30% with  third degree
severe raduation skin changes developed cutaneous cancers. In
general malignant change in the sk after radlatlon damage
in excess of that required to produce simple telangiectass occurs
in about 20%, of pauents.

Rarely certain benign lesions, usually of long sanding are
the utes of cutancous caranoma, Squamous cell carcinoma may
arise at the edge of indolent ulcers (uanic ulcer for cxample)
although onc has to distinguish this tumer histologsally from
pseudo-cpatheliomatous hyperplasia a bemign nonspeafic, pro-
liferaty e imitator of squamous cell aarcinoma In one senes of
386 canes of carcdnoma of the extremities, s1x were found to
bave developed 1n varicose ulcers (32) DeAss found only one
malnancy in 810 cises of vancose ulcena (38) Carcanoma has
2l been reporied very rarely to anse in decubitus uleers, third
degree burns, atroplisc scars of chronic discoid lupus erythema
todes, and ulcerations complicating both acrodermatits chronica
Atrophicany and seleroderma (3)

Sz and mucous membrane cancers ocansionally complicate
certain infectious disorders. In the past leukoplakia and carch
nomas of the mouth especislly of the tongue were 1ot an
Uncummon complication of tertlary syplulis (34 85) Lupuas vl
B4, an indolent form of remnfection tuberculoals, has been
Teparted to be the site of compliaung carcinoma in 0.5 to 4 0%,
o ey (3).

Epidermal cysts and sebaceous eysu, commonly called wens,
My on rare occas o be the sites of mahignant change Cara
Roma occuns n about 1.5%, of epithehal oy (36) usmally in
the form of squamous cell axrcinoma arising from an epidermal
€yst. Malignancy 1 of & relatively Jow order 1n these lesions and
Metasases seldom occur (37) Basal cell carcinoma may arise in
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scbaceous cjsts but its occurrence 14 most unual and probably
comcidental (36)

Although the percentage of tncidence 18 fow scar tswie 13 the
site of cutancous cancer more [requently than any ather type
of benign circumseribed shin leston Burn scans are most fre-
quently affected (Marjolin s ulcer) (33) Treves and Pack (38)
aumated that m bumn scars the madence of squamous cell
carcnoma s 2%, and the incwdence of baml cell carcinoma 0 3 4,
The likelithood of derelopment of caranoma in a burn scar 1

Fr. + Duwen dhease

invenely proporuonal s the age of the panent at the ume of
the burn (3)) Ome 2 caran #Na ANss 1N Kar uwue 1t grous
slowly as long as 1t remains ¢ mfined to the scar itsell but the
tumor often beconies raprdly imasive after exteny nant nor

mal adjacent ussue

CARCINOMA IN SITU

For Bowen s discase (Fig ) and for enythroplasa of Queyrat
oth indotent persistent disorders, the mademce of complicat
ing squam us cell caranoma 14 o) (40 11) F r erythroplasia
of Queyrat malignant  hange occurs et than 1n Bowens
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discase and metastases 10 the regional lymph nodes occur rela
tvely carly

CARCINOBMA
Slin cranemas generally have a far better prognosls than
malignant growths 1n any other tsue or organ Steincr s survey
(4% m 1952 showed that caranomas of the skin accounted for
only 29% of all cancer fatalities n the Unued Statex. As low
a3 thy figure appears to be, however the possibility for early
dlagnosiy of tumors arising on the skan surface and the acceni
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Fic. 8 Nodular basal cell cardnoma,

bility of these lesions for adequate therapy should some day
erdiate the mortality from skin ancer altogether

Superficial erythematous basal cell ardnoma Is usually mul
tiple and often occurs on the trunk Although ¢ 15 a more
benign form of basal cell tumor invaston of the dermis and
underlying structures by detached tumer cells occurs In some
cues, and the prognoss 13 then that of basal cell carcinoma.

Banl celt caronomas (Figs. 8-10) which compnise abow 659
of all cutancous malignancies, are characteristically slow grow
ng and respond maw satidactorily to adequate therapy if the
tumor 11 not too {ar advanced Spontancous remistion of a basal
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cell aranoma however 15 an extreme ranty The course of the
untreated lesion 13 relentless with slow but persatent local
penipheral and invasive growth. Extensive tusue destruction—
especially of large areas of the face—hemorrhage and compli
cung {nfections are all frequent accompamiments of the far
advanced tumor In the late stages deep invasion of bone par
ucularly with 1nvolvement of structures such as the orblt or the
cranual aavity usually makes it impossible to e the patient.
Metastases from basal cell caranomas occur very rarely but
when encountered may ultimately be fatal Lattes and hewler

Fic. 9 Ulcerated basal cell cartinoma forehead

reviewed aghteen such cases recortded 1 the hterature and
added two pauents of thar own (43} In some of thewe cases
dissemnination was confined to the regronal lymph nodes bt
scveral patients showed widespread viseral especaally pulmo
nary metastases at the nme of death

About 15¢  of cutanenus cancers arc squamous cell carm
nomas (41) (Figs. 1 11-13) These tumon are favter growing
than the bawal cell caranonas and may metastasire to the re-
gional lymph nxles and beyond to other twues and organs.
One-third of the lenons are [und on the lower lip where the
prognosis 1 not so good as [ cutaneaus tumors. Intra sl earcl
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nomas are not infrequent and squamous cell caranomas may
als0 arze on the genital and anal mucous membrane surfaces.

The outlook depends in good part on the lustopathologc
estimation of malignancy which is usually based oo Broders
method of grading a follows

Grade Differentiated Cell % Undificrentuated Cells, %,
1 75 to 100 2w O
2 5w T 501 25
3 Bw 0 75 o 30
4 ot 23 100t 75

=
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Fio. 10 Morphealike banl cell cranoma

Squamous cell caranomas of the skin are often well differen-
tated and {n a series of 507 such tumom, Warren and Hoerr
(45) clamified 383 (ot 75%,) as showing the lowest grade of mahg
nancy Metastases from cutancous lesions do occur however
and Adierman and del Regate (46) reviewing 70° aases, e
ported metastases in 87 pauents (12%). Other factons affecting
prognosis are the sue of the lemon duration, location (the
ontlook is poorest for intraceal leslons) and failure of previons
therapeutic measures,

Melanomas (Figs. 14-17) comprise about 5 to 997 of the
primary tumors of the slin (4 °f) and are easily the most
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malignant of these growths. Untreated melanomas are uniformly
fatal following incredibly widespread metastases via the Iym
phatics and blood stream  Involvement of organs not usually
the site of tumor demmation (such as the heart and spleen)
spread to othier tumors (as in the breast or uterus) (47) and
transplacental metastases (48 49) have all been recorded. For
melanomas of the mucous membranes the prognosts for survival
18 negligible even with therapy (50 51) There 1s hntle hepe for

AN

Pw 11 Squamdin ell car inoma

prevtously treated recurrent lenons and thowe m sites draned
by multiple lymph channels Sumilarly the cutlook 1s extrerely
poor for pregnant women with melanoma since pregnamy scem
to promote an cxen more rapid growth and diseminaton o
the tumor (o) Apart from the pregnant state however Allen
and Sprz (50) studying 337 cases found that the sunnnval rate
for females was twice that {1 males.

There are two orcumstances n which the prognosis fo
melanoma ts somew hat improved Tt 13 dear that the inculence
of the malignancy 1 quite | w an prepubertal patients. I'he
histologte appearance of seemingly malignant lesions n chi)
dren can often be readily distingushed frm the truly mahg
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mant and potentislly meastasiung melanoma, and the micro-
scopic features of juvenile melanoma upon which thus distinc
tlon 11 based have been described in detail (22,50,58) Only on
rare occasioa does metastatic melanoma occur 1n prepubertal
individuals (50,54,55) The prognosis is somewhat better too
for the more slowly growing and later metastasizing lesions ans-
ing from the melanotic freckle (°1)

In Pagets duease the clinical sappearance is usually that of

Fie. 12 Squamous cell carcinorua of the lip.

2 shaply dreumscnbed ez patch surr ding the
nipple. These skin changes, which present typiaal histologic
featores, are not 1n themselves malignant but invanably accom
ANy or premge an ntraductal carcinoma of the breast Even
0 the absence of 2 palpable tumor in a histologically proven
@ of epidermal change 1mmeduate surgical mtenvention 1
ndicated yince these patient almost mvatably have micro-
*opically apparent intraductal carainoma  For the untreated
tient the overall prognoms {+ that of intraductal carcinoma of
tie breat and the outlook 15 serious i patients already show
Ing axillary node iny 1y ement (56) Rare cases of extramammary
Pagets disease wsually ac ompanied by apocmine gland card
Boma hase aho been reported (37,58)



28 PATHOGENETIC FACTORS

Prevention

The prevention of precancerous and cancerous leyons means
essentally the avoidance or removal of those factors producing
chronic slin or mucous membrane irmeation It may be ad
vuable for example to acquamt young individuals who have
outdoor occupatfons but as yet show little shin change with
the consequences of fong term sunhight exposure This 13 par
ucularly important for individuals nith blue eyes and fair com
plextons liing 1n southern Iatitudes An effective sunscreen
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b 13 Squamous cell caranoma on the donsum of the hand

preparation such as 15¢ panunobenroic 30d ointment whu!
screen out rays in the range of 3800-%100 \ can be prescribed
for times whem sun exposure 1s unavordable  This preparauon
n partticularly smportant £ those patients alrexdy showing
the changes of farmer s skin and wha cnnat or will not lease
theur outdoor jobrs In afl these ndividuals, moreover recrea
tional sun exposure should be strictly curtaifed  Therapeutsc
altraviolet light and as a rule x ray 1radiation to affected skin
areas for any purpose 14 contrainducated as i the wse of photes
senustizing substances such as tar It 1s fmportant that patients
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with semle Leratoses and those with farmers skin as well as
patents with the other diffuse nmue changes (chronic radio-
dermatitls, xeroderma pigmentosum) have regular periodic
medical caminations. Any lesion showing suspiaous changes
(rednem and induration at the base of a keratosls, for cxample)
should be biopated, as should all new lenons suspected of being
mahgnant.

The appearance or recurrence of leuloplakiz may be pre

Fre. 14 Melanoma.

‘ented by prompt attenuon to any factors induang mucom
membrane irritation 1 fitting dentures, faulty occlution can
05 and broken teeth and improperly constructed crowns and
bridges thould all be corrected, and habitual chewing of the lip or

| mucous membranes should be discouraged It is extremely
'mportant to prolitbit smokng i any form mall individuals who
have once des eloped leukoplakia. Chronic sunlight exposure Is
2 significant etiologic factor in lenloplakia of the lower lip and
protective measures similar to thowe just discussed especally
the usc of 2 sunscreen ointment can be recommended particu
larly for individuals with recurrent leukoplalia,
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The relatively low incidence of late syphihs followmg the
advent of pemiallin therapy has reduced to somie extent the
wncrdence of val leukoplakia especially of the tongue

In the matter of occupational cancer presentn ¢ control meth
ods are of great importance Industrial psocesses associated with
formation of tar fumes or pitch dust should be entirely enclossd
or performed near suction hoods. In other industries and
laboratortes workers must be thoroughly protected against cu

b
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Fo. 16 Melanoma

taneous expoture to x rays and to sources of radiactnvity All
employees 1 industries where there may be exposure tC ¢
contamination of the skin v ith potenual carcimogens shoukd be
furnished clean wortk clathes and be instructed to take a thor
ough shiower bath at the end of cach w rking day Protectine
wark clotlung should al be available where needed  Froquent
medral examination of the wotkers shauld be performed and
all suspictous skin lesions should be fully evalnated and treated
as indicited, Oceasionally despite precantions indosduals ex
posed to occupational croiogens (tar pitch peteoleum derna
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trvet, arsenicals, etc.) may finally be forced to change their jobs,
although industnal control methods mn this country at the
present ume are yery good.

Since sstes of chronic infection or mflammation eypecrally
nlceration, may give nisc to malignant lesions, the best method
of tumor prevention here 15 obviously adequate therapy of the
mderiying condition

The ngnificance of trauma in the development of melanomas

N
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Fic 16 Ulcerated melanoma

from preexuting nest has already been discassed  Any neviu
which 11 subject to chronic irntation from arucles of clothing
of from other causes should be surgically remoned

Since anicnicals, and partcularly the inorganic corupounds,
have been impliated 1n the production of a wide vanety of

P s and g ders of the skin as well as
Malignancies in other organs, ansen cal medication should be

dministered ay indicated only to patients with potentlally fatal
discases.
The prevention of cutaneows carcinomas ks practical only in-
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sofar as we can recognire and eradicate etiologe factors, such
s chironsc sunlight cxpasure 1atermuttent trauma and chemical
cancerogenesis and adequately prevent treat or Leep under
constant suneillance the vanous premalignant condicions The
first group of factors has already been discussed here 2nd in 2
Previons paper Simee the prevention of reinoma arlsing from
the precanceroses 13 fargely a matter of wreating these premalig
nant Jesions, the therapy of these conditions and of malignang
tesons of the shan will now be reviened

\Metastatc melanoma of the din.

Treamment

PRFCANCEROSES

Measures suttable for the treatment of senile keratoses depend
on the history and appearance of specifc lestons. The small
Leratoss (?—4 mm) which has shown no growth or surface
change may be left untreated provided the patient retarmns regu
tarly for ohseration Often a Leratolytic ointment such as *7
sahicyehe actd in unguentum aquae 1 nae apphed two to three
times daily removes the hyperkenatotic sale although it does
not correct the underlying cellutar aherations. When a keratous
persists and patticularly when it enlfarges bevomes widely eny
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thematous, or begins to show infilmative changes, biopsy fol
lowed by electrodesiccation and curettage 13 indicated If malig
nant change has occurred, further treatment u carnied out as
descnibed below Therapeutic measures taken for anemal far
and x ray keratoses are essentially analogous to those for senile
keratosis,

Cutaneous horns should be rotutinely biopsied and destroyed
by electrodesiccanon For large lestons, however surgial exa
slon 1 preferable. When thoroughly removed by esther method
cutaneons horns seldom recur When caranoma 1 found husto-
logually treatment is carrted out as described for squamous cel]
ardnoma

In pautients with leukoplakia Initial biopsy of all lesions 15
advisable. If the patclies are still fat and opalescent correction
of local imitant factors (mechamcal irritztion smokung sunlight
cxposure) together with continued observation suffice. Persustent
leukoplakia or leslons which become rough and thickened
should be bLiopned at stes which appear most advanced and
then thould be treated by thorough electrodesicaation Surgcal
€Xcrton 1 3150 2 satlsfactory method of treatment, although 1t
it somewhat claborate for very small lestons. Agaln preventive
meTes oust be mnstituted and not infrequently patients
remain free of recurrence. The careless patsent 15 prone to
relapse however and requires close medical observation at
? to Smonth intervals with repeated removal of recurrent

The rare patient with leukoplakia and syphilis 1s given
rutmphilitic therapy but this has liude effect on the leuko-
PhLia and must be combined with appropmate local measures.

When squamous cell carunoma is found after biopsy of a
patch of leukoplakia surgery or radiation therapy u indicated
with removal of Iymph nodes which may be involved For pet
sistent widespread leukoplakia of the lip with or wthout earel
noma, a satlsfactory sngical procedure s @ wedge or hotizontal
Tesection with outaard extension of the mucous membrane of
the inner lip to prodixe a new vermilion border

Patients with vul ar It koplakia may also be treated by elec
trodeviceation or surgical excision Because of the lugh inaidence
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of squamous cell carcinoma 1n these patients close medical ol
teriauon 15 imperatnve. Unfortunately crroncous diagnoses of
sulvar leukoplakia are not nfrequent and are often folloned
by surgical vulvectomy It 15 extremely important that primany
atrophy of the vulva, senile genutal atrophy Lichen sclerosus et
arrophicus (kraurosts vulvae) and crcumscribed neuroderma
tetrs of the vulva all be carefully dutingushed from the hyper
trophic process of leukoplakia (59) Obiviowsly the prognosis and
the therapeutic management of each of the former conditrony 15
quite different from leukoplakia and needleas mdical surgery
must be avorided Where climical differential diagnosis 1s difficule
biopsy should be performed It inust be emphasired however
that while leuloplakia often develops vn previously nonmal
mucots membrane surfaces, 1t may also arise av a complication
of pnmary atrophy of the yulva or lichen scletows et atrophicus,
The number of junction nevi possessed by the normal inds
vidus) (about 20) is far too large to warrant their prophylacnc
remoral Although some have advisald excision of levions sntu
ated at pressure points—palms soles, etc —cven this 13 not often
feasible. It 15 1mperative however to remove surgicaily any
nevin that 1s subject to selectin e chronic or Intermittent ymia
uon (a3 from a comb a belt, a Taror or a clothing urap) and
those 1rmitated by friction 10 intertriginous lacations, Further
more any nevus which shows suspicious cimical changes shoul )
be excrsed at once The clanges which may accompany the devel
opment of melanoma i a preexisting nevus are one or more of
the following- rapid increase in sire darkeming of Olor develop-
ment of satellite pig on enyth s in y halo,
crosion crusting bleeding rulcerats m and xcavionally subyjec
tive symptoms of uching or imtau m. The importance o st
pecung melanoma clinically 13 emplasired Iy Bedher s statustics
(17) showing that less than hall of the mur w prally proen
melanomas are dagnosed correctly prior ¢ Propsy T oca targe
ulcerated and chinially clearcut melanoma the excisom shoukd
De therapeutre meaning excimon dot n through fasca with the
widest possible margan Smaller Jeswons eypertally whete revent
trauma with sulsequent hemorrhage and crusting leaves the
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dlagnons 10 doubt can be fully exaised but more conservatively
If the suspicton of melanoma is confirmed microscopleally radL
cal reexaision of the mvolved area 18 crmied out.

The melanotic freckle of Hutcunson should be removed in
the absence of melanoma preferably by surpiaal examon al
though electrodesiccation here may be satisfactory (21) Where
melanoma 1s present wide and deep surgial exasion of the
tumor together with the pigmented patch iy indicated. Involved
Iymph nodes are alse surgically removed 1n the absence of dis-
tant metastases.

Measures for the treatment of patients with farmer s skin have
already been duscused 1 part. Avoidance of sunlight and the
we of nm-protectant preparations are essenual. The regular
use of a bland emollient cream may also be helpful heratoses
are treated a3 described above and any skin leston suspected
of being carcinoma should be hiopsied and treated accordingly
In general 1t is best to avord x-ray therapy to affected areas.
Medical reexamination of the skun should be arried out for
these ind iduahs every three to six months.

The treatment of radiodermanus is comewhat umilar to that
for farmer s shin Soft creams for drynes and scaling are advis-
able as well as the use of a sunscreen omtment and avordance of
wnlight exposure X ray keratoses should be biopsied and re
moved by electrodesicaauon even though healing may be
slightly delayed. Any new growth in affected areas should be
prompily biopnied and treated. Therapy for chronic radiation
ukcers 1 combined with continuous observation for the possible
devclopment of carcmoma 1n these laony, If persistent, the
ulcer can often be totally excised. W here feasible, epecuily for
mall areas of radiodermauts or for ateas where keratoses and
lin wmors are repeatedly arising surgical removal of ail af
fected skin with or without skin graft shoukd be considered.

Needless to sy lurther radiation therapy to areas of radio-
dermauths 14 contralodkated and all carcinomas are treated by
wrgkal or dewructine means, Even very snaall X ray expouires,
for example dagnotic denual films in a patent with arcumoral
radiodermantis are contraindicated except for emergency situ
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auons. Agan all these patients should be regularly examined
at 3 to G-month 1ntervals.

Patients with xeroderma pigmentosum are treated n a man
ner analopous 1o that desciibed for farmers skin Extiemely
strict avoidance of sunlight prompt surgkal removal of atl
keratoses and tumors, and very close medical supension are
imperatnve here Interfamilial marrages in such patients shoukl
be strongly ducouraged

The treatment of bemign longstanding lesions which are
occastonally premalignant cannot of course be disouased sn any
detail here It sufficient to say that appropriate dermatological
medical or surgrcal therapy 13 1indicated for these various lesions
and that any superimposed new growths should be bropsied
Indolent ulcers should be frequently reexamined clinwally for
pasnble timor formarton during therapy Burn scars can be
kept under suncillance at - to 19-month intervals, and small
scars may be surgically excued

Fot the rare carcinomas artsing within epidermal or sebaceous
cyus surgual remosal of the cancer and the cyst is the reatment
of choice Surgical excision 13 also the preferred method of treat
ment for tumors anung 1 saar tinue and where feasdble the
scar itself should always be included

CARCINOMA IN SITU
Bawen s discase can be treated by surgical exasion or by
clectrodesicauon For very large or multiple lesions where sur
gery 18 not practikcal clectradesiccation 1s the method of chowee
and this procedure can be carmed out sn stages. X\ v uradi
ation 1 not entiredy relable for Nowen s disease and 13 not rev
ommended. For a lewon in which invame squamons cell car
cinoma has already ansen surgical excsion s the preferred
treatment method and should include the area of dermatosis
wlhienever possble
Treatment far erythroplasia of Queyrat 13 analog nis 1o that
recommended for Bowen s discase As always howerer It ex
tremely tmpomant hiere to biopsy the lesion insually Sachs and
Saclu (60) and later Zoon (6) called atenuon to the syndrome
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named by Zoon chronic dreumscribed balanoposthits,” a cond:
uon clhintaally indutingushable from erythroplasia of Queyrat
Histologically however thls disorder shows only inflammatory
changes, and the patient often responds favorably to topical
therapy For true erythroplana surgery can be performed for
suitably nituated lemons (for example arcumesion for foreskin
involvement) but 1o other locations such as the glans penu clec
trodesiccation 1 the only feamble treaument. Unfortunately re-
currences are frequent alter electrodasicction so that close
observation of the patient and, not infrequently retreaunent
are necosmary When squamots eell aaranoma is found, it should
be surgpically excised and often partiai or complete penile am

putstion may be required along with removal of involved lymph
nodes.

CARCINOMA

There are several acceptable treatment methods for super
ficual erythematous basl cell arcinoms Where Iesions are few
and relatively small surgical excision 1 recommended For
numeroas lesions and especnally lor patches measuring several
centimeters in duameter clectrodesiceation with curettage can
be done in stages. Standard dermatologic x ray therapy s suc
cewdul in treaung these lesions, but conmderable radiation pene-
trtes to normal tsue below the tumor Good treaoment re-
sl may be obtained, howeier with very soft (Grenz) rays (6%)
which are largely absorbed by the epiderms and the attached
tumor cells. Because of the tendency for new lesions to continue
to develop patients wuth superficial erythematous bagl cell ar
anomas should be periodically reexamined

When invasive basal cell armnoma develops from the super
ficual erythematous type both leslons can be treated by standard
dermatologic x ray therapy or by surpucal excision. Crenz ray
therapy 1 inadequate treatment for mvasve lesions because the
depth of these tumors in tisue exceeds the penctrability of this
type of radation

The therapy for previowly untreated basal and squamous cell
carcinomas of the skin resolves itself esentlially into one of two
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choices x ray Irradiation or surglal exaision The dhwce of
treatment depends on the sre and location of the tumor on
the presence or absence of metastases, and for the recurrent
lesion on the hutory of previous treatment. X ray therapy has
the advantage of destroying carcinomatous tusue selectively
vithout mutilation wlnle surgery in certain sites about the
face such as eye canthi and ala nas 13 difficult or may have
disfiguning effects. Furthermore x ray therapy avords the neces
sity of a surgical procedure and thus may be advantageous par
ticularly in elderly or ill patients. The use of x rays is also the
only practical method for dealing with nvolvement of deeply
situated tissues inaccemble to surgery

Surgical remonal 1s the preferred method of treatment whete
a radical procedure is necessary to assure mtient survnal ie
for large rapidly growing squamous cell tumors and for those
complicated by regional lymph node metastases. Surgical exa
sion 15 also advantageous where prompt removal with a single
procedure is desirable mince fractionation of x ray therapy re
quires more prolonged treatment peri xls.

Surface or ntenutial apphication of rainm has also been
used successfully for the treatment of skhin cancers ((361) Most
obuervers feel however that x ray therapy 1s more accurate in
exient and depth of treatment than mterstinal radiom In ackh
tion the preparation and use of special molds for surface radium
therapy is unquestionably time<onsuming

Electrodesicration with curettage 13 an unreliable form of
wreatment and lacks the opportunity for histolome control of
removal afforded by surgery Scar formanion from this method
15 also generally unsavsfactory Flear wdesiccation is wseful bow
ever for the treatment of small vsaally multiple recurrent car
cnomas at sites where further x ray therapy or surgery 15 not
practical

The local use of caustics 15t be condemned except in expert
hands for the rarely induated spacal technique developed by
\ohs (65) for far advanced destructive lesions.

The authar s o1 n prelerence for treatment of skan cancers is
x ray therapy With comnpetent techniques this methedd has an
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extraordinary degree of adaptabulity 1 without wignificant
trauma or discomfort to the patient and 15 the oaly satufactory
form of treatment for lestons which are difficuls to Temove sur
gcally Cosmetic results, too, are usually quite acceptable Both
basal and squamous cell caranomas respond very well to x ray
therapy and these lesions can wsually be treated with equivalent
dosages of radfation.

When x ray therapy 13 wed a margn of at least 46 mm of
sccnungly uninvolved skin should be ncluded about the ar
cumference of the rradiated area. Fractlonal dosages are tou
unely used the amount of raduation grnen at each rreatment
depending on the size and loauon of the tumor Since 1947
our method of treatment has been to gve 5400 1 m equal frac
tional dowes administered three times weelly until s total of
nine treatments has been ghven (9 X 600 ) Small leslons over
ample subcutaneous tisue are sometimes treated in five sessions.
For levions on thin skin oterlying bone or cartilage (such as the
car) and for those measnring over 2 om in dumeter datly toeat
ments of 360 1 each arc given five days a week for three weeks
(15 % 360 r) The factors for the radmtion administered are
TSD 70 cm 80 kv 10 ma (inherent filtration 071 mm Al)

The case records of 68 pauents treated for all types of skin
cranemas with x rays or radium at the University of Chicago
Chnios from 1945 to 1950 have been reviewed (66) To these
wete added the case histones of 6 patients treated between 1938
and 1915 1n all 78 caranomas were treated in this group of
+4 panents, There were 36 basal cell carcinomas, 11 squamous
cell @ranomas 8 ntermediate (vanant of basal cell) caranormas
5 mxed cell carcinomas 11 squamous cell carcinomas in mtu
and 7 superficial erythematous basal cell careinomas I all pa-
trents the diagnosis was confirmed ot establuhed by biopsy and
all caset were followed for at least five yean. Of these tumon 71
were treated ycenfully without recurrence although many
recenned therapeutic dosages now fecognized as frequently in
adequate Of the + recurrences noted (all basal cell carcinomas)
6 occurred in pauents recening mnsufficient x ray treatment
(13003600 1) Ome recurretke was seent 1n a patient who had
recenved 4500 y radinm which also is now considered an {nade.
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quate dose Of the 46 patients treated with the modern dosage
schedule of 5400 r or an appiouimately equnalent dose of
radium theiapy nene showed recurrent tumor growth
The treatment results i thus last group of patients compares
nell with the fise year cure rate of 98.97 recorded by Andrews
et al (67) for a stmular senies of 94 pavents treated with modern
x ray dosage schedules The mmportance of follow ing all treated
patients for at leawt five years cannot be stressed too strongly
Our own practice 1 to see the patient at 3month interals in
the first year alter treatment at G-month intervals in the second
year and at yearly intenals thereafter
Where surgical removal of skin tumon ts performed scalpel
excision 18 preferred to electrosurgery so that the specimens
remain intact for microscoptc examnation The exciston should
be of adequate depth and include a margin of 0.5 cm of normal
ussue beyond the border of the tumor I tle carcinoma arses
trom a premalignant lesion the fatter should also be included
in the exanon as discussed above  More radical removal 1s indh
cated for recurrent arcnomas and m the exerennties far ad
vanced, widely destructive lestoms nuay require amputauon.
Treatment staustics reported 1 the hterature for numerous
serzes of patients are difficult to evaluate becawse of wide dif
ferences 1n therapeutic methiods and low of elderls patients from
mtercurrent discase The general expenierie however 13 that
95¢ cure rates r better can be achueved v ith basal cell cart
nomas, although for squamous cell carcinomay the cure rates
are lower The 1 ont prognoss 1s  those patients with far ad
wanced loaally destrucine lesions, those with metastases, an |
thowe with recurrences at the sites of previomsly treated les n
The prognoss for shin - aranomas 1 the bext (o any maly,
nancy affecting lumans although it s sull t - frequentdy com
promised by inadequate therapeutu techmques ir tolong delay
on the part of patients 1n seching treatment Tdeatly and an acen
ality 1007 of these tumors are curable Ty a1 dern techniques
of irradiation therapy this goal 13 almast wethin reach
The treatment of carcitomas # the lip and mowh cannot be
presented i detai] here In general the squamous el cata
noma of the lip grows more rapidly metastsies mone readily
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(about 209 of cases) and offers a poorer prospect for cure than
the cutaneows wquamous cell carcinoma. For carcnoma of the
lower lip xray therapy 1 wually the preferred method al
though surgery 18 the treatment of choice for large tumon, for
those previously treated by inadequate irradiation and for car
cinomas which have metastasized 1o regional lymph nodes. The
prognoan depends largely on three factors the size of the lesion
at the tme of trearment, s histologic dasufication acrording
to ecllular differentiation and the presence or absence of metas-
tases. For lesions without metastases treated surgically or by
x ray irrediation the five-year cure rates in many series range 1
Ihigh as 80 to 9597 (68-71). With metastatic lymph node involve
ment, however the five year survival rates are In an approximate
range of 20 to 50%, (72) In contrast to lower lip involvement
anrcinoma of the upper lip 14 rare, metastasizes more readily
and has 2 wonse prognosu.

The average intreoral caranoma 1s [ar more malignant than
arcnoma of the lip und the prognoesis is worst for tumon on
the postenor tongue the mferior gingiva the Aoor of the
mouth the soft palate and the faucal reglon On 1ninal cxami-
nation metastases may be seen 1n 60°7 or more of carcinomas in
these last locations. The treatment methods of choice depend
upon the size and location of the tumor and are limited here
encntally to interatitial radiation with radium or to surgical
excision. Intensitial radution cn be used advantageowly for
the treatment of caranoma of the tongue floor of the mouth
and bucaal mucosa while surgieal exasion 11 preferred for cer
ain gingnal lesions and those of the hard palate. Surgial re
moval 15 alsa the recommended treatment procedure for lymph
nodes with metastasey,

With the possible exception of crdnoma of the soft palate
the tole of x ray therapy i the treatment of intraoml aro
nomas 1 1 \ery limited one in contrast to its great usefulnes
for \in and lip cancers

The averall cure rate for squamms cell carcinomas of the
mouth scldom exceeds 507 and for most anatomical sltes, par
tcularly in the presence of metastases, it is far lower For all
cse of intraoral caranoma Taylor and Nathanson (7%) reported
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cure rates ranging from 147 for carcinoma of the tongue and
17%, for carcinoma of the floor of the mouth to 457 for tumory
of the hard palate

The treatment of chowce for melanoma u surgicl remoral of
the tumor Since melanoma cell are radiaresistant < ray therapy
has only rarely been used and then usually in extremely high
doses equivalent to autertzation Ancillary methods of treat
ment such as hypophysectomy adrenalectomy and the usc of
hormonal agents are apparently not of ngnificant value

For the clinically obvious or microscopically proven mela
noma loczl surgical excision should be radwcal wsually accewsi
tating a shin graft for closure Carcful microscopic examination
of the excued tumor must be carned out to gnve assuraike [
complete removal since nadequate excison will mevitably be
followed by local recurrence metastases and death Amputan n
may be preferable in an extremity where the extent of exast n
s apt to produce cripphing deformity or where a toe or finger
uimolied However the extremely radical en bloc exasians o
prnimary tumors draming lymphatue channcls and 1egi sl
nodes are gradually being abandoned for two reasons (a) metas-
tases have often already occurred through deep lymplatic chan
nels and beyond the regional nodes as well and (¢) there s ny
oblective evidence as yet that cure rates are enhanced by such
procedures (50)

in the absence of distant metastases e lved regronal lymph
nodes should always be excised For tumon about the head and
neck with cervical node imvohement the prognosis i relatneh
better than for lenons of the lower extremity fr examiple
where deep inguinal and 1hac nodey are usually my hed \l
though prophylacuc lymph node resection - the absene {
palpable enlargement has been wadely recomnmended there s
considerable diagreement on the cfficacy [ thn procedure
Staley (74) found mutowopic msoliement of the nexles i only
2 of 37 cases subjevted to pre plnylactsc 1esection and Clarke (77)
in a study of 90 patients with melanma. f und n» dilletence i
survinal rates in patients subjecied 1o prophylactic nodal rese
tion as compared with patients i+ hom the nodes were remor e
only after chinical enlargement On the xher hand Pack and
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Livingaton clamm that clinically undetectable melanoma ls found
in the exclsed nodes of 509 of thesr patients (76) Weighing the
available evidence, one mght conclude that prophylacuc re-
moval of Iymph nodes may be carned out in regions where these
utuctures are accemible (cervical or axillary) However where
lymphatic drunage from Jesion may lead to lymph nodes situ
ated at widely separated sites such as the axillac and groins (a3
may be the case for lesions in the mudline of the upper abdomen
or 1n the midline of the back) thls procedure 15 unwarmranted.

The prognons for survisal 1n patiens with melanoma de-
pends on the extent of involvement at the time of mtial examt
nanon although the climical course may be vicanious in any
ghen case. Ipdividuals with clear-cut metastases beyond the
regional lymph nodes are consrdered to hasc a hopeless outlook
and surgical wnteri ention 1s not indicated. Of the patlents wath
reglonal node involvement 5 to 309, survive five years after
therapy the better prognosis beng resened for those showing
histologic but no clinical evidence of nodal metastaser. In pa-
tients without mecroscople imohement of the Iymph nodes,
survival rates rarely range to 509, or higher the best outlook
being in thase lesions alowing only very early tumor invasion
of the underlying dermis [the superliaal melanocarcinema of
Allen and Spitz (50)]

Several addiuenal Factors modify the prognosis. Five year cure
Tates for melanoma are a notonowsly inaccurate index for long
term sunvival (77 78) Allen and 8piz (50) reported that 189
of 2 series of 500 fatalities occurred in patients who died of thelr
metantzses five yeans or longer after nitia) diagnosis and treat
ment. Another 1mportant factor 1 that n approximately 1 to
17 of pauents, multiple pnmary melanomas may develop (50
7 The sw7e of the lesion and the presence or abaence of ukeera
tion when firn seen also affect the outlook for survival after
treatment The sex of the patient 13 of significance since in some
senies (50 75) it las heen shown that the surtnval mate for women
{s @ar beter than for men Addu onal farton governing prog
nosis (pregnancy location of tumor type of preexisting lesion

previous madequate therapy etc) have already been discussed
above



13} PATHOGENLTIC FACTORS

Some representative results following treatment of melanoma
are as followy In 6°3 cases Allen and Sputz (50) found fise year
plus sunval rates ranging from 128 10 39.8, i females where
the patients nere clamfied according to age by deaades, Five-
year survival rates for male pauents ranged from 5 to 1679
In 68.37 of all pauents surviving five years or more treatment
conuted only of local excusion of the tumor Meyer (80) re
ported a five year survnal rate of 4159 in Go pattents Of the
65 pauents 40 had lymph node dissections 19 of the 40 had
negative nodes with a five year sunvnal rate of 66 7¢  °I of
the 40 had positive nodes with a fise year survival rate of 33 4¢7
Pack et al (51) reported an overall five yer suniral mate of
979 for 5% paticnus, aithough a large number of these were
treated 1muially for recurrent melanoma which of coune has
a worse prognosis than the il tumor Frve years after surgery
1779 of patients without nodal involvement and 15097 with
metastases to the regional nodes were alne Clarke (75) reported
= fiveyear sunnal rate of 46 in 37 pauents 1n whom only
local excision of the inelanoma vas performed and a 40 sur
vival rate in 43 patients with regional node resecions tnetastases
being found 1n 33 of these Brandu (?4) reported a five year
uncorrected sunval rate of ®00  for a series of 11° patients.

In the treatment of Paget s disease prompt diagnons s evsen
tzl even 1 the absence of a climally palpable tumor  Although
biopsy ts desirable immeduately the mipple and arcola are not
uncommonly the ste « f eczematous eruptions winch chinieally
may be mdisunguishable from Pagets disease Where there s
sulicaent doubt as t) the diagnosis a two-week trial period of
topical demnatologic therapy s sometimes v amanted in the
alrence of a mass in the breast o r enlarged non tender axillary
nodes. If there 1s no chimical response witlun that nme bropsy
should then be performed.

A discussion of the treatment of carcinoma of the brent Is
(Iniously besand the scope of this paper As a rule radial
mastectomy 13 the procedure of choice where feasible The prog
nosts s that for intradut tal caranoma of the breast with five year
sunvival rates apprecaably Jower an those patents with metas
tases to the assllary noder.
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Daocussion

Qurnioy  Doey pregnancy change nevl? And if it does, does It
alter the critena for thelr management?

D Marxixsoy D ring the pregnant sate, new pigmented leslons
may be found on the skin surface. Some of these perhaps are junction
nevi. some of them have bLeen alled lendgines, Preexisting pig
mented leslons may grow more rapidly or may enlarge progremively
whereas before pregrancy thar size was statie. As a rule melanoma
b0 grows much more rapidly during pregnancy than it does in the
noc-pregnant state  nd metastases occur much more readily I thind,
then, that some enlargeiment In size may be expected in certain
benlgn pigmented lajors in the pregnant patient. One has to
watch these carelully and if ather changes become apparent such as
I dﬂcﬁhd.i:;lmllr-cnndng. bleeding, ety rapid enk
and 0 on—these leuom should be exased. i

Dr. Prasis [ want to report that one of our rey dents, worlung
for his master s thews, wuneyed the treatment results that the aver
Igr dermatofoghu in his office gets in aranoma of the slin. Now
the Unnenity of Ghi agn  the center VMast of the publications n
thes field have come fro  Large centers where of coune treatment
& much more routine  nd equallred. But we tlk about materfa) 1n

onncction with 30 cases cotning {rom the offices of (e dermstoko
il {n Detroit, one of them my onn, with lilferent men prefesring
diferent metbody. Some prelerred xray treatment, otl ers crettage,
wurgesy or electroqutery Everyonc of them probably used all of




0 PATHOGENLTIC FACTORS

these modaliues In some caser. There was an ovenall five year cure
rate of about 917 10 these cases and 1t vaned only by 1 or ® up
or down for either x ray surgery or curettage. I would like to draw
two conclusions. In the first place, the dermatologht 1n | ractice is
quite quallfied and xurcenfurln treating cancer of the shin whidh
you all know has been sometines doubie. And in the second place
whatever the experienced dermatologist user In his office to treat
slin cancer apparently has quite a high and satisfactory rate of cure

Dr. Surzmercex 1 would lile to sy one thing in order to myoid
any mitinterpretation of what was sakd previously zhout the ar
cnogentc effects of tar Coal tar as used therapeutically is not aar
ainogenic We have looked and searched and asked in order to try
to find easey 1n which coal tar or any of the coal tar denvatines
used 10 toj ical apphication hase produced cranoma. The only
case we could findd was one wiuch was questionable. Tlut was 2 man
who had appl ed I quor carboni detergens for pruntus ani through
many years and then had deseloped a caranoma of dut area e
couldn ¢ tell from the report if it was in the rectum or on dre kin
Certanly coal tar 1s not a carcinogen as wsed therapeutically

I would like to ask Dr Malkinson if he has heand of dennabrasion
for the treatment of senile Lin or photadamaged Lin as recom-
mended by Dr Erwin Epsiesn He believes that thus ds the principal
indication for dermaluas o or jla tic plaming todas and that in
peop le with senile skin Reratoses, telangieaases, J igmentations
and depigmentations dertual rauon produces a soft pliable skin He
thinks it 15 becatne the regencration comes [rom beneath, where
the cell were bot exposed to the lamaging cffects of the light nd
other clements, and therefore they grow new cell on the surface
which have another twenty or tlurty vears to g

Dx. Marsivios 1 was aware of Dr Epsteins report an the Iy
chives of Dermatology nd certainly this method deserves further
imestygation In a way it I quite analogou 1o the mucous membrane
operation which I described for teulof latia of the lower 1p The
decisive factoc determimng the potential uccess of §1an ng aya pro
phylactic measure against carcinoma an farmer sk n depends, 4
counc on what the sitc of the caranogem effect of ultraviofet hight
1 If this b relatnely uperfi ial formatw n of a new line of cpuder
nul celly from adnexal tru tures together wath formation of some
new onnects ¢ tsswe nay drasty Ny red ce the slin s suscept baliny
to wnlight indu ed ch nges and caramoma again lor many yean On
the other hand f plantng sy Iy revt res the b fr ma conmetk

few[ it without altensng the | revssusly ind kel @ranogene fac
tors, then there will be no hange n the incidenwe of slin caners.
Otniou Iy 1 me alone will tell u what the effectis ness of the plan

ing procedure 1 m such patients.
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Abraslvey, 159
Abscem, 164
Absorption  percutancous, wee
Penetration of shin
Aanthais, 17
Accelerator sulstances, In earcin-
ogenes, 181 19°
Accllomtiration, to heat 80
Acctate, 132, 137
Achromyrin 160
Acid mantle, 50
Aad arceln stain 209
\cne conglobats, 161
steroidal 126
trop @) form, 166 157 161
ulgaris, 113-196, 189 148, 149
151168

Acnepenic agents, 120 1 9 162,
168

Acocyaposhs, 90 91 93

Acrodermayitls chronles atropht
cans, 221

ACTH see Adrenocort cotropic

honnane
Adenocarcinoma, of adult cuta
ncous glands, #00, 205

\denoma, scbaceout, 26
Mol tamons 199901 %12
cmbnyogentan, *0t
Adrenalectomy 141 2§
\dremal glands, 139 190
Adreraline e Fp eplrine
Adrenocortcotropi hormane
(\CTH), 141
Amtlutination ba terwl 51 5
‘gnoster 133
Alten ym, 17
A} phatic tcobols, 144

51

Alkavediols, 133135
Alophenylalkylamine, 73
Alpha hydroxy acids, 13
Amengrthea, primary 149
Amines, b ogenlc, 76
catechol, 71

Amino sods, 5 6 8 9
p-Amunobensoic acd 190 191

228
Ammonla 5§
Amputation 97 .87 4°
Amyl nitnite, 84
Amyloxl, 205 208
Androgens, 126 138 132 158
Ancithala 98
Angoleratoma  corporls  diffu

m, 102103
Ang omarcoma 220
\noxia, 06
Amsalywen, wee Pentol 1um
Antedso acsdy, 131 137
Anthramin 200
Antibacterial agenus, 62
Andbotia, 16° 163
Antibodles, b2, 55 57 61 /6
Anticholinesterase, 27
Antkcosgulane., 97 103
Antigens, 7 57
Antipenplmnts, 48, 61 03
APL sulntance 141 M
Apocrine, e Sweat Sweat glands
Arrhien i3 law 79
Arthenius plot, 43
\renate, 13
Anenlc, 235 16, 231
A ericn, 68 02,91 99 100
Arniesfoley, 68,69 71 W1 82,9396
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Artcriosclermss  obliterans, 99

\rterionenous shuots, 6870 83
85

Asiatic pllls 215

Asteatosis, §

Atheromatosis, 100

Atropy 107

Awrophy 125 140

Autonomic nenous system 7l
6 69 82,81 88 01 108

\utoradtograms, %6 27 41 43

Racteris 1761 125 196, 160
Balanoposthitis <37

Balding, 13
Rarrier epldermal 3 4 8 9 %%,
598 3035 87 391t 46
1983 53 67
ceams, 41

Basalioma 0t

Basement membrane 19

Bensene 180-183

Henrofa)) yrene 1,0-181 183 167

Blisters, §8¢ §1 {5 15-19 95

Blood flow 6 (985 96, 103

Rloxxl § ressure w® ,0 8281 )3

11 shing 81 100

Dody odor see Odor

B ne 20% 224

Bowen lisewse 13 1
o

M ownades 123 158 150

Huerger  liscase e Thiombo
ng ey oblite ans

Bullae see Blisters

Durms, prec rson ol ancer
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padl
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C -4 branchedahan
aah I

o Cao wl C  monounaty

rated faty 3cds, 13
Caldum 10 163
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Calluses, 6

Cancer 141250

Cancerophobia, 191

Cancerostatic action,
1183

Cantharidin )1 15

Capiilaries, 25 27 68 70 7L 0t

o6 9

immuno

Caprylic acid 50
Carbohydrate 1n hormy layer
31
Carbon drndde 77 80
n w 159 162
Caronogeness  ?16
Carcinogens, 177192, o0 01
30 0
Carcinowl 108
Cardnoma sce Cancer
Carotid sinoy refiee. 9 BY
Cariilage 203
Catechol, 40
amine 71
Cau iy, 38
Cellubus, 101
Central nenows ystem €974
%8 108
Charge clectnc of tin 3%
40 51 51 62,63
(1 lary romanne 73
Chod | te 158 165 107
Cholesta 3,5 dren 7-one 134
Cholesterod 1 1 13113 (X%
Cholinergic impulses, 71 3 I
Chaltnesterase |
Chowom gonadetr pin (1 11
Chromaatogt [y F slkpu 4,130
130137
€ rolatron aancou
Vienrders of 89 110
Careum wen 37
( lallcation  nieymitent >
Coal ) 6
qar 178 1.0 1852 19
Gonarumogens 1 7 [T
Cold agglutimnt. 1R

un
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Collagen 19
Collagerase, 19
Comedo, 117 122, 124 151 158
161
Complement, ¥
Compound 43/30 78 ™
Comycin 160
Congelation 96
10
Corjum, see Derms
Coraification, se Aeralinrzation
Cornified epithelium see Stratum
corneum
Conticosterolds, see Sterords
Corthione 151
Corynebacteria, 147
Croton oil, 187 188 192
Cryoglobulinemia 93 108
Curettage .53 23, 238 250
Cutaneoas horn, 218-215 28
Cylindroma, *06
Cpt 121 121 125 128 155 161
196 218 221 222 236
Cpsdenoma, poctine, 206
Cysteine 11

Deal n, 180

w-Deaanos acld, 136

Depot fat 178

Dermabesuon, 1100 161 201

Dermalepldeioal | nctlon, 1
19 %0

Dermataphytae see Fumg:
Dermb, 3 1 11 17°0 320 32,
38 51 o6, 117 128

Dubetes, 101
Dumylnzphihalene 181 184
l)'hcm(l}m)amhmm 178 197
Dibennyl ne 73

uffinion 38 39 43 {1

253

Dihydreagnosterol 133
Dihydrocholesterol 13, 181 135
D:hydrolanosterol 133
Dihydroxyphenylalamne
17 209
7 12 Dimethylbenz{z)anthracene
187 19°
Dinjuroflucrobenrene, 8
Diphtheroids, 48
Diphenyls, chlormated 125 196
159

Dusulide, 7 8 11 %0 37

n Dodecane, 181 186

n-Dodecanoic aad 136

t Dodecylbenzene, 181 185

DOPA, sce Dihydroxyphenylala
nine

Ecerine e Swewt Sweat glands

Edema 51 98 105

Elastic fibers, 208 209

Ekectric conductinvity of skin, 30
40

Electrodalcouon 288-238 240
219

Electron microscope, 10,
40

Electrostat ¢ forces, 33 51

Electrosurgery 40 10

Embryonic rests adneaa!

Emulnon 149 150

Endothelioma, 197

Endotoxing, bactenal 67 70-74
76

Eosinophil celh, 1

Epldermis, 3 68 1013 17%0
328 3031 37 30 40 48
41 52

Lpinephrine, 53 69-71 76, 80

Eplthelioma, see 1so Camcer

benmgn s, 199 N3 %05,

et

3034

200

chear cell 208
schactows, 206
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E juipotentiality
cells %01 °0°

Erythromelalgia 98

Erythromyan 160

Enythropluna of Queyrat, 218
222, 236 234

Esterases, 8 78

Estrogens, 107 13 139 158

Ethanol partition cocflicient of,
38

Ether linlages 37

Ethyl iodide partit on coefficient
of 38

Eunuchol Is 149

Farmersakan 13 211 19 220
229 235 236

Fatty aad 13”136

ewsential 145
free 170131 §33 13

Fibrin clot 5/

F hrom “03

Fibroepithel al wu vors, | remalig
nant ol Link +, 903 )

Flush ng, 10¢ 108

Folli lestimulaung h rmone see
(  adotrop ns

Follicuknna ™

Foregn bod g1 nt clls, 11

Formalin, 13

Fowler s solutim 1

Frechley, #19
Frost bue 1599 108
Fungr, 17 58 6131 1€

Furuncle 39

€ angrene 91 3609 101
€ remsa s luion 29

Clobulin, 61
Clu ose part t on enellient of

38
€ lucuron dase beta, 8
Clut thone 11

Clycenides, 133

INDEX
ol epidermal Clycerol partition coclficrent of
207 38

Glycogen "0 %09

Gonadogen, 141 11 14

Gonadotropins, 141 115

Grafting of skin, 109

Granular layer ser Stratum gran
ulosum

Cranuloma pyogenicum, 196

Grenz rays, .37

Halr 115 116 119 199 201 %03

Hair follide 4 1 96 27 13 11
45 31 59 1131, 199 Ju!
199 °01 206

Halowny 1°0

Heart rate 8

Heat loss, B2, 814

Hemangioma 196

Hemat »ma, 71

Hematoxylin nd ensin tam %09

Heme 5

Hemoglobinuwua par vy 1 J1
Hemorrhage 70 7 44 ) 22,
=31

Heparin (3 108

n Heptadecanow i, 130
Hermay hrodite 11)

Ilexa Vlorophene 19 63

1 Hevader nonc aad, 13t
Hexamethonhm 93 )1
Hidrxdenoma 19 %0
M1 tanune 73 40 108
Hrumine | beratory, 3 (
Histodemntn A
1lokxrine fun uon I8
Homentavs, 711

Homy | ser we St atum

newm
Host revaaree 58
Huntingre ttm A Lewind
8

Hyalin [ bers, 203 M
Hydroo thoms, 13, 133 13



Hydrococtsone, 27 41 161

5-Hjdroxytryptamine, 7274 76
108

Hypercholesterolemis, 101

Hyperemia, dhexses anociated
with, 91 fL.

reactive 80 &4 83

Hyperhldross, 91 98

Hjperkeratmntion 17 113 116
N7 119 11 122, 1.6

Hyper] igmentation 18 95

Hypopliysectomy see  Priuttary
gland

H)podulamus,ﬂ&

Ichthyosls, 5 121

Immersion {oot, 95 96 98

Inlection 5 4764 158 213

Inflammat on, 18 53 57 85 202,
213

Intercellular bridges 10-15

spacay, 33 34

Todides, 123 158, 159

lons, 78 36 37

Irchemia 78 86 96-100 10}

Iso acds, 131 187

Isocholesterol, 133 135 137

Dotlectric polnt 31 3§

ll:ﬁrm units, 181

Ttch ng. see Prunius

Kelokl, 161

heraun 3 6 7 5 3t 58 1.3
128

kheratinization 47 123176 13

haamanthoma, *05 *07 08
i7 18

heraunes, sed by <eniaals,
3 1507

tr 181

vy, 13 220 2] 53

255

prermalignant, of miee 172
seborrhelc, 196 208 205 207
treatment, 252, 235 250

17 hetoueroids, 132

Lacticacid, 5 50 80

Lanolin, 133

Lanosterol, 181 138

Lathosterol, 131 185 187

Lens, 63

Lentigo 219 249

Leptomeninges, 17

Leukocytes, 58 55 116 119 1.1
1

=
Leukoplakia, 213216 221 229

Leukotaxis, 128 1214

Lichenification, 10§ 107

Lichen planus, 107

Lipids, 5 6 34 38 38, 56, 101
129 131 137 145 150

surface film of, 4 31 127135

Lipid4oluble substances, 37

Lipolyss, 120

Liq ror carbonh

Li edo retlculars, 90, 92, 93 95

Lupus erythematodes, 91 93 91
21

Lupus vulgans, 22}
Lateoma 139
Luteotrophin, 141
Lymphata, 5., 55 56
Lymphoid-macrophage
Lymphoma 184 195
Lysoryme 56

systemn, 57

Maleimide, 8

Al lignanaies, 17 171 50

Mast cells, 72, 73 4G, 108

Melanin, 3 17 18

Melanocardnoma, wiperfidal of
Alken and Spiz 13

M lanocyies, 18 208
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Melanoma, 196 200 208, 209
218 °17 218220 225235
24° 213 249

Melanotic frechle, of Hutchin
son 218 219 235

Membranes, 34 87

Mereury 13

Methanol, partition cocfficient
of 38

3-Methylcholanthrene, 179-181
191 201

VMictoabscess, 116 119

Mierococruy, diphtherold, 47 48

pyogenes var aureus 50

Microorganimms, 4766 123 160

\Mlicrosporon awlowny, 5

AMilm, 1t

Millara, 20

Mineral oll 1,9 180 182, 188

Moles, see \evus

Molluscum sebaceum, 204

\Monoamine oxidase 7.

Morbidisass, 155 160

Mucoid, %03 209

Mucolytic enrymes, 14 19

Mucous resecuon 233 0

\intard gas 40

Mutation [87 191 197

My ows fungoides, 193

\yoepithehum °0

Mystechn, 160

Naphthalenes, chborinated, 1o
1°6

Naphthol, beta, 159

Necrof hilia 63 €1

Necrosis, 72,9 97

Neural crest 17

N\eur ts rchenuc 98 99

Nevu 10 1% 203 %06 708
18 91 21) 231 31 19

“itrogen mustar | 46

Norej inephnne 69 72, 1 7
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n-Octadecanoic add, 136

nOctanc 180

Odor 48 49 62, 63

Oil caalyucally cracked 186
187

Olewcack! 129

Omnipotentiality of epithelial
celly, °19

Oscillometry 80

Osmotic pressure 16

Ostcomyelitis, 18

Ovanan defidency 119

Oxygen  percutancous  alsory
tion, 78

consumpiion 78 79

Pachysclerons, 101

Paget s disease 19

Palmitic ackd 129

Panarterith, 99

Panphlebutn, 99

Papilloma  premalignant,
180 192, *03 206

Paresthesia, 97 99

Partidon cocfhcrent 35-37 40

PAS stain °09

Pemphigu vulgans, 10 16

Penetration of skin 8 28 30 3)
3440 13445 78

Permealnlity see 'e  tion

Iermeation see Penetrals

Penidllin 160 230

n Pentadecanoic acnd 13

P'entolinium 91

Pentoses, 5 8

Peptrdases, 11

Pepiides, 5 56

Penarteritn, 107

Pernio 90 9, 08

Persp iration scc Swewt

Peirolatum, 5

Petroletm 177 200 ¥

{11 50 51

Phagocytosis, 5 515

1327 1

172,
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Phenanthracene, 196
7
ldeaane 185
Phlcbith, 105
Phosphatases, 8
Phospholipids, 5 133
Phosphonin, 165

P 27

Pllosebaceous unit, 45 118 115
117 118121 128, 144 152,
158 159 162

Plich, 179 182 216 217 280

Piressin, 141 142

Pitultary gland, 140 141 143
242

factor 141
Pitaitrin, 141 142, 144
Maning, see Dermab

257

Troteins, fibrows, 10 16
Lipoproteins, 38

Proteolytic enzrymes, 14 19 58

Promitamin D 133

Pruncus, § 95 234
Pscudocpitheliomatous  prolil

eration, 207 221
Trorasis, 107 121
Pustules, 119 125 168 167

Radioactivity and skin cancer

218 220 221 229 236
Radiopbosphorus, 45
Radium therapy 238 240 241
Rnynzudl discase 90 &4

Platelets, 78

Pklhylmognphy B0 81 88

Plurdy of epithellal
cells, 201 202, 207

Palion 1vy 7 10 40 167

Polarity electrical 35-37 40, 43

Polysaccharides, 19 73

Paroma, cccrine, 206, 209

Postencephalitle syndrome 144

I'recancerous, see Premalignant
conditions

and vmscular changes,

Premalignant conditions, 171 50

Presure regulation by Lin, 83
L1

Prickly heat, 20

Progaterone 159-144 152 158
Prolactin, H1 11

90-92, 93 108
Refiex, carotid sinus, 79 84
contral of sympathetic m
pubes, 88

rasomotor B2, 81 83

Resident flora bacterial, 47 50
62, 63

Resorcin 159
Rete cells, sce Eprdermus
Reticuloendothelal cells, 55 87
Rlunophyma 106
Ribollavin defiaency 145
Ringworm, sec Fung:
Rosacen, 108

Sal cyl c acld, 159 232
Sarcoma, 191 19%

KuposT's, 195
Sann 27 29 30 4446
San, » of ancer
218 221 238

Scleroderma, 90, 81 221
Scratching machine 17
Schaceous adenoma, 125
Sebaceows glands, 4 5 76, 27 43
41 50 113 115117 122 128
131 157 143 148, 15, 199
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Seborrhea, 106 139 144 145 Sulfur 159

Sebotropic factor of pitultary  Sunlight chronic exposure and
141 143 skin cancer 1,1 175 °19

Sebum, 81 113 117 121 123.]29
131 138 137 138 145

Sensitivity delayed type 191

Scrotonin see 3 Hyd ovytrypta
mine

Shale ol 177179 182, 188

Shocl 70 74

Shwartzman phenomenon 70 71

6
Slack wax, 182
Smegma 198
Smoking and leuloj lakiz 220
Spermine 56
Sphaceluy, 10°
Spindle oil 18°
Spiradenoma eccnine, 206
Squalene 131 133 185 137
Stannic chloride, injectiom
furunculosis, 119
Staphylococcus pyogenes, 59
Stask, capillary /0 71
dermatitus and ulcer 103-103
Stearic nad, 129
Steatocystoma  multiplex
11128 1°¢
Sterouds, 176, 132, 161
Sterols, 5 8 1°6 129 13, 133
187
Stratum cormeum | 6, 8 11 5
27 "8 31 31 4651 .8 59
62,63 115 119
germinatnum 4 8
granulosum 4 69 7 3., 46
lucklum, 8 15 16
Malplghi 1
Strippang of skin 830
Stroma and wmor 207 01 21
Sulfhydn1 compounds, 8
Sulfonamides, 41 160 163

19

220 709 23° 235
Sumscreeny, 228 229 35
Suramin sodfum, 13
Surgical excluon, of tumors, 233

238 212, 241 °{9
Sweat, 20 81 38 48, Gl 63 197

137 150

Sweat glands, 4 5 %0 21 °G °7
38 41 43 4851 199 01
“03 206 227

Sweat gland tumor %06 209
Sympathectomy 8 97 91 8
Sympathetic, see Awtonomic nen
ous fystem
Synaporhin 111 4
Syphilis, ananeous, 13
and leuloj lakia 230 .33
tertiany 201
Syrngoadenoma cocrine Sin
papiihferum 206
Synngoma skl 0

Tar 159 170 ®16 17 28 "W

Telangrectass, 106 °19 21 0

Teleolagy o a too) o thinking
77

Temperatuie of skin, 69 7981

1 ctosterone 139 18t 1515

n Tetradecanowc a ol 136

Tetramethylthwram dusulfde 19

Tetrarolium, 0 64

I hermal injuny 13

imuliuon 8., 81

Thermoregulation 7788

Thioglycerol 11

Thiogly ollate 11 14

Thieurca partition coeflicrent of
38

Thortum \ % 1
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Thromboanglitis obliterans, 99
100 105

Thrombophlebitis, 103-105

Trace minerah, 165

Tramslent flora bacterdal 50

Trench foot, 93 96, 98

Trichocpithel oma 199 203 06,
213

n Tridecanole acid, 136

Triglycerides, 5 128 133 135

Tripalmitin 129

Trterpene alcohols, 133

Trntium oxlde (HTO) 39

Tubertulosls, cutaneous, 218

incldence as compared to acne,

167

Tumor host relatsonship, 207

T mors, sdnexal, 193201 21
epithellal, see Cancer
filroepsthelial  see Fibroep

 elial tumors

mixed of mlivary gland 203
sweat gland, see Sweat

Tyroslnase 17 209

Tyrosne 17 209

Ulcerati ¢ colith, 14
Ulcer, 99-101 164 221 272, .31
31 213
Ulua i 1et 3 17 18
arc nogenie wa clengths, 176,
187 190 =20
expowre ontra iklcated 298

n Undecanolc acd, 136
Undegylenic aad 50
Unsapomfiable matter 135
Urea 5 12,13 87

partiton coefbaient of 38
Urlcadd &5

V\anadium 148
Van der W axls forces, 35
Vasoactive substances, 67
Vasocomtriction 53 (9 80 82,
89
in atopy 107
of arteries in diseasey, 90 £
1n digits with blushing 84
in digats with cold 85 88
in [rost b te, 96
in immeruon foot, 58
inshocl 70
in Shwartzman reaction 71
n trench foot, 98
\ asodilavon, 1n atopy 107
cholinergic (blushing), 106
in f to cold, 85 86 B8
in frostb te with warming, 96
97

inskin 80-82

\asomotor imtabillty 98

\ asonturos, funciional 91

Vasospasm, In discase 92, 93 93

9

Venouy plexuy, subcutancous, 68
subpapillary 95

\enules, 69 71 91

\ernix cascon, 128

Vitamin A 133

Viamin D 127 138

Vitamin E, 138

Viaamin K, 6 133

\iaming, 160

\ftillgo 17

Vulia diserses of 233 31
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Water in skin, 5 27 5840 43 \ ray dermadths, 172 220 230

49 150 233 we abo Radioderms
transler 28 tis
Wax alcohols 5 129 133137 treatment with, 159 161 198
Wax disullate 187 228 235942, %49
Waxes, 133

Wool fat, 5 133 181 Zinc deficcncy 14






