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FOREWORD

Bince the dxys of Harvey and Glison, one of the characteristic featnres of
Brtuh medicine bas been the integrahan of medical scaence with chncal
practice. In medicine today the well founded practicsl spproach com-
bined with humsn kndoess is needed perhaps moro than ever With
emphasis on this backgroand, 1t is esssential for vs to take pert m, and utilixe
to the full, the advances in the sck basis of med, In Cambridge,
the development in the Untversity of the School of Post-Gradimts Medrcal
Teschng and Climical Research is rendered possible by the foondstions
11d &2 2 result of the remarkable act in the fond 1 sciences.

In post-graduate medica! texching, It m ofton useful to aesess the present
state of knowledgn m certain fidds of study 1t sppearcd that a good start
could be made with Dermatology Largely s & result of the enthusizam
and energy of Dr Arthur Rook, & coarss on Progress m the hiological
scacnces m relation to dermatology waa argantred. This book s & record
of the conrree and has been prepared in tha hope that 1t may bo a contribu
tion to medieal learmng I expect that this will be the first of & new scries
of Cambndge medical boaks.

J 8 MITCHELL

ADDENBROOKE # HOBPITAL
CAMBRIDGE

10 Decamber 1958






PREFACE

The lectures and discusaions here presented follow very closely the pro-
gremme of & course grven m the Post-Graduste Medical School of the
Unxverarty of Cambridge from 23 to a9 September 1958 We are, however
fortumately shle to includs one of three lectures which Professor Mitchell
was prevented by illness from delivering The only other omisson
DrE.F Gale s lecture on the bactenal cell important cornmrtments keft
him merfficient ttme to prepare his manusceript for publicatron,

The course did not atterapt the impossible taak of providmg s com
pret revew of progress in the bilol 1 m redstion to
dermatology When it was planned muny topics of great interest and
mportance to the dermatologst were deliberntely excluded because thoy
bad formed the snbjects of recent symposia or of resdily Tble mono-
graphas. From the large range of toptes worthy of mclusion those ware
favoured in which mgmficant advances are taking place and which sppeared
to offer particular pramse for future dermatological research.

The reparts aof the discuossion have been edited and ahndged. The wihes
of the speakers th tves have been responsible for the of some
mteresting contributions, and lack of space has compelled the secnfice of
many more, The discussions, each under the chairmanahip of 2 physician
1 clinical practice, were an mmportant feature of the conrse. It is hoped
that the reports s publuhed provide a wseful record of the lively cxchange
of 1dem between basic saientists and dliniciany which both found a valusble
expenence.

The ar for pubt were not campleted untll leog after
the 1nrvitations to lecture were issued. It o a plessare to thank the lecturers
for ther co-operstion and tolerance,

It s a plexsure, o to acknowledge my mdebtedness to Professoc J 8
Mitchell for the Foreword to ths volume to Dr Howard Whittle for
devoting o many hours to the transcription of the tape-recordmgs to
Mr ] W Woodcock to Dr R. H. Champlon to the Librarmn and
Min A M Jones of the Royal Society of Medscine, and to the stff of
the Cambnidge Univermity Presa.

ARTHUR ROOK

ADDENBROOKE § HOSPITAL
CTAMPRIDGY
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THE MELANOCYTE AND MELANOGENESIS






THE EMBRYOLOGY AND COMPARATIVE
ANATOMY OF THE MELANOCYTE

Br] D BOYD

L. ORIGIN OF MELANIN PRODUCING CELLS
IN VERTEBRATES

Ono of the more remarkable of the meny remarkable phenomena m verte
brate development is that provided by the beharour of the so-called xenral
crest. Tha embryonic organ 1 sn ectodermal derrvatree which becomes
apparent dunng thst pedod when the nenral plate sinks m and separttes
from the overlying octoderm to form the tubular prmordium of the
central nervous systemn. With this sepanthon and the consequent fusion of
the ectoderm from tho two hatves of the body 1n the middle line, the
respectrve spheres of interest of nsurolognt and dermatologist would appear
to have been nicely delimited by an embryologreal process.

But, 23 wnth other things, embryological proccsses are often not exactly
st they scemn! During, or indeed, even before, the sepanation of the
nearoderm from the ectoderm a specusl group of cells can be 1dentified in
the tramrtrorsl region betwreen these two embryonic dervatives. It s now
well establubed (for reviews sec Horztadius, 1950, and Boyd, 1955) that
those intermedeste cells constitute s special embryonic organ with most
tmportant furictrona 1n subsequent development. Although His (1868)
geve the firs description of the intermedisto region, which he called the
Zweschenstrang it o to Milnes Marshall (1878), who worked m the Zoology
Department here m Cambridge under Balfour that we owe the nameo
pearal creat. Durning the eighty years since 1t was nsmed, many embryo-
logsts have rvestigated, both descriptrvely and experimentally tho peursl
crest and it derrvatives m mamy vertebrate types. Even to mummanze the
results of all this work wonld require a courso of lectures. For our present
purpose, therefore, it must suffice dogmatically to stxte that the pearal crest
dertvatrres behave almost a3 & fourth germ layer  thus they xre known
certunly to produce the doreal root, and somo of the crantal, ganglia, and
the Schwann sheath cells of perrpheral nerves. It is also extremely probable
that they are the source of the sympsthetic cells and the d chro-
maffin cells of the body Moreover much elegant experimental work has
demonstrated that the ncural crest grves arigin to & whole series of mesen
chymal structures includmg the leptomeninges, much of the branchial
cartilage, the odontoblests, and, cven, sone membrane bone. Finally




4 ] D BOYD

and of more cbvious relevance to the dermatologut, with the exception of
those 1n the eyes,® the neural crest 1s the source of the pigment cells of the
vertebrate body 1ncluding all of those which produce melsnm m the skin.

It w3 Borees (1909) who from observations on the embryo of 2 Teleont
fish, first suggested that the vertebrate prgment cells are denved from an
ectodermal soarce m the neural crest region. In 1912 Werdenresch made
a mmilar suggestion for the ongin of these cells mn amphibu. Meanwhile
Harmson (1g10), from observations on cultored frog spiml cord had
predicted that the pigmented cells he found m his explants would prove
to be of neunal crest ongin,

When the problem came to be investigated expermmentally i Amphibran
larvae (see Du Shane, 1943 1944 Rawles, 19474, 1955 Wilkier 1948
Homstadius, 1950 for revicws of the hteraturc) Harrison s prediction and
Weidenreich s suggestion were strikingly vindicated. The evidence 10
cluded (1) the total absence of pigment cells, 1n the appropriate regron,
follomng extrrpation of the neural crest {neural folds) (2) production of
prgment cells m cufro by explanted neural fold and (3) the appearance of
pigment cells follomng graftmg of neural fold matenial into the flank regron
of embryus of the same or a different species. Expeniments on chick embryos
unequrvocally (tire adverb 13 Dr Rawles”) established  similar neursl crest
ongn for the pigment cells n this vertebrate clam. Of particular importsnce
was the experimental demonstration that, when grafted in birds, the ncural

crest materl mvanably prod cells whose melanogentc sctivity in the
host feathers ts such that typical donor coloration and pettern result.
In Is, a3 mught be expected from the difficulties of expenmental

work on embryos of this vertebrate class, the evidence for the neural crest
ongin of the pigment cells 1 less weighty Neverthelem the work of
Rawles (19475) quite conclusreely demonstrated that, in the mouse, the
pigment cells are also of neunal crest ongin. This invesngator grofted
vanous portrons of mouse embryom (of a homozygous black stran) to the
coclom of White Leghom chuck embryos. The data on the resulis of these
transplants showed clearly that only those hasues contuning presumptive
neural crest, hustologically recognmable neural crest, or cells mugrating
from the neural crest caan praduce melanin-contuming cells. \loreover
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abeence of prgment and pigment cells were regularly obtained in appropriste
grafts whenever the neural crest had betn excluded. As Dr Rawles
wites The development of structurally normal white hairs from a
potentally prgmented mouse 13 h proof that the formaton of
melanm pigment 1n the ectoderm and tts dertvatrve, the hair s entrrely
dependent upon ane particular type of branched prgment-forming cell—
the melanophore—which onginates 1o the neural crest.

1L DISTRIBUTION OF MELANIN PIGMENT IN
VERTEBRATES GENERALLY

Such, in cutline, m» the embryological background to vertchrate pigmenta-
tion. Bat what 18 the dutributron of pigmentation in the various tissucs of
adult vertebrates? Agum, the relevant literature 18 esormous end here only &
few of the more striking phenomena can be briefly conxdered. Smee, at the

of thear drff mxtion from the neural crest the malanm-
producng cells are unnlly colourless, they cannot be sdeatrfied dunng
the early stages of therr mrgratron through the embryonic mesenchyme.
Later when (and rf) they come to contam pigment the melanocytes® can
readily be located. A most remariable vanation m ther dstribution m
the different vertebrates can then be found (Text-fig 1). In the skin, for
exemple, melanocytes mxy be found m the epidermus, or m the dermss, or
in both of these tissues. They may be present unrversally m the skm or
only in special parts of it. In the epiderrms the prgment cells may be
restricted to this layer m the parrow scose of the term, or they may be
preseat in certam of 1ts denvatives, such s the hairs or feathern. Or agaun,
they mxy be present m both epidermus and ita derivatives. Moreover in
the epideroms, the melamn s not restricted to the cells, of neursl crest
ongin, winch produce it. The melanocytes here possess the ability to
tracafer the pigment they producs to the true epidermal cells (ses

$or the termn el omd  real ol
is posed ml;L o AL Dldcvclopmummdmd-u-mn
(s P, 3, 7, PO reifymg 1 processss
which Led o T tb-nd-hdrc:ﬂ..'l‘ﬂ:tu-m-% Tbe
e, 1t b other calle m the for winch 1t woold be not
the torm whxch » used for thern acd whuch ha
th of mazry Tt baa tix that 1512 ool
Iox cefls contemmg metnun there sra mey 21y in diferent eistons i Gfferen verte-
bextes whneh m ongmn = Y which,
are froe Moreser the celle

mto ‘the pigment has boen mtroduced do fall frito the of

cetr. Frally there m for the cells m the stage betars they
- nox for such cells and the better




6 Jj D BOYD

Bilhngham, 1949) or to the constituent cells of hairs (sce Rawles, 1953) or
of feathers (sec Strong 1901) The process whereby the mchmocytes
transfer thetr mek g to the ep 1 colls of the eprdermis is not
yet fully upderstood. It may be that the melanocytes sctively tranafer the

Text fig Geherowtie scctian through trunk regron of m:u.ho-mhmh

which melaren pugoen B commanly %, derros
M@legpcn—«mxh!ld\mmtmf hm:c-i7 cenn)
coetorme

pizment to the passive epithelul cells by a kind of mucro-mocutation
It 11 possible however that the epithelial cells are active in the transfer by
» phagocyichic, of some sunilyy process Whatever the mechansm of
transfer it 19 a phenomenon unusual enough a3 Medawar (1953) has stated,
to desen e the specal name—cytocrine activity —which Vaaon (1548) has
wed for it. In the mesoderm I have never observed transference of
melanin from norrmal el tes to ad) non melanocytic cells. Such
transference can be obsenved, however 1n melanotic tumours, and
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occasiomlly melanm 10 found 1n phages sod in reticulo-endothelial
cells.

In sddttion to the prgment cells in skn, and ignonng those 1o the eye,
there are, 1n the different vertebrate clases, many other regions containing
active melanocytes. The vartion 1 enarmous and a complete list of the
powsible sites 10 which the melanocytes can be found would include neardy
every timue and organ. The commoner ones are indicsted 1n Text-fig x
they mciude (1) the mennges (2) regions along the course of peripheral
nerves and of the sympathetic chan of ganglia (3) ¢ pervascular sitastion
m relstion to the adventiious coat of the major blood vesscls (4) the wall,
uwstally the pursetal but somenimes the whole, of the coclomic canty or
camtles, In additon melsnocytes may be found m sny mesodermal trsue,
Thus in many lower vertebrates they are found in the interstices of musde
and in pertosteum and penichondrium. Mucous membranes (for example,
of the mouth or the lower urogenital tract) may also possess them. The
varmtions in dutribution of theso melanocytes in tho depths of the body
are such & to defy any facile analyss attempts to exphun their postions,
ather teleologically or in terms of survival value, leave one very puzzled
mdeed, Certamly 1n these deep mtushons the melanocytes cxnnot be
concerned with biwsdogical resctions to extraneous radnnt enargy in, or
nesr the wave-lengths of Light, for such energy cannot reach most of them.
Nor can they be explanad 1n terms of protective or warnmg or scx-dusplay
coloration for it m only the snatommt who secs them.

II1 DISTRIBUTION OF MELANIN PIGMENT IN MAN
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46 month of peststion, when the foctus has a c2 length of well over
100 mm. that melanm sppears 1n the melanocytes thus enabling these
neural crest derrvatives to be identified. However even m foctuses of
white races, pre melanocytes can wrth the use of approprate histological
techniques, be 1dentified at very much earlier stages. One such method
depends upon the reduction of silver nrtrate erther by & pre-melanin or
which 13 less likely by an enzyme concerned in melanogeness. In my own
matenal (Boyd, 19480 19485 19504, & ¢) which mcludes a large number
of silver impregnated human embryos, dendntic melanocytoblasts can be
wdentified 1n the mesoderm and m the epidermm as early as the 4o mm.
C.&. Jength stage. In pig embryos my material shows that they can resdily
be found distinctly carlier certminly from the 25 mm. stage (PL 3 fig 13)
It 1s rarc to find the argentaffin pre melanocytes m the general mesenchyme
(PL 4, fig 20). Ocramomally however they can be identified 1n the dermus,
particularly in that of the akan of the back, and, a point of some interest,
they are common 1n the connective tissue of the orbrtal cavrties and 1n that
related to the developing intermal car ‘The foetal melanocytoblests can
readily be found 1n the epidermss (PL 1 figs. 1 and 4) and 1n the roots of
bar follicles (PL 3 fige. 13-17). A region in which they are obtrumve »
the epithelul plug of the developing external suditory meatus (PL 2, fig 8).
Medswar (1953) and Billingham & Mcd.twu (1953) have 1nsisted oo the
cxpendable nature of the epid denng that they
constrtute, 1n post mtxllkin,l-clfrepmduunglyncmofvdﬁchtbedder
clements gradually pass up into the more superfical epidermal layers,
where, eventually they are sloughed off with the epidermal cells of the
stratum corneum. It may be that the presence of large numbers of den-
dntic melanocytoblasts m the eprthelial meatal plug and in other regions of
eprdermal fuson (for example, the eyelids, PL 2, figs. 11 and 12, and the
prepuce, P 1 fig 2) 1s due to the fact that these are regrons where
temporarily the surfrce lsyer cannot be sloughed off Thus the strongly
srgentaffin cell shown m 1 2 fig 9 may be an effete embryonic dendrits
melanoblast. Argentaffin dendntsc cells are also present 1n large numbers
1n the buccal mucosa (PL 1 fig 5) and 10 the epithelium of the urethra
(PL 1 fig 3), tncludmng that of the glands denved from 1t (PL 4 fig 21}

In my human foctuses I have not been able to tdentify melanocytes, or
thewr arpentaffin fore-numner, 1n the pus-arschnotd slthough in the aduh
such a distribution 5 not uncommon. In prg embryos, however pigment
cells m the pra are often found. Indeed 1n some miver impregnated prg
embryos, unfortunately of unknown race 1n my possesston there s & rich
drstrib of dendntic argentaffin cefls in the choroid plexus (PL 4, fig 18).
In these mame embryos dendntic-like gla! cells can be identified (PL 4,
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fig 19) in the developmng cerchellum fust at the tiroe when the ones in the
chorod plexus appear This associstion may perhaps, bo an indication that
the neunil erest 3 the source of these glial elements,

In every pontton in which I have found dendritic melanocytoblasts in
white human foctuses the occurrence of melanrm pigment has been recorded
m poat natal stages. Sornctimes the pigment m present in otherwise noemal
individials, for exumple, m the derms of the back region (the Mongolan
spot), the buccal mucoss, and 1 the pre-arachnold. Buch pigment would
scem to be present mare frequently in members of the negro or Mongolian
races than in Cancasians, In other regions, a3 m the urethra and the vagine,
the pigmentstion may normally bo present (though I, personally have not
obeerved It m such sitnstions m otherwise normal white 1ndinduals) but
the prosence of facuttrve melanocytes is revealed in Addmon s disexse and
m pregnancy The hormonal alterstiona, probably an incresse in the amount
of ACTH or of intermedin, m such condrtions also augment the pigmenta
tion m the buccal mucosa and, of course, widely 1n the skin, The smocuated

D of ull the mel of the body 1n such condrtions and the
reverse, the pallor shown by them generally in certaln hypoprhutary states,
argue strongly in favour of their phyxiological unrty There are also other
condrtions winch demanstrate an affinity between the melanocytes of the
skin and those of the depths of the body Thus those rare cases in which
memngeal neoplashc melanosts occurs in asoclstion with naevi (Lecoutrer
Lcmi&mBognat,xgw)mwtenmibngmphufﬂm
relationahip of the and the tea. Further
d)eocmmmufpxgmmtdeponummmd}umn,md:unmmﬁhm-
matoss, that primarily involve derivatives of the neural crest other than
the melanocytes (for example, the chromaffin cells, the sympathetic cells
mddnSchwnmcdh)ldd-puholomulmdmc:mmpponthom-mg
ambryological end: for a special rel hrp between all the cells of
the body that are of neurs] crest ongm. Anyun:concunudmhprobbm
of cutaneous pigmentation sbould keep ths relstionship in mmd. Indeed
T believe that, reaprocally anhryulogynnghtbcudmc:dby:hzwmdy
of the distrib of p such a3 cerebro-cotanecus
melanoss, Deuﬂedncmunnufthndmﬂmdonmxghg:vu-hmtum
the method of reglonal dispersal of melanocytoblasts m normal develop-
ment. It 18 conceivable that some of thoss cascs are due to & somatic
mutation occurrmg in 2 cell derved from the neural creat. The final
location m the body of the lineage of such a cell could help 1n explaimmg
the potmal pattern of dispersal of neural crest elements,
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IV MIGRATION OF MELANOCYTES

That the melanocytes, 1n embryonic stages, can, and do migrate 18 abun-
dantly clear We are, however largely ignorant of the factors controlling
therr migration, Weiss & Andres (1952) have provided enidence in favour
of a stlective assocution of embryonic pigment cells with speafic body
regiomt. These workers injected dissocsted chick embryonic cells, in-
cluding melnocytoblasts, mto the blood stream of chick embryos. Instesd
of & random distribution of these embryonic pigment cells 1t was found
that the resulting melanocytes proliferated and synthesized melanm speatfic
for their awn genotype only in those regions of the host in which, norrmally
they would have developed pigment in the donor The melanocytes in the
host, it b stated, were never found in unusual cell or tissue sxsocations.
Wess (1947 1950), indeed, had already expressed the opinkon that embry
onic cells can only survive and achieve their developmental potencies in
those locatrons that possess the specific conditons (chemical, physical and
phystologreal) and the cell spproprate for them. According to
this view embryonic cells of a particolar stramn can only become located 1n
speafic niches for which they are specially adapted. There is, however
little enidence to indicate why the melanocytes came to settle down in the
appropriate regrons. It may be that those which find themaelves 1n other
areas esther die or fail to propagate. Some of them sy reman 1n 2
pigment less condition until an cffective strmulus causes them to become
melanogeme this may be the explanstion of some of the atypreally situated
melanocytes referred to earher Fimally of course, it is possible that
melanocytoblasts having found a particular region unsatufactory continue
to mugrate until conditions are approprate. Regions in which they never
scttle down will bo those that are permanently colourless.

But while the evidence for mugration of melanocytoblasts is completely
convinaing mature melanocytes appear for the most part to have lost the
power to move Thus there 18 much enidence indicating that 1f the melano-
cytes in a pigmented regon are destroyed, melanocytes from adpcent
areas do not invade the regron and consequently that region 1 lacking in
pigment for the remander of the ammals Lfe. There are, however
exceptions to this statement.  Billmgham & Medawar (1948 1950) have
showm that pigmentation sppears in the white eprdermus of spotted guines
pigs when it s grafted adjacent to & pigmented area. These investpators

suggested that white dend cells { non pp 1 te3) in
the basal layers of the grafted shne eptdermu beamc infectively tr.mk
formed by contact wmith the normal mel ytes of the ad). i

lhmmtpradufpgmcmfonmuonmmchmummzncnmﬂdmu,
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of course, be evidence for mmgration of fully differcntinted melanocytes.
Rxwlm(xgss),hnwmu hxs argned strongly that all of the avaflable data

10 mammalisn skin grafts csn bo expluned on the baxs of

thc ton of met tes. She ders that, so far a» recemstvely
rpaﬁ:dmdunummnccmcd,whue:hnmmmdmxym&mlf
such arem, followmg transplantation, becums plg: d then, sccardmg
to Ruwles, the mel. ible for thus p must have

mu;rtmdmtothmTh:cmculpmmuthnpmnnccurMmufdmdmic
cells 1n the whete shan aress. Tt o well establithed in fowls, and the same
phenomenon appears to be true of mammals, that the presencs of & normal
complement of melanocytes 1o an ares tends to block the entrance of other
such celfs. There secns, 1n fact, to be a relatrvely constant ratio between
the pumber of melanocytes and of eprthehal cells m birds (Willier 1948).
Snbo(xqsg),hcmer found a wide range of varmtion 1n the number of
ot dingekin arees 1o different hrman mdrvrdual
mdmdiﬁumtpu.mofv.h:ﬂdnufnnngbh:dnﬁm In warface akm of
face, forehead and esrs he found 20004000 melanocytes per mm.* 1
Drfferential

nmober It also seems that these numbers show # gradual dechne during
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MELANOGENESIS
BrP C.] BRUNET

A DEFINITION OF MELANIN

Melapin  the term customarily used to denote certain stable pigments,
usmlly but by no means slweys dark, commonly present m s wde range of
animals and plants. It1s unfortunate that the term hes been used 10 many
scnecs and hes no precme and generally aceepted meaning 1t would be
helpful 1f some agreement could be resched m setthing the matter Up to
now the charctermstic propertics of melanin(s) have mcluded (1) stability
and relative maotobility (2) derrvation from phenalic precursom, or from
oae partcular phenol, (3) by ensrymic oxidatien (snd hydraxylstion),
(4) posseming redax properties, and (sometimes) (5) contuning nitrogen.

Chosce of an appropriate definmtion would scem to be largely a choice
between s centripetsl defintion focused upon the best-known melamin,
the prgment stbfically derived by the m extro incubation of tyroaine (or
dopa) in the presence of tyrosmsse, bemng casentrlly a palymenc structure
based on 5 6-mdole quuone (see p 18). Much evidence points to the
fect thet ths also 1s the cmentinl structure of the natural melanm of
mammalmn choroid, retma, dark akin and hur which therefore would be
cligible to share the same definrtion ss the artificul pigment. Other sup-
posedly phenolse prgments, such a8 red hair pigment, which differ in =
nmmber of wrrys from bleck melanin, would not come wrthun the definthon.
On the other hand, an alternstree would be a centrrfugal definttion,
embracing the whole range of ptgments wiich m the common s of the
word have st one time or another been called melanms these would include
mdhnirnndfenhcrp:gman,thcpdgmlufﬁc&lcd-hn,dxmdmmaf
the wnsect eye, cr and cephalopod eye and skin the
h:tfmrafwhuﬂ:mccmm}ydmmdﬁmn-pbmdlcpmmmhe:
than tyrosine (Butenandt, 1957) These would come under a general term
melanm, mesmng & group of pigments relatively insoluble in most or all
organic solvents and water mare soloble in alkals, dertved from phenolic
precursors by enrymic exidation bemg polymers formed by oxidenve
condensxtion, and ahowing redax calour change.

The general term would be quabified wherever powmdble with descriptrve
cpithets, natunal or symthetic melenm (Mason, 19485) ar presumptrve
moclenm (Thomas, 1955) and, wherever possible, with a speafic epithet,
for inetance when the substrate 1 kmown (Fitzpatrick & Lerner 1954)
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thus the human retmal melanin would be spoken of 23 8 natura] tyrosine
melamn, and the maect cye pigment as natural 3-hydroxykynurenm
melamn. This definrtton would have practical vatue, for 1t will take many
years before the wide nmge of melsnic pigments can be chermeally defined,
or ther precursors 1dentified, and m the meanwhile the pigments an
graduate from the status of natural presmmptive melanm to natural, let us
a1y tyrosme melmmin. In wrting about a particnlar melanm, the fall
definttion (with qualifymg epithets) need only be used once, thereafter the
word melsnm beng sufficient.

THE MELANOCYTE

In all vertcbrate anmmals melanm armes i particular dendritic cells known
23 melanocytes. The melxnin may later be banded on from the dendmtes
to other cells (Billingham & Medswar 1948). Rawles (1947) has shown
that melanoblests of skin, and hair (or festhers) and of the uveal trect,
migrate exrly in development from the nenral crest. Melanocytes of the
retina, however are part of the optic cup and thus represent part of the
bram wall. Velanocytes have been described from other organs sich sy the
Hardenan gland and the nictitating membrane of mice (Markert & Sitvers,
1956) and they may be cven more widespread, occurrmg among the vcera
of the silky fowl, and they are commonly found there m reptiles and
amphibm. Prgment cells of human hatr fotheles (PL 1 fig 1) have recently
been described from electron micrographa by Burbeck, Mercer & Barntcot
{1956) these show the usnal mclunons nuclems and mitochondrs, and an

infranuclenr region of double b such =3 are o streally
found m cells eltborating protein (in this case presurmably the pigment
les). The p les ame m vemdes, and have a lameilate

form thcm}ymgudthzgrmulehmthe-ppenmc:dhmcﬂm
structures described by Chou & Meek (1458), which correspond with the
Golg body of the light microscopmsts. Danneel bad m 1941 described the
role of the Golg: system 1n prigment formatron. Birbeck ef al. explnn the
way m which portzons of the dendrtes of the melanocyte then stresm off
mto the shaft of the harr They lease unsettled the question whether the
nucleus plays & direct part m chaborating the pigment granule. A brief
sccount of the ultra-structure of melanocytes w human skin 1 grven in
Barnicot & Birbeck (1958).

It 13 of extreme interest to find that diffe of the melanobl.
from peural crest tssoe i directly d dent upon bol T mn
wh:chpbcﬂyhhmncu-nccunrynxb:mnc_ Phcnylllmmewillcr:nbd
o the diff of (marphelogicall
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normal ones) from ventral ectoderm (Wilde, 1955) Phenylstenine ab-
normally substrtuted an etther the @ or the f-carbon has not the dif
fereatuting abillty of the natural ammo-ecd (Wilde, 1956)

THE PIGMENT GRANULE

The granules tro the all-mportant structures with regard to mebanogencals
they aro the sites of pigment synthess and of pigment deposstion.

Despite the wide range of hair colour in man, it scems likely that the
grenules thamselves wnll prove to have a very lnmted number of colours.
Mice, winch show an cxceedingly wide vanety of hair colouns, have anly
three kinds of granule, black, brown and yellow (Russell, 1946). The
mumber of colours in fowl feathers 10 also Iimrted (Smyth, Porter &
Bohren, 1g951).

The mre and shape of the granules are varmble granules in human hair
and akin are smaller (about 0-3 4 to 1-05) than those 1n the retina (about 3 4)
Thexr shape and therr depompon withm the melanocyte can vary and thrs
affcets the shade of colour of harr (Ruseell, 1046 Markert & Silvers, 1956).

Flectron nmcrography leads to findings which ere largely m agreement
with the hight rmcroscopists work. The sub-sphencal granules from mouse
toelanoing were isolated and exarmned whole by Maeon, Kzhler MacCardle
& Dalton (1947), and lately Birbeck, Mercer & Barmeot (1956) have
obtmned micrographs of ultra-thm sections of gramules. The mstore
grumiles sre oval or rod-shaped and are very dense. They appear to arse
& vemcles, m which lamellss are Iud down. The vemcles cventmlly
become complotely filled with theso lamellee (PL 1 fig 2). In albmo har
‘hﬂvddulrepmentmthamehmcytu,b\nthmhmfmmﬁmof
lamelhe, The greater easo with which red hair granules as compared wrth
black ure dissoclated 1n alkal 18 reflected 1n the less dense appearance of
tha red gramules,

The pigment granules, certamly in vertcbrate smmals, are the cell
components thet contain the melimogeme enzyme (Riley ¢f al. 1949). They
uso show ansercbic glycolytic sctivity and sucemic and cytochrome
cadsses® (Woods, DuBuy Burk & Heselbach, 1949). Though they
1 ssemble mitochondna m thar sctivines (DuBuy ‘Woods, Burk & Lackey

:zg)vmmphologhlmd.mca(mrbcckdd. 1956) docs not bear oat any
See Nots added in Proof oo p. 27
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THE CHEMISTRY OF MELANOGENESIS
The clasical wark of Raper and has colleagues on the formation of aetsfical
tyrosme melanin s now well known, and has been the subject of excellent
reviews (Raper 1938 Mason, 19s5)
Esscntually melanogencus s the change undergone by the colourless
chromogen, tyrosine (7), to the msoluble melenic prgment (Text fig 1)
Hydmxyhbmtodﬂayﬂmy-phmyhhnmc (dop:) (h)ufouowvdbyde

to the corresp i)} Dopa g n un-
U"mm‘—mﬁr
Ty rovas ) nq-q.—-:-
m% 1 'fC(}w
ulu-yt—,-ﬂ-lru Liwon. ot puanad 90

T e M psarw
e 1.4 Gurteame 7o)

R—ﬁwdmmdh
Text-fig. 1 Soages of melanogromeie {after Raper Muson & Duigleish)

stable and rearranges to form an indole compound, Jeucodopachrome (iv).
Dehydrogenszuon to dopachrome (v) takes place, followed by decarboxyla
tion and to § 6-dihydroxyindole (vi). It sppeared that
 6-dilrydraxyindale (n1) was 1n some way converted into melanin (Reper
1928). Beer Clark, Khorane & Robertson (1948) synthemred § 6-di
hydraxyindole (vi), and found that 3t readily underwent axidstive poly
mermtion to ¢ mefanin  Fhis seq was confirmed and ded by
Mason (1948¢), who also distingunhed the red witermedmte from halla
chrome, thowmg that rt was not dentical with the red pigment from the
snnclid worm, Hella. He provided cvidence that further axrdation of
compound (vi) took place to the corresp ng q (vh) Thereaf

thcmodccff?m-lmmumo(mmpound(ru)m-mdndbymbd
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& Harley Mason (19514, 8), by Beer Brown & Robertson (1951) and
by Beer Broadhumt & Robertsan (1954), admirably summmirized 1n Mason
{1955). Ideally the polymeric pigment forms through linkuges of ome
monamer (vii) to another by wey of positions 3 4 or 7 and somctinos 2.
The formation of even the synthetsc pigment under controlled condrtions
1 comphested by sido-reactions thas reactivity of the intermedsate products
makes possible therr mearporation m the pgment polymer  Under natural
condtions, plgment formation 1 further complicsted by the presence of
resctive groupmge on the proteine at the mte of melanogeneas, The
quinonotd pigment, ar e precursors, will sttach to sidechun or termmpal
ammo-groups and to sulphydryl-groups. Nstural melanms wifl almost
nevitably owmg to adjacent proteln, prove to be composed of the quno-
nod polymer intimately bound to protemn. Thus indeed s indicated by the
work of Greenstein (1948) who obtaned, on digesting mouse melanama
protein with pancreatin, a remdual black materzal with higher sulphur
content than the native protan 1t would appear thet the sulphur was
contributed by tho protein as sulphydryl groups to which the melamn
polymer was attached. The Linkages between qumones and smino-groups
are very stable (Pryor 1940) and the presence of melsnun mught thus be
expected to influence textare of har indeed black haie and feathers are
less subpect to dimsolution in alkali than ere albmo

THE ENZYME

An enxyme from plants that would omdize tyrosine has been known since
1896 (Bertrand) Bledermann (1898) then demonstrated such a system in
animats, Von Firth & Schneider (1903) reported that the ensyme would sct
ofl tyrosine to yield melanin. As early a8 1903 Gessard detected
activity in horse malanoma  and both Durham (1904) and Onslow (1g15)
curried out experiments on prgment formation m mammalian ekin usmg
tyrouine s chromogeme precursor

In 1917 however Bloch reported that human skm contained an enfyme
that would oadise only dopa (i), but not tyrosme, to mefann. De Coalon
(1920} then coofirmed Gesards clum thst home melanama showed
tyrounsse sctreity While Pugh (1933) detected tyrosinese actrvity m rabbrt
skm, both Rumsell (1939) #nd Ginsburg (1944) detected dopa oxidase but
Dot tyrosinase actrvity m gumea pig akin. The stustion regarding the
melanogenic ensyme was cooforlng with no definite evidence to the
contrary Bloch s (1917) claum that humsn sk showed only dopa ondese
vy remained acceptable. Again 1n 1942 melsnomats (from motse in
this case) were shown to have tyrosmase (and dopa oxidasc) activity by

-
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Hogeboom & Adsma (1942), snd suwilar results were reported by Green-
sten & Algire (1944) In 1944, Gr em, Werne, Eschenb and
Leuthardt reported both tyrosinase and dops andese setvity from human
melanomats,

The presence of both actiities in melanomata (of mice) was again con
firmed m 1949 by Lemer Fitzrpatrick, Calkms & Summerson. Further
more they reached the conclusion thet there was no necessity for postulstmg
the presenco of two ensymes for the two sctivities—a view that is now
generally sccepted (Dawson & Tarpley 1951). The confusion had largely
arsen because the enzyme s activity towards tyrosine vwas delayed by a loog
induchon period unless small amounts of dopa were also prescnt with
tyromne, Using Kubowitz s (1937 1938) techmques, Lerner et al. (1950)
showed that the sctivity of the enxyme was dependent on the presence of
copper and 1n 1951 the sctivity of the enxymo towards a range of substrates
was investigated. By imudisting human skin pror to incubstion with
tyrosne Fitzrpatrick, Becker Lerner & Montgomery (1950) showed that
the melanocytes could convert tyrosme to melanin. Further confirmation
that hair and slin melanocytes tn mammals other than man show tyrosmmase
sctivity has been provided by Foster umng manometnic methods (1951
1952, 1956) and hustochemically (1952).

The intractable nature of mammalan sion hes s0 far prevented the
uolatron of pigment granules to allow critical mamometric studres of ther
actrvity and exther pig: g les from mek or wholo skin have
had to be used recently however Miyamoto & Fitzrpatrick (19575), ming
fowl retum, have been able to study tyrosinase actimity 1n granules wolated
from normal timue

The extremely valusble hestochemical method of Kukita & Fitrpatrick
(1955) and Fitspatrick & Kukita (1956), whereby tmsue 18 incubated in
UC labelled tyrosne, has made posible the exact Jocalmation of tyrosinsse
sctivity and results have been obtamned with human skin, hair follickes of
foan and other mammals (Fitspatnck, Brunet & kuokita, 1958), and with
fowl retina (Miyamoto & Frtzpatnck, 19575)

After a penod of controversy 1t 13 now genenally accepted that one
enryme, & copper protein, s responsible for tyrosmase and dopa axldmse
activity 1n the skin, harr or festhers, and eyes of birds and mammah
Classical methods for separatmg protemns fail to fractionate the actrve
proten. Whether the enzyme will show one ot both actrvities o not depends
on the chemucal environment (see Fitzpatnck, Brunet & hukma, 1958}
Tyrosmase actrvity for istance, will be suppressed if the copper of the
enzyme is 1n the cupric form.

From a biological pomnt of view this 1 mteresting, for the means by
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which enxymo actrvity may be supyp d m dormant melanocytes must
Lie in some such relahonahip betoreen the cnsyme sod e cellular environ
ments. A summary of tho prevailing ideas about the melanogenic enzyme,
ad a plauxible and stimulating specalstion s to the role of copper m the
compoatte activity of tho ensymo has been given by Maan (1956).

THE SUBSTRATE

It ® generally sssumed that the patural substrate for melanogencsy 15
tyrosine (or perhaps dopa). With regard to natural black melsom this 1
probably true. Indeed the chromogemc stages of the natural reaction
closely resemble these stages 1n the tramsformation of tyrosme, m ortro
into pigment. Perhsps the strongest evidence cames from the finding that
tyrosine sdministered to @ patient suffermg from phenrylketorrarm (where

ic amtoo aad (bohem 18 upset) restores to normal the achromo-
trichia that accompunies the disease (Saydermsn, Nortan & Holt, 1g55).

qwm——h-lhdx

Text snd red
“*Dﬁ“md.hmmmmw J‘m‘&m
B e S e o e e ooy o8 B e

(1958) who have found thet tyrosne, nmiformly labelled with ¥C, or
habelled m the mde chan, when introdaced 1nto the eggs of fowls s rapidly
incorporated into the feather germe of black chicks.

Red-yellow melanins may prove to have qurte a different precursor
Ifrﬂdlnufu[ﬁdummmba‘tcdmtyrmmoordo‘pa,dwmtyufth:

. oxyms n manifesed by the form o plgs bot
BM Lbngoldmrtdgnnululnhmmfmdkdlkmbchxnnmﬂ.ﬂy
(Bresthniach, 1958)

The presence of tyrommase m red melanocytes would seem to implicate
tyroaine somchow in melsnogenens, but there 1 no logical necessity for
tyromne to be the pigment precursor Red meclann 1 1n many respects
qute different from bleck s solubility propertres are very differemt
and many of the genes tht affect its synthesis are without effect in en




2a P O] BRUNET

othernse sdentical but black, mdividusl. Genes at the albuno Jocos, that
sffect tyrounme activity lso affect the synthess of red pigment.

It has been argued by Fitrpatrick et al. (1958) that the observed facts an
be explaned on 2 hypothens that a second chromogen is mvalved mn the
forraation of red pigment. The normal tyrotinase sctreity (Text fig 2, 1)
takes place in red follicles  Meanwhile, the red chremogen s cotrverted o
red p by coupled omd (Text fig 2, i) as this oxidstioa of
redchmmogmnkuphcc,dnpnqulnonchnmu}ummnlyndumdto
dopa (Text-fig 2, 1) Such a coupled system has been thomn, m w2t o
convert phencls to red pg (B dt, Blekert & Linzen,
1956).

Whle red hair follicles, incubated with dopa, v found to lay down black
pigment (presurnably owing mlackohppmpnm awbstrate), the follcles

duce red pig i3 bated 1 2 mixture of dops and 3 hydroxy-
kynurcnin {Fitxpatrick ef af, 1958)

MELANOGENESIS IN TIME AND SPACE

mewhathnbcennxd,itumdmtthxumbcﬂnuﬂumwmhkmm
shout the chemical cb in and about the
m:ymcthndfemthmc However for the hughly orgatured body of 5
budormamnulmcmyoutmorduncdﬁmcuon;thuepmmummm
take plece at random must be d to sct st speasfic
times 11 specific places. Sudadmﬂ»hwemwmcmmwbcminvad
guted, but httle 18 known about the mechantsm of control

Tt 18 more ot Less biok ily tic to sxy that melenog: 5 under
genetic control. Total nndlocal,-lbmmnmmhdnoddnnmmnmiy
found 1n aumals. Erudses on skin and hur of total albinos indicates that
the fack of pigment 1 due to enxyme deficrency 1t appenrs that the first
stages of pigment-granule formanon oocur in albine human hare (Birbeck
et al. 1956) but the results of many workers indicate no enxymse pchivity

As mught be expected there 13 no genetic condrtion lexding to albmism
through substrate (tyrosine) defisency for the side-effects upon, for
mldmﬂmbdmmldmnmmmlymﬂetbum&m
lethal. The melanocytes, howerer are cffectt warved of
iradmy to schromotrichis, in the inberited dsesse, phenylketonuns, whese
anexcess ‘eamount of phenylelanine i presentin the blood. Phenytalamne,
&iffenng from tyromne with respect to ane oxygen atom, ntubits tyronnese
,ﬁjwtybymmpcnngmlhtymncforlhcsmreu!uonthecnzﬂnc
(Miyxmoto & Fitepatrsck, 19574} oral sdnunfstretron of tyroane will
alleviate the lack of pigment in the har
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A number of cxplnstions of the mode of action of genes affecting har
coloar hes been given (Woght, 1941), and agan recently in a most
carefully ressoned paper Markert & Silvers (1956) have amalysed the effect
of the presence of mutant genes on the activity and embryonic differentia
twon of fifty different genotypes of mice from the point of view of morpho-
geoesm of pigmented trswue this work 18 extremely impartant. The use of
HC-labelled tyromme has allowed quantitstive determmations of enxyrme
sctinty m the harr follicles of a sample of genctically different mice and
men (PL 2) (Brunet, Fitzpatnck & Kukita, 1958)

80 long as the individual anmal has the inherted capacity to synthesze
pigment, it m likely that there will be yarxtion m the actvity of plgment
syntheus at different atages m the Lfo history Such vanation has been
shown very clesdy in the retina of the fowl both by & lustochemical method
onng YC-tyrosme, and masometncally There is 1o detectable tyrouinase
ctivity In the retina of the adult fowl (or mouse, or human) but, durmg
early dovelopment of the chuck, sctivity rises to a peak st ten days, fallmg
off ramdly untl it has ceased by the fourteenth dey (Miyamoto & Fitx
patrick, 19575). It appess that thero is ono single cycle of achivity The
change in tyrosnsse actrvity dunng hair growth in mice has been followed
by Kukita (1957}, umng 4C-tyroame. Ho found that there i tyrosinese
activity dunng anagen 3-6, bat by the 24th day there 1 no further in-
corporation of tyrosine mto the pigment (see P 3). Dunng telogen there
1 0o sctivity but 1t is restored when replacement of the hair takes place.
Ultimately docay of the enzyme takes place with the result that the har
produced ls grey  Kukita & Frtxpstnick (1955) bave shown that grey human
Erfuﬂiduhxwm-mwtymm(wmmﬂz,ﬁganhﬂa,

4

There 1 thus & growing body aof obecrvations on the behaviour of the
melanocyte m the body 1n relaton to genetic constitation and environment.
Little o known about the actual s oo control of melanocyts sctmty
The melanogenic enzyme may be sctive or dormant dormancy may resubt
from chroalc falurc due to mhermtance, or nutrtional deficency or
senescence, or thare may be temporary cessatian of sctvity 'I‘hcpauiblc}
blochemical modes of control mclude competitrve whibrtion of the enxyme
by substances relsted to tyrosine, or by agents such xs sulphydrylgroups
which block the copper atoms of the enzyme and the state of oxdetian
of the copper motety wll infloence the activity of the enryrue towards
tyroune. There is inferential enidence that the substrate, tyrosine, may be
beld m a form unsvailable to the melanocyte until liberated by a peptidese
(Yasonobu, 1957).

Future steps toward understanding the biology of the melanocyte will
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Le 1n diecovenng which of these controlhng factors ect to influence the
bioch | process of melanogeness at the vanous stages 1n the cells
life-hustory
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EXPLANATION OF PLATES
Purt

Fre.
phe W o g thufmﬂnrgm by
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Fox. 20 a0d b, Elactron mierographe of partons of the oytoplesn of  melenocyta
Fi. 3¢ baresthe oxmeirs (Gl e (G, wher ch safacty renslesaree e el
s o e Tty e o aae sty beooming rug
Fig b shows developmy oelenin gresales wiih greater and lesser smomta of pgment.
wmmwmmuacwdm Chaecar Bty Inatt

Cancer Hospital, Landon.

Fig. a. of red humen barr The densty of niver indicstms strong
tyrosinaes Actrvity DOt ea grest we in hleck hair

F Sand of bd: VLT
by“ﬂx! 7Mic-xm et g nm mﬁfkm
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Note added tn proof  There 1 some doubt about the clm (p. 17) that melamn
mhdmw-u.cunicoxid.m-uinty Results recently by Dr 8ajl
md co-workens bave d d thet in jons of melsnin granules
from chick retins, from which mitchandna have been ly excluded,

wcclnie axideas sctinty m negligible. The sctinty i ssocsted with the
mitochoudrie only The parlty of the fractions was checked by electron
Facrograplry



THE CHEMISTRY OF
MELANOCYTE STIMULATING HORMONES

Br] IEUAN HARRIS

The presence of & mel hatiag eut in the pary 2

of the rmammathian priurtary was recognived over tiurty year ago s s resalt

of the investigations of Atwell (1919), Hogben & Winton (1923) Zondek &

Krhn (1933) 28 well ay others on the abuity of prewstary extracts to cause

darkening of the skin 1n amphibus, particulardy the frog. Darkening of the

ﬂmnbd}cndtobeductadzednpd‘nouofmdmmgﬂnuhwﬁhinihc
ytes under the infl of the hormaone.

Moat of the hormone substances which have been molated from mam-
malmn petintarics have been found to be butlt up from smino scds which
are joined together to form polypepnde and protein molecules. They mnge
from comparstively simple polypeptides such ss the postenor paturtary
harmones axytocn and vasopresun (du Vignesud, rggq), cortscotropla
(ACTH) (for example, Bell 1954} which containg thirty-nine amino scds,
ta growth hormone, which contams from 200 to 400 aming ecrds dependmg
upon the specice from which 1t 1 1solated (of L, 1958)

Amuno ectds have the general mructure,

R CH—COOH

NI!II
and differ from each other only by virtue of differences in the sde-chsin
group R for example, when R = H we have

CH,—COOH

L]
which 18 giyaine (Gly) * when R = CH{OH) we have
CH,—CH—COOH
OH NH,

which 19 serine (Ser). In all cppmmt:rymmtydifaunnminomd’
are found to occur 0 protewns of mlmmlanungmlndtbeymhn}ed
together to form polypeptide chains by means of the peptido (CO—NH)

Thoe abbee sstons for smenn acxds ere m acrorduacs with thews progosed by Brind &
Edsall ( 947
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bond. For exsmple, if we condense senne with glyane we get the dipep-
tide serylgtyame with the elmunation of & molecule of water

ai;sfcrl—cc'vor{-x-h%}!—cm—coorz
O‘H P}H, l -
CH,—CH—CO—NH—CH,—COOH
dn o,
Sermo which carnies 2 free a NH, group 1s called the N terminal amino

acid, while glyeme which carnes the free a-COOH groap 1 called the
C terminal smuno sexd,

IBOLATION OF MELANOCYTE-STIMULATING HORMONES

The solation of 2 highty ponfied melanocyto-stmulsting polypeptide from
P1g pitwtary glands was first reparted by Lemner & Lee (1955) and shortly
sftermards the salation of what appeared to be s different melapocyte
stimulatmg substance was reported by threo other groups of mvestigators
(Parsth, Roos, Landgrebe & Mitchell, 1955 Benfey & Purvis, 1955

Geschwind, Li & Barnsfi, 1956). The substance isolated by Lemer & Lee
(1955) wms found to be s highly bamc polypeptide with an iso-clectne
point of r1-o-115 whist Porath ot al (1955) and Geschwind, Li &
Barnafi (1956) reported mo-clectnic pomts of 5 2 and 5 8 respectively for
the melanocyte-stumulstmg hormone (MSH) preparations which they had
nolated. Tha spparent discrepancy was subsequently resolyed m an elegant
roxnner when Lee & Lerper (1956) were able to show that both forme of
the hormone werc In fact present in the sme extracts of pig piturtancs.

Consequently they proposed that the batic polypeptids which they had
Wymhtcdboaﬂedzmdmoeytc—cmmﬂtﬁnghnm}me(aMSH),/
2 thet the ackdac polypeptide which had been izclated i the other labore. |
tories be called f-melanocyte-stmulsting bormene (# MSH). It ahould
be mentioned that in the earher Literature MBH is frequently referred to

This renewed mterest 10 the malation of pure MSH seems to have armen
13 the result of speculations concerning its possible chemucal and blologreal
relationships to corticotrophin. Ths sepect of the problem will be des-
cusecd by Dr Diron, and from what he will say 1t will be clear that

pare corticotrophin must also bo regarded m3 & melanocyte-stumulating
hﬂmmminit-mr[;ht.
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CHEMICAL STUDIES ON MELANOCYTE S8TIMULATING
HORMONES

This section relates to the rescarches carried out m the Department of
Biochemustry m Cambridge, 1n collaborstion with Dr A. B Lemer
Department of Medicine, Yale Univermty and Mr P Roos, Inatitute of
Biochemustry University of Uppsala, which have led to the elucsdstion of
the chermeal structures of both & and f-melanocyte-stimulating hormones
from pig piturtary glands.

B Malanocyts stmuloting harmons (B-MSH)

‘When & hormone has been wsolated as 1 pure substance, that is, when &
certun iological ectivity appears to be associated with e particular chenical
substance, the work of the bio-organic chemist may be suid to begm. The
first thing he does 18 to break down the peptide harmone 1nto 1ts constituent
amino wdds by hydrolyss with hot concentrated hydrochlonc actd, so
that the exact amino acd composition of the molecule can be determuned.
When this procedure was applied to £-MSH it was found to consst of
cighteen amuno acid resdues, in the following maolecular proportions

Aspy, Arg; Ghu,, Gly,, Hisy Lysy Met, Phe, Pro,, Ser, Tyr; Try,

Having established the amino acd composition of £-MSH we were next
confronted with the tsk of determining the order 1n which the dghteen
amuno acids are jouned together to form the biologically actrve octadecs-
peptids structare of the hormone molecule This problem was investigated
by Harrls & Roos (1956 1959) using the methods winch I aball outline
below

N and C-termunal growps
As mentioned earlier two amino acids, namely the N and C termins!
ammno acids, occupy umque posrions in & polypeptude chamn and conse
quently provide convenient starting points for the inthatron of structural
studies. The N terminal amino acid in & polypeptide chain can be investi
gated by one of two methods the fluordinttrobenzene (FDNB) method
introduced by Sanger (1945), and the phenyluothiocyanste (PTTC)
method, developed by Edman (1950). When a polypeptide 1s rescted with
FDNB its N-termimal amuno sad 1 converted into its dinttrophenyl
(DNP) derivatrve. The DNP peptide 1s then hydrolysed wth said, the
yellow-coloured DNP ammo scid 1 separated from the mixture of free
smino acds, and ldentified by chromatographic smlyss on paper In
Edman s method the N termunal amino scid is converted into Its phenyl-
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thiohydantoin derrvative, which 18 then separated fram the resdunl peptide
and identrfied chromstographically

The C terminal amino ecid, which carres u fres «-COOH group can
be investigated by = method which mvolves the use of the proteclync
enzyme, carbaxypeptidase. This entyme hydrolysos sclectively the peptide
bond which 1s edjecent to a free a-COOH group (that m, the bond by which
the C-termnal ammo acd 1 linked to the rest of the chain) the amino
2ad(s) relensed in this way may be separuted from the remdual peptide
and identified by the standard methods of amino acd chromatography
These methods of end-group analyss which I have outlined are described
in detwil by Fraenkel-Conrat, Harrs & Levy (1955). When they were
applied to f-MSH, aspartic sad (Asp) was found to occupy both the
N ad C 1 p 1n the molecul,

Haymg identified the two terminal amino acds it became necessary to
investigate those which occar 1n the mterior of the chaln. In general there
are two mam expermmental spproeches to the problem of determming

amuno scid
scquences.

Thus method involves bresking a peptide chuin mto & pumber of smaller
peptide fragments which can then be separated from esch other and studied
mdindually (sce Banger 1956). For this purposs speafic proteolyte
enrymes such as trypsin, chymotrypewn and pepen are frequently employed.
Thus trypan 1 known to split peptide chuns only at those bonds which
mvolve the COOH groups of the bauc smuino acids, Iysme (Lys) and
urgunine (Arg) whilo chymotrypam has a marked affinity for bonds in
volving the carboxyl groups of the ic mmmo ecids, phenylalant
(Phe), tyroame (Tyr) and tryptophan (Try) The presence of three basic
Amino acids und three aromatic ammo sads, out of a total of aghteen
£mino acdy, wuggested that A-MSH would boe & very mitabls substrate for
both trypsn and chymotrypamn and that separste hydrolyss by these two
enzymes should give nse to relatively smmplo peptide fragments whach
would bo surtable for further study

The enrymic digestsons were sccordingly carned out and the peptide
&'Smﬂnhpmdnmdwm:cpanmdﬁumu:hothahymmafdammnn-
graphy and lugh-voltage dectrophorehs on paper The amino sad com
position of each peptide fragment wea determuned, and in most cases N
and C-termninal amino scads were also investigated. Peptide fragments in
‘hldlnplmcnddmﬂnN—tumnnlmumtddmdaﬂydmwd
from the Notermmal portion of the f-MSH molecule and comversely
Peptides with a C-termunal sspartic acid were derrved from the C-terminal
tegment of the malecnle. An examination of the amino sad compontion
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of esch peptide rovealed certain point of overlap which formed hinges
around which a general over all structire could be based, These results,
summarzed 1n Table 1 enabled us to deduce a partial structure for -MSH.

Table 1 A parhal structure for f MSH. Arrows show pouts of cleavege
by trypun (T) and chymotrypsn (C)
4 Do pertial strwcsian
A;v@-%m‘r;r
Amp (T Gy Tro) Ty Low
(Gl Hut Lye M) Pha

Pl e Arg
i
Ay QIy Les Proy Sor Tr)-Ayp

(G :g Proy. Ser Try} A
(L. Proy. Bur) Asp

919 p p o

¢ T b

Asp. (Tl CDyPuﬂTrr‘l.’ (G l-hlid."b-lq"fr}‘(my Lve.Pre, B} A
-
Acae 2xls rebanned bY Sutbexypepiicass. 1 Nsermwmal remdcmt.

Step—erse degradation
Methods are avathable by which amuno aads can be removed, ane by ooe,
both from the N termmal and C-terminal ends of a peptide chain. These
roethodh, however are not of general apphcation, and frequently break
down when confronted with certam ammo sads whick sct as structunt!
barners to further degradstion.

Step-wise degradation from the amino end of the chain mxy be carned
out by m extenmon of the Edman method for N termimal groop analyss.
By tho procedure the emuino scrd exrrying the free @ NH, group m sphit
off selectively as ity phenylthiohydantoun derrvative, which 1s then scparated
from the remamder of the pepnide and :dentified by chromatographi
analyns at the same tne the & NH, group of the sccond amino scid m
the chuin (to which the N termmal amino scrd was onginally joined by &
peptde bond) becomes free, w0 that by repesting the entire procedure
this and other smino acrds can bo succesmsrvely removed as phenyltioo-
hydantamn derrvatives Theoretieatly 1t shonld be pomible to determune the
mmmnomd:cqummofupcpddelnthumy but 1n practrce scversl
asyet 1 defficl d dunng 1t applh

When npplu-dtoﬂMSH howerer the phenylthiohydantom method
gave results which exceeded all expectation the hormone was subnutted

to ten successmve applications of the method, and in this manner the smno
.ud;cqucmeofzheNmmmldcupepudomaubhnbedmbc
Asp Glu Gly Pra Tyr Lys Met Glu Hi Fhe. Tho result provided se
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mdependent confirmation of the partml structure which had already been
proposed for this part of the molecule, and also established the seq

1n pontione 23— and 7-9 in the molecule (sec Tuble 1)

8tep-wise degradstion from the carboxyl end of a peptide chaln an 1n
some cases bo sccompluhed by means of the carboxypeptidase procedure
which I have alresdy mentioned 1n connection with C-termnal groap
amalysis. Following the relesso of tho C-termunal ammno sad the carbaxyl
group of the next smmo scid to which 1t wus jomed in peptide Iinkage,
becomes free, and on theoretical grounds this too shoald be susceptible to
hydrolyas by the ensyme. In practce, however some ammo acds do not
conform to the specfiaty requirements of the enzyme and thus form
structural barmens to further degradation. When this method was appled
to £-MSH enzyme action ceased after the C termnal asparic acid remdue
had been relessed from the chan.

- ———= ————t,
[N AP Y
S Ul iy P et Gm P Fao ey Ty Gy S P P Lypn dep OB
I LTS
.= - B B -

Fig.  Aminoacd of A-metanocyte-stimlsting barmand

‘Wherever possible these step-wise methods of degradatson were also
tpplied to the peptide fragments which had been derrved from £-MBH
by digestion wnth trypsin sod chymotrypun. For example, in order to
the sequenco of amino acids m posttions 13-r7 (Table 1),
peptide Chy, one of the products of chymotryptic digestion, wis irvestigated
by the phenylisothuocy procedure the phenylthiohydantoin derrvatives
of glytine, serine, and prolise (twice) were successively reloased from Chy,
#nd this result, together with the knowledge that 1t was the C-termmnal
peptide In the molecule, wes sufficzent to establah the seq to be
Gly Ser Pro Pro Lys Asp In thi marmer the last ink mn the cham was
forged, and the complete structure of # melenocyte-stimulanng harmone
was establwhed a3 shown in Fig 1 The same structure was propossd by
Geschwnd ef of (1956) for the mel 1mulsting sub which
they bad Isolated from pig pituitaries, showing thet it was n fact identioal
with f-MSH.
The most nteresting sspect of the structure proposed for # MSH is
that 1t contaion a sequence of seven amuno acads (that s Met Gl His Phe.
3
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Arg Try Gly ponnom7—x3 in the molecule) which also occurs 1o the
carticatrop The ugnuficance of this finding will be dracuered

Tater

a Mdarocyte-riomslotmg kormone (a MBH)
We next turned our sttention to @ MSH, the basic form of the hormone
which bad been solated by Lerner & Lee (1955) The methods employed
were similar to those which have been qutlined sbove, Althaugh a MSH
did not contun erther & free N terminsl or C-terminal smino scdd, the
complete atructure of the hormone could be deduced fram the structures
of the varions peptide fragments which were derived from it by digestion
with trypsin and chymotrypsn. As shown in Fig, 2, a MSH h the N
acetyl derrvative of a tridecapeptide amude which has the s amine scrd
sequence m the N termnal tndecapeptid ent of corticotrop
(Harris & Lerner 1957 erm,xgsg)

———————————— ——— -

Tre o Nt Gy B P Ak Ty Gy s P T NE,

-]4 -
B - e Gy e

A el g o W (ag)
F Ammo acd sequence of bormane A
nﬁm“dwmb;m}‘ﬁmdmm'(cx%-cﬂ;ﬁ

S8TRUCTURAL AND ACTIVITY RELATIONSHIPS BETWEEN
THE MELANOCYTE STIMULATING HORMONES AND
CORTICOTROPIN

The ammno scaad sequences of the two melanocyte-smulating hormones,
together with the related N termunel portian of the corticotropin mokecule,
are ilustrated in Fig 3 The hepmpeptide, Met Glu Hm Fhe Arg Try
Gly 13 common 1o all three molecules, and but for the sterchange of lymoe
and serne rendues between postioms 6 and 14, respectively n 4 VSH
the common sequence would extend to eleven amuno sads. Thus, although
MSH 2nd corticotropin are not identical as was at onc time suggested by
Johnsson & Hogberg (1953) and Sulman (1953) 1t s clear that their chemscal
structures are very closely relsted. As Dr Doon will mention pure
corticotropin hea been found to potsess melanocyte-stimulsung sctis ity In
sddrtion to 1ts pnmery sdrenocorticotropic properties and a chemnical bows
for thn dunl actrity he now been revealed. It emerges that & single
h ! such as cor pin can possess more than one
biological activity and that these brological scuvities can be correlated
with speafic sequences of aouno sads in the molecule. Thy roult
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Iighly remmuscent of earlier findmge concerning the chemical and ological
mterrelationships between the posterior prtuitary hormopes oxytocin and
vaaopresun (cf du Vignesud, 1954-3).

« and f MSH sppear to have comparsble melanocyte-stimulating
potencies when amayed in the frog, and from & comparson of the amino
2cid sequences of the two hormones it emerges that the chemical structuro
which Is essential for MSH activity sppears m both csses to be found
within a eequence of eleven smino sads (that s posrtions 2-12 1n @ MSH
and posttions 5-15 1n § MBH) mnce the N termmal tetrapeptide and
C-termunal tripeptide sequences 1n £~-MSH can be replaced by the acetyl
senne and vahne amide moicties, respectively m a MSH.

Oactmmape Bt Ty S Mot G B Fim i TryCly Ly P Vo) Gy — Fhe——ON
- () OO0 Ser 3v Sor Mol O B P iy iy Lp Pm o KX,
S () Erdop Gl G| v [ Low | Bt Gl o P g Try G S| P Pom Ly, s OB

Fig. 3. Armo sod h
mdd:-nhtndN-tumm-lwdwr&:wu;dn.

On the other hand, despite the fact that the entirs amino acid sequence
of « MBH s contained within its structure, the melanocyte:
sctvity of corticotropm 13 from 100-200 tunces less than that of ¢ MSH
Allpo-ihl:u:plmnﬁuﬂltmul:dbcmgeddnxddmugh

2 hughly ective mel te~stumulsting hormone, the additional
ltmchnﬂfemnuwh}d:mmmmlformndrmmorﬂwtmpxcpmpemu
oy at the same time mhibit or mask its potentisl melanocyte-sttmulatmg
properties (cf. Harrh, 1958).
The most obvicus chermaal difference betwreen ¢ MBH and corticotropin
(xpart from the actual length of the peptide chain) 18 to be found 1n the
N-termmnal serine remdue of the two molecules 1 corticotropin the
a NH, group m free, whereas m @ MSH 1t 15 acetylated. (Inadentally th
is the fimt thme that an scety] group has been shown to occur 1n # peptide
or protem of mammalin ongin.) Could 1t be that the

CHI _CH—

OH P}H.

structare which has been ahovn to be tial for ad 1 i

actraty (Bell, 1954 Dlxon,lgsﬁ)hntho-mnﬂmeminhfbfmrof
3.
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melanocyte-shmulating actrnity and does this explain why ths structure u
acetylated in a MSH? At present although there are no cletr-cut answers
mthaequunom,nhdwtbnmmupmmbcchmgedmmn
pred: b and that the N-termiosl
wen.uurmducplny:mlmporumm!eindctumzmngwhxdzofmtwo
brological propertres shall predommate.

In vicw of the striking ehemical sumlarities which exmt between cortren-
tropin end the melsnocyte-stimulanng hormancs it is temphing to put
forward the suggestton that they msy be synthesred by x common bro-
synthetic mechamem. Ther locxtion 1 different parts of the prturtary
would seem at first sught to preclude any comnmon mechanum of this kind,
but the posaibiity that the two hormones are merely stored 10 the antenor
wad mtermedumte lobes respectively and that they may be synthesmed
elscwhere, pousibly 1p the form of & common precursor molecule, cannot
be completely averlooked. One might even ask whether MSH &2 euch hio
any spectfic and independent functron m the mammal  Could it pot be
» molecular sppendix  an evolutioaary relhic whoee function may have
been superseded by the more soph d cotticotropin molecule?

The chemieal investgattons which 1 have described have posed mare
questrons then they have snswered. The tmak of the chemist 18 nesrng
completion that of the bioch and endocrinalogist s only just begin-
ning The many confusions and contradictions which st present htter the
pages of saentific journals can anly begin to be resotved if future brologicat
and clinrcal studses are carmed out on chemucally defined and reproduchble
preparstions of these hormonex. Moat, if not sll, of the commercal
preparatwons which are evailable at present are quite impure by chemrea]
standards, Thy o particularly true of so-csfled ACTH preparstions, sod
until the bislogmt and the chnscal investigutor martr on beng auppled
with highly purified preparstions it i difficult to sce how any real progress
can be made towards elumditing the modes of sction and phyaislogren!
functions of piturtary hormones.
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MELANOCYTE STIMULATING HORMONES
AND CORTICOTROPIN

BrH.B F DIXON

The relationship between corticotropin and the melanocyte-stimulatmg
hormones may be approsched by a sketch of the hustory of our knowledge
of the melanocyte-stimulsting hormones. Atwell, of Buffale New York,
found 1n 1919 that tadpoles turned a silvery colour after ther prtuitary
gland was removed, but returned to their normal black when placed in an
extract made from the intermeduste lobes of ox prtuitary glands. Hogben &
‘Winten (1922) at the Impenal Callege of Seence shortly afterwards found
that frogs placed m the Light became a pale colour and that the imjection of
prturtary extracts darkened the skin, even when the nervous system was
blocked by vanous drugs. Microecopic examingtion of the skin showed
that the melanocytes vaned in appearance from small round dote in the
pale skin to highty branched star-shaped structures in the skin darkened
by injections of what has xince been called melanocyte-stimulating hormone
or MSH. Much work has followed 1n punifying and 1solating MSH and 1t
has used this stimulation as the crrteron for the actrvity

Naturally the change in the melanocyte was at first called expansion
and 1t was thought that the cell put out processes like an amoeba. Mare
refined microscopy hes, however shown that the melanocyte of the frog
1 always star-shsped and that the apparent contraction 1 due to the
strexmung of the granules of melamin 1n tosrards the centre of the cell. This
streaming lexves the processes empty and so wmvisible to the ordmary
mecToscope.

Not only m there this rapid effect, but preparations which posscss this
MSkuv:tyllmlhuwtd,mthecnuwbmth:vhnebcentatcd.d!{
property of increasing the smount of melsmin m the amphibun skin
(Frieden & Bozer 1951 Karkun & Mukery, 1953). Whereas the dupersion
of melanim granules occurs 1n aboot half-an hour the amount of melanin |
gradually increascs over some weeks of sdmimistration of the hormone-

Admunmtration of MBH-nch preparations to man also leads to an

od pig (Lerner Sh & Bunding, 1934) but it docs

not scem to be known if ths effect follows elowly after & rapid granole

dispersion 1nto the cell processes es 1t does 1n the frog What hes been

most stadicd 1 the effect of mavomahan MSH on amplebean akin, and the
hanlsm of human pigr deserves more work,
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‘Tho 1des that the darkening of the skin in Addmon s disexse might be
due to excessive MSH ectivity was confirmed in Sweden by Johnssan &
Hbagberg (1952) when they found that there was a hugh level of MBH
activity 1n the blood of patients with Addson s disesse. This raised the
question of corticotropin, otherwise known a8 ACTH the hormone that
stimulates the adrenals to produce cortol. Since the level in the blood of
corticotropin was also high, Johnason & Hogberg suggested that MSH
and cortcotropin might be identical. Sulman (1952a) made the same
suggestion and pomted out that all corticotropin preparations posscssed
high MSH actinty

This snggestion of 1dentity did overlook the fact that the intermeduate
kobe of the priustary gland had always been found to be the nchest source
of MSH and the antenor lobe of cortootrapm. Scveral workers showed
that corticotropin activity could be destroyed without affecting the MSH
actrvity of & prepamtion by yanoos chemical treatments, but though this
thowed that the activities wero due to distinet chemical structures, 1t was still
pomible that the two dmtinct structures mght bo possessed by the same
molecule, s0 that the two harmones could be identrcal. But then Reinbardt,
Geschwind, Porsth & La (1g52) in California obtuined & clear separation of
most of the cortricotropic sctrvity of a preparation from most of ite MSH
actrvity and so concluded that the hormones were two different substances,
This scparstion has since been confirmed by many others. Johmmson &
Hégberg (1953) withdrew ther sugg: of identity whils Sulman (1952)
modified s to say that MSH m one factor of the ACTH complex I
Am not certam what thrs means, but perhaps 1t rmplies that the molecules of
corticotropin and MSH are secreted together or even combined with esch
other Though they do seem to be sccreted together under some arcum-
stances, wo most remember that there  an immense difference between
prtmtary anterror and intermedrate lobes in their relative amounts of the
two hormanes (Landgrebe & Marms, 1955).

The clearncss of sep that was ot d, and the sol by several
groups of workers of spparently pure MSH or m fact two chemcally
different MSH’s called @ MSH and A-MSH both devoud of corticotropic
sctivity generuted some scorn of the 1dea of any relanonahip at all between
the two substances, It was merely conceded that both were concentrated
together m a number of fractionation procedures due to some wmilarity
of chemical structure. But although workers on MSH got nd of cortico-
tropic activity from ther substance, those who wsolsted corticotropm
found that it retained some MSH sctrvity  Finally some of these workers
(Winter Brink & Folkers, 1953 Bell, 1954) suggested that some MSH
1Ctmity was an intrinaic property of the corticotropin molecule,
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Bell and hus colleagues (1954) in the Amencan Cyanamid Company m
Connecticut were mpressed that in their solation of corticotropin, once
they had removed the mam melanocyte-simulating 1mpunty the o
of MSH actinty to corticotropic sctvity remamed constant whatever
steps they took to fractionste the product. So they suggested that this
resdual sctivity was an intrinsic property of the corticotropm molecules.

The residuat MSH actreity in the corticotropm was less than 1 per cent
that of MSH itsclf or in other words, to produce s given degree of
darkenung of the frog skin requred over 100 times more corticotropin
than MSH. This meant that this residual activity of corticotropn, if not
1otmnsic, would only need 1 per cent of contaminsting MSH to sccount
for 1t, and s this small amount could not be detected chemscally further
evidence was demrable to confirm Bell s suggestion that the activity was
not due to wmpurity

Tho actual doscs required are interestingly small. A pale frog Is turned
extremely dark by the tnjectson of 1 xg of corticotropin or shout 8 meg
of MSH. These are not parcularly small doses 1n compansen with tho
normal achon of corticotropm  about 10 mug corticotropin wnjected into
arxt which 1tself may be ten times the weight of a frog will grve a maxmal
stimulation of the adrensl cortex judged by its momediste cffect. The
sizo of the effective dotes fit 1nto a scnies of amphfickhions In man xxg of
substances may be relessed at nerve endings, and these may act on the
hypothalamus to cause relessc of mag of hypethalamic substance which in
turn acts on the praurtary to induce the relesse of g of corticotropm. At
cach stage there 19 an amplifi factorofath d.The sencs
s the sg of corticotropin strmulate the production of mg of sterolds winch
m turn affect the metabolum of g of fat, carbohydmte and such-lke
metabolites.

To try to get more evidence on whether corticotropin did have mtnnsc

MSH activity one of the reactions of cortreotropm was studied and the
product examuned by chromatography Duxon & Stack Dunne (1955)
had already used chr graphy for the ol of cor
thnuttbodlverualculumnhpukcdwtﬂ]mubwbmtpowdn md
liquid 18 allowed to percolste slowly down through the cofumn of the
powder The sample to be scparuted 18 dissotved 10 a small yolume of the
liquid and put on to the top of the column. When 1t has flowed down into
the powder the flow of the plan hquid 1s continued.

The sepanation works as follows any substances that were m the sample
and that are strongly absorbed by the powder will remaun on the top of the
column and wall not sppear in the liquid that flows out at the bottom.
Any substances that are not sbsorbed at all wll move down through the
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column st the same speed as the hquid and will emerge a3 un unretarded
band. But substances which are reversibly absarbed to an intermediste
extent will move down the cohumn more alowly than the liqud and will
form scp d banda, The sub 10 one of thess bands 18 at xoy moment
m equiibram between the powder and the liquid. The mare strongly it »
absorbed by the powder the greater 1 the proportion of the time that cach
of its molecules is m the stationary powder and not 1n the moving liqued,
and 30 the alower band of thy snbstance moves down the column. So the

Unreaarded
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cbtxmed with  peroada-tomctiveted coocrnirats of cortco-
tropen (Dl B Sk Durmts g0 T

substances in the sample may be separated sccording to ther sffinsties for
tha pawder the substances with the higher affinmes forming the slower

If the hquid is collected wa it emerges from the bottom of the columan
iﬂl‘tnaoftattubu,ﬂ)embanncnd:nhivnbcculep-mcdmthu
eolamn accordmg to thewr relative affinties for the povrder may be seperately
esliected, The patterns shown in Fig 1 can bo obtmned when the smount
of substance m esch test tube is plotted agmnat the volume of the Liqnd
in the tubes a4 they aro filled from the bottom of the column. First there
1 the unretarded band of the substances that re not sppreciably held back,
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and then peaks of more stroogly adsorbed substances. The oaly difficulty m
sppinng chrommtography to punfring » new substance o in finding «
suttable paur of adsarbent and bquid whech will grve the partl end revensible
adsorption of the substaoce that 18 required for it to form a retanded pesk.

Fig 14 shows the molaton of the man form of cortreotropin from a
concentrate prepared from pig piturtary glands. Most of the MBH actmty
emerges 1 the unretarded pesk which i 2 mbxture of substances, xnd there
s the residusl MSH activity w the corticotropm pesk about which we
wish to know whether 1t 18 intrinsic or not. If st were due to contamunation
it nught be because the molecules of cartrcotropin formed a complex with
MBH which held some of it back on the column from the unretarded postson
where it would otherwiss emerge.

We were able to approsch this problem of whether the MSH sctivity
was mtrnsic of nat by epplying what was known of the resctron of bydrogen
pcrmdcmthco:ﬂcutmpm Dmxon & Strck Dunne hed notieed that after

with hy p de, which wus known to 1nactivate cortico-
mpm,&bcpclkcmcfgtdﬂlghdelkronchmmxmgnphy n,wumv
see by companng Fig 14 of the ch
materal with Fig 1a Afmthuwemcd-puwﬁudmﬂapuﬁdc
sze and obtaned a separatson, as ehovn 1n Fig 2, of native
separated from perawde-inactivated material

The other dstum sbout the peroxide resction wus that Dedman,
Farmer & Morms (1955) at the London Hospital had discovered how to
resctrvate peromde-treated matenal, which many other workers had been
trying to do, They heated the matersal m the presence of a thio) compound
to sbout 8o C for sbout 24 hr e were able to confirm thr resctivatron
and to show (Dixoa, 1955) that the resctivation war accompented by
restotation of the ongmel chromstographic properties. Fig 3¢ shows s
chromatagram of the nauve corncotropin. A sample was trested with
peroude and part of it was chromatographed (Fig 3a). It showed the
earlier emergence of the pesk. Part of this mame saraple was hexted with 2
theol and 1t hes moved back to 1x original powtion (Fig 34).

Thus wes all knoun ebout the resction of corticotropin with peroade
before any study was made of what happened to the MSH acity in the
process. In fact the MSH scuvity of both corticotropm and MSH ws
toat on treatruent with peranide, amd regatned on heating with the thaol. But
when peronide-treated corticotropin was pertiadly regenerated by beating
with & thiol, chromatography gave scprranon of two peaks. The faster 0n¢
wxs snactive i both MSH and ACTH tests, while the slower was sctive

1n both (Dixon 19564},
Far the smplest interpretation of this i that both activities are intam
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to the same molecule, so that regencration of the ongmal molecules expluns
both the regainmg of the origmal posstion on the chromatograms and also
the recovery of both activines. ‘The possibility that the pesk owes either

tnactrvated

100 0 x0
Effiuent volurne (ml 100 mi cofumn wolurma)

Fig. 1. Bepuratuon of pxtrrs and parcxide-trestid corticotropm-

100 m 30

Efffernt vohume
Fig. 3. () Chromatogram  f corbeotropin eter parmride (3) Chramatogran of
cartcotropin after tyestment followsd by hewtmg with  thiol
) Chucorny trewted Duzw 953) compoed
sctty 1o of 13 main comp with a trace of mpurity

hrmducdmu:hlc-h}dybeumemm}ydoathepnklhawldunge
of chemical properties when the activity w changed, but also becxuse only
00 of the two peaks 1 mmocuted with the sctrvity A complex nught be
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expeeted to be formed with both 1f the pesk were merely active through
holding back some MSH from the unretarded position. So the endence
that the MSH sctivity was mtrmuc was

T obtained other confirmatian when I treated corticotropin with perodate
{Drxon, 19568) Thn speafically sttacked one group m the corticotropm
molecule #nd the product could be walsted by chromstography It hed
loat 163 corticotropic actvity but mot only had it retawned MSH ectonty
dunng thms further wolation in a new form, but its MSH sctrvity was
mcreased. Although still much less sctrve then « or # MSH o had
evidently been made more like them 1 some way 2 Dr Harrie ¢ adjomng
peper mentions when he desls with the common part of the structures
of MSH s and corocotropn (Harrs & Roos, 1956 Huarru & Lemmer
957>

The demonstration that corticotropm docs possess MSH sctmty and
the dmscovery of the features af structure and chemucal behaviour duet are
common to both hormones, do not clear up all the outstanding problems
of the relations between MSH snd cotticotropn. The known facts do rot
explun, for example, why the blood of pstients with Addson s deseax
should be rich 10 MSH a4 well a3 12 corticotropin, Nor why cortmone o
cortisol treatment lowers the blood level of both hormooes (Shuume &
Lemer 1954) while they affect the prtmtxry level of corticotropin much
more than that of MSH (Forgics, 1956 Ivy & Albert, 1957}

Tho high MSH activity of cor i prep Juding sl! thet
mmddynﬂlb}efmdlmalmcltprucnt,hnbomumplyu:phmfd
by » study of the chemurtry as duc to gross contamination with MSH. Tho
sonewhat subtler problem of common sctovity was solved «lso by 2 study
of the chemstry  But 1o the remarmung problems on for imnstance the rte
of secretion, the control of secretton and the levels of hormones 1w the
blood and n the gland, the amounts of hormanes available are n mith
micrograms, s million times or 0 Jesa than the milligrama normally requured
for chemical work. One example of bow far we are from being able to
apply our chemscal knowledge 18 that & and @ MSH have been dearlr
dmstinguished chenucally for some years, but of the relatrve amounts
sccreted and the relative localmations m the piweary ghind nothog
known. It does not seem that our chemical techugues aro anythmg fike
sensitive enough 1o be well poised at the mament for further attack oa the
bsologrcal relations of these hormones.




HORMONES AND CORTICOTROPIN 45

REFERENCES
ATway, W J ( 919) On the nsture of the pgmettshon chenges followmg
hysectonry

Booxr B.J &van,] L. (1955). Pudfication and ammo acld composition of
melmophore-expanding hormooe fram hog prtuitary gland. F Awer Chem.

Sec.77 5 67

Dwpaian M. L, Famsirm, T H. & Mazam, C.] O R.(1955) Oxidation-reducton
proparties of adrenocarticotropm hormooe. J 89, xil

Dixos, H B. F {1955} The and reduction of Cort A Bie
. &cte, 18, 599.

Dixox H.B. F ( 956 ) The actrvity of cortl
Blockom.

acta, 39, 393

Doxoe, L B. F ( 9565) The sctin of penodsts on ACTH. Hiochem. ¥ 6a, a5 P

Dos, H B F & Stacx Direw, M P (1955) Chramatographic tudies on
corticotropin, Brochem. ¥ 61, 483

leu,?(gsﬁ). Cm‘ end b hormone,  Acta

Flmmv,E.H_&Bum.J M.{ 95 ) Effect of admmistration of intsrmwdin upon
melanin content f skin of Rana phpens Prvc.SacExpBuL.hY'n;;

Humm, J T & Looos, A. B (1957). Amino-acid sequence of the a-melanocyte

botmone. Nature, Lomd, 179, 346

Hizxm, J L & Roos, P ( g56) g of melanopb Sty
poptide. Natwr Lo, 178, 9a.

Hoamew 1.T &Wmu:,FR.(;m)mpunnumrycﬂ'mmIRnc
thon of to plturtary

welanophore-stamulsting peptide from plg pitntary glend.



46 H B.F DIXON

Rarousor W O Grscwrwoan, LI Posars, J O &L C.H.(3p53) Segmfiance
of b din sctivity in sdrenocortt b Frec.
Sse Exp Bwl, N'Y Bo, 439,

Svtman F G (19534) Ch b bl
horroone. Nanow Leed. 388,

Bm.w\NFG(lgs:O) Mechanisen of the ch h dc effect of ACTH.
¥ Esdocrin. 8, 27

Wm-:v,C.A..Bluxx,N G &Fo:_mu,l{.(xon) Adr:n.drvpn:mddmm
phare activities of Soc. Exp Bol, N} b,

365



47

DISCUSSION

Charrmen Dx'T B FITZPATRICK (Harvard)

FmPA'ru(x_ It 1 approprate that this conference hes begun with a
of mek far although many q are yet un
lnlwu'ed,painp'mnmnknmmlbommdmmfumnnmdnnmy
metabalic process tn the skin. Not too many years sgo o dmcosuon of
the phenolases 1n the fungus Rwsskla mgricans would have appesred
meclon to the clfmeal dermatologut. As we have heard this mommg, the
metabolic pathorey of tyrosine to melanin was worked out by Raper using
phnt and 1nsect tyromnsses, nnd now this pathway hes been shown to
exnt m mammals, With the repid strides in melanmn research m the past
twenty years we are now able to atste with reasanable certmnty that
humen melamin pigment is formed by the action of tyromnase attached to
melsnin granules spproximately o-ax 1n dameter winch sre suspended 1n
the cytoplasm of certun specmlzed cells called mel tes. Tho family
of cells, the smelamocyte system, incindes the melanocytes in the ekm,
helr bulb pis-arachnowd, uveal tract and rehnal pigment eprthelium and
all these cells aro dertved from the neural crest and outer layer of the optic
cup (retinal prgment epithelium).
The amount of melamn formation in the melanocyte 13 delicately con-
trolled and varies considerably m different physiologic states. The bio-
chermaal regulstary mechansme of melanm formation are not understood
snd sre bang actively mvestigated at this ime. For example, 1 pituitery
hormone, melanocyte-strmulsting hormones (MSH), appesrs to affect enther
the movement of melanin granules, the amount of melanin formation, or
both. As Dr Harrms has stated, we are not sure whether in man the melano-
Eyt:-dnmﬂmnghurmancmlybc-mbouc tppcndix or a factor m
melmogeness, Otber known bioch hy such as
the inhibrtory sction of phenylal mdnﬂphydry{gmpc-ﬂcc:mdunn
E‘ﬁmnu&obﬂtdlurmlnmmdlnmfmmmuwhnotyu[

Even with our present kaowledge, the dinicun can better visualize the
possible mechantsms involved 10 the large number of disorders of melanm
P’Emhﬂmlnmmmdhunhndupo-llpcdﬁchknnbumulmuhnd-
for the & of ty for ive of the number of
mdlnocy(:linth:lhn,mdtethmquenfaruﬂnutbﬂcfthnnmo\mtof
1 in the blood and urme. For example,
hlﬂ)mmhhnbcmrhownd:ndnmcdnnkmofdcmdnthnin
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formstion is the abaence of the enxyme ty 1 1

and even pigraentless melamin granules are pn:cnt. but the gene which
muxtmp%fmmmﬁmn%ﬁum In
Adduon s daease, the  probebly related
tothchighkwho{b)ood}\iSHmmedfmmthapmurymmm
amounts because the diseased adrenal 1 not supplymg adequate amounty
of hydrocorusons to wnhibit the pitustary secretion of MSH (Lerner
Shirume & Bunding, 1g54) Many further cxamples of the mechansams of
pigmentary disorders will be fortheoming es & result of the collsboration
of the basic scxentist and the chmucal dermstologut.

De] Comen (Birmingham) I would like to xek Professor Boyd whether
he consders thet argentophil dendnitre cells are present m all mammals in
tuch zress 1 he has mentioned, 1n some mammals producing prgment Io
nﬂthmarwmdmmhcrmnnmhpmdmgmgmmtmfmdthm
In the rat the har 1 freq smay be found {o
ﬁ;epcnmnmmmdmchcmcmnguburnotmthucpxdmmmnd
peripheral nesves, Does Professor Boyd connider that poterrtul pigment
celha are present around these nerves snd in the epidermis in thu anumal?

Proresson | D Boyp (Cambridge) That ma very good question indeed.
By and large 1 thund. the snswer 13 yes  one does, however find dendrtic
cells which arc not melanogenic. Thi rases s question of termupology
To talk ebout a non-melanogenic melanocyte 1 more than a kittle svkward
mtlthmkltdmnmwuymuqmonmuythmmmyregsmfhm
are facuitatreely 1 do not know sf there are
mchceﬂsdmgwmmnt-. My own matenal has been largely human,
pig and rabbat, and some shrew I do not know the state of affurs 1 the
rat. To sawwrer your question fully would require & detailed survey of
sutably staned roateral in this mammal.

Dx G C Weus (London) If you go back to xa exxly stage of cell
drvisson a3, for example, 10 frog spawn, there is much pigment production.

DxP CJ Blmr((h{ord). ltuddﬁuﬂtzogwtmmcxmﬂ'
The embryo n endowed from the perent with pigment which [ think
wimply peters ourt, It yust remmins there untsf st gets dispersed and then,
1 think, the new melsnm starts developing o melenocytes,

Boyp That smewer s certmunly correct, But { would like to protes!
sgunrt calling the ovum » pnmstive colf it is the mowt specuslieed of off
celist
DrC D Cawxax(London). May I ek Professor Boyd s question sbout
the meltnoblasts in the epidermis have these cells acsually mugrated wnto
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that position ar are thoy perhaps Induced by an organrrer which modifies
the bazal cells? Is the melamoblast mohile?

Botp The answrer  qurte cleardy that all the melmoblests, melsnocytes
and melanocytoblests, or whatever name one wants to usc, in the epidermug
come from the neural crest. Cultures from embryonac skm at a stage before
tb:pigmmmgumfomnnn:nhﬂemnhcdtbcdmdkvdthqumm
conclusyely that the cpidermal cells themselves are not mel
’I‘hmumcndczw:thnmdmocytummducuoﬂx:cdhtobccum:l
melznogemc, Indeed all the evidencs supports strongly the view that the
mehanocytes constitutr & self perpetuating spectal stram of celle.

Frrzeatick. Most human and animal biologsts have sccepted the
terminology of pigment cells adopted at the Third Conference om the
Biology of Noemal and Atypical Pigment Cell Growth, held m 1951

Melawoblast An embryomc cell potentully capable of producing
melamin,

Mulanocyte. A mature melanin-producmg snd melamn cell.
Macrophage A cell contmnmg phagocytized melanin,
Melaxaphore A pigment effector coil in lower animby,
Tﬁmhfﬂﬂygmﬂrﬂlgmtlhnoutbenﬂﬂlluﬂtcﬂgﬁnof

Ithough some still withoat any expenmental
m‘ppﬂﬂdmtboqmdumnlmrlmocytumdﬂﬂedfrmnthzbﬂl(xﬂl
ron of amel 1 fraught with diffcultres

lﬂd[quadmthevﬂ:dxtya{th:n]vermm:mthaidmuﬁuﬂnnuf
melanocytes until a study of the type that Silvers (1957) reported on gold
stom 13 camed out. Silvers found gold-impregoated cells in tsaes wrthout
melanocytes, aud thus hus work appesrs to refuto the commonly socepted
noton that the gald-mpregnanon technique can be used for the 1dentrfica-
ﬁnucilmdnncmelmocytu.’mcdcamnmicm-mpemppuntnbetho
most precse method of identifying med tes whether
Ima{mc,mdtxmddn-hlcncwmfurmtuﬂofﬂwﬁnemmdmdmo-
Cytes hey been obtmned by Barnicot & Birbeck (1958).

CaLxan  Muy I sk Dr Brunet about the status of copper? There s a
new that when ono uses psaralens to treat vitiligo the addition of copper
wulphate sornetimes makes 1t more effechive. Could ho perbaps tell ua
what 18 the best form 10 which to give copper?

BT 1 thunk 1t would be best to refer to Mason (1956) who sdequately
Copes with the sabject of copper It 18 known, though, that m the axidired
r“m“wmunlmmmddmbmymhmmrcdmltﬁmm
B¢t it going on tyrostne. As regards the use of copper Dr Fitzpatrick end
©Onic 0r two others who have used copper could sty more about this.

Frizeamarex. The i of methoxsalen by the b

‘
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sdminssteation of copper salts hus not been established by careful cimel
truals and thus we arw not certam that it 1 & fact, Tt bas even been etated
that the action of the varrous furocoumenna has been due to the content
of copper a8 2 contamznant. There w no copper 1n the preparations thet we
bave been uring i the U 8.A. {meloxime, axsaralen). About five yeans sgo
we sdmutered 15 mg of copper mulphate daily o patients recerving
methoxsalen  there was not any sceeleration of the rate or werease in the
degree of repgmentetan m those patients that recerved copper m additan
o reethoxsalen,

Wrik, Doer not the pigmentstion of patients with Addmon s duesse
fade under trestment with DOCA? Does DOCA inhibut MSH2

FrrrraTricx. MthwghDOCAmmraﬂxemeﬂbzﬂknhnmhwm
pattents with sdrenal £ he b not
rm:redtonomnlm\hthucb«xpy(’l‘bom,f)onmuc&my 1942}
Cortuone, hydrocormeone and g-a finorchydrocorasone, however will
ususlly reverse the pig i adrenal wsuffi P bly by
mhibuting the prtuttary sevretion of meltnocyte-sumulating
(M8H). PcrhlptDrMunmuldeatocnmmcmmthn.dm?

Dx R. A Mans (Dundee)  We have noticed some interesting cases of
Addisonian sad bdaters! adrenal d patents on doacy
of sterveds, who matesd of remmining relatively normal i colour or fosag
thewr pigmentatnion ay you might expect, have become mato pigmented.

Frrzearesc. By following the degree of pig with the Hardy

£ wpectroph dunng of Addsson ¥ duease sith
cortisane, it has been shown that the melanm hyperpigmentation decreases
with cortsone therspy (Hall, McCracken & Theorn, 1953)

DxG W enome, (Oxford). There does seer to be some ksnd of funcoos!

hip b lanocytes and nerve fibres, For snstance,
-kminiu:ted wnth myco-bactera leprae s almost mvarmbly typerprgmentsd
and there 1 good endence that this dacase ts primanly an affestion of the
semory utaneous nerver. On the othes hand, the oaly indmputable fecty
ofwhxchlnu:mhut;ustbecuprummdbyhdworhoyd.nm&y
that there 13 3 very close between
nerve fibres from Lbcurlmn-guofdwdopmnhmugblmo.duhlec
I weuld Lke to ssk Professor Boyd whether the denuty of innervatiod i
greatest in gones of skon s which the mel tes are most

Borp 1 have no evidence that suggests # richer innereation o besily
pigmented aress.  Masaon (1948}, however snd ciher workers, bave
susocisted pigment-4pots th nerve-endinge.

Frrzratrice. Dr Hurrs would you bike to comment?

Drf T Hasmis (Cambndge) [t abould perhapa be emphanred that
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the refative mel te-stimul ies of MBH and ACTH have
beend.ctm-mmcdbymyufthemxmmhmhormmui.uthoﬁug Itn
possible, however that the chemical structures which we have determined
muy have been designed to survive and to perform specific funchons in a
partcular host covironment, and that the relative potencies which we
macribe to MSH and ACTH, respectrvely may not apply in the mammalun
systems from which they are molated.,

For example, a MSH which 18 composed of only thirteen ammo scrds
may be mare musceptible to enzyouc mectivation then the larger ACTH
molecule, copmstng of thurty-nine amino sads consequently 1n the
mammal, ACTH could be a moro effective melanocyte-stmulatmg b
than erther @ MSH or § MSH. In a aumilsr manner peptide fragments of
mammalian MSH which are found to exhibnt some melanocyte-stromulating:
ActivIty o tutro assay m solated frog skin, might not havo eny detectable
activity if they could be mssayed under the sppropriste phymologcal
conditions,
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THE STRUCTURE OF THE SKIN IN
RELATION TO ITS INNERVATION

Br G WEDDELL

It 1 common knowledge that the akin reflecta changes 1n our phymcal and
mental well being and 1t has been demomatrated, by plastic surgeons among
others, that skin 1s not a static trssue erther 1n form or function, Yet, untl
recently our knowlodge of the structuro of the skin waa almost entrrely
lonrted to a series of words anstominng pictures of thin sections under the
microscope, taken erther from presetved or recently dead bodies.

"This importent orgen, which incdentally eccounts for sbout 16 per cent
of the body weight, 15 still analysed 1n most books m dreary descriptive
terma, only occumonally enlivened by the names of famous biologusts of
pest generatrons, such a8 Huxley and Henle, whose names are attached to
harr aheaths which could gain Irttle of importance s a result. This must be
one of the factors which has effectively deterred most dermatologusts froem
taking up any form of anatomucal research on the skin, for by so doing thay
would add yet more descriptive terms to an slready over nch and function
slly mesningiess vocabulary

To most of those who did venture into the histological wildetness the
reward was mesgro and I ahe!l not easily forget my own first excurmon.
What, 1 was saked by e student, 18 the structural difference between skon
from the arm of & wizened old nun and skun from the arm of & well
nourmhed and heatthy young garl? I admitted my ignorance but undertook
w find out, but the answer was not casily forthcoming A laboar of
eephantine proportions was spent on digesting the litersture and all that
emerged was a munutely proportioned mouse. In effect, histologically
speakuing the difference betwreen the two was virtually nil. That ths would
be the answer should have been cbvious, for preservatives and firatives m
common oso cannot be expected to give pictures showmng, among other
things, the comparative state of turgor between ons specimen and another

It 1 the ability to recogruze 1n the skin a dynamic framework within
which change m constantly occurring, which hes recently led to such a
hopeful incresse of our knowledge of the structure of the slin. It is mare
espeenlly the experimental work of Medawar (1953) and such investigators
#3 Rothmmn (1g54), Shelley & Arthur (1958), Fitzpatrick & Lerner (1950)
snd Montagna (1954) which has revolutionized our outlook in thus field.
They havo trught us that mammaloan slon e best thought of 1n dynamic
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terrn 1 2 compound bolocaine ghand (in which u cmbedded 2 senes of
enonne glands) i wecrenons bemng keratin melamn scbum, swest and
posaibly heparin and hustasmine (et celh). It 1 wtill sgroed that x useful
purpese 1 served by subdrmding the skun 1nto two party for deacriptive
purposcs, that o ioro dermn sud epidermiv The epsdermyy, however »
now seen a3 2 binsry system of two ctll lineages, the kenmnocytes and the
mefanocytes The derrmus is seen s the arpporting fibrous tssse framework
for the epidermus knd the remaimng glands, and contams blood vesscl,
Iymphetics and nerve fbres. In sddition, the dermis in some wsy fodoces
and reguintes the dsfferentuatsan of epadermal eelis snd, making vse of they
fact, 5t has becn posaible to prove that the varous forms taken by eprdennal
cells aro not npdly determuaed, they are pluny potentsal cefls based 1 2
gven duection. Thu dixcovery bas of course far reaching smpheations for
the der logust and plastrc wurg:

Viewed from thee angle the skan 13 a0 ever-changing structure, lable to
bath cychcal and contmuous grawth changes, yet st romaus ot all timer &
communtcation barrier with the outnde world It bs i the role 25 2
commumnication barpier that the slan behsves 23 an Integeated orgxa and
umty of funcoon 1» exhibsted by both the spidermn and dermu, Ths
seen particularly well m any form of stress gach a3 exposure to high
toviroamenttal temperatures.

Turmng aow to the senxry mnervation of the akin, the wbject of this
SySpoeim, 1t 1 My purpose to shaw thet the state theery of the perma-
nence of st structure has here, too, outlved o usefulness, and the rest of
thue paper will be devoted to en elaboration of this paat.

It 18 » fact Yot despite the wear and tewr of cveryday lfe, the sensory
muervation of tha skia m cxpable of gining us day by-day an sdequate
pretare of our sur | and we sre perf ly capable of
recogninng by touch the shape and conustency of obzects before and after
sy cock-chmbing 1 which the hands suffer # copuderable amount of
damage [t bm afwo been establshed thet no dunmunon of sensocy scuty
ctn be detected with sdvanang age s the ki foses tts blovm of youth and
becoenes grogrestarcly more wrinkled and scarred. These abaervagons
alone suggest that the eensary cutancous nerven muat enther be comatractsd
of tsury whirh can mithstnd grester sress and strun than tho s
among wiuch thew b, or they must be so arranged that the kind of 1nfor
fatian which they sgral B not dependent on the integrity of each and

nerves do indeed wuffer damage 10 the course of everyday bfe and aoe juat
o bibile as towues such s blood mapiliancs. Tha endence 1 necessenfy
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indirect, for it 1 not possible, a3 yet, to watch the behaviour of hving nervo
fibres m the intact unoperated skan. Fortunately however 1t is pomsible
to dexnonstrate living perve fibres and their terminals for short periods in
the hurnen conjunctiva and to sec whether they undergo any morphological
changes, elther with the passage of time or a3 the result of betng subjected
to methrylens bloe staming I shall now give a brief scconnt of cur findings.

Until the present time there has been consrderable controversy #3 to the
P in the conjunctiva of specialized sensory end bulbe  Some
authors mamtain that Kruss end bulbs are not enly present in the
human conjunctiva but distributed m snch x way that they can only be
considared s the specific endinge subserving cold senmbility others
muntun that in the mayonty of anmals 1t 18 not pomible to demonstrate
any end-bulbs m the canjunctrva. The vituperstiye nature of the outbursts
m the literature between the most cminent of authors on the subject of
the presence or absence of end-bulbs  unumml. In retrospect, the
explanstion for this excessrvely hugh level of emotional tenaron should have
been obvious  end-bulbs may or may not be present m the normal
conmnctiva. Proof that this i so however wae not easily estubhahed for 1t
depended upon u ( Tve survey of conjunctivas from numerous eyes
taken post mortem, coupled with an exammnanion of lrvig metiylene-blue
samned conjunctrvae m whach the nerve fibres and their termmals were
sclectively outhmed.

It was my eolleague Dr Oppenh (Oppenby Palmer & Weddell,
1958) who dmscovered the tnck of vitally stainmg nerves selectrvely m this
stoation. Tt 19 & very mmple but mpormnt element in & techrique which
had previously been tmed out but which gave very incoomstent results.
It is samply necessary to ensure that the cye is ansesthetired with cocune
before the bathing with methylens blue starts, for the dye stimulates the
oerves befare parstyang themn and so gives risc to great pain, tears and
cxcestrve yayodilatation unless thus 18 done.

In both specrmena and subjects which we examined we found that the
great majority of the nerve fibres entermg the conjunctrva end s3 diffase
arborrations of fine filaments m refation to blood veseels or to the eprthelram
of the conjunctrva and cornes thest aro commonly known a3 free perve
enchngs. Compact nerve endings (or end-bulbs) were cxtremely rare m
the conju of the lab y ammals but they occur m varuble
nrumbers and are frregularly distributed 1n man They are of different types
ncduding end-bulbe of the kind described by Krause and there are s
number of festures, such a3 their shape, thar valnerability t methylene
N“t;emw'h:hltqgmﬂnktbqreprumtmpmlcydoufgrmhmd
decay 10 certam penpberal nerve fibres rather than epeculized sense
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organs. To elaborate on this point, we noticed that the nerves servmg
end-bulbs were both larger in dumeter and more uregular m outhne
than neighbouring fibres 10 the same bundle which, when traced to ther
destination, were found to end 1n widespread arborzations of fine filaments
( free nervo endings). Morcover we were impressed with the wide range
and often brrarre appearanco of the end bulbs Ths over all picture
presented resembled very closely indeed that described by Capal in the
proximal stumps of nerve trunks a few days after they had been drvided,
for the terminations ranged 1n form from sumple growth cones throngh
rather more elaborate end-clubs to necrvous spools and the apparstus
of Perroncito It 18 noteworthy that no distinctive capsular cells can be
defined surr ding the neural ¢ of such cnd-bulbs oaly enlarged
Schwann and epineunal sheath nucler are seen  In other words, the in-
nervation constitutes the whole of the organ. Perhaps the most persuastve
finding of afl in favour of the lability theory 1s the presence 1n a few spea
mens of stem axons with widespread arbonmtions of fine filaments (8
free nerve endmg) springing from one healthy looking daughter branch
andan end bulb surmounting the other branch which was rtself thickened
and rrregular

Although, before staning with methylene blue, we made no elaborate
tests which might have ensbled s to compare the scnsory capaaty of the
various conjunctivac in & refined manner wedxdurryumumplclnndﬂd
1zed tests which were of some comparatrve value using warm and codl
copper rods and nylon threads of varying thicknesses. Tho resulty were
unequivocal m that the four primary sensory modalities, touch, warmth,
cold and pun could be evoked m every case (whether the conupctivat
subsequently proved to contain either a large number of end bulbs o€
no end bulbs whatever) at thresholds which did not vary

Finally although we have not examined a very large number of conjun¢
tivae witally stamed with methylene blue, there m, in our series, &
correlation between the presence of numerous end bulbs and the age of
the subject. Few 1if any were found in cluldren or young subpct:
particularly those with bright clear whites to their eyen.

If we are correct Ln our interpretation of these findings then ina turbulent
tissuc such ma the skin evidence of similar cyeles of growth and deaxy
mught well be expected With our findings in the conyunctiva to gusde ©
wvncuchedfornndhn’emwfomdunuhxq-dulnthesﬂn,dlhw!h
we have never scen 13 many exd-5u/bs per unit area n apparently
skin #1 we have eten in the conjunctivee of apparently healthy subjects-

An.hupdnlImustdrgrmfoflmcmcnt!omphnmhowmucbrnoﬂ
difbcult it 13 to demonstrate neural elements 1n the skn in an undustorted
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form as compared with the conjunctrva, In the past we managed to develop
techniques to cope with akm from specific xones in laboratory antmals but
1t was qurte another thig to develop a technique for staning nerve fibres
m hirman skin of varying thickness and structure from a vanety of regions,
However mare of my colleagucs came to the rescue and Dr Graeme
Bchoficld (1958) and Dr Elwabeth Palmer (Weddell, Jamison & Palmer
1958) have st List doveloped a smtable techmque for thi purpose. It 1
2 siver impregnation method (modified Bielschowaky-Gros) spplied to
very thick sections (200,4) from sk biopescs removed with & punch 4 mm.
m dumeter between g and 10 min. sfter infiltratton of the skin with
o5 per cent procaine contwnmg hyaluronidsse,

Clearly we were not likely to obtam tho evidencs we sought by taking
2 few casual biopmes from wives, fiends, colleagues and neighbours, oven
supposing that we could manage to persusde them to assast us in this way
but smce we are at presont enguged in en analymis of the seneory and nearo-
hustalogical changes occurring in the ekan m leprosy we wero able to make
e of the control specimens from this material

Careful examunation of a large munber of specimens of akin from vanous
regions of the body made it clear that there are no end bulbs 1n hatry
#0n borne st the ends of nerve filres which are both normal in dismeter and
In contour In apparently healthy and undamaged skin, however we
havo como scroes & mgmificant number of degenerating and regenerating
xona but only on very rare occastons are they surmounted by end bulbe
sunifar to the emallest of those ecen in the conjunctrva.

In connection with the problem of the lability of cutxneous neursl elements
we were fortunate to be 1n a posrtion to study skun infected with leprosy
for leprowy 1 a discase which promarity nfects the eemsoty cutancous
nerves. In our studies of this mfected sk two things stood out clearty
m the first place, 1t was highly mgmificant that, desprte histological evidence
of the destruction at randam of up o at least a quarter of the nerve fibres
of all afzes m @ grven prcce of skun, we found that it had not been possible
to demonstrate by sny means known to us any loss of seneory acurty
although 1n the most severe cases before biopsy the patient had reported
that the affected slan did not feel quite nght when he stroked 1t.

In the second place, m bairy ekin with a certarn form of leprosy 1n whuch
the5-"Ch"lnnlndepmnn-nllheldnw:rel:nhrgednndmy\:bbwctm-h
Jeprae wers found m the cytoplasm of the celfular elements of these sheaths
bt not elsewhere, & mumber of end-bulbs of all smes quite smmilar to
those seen 1n the conjunctiva were found.  End bulbs were less common
i hawy okin in which the Schwann and ephueural shesth cells were less

sctive  despite the fact that mycobactens leprac wers both mare numerous
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and more widely dissemnmsted m the akin. There settns to be no doubt that
in leprosy the presence of end-bulbs m hairy skin 18 correlated with the
amount of physical obstruction offered by the products of the dicae
process to regenerating nerve fibres.

Conftrmation of this notton 18 provided by the presence of end-bulbs
10 hairy sk taken from patients with post herpetic ncuralga in which
nerve regeneration had occurred but i which the semsory scuty wa
diminished, end in the skin over painful scars covering amputstion stumps.
Mycoas fungoldes 1 another disessc in which Dr Kreutzberg (1957) 4
pupil of & German colleague of mune, Professor Emmu Hagen, has found
numerous end-bulbs in hairy skin, although changes m the affected skm
are smd not to be a noteworthy feature in these cases.

Observations of this kind, then, saggest that it s not unreasonable to
conchide that sensory cutancous perves are labile m nature, that they an
and do undergo cyclic varlations in contour in numbers and lew commeonly
m tho form of their endings, to adapt thernelves to the wear snd tesr of
everyday life as well us to traurna and to disesss processes affecting the son.
Any theory of the mech of ibility 1s thos more likely
than not to depend upon the recogmition of coded patterns than upoo £
point to pomt projection of specific modalines.

There 13 mach additional evidence of an experimental nature whith
bears out thes conclumon and I should like to refer briefly to the snato@y
of tho innervation of the haurs of the rabbut ear for T betieve that the b-
nervation of the hairs m human skin 1 based upon a similar prnaplt,
although more work will have to be done before thrs contention can actually
be proved (Weddell, Tuylor & Williams, 1955).

The 1nnervation of the huirs of the rabbit ear ts highly complex. In the
first place the number of hairs exceeds the number of sensory peurons
servmng them antbemgetbmmxoo,wohunl:rvedbymydlmmd
axons from 6000 neurons. Moreover degeneration and clectrophys
cxpenmcnt:mnkzxtdcu!.h:tcvtryhmr:lncrvrdbylxomiro‘mllk“i
twro neurons, some by as many as twenty an sverage bair is served by 5%
neurons. The mitustion 18 further cornphented by the fact that the &
covered by different neurons varies, but it s usually large often smocntiof
to one half of the total arca of the ear The amount of averlsp between the
areas served by different neurons » thus very grest.

Our studies also make 1t clear that the sze of the xxons serving ©2
neuron Taries over a narow but significant range, certamly sufficcnt ©0
ensure that there 13  wide range of conduction velocitics so that stimulatiod
ohnnglehu:willpmdumnhcwunfmrynnhccmdwhldxbpmtm‘d
1n time as well as in space. All these observations taken together forced 13
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to the conclusion that anry theory of animal behaviour based on the nobon
that thero sre penpheral unrts, hairs, having exclusive lines connecting
them wrth the spmal cord aro unlikely to be correct, for stimulstion of a
hasr 10 the rabbit ear must lead to a space time pattern of ecuvity 10 which
a mmnber of neurons (shared by other haire) are involved. If man resembles
the rabbrt in thu respect—and thero Is every remson to bolieve that he
does—then the abulity to locals 2 har must depend upon the ability to
differentinte betwreen comrplex spsce time patterns projected on to the spinal
cord 1t cannot depend upon the recognition of a partrcular nerve fibre
which exclusively 1nnervates a partcular hair

Tho sdvantxge of such an wrrangement m the akin 1 obvicus 1t means
that a propartion of nerves can fall out at random without altermg the
over-all pattern szgnalled when a prece of slan is stumulated. In other words,
& mesyure of protection remams, xs far s hair sensatron goes, until most
of the sensory cutaneous nerves havo been destroyed. Indeed, such an
arreng can be regarded as s icatton system having relfability
wnd also economry for it employs the minimom number of campements
nectssary to signal the maxmum amount of mformation.

The fact that hairs do not have private lmes of communication with the
ceatral nervous system but share them with other hairs, and that the nearal
arrngements are such that the mformaton they signsl reaches the central
Dervons system 1n the form of a coded pattern of 1mpulses, dots not mesn
that the whole problem of the mech of scnaibility o solved,
but it docs mean that the theones put forward in text-books will have to
be reviecd at beast in respect of hair touch.

There are some recent observations, howeyer which do take us a step
fucther  For metance, it has been shown that hawr bulb endings do not
discharg m reponsc to heat exchangr, that 1 either to warmth or to cold
moreover they discharge thelr mformation mapidly (by myelmated nerve
fibrea) into the dersal cotumns of the spunal cord. In man, therefore, they
must be concerned prmanly with touch senaibulity

Messencr corpuscles in the human finger pads are the counterpart of
hars clsewhere m the akin and must be presumed to have companble
functions and central They are certamly supplied by nerves
which are arranged m moch the same way 1n the skin (Cauna, 1gg4) and
hhmtwnhmtmmdnx,m:kmvhlchbmmﬂyhﬂryb‘nmwhrch
‘hﬂhlmhtvtfnﬂmout,dxhxubulhmdmg-cumcmlmkmymud:
Eke Metmner corpusces. Moreover the sensory acuity 1n such zones of
skin s of & lugh order  Both hairs and Mewener corpuscles can therefors
hemdeduupcdnlndmudnrtcrpm

The other prmary sensory modes are served by the free nerve endmngs.
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‘Whether warmth, cold and pain each are served by a phymologically
specific set of such endmge 1 still uncertam although recent studics of a
physological nature (Douglas & Ritchee, 1957) suggest that these endings
have only & restncted degree of speaifiaty

From the anatomical pomt of view these endings cannot be drfferentiated
from one another but they overlsp and interweave extensively and terminate
at different levels m the sk, Unlike hairs they are served by nerres
having » wide range of fibre dinmeters but they are armnged m the skm
1n & mmilar way to those serving haira, It also seems certain that the free
perve endings feed their information to the antero-lateral columns of the
spinal cord (spinothalamic tracts). Thus, although there 16 still a lot winch
remuing unknown it is certain that olated modality-4pecific endings having
private hnes of communication with the cerebral cortex do not exst.
Information from the skin must reach the central nervous system in the
form of a coded spaccjtime pattorn of achon potentls.

From this I think 1t follovws that althongh we are still qurte ignorant &
to the mechanism of parsesthenac such as 1tch 1t would seem logical in the
first place to regard them s resulting from a disturbance in the regular pattern
of sctivity reaching the bram, rather than resulting from the activatan of
a particlar group of nerve fibres andjor thewr cutancous terminals which
are normally silent. This 15 not to say that in a given case paracsthesme may
not result from the over activity of certam speaific termunals but ratber to
emphauzo that it 18 the particular pattern of activity whch reaches the brain
which s ul 1 pormble for the which s percelved, and that
this pattern may be generated anywhere betvreen the skin and the brain fteelf

Totumupthm.thclh.uuhbﬂnbothmmmemdﬁmcﬂonmd
the sensory nerves which supply 1t are alkso labile and in this way adapt
to changes 1n their surroundmgs. The skun 13 also an organ of exterocepbon
and its sensory nerve supply 1 amnged in a complicated way which
appeans to be related to the fact that the informateon 1t signals to the central
nervous system is relatvely unaffected by the cyclical changes which both
tissues undergo  Clearly these important facts, among a host of others,
must be taken Into account when erecting an hypothesis concerning the

1 of oo

I am well awrare that I have omitted many pomts of importance and
h:mfutnmgud.ubcmuuureufthelhninmhumwinmnmhm,bm
the scope of this subject 13 & very wide ono and 1t would take too loog to
dbcmullld:cmlc\utpomlxﬁouewhurﬂ]befoﬂamngmerﬂ]
certamly supply some of these deficiencies and help to give you a clearer
picture of this complex subject which ls, in my opiruon of considerable
LmPonmcetolhepmcuslngdﬂ'trmologuL
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THE EFFECTOR INNERVATION OF
THE SKIN

By P A.G MONRO

There bas been 2 vast amount of rescarch on the vasomotor nerves to the
hands and feet, fingers and toes, but until recently there has been relatreely
little work done on the nerves to blood vessels in other aress of the ekin of
the body We know much more about the pathways to the akin concerned
with sweating The determination of the swreating patterns to be observed
on panents sfter operations for sympathectomy has enabled us to investigste
these sudomotor pathways much more thoroughly

1 would like to conuder some sweating patterns observed on patwents
'who lave undergone different types of sympathectomy  In this short papet
it 1 not feamble to gtve you a complete account of all the patterns to be
observed on patients after all types of sympathectomy  Only represeatatree
patterns can be considered here but a full account of more than fifty ceses
has been published elsewhere (Monro 1959). These patients suffered from
hypmcnnun,nymudadunnoroth:rpdlphenlnnmhrdhcue,md
include a case of brachial plexus injury

All the patients were 1n the care of Mr D W C. Northfield of the
Neurolosurgical Department of the London Hospital.

The method used to demonstrate sweating actrvity wis that of messure:
ment of the electrical remstance of the skin sfter inducing the patent 2
sweat freely by heating m & hot air cabmet. In general the pattern are
notenurdymnmemalb\nthcﬁm:afth:th:ghdnwntothemzdh]
malleolus of the ankle always retams sweating actvity as docs the lower
abdamen. Other panents who have had :ymp-thcctomynthoclc'd'
show sumilar patterns and 1t 1s evident that they are based on the pattern
of the dermatomes sa described by Foerster 1n 1933

Foerster showed that thero 13 conmderable overlsp between adjcent
dermatomes ou'.l:m:d:lm’u.formnxnoe,v.lnlov'erlq:tcxtv:::ldaovei":bc

iately adjoimng | spaces. Focrster s observations, in thss
rupcd.-nvcrymnﬂutatba-epmamlywcby%mnﬂmﬂmd’e
rmacaque monkey (1893 and 1898). In particular I wnh to consider the
first lambar dermatome extending over the grom and upper and outef

and buttock the sccond lumbar dermsioms includmg almast all
the front of the thigh down to the level of the knee and also & scparsie
portion over the buttock and the third hrmbar dermatome including 156
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inner slde of the thigh and down on the calf to just sbove the medial
malleolus with another separate part over the buttock,

The pstterns of swesting obeerved on patients were photographed and
then transferred to standard diagrame for convensence 1n comparng the
patterns on other patients. Fig 1 shows the pattern observed on & patient
(E.L), who underwent bilateral sympathectomy T 4-L 3 and was cxammed
thres weeks and erght wecks respectively after the time of operation. Tt s
apperent that the pattern 1 essentially mmilar to certmun denmatomes
demarcated by Foerster and that the dermstomes L 1 L 2 and L 3 have
retamed sweatng actrvity on heatng but that the dermatomes lower than
thm have been deprived of thar swesting connectiona, The paravertebral
sympathetic gumglia st these levels, L4, L 5 81 8 2, ctc, remamed intact
m the body but the preganglionic pathway from the epinal cord had been
divided when the paravertebral ganglia in the upper lumbar region were
removed. After testing by heating thus patient was grven an Injection of &
parasympathomumetic drug—carbachol—which mduced sweatmg m those
areas which still retamed therr mtact post-gangliome fibres (Boyd & Moaro
1049). Tt m evident that m thrs case the ganghon cells m the lower lumbar
10d sacral segments were uninjured since sweating was found all over the
legs but possibly a few ganghon cells have boen left belnnd st operation
and wupply the skin 1n the mid-line both front and back, and also in the
region of the tenth mtercostsl nerve on the right side. The rest of the
thorax—that 1 between the fourth thorsac and twelfth thoracdic dermatomes
—-hnbcendepnvedufm:ympnhcm lion cells and the post 1i

d d. The _‘,md)euppcrl\nnbud.mmﬂumu

1 due to the retention of the intermediate ganglia smocuted with these
patticular nerve roots, The position of these gangla, lying near the inter
vertehral forammma, 18 such that they are not removed by the sympathectomy
nor are therr pi gl or post-ganghonic fibres Interrupted.,

This particalar case, 1n which views are shown of the sides of the
illustrates well the demarcation between the sccomd (and third) Jumbar
detmoatomes end the second sacral dermatome along the doreal sl Line
on the outnide of the thigh. This lino m very constant m position from
Pstient to patient and st succesive caaminations. The swent glands just
incloded m the sacral dermatome nover sppear to be rampervated from
lumber nerve fibres.

Fig 2 shows patterns observed t intervals up to thres years, on case
LC. The lower patterns on the nght were thoso obtaned after carbachol
sweating The patterns after hesting were all very sumilar but perhape the
finst one, observed at only one month, wras more extensive s 1t has pot yet
reached fimality There wras also 2 sight encroachment of sweating 1 the

s
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vpper hunbar dermatomes down over the buttock. Carhachol sweatmg
suggested that there was some recovery down the mud-hne of the back, bat
m geaeral, the area of anhidrosn on the thorax at three yoary wa shghtly
maore extensive than that st one and & half years, suggesting that some
ganglion cells or theur fibres had been involved 1 sear tusue,

In some patsents such o3 D Cr,, whoee sweating pattern I shown 1
Fig 3 sympathectomy wis performed for Raynaud s desease of both hands
snd feet, The unnl operatons were stellate and secoad thoracre genghoa-
ectomy for the hands end a lumbar mcluding
the second 2nd third Jumber gangle—for the feet. After stellste snd T'2
gaaghonectomy 1t 1 to be observed that swesting 1 retained 1n the centre
part of the face and also m an ares 1n front of the larynx. If carbechol
sweating teets are made after such operstions as these, anludrons may cnly
be found 1n the regrons supphed by the supraclavicular nerves, which have
been sectraned m the skin incunon, and 2lso 1a & patchy area often includmg
past of the first thoreaic dermatame. YWith the passage of nme, & degree of
sadomotor activity often returns to almost all the area anginally anhxdrotic
though occanonally 1t may be less over the nlnar aides of the forearms.

Lumbar sympathectonty produces a pattern on the legs sumilar to thet
found after thoraco-lumbar sympathectomy snd thn pattem remsms
remarkably permanent—mdeed 1t 18 much the same after twelve yeart

The permeal region supplied by the lower escral perves ocdimrily
retuns sts swesting activity and can be demonstrated cven shortly after
operation and this arex may merette very shightly with tme,

From these and other cases 1t cgn be {aded that after sympath )
a1 the appropriate levels, sweating 1 constantly retamed m an ares oo the
face, often on er the farym, constantly mn an eres mvolviag the L 1~L 240d
usually the L 3 de and s the p The areas which sematn
permanently anhidrotic ere the area on the thorax from which the ganglon
cells have betn removed, and the areas of the lower lumbar and maal
dermatames, L 4-8 2 inclosve. One etriling fect o that these two 2re3s
of pesmanent anhidrons change so btte with the progress of ke, mdicating
that regenerstion of post-ganghronsc fihres (a3 on the thorax) or resnersation
from 1atact fibres (lumbo-szcral) occurs only to & very slight extent. Thet
recovery of function oceurs anly over the extent of o dermatome 3t
most—such s 1n the upper thorax region and the abdomen—or on the
upper buttock and inner calf where there 1 alight encroschment from the
L 2 tito the L 3 dermatomes. There w hardly any spread of sanervaoont
where the seg lly succesmve der are not connguous for
metance on the lateral side of the thigh between the Lz and § 2 dermatome?
the demarcalion remamns very precue
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‘These obscrvations kend support to the suggestions of Sperry mn regard
to the neurones subserving scnmtion. Sperry (1955) suggested that specific
factors in the sk of the embryo are arranged on 2 dorsd ventral gradient

L St snd T2 5 weckx
R S ad T2 5 wealn

344
L2 and LI 28} months

Fu 3
nd thus vary quantitatively wheress on & cramo-caudal gradient they vary
I ly that s, bloch Ny Such a D would seam to

pply to the cutaneous wutonomic nerves, at kesst m regard to the post
eanglionic neurones. That post-ganglionc fibres are able to relunervate
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the same or adjacent segmental areas of the skin may be seen from s caxe
of brechia! plexus svalsion. In Fig 4, E.C. the area of anbidrosis fs abaded
wheress the srca of snalgens s crose-hatched. Also there v connderable
disociatron between the two types of penphersl nervous actmity  In the
case, however post-ganghonuc fibres are reinnervating or regenessting into
the sxme or ady % 1 der and are therefore able to grow
loog drstances 1o supply the sweat glands In the sppropriste arce. Tha case
aleo shows that the ares in which sud fibres have estahlished contact
with woreat glands, s not neceasarily the same a9 thet in which the pilamoter
response may be ehated an electrical stimulstion (indicated by + sign}
For mstance sround the shoulder the sweatlng ares o mther more
extermive and pllo-erection dots not occur where scosation has beem
reguned (absence of pilo-erection is mndieated by — ugn).

This d of the areas of sud and pilomaotor setrrity had fimt
been observed by Brown & Adson 1n 1929 who found that, wheress after
lumbar sympathectormy pilomotor activity was sbeent m pproxmately
the same arcas as those m which swesting was absent, the pilomotor refler
was present to a varable degree on the shoulders end beck where swertiog,
after cervico-doresl ganglionectomy was no fonger produced,

Lewns (1930) and Lewis & Landis (1930) showed that after cervrco~dorsal
sympathectomy the pattern of loas of locally exeited pilo—erection did sot
exactly correapond with that of lots of eweating  Somular observations hsve
been made by Wilkims, Newman & Doupe (1938) and Bickford (1938}

Thn difficulty 1o understanding the local pilo-evector reflex was demon-
strated 1 @ patient who had undergone a parevertebral sympatheetomy bot
stho showed » marked pilo-crector response fo stroking—often calied
& graphns. The mte mvestigated was on the Jom end included
ares abavo which anhidross was present on the thax (|
and below which was an srex supplied by the mtermediate gangla (@
ponaibly the T 12 and L 1 dermatomes) which hed retaned sweatm€
sctrvity

TWithm 10 se, of strokang pilo-trection sppetred acroes these foro £r08%
thus it occurred m both the swesting and the anhudrotic rooes. The fare
became #pparent sfter 20 sec., the pilo-crector response el persting
whereas after 5o vec, the flare was more evident end the pilo-erector respan®®
bad dmappeared (see Monro 1959).

Tbnpﬂo—aectorrapmnemnotmm(hema{chnwﬂhfﬂﬁ“
curve of the wound memion and this ares was rehatively anaigesic 08
re-examining the patient some months later tbamdgcmlnthnwh'd
dmpparcdlodlh:pdo{mctorn:spmuehdmwncd. Brodal (1943
p 377) hes also observed this response but thought thet 1t was
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only by reflexes pasung at the levels of the sympathetsc outflow In ths
patient, of course, there was no sympathetic mnervation to the rea th
was anhidrotic mnce all the paravertebral gangls had been removed »
had been shown by testing with carbachol, It s for this reasen that [ m
doubtfulwhed:uwelbmﬂdmgudpﬂo—encﬁmubdngmﬁﬁﬁtd'ﬁy
by the sutonomic nervous system—if by such we mean the effercat pathey
throagh the pre-ganglianic fibres 1n the anterior nerve roote. It 1 el
poasible that the general pilo-erector response after coaling the whole bady
may be performed by sutonomic nerves but this phenomenon m difficsit
to investigate even in normal subjects.

In regard to the vasoconstrictor fibres to aress of skm other then the
digats, 1t would seem that thelr distribution 13 symilar to that of sodamstor
fibres. For instance, after thorsco-lumbar sympathectomy m cese EL
(Fig 1) the skin was Irnid with dilated and congested blood yessels in the
mthntwmmhidmtmmdthﬂewurehnvepaﬂormﬂltww
dermatomes supplied by the intermediate sympathetc gangha.

Thecondmdnwnfmmtbaeoboa‘vtuommtbemﬂumd
pilo-crector actvity 1n the skin may not be immedntely spparcot. 1bne
o!:m:rw:dnpn.rticulupmhu:t(WT)wlmInclul:cu'lond:elaglh'ﬂ"’l”dj
m:dulmdhtatlm]lmh,duetoscvaepu’lphcnlvuwlﬂmmd
who then underwent sympathectomy at the levels L 1 LawdL3 Th
uleer on the outer nde, sbove the lateral mallcolus, hesled qusckly but 5%
50 that above the medil malleolus. On testing for swesting sctrty 0
it was evident that this ulcer on the inner side of the leg lry mihin ¢
der (L 3) sopplied by mtermediate gangha and that ewest™3
sctivity and presumably therefore vaso-constrictor activity wet
in this regron.
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THE SENSORY INNERVATION OF
THE SKIN

By GORDON H. WRIGHT

One would like to give here a contse and load secount of the anatomy and
physology of stching and cutancous pun but, unfortunately st the present
e 1t not possthle to give s conase xccount, or & fucid one, of any
aspect of cutanecus semibility  Dunuog the last 100 years snd more, much
wotk bas been done—clmeexl hustologics! and cxperimental but masy of
the observations have been unsound and for over half » centucy there bas
been the baleful mnfluence of two stiractive, but mnnken, theones of
cutaneous senstbilrty

For some sxty years the field has been dorunated by the theory formu
lated between 1804 and 1856 by Von Frey that there sre four modalities
of cutaneous sensation, touch, warmth cold and pawn, each type of sensation
being meduated by x set of speaific nensory receptory nierves, central trcts
andbrun  cenires  Almost every text book now tells us that huar-endimgy
and Meusner's corpuscles are speafic for touch, Ruffin:a endwgs for
vearmth, Krause s end-bulbs for cold, and free endings for pam (sce Bornng,
1942) Thus theory followed snstunlly from Maler's socalled lrw of
speasfic nerve-coctgies  which postulsied a mngle specific function for the
fibres of each of the major sensc-orgens. Similarly Head s ides of tain
afferent nervous ayatems, the protopathic sand the eprertti, sitbough
repeatedly challenged by many workens mince soon after sts first pabhication,
still hea currency 1n many text booke.

Recent orork has shown conclunively that Von Frey's theary u ro looger
of any use to 1 16 113 ongioal farm and there bas even been 2 tendency 0
deny not only the validity of hi particulas scherae, but aho the spplc
sbility of Muller s Iiow of specafic nerve-cnergsms n any form at all. For
2 theory of morphological speaifiet;  one modality onc receptor therehas
been substituted & theory of physickogcal mom specificriy— any receptor
sy respend to any sumulus and may contribute to sny scasaton  The
death-blow to Von Frey s theory bas been delvered largely from & quarter
one mught hardly expect to be the bome of s revodutson—Oxford —chiefly
1 think, from the sctsvies of Dr Graham \V eddell and Dr Davnd Senclair
bt 1t 18 ponsible that at tmes they hnve been Ied by thesr enthusam inte
2 alight over-statement of thewr cuse and, 1n th ratter a8 in 80 masy others,
wame of the followers ne been more Royalist then the hung
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It has, therefore, ascemed to me that my most useful funchion would be
to present to you, to the best of my knowledge, such axatomcal facts as
scem to command general sasent and to be basic to any understanding of
cataneous seneations and perceptioma. Such a probing to the depths not
only acts o 2 corrective to the sceeptance of eny extremo theory it abwo
underlmes somo besic gnorances. All that can bo given 15 & very bnef
sketch of a few selected pomte.

In somo recent writings on tine subject there hes been the suggestion
that our physologlcal theories and interpretatons have been strught
jacketed by the over-simple yocabulary of skon sensations (Bmelur 1955
Schiller 1956). But, whilst 1t 1s truc that there are mots vancties of sensory
experience than there are terms to describe them, 1t must also be trus that
only such experiences as arc frequently repested and emmilar to one another
are likely to be given a common name. Whatever theory we adopt, wo still
have to acocunt for tho large numbers of umiler sensahons we give the
nune of toach and wmilarly for pan  warmth  cold  itching and
%0 on.

Three recent reviews have grven in some detail the argument ugainst
specificity of receptors and pathways, and have proposed as an alternatree
o pattern theery the possibilty w conmdered that each receptor can
respond to any of scversl ddferent types of stmulus, sod that the
resuiting sensation 19 determuined by the spatual and temporal patterns of
tho showers of mmpulses reachmyg the cerebrum (Weddell, 1955 Smclar
1955 Bchiller 1956). The major anstomical foumdetions of ther case have
been provided largely by Weddell and ather workers at Oxford the
findings have been summarized by Weddell, Palie & Palmer (1954)
An extensive and very careful study of the comea and of shun from
mary parts of the body by improved or new histological methods,
has shown that many of the app ded by older histol
w:re-mﬁcu,mddmmnomm:dcmihnﬁumlfc'mg{nmuf
:edybOdyh:mtoomnybeenmppc-cdmnpp}ymnﬂpamddm

Weddell and hs sssocurtes have shown that m respect of nerve termina
toos there are two groupaof regiorm of the body the kaory and the Aarefess T
the kairy regloms of the body they have found only toro modes of termination
~—free terminals srranged round hairs, and free termmals in other pontions
they have found no encapsulated endings in heiry skin. In Aarles skin
mdmupmedmummmbrmdmymfmmd&mtmmhmd
o lated ones in derablo vanety Yet they have failed to find
mydlﬂ'ermoam-cmﬂ:ﬂitybdmthnhhymddxhiﬂmmghn
for matence, in the Bp there # no change m sexsibility as one crosses the
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boundary between hairy slun and smooth mucous membrans, At ane
stmkc,th:rd’urc,thzyh:vcdanoluhcddwmhﬂumofVonFrcy our
teak 19 to review the foundations of & new theary

THE 8ENSORY INNERVATION OF THE SKIN

The first fxct that must be emph d s the extraordmary complexity of
the anstomucal pattern of the nerves in the skin. This has been described
m detail by Weddell (1941) and by Weddell « ol. {x954), 3nd aleo by
Cauna (1956). There are two mam plexuses of nerves i the skin, » decp
coral plerus and & superficial one, the Intter being close to the eprdermm.
In both plexuses there m much branchmg of nerve-fibres—eo moch
branclung that st s imposable to trace « single axon to all of its termunats.
Both Weddell and Cauna express the opinson that the terminals from s
single s100 may occupy an area of 139 cm. of more this same area b also
sonervated by the endings of numerous other sxans, formng a very tangled
pattern It 13 unlikely that there 1 ever any fuson between ooe branch and
snother Teast of all b branches from diffy ax0m.

‘Thus m most 1nstances a nerve-termunal, or receptor 1 not served by
a povate line but by & party Ime (Cauna, 1g56). Several or many
receptors ducharge 1nto & single axon and thus just ex there are maor uty
in muscles, so there are sencory sy in skm,

In therr study of the morphology of nerve-endige, Weddell of & (1954)
have been able to find only ane type
We have & d that all the nerves im the Han skin which
we have camined end n terminal asborzstions of fine naked woplasemc fil-
ments. Each set of filements w denred from an enshesthed stem fibre and each
flament ends freely 1n an extracellubis pownon.  Thus the sctual termmal
filaments within the encepaolated nerve-endings appear in no way different from
thoee 1 the epederms or those ending in the thwues of a hur follicke
They sgree, however that whilst i 1ts ghape ane nerve termunal # moch
like another 1t may yet differ markedly in respect of 1ts pontrow and m
respect of the calidre of the nerve-fibre that bears . The most aumeros
vaneties are #s follown.

Pacuoan corpuxcies are found in many places, such ss the mesentery sod
the fat around the pancress but i the skun they are found cafy m the
harrless parts and princrpally at the sides of the fingers, lying rather deeply
1 the eonum or in relation to decper structures {Caunz & Aannan, 1938
According to Cauns {1956) the axans supplying Paansan corpuscles leave
the branches of the digital nerves before the hatter enter the deep conal
plenns each Pacinian corpuscle s supplied by & aingle theek medullsted
fibro (Caum & Mannzn, 1958). These corpuscles are therefore specific in
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pomition and specific m the manner of therr innervation they have often
been regarded as receptors for scnsetions of touch or pressure, but Cauna
& Mannan have offered structural evidence that they record the state of

P or closed of neaghbouring blood vemsels—an optmon held by
many warkers dunng the last 8o years,

Messzner’s corpuscles are found  the dermal papillss close to the
epidermm, probably only m smooth shan or m exposed mucous membrune,
but posihly also 1n skm wrth scanty hur  Esch corpuscle receves from
two to mne thick medullated fibres dertved from the deep comal plexus
they are probably branches from party ines (Cauns, 1956). Weddell ez al.
(1954) agrec that the stem fibres to encapsulsted endings are of large
dumeter they also report that some may m addition send branches into
the dermme or the epidermis.

Nerve-endings related to harrs have been described in detail by Weddell
(1941), for the rabbit. They are 1n two groups, &n outer one in which the
endmga are sround the length of the har and an mner one in winch the
endmgs are parallel to the length of the harr  One axon may take part in
the innervation of #3 many s 3000 harrs, and cach hur » mnervated by
termnals from several different axnes. These sxons are medullated, and
some of them are among the largest seen in the skin (Weddell of al. 1954).

Eptdermal exdings s found in all regrons of the akin. They are naked
termimls, secn between the cells of the deepest part of the epidermus, and
1t must be emphamaed that they are derved from stem-fibres of all sxes.
There aro also subepedermal free endmgs that are derived from medullated
sten-fibrea.

Prrroascxlar termnals are found particularly sround the arterioles but
%0 i small numbers, around vesukes they are derved mostly from
non-medullsted stem-fibres.

Basket bhe arboriections aroaxd moeat-glamds are derrved both from
medullsted and from non medullsted stem fibres.

Free termmaly are found throaghout the dermis ss well.

There are thus few vanctes of shape of nerve-ending, perhaps anly ope,
bt there s & greater mumber of postronr m which the endings cam oceur
1nd therr pourtions must determine to somne extent the strmull to whuck they
are exposed. There are also differences of mze and medullanon of the
Yanous stem fibres that supply branches to the different pontions these
mugt determine differences 1n the conduction rates of the electncal dis-
charges from the endings. We cannot be certuin that the ddferences in the
t:m—ﬁbruconapoodmd}od]ﬂ'mmtbom(thﬂu,mthem
trunks), but this may well be the casc for in general, st esch branchmg
there 1 some reduction of dumeter w0 that [arge stem fibres are likely to
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be denved from large axons, and small stem-fbres from small axons,
Waddeu(xw)humtcdtbn the branches of an indmmidunl fibre traced

1t ramffcatons 1 the plexus beae endings of caly
one

vanety
Sunderland & Lavarack (1953) beve mansholled, from the Iiterature
many observations which suggest that the mxon of 2 penpheral nerve oy
branch 1n almost any part of its course between 1ta distal end end the spmal
cord. Buch branching must be of the greatest importance in the nearology
of cutanesus sensibility snd may heve a particular ugnsficance m respect
of pun and stching  Branching would certunly upset the sunple textbook
scheme of three groups of exons large, mediom-sired and gmall esch
having speafic conduction rates and speafic functions. None-the-Jes
Sindar (1955), ome of the cluef critics of the older theories, after duciming
the many reports of experiments on nerve-blocks made with pressure,
cold, snd drugs, writes e must therefore copclude that fibre sre o ¢
majer factor m the pattern theory of dmsocation. For example, It s
probable that for a pattern ta be recognized mx  touch it must coqtun ¢
large proportion of rapdly conducted tmpulses pam, on the other hand,
mught require the assistance of many small fibres.

THE BENSQRY PATHWAYS

(8) Sympathetic system
Sympathectomy cavses no Qualitative lots of seneibility 1n respect of touch
or pamn o m respect of sensztions of warmth (Cooper & Kenlake, 1553)
or itching (Rothroan, 1941). The endence as to & qoantitative cffect »
coafhehng mdmdylmtumn(xgsé)hndemnmmmdmtbeffw
2 modul af ptors by s
There is a great need for careful compansons boﬂlhnmlag:ulmdphrdo-
logwal, between sympathectomized areas and the symmetrcally
wrems on the opponite sde of the body

(#) Dorial and central roots

It 13 commonly sssumed that the whaole of the cutaneous nerve tangie thit
remams after sympathectomy 1 made up of afferent nerves and it s takent
a3 axomatic that rmpulses from all of these afferent nerves enter the spintl
cord by the dormal roots, rather than by the veatral  So far as [ am sware
no conchosve evidence has been offered for ether of these belsefs. There~
fore on both counts 1t would seem to be desrable to test the effects, upont
the hstologrcal pattern of cutancous wnervation and upon cuUtaneoo*
sensibility of unilateral section of an extentave seres of rewtral roots, some
trme after bilateral sympathectomy
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(c) Spmal cord
Moch chnical enidence hss sccumulated over the last century and mare,
from cases in which dmeccisted sensory losses have occurred, that there
are dmtinct pathways for the different modalibes of touch, pein, and
therrml sepsations. But the most clezr—cut evidencs has came from cases
m which the spmal cord hes been operated upan for the relicf of intractable
pam. Whrte, Sweet, Hawkine & Nilges (1950) seported the results from
their own series of over 200 cases, and also reviewed the Iterature there
emerged & cleer indication that in mne crees out of ten an extengre antero-
lateral cordotomy abolmhes sensations of pan and tecipersture withoat
murkedly affecting sensations of toach. Acm:dmgtnFoam(xg;G),
Bickford (1938) and Rothman (1g41), anterc-lateral cordotomy also
thohahes all forms of rtching

(d) Bram stem
Incznons st various kevels of the brun-stem, Involving the probable posrtions
of the spmo-thalamtc tract, grve similar results to those of antero-lateral
cordotonry (White & Bweet, 1955), m respect of pan but there 1 & grester

A total division of the deacending (spmal) trect of the tngeminal nerve
in the medulla abofixh of pun and temperature in the ares of

san that is suppbed by the tngemmal, whilst not obviovaly affectmng
wensations of tooch (Falconer 1949).

(¢} Thalawxs

Accordmg to Walker (1938), the mayority of the fbres of the spino-thalamie
tracts end mare posteriarly than the majority of the fibres of the medml
hnnncu.,inthenmednllmicuudan'ﬂ:hmnotcnun:lybomcout
by the results of Gaze & Gordon (1954) Who recording electrically from
surgle units (bat admittedly only « amal! number of them) 1n the thalsmps
of the cat, were unable to find any anatomical scparatron between the pomts
of arrrval of mpulses due to emall sumul at the peripbery sad impulses
dnetnhrger:tuuulL’Ihyd:dhgwmﬁnd.nmmyod}enhn:fmmd.
evidence that the pain mmpulses travel on parrower fibres than the touch

onex.

CONCLUSIONS
'I'nﬂ'ehdnm-veryhrg:mlumeofcvid:nmthnthepnhwty'fnrtmmh
ure dutinct and separate from the pathways for scnsations of paln and
temperature and itching, and there 15 moch evidence that larger fibres,
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that are more thickly medullated, are concerned with the conduction of
touch impulses, than 1s the cass for pun. It is hard to escape from some
degreo of specifiaty

The time has now come to quote, I hope without murepresentation,
three short, cautious staternents from the writings of the Oxford School.

We can now suggest that nerve-termunals as such can only be speafically related
to scnsory modalrtses in respect of their mtuation in the skin relstive to the stem
fibres fram which they arlse, beanng in mind the influence of ther chemial
environment (Weddell of al. 1954)
Tt of interest that some of these {free] teomumnals are situated xmong the arteroles,
srtenovenous ansstomoses, and capillaries of the skan, positions highty sortable
for thermometric purposes (VWeddell of al 1954).

it appears that the termmal subserving pain m a fins freely-ending arborm-
tion of nerve fibres. But it is possible that a drfferent pattern of fmpatses from
theso samo b, either alone or combined with hmpulses from hair terminals
or nerve end-corpuscles, mry produce other sensations (Weddell & Sanclair 1953}

Thus both those who still think that Milller’s law of specrfic nerve-
encrgics may spply to the cutancous afferent system, and those who do
not, agree that large groups of nerve-terminals differ 1n respect of ther
positions In the skin in respect of the dumeters and degrees of medullaton
of the axons that they ducharge into snd mn respect of the central pathways
1nto whech they debouche. It 13 also hard to cscape from the evidence that
these snatomucal dufferences correspond to some degree of physological
drvmmon of Isbour

Mauy it not be possible that, in our dusatisfaction with the now-cvident
cruditics of the Von Frey theory and our enthusmasm to debunk 1, we
have thrown out the baby with the bath water? Perhaps we have expected
too much of Von Frey’s 1deas, and indeed have expected too much of the
penpberal nervous system. Maybe 1n the past wo have tried to explan,
by referenco to features of the histology of the cutancous receptors and
plexuses, functions which are performed centrally probably in the cerebral
cortex. As an cxample may I cite some recent work done m ths Depart
ment, on tactile localization? In this work 1t was shown that there i 5o
wnterplay of tactile, thermal propnoceptive and even visual factocs i
tactile localization—an interplay that can only occur centrally (Halmm &
Wnght 1959). We must altways be mindful of the difference between
sensation and perceptson. The problerm of cutaneous senaibility are enof
momlymmphmcd.-llwofcwpmpkhxveworkcduponthcm,mdmﬂdi
more needs 1o be done, both ph logrally and histol fly Iamqute
mmthnllmofthnmrkwiﬂutcunutelmuchfnlkrconddmdﬁﬂd

the cortical factors invelved.
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PLASMA KININ FORMATION AS A FACTOR
IN ACTIVE VASODILATATION IN SKIN

BrR.H FOX axp § M HILTON

Actrve vasodilatation is the term used to describe the opemung af the vascalar
bed, with its concomitant ncresse m blood flow caused erther by speafic
vasodilator perve fibres or by any mechaniun forming or releasing vaso-
dilator substances 1n the tissuc itself It 1e to be contrasted writh the passive
vasodilatation which occurs when Tictor tone, ordinarily d
by the activity of specific vasoconstrictor nerves, 13 lessened or removed.
In other words, active vasodilatation results from an Increase 1n nervous
actrvity whereas passive vasodilatation is the result of a decresse in nervous
actinty

Hesting one part of the body far example the legs, produces a vasodibat>-
tion m the unheated parts, such as the arms and hands, which 1 1n part
active and in part prsmive. Tho vasodilatation in the hand is certunly very
largely the result of inhibrtron of vasoconstrictor tone, for if the peripheral
nerves to the hand are blocked with a local anaesthetic there 18 en mmedute
and large incresse in hand blood flow (Lewn & Pickenng 1931) Some
workers had onginally assumed that the akin of the rest of the body would
be liko that of the hands, having a vasoconstnctor mechanism of coatrol,
but a few years Iater Grant & Holling (1938) publnhed evidence, besed oo
measurements of siun temperature, for an active vasodilstor mechanim
1n the proximal parts of the Irmbs which s brought Into play by body hesting
Recently therr findings have been confirmed umng the more direct method
for measuring blood flow of venous occlusion plethysmography (Edholm,
Fox & Macpherson, 1956 1957) and by other workers who observed the
changes m oxygen saturation of venous blood (Roddse Shepherd & Whelan,
1956 1957).

It will perhaps be useful to recapitulate bnefly some of the evidence
described by Edholm ef al. (1956 1957) for an ective vasodilatar mechansm
1n the forearm skin. Usmg the ven tusion plethysmograph to
measuro forearm blood flow 1t was first shown that the ncrease in blood
fow through the forearm duning indirect heating of the body 1 confined
mur:lytolhclkinmddoc-notcnendmmbctmamchummd&
'I‘humndmcbythomntophoruhohd.rmahncmtothesklnn!oncofthe
subjeet s forearms, thus virtuslly sbolishng the skin blood flow and then
observing the changes in blood flow w the two fercarms during body
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heating In such experiments it was found that lontophoresss of sdrenatine
1to the sk can abolish the forcarm vasodilatetan, mdicatmg that 1t 1
confined to the akm (Fig 1)

Informtion showing that this vascular change is sn actve vasodilator
procems resulting from sn increase In nervous activity was obtmned by
meaxuring the forearm blood flow before and after blocking the cutsneous
nerves with a Jocal ansesthetic. With the subjects 1n a nentral thermal state,
that  to sy feeling nerther warm nor cool, the cutancous nerves to ane
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forearm wers blocked and the rates of blood flow through the norma] and
blocked forearms were then found to be on the xverage the same (Fig 2).
These experiments showed that the low blood flow in the foresrm shun of
& subject in the neutral thermal state is not the result of a high yasocon-
strictor tame, for of 1t were the hlood flow would have been much ngher
on the perve-blocked side, 8 indeed 18 found, for metance, when & emilar
€xpenment m performwed on the hand. Furthermore, although the mean
bbodﬁuwhdnmmmbahbbckedmdnormlfnmrma,dxnngeh
less on the blocked aude. This 1 evidence for the presence of both small
*mounts of vasodilator actrvity 1n some experiments and of vasoconstrictor
hctmty m others. At present we know very little sbout the functrone of
&
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the vasoconstrictor nerves 1n the forearm skm, except for this negstre
information that they play only a very small part 1n the vasodilatatron of
body heatmg They muy play some part in cloung down the arculation in
a subject whose alan 13 m the vasodilated state and who 1 then suddenly
cxpmcdtunmougcnldmmulm,funthubem:hcwnthntbcﬂmdﬂm
tion resulting from the application of a rubefs I
njmmmmadmﬂmbonboh:hedbynpcmngthcmb)cu-bodyml
cold simutus (Crixmon, Fax, Goldsmuth & Macphersan, 1959)
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The effect of blocking the cutancous nerves to forearm skin on the fore-
arm blood flow dunng body heating 1 shown in Fig 3 The blood flow
1n the untrested forearm shows a normal increase with hesting wherens on
the blocked side tho increase 1s virtually sbolished. Furthermeore the
response 13 absent 1n patients who heve had & sympathectomy (Barcroft &
Swan, 1953). It can therefore be concluded that the forearm vasodilatation
accompanying body heaning is the result of an sctive vasodilator mechanism
m the skin, mediated by sympathetic nerver.

For a long time there has been discussion and ergument as to whetber
there #re Indeed any active sympathenic vasodilator nerves. Evidence bas
been presented, munly in animal expenments, for or against such nerves
to skeletal muscles, to the intestines to the coronary vessels, to the sahvary
glands and to certam skun areas. However the vasodilator nerves to sheletal
rmuscle are the only firmly establushed contenders for thus title at the present
time (Uvnds, 1954) The fate of the supposed vasodilator nerve supply to
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the malivary gland is of particular mterest to us here becnme the connection
between aalvary gland sctivity and vasodilatetion in the gland » probably
the same 28 that between sweat gland actvity and the sctive vasodilataton
which results from mdirect body heating, m the shun, It used to be thought
thet there must be vasodilator nerve fibres in the perve to the salrrary
ghad and that these were responsible for the funchonal hypernemis m the
ghand which sccompanies 1ts activity The mmn reason for this belief was
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the dncovery that stmulstion of the chords tympani to the atropimzed
-E'lryghndfxﬂjmpmduccmcfuhnbutmthdmm
0 incresse m blood flow  Bo 1t was said that there must be two different
2 of perves, one which causes secretion of salva end snother wiuch =
Texponaible for the vasodilatetion. Recently tins problem wes re-examined
"Y}mrmklm(xgssa,b, 1956) who showed that when stmulation of
‘htlwﬁummnm:lnimathenhnryglmdltpcuﬁcmzymen
released not anly in the salva but abwo mio the surroundmg tseue fuid.
There, 1t acts o the pecudoglobulin fractian of the timuo flud phrems
Proteing to form & powerful vsodilator polypeptide called plasma kamn,
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The plaama lamn 1 1n direct contact wth the vessels supplying the ghnd
and vasodilatation results, Itis clear thercfore, that the secretory funchon
18 1n fact more sermtive to atropme blockmg than s the function of releasng
the plasma kuin enzyme., It should be suid at this stage that there are
several such plasma kinme described 1n the literatore, though they bne
been grven different names. They are all polypeptides which are erther
dentical or at lesst very closely related compounds. All are vasodilstor
and smooth muscle stimulating substances which are formed by the scoon
of enzymes on the pscudoglobubn fraction of plasma proteins. One soch
smooth muscle stnmulating polypeptide was obtained by mcubation of
snake venom or trypsin vith serum, plesma or fractionsted plasma globafin,
and tfus was called bradykrun (Rocha ¢ Sitve, Beraldo & Rosenfeld, 1949}
Then a similar or perhaps 1dentical, polypeptide was obtamed by the
action of timue extracts on plasma protens end this was calied kelfiin
(Frey Emut & Werle 1950). The different nxmes, of course do ot
ecessarily indicate any difference 1n structure, and 1t was to overcome th
conﬁmonthuthegmaﬂddcu{ph:mkmmhumcmdybcmmgxﬂd
This work on the relstion between seeretion and vasodilatatian In the
salivary gland suggested 2 possible explanation for the vasodilator mechss-
ism in forearm skin (Fox & Hilton, 1958). Therc are a number of amilarnbes
between the eccrme sweat glands and the salivary giands, and it therefor
scemed possible that the sweat glands might also produce a plasma kmin
forming enzyme and that this, rather than speafic rasodilstor nerves, Tught
be the cause of the actrve vasodilatation m forcarm skn. Samples of huma?
sweat were analysed and ;t was found that the plasma kimin formung ensyee
s indecd present 1n sweat a8 1t is 10 ealiva Dm-l.ng-pmlongchd"’dd
cantmuous swesting rt was found that the concentratian of the enzyme B
the sweat first incressed and then decresed, but was still easily
at the end of go mn. (Fig 4).'I'hennpomntpomththeprncoc=°fﬂ"
mxymcmhumm:wm,forthupmmthnthuvuodﬂnmpdmﬁﬂd‘
forming mechsnitm 1 present m the sweat glands the observed chang? B
themnctnu:ﬂonoﬁhoenzymm!hcmdomtnmrﬂynﬂfﬂﬂ*
changes that are occumning in the sctmity of the polypeptide 1n the thsee
Inﬁct,thumodﬂ:udonmthcforurmlkmumnﬂypnccdatheaﬂﬂd
detectable swest secretion. In an attempt to obtamn further mformstiot
on the sctvity of this mechanism i the skin staelf expenments Y&
pafomcdmwh:ch.lauﬁzcdmoftbcwbwﬂncaumaced'lh‘d‘s
of the forearm was perfuscd with saline and the plasma kinun scumiy
thurcnﬂuntperfnnt:mmuunvdbd’mmddunnglpeﬂoddm
vasodilatston (Fig 5)- Tt was found that there was an ncrease B the
amount of actrve polypeptide present in the perfusate dum’ugl.?:wpﬂ'"Jd
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of actrve vasodilatatron and that ths incresse preceded the onset of sweat
sccretton (Fig 6)}. A mmple schematic dugram showing the suggested
mods of action of this plasma kinin system in human skm is shownin Frg 7
There s further support m favour of the kmalogy betwoen the vasodilatation

3 [}
0

[} ! [ ] | bbb
1 2 % & N @ N W
Time (mhe)

Ty 4 of the amounta { sweat collectad from the bunn foresm duzing
WMmsmmﬂ—mmmmﬁydd

md”-ﬂﬂryg;hndmddnimdmfmlhn.mfmmdﬂﬂx
thoa 1 etropine-resistant like that of the salrvary gland. A dose of stropine
hich is mufficient to suppress sweat secretion delays but does not prevent
the vasodikstation.

A1 mentioned already the active vasodilatation 10 human forearm skm
0 peecede the onset of sweating, pardcularly when the subject is only
zposed 10 8 low hest strese. In expenments on the cat s submandibular
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slryary gland it was sumilarly shown that whereas with manmal stmulation
of the charda tympam vasodilststion and extrusion of salve are observed

1 ly with submaximal stmul vasodilatation can appear
befare, or even without, extrusion of sahiva. Another important point 18
that amomals like the cat and dog, which ack ecenine swest glands, do not
have an sctrve vasodilator mechamsm 1n the akin, snd the vasodilatation
1n the skin occurrmg wrth hesting is tho result of the relexse of vaso—con-
strictor tone (Folkow Frost, Hacgar & Uvnds, 1949 Green, Howard &
Keenan, 1956).

Enzyme
n rft-x
Thaue
T R =
S
=
b i

Plara kow  ———w SO0

Fig. 7 A schanatio degram to 1Jiostrats the phasena kmun mecherusm n oo abn,

From evidence such ss has been ated indicating that active vasodilatation
m buman forearm skin m s¢condary to sweat gland activity we cannot
exclude the possibility that there are, in addrtron, sympathetic vasodilator
nerves to the blood vessels in the skin of the forearm. It 13 quite possible
that the mechanism lavolved 13 & great deal more complex than st presant
eavimyged. Before we can ecttie such questions finally we need to know
more ebout the pharmacology of the plasma kinins and wo nust find ways
of blocking ar potentusting thewr achons 1 orve  Nevertheless, the concept
that swreat gland activity may control both the major mechanisms regulating
the thermal exct of the body- Tesodilatation and sweating
—eeems both efficient and reasonsble. The fact thet the plasma kinm
forming mechanism exsts 10 human skin, and that 1t is an mportant
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factor in the physlological mechsntsm of heat vasodilatation, suggests that
1t could play 2 roke In pathologrcal processes also The H-substance of
S1r Thomss Lewns, which 1s formed by mild trauma to the skin, was never
thought to be & mngle substance (Lewls, 1927) and one of 1ts componmts
is known to be relatrvely non—diffusible Krogh (1929) suggested the name
H-collmd for this factor TIhis could be pleams kmun or the enzyme
forming 1. In support of thts, mild burning of the skin 13 known to relerse
proteolytic enrymes of the type which could form plesna kinm from
phmprotum(BdoE&Pmn. 1945) Mummcdo-mufthntytmnmy
leo play some part 10 the prod of dermatol ders. Herx
hetmer (1956) formmma,huobauvrdthnd\eddnmmonufcholmo-
getue urticaria is always associated mith both sweating and vasodilstation,
and he therefore suggested that thus reaction was secondary to some product
of sweat gland actvity  However the mamy problems rused by these
obscrvations, which are probably of more rmmediste concerm to the
practising dermatologist, remun to be resofred.
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ACETYLCHOLINESTERASE RESPONSES IN
PHYSIOLOGICAL AND PATHOLOGICAL
VASOMOTOR REACTIONS

Br A.SCOTT

INTRODUCTION

The structurs] background of the blood supply to the skin was well outhned
by Spalteholtz. Large artenioles entering from the subcutis ansstomose in
the decper dermus, and smaller arteriolar branches pass superficully to s
further anastomotic plexus in the superfical dermis. Metartersoles from
thns [xyer are dustributed to the papillac 1n which they merge into capillines
through precapillary sphmcters. All the artersal channels mentroned mith
the exception of the capillaries have muscular components i therr walfs.
The venous return flow pases similarly through several ansstomotic layers
of venules and small veins into the larger veins of the decper dermis.

The cutsneous nerves are broadly separable into those belonging to the
peripheral nervous system—entirely sensory to the skin, and those from
the autonamuc nervous System which appear as far as s known at present,
to be efferent only in function. Von Frey first described the scosory
termuinations as specisined end-orgam in the superficial depmns. However
tho mare recent studses of Woollard & Weddell have demanstrated that
in all but the special skuin surfaces such ss the hand, lip, etc., most of the
nerve terminations are in the form of free endings or networks of fibrils In
the superficial dermis snd epidermis. As yet no prrasympathetic perves
have been observed in the skin, to that the efferent autonomuc fibres arc
representstive of the sympathetic outflow only These fibres sapply all
vessels having a muscular coat, plus the epidesrmal appendages wchudmg
the pilosebaceous spparatus (sdrenergrc fibres) and the eccrine and apocnne
sweat glands (cholinergic and adrenergic fibres) No afferent sympathetic
nerves have yet been demonstrated 1n the akin,

PHYBIOLOGICAL INTERRELATIONSHIP OF BLOOD
SUPPLY AND NERVES
\Wﬁhmmumcdbynd:mnglctympuh:ucmmlﬂ
arteniales, metarteriobes and precapillary sphincters, that s to those vessels
pouanmglm\ncuhrmﬁ:ﬁbmdonmmmdbcyundthehmﬂﬂf
the last named structures. The constrictor sumuli thus delirered are not

constant m 1atennty but provide a rhythmic tonus in the artenoles.
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The exmtence of vasodilator fibres 1 still tho subject of controversy
dexprte many experiments desgned to provide evidence of their presence.
However the consensus of opinion w egunst their existenco as such,
although the most recent work of Grant suggests that some vasodilator
fibres funchon in the rabbrt esr Faihng the acceptance of sympathetic
vesodilatory fibres, one must seek In another direction for an explanstion
of pertpheral cutaneous vasodilstation. The only other netve fibres obvicualy
represented m the skin are the afferent seosary nerves of the peripheral
system. The cancept of aptidromc vasodilatation wes first wtroduced by
Lewis. This mvolves fibres of the sensory nerve—erther identical with
those transmittmg sensory impulscs or fibres scparate m funcuon but
anstomically associated with the scnsory nerve—in erther cass having ther
neurons] stettons withm the dorsal root ganglion. Closcly smsocisted with
this functional neuronal entrty s the oxon reflex arc of Langley agmn
fibres either 1dentical wth, or closely smocisted with, the sensory perve
arc utilized as afferent and efferent erma of & reflex arc whose gunglion
1 the most dustal pamt of ramificatton of the nerve bemg actirated. Such
an axon reflex 18 shmilar 1n concept to the sympathetic sxon reflex desaribed
m relxhon to ewent ghinds
As yet the tnsmitting substance of scnsory mupulses hes not been
conclouvely identified. It does not appear to be acctylcholme or histamma,
slthough the former substance will drscharge senaory end-organs. ATP
b been suggested s the functionsl agent by Holton & Holton (1g54)
dthough materials such es the dorsal root gunglion extract of Hellauer &
Urarxth (1948) are still bewng mvestigated. Whether the sensory transmitter
1 also concerned with the pessage of vasodilator fmpulses 1 agam unknown.
Varlous workers have demonatrated acetylcholine (Wybamw 1g38) 1n per
fumtes of twene after stimulstion of these antdronuc fibres, while others
Eare been able to obtan sut | quantries of 1 (Voo Euler &
Purkhald, 1951). Most of the difficulties arise when comparng the type
of periphersl dilatation obtamed with these maternls with thet natnrally
obeerved. 1f such u criterion were vahid then both ATP and the dorsal root
extract would appesr to be more smtable chosces for the funchon of
trnsmismon.

Thess two mechaniems are useful 1 explunng the sctive particapation
of muscular arterioles 1n vasodilatation, but cannot be directly concerned
with the dilatation of capillaries which lack a perve supply Can these
Yemels undergo active alteration m sire or # this change merely secondsry
10 the haemodynamic effect of the blood flow controlled by metarterioles and
Precapillary sy ? Chambers & Zweifach (1944) describo s spontancous
change inwze apparently due to rmbibrtion of water by mndividual endothehal
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celbs, thereby constricting the lumen corresponding loss of flund resalts In
flattening of the cells and dilatation of the lumen. Such observations suggest
that the mze of the aapillanes 3 closely Linked to the degres of thex
permeability  If this 1s the case then the local concentration of maternb
which might affect ther permeabilrty assumes mmportance. Capillines
rect quickly to the presence of local metabolites such as carbon dioxide,
Iactic acad, etc., and to Jocal hormones such a3 hwtamine, scetylchalme,
nor-adrenaline. The latter two can both be derrved from perves and blood
vessels m the viemity as can thewr respective entyme systems, whik
hutamine has been identified in the cells of the basal eprdermh. Our
investigattons were undertaken to determine some of these poants.

The groups studied included normal controls, patients with psonass
(representing cases with a dermatosis and normal skin reactions), patients
with subacute and chronsc ecrems, and patients with the so-called stopse
syndrome (the latter two groups representing cases with temporarily and
permanently aftered skin responses respectively) The test matenals
mncuded scetylcholine and histamine #s the two vasodilators, trafuril 29
n secondary dilator and various posaible inhibitors, such as atopioe,
nicotine, eserine, ansolysen. Our methods of observation wnvolved groe
visusl examination, the use of the capillary microscope, and the demon-
stration of acetylcholinesterass 1n blopaies of tested skin, using a modfics-
tion of Koello s method of histochemical stain,

Table 1 Vasomotor reactions to locally mtroduced chemcalt
Peroamtege of petents with vasodlatation responers

Atopio syndrome
Normal Peorimrs  Ecrema 1 n

Acetyleholine oo o oo oo »
Escrme 00 oo a8 6o o »
Hautarmine [ oo 47 13 7
Trafunl 3 3 47 1 7
Atropme oo o 3 73 37
Nicotine o

In the normally reactive ekun (including the psoristic skim) vasodilatsnon
uobmervedmrclpmuetotnvyltrokmg,themmdamzlm}cmwd
ncetyicholmc.hmlmmc‘clcnne.ltmpme.mdtbcmmul-pphclnmd
trafuril, & hstamine-relesser No reaction rwﬂufmn!hcinjtcbﬂﬂd
caline apart from a transent erytherm at the srte duc to capillary dilatation-
Induccdactrve vasodilatation mvolving small arterfoles beguns approximately
2 mun. after the injection (4 min. after appheation) and reaches rts maxmum
within 3 min. Durstion may be s long as half an heur but 1wl
sbout 15 mn The capillaries end sterioles parncipate 10 the respasc:
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Tt ible reaction i iated with hatoch | enidencs of the p
of weetylcholinesterase in the superfical nerve endmgs of the test ares, and
in and about the walls of the small arterial channels including the capillanes.
Of the two groups with abnormal skin responses, those with ccxema
falled to develop vasodilatation with ons or mare of the test substances,
although all showed s permstently normal response to local acetylcholine.
Whero no dilstxtion was youshred ether grossly or with the capillary
pe, 10 scetyichol could be d xted in the expected
sites. Ope perticular gronp with the atopic syndrome (comaprming 50 per
cent of them) despito the absence of any ecxematirstion, failed to develop
gross vasodilatstion cven with acetylcholme, However microscoprally
scctylcholinestersse was still identifiable in the cutancous nerves and about

the blood vesscls.

Table 2. Presewcs of choltesterars 1 the sk

Tarms of Cholmesterees. Localteation
Dingooss triple responss around arteriolos In necves
Normal Present Present Presant
Peadisiz Present Present Prescnt
Eoxams
Actrre Abesrt Absent Abmerst
Helmyg Present Pressat Presext
L
Actve Abscnt Abwenit Absant
Provect Presecit Prusent
iy
Actrre Abwent Absant Abeent
Helng Absant Presact Prosent

Attempts to prevent this dilatation m the normal can be grouped mto
mcthods which block local ceflular responses—satropine this fafled to
hhibﬂurhﬁth:gm-nﬁhlurupcnnardnmcq:pcnmuf
the enzyme. Secondly those which block local nerve responses—mucatine
prevented both gross and microscopic reachioos, and sensary perve de
geoeration resulted 1n & wmilar mhibion, while sympathetic nerve
degencration failed to effect any alterstion. Thirdly mterruption of local
Pesudoganglion activity using local wnsestheua prevented the resctions,
while ansolysen did not. Root ansesthesu, which blocked the connection
of the dorual root genglion with the peniphery did not affect tho responses.
Fimlly substences whch alter local permeability such s the steroids and

did not cause any vamatron 1n response.

On the bass of these observations it sppears that 1 the normal respanse
¥sodilatstion depends upon the integrty of local sensory nerve fibres at
kexsz up to thelr most distal point of remification and 1 closely ssocisted
with the relexse of acetylcholinesterase from these nerve endings, from
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which it appears to diffuse to sdmcent small vessels. This relexse 1 wsally
detectable prior to the visible resction.

When oae contiders the form of responss m the patients with abnormal
reactions and ectema, one must asume the mtegrity of these sme perve
pathwrays both from the uyua] dinical and from the persistently
normal response to scetyicholine. We were unsble with any of cur et
methods (o restore these responses to normal. (No ateroid was used sinee
would obviatsly clear the eczema.) This would suggest that the blood veseh
are still capable of reactian, but are sufficiently under the influence of loctl

bolt d with the process that they can no longer
respend to physological concentrations of any of the test substances with
the exception of scetylcholine.

Tablo 3 Al " sponses 13 the sk
Agent Norrmml Ecrema Atopic 11
Vimble effects
Adrenatine N change No chenge No change
Atropine No change N charge Becoees
Nicotine Blocke all reactem
" No actim
Low concentration N chenge N Mw
concentritfon Cunses chlstation of vessels
Hr-}{{gomd- Incressey No A Bacomes
diletation ot
Hydrococtieons
(Locslly—s wi) N cangs No change Beeomes
Sensory parve N visble section
Sympathectomy No change No change No ective
cnostriction
A}wr-ﬂnnhcbolntnunﬂN
Adrepaline N change No chacge chae
Atropios N changs N changs N(pr:m‘
Nicotrna N enxyms presect
Hexaethormmm
Low Ne change No change N changs
High concenrosnan N change No chango No chang?
H N chenge N chaame
H, (peesent) {abwens) {prosent)
(Locally—s wk } N changs No change N cheoge
Bcn»qnnw‘ Mo enxyme present
Sympathectomy No change No chunge N chenge

There comauns the group of patients with the atope syndrome wh?
tboughfrrcc{mymtmnpmccatﬂ]hﬂcdwnhwnvhﬂ*“’”‘
dilatation mn response to any of our test matermle. It 1s significant that tBeY
failed to respond to acetylcholine as well. However 1t wis observed that
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DISCUSSION

Charmax Dx ] T INGRAM (Leeds)

Incaare Dr Weddell impressed upon us the pattern of the innervation of
the alon and the effect of damage. We are constantly faced with infunes of
the skin and the effects of such myuries must ba considerable on the
supecficn] nerver. We know fraom the expenments of Holn (1955) and
others how long recovery » delayed after demage to skin vessels and T
presume the same happens with nerves, T also sssume that this varies a
good deal from mdmidiml to indrndual. Tho thing that 1s borne in upon me
{s the fong time that rt takes for the skan to get back to normal physological
function and structure and rts bearing upon prognoss and our sdvice to
patents with mdustral dermatitts and ectema. We are grateful to the
openers for their papers.

DxC. D Carrun (Londan). I would fike to sak whether there m ey
evidence from embryology or camparative anstory as regards the Messe-
ner's corpuscles and the Pacinun corpuscles which are found in man but
ot regulsrty dwtributed all over the skin. Is there any evidence that these
have any functton now 10 man at all, or whether they are anachroaisma?
If the complex pattern of innervation to burs on the rabbat’s car es shown
by Dr Weddell, 1 present m man, docs sumulstion of harr plry any part
in man ¢ sensations? If one loses bair us in cases of alopec totalis it does
Dot scem to sffect seneation at all  Ts 1t posxible that the skan s dependent
for ts sensetion merely on the termmal nerve endmgs?

D= G Wipnrww (Oxford) The Melssner corpuscles in hairless sk are
Emportant, multply Innervated tactile end-argans. In my opimon they kre
the counterpart of huir follicle snd end-organs in hairless akm. In this
conhection it i of interest that in skin which bas become bald there is no
detectable chenge m trctile scuity yet many of the hair follides have
colspsed and their neural elements have coms to resemble those 1
Melmoer cocpuscles very closely

It s possible to distingush two quate different types of nerve terrmnation
m the skin. Encapeulsted end-organs which include hair follicle end
otgans, Meimner end Paciman corpuscles. Essentially these consist of
orunal elements Ing In specific relationship to compect gromps af specalized
cells of extra-neuru! origin and each end-organ has & range of form. They
wre served by nerves of large dismeter which enter the domal columns of the
#pimal cord, In sharp contrast are diffase arborizations of filsments which
Ippear to terminate freely throughout the tissucs of the skin they are served

sl
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which it appears to diffuse to adjscent small vessels. Ths release 3 oy
detectable prior to the visible reaction.

‘When ane conmders the form of response i the patients with shoosl
reactions and eczems, ane must assume the integrity of these sme pme
pathways both from the usual clinscal examination and from the perssray
normal response to scetylcholine. We wrere unable with any of our =
methods to restore these responscs to normal. (No sterosd was used et
wouldobvwmlydm'!hocamxn.)'I'huwouldlugguithntbebhodﬂ'lh
are still capable of reaction, bul:n'et{.rﬂitzcnt.lyux:uierr:hx:1.uﬂ\.|u)ceﬂ"°‘i
metabolites d wmth the ptoculthllthcynnwh'#‘
respond to physiological concentrations of ary of the test substanc
the exception of acetylcholine.

Table 3 Al " i % the sk
Agent Normal Ecwema Aropic-1
Vaalble effects o
Adrenahne N change N changs chonpt
Atropme N change N change Becorses
Nicotine Blocks all reacten
Hexxmethonkmm
Low concentration No chango No changs Na ctrt
High coocentration Canucs dilatation of vesscls by ftacif Bocaroes
Hyxluronidsse Incresscs No change :
dilatation
Hydrocortisone
(Locally—2 wk.) N change No chaogs B
Seosary nerre N vaibls reaction
degeneration No acth
8ympathectorry No change No change cermer
Alterstion in cholinesteras
Adtrenalma N change No change N
Atropme N cnge N change @ﬂ
Nicotine N
N «nryme pressnt o
Low concentration N change N change Nﬂd”"‘
Hxgh eoncentration No changs No changs No
Hyalirondee No No chevgs o
e
Hydrocortisons No ot
(Localty—x wi) N changs N chenge
Sensory pecve N wnryme presant
degeneration Mo gt
Sympethectamry N chinge No change

whe
Thmmthegmpnfpwcnnwldntbcﬂapﬁ‘ﬂmw
thwgl:fmeofunycaenmmupmomnﬂ]fnﬂcdwlhw"’ﬂw
dilatstion 1n responsc to any of our test materials. It 1s significent that
friled to respond to scetylcholine a3 well. Howerer it 758
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the pror use of certain materhals did result m the development of the
normal response. Chuef among these was hyaturonidass and the local
wteruds, both of which alter permesbility albert in oppomite dircctzons, and
relieve Jocal oedema. When one recalls the presence of acetylcholinesterase
m the microscople sections from these cases, deaprte the sbeence of visible
dilstation, it is not surprmng to find as we did thet merely dupelling the
oederna enfficed to make viible the dilatstion normally expected. This can
schually be vimmlered with the capillery microscope.

The scetylcholine response in the atopic must be dealt with separately
&nce am actrve vasocomstriction developed in this group, in contrast to &
mere absence of dilstation. Although onginally inclmed to attribute this
umustal resction to oederna as well, T now doubt that this s so, perenlarty
smice the pallar hes a delayed appearance, and its development 1 prevented
by the prior use of atropme. We were able to find oaly ooe stopsc patient
who bad had & sympatl and here no 1chion was observed.

Teoconstricon. Such a mmggestion requires more inveshgation.

In summary then, it hes boen establshed that the flare of the triple
Tevponse and the flare induced by mtradermal chemicals » produced by
ﬁle]nullmnﬂ.onofnnnmﬂuxnmmlvmgmmrynmmdmglonly
(sbgect o the proof of separately exstent sntudromic fibres)

The dilattion so produced s wwocisted with the relesse of acetyl
d’ﬂﬁnmfmmwpcxﬁchlmvemdmg:mdltlpmc:mundmd
the walls of local small blood vessels includmg capillanes, erther by mexns
of it production in the vessel, or more likely through diffumon from
DeTres,

lﬂtbelhomufdﬂmnon.nmﬁxmmbpct,mmayl

holmesterasc i reloased. Although no ditstation w orduwarily vaible m
"'“P*Cpmm,nunbevmn]ncdbyﬂ)emeufhyl}urmﬂdmmdtbo

microscope, and i wesocixted with the release of scetyl

“"!m‘” abways

12 vhew of the presence of thix entyme, and 1t known function m scetyl
%mumhnnwmmﬂchnummfnwﬁm
ferve endinga, to funchion ss 2 local bormooe m the production of vesedila
11220n through rts sction on the emall blood veasela after diffeson.
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DISCUSSION

Channar D} T INGRAM (Locds)

Ivazam. Dr Weddell impressed upon us the pattern of the innervation of
the skin and the effect of damage. We are constantly faced with mpunes of
the akin and the effects of such injuries must be consmderable on the
woperficial nerves. We know from the experiments of Holtl (1955) and
others how long recovery 18 delayed after damge to skin vessels and I
presumoe the same happens with nerves. I also ssume that this varies a
good deal from indrvidual to mdividusl. The thing that is borne m upon me
s the long time that 1t takes for the slan to get back to normal phymologacal
fonction and structure and s bearmg upon prognoss and our advice to
patients with industrial dermmatitis and ecxems. We are grateful to the
openers for thar papers.

Dz C.D Carran (Landon). I would like to sak whether there is any
ovidence from embryology or comparative anstomy as rogards the Metss-
0er’s corpuscles and the Pacinian corpuscles which are fornd m man bat
not regularly distributed all over the skin. Is there any evidence that these
have any function now in mon st all or whether they are anschromams?
If the complex pattern of moervation to hairs on the rabbit ¢ car es shown
by Dr Wedddll, is present in man, does stmulation of hair play any part
10 o 8 senmtions? If one loses hawr a3 in cases of alopecm totabs 1t does
not seem to affect sensation at all. Ia 1t possible that the skin s dependent
for its sensation merely on the termunsl nerve endings?

Dx G Wmp#LL (Oxford). The Memsmer corpuscles m haurless akin are
important, multiply inpervated tactile end-organs. In my opanion they are
the counterpart of hatr follick and end-organs in hurdess skin, In thms
connection it s of interest that 1 skin winch hes became bald thers is no
detectable change 1n tectile acuity yet many of the hair follicles have
collspsed and therr neurl elements havo come to resembls those in
Meissner corpuscles very closely

It is posefble to distinguiah tvo quite different types of nerve terminatron
in the alun, Encapsulsted end-orgens which nclude bur follicle end
“'Pm,MehncrmdP-d.umnmrpmda. E.um:\l]yﬂ:meumnstaf
neural el lymg mapeaficrel )
uﬂlo(:ﬂn—m:u:donpnumluchmd-orgmtm-mgcd’fmm%
wre served by nerves of large dumeter winch enter the dorsal cotumna of the
spinal cord. In sharp contrast are diffuse arbormatians of filaments which
¥PPetr 10 termunate freely throughout the tseues of thoskin they are served

r
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by thinner nerves which termisate m the aatero-lateral cofumm of the
spunal cord. In lower vertebextes such as fiah, there are no encapeniied
end-organs aerved by spmal nerves in the skun and it s of interest that the
domal eotuming of the spinal cord are poorly developed. These two morpho-
togically contrasting systems are slso aharply differentiated physiclogiaally
For instance, neither warmung nor cooling evokes # discharge of acton
potentnls from hair follcle end-ongans yet the slightest movement of o
hur grves nse to an outburst of sctmity

Inoran. 1 would like to sk about the Langerhans cell. Is ¢t an effcte

melanocyte or a perve structure?

WepomL, The Langertans cell b most probably an effete
The holoenine sccretory process to which I referred earher i thought to
take place asfollows Menoblasts grve rise to mela whichin tum give

rue to Langerhant cells which in dize course are shed togetiver with kersta

Prormsson ] D Borp (Cambndge). 1 agree.

D2 G C. Wris (Loadon). Dr Fox's work s extremety interesting ed
I would like to hear more shout the kininy, Are they to be found n other
glands oz organs besdes the salivary end sweat glands already mentioned?

Treamant, I premume there are other stremsor sgences than heat which
apply here,

D R. H. Fox (London). The entymes focming plesma kinins ace peesent
in the secretionm of many of the glands which producs & profuse watery
secretion, They e to be found not only in swest end salora but aleo, for
example, 1n pancrestic jurce and unne. G P Lewn (pesrsocs! commume
tion) b found that the phens kmun forming enzymes are also present b
akin which hss ot got eccrine swest glands. Plruma konina can abo be
fomdbyhbodplmnnwrhntbmmbamdohn:wmmh
tom: and significance. There must be same drfferences in sructare, though
what they are we do not know at present. T should like to Jeave further
drscumon on this to Bchachter who t goung to talk to you larer m the week.

\Vedonmbowwhﬁhathnm:ch:nmnplm-panhtﬂﬂd
vasodilatation other than thet caused by body beating We cxnnot eve 67
Mmacmmm'uodﬂnamp:um:mfmmm
sction: of plasrna kinins eould, bowrever play some part in the yasadilataion
of local hextng because we kaoer that loce! hexting exn sctivate the swest
glands to secreto sweat.

DaF A WrrfLocx (Newesstle). Wauld Dr Wnght amplify his st
ment that semsation could be modified by sngmmlxtion of the sympathet
mmpp!)mgthclmﬁwnﬂuchthcmuﬂmhaﬂnng?mw
ummggauaﬂinmumd:tbcmkofGnmt(xp”)demdﬂtd
what sensation wis beng expenenced and how it was altered.
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D» G H. WaigaT (Cambndge). Locwenstein (1956) showed that the
pattern of impulses 1n xn afferent narve from the skin could be altered by
stimulabion of the symapathetic nerves to the same part of the k. Buat his
work was dane m the frog, 5o we can know nothing about the smociated
scnextions. Indeed, T would like to emphssize the probability that cutaneous
sfferent nerves can sometimes be fired off without any sensetion t all
belng evoked.

DaP A. G Moxwo (Cambrdge). In Dr Fox's first disgram of the
production of swest and corresponding concentrations of plama kunin,
swext production, on hesting, went up to donble of treble the resting level,
and then remamed furly steady Producton of plaamm kmm was delayed,
but later rose to a peak and then scemed to fall off almost to sero sgun.
T would bo mterested to know whether the swest secreted later 1n the
cxperiment contuned only fittle plesma kimn, and if so, would Dr Fox
comment on this

Fox. The changes 1n the amoant of enxyme In swest and m salive ero
probably not very helpful because it s enrymo which fs escaping in the
wrong direction and we may be merely looking at 2 vashing-out process.
We should not necessarily assums that the decline in concentration
evidence of fatigue. It is possible that fatigoe or dyafunction of ths
mechanism may be playing some part in the ekin condrtions found in heat
Mlneses, for example prickly heat. May I take tins opportimity to add
ﬂntﬂmymhn-meufcongmiulmd:mnldmhmw{ﬂ:l}nmm
of ywest glands we shall be very d to wnveetigate the
respoases of such a subject.

Dx J Marrov Bease (Belfast). Many of us have an ides thet senile
prormus i due to changes which tako phaco in the central nerveos system
10d not to small changes in the skin.

Wroneir, I heve no views. I have examined specimens of skon fram
ptients with senile pruritus but with the techmques at my disposal I have
ot been able to detect 2y neuro-hustologreal abnormahities in this disease.
The implications of what Dr Wright has enud aro most importsnt. For
Instance, becaumse of the phenomenon of facilitztion, morphologically
smniler petworks may have como to behave quite different physjologically
Also it Is frportant to remember that parscsthesme may result from
dotuorhence amywhere between the skin and the many parts of the brun
resporaible for perception. I often formulste jdeas about the role of the
Peripheral nervous system in sensory perception, but as tune pasees I am
k-lndmudtomknmyd.ogm.ﬁcmmmmubeamchmbegfnmngm
know how ! p hantsme are and T am eware that
ﬁrmmdmﬂnmbe | Ity then herally Al I do
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knowuﬂntinmponnmnmmlmmofdzelﬂnmepcdpbaﬂm
throw a highly complex pattern on to the epmal cord. What heppem then
b fortunately outside my field!

Dz H R Vecxess (Oxford) Can mmitation ever be mutrated centrally?
Why I ask fs that I have been looking out for patients who buve bed &
amputation, with a2 phantom bmb who have had generalized Lmation
and they never bave complalned to me of irmeation in the phantom fmb.
I have ssked them spectfically whether the pt Lumb has ever stched
and 1t never has, One felt that stching was a purely periphenal coneept
that could not be induced centrally s suggested by Dr Martin Beare.

Wity I have been seemg & young man who hed had & leg emputated
after & motorcyele aceident. He had no history of past ekin ducsse, bat
be developed infected ecrema above the stump and ths wes followed by
intensive nummntar spresd and much itehing  He volunteered that one of
the things which bothered him most when he was mtting by the fire wa
that he stasted to itch all over but the stching was parncularly bad 1 the
phantem leg, and he found humelf trymg to scratch a non-exstent shun-

Irecaam Ttching and pam, are they related? May we hear something
about proteolytic enxymes i thix regard?

WrmpiLL. A barely tolershle itch can ewsily be evoked from the lips by
stumulsting them with a fine brustle mounted on & mpidly vibrating tumog
fork. After one or two applications of the brstic it fs possible to evole
the rtch by simple contsct. Further stimult with the bristle Jeads to a2
ever Incresung area surrounding the pomt of stimubaton from whith
itching can be evoked by smmple contact. Spreading exctation of this kind
18 at onee removed by firmly rubbing the affected zone. Spreading @~
hibition, that 1 the temporary crestion of an ever-extendmg zonc from
which rtehing eannot be evoked 1n thes way can be schueved by stimulating
10 the same kind of way but vang a low frequency tunmg fork, These
axperiments can be carmed out by onesclf on oneself or npon paxeath
Itchmy of ths kind can be evoked from skin anywhere over the body
sarface by choosing a suitsble st of tuning-fork frequencen, but for
demonstration frarposes 1t 1 most exsily evoked from the Tips,

To eubyects m which an smtero-lateral tract on one uide of the spina eord
haa been severed 1t Is no Jonger potxible to evoke ttchung of this kind frem
the effected rone of akn, yet the brutle can ba recogmuxed and feels eowcty
the s2me 4 it doca when 1t 18 applied on the apposte nde after spresding
inhibition has been built up  Some obeervers might regard the sensatod
evoked 1n the maaner which | huve described a3 pekle but ot seems tome
to correrpond closely to what 1 termed pamtn clinrcally

Wwrcur T‘hmurﬁymﬂammmtuntnmm}ymcmm
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but also the quality of a cutaneous sensation, depends to sams extent on the
nnmber of receptors involred, and that s reduction m tho number or an
incresse, may alter the quality or type of the sepsation thes has been srgued,
to relste to rtching and pam. Now wo know that fn old ago there js 2 gradum]
decline in the rumbers of nourones fn all parts of the body penpherally
aad centrally could 1t be that this decline sccounts for alterstions in the
quality of some sensatons? Mare specifically could it be that a samuhus
which in 2 young person ciused ons type of sensation woald, 10 the alder
person, camse rtching—merely beeauso of the fall in the number of neurones
in somn perticular part of the nervous system?

Ivoram. I was mterested that somethmg like 25 per cent of superficual
wnnervaton could be destroyed without alteting sensation. 1 assnme that
eczems, dermatitna or any inflammation of the skun would be sssocisted
with connderable destruction of superficial nerves. I think wo, sa climcans,
do not observo much altered scnsation cven with extensive dermatoses.
Woald Dr Weddell comment on thrs?

WeppeLL, I bave examined hairy skm from & mmnber of patients having
¢ wde vanety of skin affechons. In many instances the affected sk
contaned end-bulbs together with degenerating and regenerating nexve
fibres wheress sidu from the unaffected zones 1n such patients was quite
pormml. In none of the cases I am referrmg to did the patients comphun
of  drmnution of sensary scurty 10 the affected rone of skin althongh in
cartain subjects 22 many s cane in every four of the nerves seen appeared
to be morphologically abnormal. In cases 1n winch even more nerve fibres
than this were affected careful sensory tests did reveal « minimal loss of
wenecry acuity It might be possible to develop tests which would detect
small degrees of dammage but they would be bound to be elaborate, far the
arnangement of the perve fibres in the skin i such as to provide compensa
tion againgt all bat the most severe damage.
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THE PRINCIPLES OF HISTOCHEMISTRY
BrA.G EVERSON PEARSE
AEMCHYLUS, Prosrthess,
INTRODUCTION

One shape of marry names, one scrence of many names, such = the science
of the chemistry of the tuenes which forms the subject of this arncle.
Histoch 1 k &4 h

el

" ty oy Ty P Ty Ty t at,
histochematry phynological hustology  hustologscal
+ hemical microscopy analytieal cytology

L
Ty

biochermeal cytology thess are by no mesns all the names which cen be
found m the Nterature, deacribing essentully the same thing

It i casy to begin this mtroduction by defining the word hstochemustry
(which property contsins cytochemstry ss 1ts smaller part) as the chemistry
of the teaes. Dafficulties begin when we try to consider 1ts secondary ar
practical meanmga. Tha 18 because the word can be used to cover sach
wdely differing methods ax those of the pure protein, carbohydrate and
Upld chemists on the one hand, and those of the botanist, the cytologist, and
the hustplogrst on the other  Somewhere between the two come the methods
of the bioch and, T those of the phar logist. All those
whose investigutions lead them to study the naturs snd function of ammal
oc vegetahle tasues are hitochemwts m the broadest sense.

B0 we find, in the literature, & succession of endeavours to tio down the

wocth hitochematry ot ticrochemustry by the use of definitions. Tn his
dimertation on microchamstry for instance, Gruttermk (1910) defined
this science as part of analytical chemistry which ples itsclf in studies

of chemucal reactions under the macroscope  Later Klan in hs Prakizcum
der Hirtockemse sald that the fina] demand of histochemustry was for localirs-
Bon. 1t is with the cxpression, i succmct form, of th idea that many
others huve been preoccupsed. Loson (1953) proposed that the qualifications
= "tw and extra giwm should be applied in order to distinguish the two
main divmions of histochemistry and Voss (1933 1952) suggested the
tsertion of the Greek réwos (place or location) to make the amgle word

This would define bricfly and accurstely the second
dinnon of histochemnmtry In his text-book upon the subject Goron
(1953) incorporated the word rmcroscoptc into the title for the seme
PUrpose,
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F don of the trademarks histo- and cytochemistry At one stage there
was 2 divmon between the two when attempts were made to apply the
term cytochemistry exclustvely to thoso fields now called analytical or
brochemscal cytology With the hesling of this division the word cyto-
chemistry should be freo to return to the fold a3 that brand of 1t parent
histochemistry winch deals mith mtracellular Jocslmation.

In all the foregomng there has been Irttle mention of that grest schism
which afflicts histochemitry Tins 1s the dvimon, st present much more
emphatic than it should be, into qualrtative and quantristrve branches
The larger number of qualrtxtve techmques (some 250 or 0) are the pro-
vince of the apphed histochembst the smaller number of quantitatrve
techniques remain for the most part in the hands of those who regard
themselves a3 analytical cytologsts. Some of these techniques, such as
autoradiography and mscroradiography did not belong to histochemstry
in the first instance. Many others, however have been removed from

bythe lication of optical tochriques of :

bistologreal methods mto hustoch 1 ones by P and explana
tion of thelr mechanisms. Histology e & forse fraste of hrstochemustry
unce the Iatter deals not only with structure but with the mtegration of
sirocture with function.

Itis the ding advantage of histoch ry that 1t 1 able to demon-
sirate structure or function together At the same time it provides the only
Wy to dstingunh betwreen onc cell and enother in the matter of content
(amlytical Mstochemmstry) or funchon (functomal or esxymic husto-
chemistry),

It thould be sxiomatic that histochommtry be not ssked to do anything
that can be done better by the techniques of some other discipline. Here
oo hes in mmd particularly biochermstry whosse methods and approaches
serve the younger scsence for guldanco and stimulstion.

THE HISTORY OF HISTOCHEMISTRY

Ongoes exd early hustory
Itis generally agreed that histochemustry is as old ea the science of ustalogy
‘mtlmnsunufdmgmmmn:mﬂmondxquadnnwbcthﬁrd:cwom
of the nincteenth- and early twrentirth-century histochemists, imerochemists
nd physlologists, are to be regarded o part of a coatiruously developing
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scientific ducipline or 23 molsted 3nd unconnected efforts. There cm be
little doubt that the French pharmacat, Frangeu-Vincent Respail {1794~
1878} was the first person to st down 1 writing (18254, & 1829) a chear
appreciation of the aims end mteations of the scence of microscopke o
chemutry Besides being s pharmacst and inventor of & iqueur 2 hesdacke
pill and s kidney powder (oaly the first of which survives todsy) Repad
was the author of numerons tracts and publications antagonutc to the
medical profemion. More details of Ins life may be found m a seres of
papers by Harms (1g31-2) which deal with the subject 1 grest deteil md
also in Baker s (xg43) Quedetr Micraxcopioal Chub AMomograph on the dis-
covery and use of colounng agents 1 biologreal microtechnique. Rewpalt
was also 2 botamst of repute and hus hustochemacal techniques, Bke othen
of the sarme period, were excluscrely applied to botanrcal materal
Anunal hutochemntry waa largely destructive i rts exrly stages thah
to say the results of the vanous methods were not worth exammung under
the microscope. Text-books concemned with these moro or less destracare
methods appeared at mtervals (Lehmann, 1842 Robin & Verdel, 1853
Bchlomberger 1856), and the first to meorporate the word hatochematry
mnto st title was Freys Heondbuck der Hutobogwe wnd Hutockews det
Memschen (1867). In 1874 Frederic Miescher produced hn Besrag s
Hustockewas burt by now the ongnal scence was beginning to split mio
scveral parts. Onevumbalanfotacrubhlogiald)mﬂmyﬂd
another became part of the scrence of physology Only a small portion
remmned m the hands of hrstologists and cytologusts, and even this was 0
become almost completely submerged by the wave of cathususm whh
followed the spplication of the anthne dyes to hutologreal techrqeat
Dunng the first half of this perrod, which lested from 1852, when Benelz
first used an sruline dye 1n histology to 1900, the scrence of histochemmtry
was kept alive by Pxul Ehrisch, Fredenc Miescher and by o number &
suthocs lese well known whose swork continued in the trediteon of Raspel
In the second half of the penod of Fubrmersion, lasting from 1900 t3 1936
hsstoch y d by workers Iike Guetay Msan whose
PWHumbgy(xgo:)uuiﬂammo!mpmuwmdboﬂW-
and Macallum, whose Methoden und Erpeb der Mikrocbemie
(1908) became the clamical text on the subject. Later in the century thert
s stufl hittle evidence of revrving interest i hrstochemstry though Par2t
(1g27) was able to wnte a Review of Recent Developments in Histo-
chemutry and Patzelt (1938) s monograph on Ammale Histockoet
Ayﬂ:lztzrmohutodmm:ulwmhnppand'bm‘xnuybcngudfd”
the forerunners of the repamsance of histochemstry They were Praltxm
MHumbyh}mden!de)n&ubyHm
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The Rencyssamce

The new sclence of histochermistry without tissno destruction was pro-
chhnu:lbthm(Igjﬁ)mhugfutworkHutnahuaAmah As I have
seid elsewhere, 1t 18 rmp mate the effect of this book upan
timpmgreutndp-nctu:\:r.tfL h Yy Without subtracting any credst
Emmdmm\horuftbnwuzinupoln'hlemtmmh:thnmpubﬂmm
comcided with an upeurge of mterest in the posibilraca of hmtochemical
mdmiquu,purdmllﬂyoutbeplrtnfcymlopumdmologm,whh
histalogl d. I believe that the sacnce which has
gru-nupmt.hnpsttwmtyyunn h Ty 18 & durect of
tho older sczence created In essence by Raspail. It must be admitted that
ut certam periods real continuity is hard to recognuze and that 1 others
very Irttle sctive hitochenmstry was bemg done. Other histormans of histo-
chemutry may dwegree with ths conception of a continnoos waence, as
did Lison himself On the other hand, many will cantinue to doubt
whether hutochemistry should exist ss a separute sclence ruther than s 2
collection of techniques employed at times by the basic biologacal scaences.
Until recently T took thus view niyself

Thero can be oo doubt, however that histochemistry must be now
rtmgnhml-nfuﬂymdqudmtnummdd:nhmlngy cytology
baematology embryology xoclogy botany pathology
P&hyﬁologyphumnmlogymdpednpnmmzymolqymdbwdlmtry
by uamg ita ever widenmg selection of techmques, must contribute some-
thing to ite growth s well a3 to the furtherance of thewr own enda. My

remons for declaring the mdepend: of histoch y sre mamy
Fmﬂmehnbmmmxpﬂmﬂyﬂpidmmintbonumbauf
anlable hi i from a hundred or s0 in 194§ to well

over 300 today ’I'hno}nvtbeenpmdwedbypccrpleuﬂmgﬂ:ﬂmdm
bestochernats and & large number of thearetical histochemmts must be at
hand to interpret and explan these methods for use by workers in the
benc sciences. Secandly d;emahodaufmodunhmodnnnu-ymm
longer dravn strught from those of chemistry and blochemutry
ﬁiﬂcldmu:muﬂnuu-bdmwpmﬂdamuchohhenmymmuh-
o invention. Maay of the newer techniques, produced solely for husto-
dnnnlmm,hzvubmld.:pwdformohnﬁodmlm’mlupqxr

graphy and paper cl h Thirdly 1t xa no longer possible
mmmnglhmﬁmcunmkﬁcwmlmfmmmnymbyth:
founding of journals devoted solely to histochemistry that the infant science
bas at last come of age.
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A CLASSIFICATION OF HISTOCHEMICAL METHODS
In » contribubien to the Unvermty of London series of Lecturer on the

Scuentific Basts of Mediome (vol. 1v p. 358, 1954~5) 1 put forwsrd the
classification of the applicstions of blstochemustry which appesrs below

Applications of histochemistry
QUANTITATIVE COMPARATIVE
ARALYTICAL
LEMIQUANTITATIVE MORFHOLOCICAL
YONCTIONAL
QUALITATIVE DIAGHOITIC

Ths headings 1o the three columea appear on different lioes i arder &
suggest that at any one time a given method may be used in a pxar
qualitative, analyucal end compenatrye, or alternatively m & manner quini-
tative, functional and dug or 1n sny cambin of headings fromthe
three coltmas, or from the first two slone. In clewifying the sctusl methods
1t {x necesnary to use & different termnology The one 1 use, which b pre
beiow is partly derved from the dusnfication gven by Baker (1955} s
partly froem its modification by Vialk {1955). T have omutted entirely bow
ever those methods described by both these sutbors as methods extrs st

The third cobumn refers particolarly to the final reasoan for usng s method.
Thus, comparative might mesn to compare two samyples of Hpofmda
fmmd:ﬁmmm.mthnmwd&uminmgtbm;dzmﬁyum
wise. A morphological use rught be purely that, or pechaps a use for e
purpose of recording ch ristics. This use of hutochesplatry to record
mcmdawﬂvﬂmdmmgwndwuoﬁmf‘?‘*d
a1 banal, On the contrary 1t m a most valuable one whach ensbles wockent
all aver the world to make quick and emential compernans between e
rasternl and that of others The word dignostic m this table sefera miily

histochemical

to problems of human petbology where, for o
rmay be sought m the scparstion of tumours of the bile duets from those
of the pancress, and 1 umilar wags,
A dasufication of the i atn methods of histockesxtfy
PHYSICAL

[ Awalyteal £,

(1) Determinaton of refractvs idex {phaws contrest mrcroseopy ierforex®
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(3) Determination of refringence (polarrextion microscopy)

IV Fusctione
(lﬁaubadmﬁnubymdm(mmmphy)

CHEMICAL
V  Amabytical Lertractio 5
(17) Chemical reactions oo natrve or fired tumacs

) Coloured end-product
) colourlcm end product damonstrated by (1) dyemng (2) chermesl

(1) Eﬂ?hﬂw

(19) Dye-d:-:rpﬁmmddyo—dldlmn(mdveorﬁndth-m)ghlng
(a) Coloured product
(i)ﬁmrunmip-md

(m)np.hmpﬁm dys-chelation (trested tissues) giving
(l)ﬂuo-mcempmdw.
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{21) Antigen-antibody { hastology)
LA Ly
) oo (o iomine syl chlride, )
p

pmbubkyth:mtmnvmimtmymbcgm. Agtuxd.ulohppﬂedbiﬂn‘
chemmstry mmﬁofwhzdihncvcﬂhdeudgmtv\hc.mwbc
out without mnmhmhxvﬁngldmnmmofmwfmm‘hﬂ
m,cthodxdnyhave:.hmmandinthenppum:gwmccof
roethods which have not been used. lnmmywe‘tbomfornotmm!
.thatmuMmmmmgwdmmdk
Ahuuldbennudrltbtrlhnnmumlci
Ituo{cuum\mmmhmdmnhtxytnme,xfpmﬂ:hm
ruﬂisnwh}chmygivecvldmcntbcmummfunﬂxmof!

ity that they can be relied on singly Omnccpwdexccpumxhnwd
tonnndxsr.thmlgmnu:lexlmmmforDhA brut othens are bard

find.
M}nyofvhcbcsdmgihxnbcﬂmvcd;mﬁmuomo{hkﬁochmnﬂf!"‘

self-explanstory bmmbmmybacbmmmw:hmfmﬁlwwhh‘h‘

techmugues in question. Untll recently refractne mdex

[t x)mamcdmﬁbymlngphmmmtmmhm)w
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with different liquids having wdices the same 28 that of the object in
question, They can be camed out with grester convencence by medns of
the interferometer mcroscope. The determmation of primary fluorescence
(L, 2), the cmmmon of fight on visible wve-length upon exctxtion by
uitra nialet light (300400 xrm), 19 an old hmtochermcal meethod, derrved
directly from the orginal researches of Eshler (19404, 3} on the ult
violet microscope. It 1 mmportant to realme that fixation, espocully with
farmalin, alters pnmary flusrescence m meny ways. It may quench same
types of flnorescence altogether and alter the wave-length of emutted light
modm-cnn. By combéning with dffusible molecules such & nor
lm and 5-hydroytryp to form new fluorescent compounds

formalm produces what ahould strictly be aalled secondary fluorescence.
This term (195 20b), however is reserved far fiuorescence induced by dyes
which are usmlly fluorescent th tves, that Is fl h

Determination of refringence (I, 3) has played anly s efnall part in histo-
chemistry up to the present trme, being restmcted largely to the study of
substances in crywtalime form such s uric acid, caloum phosphate, the
digrtalin-cholesterol camplex and vanous limds, Distinction betwreen
posttive and pegatve boefringence has seldom been sttempted, and
similarly Irttle sttention hes been pud to the question of form and intnuc
hrcﬁmgmmwmdmdmthmtynndmiuw-bhwm
very waak birefm in hastolog) ytologasts heve made
Mmbhdmmmdmgmmmhnmmwc-phdle.but
these sdvances have not been reflected in applied hustochemutry
mmummmtofm:-boa-pumufdmmgncu:nya(L4 I 13)
1 the bests of most of the q tve meth y Stamng
mcdndsptrudrpcndunﬂ:ub-mpdcmo{hghto{dtﬁ'umtwmlmgdn
and some staining methods, as well a3 methods resntting 10 the deposttion
“fdyﬂ,hnbcmmnd-:baﬁformumpecuwbcmmecry This bes
1o been called b r‘ y and h The two man
drvizrons of r‘ylfb(l) vaible h.ght, end (3) ultra
naluthght.mﬂforthnformtvmbhmdmnmlrmhmbem
extemrvely psed. Theso are the Feulgen nudleal reschon and the Millen
reaction for tyrosine. Methyl green, fest green and naphthol yellow are
dyc-wh:chhmfmmfmmduumnm

G y produced P 1¢ wnstruments are now
“lﬂlhkmlcmnlmunmmmtufﬂmnbmdochAphmnmuldegr
tubes of one sort or enother  In conjuncton with 4 set of flters thess can
bo used to messure the absorption of visible Light within selected narros
wave-lengiha. With the addition of w monochromator the sbsorption curves
of cells can be determined. It 1 to be expected that in the near firture most

1)
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hiatochemical leh

will be g ipped for mi [ b v
in vuible bight and that companstive measures of the kind which pley s
farge & part in histochemicel researches will be made by this mens
Ultra violet mucrospectropbotometry because of the grester complextty of
epperatus requured, is unlikely to be much vsed in spphed histochembstry
but mereasng use of Coons & fluprescent ansibody technlque (V' a1), now
incorporsted as the pew science of immunchutology will mske vome foem
of fluoreacence spectroscapy (I x) essentnl. Difficulties in thos cese we
munly connected with the kow intetarty of the enntied light and these bave
already been 10 certain fak des.

An smportent {fmitrton in many fields of hutochemustyy fs the fupos
bility of obtunng adsolute quantitation. This Is regurded by same autborites
as the Achulles hee! of the whole sacnce. 1 am notsowrethat itisso, [in
aften possible to schaere relatsoe quannitation of a method with Irtile troabie,
and litle extes inforrmation 1 1o be guned from the potsession of figures for
bl of sub ar enzyme sctivities, exoept in specid caser.

Little camument 1 necenary 1o the case of section I of the clessifeabon
except to sy that hitle use hey betn made ether of emisdon hutospectro-
graphy (11 2), ar of melting-point deternunatioos (13 13). In section I
quantitative xusoradiogrphy (I 14), and dry mass messureroent {11, 15)
both yepresent techmques of which mare will be heard in the fature. The
former can be carned out by & Yy or by goadl ng which »
probably mare rehable. Grin-countng or o ric <ot
can be used for quantitatres studits of eovyme sctvity in cells (VIE 25}
after methods of conversion of the end-product (VIII 30) bave been
swpphed. Dry masa messorements mth the {nterference nucroscope st
based on the fact that the dey moam per unit seen o propuriional to e
difference between the optical path of the celf and the opticel path of &8
ecqual thickness of water The proportionality facter (Zfx) b about o-1g for
proteins ot for bipoproteins and from 016 to 030 for tha nuclesc sade.
A mesn valuo of o x8 s aeually selected in mekiag dey mass wessurermenth

On the whale, the chemical methods o the o oo sre welf
explenstory The reacuons Lsted 1 section (V' 18) have been lacreasned
enormously in the past foor years and they include 8 number of se-aalled
blocking reschons which we of conmderable unportance In modera
histocherustry

Very notable sdvances have been made in hustochemicel anngen-antibody
reactions through the work of Coons and his eolfaborstors and, sbse-
quently an mereswng number of lnvestigatom, Mmtof(hhﬂh;:

hng B to

wsed the origal technique of couphng e
protewn and viewing the final result by flucrmicencs mucroscopy Recently

ol
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other dyes have been used which are easier to syntbesizo than fluorescein-
wcymt:nndwtd.chcmq)luwnhpmtdmlnlqumn}m:mn,wthn

and loss of resctivity is avelded. In the near future the
hd of histology may well become routme dignostic
In:hniqm: m histopathology As an alternatrve, radioactrve compounds
ruch a3 0] have been used for labelling protan antibodies followed by
sutorediographic methods of localizstion. These have not been so popular
m the fluorescence methods.
Bame sdvances have been made in the methods of enxymal snalyxs
(V1 24) cluefly by the use of the purest samples of entyme which are now

) phoresis and h hy are in & very carly stage of
dﬂdommdhh-yetmonﬂymnywhgd;crwhmtbcrultcdmhl
diffs have been come, useful and precieeal methods will be
m}ved.Cemm}ynnhuuldbepu-fhlcmxdmﬂfydxﬁm'hhmhnnmof
small molecular weight by recording thar in tisuc sections,
In no sectioa of hatochernistry have more striking advances been made
in the past two years than m the field of entyme resctions (VII 1g).
Methods are now available for more than forty five enxymes aad, 1n the
applied field, the mumber of papers based on entyme reactioos at least
equals the number 1n all other ficlds put together This emphasis on the
functional side of hwtochemistry is a pomter to future advances. The
spplication of quantitatrve messurements to enzyme hwtochemistry erther
by spectrophotometry (I 13) or by techniques such as those recorded
In VITT 30 will, I conmder raies thu part of the subgect to 2 posstion of
Ppre-eminence before mamy years have elapeed. The main advances of
Tecent years have been 1n the ficdd of delrydrogensso histochemistry and 1t
b pomtible today to localme with considerable accurscy mne of the specific
dehydrogenmes, together with sucemic dehydrogensse and the two co-
mrym:aneddhphmuu(DPNH-dnpbmm,TPNH—dhpbonx).'ﬂna
Iﬂttwoﬁlvt)l:»ﬂ:t;u.me::rxyl:‘:\cnt:ﬂmfu']:ydmgm£m:|11t.htanadwcn:t:lDPN
o TPN acceptor dyes. As far a3 hustochemstry 1 concerned thess are
l"mofthotm-uolmmdu;W’hﬂed:eDPN’Hdnphonumdmcdmc

tndividual specific dehydrog permit one to disth h minor changes
n the azdative pett of the cell. M bhock ) knowledge of
the function of the dehydrog: and of the mechantsms by which they

*t b much mare precws than it i in the casc of most other enzyme
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systems. We are, therefore, in 3 pasition, ss never before, to revea! some-
thing of the mechanusms by which the cell carrres ont 13 functions
health and diease and w begin to describe the ogamazstion of events withm
the cell.
Modern histochemical dehydrog cthods not only effard excellent
(tnt hoadnal) localization but also allow one to assess the phynest
state of the mitochondrial membrane xa far s ta permeabilrty is concerned.
Very easly damage to mitochondna can eaally be detected and wo can thus
dustinguish not only differences 1n functional status between ons mve
and smother a3 can the biochemust, but between one cell and another and
between one mitochondrion and another Results of this order cannot be
chicred by the techarques of any other sclentific discip
Ithmpmaﬂ:lctopmkup-copyollny;mﬂofpﬂhdogywm
speak of journals of anatormy bunlogy and apology wimﬁndingl
doren les of investig where histochemical tchmg
apphcdump!ymdwftﬁobviom;dnnnge.
Hustocherustry continues to go forward, rapidly on & number of narrow
fronts. What is of far grester {mportance to my way of thinkmg 1 the
steady advance of applred hzstoch y the volume of which s Incresnng
evvryyurmmmtbﬂnchunfﬂxbucmcumwhmhbmcb@ﬂ’
ble. Nows aays Lison, que nous-mime
nwum.b:dcsmdo ' about histocherontry For my pat.
nlthoughfmmﬂmemnmelbﬂedmxbulbmnibetpcaﬁmy or senstiTty
or general utlity of many of the methods it emplov, for the whole soeoc
of histochemutry and for itx future I have no doubts at afl,
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ESTERASES IN NORMAL HUMAN SKIN AND
IN CHRONIC GRANULOMATA

Br G C. WELLS

For alkahne phosphatases, for acid phosph and for smmple (noo-
specific) esterases we have histochemical methods which have been widely
used m the last few years, and the details of these methods are to be found
m standard works on histochermustry (Gemon, 1952 Pearse, 1953 Lille,
1957) What [ want to do is map out the srtes where thesc enzyme systems
are demonstrable 10 high concentration 1 (1) normal human ekln, md
(2) chronic catanecus granulomsts.

In this account I have drawn upon the work of others sa well 23 upoo
work of my own. In attempting to give a comp picture of enryme
localization some comp hss had to be reached over differences
between workers. These differences inevitably anse when varying detate of
tisue preparstion are used and when abservations are related more to work
with one substrate than with another My arm has been to show the st
of intense hydrolysis, and with this 1 have tended to 1gnore sites of dubrous
or shight enzyme activity Nachlas, Young & Seligman (1957) have pomted
out that false negative errors are st £3 erroneous as false poutive coes, %
in ths account, allowance must be mads for under-estmation of doubtfid
enzyme sites.

A map of enryme localization 1n sk is necersarily an over-umplification,
mince 1t makes no allowance for functional changes during cyclical scvity
n,farcnmple,mhmrgmwtho:lulwwwcmdm(l\{ouugm.lqiﬁ)-

ALKALINE PHOSPHATASE

The cakzum phosphate precipitation method of Gomon (1939) and Tkt
matsu (1939) for d ting alkahne phosph in tisuc sectioss,
has been widely used in qualitative htochemustry

Recent developments m quantitation which employ analytic chemistry
and 1nterference microscopy bear witness to the usefulness of the cakaum
phosphate preciptation method (Daniells 1958). Danlelli mdiestes that
wnhuﬁw&mmmrdwe-ndapmmofphuphnehmmb‘
sccurately related to enzyme activity Sttes of weak or doubtful precipltation
can be cvaluated sfter application of a ml p bamo[ulm':‘iﬂl;

which true slkaline hatsse sctrvity but does not

i dﬂ"’"’:’ ! “‘bﬂs}:uq: refe 10 anfixed materisl

Y Precip
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1 a necessary check, comparable but weaker quabtrtrve results can be got
after fixation in cold formolsaline for up to 24 hr before makmg froren
sections, and 2 good deal of wurk on the skin hay been dane m this way
Analternatrve hutochemical method foe alialine phosphatase (Gomon, 1951)
ukng substrate of @ naphthyl phosphate from winch maphthol 1 relessed
by enzyme sction and coupled with & dmzonium malt, does 1n fact grve
reslts comparable with the calqum phosphate method and at the same e
wvosds certain artifacte.
In working with skon 1t is particularty mportant to have adequate controls
through menbating sections from the same block with all the ingredients
of the incubeting medium except the glycerophosphate, Spedific inhibitors
such s cyamde or cystemne also provide an important check on results, and
dependence of the enzyme on Mg tons can be shawn. In skim, sources of
crror with the calcium phosphate preciprixtion method are
(1) Confuxson of cobalt sulphide with melanin or other dark pigment 1n
akin,

(3) Affintty of inorganic fons for certam aress of the surface keratin and
for mner root sheath keratin,

(3) Calcificetion. That m, if eslcrum phosphate 1a already present m the
#kin the cobalt sulphide reaction will be posttrve.

(4) False localmation. Under some conditions there may be a shift of
enzyme or 1ty reaction products which are then taken up st aress of xpecual
affinity for example, 10 nuclel or in the granular layer of the eprdermis.

The alternative method with naphthyl phosphate avoids most of these
difficulties. Useful sccounts of the dutribartion of alialme phosphatese In
normal rman skin and in some pathological conditions heve been grven by
Faher & Ghek (1947), Pirila & Erinkd (1g50), Spier & Martin (1956) and
by Kopf (1957).

ALKALINE PHOSPHATASE IN NORMAL SKIN
Epidermus

No reaction for slkaline phosphatase is detectable in normal humsn
cpulermis. With the calaum phosphate method, apparent stammg in the
granuhar layer has caused difficulty and some obeervers have conmdered
this to be a poutrve reaction. Nadel & Wodinsky (1955) studied this point
a8d concluded that the keratohyalt 1es had an affintty for alkaline
phosphatase and for calcum phosphate and that saining at ths ate wes s
diffusion artifact. With the napbthyl phosphste method, the grenulsr layer
thows 0o mtnning  In some acanthonc conditions Kopf (1957) reports
kaline phosphatase m the thickened granular liyer
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Prlsecbaceour snst
The eprthelial structures of the hair follide show no resction for elkeline
phosphatese, though care must be taken to discount false-posstrre reschon
wtes from non-ensymatic ton binding, es seen in the Inoer root shesth of

the hair follicle, The tve trsue and L of the bur papille
and of the Immedurts surround of the har bulh show very strong afafise
hosph hosph d from this regian

when the hair stops growing end when the bur sheath etarts o fnvolute,
but It 15 present in the empty resung follide (Kopf & Orentrelch, 1957}

Sebaceons gland
The sebecrous gland is devoid of histochemically demonstrable alkaline
phosphatase, but the gland 1 surrounded by a network of cupillaries which
show up well by virtue of ther alkaline phosphatese content.

The tccrme sweat pland wm?

Some cells of the swest gland epathelium show strong slkaline phosphatase
ctrvity 1 therr cytoplasm and an appearsnce of postive staining 1 de-
scribed 10 the walls of the intercellular canaliculi (Mentagna, 1955 The
myoepithelial cells are strongly pomtive. The sweat duct appears to be
devoid of this enzyme.

The apocrome gland

The tall columnar cells of the apocrine giand show alkahne phosphatsse
scuvity fairly strongly and 1t sesms t be arrenged in & bipoler frshron, st
the base of the cell and at 1t» Jummal border The myoepithelial cells a1

strongly powttrve,
The blood versels

"Tha linuags of the capillaries show mtense reactson for alkaline phosphatase,
2nd this fs to be scen throughout the dermes. Plata 1 fig 1 shows an unfired
sccnon of human skin cut on the Pearse cold mcrotome and incubated &2
the calaum-glycerophosphate substrate. The cxpillary walls ace scen to be
densely blackened by the depomstion of cobalt sufplude st the wte of
u&dmphatphmﬁcrcﬂofdnlhmutbnmuwmmbcdﬂdd
of alkaline phosphatsse scuwnity
Chrostsc cxtaneons graanloma

Alkaline phosph was not d ble in the sub: of most of the
granulomats etudied that o, the guant cells, macrophages, epitheliond celis
plasns cells and lymphocytes appeared to bo negatrre. Capillary wally were
poumt,mdthcdcgmeohmuhntyu{thcmnu)omnubsmuﬂymﬂwﬂd
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the alkalme phosphatase staining. For example, a young lupus nodule is
seen to be devoud of alkaline phosphatuse, and the avascular knot stands
out from the rest of the dermus with its positive-staining capillaries. On
the other hand, & rether vescular granuloma such as lelshmante cutrs showed
the pasttive capillaries in amongst the mflemmatory cells. Furthermore,
bealing alters the picture at the penphery of a gramuloms. Not only are
the capillaries alkaline phosphstase poutrve, but also the young connective
trmoe fibres and fibrocytes. In some cases lymphocytes st the periphery
of 1 lupus podnle are sud to be positrve (Klmgmiller 1953 Kopf 1957)

Text fig 1 show a {me dmwmg of the skin and 1t appendages upon
which the areas of hrgh alkalme phosphatase activity are marked 1n blue.
The left centre yertical pancl shows cellular details of a chronic granuloms.
Ths nght centre panel shows enlargement of the epidermis and detml of
ecenne and apocrine swest apparstos,

Cowtment
In spite of the large amount of wark that has been done on alkaline phos-
phatsse thronghout the body we know nothing of rts functon in akm. It
scems to be present where active repar i going on, and it i found 1in the
stroma of the hair papilla when har growth fs 1n progress, or m anticipation
of growth. The delineation of capdllary walls 18 s0 good with methods for
thowing allaline phosphatass that the technique has recently come to be

med 1n m 1 scnse. Ellls, M & Fanger (1958) have used
thick mections and a method for alkalme phosphatuse to describe the blood
vemcls mupplying the sppend of the skin, Kl Iler (1958) has
employed much the same tech ic ph \;

graphs

together with Pic p
o reconstruct the blood supply to noemal and pathological skun.

ACID PHOSPHATASE
When a histoch 1 method for d ratng scid phosph e
ﬁl‘tmtmdnmd(Gmnoﬂ 1941), none could be shown m akin (Gomon,
1941 Fisher & Glick, 1947 and Piril4 & Eranko, 1950). The original lead
Photphate method was capricous, and fixation and procrases
mbibeted the enryme. With fixation in cold calum formalin followed by
frozen sectioning, and with optial substrate concentration, the method
cn tlll be psed with sdvantage (Gomon 1956). The & naphthyl phosphate
120-coupling method of Seligman & Manheumer (1949) gives a vague idea
of acid dustribution m tssuc sections, but the azo-coupling
= pH g 13 slow and localizstion of dye 1 very poor The ncwer post
eoupling method of Rutenburg & Seligman (1954) grves better resulta,
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Here 6-benzoyl-2 naphthyl phosphate s first hydrolized, and then s 1
sccond step at more alkaline pH szo-couplng m effected, Recent reporty
(Sprer & Martn, 1956 Maretti & Mescon, 1956) give sccounts of the
dustribution of 2ad phosphatese 1n normal human skin, and 1n the coune
of therr work Moretti & Mescon compare results by all three methods,
and with different preparatory procedures.

A disad ge of all the methods for acid phosph 1 the i
deposttron of precipiate or dye with trme of incubation, and the ead-pont
for describing positrve sites of sctivity is arbtrary It seems reasonshle st
present to take a pownt at which the granular Layer of the epldermis shows
strong cytoplasmic staining, before there is any genena] nuclear staining in
the epidermus, snd 1n relation to thes, other sites of actrvity may be judged.
A distinctive ch mtic of acid phosph is the cear-cut inhibxtion
produced by sodium fluonde.

I have recently found the lead phosphate precipriation method for ecid
phosphatase much more useful since Dr 8 J Holt pomted out to me that
the substrate ehould be freshly prepared every few days, and not stored
1n the refnigerator for several months 88 Gamori (1952) originally did. The
method, following calaum-formalin fixation in the refrigerator and frozen
scctioning hes grven good results wrth short mncubation (-2 br st37 C}
Clear-cut results have recently been obtamed with varfous chronic granu-
lomata of skin.

d

ACID PHOSPHATASE IN NORMAL SKIN

The eprderms
With histoch I methods for acid phosph there 1s geaeral epethefial
stuning which increases with time of incubstion. The staining sppears o
be predommately cytoplasmic. Izhmmtuuuneintbegnnuhrkyﬂmd
shades off towards the basal layer of the epidermn. The surfece kerstin

shows no reaction,

Pilo-sebactoxs unit
The bulb of the barr follicle bs strongly pesitrve and the keratogenons 200¢
of the hur shaft shows intense acid phosphatasc ectivity The mature cortes
afd:uh:lrlhlfthncgluve,zbougbmcduﬂl(lfpnum)lppelnpdn“
The root shesths are moderately positive.

The scbaceous gland ahows moderste acd phosphatase activity in 58
peripbery (germinal eprthelium) and farly strong poettive staining of walls
ofdevdophgadnmc:lh.mmfomtdnbumnncgmmbﬂ
thereis a very intense acid phosphatase staining of the walls of the scbacrods
canal,
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The eccrine sweat gland wxst
The sweat ghind acinar cells show minimal staining for acld phosphatase,
nd euch &8 can be seen 1 ot the lummal margins of the secretmg cells.
The swest duct shows slight aad phosphatase reaction diffusely through
out the cubosdal cells of s wall. The intra-epidermal portlon of the swest
duct s caffed by fairly intense sad phosphatase reaction which corresponds
with the presence of a granular layer m this part of the duct wall,

The apocrene sweat gland wnt
There is some acid phosphatese reaction in the eprthelium of the apocrine
gland and 1t is mainly concentrated at the luminal borders of the columnar
scoretmg cells. The duct shows very funt stamnmg, apart from vanable
bmmnal content, and the myo-epithebal cells appear negative,

Acrd phorphatazs s chroaw groedoma of tox

With Improved techmque, the mtense acad phosphstase stunmg of hesto-
€7tes (macrophages) and giant cells 1 well scen 1n the chrome cutaneoms

) whether infectrve or not, If incubation 1 short (sbout x br )
cnly the granular layer of the eprdermis may be strangly stumned, and st
this point the only pomtrve staining elements of the grmuloms aro these
betlocytes. If incubation i contmued longer lymphocytes and plasma
cells become poaitive, and widespread nuclear staining may ensue.
PL 1 fig. 2 shows a caldum-formalin fixed frozen section of & perl
fﬂmmhrgrmuhmn(nﬂlmn)mlnmdfurlhr 1n the Gomor: substrate.
Areas of strong acid phosphatase resction show bisck. The granular layer
*hown intense acid phoephatase activity but the rest of the epidermis shows
Mklulhnmﬁ[mthmmnumnmmwphlguwhchlhuwup
black by resson of their ecd phosphatese content. At this stage the other
eells of the Infiltrate and the rest of the dermis are negative for sad
phosphatase.
Orver the eame [ine drawing se was used m Text fig 1 acid phosphatase
oocentrations are marked in green (Text fig a).

Cowonent
Coneentration of acid phosph in the } T zones of surface
epithelinm and of harr and in the schaceons ghand and doct hes led to the
Fogpestion that at these mtes the ensymo is concerned with phospholiptd
This i, howerer 1o more than speculation since the natural
“h‘&n:lfmlddphuphmamlkmmnutkmm
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an the laft on th penel. Tho left central pune! shows detstty of
h ! ive tiee clements sod

cells, en, young
cxpillaries found in the chronic gramiloman).
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EATERASRS IN CHRONIC GRANULOMATA

Text-fg 3. Banple exteraoe {red}
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In the chromc inflammatory infiltrates there is this strikmg concentraton
of acid phosphatase 1n hustiocytes or mucrophages snd guant cells. Tha
observuton uw fn line with reports on these cells in varioos speecs, » for
cxample that of Grogg & Pearse (1953) showing strong scld phorphatoe
1n the phegocytes of certan animals, especnaify i expermental tubercuos.
Osteoclasts of bone show strong acd phosph achnity (Schajowa &
Cabriny, 1958). The chicken monocytes in tissue culture develop s macro-
phages m certaln circumstances and then show acd phosphatase sctvty
(Weism & Faweett, 1953). And Doyle (1955) finds this type of cell in the
rabbit’s meso-appendix to be rich in acid phosphatase a3 well s peptidme.
Recently Braunsten, Frerman & Gall (1958) have shown scld phosphatae
and aimple esterase activity in the histrocytes of lymph nodes both norme
and hyperplastic, using techniques similar to those which I have appbed
to akin,

Swmple (von specfic) esterates
Since the duction of pling h h 1 tochniques (Mesten,
Junge & Green, 1944) it has been pomible to demonstrate non-spetise
ahicsterwses 1n many tssues, ncluding skin  Another pranaple =0
substituted mdoayl esters (Holt & Withers, 1953) from which insoluble
indigoid dyes are formed at the sites of hydrolysu. These ample cxerscs
may be dmtmguished from speafic cholnestersse end from poendo-
hat by the imhibrtory effect of caerine and tysergie seld respes
tively  Simple esteruses hydrolyse short cham carbaxylic scd ester
(Findlay 1955)md|pparcobeduunufmnhpmmcehvd-rdyﬁ'°{
longer chan ali-estersses coald not be shown  Histochermical methods for
true Hpuahmnu(bcmnmfaamylndlhmmtbcm-hlewﬂﬂh
any reluble observations on skin wath Gomeon s (1953) Tween methods.

BIMPLE (NON S8PECIFIC) ESTERASES IN NORMAL 8RIN

Innnmﬂhumnep:dmmd;ﬁmcymphm}cnﬁnhgﬁmdm?“
m;cuvttyannftmbowm.dcpmdmgupondmmahodﬂ’fd”d
upon the length of time of rcabation. Most observers (Findlsy 195§
Montagna, 1955 Stogleder & Schults 1957) describe strong esterme
sctty 1 a well-defined band between the stratum granulosom sd 12
m-tumdu;unctmnofthokcnnn,t}mn.whmthemluddm’
mmmmmhmhfommmpwdwhmdw
shsent from some of my sections from a varkety of human skin, both

and pathological, using naphthol A.8 mtc.mdsbmmmndmﬂ“‘z
substrates, and 1t 1s notably abscat from thick epidernus of palm o

In some preperations particulasly i those from the face, there are
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of strong esteruse staming 1n the more superflenl parts of the horny layer
mnd m some casea this may be related to opemings of sebaceout glands.
It secma 23 though esterzse has been carried on to the surfece with the
out flow of schum or possibly sweat. In specmens showing mild dmturb-
e of the skm surface (chromic cczema) parakerstotic cells (PL 1 fig 3)
may show strang esterese actnvity (Braun-Faleo 1956), though thrs Is not
1 comatent finding for afl parakeratos. Stesgleder (1958) has mede n specal
study of the surface esterases of the scalp and mentions that possible sources
of simple esterase are sebum, sweat, keratminng cprthelial cells, and
bacter or fungl on the surface. Heo notes that the esterse whuch sppeans
# the mouths of the sebaceous canals 1s peculiarty resistant to inbibitors
1 observation which 1 can confirm. Btcigleder hes also shown that
simpls exterases can be demonstrated m akin surface wipings made with
Ghter paper
Pilo-sebaceoss wmt

There 18 imtense esterase stunmg of the hnmg of the sebaceous canal, and
the esterass activity can often be traced up round the har ahaft to the
sarfice. The maturmg sebum 13 devod of esterase actinty though with
Profonged Incubation some crystaline deposits of dys can be seen in the
fxt, but this 1 » false loalizstion. The periphery of ths sebaccous gland
(germunal eprthelium) shows slight esterase activity

The outer and inner root sheaths of the hair follicle show mild esteraso
Teachion, and the kerutogenous zone of the hair shaft and the

e of the inner root sheath may staun, though ths 2 varable (Brum
Fako, 1958).

The eccrins srouat gland wuit
In the swrest gland esterase acthvity 18 moderate but vatuble. Sometimes
it can be seen that certain cells of xn scinus have very strongly pomtire
Cytoplasm, while adjacent ceils are negative (PL 2, fig. 1), and often whole

&m appesr devold of activity The duct shows weak esterase actty of
Enfngcdh,b\nfdﬂyumngmmngufthnlmmg cuticle which appeans

to become stronger s the duct nears the skin surface. The intracpedermal
Portion of the sweat duct may be Imed with strongly positive materal,
which semetimes appears t flow out on to the keratin arcund the swent
Ppore.

The apocrixe gland

The secreting cells of the spocrine glands show marked esterase actrvity
whach becomes stronger towrards the lumnal border of the acnar cell,
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The connectroe Lissme

Scattered throughout the connective tiue of the skin are elongated o
stellate cells (Findlay 1955) which show moderately strong estermse
resction m therr cytoplasm. These cells are most numerous m the pans
papulans of the dermus, though present (PL 1 fig 3) throughout the rest
of the normal skin, Apart from these cells, the connective tisue shows no
esterese activity

Stmple exterases » chrome granuloma of sk

In « large number of biopues which I have examined, T have been abde to
find a conmstent pattern of slmple esterase location, The material conumts
of tnopues from chrome infective granulomata such ss lupus vulgem,
leprosy leshmania cuts and from granulomats m which infection »
unlikely to be present such as sarcondosls, granuloma annulare and foresgn
body reactions. Tho strongly positive cells belong to the hustiocyte xcnes
and are probably macrophages These show up in the chronic granaoma
a8 large cells, etther oval stellate, or fusiform, often with lang straggimg
processes, and the esternss stamning is cytoplasmic. Giant cells whether of
Langhans or of foreign body type are usually strongly positive. With the
scetates of naphthol A.S and of 5-bromondaxy! epithehoid cells show
varsble staining, though with a naphthol acetate they sppesr postive
(Steigleder 1957). Other components of the granuloma are negatire for
non-specific esterase (plaama cells, lymphocytes, capillaries) spart from
positive stellate connective trmsue cells alresdy mentioned i norma! skin
PL 2, fig 2 shows intense esterase sctivity confined to the cytoplem of
large cells (phagocytes) grouped round the neck of a damaged hair follck
The biopsy was made from the arm of 2 man who had oil acne The dark
colour of thesc cells m the photograph 5 dus to indigold relessed from
5 bromomdoxy! acetate by enzyme echion.

In some of the infective conditions 1t has been possible to relate stroif
csterase action m large b ytes to the p of org In leprom3,
the lepra cells give intense estersse sctinity xnd the globi of chronic lepro-
mumnumlngmywbumhldehn:hmmpodm“n’(“cu"
1957) and m chronic lenh cutw, cells i Lershman-Donoven
bodics are esterass positive. Nonctheless there are plenty of other ester
podmhunocytudcvmdofmginkmsbommthuemndxdomlﬂdm
non Infective ones such as granuloma annuhare,

Using the same line dramng as 10 Text-fig 1 areas of mtense ooa-
:pcaﬁcamselmmylrelbo‘mmrcd(rcx(ﬁgg).
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Commext

In tho absence of any knowledge of the natural substrates hydrolysed by
umple estereses, o can sy nothmg of ther true mode of action or mgmfi-
cance, That more than one kund of hydrolytic agent 18 present 1n sk
saggested by the striking resmtance to mhibrtors of the esterase of the
b canal, = pared with the of histiocytes. Tha
spproach to the problem at present remains topographical 1n the sense
that we can demonstrate hydrolyss of sumple esters in certuin parts of the
wkin, and that » all In the chronic granulomste the concentranon of
estermse i remurkable and can cleardy be related to the histiocytes and
glant colls. These sme cells have been shown to be nich 1n scid phosphatese.
Pepler & Pearsc (1957) have pointed out that soms hydrolysis of esters may
helﬁn'bmxblempmtm}yhcmzyma,mdpcpud.emvnyhnbm
& Falk, 1956). However Holt
(lggﬁ)dwwedthnnnlylmﬂfnmtmofﬂwm-cﬂntydhm
could be scheved by chymotrypam, so that 1t m unlikely that all non-
specific esterase hydrolyss d able by histoch ! techniques ia in
fact proteolytle. Evidently the macrophages thst appear m these chromc
inflammatory lesions of skin are well endowed with enzymes which need
to be further characterived.

SUMMARY
(1) In xormal sk
(a) Alkaline phosphatuse 15 demonstrable in the capillary walls, in the
bair papillae, and m the acinar and myv-cpithelial cells of econne and
spocrine sweat glands.
(8 Acd phosphatesc 1 found m & o6 of epldermis and
of hair cortex, in the hur follicle, and in the schacecas cells and duct.
There is & emall amount st the [uminal borders of the eccrine and apocrine
sweat glands.
(¢} Brmple (non-specific) esterase 1 to be found st vanous levels of the
epidermis. It 13 strongly posttive in the schaceous canal, xnd somc i
to be found m the hair root. Certmn cells of the sweat gland acinus are
Positive, and the lummal barder of the sweat duct js moressngly pomitive
towards the surface. The spocrine gland cells aro posttrve, most strongly
2t therr lummal borders, Scattered cells of the dermal connectrre tmeue
re positrve,
(2) In chroms groxxiomata of kiman skin

(')Afhﬂmpho-phxmehpmntlntbeapiu-ryn[h,wmmt
which depends on the vasculanty of the L If repais s in p

”
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alkeline phosphatase is demonstrable 1 young collagen fikres and m
fibrocytes.

(6) Actd phosphatese and smple (non-specific) esterases wro found in
cells of the histrocyte senes which contribute to the granuloms (macro-
phages, epitheliold cells and guant cells).
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EXPLANATION OF PLATES

Prar 1
Flg. 1 Unfired section of brrman skin cut on the Poose cold microtome.  Cakcum phos-
slkaline phosphatase, pomire

phate preciputaton mathod for Capillary walls are strongly
Fig » Cddal l?dfmzmuc&moﬂmm-ﬂn[

of Notnirin wre strongly poutive, muphpo{?hdmlhﬂhm
eppear rescton foc sod

PraTz 2
Flg. 1 Cold formain fixed sster-wax embedded section of humen skm (swest ghood).
Naphthol A8, acrtuts mathod, Certaln of the acinar cells gppear dark, and ere poservs for
ahple esteress.
Fig.  Cold ealctum-formalin fxsd froran section of hamen «kin ehowing perfollcolar
gnmuloma (ol acos). O-acetyl-S-hromo indory] method. Large phegocytes sppear bisck
poutive for esterese.
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THE HISTOCHEMISTRY OF
KERATINIZATION

BY A. JARRETT

Eerstin is the patural end product of epldermal cells 1t 18 not & xngle
chemical compound, but shows great yarmtions in composition. There are
obvious physical differences between such kereting us heir and nail and
even kerstin from & grven source is not of constant composition (Rothman
1954) The chemmeal comstrtution depends upon certein factors such as
the rate of epidermal prolfertion, mechanucal frichon end rrradition that
oo present at the tims of kestmimtion, The underlying dermis probably
lllnhnmd}'eaunﬂmmmmn{d:ckzmn.mltudyddudymmu
of k 1 is theref: 1 d and requires the exsminatron not
un}yufthnku—mniudﬁ,bmofﬂxceﬂ:und:rgotngkmhnmdmmd
of tha underlying dermm.

Kenatins are composed of palypeptide chams held together by three
types of cross-linkseges. By far the most important of these 1 the dunlphude
Hnkage 23 this Is responsible for the mam strength of the kerstm molecnle,
The mode of formation of this hnkage s the oxidation of two sulphydryl
groups belonging to two adjacent cysteme remdues, and thu results m the
Joming together of the two salphur stoms with the elimmation of the two
hydrogen atome a3 water This type of bond, together with essocuated
hugh sulphur content, is the cheracterwhic festore of kerating, The other
bonde occurring m keratms are the salt linkages and hydrogen bends, The
former are rome sttrachons between a carbaxyl group in one polypeptide
chaln and an amino group in the opposite polypeptide chain. Hydrogen
bonds are links between two dipoles, one of which i a hydrogen stom,
the other being erther an stom of cxygen or nitrogen.

THE GRANULAR LAYER
Ilbhd)eregmofthogrmuh:hyuthnthnllm-:ﬂmcfcpidcmnlmﬂs
o keratin occars, and therefore this has been our sitn of interest in the
vtudy of eprdarmal kerstmuzstion. At this level the muclel of the cpidermal
cells are disrupted, and the cells contam the so-called keratolryalia gramules,
Prmvu-km,Snnd:&Pnrkhum(xm)mdLm:hmnbnger&Imd
(1951}, reported that these I d by ribonucl how
"ﬂhmg&Opdyte(rgso)memhlemomﬁrmthmﬂndingL“c
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ourselves were unble to remove thess granules by ribonuclease digestion,
but they were removed by Lipase.

Baker’s acid haematin method for phospholipids clearly d
the presence of these comnpounds in the region of the granular layer these
were usually in e band, but Ity they were dmstributed
a3 granules.

)

Oxzdases n the gramular layer
Incubation of alcohol fixed paraffin sections at 60 C. for 6hr mar1m
500 aqueous solution of dopa showed the presence of & dopa-oxidese =
the gramules themseloes This is probably a pon-enzymatic axidese = the
trestment to which the sections had been subjected had destroyed the
dopa-oxidescs 1n the mclanocytes.

Phosphatases i the graxuler layer

Wo have demonstrated the presence of acd phosphatases 1n the kerato-
hyalin granules. Kopf (1957) obtancd posstive results for alkaline phos-
phatescs in the granular layer but he thought thus to be an arafrct due 1o
the selective absorption of cobalt. We agree that false postives occur 11
this region, and in inner root sheath and parakeratotic keratina. This o
probably due to the orgamic phosphorus ining compounds alresdy
present in these areas, the cobalt combining with these and grving s fehe
mm

Meyer & Weanmann (1957) reported the presenco of phosphemedeses 2
this regron, but their techmque was probably not demonstratmg
amidase actmty as they clum. Nevertheless, 1t is fuucdy certain that they
were detecting acid phoeph 1n the same tion s we found them.

Phospholtpads i the keratin loyer

Snlder Gottachalk & Rothrman (19.49) described the breakdown of phospho-
lipids during the process of keratinizstion, and we have shown that the
complex phospholipids 1n normal epidermus disappesr 1n the upper kerstsa
layers. It 1, therefore possible that the phosphatases present 1a the
granular region are responsible for the ch 1 d of thewe
compounds. The breakdown of these high energy phosphorous compounds
could supply the encrgy required for the axdation of the —SH group
and abso for the poly of keratin p The amdases 8
ietected by the modified dopa technique could also play their part in the
audanon of the —SH groups.

These views are supported by the study of parakeratotic keratin. In thi
mode of k tion there w no g lar layer and quently 0o
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axdases ar phospl have been d d. The p holipids are there
fmnmrmnved,mdthewbﬂﬂﬂnnknmorth:plnkmoﬁckmﬁ.u
gIves 1 positive reaction with Baker s acad haematin method. Becausc these
lipids are not broken down less encrgy 1 available for the oxdation of
sulphydry! groaps, and foc the polymermation of the keratin molecule.
This view is supported by the findmngs of other workera (van Scott & Flesch,
1954 and Magnus, 1956) 1n that they have reported & high —SH content
in peormtic keratin, This keratin is also less compact than normal epidermal
keratm, and this mxy be due to a lesser degree of polymerzation.

Ths refstionship between the phosphobpid content of keratm, and the
degree of phosphatsse sctrvity 1n the granular layer is bexntifully shown in
normal rat tadl san. In rats tals caly the opemngs of the balr follicles
have an sctive grumular layer 1n the intervemng regions po defimte
granoler Ieyer can be detected. With a modified Baker's techmque that
removed the contammating phospholrpids of sebum we have clearly shown
ﬂnt.inthnrmofth:fo]lmhropmmgnwhmtbﬂcnngnnuluhyﬂ
with posttive phosph sctvity no phospholipids arc present m the
kﬂ'tﬁn,whnmtnth:nrwmﬁ}cunngrmuhxhyuﬂ:mchpxd'm
present throughout the whole thikness of the keratin.

Inner root sheath heratin and presure keratimxatuon
In sections of human akin fluorochromed wrth throflavime T haur and
epiderrnal keratin fluoresce blue, whilst inner root sheath keratm fluoresces
a brilliant yellow The nude of the cells also fluoresces & bnght yellow
became of this smmilartty 1t was thought posible that mmer root sheath
kerstin mmght contun nuckesc acids that are absent m normal epidermal
and hair keratma,

Digestion with rib 3 pror to f hroming with thiofl T
mnuddminnurwtuhuthkmmtoﬂuombluemnemdmlllmnn,
whereas deoxyribonuclesse digestion drd not alter the yellow fluorescence
of this keratm.
Aﬁarﬂ)mdmedxgumafthhkmund}mmlgmlmuf
d 1nner root sheaths tine m mdicative
thnt.b.:nndn:pxmumlntqnlputnfﬂmkzrmnmolcuﬂc,mdm
removal results in the disorentstion of the moleculsr structure,

This has been further investigated by studies with peracetic acid axids-
tion, spd we have been ahle to produce evidence that the ribonuclesr
Pproten 1 bound to the disulphude linkages of the keratin molecule (Jarrett,
1958)

Unlike normal epidermal keratin, inper root theath keratin contams
phospholipids as shown by Baker’s method. This s to be expected a3 the

birefr
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keratin 13 formed without & granolar layer and therefore in th respect
resembles parakeratotic kerattn.

Kersunation of the deeper epidermal cells has been observed In coo
drtions of benugn epidermal hyperplans, The cells most deeply penetrating
the dermis are chiefly affected. It occurs very frequently m warty, bt
als0 present 1n other conditions such es psonssis, kerstoscanthomats, snd
scborrhoese warts. We have never seen this bazal kerstiniration m malignmt
statex of the epidermms invading the derms.

The aress undergomng keratinization give the colour fluorescence of st
root sheath keratm. This 18 not surprismg as this kerstin hxs also been
formed without a granular layer These aress fluoresce yellow with thio-
flavino T' and like 1nner root sheath keratin this 18 abolished by previom
ribonuclesse digestion.

The regions of keratimzation also give a posttive resction with Bakers
method for phospholimds. The blue colour m not due to nuclear protems
a» 1t remaling after treatment with both RNuse, and DNuase.

The appearance of phospholipids in the cells becomiog kerstinived #
probably inrtuted by nuclear damage resulting from the pressure on the
cells. The nucleotide, cytidin triphosphate, plays an important role m the
synthesss of phospholmde. If this compound s libersted during moder
breakdown 1t could combine with such substunces as phosphoryl chofise
to form u diphosphate complex which m turn reacts with o diglycends to
form leathin and cytidine momophosphate,

Expy ! precsure her

The diff; m chemical composition between inner root shesth £0d
eptdermal keratine was thought to be dus to a different mode of kerstmizt
ton. It had already beem suggested by Auber that lnner root shesth
kertinization was intisted by presure exerted on the turgid follicle e
Thus mechanism could pr bly cause keratl of eprdermal eells
without the losa of nuclear protem. It was therefore thooght possible that
pressaro on epidermal cefls might cause them to keratmire, and the typ
of keratmn produced under thess conditions would resemble moner 1%
sheath keratm rather than epidermal keratin In which nuclear proteln 8
lost durmg 1ts formation.

We investigated thi hypothesls by exertmg cxternal pressure on ri
nils. Cmunumupmmmm:dbysphtmbberbungﬂlﬁd'b‘
animals were killed 24, 48 and 72 hr later Skun was taken from tbe
pratﬂrentc.md&omm:bavcu}dbeluw to make certmn that ther
were no ischaemic effects due to imterference with blood supply

Mw@nunbawcddmlydmpmuuxdtbe
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cells to become keratintzed, and that the keratin produced resembled inmer
oot shesth kerstin. The pressuro area fluoresced bright yellow wath
thioflsvine T and the p of phosphalipids m this arca was demon
strted by Baker's scid hacmatin method.

Pressurc was then applied to the follicle cells by means of deep dermal
mecton of low meltmg point paraffin wax, The hur cycles of rets and mice
were put into phase by pluckang and then paraffin wax was injected into
one ide of the antmals backs, the other side serving w2 a control. A hump
wa3 ruused, and by thes means the prossure in the dermis increseed. After
12 days the amumals were killed, and skin was taken from the injected and
control sides of the back. The effect of this pressure was to greatly incresse
the smount of inner root sheath keratin m the folhcles. In fact many of the
follicies had no cells remaining the whole follicle having become a tube
of kerstin. The keratin prodnced by this artifictal means appesred to be
the sxme 18 normal inner root shesth kertm,

SUMMARY

In nornul epidermal kerstinisation 1t 13 thought that the keratin 1s produced
1t the gramular laper At thus level tho nuda of the epidermal cells dus-
integrate, and phosphalipids can be detected by Baker's method, It m
posible that these complex phospbolipids ars formed by the catatysmg
sction of cyndme triphospinte, winch is a nucleotide, and possibly liberated
dunng the muclesr breskdawn.

These phospholipids are thought to supply the enesgy for the axidation
of sulphydryl groupe, and for the polymerization of the keratin precursors.
The breakdown of these componnds 18 probably brought sbout by the
action of phosphatases and oxrdases which are present in the granules of
thus region. Absence of these enrymes results 1n abpormal keratinization
such 22 18 seen 10 peoriasis and m epldermal malignancy

We have shown that tion can be produced by pressure on
epdernal cells, The keratin thus formed differs from normal epidermal
keratin, but rescmbles very closely normal inner root aheath keratin. Also
becamae it has been formed without a granular layer 1t has certun fextures
n common wrth parakerutotic kerstin
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SOME CHEMICAL FEATURES OF
EPIDERMAL DAMAGE

By EENDAL C.DIXON

We aro now to conmder some factors which damage epidermal cells ss well
n something of the propertics and behaviour of these 1njured unrts of our
mtegument.

Pathology at the present tme gives uaad and revealing infarmation on
nntritional snd vascular defects a3 well s on mfectrye and allergic processes
13 cases of epudermal malady but the natore and mechanism of the
undertymg cellxlar dmorder are frequently disregarded, probably becmrse
our knowledgn of them 15 30 mmperfect.

‘We would like to be able to account for cellular dsarder in rational terms
with & mmilar logical regurd far canse and effect a3 was duplayed by the
ghost of Hamlet's father

And & most instant tetter bark d ebout,
Most Lezar-ike, with vile and loatheome crust,
All oy emwoth body
Haemlet 1, v 6413
Unfortunately our knowledge of the inhmste seqoence of events m
epudermal myury i nothug like so precisc s the ghost sl

CELLULAR DISORDER
Until cellular physology and brochernwstry are mors perfectly compre-
bended and the fasion of these scaences with cytology and cytochermstry 18

achieved, & satifactory descrrption of even the man festures of cellular
disorder will not be posble.

We might consder structural and architectural demege on the one hand,
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CAUBES OF CELLULAR DISORDER
(1) Adverse physical environment.
{2) Lack of nutrimentn,
(3) Hamnful substances.
(4) Living sgents which may be the cells of the body itself or parasitic
ocgannmms  thess probably act through factors (1) (a) and (3}
(5) Inherent, mherrted or rrutational defects m the cell ftectf.
All these causes of cellular derangement myure ether directly by dm-
organinng macromolecular structure, or else indirectly by mterfening with
the supply or action of micromolecules n celhular

DIBORDERS OF MACROMOLECULAR FABRIC
‘The fabnic of injured cells shows two prinapal kinds of changs

(i} Katabobhe change Hmdmgmtmtheequﬂ.ﬂ)ﬁmnbctm

balism and katebolam cairses of the macromol
fabne, Clearly this can result from ather mterference with anabolmm ar
by excesarve katabalimn m both cases there 10 2 nct loss of macromalecales.
Draschrtan of protem and of mucleic ecds from injured cells are instxoces
of katabolic change. Following thermal injury to the skm, cytoplasmic
maternal stainable by pyromn 19 lost repudly from opidermal cells (Peters,
1545) this change probably mvolves loss of ribomucleic sad.

() Anabolic change Here diequilibrmum results m depostion of macro-
molecules in excess. Fatty deposttion m damaged cells illustrates this kind
of desotder of intracellular equilibnum (Drxon, 19584). Accumulation of
viral protein m the cytoplasmic inclumon bodies, formed 1n eptdermmal cclls
infected by yaccinls, 18 another example of anabolic change.

LOCATION OF DAMAGE TO CELLULAR FABRIC

u’m(lqﬂ)mhngmtbonkﬂumckmntytadmmmdad:ndn
eclluler constrtuents into three clasees m respect to thewr vismalizahon

(1) Bubstances which are msoluble 1n the firative these irclude macro-
molecules like protemns and Hpsde.

(a) Bubstances which are soluble, but form part of an insaluble macro-
molecalar edifice this clam includes the rudese sads.

(3) Boluble lecules which are hed to any lecul
complex in the fxed cell.

Methods now svailable only grve prease information on the location of
materials in clases (1) and (z). For thi ressan our knowledge of the
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nature of d promanly concerning micromalecules o
rudimentary  On the other hand, fauly comprehensive, though still un-
detailed, concepts of cellular disarg ton at & macromolecular level are
beginning to emerge.

Even the macromolecutar fabric of the cell cannot resdily be observed
by direct vismon, mnce 1t 13 composed of colourless molecules with opheal
properties duffening but httle from those of their environment. The macro-
molecular components of the cell may however be visualized by sttachmy
coloured substances to reactive groups in the cellular fabrie, or by making
these groups partiapate n the formation of eoloured compounds. When
the nature of thesc sctive groups 1s thus revealed by the resctions m winch
they engage, then the process of coloration gives a cyfockencal method
cxpable of locating individual celular constituents with preciion, Tody
we are gomg to connder a method which can bo used for locating celfolar
protemn in eprdermal cells.

OXIDIZED TANNIN AZO METHOD FOR PROTEIN

This method utilizes the capacity of postively charged amino groups of
trsucs to bind the negatively charged colloidal fons of tannic add. When
sectrons of tiesues, fixed by Carnoy’s flnd, are treated with tannic scid, they
tom white owing to precprtation of tannic acid on the cellular protens
(Drxon, 19585). Thu bound tann:c acxd is readily demonstrated 1n vanows
ways Salazar (1921) used 1ron alum which forms blue-black ferrre tenmte
by reacting wrth the bound tannm. Fernc chlonde can also be used for ths
purposs (Dxon, 19588) Alternatively the bound tanmn may be oxidized
by treatment with periodic acad to a yellowsh compound, which then cxn
be coupled with diazotized o-duninidine to give a deep salmon red £20 dye
this constitutes the axdized tannin-axo (OTA) method for detection of
protemn (Dixon, 19594). In this method the boynd tannin s revealed by
d (P

bably to a quinonc) followed by covalent union with 2
duromum ealt to form a deeply coloured dye.

Tannophilic protein 1n skin 13 readily located by the OTA method. The
eprdermal cells m the Malprghian lryer are intensely staned. heratinizabod
mvolves loes of tannophilic properties  the stratum corneum bs coloured
only fantly and the cortex of the bairs 1s uncoloured.

After oxidation with penodic acd tanned scctions of skin change to &
deep salmon red on trestment with durotized o-dranmdme but withoot
axsdation by periodic acxd only & fant pmk colour  developed. Morcoret
tanned sections, on treatment with pertodic acid alone are only coloured
o famt yellow The formation of the intenscly eoloured azo dye thus depends
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on the couphng of a duuzonmm compound with the product formed by
axidetion of the tanmin bound to the cellnlar proterms.

Pro-trestment with formaldehyde cffectively mhibrts the subsequent
colorstion of skin by the OTA method. The sctive groups m the tawue
proterns are thus masked by formaldehyde thrs observation confirms the
vicw that the loct revealed by the OTA technique are the amino groups m
tmuc proteins,

Untenxed akm, even after trestment with penodic acid, is uncoloured
by erslon 10 d dod 1

The constitition of the coloured complex formed 1n the OTA method
® uncertun 1t may bo a compound of the followimng type

s, e, penin.

+ SR s

beld to
pegtre casbaryl

oo OCH, HLCO coo
tmnren
md._dn:nd
- N Conpled with
dusonrum salt to
focm 0 dys)
o— —0 (]

PROTEIN IN EPIDERMAL CELLS INFECTED
BY VACCINIA
Substantial quantines of protem frequently permst m dead and dying cells
(CD"'PU 1912 Dmon, 1g56). If necrosia o preceded by clondy swelling
Iutdyl]lc{p‘m(ﬂnmyben]id(wdh. 1935) in fact Dxon
(1956), and Drxon & McCallagh (1957) lnggutnd tht aqueous swelling

¥

b i ementl prefude to protem m
cells, lutune-qucmnm]lmgunpmmmmtfunneofcelh
fected by vaccinia this so-called ball ( ballonnirende

Colliquanion ") was first described by Unne (1854). Dixon (19598) studicd
the content of tannophilic proten in necrotic epidermal cells n vaccinil
h’m“-nglhnOTAtcdmiquc the necrotic cells which remain un-
#mollen retain their protein, but neardy all cytoplasmic protem 1 lot from
ballooned cells whuch suffer aqueous swelling We will now consider the
Bature and mechanism of this example of eprdermal disorder

Vactnial papules were produced oa the abdomunal skm of young rabbits
by sanfying the ekun through drops of vecane lymph.

PL 1 fig. 1 shows # sechon of & yaccinul papale stained by the OTA

o
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method. The edge of the lesion ahows the tranntion from nermal skn
through & z00¢ of proliferation to a central region of aqueous swelkng and
necroan, The cells of the Malpighian layer both in the normal skin and 2
the edge of the leson, are well stained  the central zone of the letion contams
ballooned epidermal cells which have lost most of their protem.

PL 1 figs. 3, 3 llustrate cells from the xone of proliferstion at the
margin of & vaccinual lesion stained by OTA. These cells shown st hegher
magnificstion are seen to contam cytoplexmic mclesion bodres. The m-
dluston bodies are even nicher m protem than the rest of the cytoplasm.

In the more central parts of the lesions the epidermal cells become
necrotie, Many of the necrotic cells show aqueous swelling and lose most
of therr protem (PL. 1 fig 4) but some necrotic epidermal cells do not swell
(PL 1 fig 5) and then retsm abumdant protem. The latter cells show
coagulstive 1 opposed to aq Iling In the later phases of
1nfection the cytoplesmic mclusion bodies enlarge and multiply m some
cells 30 23 to ocrupy much of the cytoplasm as mrregular masscs nch @
protan.

NATURE OF CELLULAR DISORDER IN
EPIDERMAL VACCINIA

These chservations on epidermal cells myured by vaccrrua virus eapport
the view that squeous swellmg 13 8 necessary prelude to intense sutolyss
and loss of cytoplmmue protewn. When the cells are killed without swelliog,
cytoplaxmc protein  retuned m this case rapid death of the myured cells
mlydutrvyoumoucpawennothxtnbwqmmofntnnpmucdlﬂd
extensrve sutolyas of protem s precluded. But of wnyury s at first kst
scvere, so that the osmotic powers of the cells remain, then prelimoary
interference withsynth y Gause rise1n of micromolecules
slong with osmotic absorption of water thus b followed by swelling #nd
extensve sutolyms of protein.

Ammgthe:prdmmlccmmvmnhllmomwcmbahnnh'xmd
hatabolic change 1n the macromaleculsr fabnc. The infected colls which
contan masarve cytoplasmuc inclusion bodies iMlustrate anabolic changt
involving deposition of abundant protein on the other hand, the pecoi
swollen cells, which have lest nearly all cytoplasmic protein display intens®
katabolic disintegration as the final result of cellulsr myury




CHEMISTRY OF EPIDERMAL DAMAGE 147

MECHANISM OF CELLULAR DISORDER IN
EPIDERMAL VACCINIA

Substantal quantrties of protem sre incorporated into the mctunon bodies
m the cytoplasm of the infected cells, The synthems of this viral proten
may utilree and deflect spectfic metabolrtes, probably amimno acids, normally
required for the replacement of cellular protans which are constantly being
degreded and reformed m the healthy cell

Anabolism of some ceflular proteins might thus be mhibited. The
multrplieation of the virus largely composed of proten may mdeed be
respanatble for deficiency in a particder ammo acud, so that synthesis of
certan protemns may be mpeded or interrupted, cven though other ammo
amimmnnnhnugmm\vnhmcompmxmgmbohm,hm

bolam would soon give e to oreparable loss of protog
constituents ﬁth:lmu-menzym}.cknptomrupumﬂ:lcfortynthzﬂc
cemes, then wtion would become mare general

mdlvmkmbulu:cydewmddbcmd.'rhmnnlmfmmm‘y
deprive the protoplesm of mrtrnments necessary for cellular existence, and
dammge may commence a8 1 lesion of intraceltular nutnton.

Thns tentative explanstion donbtiess gives but an imperfect picture of
the sequence of everts m epidermal injury cansed by vacanm but st lesst

As man, perhape, the moment of hia breeth,

Recerves the larking princlple of death,

The young disesse which must sabdue ut length,

Grows with hus growth and strengthens with hw strength.
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DISCUSSION

Chatrman Dx W N GOLDSMITH (London}
DaC. D Carnan (London). Can one smume that, becsuse a cell possesses
certam enzymes, they are necessarily esecntial to 1t and that 1t is using all
these enxymes? In the skin we have come to sccept the property of equu
potenthty of eprdermal cells and we know that cells 1n the siun can turn
o other funchons than their gwn, such as forming sebum, sweat or keratm.

In chloracne, the cells of the scbeceoos gland normally making sebum
and havmg the ensymes to do that, can then turn over to making keratin.
Are the cosymes produced ss required by cells or are they inherent 1n
them? Another sspect that has puxzled me, 13 that when one sces the paricn
larly sirinng demonstration by Dr Wells of the estersse in the mouth of
the schacerus gland, presumnbly that 1s there to convert some of the fat
produced by the cell into fatty sad that ane can Wdentify on the surface
the presence of the ensyme at that site in such concentraton must have &
very definite function. Since 1t 1s absent in the cell, 1t is enident that this
chemrcal pathway 1 not used m the building up of the fat. Perhape the
build-up of the schaceots materul does not go by the same pathveay a3 it
o broken down.

DrG C.Weis (London). It i difficult to say very much sbout thu
but I thunk 1t 18 clear that certan cells will produce different amounts of
ensyme m different situstions, In hesue culture it 18 powible far a ccll not
only to change 1ts morphology but, m different environments, to change
ita predorumant eosyme pattern at ope tune far example producng mere
td phosphatase than 1t did 1utally Yon will remember my particolar
{nterest in the macrophage from this powt of view The piloschaceous nnit
is cunsons because of marked species differences. In the sheep the schaceous
gland shows intense esterase actinty throughout is entirety wheress 1n
the human, and particularly on the mare greasy aress much as face and
forchesd, the mature scheceous cells show no esterase m contrast to the
schaceons canal which shows 1t strongly along its lmung  One would like
to thmk of this apparent concentration of esterase #3 having some fipolytic
scunn, but 1t has never been possible to show actual Lipese effect m the
scnee of hydrolyms of tnglyeendes.

Groor-Carrary H E. Britzncom (London). Can hutochemcal
chauques be used a3 an 2id to d pecially in with a
drsease such as leprosy In which the dignoss can sometimes be difficult
1o confirm by bacteriological and hustologrcal methods?
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WeLLs, 1 do not think 1t can help 1n disgnous, but I would like to pat
the question to Dr Pearse.

Dr A. G Evmrson Prarse (London). I would not like to comment too
much on that. It Is a dissppointing thing that dizgnostic uses of histo-
chemustry do not grow faster One of the reasons b that there are pot enoggh
people applying the techniques. It really requires much more work ead
I personally think 1t 18 surpnemg that there are as many s there are. I would
like to turn back 1f I might to the prevaous question and comment genernlly
on the matter of ensymes shown by hustochemical methods, These indicate,
of course, reactive groups present 1n proteins and they may or may not
1ndicate function. Often one thinks when one makes a comparatrve stidy
of various species that the wholo thmg s a bad joke on the part of the
Almighty That 4 why one turns to these dehydrogensse systeme vef7
readily because there the biochemistry 1 80 well und d. In the matter
of esternses, 23 Dr Wells suid, 1t is very neceseary for 2 histochemist to try
and find out exactly what the esterase 3 because there are a very bage
number of them. He hes told you that he has not been able to show that 1t
is a lipase. Many of theso esterases are m fact cathepans (or peptidssar)
although we are demonstrating them by making them spht an ester grovp-
Onc has to have a good deal of knowledge of enzyme function and tha ez
enly como from the biochemista. The faster they get on with 1t the better
off we ahall be. I would like to add—a delightful thing sbout thest
symposu 1s that one always learns something T am meost mterested 18
Dr Drxon s scholarly presentstion and I have to admut that there arc po¥
241 svailable hustoch 1 techniques, because T had never heard of ¢
OTA method before this mornmg

DRT B Frrzeatnick (Harvard) In a study of the fow! retinal pgment
cpithelium (Miyamoto & Fitzpatnck, 1957) we used both
and cytochemical techniques to definc the change m tyrosnase setmil
durning development of the chick embryo For the histochemucal technique
we wred 14C labelled tyrosine (Fitrpainek & Kukits, 1956) #3 a mes®I®
of tyrommaso sctivity incubatmg the whole intact eye. The
mtylppmedonthzfmd:dlyufdcvdopmen!mdmlbmtw’-b‘
ninth day of develop However e determinaton of the
tyrosmnase actvity in wsolsted melanin grmuluuhuwtd:qurtedﬂffﬁ“
time scale thepakoftyrmmulmntyocunmdmthelmthd’ymd
nnmcumywupmmtontbcfuum‘mhdayofdnﬂopwkﬁ“;
results indicate that it may be necessary to wse both eyt n
histochemseal techniques in studymg the dynamics of an engyme chafft

Everson Prassr. As I understand Dr Fitzpatrick, he s mung and 776
to compare methods which have entirely different terms of referenc®
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wo usually investigato tyrosntse by usng the old
frshioned dope omidase method of Bloch (1917) and wo might expect to
find differcncea between that and a speafic asexy of tyrosnese actmty as
done on tsene homogenates by the biochemmst. 80 I am not surprised at all
to hear that differences were observed. With regard to the uptaks of radio-
active tyroxme, I do not exactly see why that should run parallel with
eoryme sctmty though 1t might be proved to do so Homogenimation has
lvu‘yhrgenumberufllnnm,-schnuder&Hogebomn(xgsx)wbo
wpplied these techmques have very honestly sdmtted
ot imited m the same way Ithhmnedbec!nl:ﬂmt:dmlqmwhn:hit
emplays for enxymes are usually lews specrfic and less sensitive than thoss
of the beochermst. That is why you can sce a difference. But & our tech
niques more nearly approach those of the beochermst we wll, I hope, see
much better carrelation.

DG A, Becx (Peterborough). 1 ahould like to ask Dr Jarrett and Dr
Doxon what relauonahip there 1, if any between the pressure mduced
changes in the rut’s tail and the changes 1o the cells that lose their proteins
that Dr Dixon mentoned.

Dz A. JumaerT (Loodon) The changes mduced by our technrques are
obviously due to cxternal pressure on the epidermal cells, whereas thoso
brought abgut by the methods of Dr Dixon are probably due to increased

pressure resulting from the mbibition of water The
oemotic upset would mterfere with the internsl economy aof the cell,

In our material the constituents of the cell probably remmned within
the cell boundaries durmg the process of artificial kerstmimation. Changes
dm'-ﬁp‘rmnemhappmveyqulck}y th.em:pmr_hmgc{nmuf
lving human wion can produce al by 1
microscopy In less than two minutes, Therefore I think that the changes
described by Dr Dixon arc the result of alteraion of the internal com
Pooents of the cell, and in our expermments the changes are duc to phynical
premsure on the intact living cell.

D= Kxpar. C. Dixon (Cambnidge). It 1 uncertam whether the entry
of fuid into dyingcells ls simular to the entry of water into non Iving things.
There are two vicws a3 to why water enters injured cells omo 1 that when
the cells die the vital process of extruding water comes to an end and the
utheru!hn,whm!hccdhmlnjumd.mnmﬂtculubmkdmmd

mmm]mudcmruu,nndth:efmmmm From the
werk of Professor Conway of Dublin (1955) we now know that the latter
kaﬁmghemggmu,wpmdﬂphmdmfmthemn’yofwm
lnto dying celte.

DA ] E Bamow (Huddensfield) Might I ssk Dr Jarrett whetber he
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has examined the keratinization of the sole of the foot, becrusc that m
normally continually subjected to pressure. Does 1t show the same fnner
root sheath type of hyperkerstnmation a3 he described?

JaRmETT No palmar and plantar skin do not show inner root shesth
type of kerstnmation. Neverthcless 1t does show an entirely different
kerutmimation from that occurnng on any other part of the body The ol
outlines remain Intact high up 1n the keratin layer and in thus respect #
differs from other keratins. Further work 1 requured to ehucrdate tha type
of keratimuration these srtes aro dufficult to buopsy and post-mortem materal
s not always surtable. I have thercforo only jnvestigated these areas in the
fixed state, but I can definrtety say that palmar and plantar keratin s# quite
different from that of the inner root sheaths of the hair follicles.
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THE SKIN FLORA AND THE
STAPHYLOCOCCUS

Br M. H. GLEESON WHITE

ToPrico(1938) we owe the simple and useful concept that the large numbers
of bactena which are to be found on human skin can be divided into &
tranment and & resdent flora. In a long series of panstaking expeniments
extendmg over a number of yesrn, Price was able to show that, wheress
the tranment flors of the ki was largely confined to the more exposed
aress and could easily be got nd of by szmple washing with soap and water
the resident flora was only texporarily reduced by prolonged and vigorous
scrubbing ar the spplication of antiseptics.

A complete It of the tranment flora of the skin would have to mctude
not oaly potential pathogens such as haemolytie streptococes, staphylococe
10d the gram negutive bacilli of faccal ongin, but also the numerocs species
of seprophytic bactera which abonnd m the environment of man. Although
ths tranment flora is being contmuously replenmhed by contact with the

diate surround the so acquired, saprophytes and
pathogene alike, seem umable to estahliah themselves for more than a few
bours on healthy human akin. Occaionally and perticulady during
xposure to a hesvily contaminated environment, such &8 may ocour m &
bospetal ward, transient pathogensc organums may soquire temporary
rendont statos only to lose it agun when the source of contamunxtion hee
been removed.

Beveral theorles have been advanced to explain this self-dixmfecting
power of normal skn, For instance, Marchwonind (1928, 19294, 5)
maintamed that the characteristic sadity of healthy hurman skin resalted
from the acids contamed in the sweat and the low mo-clectnc point of
keretin and that thrs acid mantle as he called it, prevented stray bactern
from establhing themeelves on the skin. This chemscal theory of self
dumftcﬂonwnmp-poncdbyoth:rworka-mdudmgBununhxw(xw)
who demonstrated that the fatty acid fraction of ethereal extracts of human
vk, hawr and nails was strongly bactericidal for haemolytic streptococcd,
les 10 for stephylococa but harmless to caliform bacilly,

Inmntrmtothh,Nortnn&wa(lggl 1933) sdvanced the view that
ﬂn!df-dlﬂnfcchngpomohhc:hnwnnmplylmﬂuofdmmﬂm_
They showed that the rate of dmappearance of cultures of bactena applied
0 tkin or glass was related to the speed of drymg out on those surfaces.
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Rebell Pilsbury Salnt Phalle & Gunaburg (1950) added eupport t the
phymcal theory of sk self-duinfection by showing that if drymg wa
slowed down with the aid of an atomizer the mate of removal of bacteral
cultures punted on the skin waa conmdersbly reduced. Thu protectree
power of momsture was even more strikingly demonstrated by applymg
cultures of colform bacill to the akin of volunteers who then remmned
m 2 hot room of high hum:dity for some hours after The coliform becilf

blished th Iveson theakinof these vol and could be d
from there with ease from the majonty of them for s long m three weels
afterwards.

These conflicing theories of skm self-disinfection have now been parily
reconciled by the work of Rickets, Squire, Topley & Lilly (1951) who
showed that, depending upon the species of bactenna used, erther dessccaton,
chemical action or both might play a part in thelr removal from the sk,
By covering the test aress with erther a nylon dresung which was freely
permenble to water vapour or mith polyethylene sheeting which effectively
prevented any evaporstion from the underlying skin, they were sble
study the effect of masture on survival with much grester socurscy than
had been achieved before. Under the nylon dressing haemolytic strepto-
coces, coliform bacilli and pseudomonas dmappeared 1n less tham & day
with staphylococe surviving for s long as three days. Under the poly-
dhﬁmclhajngthehxemolytcmcptomcungﬂuuulym?df“h
than & day the other organisms lasting a day or more wth the coliform
bacilli and pseudomonas actually multiplying on the mout skm surfzee
From these experments they concluded that although desceatron wis 2

important factor 1n the remava! of gram-negative bacilli from the skan, 124
ible for the destructiot

to a lesser extent staphylococa, it was not resp
of hacmolytic streptococcs smce they died out equally quickly on moet
or dry skun. Foll g thu, they fr d scbum and demonstrated

that hsemolytc streptococa were hughly sensitrve to the unsaturated £ty
1ad fraction, and 1n particular to olec scxd, whereas staphylococet were
less affected by 1t, and gram negative bacill hardly at all.

Blank & Coolidge (1950) have drawn attention to another possible factor
1n the self-dimnfectmg mechanism of tho skin - Duning a study of surge!
scrubbing-up procedures, they re-examned Miller s (1949) hypotbest
that the reduction of the skin flors that appears to follow the apphcst
ofqmtu-mrymummummpomd;mnmdu:mmylﬂﬂmdd“
action but to the mechanical sealing of the bactens to the ski
residual film of these compounds which could be easily
soap or alkals with the refease of the atill vuble bactena. BM&T’fd

o
however

u thm
n by it

} ed that the q Y comp




BKIN FLORA AND ETAFPHYLOCOCCUS 187

by lowering the pH of the skm below the iso-electric pomt of keratin which
built up a positve charge at the sk surface, thus sttractng instesd of
repelling the negatrvely charged becteria. The subsequent spplication of
s0up or alkali immedistely restored the normal negutrve charge at the ainn
satface and allowed mechanical removal of the bacter to proceed 1n the
wua] way From these observations they comcluded that the narmal
negutive charge at the sk surface probably played 2 part 1n riddmg ot of
tranmertt

arganiema.
From thns brief summary of the more important studics of the self
dmnfectmg power of normal stan 1t 18 chear that the mechanioms mvolved
vary grestly from ooe specics of bactern to another While haemolydc
streptococe: would sppear to be rapidly destroyed by the unssturated fatty
texds contained in scbum, desiceation wonld seem to be of prime mmportance
in the ndding of the skin of gmm-negetive bacterm the removal of
staphiylococd, hawever is probably helped by both d and chemical
ection. Nevertheless there 1s a flaw m all these srguments they are all
based on the results of expenments 1 which very large numbers of
bacteria were applied to aknn alresdy carrying 1ts narmal quota of remdent

before we can arrive at a complete understanding of the workmg of thos
vital defence mechamam aguinst Infection from without.

In contrast to the tranment flora of the skun which, by Its nghly vartablo
composition, reflects 1ty ongin m mans constantly clungng bacterial
ervironment, the resldent flora 13 found to conmst of very large numbers of
some half-e-dozen spectes of bacteria. Though the number and dutributien
of these drfferent organicms 18 effected to some extent by such vanbles e
the climate and the age, hygiene, clothing and gencral sctivities of the
Individoal, and differs grestly from onc smatomucal wte to another the
resident flora as & whole can be regarded a3 ¢ muxed populstion of a few
fpecies of exprophytic bacterm m equilibrram with ther mmediste
ovirommaent.

The bexviest yield of aerobes 1 obtawned from the intertrgmous zones
1nd the schaceons skin of the face scalp and upper chest, and the poorest
Erowth from the non huiry akin of the trunk. If the snserobic floca 18 also
tlkminm-cwum,nduuctmhmmhpunbenhownb:tmthndmrﬂm
Bon of the resident flora end the scbaceous

Surpriamgly enough, lack of bathing does not raise the total floca to any
pprecable extent, though thae may be a temporary 1ncresse in the
sumber of organtrns m the intertriginous zoncs. Temporary merenses
iy aleo occar follewing heavy sweating brought about by exerciaing under
cooditions of high humidrty  Conversely the total skin flora 1 sid by
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Rebell & Pallsbury (1954) to be depressed dunng the winter mounths,  fact
whmhthcylmibmenotonlytonluwenngoftheﬁmt:mpa:mmbm
alo to & possible reduction m the degres of hydration of the horny bayer

The remdent flora conmsts for the most part of seroblc gram-posttne
cocs and hpophihic diphtheroid bacill, with Stapkytococrws ey the
predominant organtsm and other species such 13 M cand:dus and Af flenes
present on the skun of some indmduals and not of others. The prinaple
anierobic member of the resident flora is the acne baciltus which, according
to Evans, Smith Johnston & Giblett (1950), 15 present In far karger
numbers than hes hitherto been supposed.

Estimates of the number of organisms present on vanious arexs of normal
human skin are as drverse a3 the methods which have been used to obtmm
them. Although there are probably consderable differences in the demsy
of the bacteral population on adjacent ereas of akin and between the same
arexsn diff drviduals, the results ob d from the repeated sumpling
of the same area m the samo person have sometimes been remarkably
constant over long peniods of time. Price (1938), for instance, estrmated
that the total serobic flora of the hands and forearms of exteen subsects
ranged from 2,500,000 to 16,000 000, each individual mantuning s charsc
teristic count over many months, his own remaming constant at 9,000,000
for as long £ rune years. Other workers have not achieved such consisteat
resuhts = these. Evans, Smith Johnston & Giblett (1950), for coxmpke,
obtuned bactenal counts ranging from as low a3 70 to a8 high 13 200,00
organusms per square centrmetro from sermal ekin scrapings from the back
of the samo subject. How much of thrs wide vanstion was duc to the &ff-
culty of standardimng the method of sampling used and how much to ectuad
changes in the density of the rendent flora 1 difficult to sssese. Agam the
average number of serobic bacteris on the hands and forcarmoy has been
variouly estimated at 170 253 600 and 3200 per square contumetre bY
four separate groups of workers (see Pullsbury & Kligman, 1954}

Of greater interest, perhaps, than the numbers present, 18 the prec®
location of these argantsms which are so difficult to remove from the skt
even by vigorous scrubbing or the epplicatron of antiseptics.

Itnnmmmonphmthnbucmmnr:lybemcognmdmd\ccﬂ:mv
1n ordrnary stained sections of sidn. Imﬂl(lw;)mmdlﬂwq
by incubsting his samples of skin for several hours before fixing them #nd
cutting sectrons 1n the usual wxy Thus ingenious though smmple techaiq?
lﬂmdd\ebaaampmmnomu]uplymnnbdmmcﬁnuondd"
tiseucs, thus rendenng their subsequent location tn the scctions a compar

1 vanety of ways on a e

tively easy matter Using this techmique 1n
number of skin samples, Lovell was able to establish that although there
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might be an occanonal orgamsm m the sratwx cormexm, the bulk of the
resident flora was to be found deep 1n the crypts and hair follicles and 1n
the sehaceous glands and their ducts On no occasion did he find any
becteria in the sweat glands. Therefore, 1t 1 not surprismg that with the
resxdent flora 20 smtnated 1t is virtually impossihle to render the skin sterile
by scrubbing or the application of P Furthermore, Price (1938)
has shown that even after the most prolonged and vigorous scrubbmg of
the hands, the remdent flor renirrna to 1ts normal level 1n & matter of days,
tha recovery penod beng shortened to & fow hours if swestmg 1 induced
by the wesnng of rubber gloves.

80 long as the sk remmns healthy and intect 1ty surface will be fully
occupied by the remdent flora, leaving little opportuntty for colontzstion
by tranment organsos, However when any breach in the contmuty of
the ekm exceeds the Limrt of mmedute repar or the self-duamnfecting
mechanmm of the skm is deranged by some eruptrve process, calonization
by potentrally pathogenic members of the tranuent flora 1s unzlly rapid and
1t  not long before the saprophync remdent flora Is driven out of the ares.

Nevertheless, the isolation af pathogenic members of the transent flora
froma skm leston does not necesmrily rmply that these organssms are playing
@ ective part m the produchon of the lesson. For instence, & burn or an
ecxamatous eruption may be teemmg with staphylococel which, as far as
@ be shown 1n the laboratory are identical with a stram of staphylococcus
Jout lsolated from a fatal septicserua but wrthout there being any endence
that therr presence » 10 any way delaying the healing of the bum ar
prolonging the eczematons condition of the skin. Conversely struns of
staphylococe] which would othervise be classed a3 non-pathogenic are not

1solated under arcumnstances which make 1t impossible not to
regard them #a the pnme camse of the fesion. This 1 oaly one example in the
many gaps in our und; ding of the bet of staphyl scventy
fire years after Ogrton (1881) carned out hus ploneer research into the
cxuwes of suppuration.

Two years after Ogston first called these organsams staphylococad m hus
clasmc papers on Micrococcus poisomng (1881 1882) Resenbach, uaing
Koch s recentlyintroduced gelstine culture medrum, sucteeded in obtaining
pure caltures of staphylococcl, These he dmded into two species, Staphy-
lococcus avrews and § albus on the basm of pigment producthion, and to these
tturd, S artreus was added the following year by Passct (1885). In the
*ame year Garré (1885) and other warkers placed beyond deubt the patho-
gemcrty of staphylocoerd by producing pyogenic lemions m themaetves and
others by the oculation or the rubbmg of staphylococcal cultures mto the
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In 1894, van der Velde reported on the tomiaity of staphylococal fitrates
and dunng the next fifteen years most of the toxc properties of such fiftrates
recognized todsy were observed and described by other worker. After
that, general interest 1n staphylococer and their toxie propertics seem to
have flagged until 1928 when the Baundaberg deaster 1n which twche
children died after being inoculated with a diphtherus toxin-entrtcam
muxture which had become contammated wth staphylococs, ked Bumnet
10 runveshpgate the whole problem anew Durmg the next three yem
Burnet (1929, 1930, 1933) published a serles of papers in which he de-
scribed the production and investigation of a potent exotoxn m staphy
{ococeal cultare filtrates whose o7 oreo and m oxiro activities could be fully
neutralized by antisera prepared against 1t in anumats. He also demonstrated
thart this toxin was elaborated t vroo 1n antmals mfected with staphylococn.

In the years dutely following Bumnet s stumulating Jead many mare
papens, some of them contradictory particulacly in regard to the hacmalytc
actrvities of theso culture filtrates, were pubhshed by other workers. Moch
of this confusion was cleared up by Glenny & Stevens (1933) when they
1dentified two antigenrcally distinet toxic components with different o erve
and = outro actrviies, erther or both of which might be prescnt sccordmg
10 the stram of staphylococrus used to prepare the colture fiitrate. Two
further tomic components, distinguishsble by ther heemolytic propertss,
have since been described (Smith & Prce, 1938 Willems & Harper
1947}

Aboat this time the coagulation of plasma by staphylococd, onginally
described by Loeb (1903-4) some thirty years before begsn to rece®
attention ss a possible factor 1n the establishment of both local and pyzem
staphylococeal infections. In 193y Cruickshank introduced the coagulato
of plesma a3 a routne test for the differentiation of pathogenic from pot-
pathogenc strans of staphylococc. Since then thus test has been widely
snd succesafully wsed and the term  coagulase-positire has now beet
pted by most bacteriologuts es synony wnth pathogeniaty

The outbreak of the Second World War broaght problems of wousd
infection tothe forc again. The lack of any practical method of
onennlnofmphylococuu{rumumhcrmnadcd.ermdyofutnphyh""‘ca
cross mfection of wounds rmpossible, but this obstacle to the epidemo
logreal study of the staphylococcns has now been partly overcome by
use of typmng

“'hhi:hhfdmeofpmrdlhlforgcncmluxm 1946 1t acemed as if th¢
end of serious stephylococeal disease might be in mght. However the opd
emergence of rexustant straifs of stxphylococet has crested fresh problemt:
and new forms of acute stxphyl 4 i have sppearcd which 0
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proving s dufficult to trest as the fulmmnsting septicaemtss of the pre-
antibiotic era.

Btaphylococel are among the eaxiest of organsma to cultivate, and, spart
from an occasional COg-scomtrve, dwarf colony varmnt which may not be
endly recognizable on plate cultures mcubated m air alone, ther solation
and 1dentification from wouts staphylococcsl lextons urnally presents no
difficulty (Hale, 1951 Goudic & Goudie, 1955 Thomas, 1955). The
mtrodnction of mlt-ennched medrom has increased the isalation rate from
fucces and contzminated foodstuffs and the use of media contaming
phenolphthalein phosphate has made the detection of nasal carners and
enviroamentsl contaminatian with pathogenic staphylococa very much
easier (Barher & Kuper 1951).

By far the greatest single source of pathogenic staphylococe: 18 the human
nase. Over half the population are naeal carmers of these orgemsms and
the okm of the face and hands of these carners 13 beng continuomly
contarcinated with their own nasal secretions which often contmn very
lerge nombern of these organmma (Miles, Willums & Clryton-Cooper
1944). This in turn hly leads to wholesal ion of their
clothing and bedding at the slightest movement of which, showers of
mfected dust-particles e mto the mr constituting a much more dangerous
and effective vehicle for the spread of these pathogenic organisms than
droplet muclel from the expired wir of these carriers (Duguld & Wallace,
1951 Hare & Thomas, 1956 Hare & Rudley 1958). The fecces of & naml
cumier o another important source of staphylococeal contamination which is
often overlooked. The contnbution of mfected burns and skin eruptions
0 the wholesal of our hosprtals needs no

The toxic properties of staphylococeal culture filtrates vary consmderably
teeording to the stran of staphylococcns used and the method of eniture
employed. Of the four haemolynins which may be present in such culture
filtrates, the a lysin 1 generully regarded as the most mmportant as far a3
hmninfccuummumcmwd.“hmnnunmaa}yhmm}ymbm
tl0 dermo-necrotic and lethal to rabbits and muce 1t 18 neatralired by
#pecific antmern preparcd by the sctive of mbbits with the
toxm or its toxosd,

The production of the f-lysin i more charscteristic of strans of staphy
lococc bsolated from anumala. This toxn exhibrts the hot-cold type of

18 ot dermo-necrotic, eod only lethal to rabbets if given o
large emounta. It 1s antigenscally distinct from the a lysn and can also
be newtralized by its own specific antisera.

The - and &-lyaing are both dermo-necrotic but differ antigenically and
n their haemolytic behaviour Iittle else b known aboat them st present.

n
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The mayortty of pathogeme staphylococe] produce at feast tro fwod-
duns, one of which 1 almost certamly the a tyain and i caly sctive sgainet
rabbit and not human leucocytes. The other known letcoadin wa bt
described by Panton & Valentme (1932 see also Valentine, 1936), b
antigenically distinet from the a lpan, and destroys both human and rbba
leucocytes, It has smoe been ahown that sgglutingtion of the lencocytes
precedes ther destruction and this hes been used #3 an indirect methodof
estimatng the leucocidin content of culture filtrates (Weld & Mitchell, 1942)

Thero ace algo other substances present in culture filtrates of patho-
genic staphylococet which, although not toxins In the stnct sense of the
word, probably play a part mn the estabhak of staphyl [ infecth
The most tmportant of these 18 the well-known clotting fector ataphyio-
coagulme. Onginally thought to bo a thrombun ke substence scting
directly upon plesma fibrmogen, 1t is now regarded o 2 kinaso which
actrvates & prothrombin-fike factor present in tho plesma itself which then
rezcts with fibnnogen to prodace the fibrn clot. The presence or abscoce
of this prothrombin like factor determines whether the plesma of any given
species of animal can be coagulated by staphylocoegulase. Human, rebit
and horse plasma s readily clotted by efmost all strains of staphylococst
pathogenic to man, wheress gumea-prg, mouse, rat or fow] plamm »
resistant, The fact that there sre & few strains of cosgulase-posttrve staphyio-
coccl which can coagulate guinea pig plasma and an occewonal strun that
will clot mouse plasma would scem to imply that some stephylococt Y
produce more than one type of staphylocoagulase and that the prothrombe
like factor 1n plexms is probably species speclfic (Smuth & Hale, 194
Duthie & Lorenz, 1953) The generally accepted vies that the pathogenfaty
of staphylococd s losely mked with staphylocosgulase production receiT®
support from the fect that guines plgy are not reaistant to expenment
m!ccuunwnhthove{ewmmufmphy!ocmuwhmhmableww@‘h“
guines-pig plasma. Furthermore, the virulence of & e
strain of staphylococcus for a pormally resistant species of anumal exn b
ruwdbyunpmdmgthehxfccungdo’enfmphyiminmhbk
plasms obtained from a susceptible speacs. The study of sntibodies 1
mphylomﬂnefouudinmnmdnpenmmnlmmhhnmfﬂ‘d'
mccdmwgbmwunnnnmntohhmngmﬁcmoelnmphym
disease,

Culture filtrstes from pathogenic staphylococes may also contun VA8
amounts of enterotaxin, fibrnofysm  hyaluromdase, lipase and protezt:
With the exception of the direct relatronahup between the enterototis s
staphylococeal food posoning vbepunphycdbythucrubamcﬂhib‘
production of staphy lococcal discase o at present uncertain.




SKIN FLORA AND STAPHYLOCOCCUS 163

The ongmnal observation by Rues (1916 ecc Wnght, 1942) that the
intravenous injection of a lethal dosc of stxphylococcal culture filtrato 1n
the ansesthetized cat or rabbit cased an inftial fall of blood-presenre with
2 temparary return to s point above the normal followed by & termmal fall,
was confirmed and extended by Burnet and others, who also demonstrated
the liring power of staphyl [ antt (Burnet, 1930 Kellroay
Burnet & Willisme, 1930). At poxt mortem they 100 found ample evidence
that these ammals died of scute right-nded heart faflure arising from
pubmonery hypertenmon, Furthermore, they were able to produce the
mme cffects by the intravenous of lrnng staphyl and

effimions fond st post mortem in these animals. The resemblance between
the ion of these staphyl 1 flltrates bsequently mvestigated
by other workers who demonstrated the relesse of hrstamne 1n the fungs.
Thu, however would be regarded todsy ss only endence of cell damage

md ot xs a 1 atian of the sat ponsible for the
production of pulmonary hypertension  the still remans to be discorvered,
The recent report by Ogusswara & Tanaka (1958) that mice grven small

doses of staphylocneeal taxin intranasally die with extensive haemorrhagic

entitoxin, bat also with the hypo drugatetracthyt fuum bromid
1ad chlocpromazine, » an tmportant step forward 1n the scarch for this
Pressor substance.

toxin also hms ¢ pronounced nephrotoxic sctinty
damuging the glomeralar capillancs and the proximal convoluted tubales
with production of alburmmnuns, oligurts and uraemis.

The dermo-necrotic property of staphylococeal toxin, although used
Stenaively for toxin and antitomn titrations, hes been bttle studied of
recent years.

Most strains of staphylococed pathogemc to man kill rabbats and mice,
but the time and mods of death vary grestly with the mxe of the mocatam
and the route by which 1t is given. For instance, the subartaneous injection
of’-00000,000limpl::y]ocooclLntnLl)eﬂ:nkoflnbbttonlyptudncn:t-
localized abecess from which the animal recovers completely wheress the
\ntravenous mjection of & tenth of that number of stephylococed will kill
8 rabbit in under 24 hr., the antmal dying of an acute toxaemus with haemor
rhagic exudates into 1ts scrous cavities. Another tenfold reduction of the
‘k'“'sﬂngmmmvmomly produces little or po rmmediste toxaerma
hﬂtbenbbﬂwﬂ]dmofacbﬂhluonﬂmﬁxwmbrhhmuluplum
m the kudneys and other organs. Similarly the route of X n
mice largely decides the pattern of staphylococeal disesse produced. For

-«
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cample, the ntraperitaseal mjection of 200 000 000 stphylocoen will
kil muce s 7 k., the samals dymg of n seute haemarrhagie pulmonsty
ocderne, Half that dose by the same route fas Litle mmediae effect
and such muce sy eventually mrecumb die after & week ar ten days of the
same pyremuc fesons # mice given & teuth of that dose of saphyfococs
intravencusly Moreaves sairoaly scuvely iromunited with staphyfococta!
toxm may escape sudden desth from toxserna when challenged wuth farge
dosea of Iving staphylococct suly to die a week or 3o leter from typel
staphylococeal praemir.

Saiith, Wilson, Hummer & Godfrey (1958} bave recently remvestigsted
the effect the coute of administrxtion has upon the course of experimentsd
staphylocorcal infection 1 mice and have come to the interexting concunoe
that no mstier which route b emplayed the same critseal leths! ttre
the region of 1 006,000 000 viable coocr per roouse, 1t Klwage reached before
death occurs.

From the resvlts of these and many other mmilar studies toro extyemt
types of experumental saphylococeal disesse in enmals emerge each with
sts counterpart 1 man. 0ne 18 4D acute tossemis runnmg & rApHd coue
with desth from rght-rded beart fmlure caused by » mounting pubmonsy
hypertemalon the other 1 & slow disorganiation of the animats vits

srmng&umtbcpmgmwedmmmdcumdﬂwbi
the formation of mulbiple staphylococtal ab

In man, the rwitly fatal haemorrhagic suphylococeal branchopoca
moals, ¥ one titne marely scen except m 3 lethal complication of vinm

a but now b % 2w g ifestation of
wtaphylocorsal crom-wnfection 1n hospital patients, and the fulmunatisy
staphylococcat enterocolits which may fallow the sjudscots use of B¢
trroad spectrum sntib are plee of the acute 1o fype of
ssphylococeal disease. The progressve type of pysemc duetse, such &1
the minute snd sometimes hypotheteal skin lenon grving rise to 3 827
1itis followed by & of metasts 1c ahacesses s ther pa

of the body i happily much less common now thus s the preantimae
era, though it muy well corum sgun if aatdrotic renstant saphyioco
eonitinue ta apread through the popalanon at large.

Betwern thete two extremes bies the mun mass of ssphylococsal mo
hudity—the styes, bulls and carbundies the securrent attacks of fanupeuies
and sycosts burbee and the outbresks of impetigo—sbout the pathogrots™
of which we seem to knaw »o hide

Evadcﬁwhnnn}ybcmfoﬁhmuwg;hnnmnnmﬂmin\mxkﬂ‘:

and bobic regui ponsible for the wide differencea

e
typesaf lenon produced by thu mngle specses of arganism ot of the chroasdTT
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of soma of these mfections or thear dutribution in the commumty A notable
exception 18 the report by Parker (1956) of & very high madence of phage
type 71 staphylococar (2 Group II strun with soms ummual cultural
dlmnnnmu)whidxhefmddumgmsmwnmufmmm

d eprdemic of impetigo 1n schoolchildren. There 18 also some
cndmmLh:tphngotypeSomdudunmcummnﬂyhvmvemnnnf
staphrylococel
The resnlts of numerous studies of the antibody response 1n man and
ammale to natural or expermental mfection with stxphylococed, heevs, on
dlewhnlg,bemudlmppmndngnvmnc.mnidorﬂudmnpymthn
trem of human staphyl 1 discase, Nevertheless, the recent report
by )u\mmnky (1958) th.tt tmdd 1mnunohon durmg pregnancy reduced

fe in both mether and infant alike,
lnﬂﬁutthn:ppc.mdtnbemd.:pcndmtofthea*nﬁtuxmwumbm
directly related to the anti-leucocidin titre of maternal and cord blood,
should revive mterest m the role of lencocidins in staphylococcal disease ®
In this connection the thirty year-old, bat hrtherto unconfirmed, report by
Lyous (1927) that staphylococts tn very young cultures are encapeulated
and that the anti-capealar antibodies that can be produced m rabbits by
mnnnmnngwhhyaunguﬂmmbchmﬁhmh—\am:dun,mxg\nwdl

repay reinvestigation on the Lines so fe d by Glad
(1946) Cromartie, Bloom & Watson (19.47)un.dSm.Iﬂl, Kepple, Roms &
S“qu(lg“)mﬂw Tucid of the path anthrex,

mmmhu(xms)m-mhypod}mmhhthedmofhypq
senaativity of the host’s tissues that determines the charecter and course of
# staphylococeal mfection be overlocked.

Tosum up 1t can be fairly said that although we now know a great deal
1bout the cultural ¢k stica and tome products of staphyh thar
source snd dustribation 1n man and enimals and their modes of spread, oar
Upmmmltuchnlquummﬂmouudcweh:ddncth:fm:whlch
determune the onset 1nd course of etephyl f m the indmdual
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CANDIDA IN KERATIN OF NAIL FOLDS
By C. HOWARD WHITTLE axp G AUSTIN GRESHAM

Candida grows 1n the keratin of the horny layer where 1t may remam s2
saprophyte or may sssume 1nvasive chamcters and set up nflammation
Littlo fs known of the conditions which favour the change from the
saprophytic state, except that the organism has been found assoclsted with
Iemons most frequent]y in parts of the skun which are unesually mowst, sach
a3 the intertriginous surfaces in the groins and toes and under the breasts
m women.

Candida albecens 1 very rarely found on normal skan (Benham & Hopkies,
1933 Mackinnon, 1946 Croft & Black, 1938) and cannot be regarded &
a regular inhabitant, though 1t was found by Benhsm & Hoplms in the
alimentary tract in 18 per cent of normal persons and even more frequently
by other worken. Of the various specics of candida recovered from the
skin, C allxcans s by far the commonest 1n sctual learons, snd on this end
snuma] inoculstion tests—Redsell (1924) Winner (19584) Gresham &
Burns (1959)—1t stands out sharply from the others. But other strans o
specics are not necestrily completcly deveid of mvasve power :d
apparently may on occamons be responsible for producing lesons, for
exumple, Raubltaschek (1946) Floch & Mailloux (r957) Benhem (1957)
Whittle, Moffatt & Davs (1959).

We have confined our sttention to candrda infections of the nail folds
Thus is what we think happens when infection tekes place.

1 SOFTENING OF THE KRERATIN BY MACERATION

This seems to be esaeptial if the candida 5 to gan & footieg. The very
high wmadence 1n women 10 this country (96/1a4, Whittle ef aL 1959
sce Table 1 Heller 19¢5 Fran Bell, 1957) suggests that primary
paronychm s an P ! discasc of h because of the repested
wetting and degreasng to whieh they subject ther fingers. In Tel Avr
Feschenfeld (1958) found go per cent of hus patients were houscwives.
German and French workers noto a similar preponderance m housewives:
In the Unuted States, however where many wet houschold dutres are dooe
byhbouravingmachmu,thcd:wfduulcuoﬁmmmwnm!hwﬁ’
noocunmmmlnuccupwmxwfuchmvolrerepuwdmtmgdﬁ”
fingers (hungery & Thienes, 1935 Thienes, 1929 Sutherland-Campbell,

1929 Scherr 1958).
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Tablo 1 Likely contributixg factors in promary parcaychia (104 caver)
oot Bex Feralo 97 ctas
Ape (_nl_i-—-l
daturbences  x.
3

Do
(traomm)* 2. IThomble (stertog on thia finger)
]

Thars la some ovackepping i thoss figres whan more then oce factor 7 recondad.

The ease and speed with which candids can gun a footing snd grow
in the macerated nafl fold hae been ahown m & stmple experiment by one
of us (CH.W loe. ait ), 1n whuch & healthy fold was macerated by occlosion
ith waterproaf adhesive tape (PL 1 fige. 1 3, 3). Though no organmams
were knowingly introduced, sp Jonixstion of the kerstm by
andida (in this case C guallurmond) was demanstrable in a week or s0
The fold remalned sterile for two weeks but was hegvily mfected after
thres woels (fifty colomes of candida on slope culture, PL 1 fig 4)
Smnilar results were obtamed In another nail fold in the same subject.
As a source of infection the plaster fteelf ls unlikely since mine differont
tmples failed to grow candida,

2, MECHANICAL INJURY
Tl may be emgle, sudden and viclent, a5 & blow ar crush or splmter or

e often mild unnoticed and reperted s in housework, gardening, ete,
(se2 Table 1).

3 CIRCULATORY DIBTURBANCES

There mevid. of distarbed ! 1n the fingers m a senall proportion
of cases (28104, sce Table 1) am extenmon of the senes may reveal a
higher Incidence.

4 INFECTION

The onect of symptoms is usually sudden and the mflammation scute
(e FL 3 fig, 1), The orgamumms found arc those notmually present 1 the

andjor mouth, and the nfection s probably introduced by con
hnﬂmmndthuﬁnm&undmllmurym(hlntm,xggg).m
danger of wide—scale faecal contarmination of the fingers b well nown, end
Public health suthorites are attempting to reduce it by displaying notices
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m public levatories and by promiding better washing facilities therem, In
our series the right middle finger showed a signlficantly high inaidence
the first digit to be affected, which supports the suggestion of fenal
unce 1n cleansing the peramal shin after defaccation it i
the one finger most likely to be contaminated (Whittle et al. 1959)

The candida no doubt reaches the fold in spore or yeast fom Bx
mycehum may soon develop and mycelum m frequently present in
establuhed infections (P, 3 fig 2). In some cases only mycelium Is fomd
and m one case, foc. ctt., a closcd abscess of the nail fold (PL3 fig 1)
showed only mycelium m the pos and only pure C efbecans was grown o
this and seversl subsequent occamons, both from thss and from other
affected folds

The mycehual form of candida 1 also found in scrapings from mter
triginous lesions such 13 tines cruns and intertrigo of the too clefis, ead K
13 casily mistaken for one of the dermatophytes, such xa Epedermaph
floccasxas and Trackophyton rubram (PL 3 figs. 2, 3 4) untl the calture
reveals the true nature of the infection.

Kapica & Blank (1957) have shovm that Candrda albrcans will grow of
ortro on kerstin with glucose and develop mycellum, utilmng the kerstt
a8 1ts sole source of nitrogen. It took about 30 days to produce myechum
m any quantity In our expermrental nail fold infection with C pelBer
Mmmumcdnbomon}yyunfmmfmdlnthemmh
the first 30 days, up to the timo the report was made but abundmt
mycelium sppearcd after 34 days from the start, and permsted. C plier
woads and C parapsilasns have slnce been recovered st frequent fnterralt
and ere still present, though other fungi, possibly contaminants, bave
q:'l:velmd.'I'beu:rycx:liv;unh.ubet:ul;vruentlnnlnmdn:n:emtheltnﬂ'lf'i“d
keratin for the 12 weeks since first observed (PL 1 fign.5 6 PL 3, figr 1-6%
Hustological sections show that the mycelum s moading the kerstit
(P1 2 fig 3) and not merely growmg on the surface. ol
can apparently produce penonychual leslons (Raubitachek, 1947 Floch &
Mailloux, 1957 Whttle et al 1959 Benham, 1957) However before
draming any final conclumon we hope to repeat this experiment.

The nail fald will contam very Little gtucose and will be subject to changes
o(pHmduxygmtmumu-—eﬂnmllrmdmnlnzbchmiﬂ.lh‘

poastion of which u mfl d by bers of factors both internsl 4
external (Barlow & Chattaway 1955 Barlow 1958 Jarrett, 1958). Ttsesm
likely that some of these changes may greatly fivour mycellal development
Lowered temperatures (Reess, 1870 Hamen, 1886) and lowered oo5e?
tension (Wickerham & Rettger 1939), certamly increzse thus rendency

YW think that the mycehium mey play s part in candida s power to e
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kerxtm and produce lexsons, and in this respect candida behaves likn the
dermatophytes. We know that this idea is in conflict with some accepted
wiews on the subject, which rest by analogy on the behaviour o orro of
Cryp und Histopds (for ple, Winner 19585) but these
mpnmm(ﬁﬁuﬁmnundl&mﬁhttﬁqﬂhmmlﬁnﬁyforkﬁﬂﬁn.

The generally sccepted belief that the Momha gemus m primarly
unicellular in natore 18 shown to be ble by the d ration that
ths fungus may produce true hyphae which arme by septation of the
filament ruther then by a snccesmion of poler buds and that a division of
labour exmts among the cells of thus plant, &2 1s shown by the utilmation

by chlxmydosp of food produced in and transported from
the hyphal cells (Wickerham & Rettger 1939) thus candida s closely
finked with the monlds.

Biochemical studses snpport this view  Foster (1947) writing on moulds
contends that the fermentxtion of sugars by the orgunmm m a mgn of du-
ordered metabolsm, In the artificial condions of the laboratory sugars
are provided In amounts far m excess of natural requirements  the 10~
camplete utiluestion of these sugars resuits In the sccumulation 1n the media
of incompletely omdized products such es the organic acds, whereas the
natural end products of « healthy bolism, 8 in other plants, should be
Clrbondimdalndwucr Wot.hﬂ'c.fon:ngndd::ym’tplme,orm

following

tion and occlision of & previousty healthy mail fold (Whittle & Gresham,
1959). The condrhons which permit the arganisms hitherto saprophytic to
swme invasive powens are discussed and, as Duncan (1947) suggested,
1y well be bound up with a temporarily diminmhed resistance of the host,
though what these changes are and how they affect the seat of infection 1
hot yet wpparent. Local senmitrzation of the timues, & Hennel (1940}
thought, mxy be one factor pecemary for the production of discase.

SUMMARY

Clineal and cxpermmental evidenco has been sdduced to show that candida
©an mvade nail fold kerutin m oreo and that 1t does 80 1n the mycelal phase,
md u m this respect more like a dermatophyte than  yesst.
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TISSUE INVASION BY CANDIDA
By G AUSTIN GRESHAM anp M. BURNS

INTRODUCTION
An investigation of pathogenscity within the genus candids, 13 complicted
by some disagreement over the most reliable criterta for speces differentzs
tion. The situstion has changed but Inttle over the last two decades. There
are  three things which senously hamper the clsssification of the yemt
like moniltes. The first 18 the dearth of general knowiedge of the blology of
these organisms  the second is the lack of a conception of the linuts within
which « mngle species may vary end the third is the absence of the cooase
but comprehensive definttion of the genus (Wickerham & Retiger 1939

Table 1 Some porsible beologrcal relatiomshaps o fungs
Seprophyte Symbiéont Parssite

Liviogondesd  Clow eseocktion Living on oc in m orgeniam 5t o
organic matter of two doutmilar expense. Pareutes may bhave e
cepemmms to the properties of

sdvantage of both 1

2. Burmral in tiewe
] ul’dﬂn’tﬂ: o
4+ Toxm production

Various species of candida are occanonally found ca humsn skm 104
often on mucosal surfaces 1 both mtustions they are probably ssprophytec.
Our concern 1 with those factors which have been studsed in expenmestd
antrnals and which enable candida to penctrate into timnes and product
deep-scated dmscase.
METHOD
Much that has been wnitten about varsous facets of candidal pathology #
based upon experiments unng one species of candida and onc
species. Itunn}yw‘hmmnyand}ddrpeuammedmlmhlj
ammals end when histopathological, mycological and l
:tud:ummdemgcd]er!hnoncobunulcumpmhcm'epiamﬂdd"
problems mvolved in the production of disease by members of the g
candida (Ashford, 1916 Redsell, 1924).

Accordingly species of candida were obtalned from human sourced
they wrere Candida albecans fropecclis parapaions and saline
saspensions were ingected into rabbit, rat, mowse and guinea pig It was
ena:uxl.lltheumxt.wbectnﬂnuftheuxommncfnmmdz
species used The org were clansified according to ¥
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mocroscopc growth charsctermtics on # vanety of medhs, by sugar fermenta-
thon and by animal pathogenicaty tests dcuﬂlmnetumm\‘.beAppcndm
The sixs of the dose used to late anmals was comp
mh]]yﬂnnnmbuafnrgmmmlpvmnnpmmwurmhbly
constant when frequently checked ma h Baline
mprq:ucdmingqctﬂh:cuh:mAgedmIm:uufmpnhm-
wed after repested frequently lost their pathogenicity in the
urnal dosage,

CANDIDA ALBICANS INFECTION IN THE RABBIT

The intrevencus moculation of about 100 million Candida albecans mto
young or adult rabbuts killed them in about 3 days. The animbs became
listles, dyspnoelc end died  occasionally epileptiform fits occurred.
Necropey revealed swollen kndneys studded with mmute white dots (PL 1
fig. 1) and abundant prycellum was found in smears of bladder urine. The
blooduruw-ﬁeqmﬂyumghuzoo—g'oomg per 100 ml, end histo-
irataon of the ked howed capillanies packed writh bl

1nd mycelrom and sor ded by an {nfit of polymarph Joar leuco-
cytes Into which myeclal strands extended m places (PL 1 fig 2). Rabbits
killed on the second day of infection show less mfl y resction and
lew mycelium formation, than those which received o smaller dose of
Candida albicens and survived scveral days showng streaks of & chronic
purulent mfl y infiltrtion ding from cortex to mednlla.

extenarvely formed (PL. 1 fig 3). Histochemical studies of this mycelium
h’vnlhcwnﬂmxtnrwhmpfotd_ulndrﬂ)mudcmmd thes favours the
view that it is the rapudly growning colonizng phase of the fsm. Anoxia
may be one of the stimuli which enhances the profuse mycelul oatgrowth
snce many small capillaries in the sress of inflammatron contain fibnn
thromb:. Whatever the stimulus be, and we are still uncertain of its prece
oatare, the mycelinm 13 undoubtedly the tisue invasive phase and at first
hmnmnumpdymphwudmrlmytarudinnh:innanﬂy
Little enidence of necroads is ahown by closely adjecent tubular
epithelim or 1n nerve cells sdjacent to cerebral lesions (FL 1 fig 4).
In the first few days of Infection the o widely di t
hb‘wdlﬂ'ﬂmmdunbcfmmdbycucfulhhmbgnlmdmymlogul
C@mmtion of many organs and by blood culture. That the organum is
Prosent m blood vessels m most timnes, and 1 furthermore vable, can be
thown by cutturing organ slices, sfter rinsing in ethanol and a sohutron of
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antibiotic, on Sabouraud s medum for 2 days. The preparehon n the
cxammed hustologreally (PL. 1 fig 5). Blood vessch are found to be packed
with blastospores wiuch were not vasible in histological preparations made
of uncultured slices. Lexons at this enrly stage are, however confined to
those organs with an abundant blood supply namely braw, hesrt, mmde
and kidoey 1 all of these blastospores can be seen 1n cxpillanes with
mycelium extending into the surroundmg trmues (PL 1 fig 6). Lesios
are pot found at thes time 1n the spleen though many yeasts muy be found
1 splenic macrophsges 1n the later stages of candidal infeetion m rabla,
mouse, rt and gomes pig occamonally tiny granulomsats may abo be
found. Stmilarly letions sre scanty in liver lymph nodes and luegs, a8
beng seaty of abundant reticuloendothelial cells. Candrda albscans 1 not
a potent killer of cells and provided that suffictent macrophages are availsble
1t will, ultimately be engulfed.

Rabbrts surviving for several weeks, followmg intravenous myection of
Candida allxcans show granulomatoas lesions tn brain, heart, kidneys s
ather organs (PL 1 fig 7) and the paraatte 18 often difficalt to find m sch
leaans It s, however occantonally seen in amall numbers at the perphery
of snch gramulomats. The mmportance of histsocytes m the ehmnsbon of
candrda from the tisues has recently been cmphaszed by Massholf &
Adem (1957). In fact the host 13 extraordinarily well sdapted to deal wik
moderate numbers of those orguniums  An cven more vigoroos celluler
response to candida can be obtauned 1n those animah swhich hsve recovered
from s mmll dose of lving Candrda albecans and some days hter ase grred
a larger lethal dose. Granulomatous lestons with necross sad guot o
fm(ﬂzﬁg&)mbmcmdmtmﬂvumdlﬂmw
the organism 1 agam often difficult to find  this seems to be s hypersens

trvity response.
THE MYCELIAL PHASE OF C4NDIDA

Candida allacans produces abundant mycelrm in rabbt, guines-prgs ™
mdmmmtmuathmrghtbahﬂcrmmmthmhnmﬂu‘mn
than the former two. No other candida tbnm:hmmcdpfvdm“‘b
sbundant mycelum m toeies Candida tropeahs produces an exteoshe
mycelnl outgrowth i cutture (P 3 ﬁg9),bmnot.bclm‘llﬂ‘}yh"he
turues of the animls which we have studied (P1. 3, fig lo}mﬂ‘i’:
mycelium of Candida tropscalis 18 rapidly formed, but #s raprdly i
generates calls become bloated and irregular in shepe and eze. Soch
rapid mrvolation of the mycehal phass of Casdsda tropesks may expiie
1ts lesser pathogenicity as compared with Candids albcens.

Th:mycehumpmdumdhycwua-wumqprmd:maﬂm
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mndhumvuulpnhogtnntymthamlmhdnthxvub@mvuﬁgtt:d.
hhmnmnﬁomnbbnlmnmhluchnpmctnﬁngﬂmcm:u
wen i dermatophytes irvadmg keratin (Dandson & Gregory 1934)
The mycelial phaso 1 not to be considered a degenerative one rather 1t 18
more spechalezed than the blastospors phase. It enables fungal proteplam
mpmmhmd}emmulmnﬂnnnmlyncymwnhlhrgelbwrbmt
mface,

PATHOGENICITY OF CANDIDA
Repested exsmmation of smears and impreseon preparstions from recent
andidal lesioms have shown that the mycehal farm of Candida albseans 1
arpwalated (FL 2, fig 11). This capeule has been noted before and stodied
(Negrom, 19364). It may be the source of the endotaxm
powtulated by Henriel (1940) and other lster workers (Salvm, 1952
Winner, 1958). It compares well with the mfection hypha of plant parasites
Ixhnwhmrmhmmaym This infectron hypha s covered
'nhlmun'hmnau.mvelopelnthamnhydwhxd:thcp:mmdphm
ol wall shows chercal changes.
mhﬂmpmduccdbycmdaaﬂummg\m)u—pig,mmdmm
#7¢ arniler 1n type and dustribution to those which have been described
in the rabbrt, Dexth from uraemia followmng masve doses of Candrda
3ecinr scems to be e in part to blockage of renal capillanies, by masecs
of biastospares end myrelial networka, This i supparted by a progreseve
dimntion of renal plsma flow and the development of ohgurm in rabbrts
scutcly of nraemia following imtravenow injection of Camdida
%mrmdphmﬂmvwndﬂumlncdbymmmngdxdarmce
o8 ungle intravenous loading dosc of para ammo hippuncaad (Gresham

& Dandson, 1959). It 13 probable that & lar mycell f !
"mﬁhnﬁcturphy'lpantnmhxubtu-ucdonbymdhm,
O mtravenous b of blo doses of org of simitar

*28, namely Candida parapsifons and Condida guilhermonds, produce no
.ﬂ]eﬁmtmunthnmtﬂcctbcr duced by intr i L
oy vuspension of Candida albvcexs Tt hua likewhsc been
%hmnbbhmmher-pcmthnglmlphmlﬂgﬂmdhm“ﬂ
en glomeruler capillarics (50-1804) could be recovered from the renal
e following Injection into the renal arteries (Smkin, Bergman, Sitver &
Mlmm-gmmﬂmedmhtﬂpmlmml
by blastospores alone and raises the pomibilities of mycelrom
Mﬂn@b{.ﬂmlﬂmpmb;blypmduccdhymmdmbdnlm.ﬂ
cﬂt"i‘f‘”ﬂmlxcr:lngnsculuI:dbcnge.
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SPREAD OF CANDIDAL INFECTION

In those anfmals that survive the mitisl recal mault lenons develop m
other organs, Thess may be duc to Hastoepores mtroduced ot the primary
moculaton or & secondary blood invancn, vis vescular shonts, from the
prinary renal leson. Hutological exsmmation of trssues at ths stege will
show mycelual elements m cercbral eapillanes (PL 2 fig 13) and the biood
stream. The mycelul phase 1 then also of importance In blood dermumns-
ton we well w1 m tiwue invason. Thi view sccords with the findug of
arculsting hyphae m expenmental dermatophiyte mfectiors (Simons, 1954k
Expermmental infections, then sapport the view that the mycebal is the
mast efficiens pathogense forrn and the blsstoapore an artifical foem peo-
duced by culture m vogary medu That 1 fucther confirmed by the k-
cubation of kidney shees taken from rabbi dying wnth Candide aliwnt
mfection. Before incubation kidney sections revesl abundant myctiom
xfter 24 hr ancubstion ;m 3 per cent ghucose broth w1t 37" C. mont of the
33= has been replaced by probfe mawecs of budding blasto
spores. Guilliermond in 190g regarded the yeasts as degenerstive forms of
mycelal fungu Duporphism in the geners histoplesms and blsstomress
13 1 2 reverse direetion the blastospore form n the parswtic ene snd i
probably by anslogy wnth such organmms that the fallscy of loms of patho-
genloity 1 the myeehis! phase of cundida haw evolved (Scherr & Wearer
1953)  American studies of neonatal thush bave shown that twe distiot
stages exist before the lenons appess  Blatospores eppenr first, then 7
celum 8 day or 30 before the Jesions are elimeally essdent (Rogers, 1957)
they conaider that the rppeartoce of mycelim 1 lesions may be s patho
gnomanic festure of Condls afbraxs wnfection,

CANDIDA TROPICALIS

Despate statements w the contrary (Adnano & Schwarty, 1955) Candia
tropacahs s 8 pathog ® for lab warrads, Tt mode of
sction 1 fargely sn obtructive oot in the Kidneys and 1t is ethal for U
snd mice 1t only produces & tanssent rue of blood urea m rabbat end
mm-fm&p:ﬁsmmmmmﬁww
shundznt mycelum in culture (FL 2, fig 13) but does #o Jeas often In the
tissuer I{k:ologtailw«nmmwdmmal:hmduﬂw
blocking blood vessels with Litle mycclum formation. Mn-uat‘bh;':
:pmumlybefaundmmu]pdmuramubhdddmdwmmmﬂﬂ
10 20 obstructive hydroncphrons (PL 2, fig 34) balls of Ceadsda trope

may be found within the urmary bladder Death 1 doe to uraemiz o hoee




TIASUE INVASION BY CANDIDA 17¢

animals dymg wthin 2 day or so of intrevenous 1noculation of Candida
tropecahs and many vesscls are plugged with blastosporex. If the animal
survives, blastospores pass into the nephron and down to the renal pelris
producing strands of chronic purnlent infl y infiltrate

many blastospores but only a small amount of myceliom,

The amount of mycelium produced by Cordida tropicahs 13 scanty
though more is seen in mt nd monse towues than 1n the expenmental
1nfections 10 guinea-pig and rabht, Vascolar blockage is again probably
the factor cnming urnemia 1n Candida tropeeaks infections in rat and mouse
though mycelial formation cannot be the only explanation of such blockege
ance it s £0 scanty  Again the posaibility of a toxin anses  the findmg of
2 capsule around short hyphae and blestospores, in smears from lesiona,
sagyests that bere aguin, o in Candsda allscaws 1 capsalar substance may
be the aggressin.

Intravenons moculation of Candida tropecahs suspended 1n 3-5 per cent
grstne mucin beads to a grestly incressed number of lesiom m the mouss
kudney This may be due to an increased tendency for vascular blockage
or doe to the provision of & more aggressrve surface, The use of mucin to
enhancs the path y of micro-c b was proposed by Sabvin,
Cory & Berg (1952). Intravenous ioculshon of Candida guillrermond: or
parapsiosts soepended 1n such & medium leads to the production of amall
moyocardial and hepstic lemons, cootmning blastospares. 1Vithout muemn
1o lessons at all are produced. We have not been able to produce kesions in
any of the snimals studied with cither Candsda guilhermonds or parepsions
unless they be mrspended 1n gestnc muan. Nevertheless culture of argan
stices made 2 week or more after intrevenons inoculation of such organsms
will reveal clumps of blastospores in vesscls when such alices are exmined
histologically It bes also been possible to recover Candide guilhermomds
from the peritones! cavity of muce s long 3 one week after mtraperitoncal
mocuhtion. It seams, then, that these organisms are much lesa able to
proliferate m oroo than Caxdide albecans and Candida tropecalis "This csnnot
be explamed merely by lack of sn sggressin nor by a failure to form
mycelmm. Both Candida guilliermondi and Candsda parapulons are dys-
Boruc m culture both grow slowly and the latter also produces & rough
dry colony It may be that these growth characters prevent the sccumule
twon of an infective doss in tissues mnce reproduction cannot keep pace
with phagocytos.
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CONCLUSION

In this brief account of the expenmental pathology of candids! miections
wcbxvemtmncdmneuf(hehcmcuuoemedludumnmgﬁmgﬂ
srprophytiem and parastiam, The spectes which we have stodied eorer
the spectrum depicted in Table 1 At one extreme we have the unersst
pathogen Casdida albecans 1t u capeulated m tmues, probably produceg
a toxin and invading by extenssve mycelil formation. At the other extreme
Condide polhermonds and paropeilons never cause lenons m expenmentid
snurnals unless aided by mucn nor do they form 2 eable mycelnm
culture or treues. One exception to this statement 53 the snycehal form of
Canihda guilhermonds in experimental human nail fold fectrona (Whritle &
Gresham, 1959). Here the mycelial phase colonzed the fold but did pot
produce clinical evidence of disesse.

The final answer to the problem of celluter damage by muero-orpuomme
Ar "upcmm 4, JvodmL 1 between ¢l
and mxcro-organssm. A convergent stiack from bacterfological, mycologicsl,

logreal and histopathologeeal sspects should achreve thet understandiog
more raprdly than any coacentrated attack on one sl facet of the
problem. The nced for & brosd blologicat approach, passscularly in the
traning of medical men and the pursuit of medical research, u a peessssy
one todey Perhapa the value of such an approsch 1 evident from our
duscourse G A G

APPENDIX A

Taxonore charscters of the vanoas species of canchds were cvestigaed &
s00n t1 possible efter taalatton in pure culture from an fnfected enima! wsosky
wnthin 4o hr after prmary bsolatron on Seboursud » medium.

Tbe formaton of hyphae, growth of colanses, and fermentaton of wgars ¥8
found to be 40 apecded that complete resutta,with the excrpuion of chilemydwpor
farmaton, were availshle tn 12-18 hr rather than 24 hr or Jonger Checkp
for punty was of course mamtaned, and results were repeaable.

For i of diagnostic media turbid suwp (BT 10) of the yeas®
wn physéologcal sahoe wes used. From s Pasteur pipetie oae or tea drope $ert
disterbuted into cech eugar tube. For yal'd media, one light touch from « smsd
Yoop was sufficient to start & giant colomy growing and e atregit wire swb, sk
mmmmﬂfmﬁnnm%@xumﬁhnpoﬂhemf;:?ﬁw
were pushed dawn and scaled mith smx—most canly by Pasteur o
while thooe of beothe, ete., from w hrch subsequent smptes had o be nken wer
notecated. Previoos tests had sscestained that & wax seal and & 3 per ot 330
solabon were best for fermentation and collecton of gas though & in s thiem
mycologecat, by a relatively narrorr margn. lmhmh-m&mnz
made no appeeciablo diffcrence to the colony and wide growths, thoogh it
inhibxt the beochemicsl resctions & hrde
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For sny plates which are to be kept somo trme it ia advisble to acal them of,
or have soma device to cut down fungal contammatin. The broths to be exemined
for growth of mycelinm and typical patterma of surfaco film and sedimentaton
aetarally reast not be agitated. But it Is e;mential to ahake the sogar text
penodically to fres tha bottom of the Durham tube from growth, or the g wid
excape uncollected, deapite the wax seal and the use of small volumes (35 ml)
of the suger solutron. The other factoes in evamiosthons aro medis, and the
degnostic reference work nsed. There xre ame eandard rather nmple media
~wuch #3 Sabonraud » snd mitose com mesd agar—which provide £ b for
the rest of the resctons so many varicties of medm bave been nsed soccrwindly
and 1t matters kitle what modi bo ued provided thet they are tested out with
known yessts from recognrred stnck cultures. AT varistions pecessary to stmuiste
thought and cxation are taken care of by these mricro-organiams themaeina, The

of en organim by means of gulsctose, raffinose mamnitel, and erebinose—t
namw & fowr sugars and the use of the Auxanogrem technlqne which u rery
valuablo in practised handa. Such methods were not cacried out in this sesies of
experiments whers the organams srero knows, ¥ asution in buachemicat obaeres-
tions sppesss to be & factor 1n myvology from wmuple short soger testa © %

teosions and protom reschons.
IummddmmmmdMWmﬁ
ated 1 one it w sxted to ferment ghicose, sucroee 104

Mmfmm!thwﬁ%uﬂym&mdw
resction ables piled m & personsl fat ymmnlcrmemw
hbanmqunnudbcmd,in-xhcnp&md.mkwmﬁdmwu‘
that the media used xad the reference authos s medie thould egres in erventitht

in respect to exotic Ingredients—nat e frmous sdvice o ft seemt
Wﬂmfwmmmmmdwmwﬂhﬁ*m
going experiments) series are p & MB
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EXPLANATION OF PLATES
PLa
Fir.  Bisected kidnay of rabbit killed  duys sfier LV Camdida albiconr
Fig. 3. Mycelmm fn vewcls in tho Lidney of mebbit. PAS. x450.
T3 Impression prepambon of  cendwdal lasion m the rabixt kadocy Grem X 430,
P 4 Bﬂinldmln rabbet Ifled &y-lfn'x!.VCd&:-u.Nmm’ytdhm,-mry
il peseerved nmtoom.

Jenenoyte resction PAS,

Fys n hepetio vamsel i mofhmhndﬂnrﬁmm cabbit
s g R U 5.

Fig. 6. of C aiecns spreading from  chowter of bisstospores b myocardial

Flg. 7 Gremloma in rebiat skrietal muscle followmg reposted infections of anall doses
of C'albicams. PAB. 330

Pra

Fa. 3. Ghatosll with sperse collaction of recropbeges in rablxt hver followrag repertad
wrall injections of C allecems. PAS. 300,

Fig 0 Guerr calany of C trapucass oo corn-imee) g2y

of C of
ﬁ P?ou ok W?A‘& mf""‘" ot green the orgmriem

Ipression prepenmon of  corcbral kesion 1 the rabbit due o C el
Nonﬂx:wh_ﬂnm. 5o ” ©

Fig. 2. Mycriul threads of C albcams i retoml capillarion. PAS. 490,
Fup. 3 Shds cultare of C tregicwtie,
Fig. 14. Hydronephrosis in the moe dos to renal peine obstruction by C trepicalie,



THE BACTERIAL CELL
BYE F GALE

The material on which Dr Gale s lecture wxs hased 1 to be found m the
two published Symposa of the Soclety for General Microhuology entitkd
Bacterial Axatomy (1956) The Strategy of Chemotherapy (1957). Some
of the material 1» also wyilable 1n & more condensed form In Dr Gales
Lecuwenhoek Lecture, 'I‘hcbrmchcm!alurgmmdmo{tbcbmulmﬂ
Proc Roy Soc. B 146 (xg57)
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PSYCHOLOGICAL MECHANISMS IN
PSYCHOSOMATIC DISORDERS

BrD RUSSELL DAVIS

My d of the peychol 1 h centres on one frequent
although not invarmble festure of peychosomatic disorders the stereo-
typlng of the reachon,

Stereotyping fs scen 1n s most obvions form i the disarders which
recur m attacks, such as migrame, asthma, peptic uleer ulceratrve colitis
1nd atopic dermatitis, Each attack tends to be just like the previons one,
the sare set of symptoms sppeanng in the same sequence. The pattern of
the attacks, and the underlying phymological changes, tends to show a
remsrkable consstency even wheo the sttacks arc spreed over yrars or
decades, althongh it may undergo gradial modification. Each patient has
his own charscteristic and pecular pattern. Its conmstency m not an ary
fact of his description, for 1t 1 also duplryed m physcal signs.

Within certam hmuts, the pattern remaine the same although the
stressors which cvoke the resction vary Thrs conustency despite changes
in the stressors is perhaps shown most clearly 1n children of school age.
Borne children suffer from bilions sttacks or stomach upsets, for instance,
whenever there are tronbles, and whatever more or less the charscter of the
trouble. Others suffer from headaches, and others fram bowel opeets,
upper respirtory tract dwardens or oye-strain. Similardy m adnlt patients
anxiety attacks, for instance, of a stereotyped pattern may be evoked in o
vuriety of stresful wtnations. The reactions are speafic and stercotyped,
tho stressors more or kws diverse. However there are some cases in which
=0 arety sttack m ovoked ouly by speafic shorch falling withm & parrow
range of meaning An extreme exumple of speaficity in the stressor
although enother Innd of stressor  provided by those allergic reactions
winch are evoked only by protems belonging to & narrow snd specul clas,

In meny cases tho pattern of a psychotomstit reaction appeans to be
established durmg early childhood. This is often so with atopic dermatitn,
the pattern of a first attack occurning, sey in infancy being reproduced in
site, form snd course with Little sigmificant modification In recurrences foe
two decades or more. The patterns of asthma and migrmne sttacks tend
al50 to be established relatively early in Lfe. But the first of a series of
sterentyped reactions may sppesr at any age. In some cases the pattern
which becomes established has been adumbrated in previous inesses.
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Conustency 1n the resctions of mdidush to stressors has been desoo
strated expernmentally notably by Lacey and hrs collabarstors {1952, 19534
who have emphanzed that the strain i ahways dostributed onevenly there
13 over-sction of some mechansms and under-ction of others. Expen-
mental stressors such 25 the cold pressor test or bnsaluble problems of
venous kinds, evoke bl wm card ler fanctioes,
skin conductence, ete. From observenons on these functrans o profile
can be drawn for cech subject, which shows the pattern of the reacton of
hn wutonomuc nervous system, Thas profile tends to be reprodoerd e
retesting when the streseor 8 the same, and agun when the srewor ®
different. The maxmal actrvation tends ta occur 1 the stme physologed
function. The organ emphass 1 1t has boen called, o i & coandertbe
degree ndependent of the cherscter of the stressar There are of coor%
differences between indivituale 10 the degree of consistency ehown 22
senies of tets. Some indriduals show a remarkable spechalinstion sad
stercotyping  Lacey has smerted, on the bans of expermmental endendt;
that specualaation and stereotypung in the reactions of the mtoooms
RErvOUs SYStEm 1o FTEAROr oocur &t feast a3 early as ax yean obd.

VARIABILITY IN REACTIONS

To emphawuze the stereotyping of pychosometic reactions 1 Dot to &1
that there also occurs some vanability A patient, for instance, who b3
suffered froem ane or more attacks of atopre dermatsts may develop ethmt
or perhaps, later on sn Iife, theumatoad arthrts, Another patient wbo bst
euffered for years from migrame may develop ulceratve ol T
peptic ulcer pahent may develop hypereension. 1o ather cases the sabent
symptom may remam the same, but the pattern of the attsck chngth
Agan, the bitory often shows vanety w the Hnesses from which &
panent has suffcred. A patient, for wstance, suffering from & prychos?
‘:valhmoryo{ml,gﬂme,dupcultmmmdlm}:kdmdmm
there s vanety m such cases, there is also stereotypung

Aguin, at the phynologicl leved of deacription the pattern of the recion,
foraxmple,chxtofdnead:mﬂmduﬂ:.mmmthtbeduﬂﬁﬂd‘:
strexsor stuation. Thus it hes been shown that in anger In wituations
wh:cbdneuprcnmno!tggmnprmwd,mdmnctyhtbﬁm

ction the of sdrenal mdmunncn.hmumudiﬂ“’:
(nerease than docs that of nor-sdrenaline. The apposte fa the ¢
anger-out sstuatians 1 whuch there are outlets for sggression, and #15¢1
1o fele, for there s then excoserve exeretian of nar adrenslme {for campe
Funkenstewn hing & Drulette, 1957). Similarly 13 Selye (1946) bas s
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‘ﬁaplﬁ:mufﬂmmrupomucmnpodngthz generl adaptatron
fyndrome  varies with the conditions that are establmt d expert 1l
Themmnemwuthnquknnda(lgso),whnhnimincddmcvery
emotonal stirmatus has 1ts owm physiological syndrome It 1 remarkabla
bow mnch this last view has to be qualsfied.
mﬂpﬁnm:ulﬂuimc:wﬂnhlhuw!hmﬂxmufﬂwphym—
kogial reaction vancs with the character of the stresor would lead aas to
Tpect correlations between the patterns of reaction observed climcally and
ypes of stresor wtmanion, or clamses of conflict or lfe-cxpenence
Moreover it w in the tadrtion of medicine to explam differences in the
fm‘mofthedncueby;’ to differe 1n the pathog ageot.
Anﬂnpﬂm::phmpqnhmnicrucdmnmﬂjﬂyhmhxdlvu-y
succem. Muny efforts have been made to demanstrate correlations.
H.G Wolff and his collaborators (e-g Schottstacdt, Grace & Wolff 1956),
in particular haye emphamized the varmtions in somatic responses with
Efferent kinde of confiict mtuation. Patterns of reaction and stressor
Stustions heve been clamified 1 vanous ways, the former sccording to
the organ cuphass  for imstance, and the Iatter sccording to whether
they affect the individual in the sphere of occupetion, socal role oc sexml
relationabips, for matance. The results have been shght, Withm esch class
of reaction 1t has been waual to find a diverwity of stresor artustions, and
there bave been few consistent differonces between onc cles and another
There are a few pomtive suggestions 1n the literature. Peptic ulceretion
habequ)oncdbyDtnc-&\Vihon(an)mwmrtypiu]}y-g
Mhdwuﬁmﬁnmmldlﬂimldumfnnﬂymnfummc,whcmulmp‘c
dtrmmminndﬂuhubecnn;dbyl{epcumdhhooﬂlbmmn(xg;x)
£ ocour in relation to conflicts m the sphere of hetero-sexnal
Hm'ﬂ’cnmpuhonhctwmdxtwo-mplﬂnhnd}ypcnibk,mllcnt
btmm\hmnmnlmh:ged;ﬂmcubetwcmthunhdxduuﬂmﬂom
bﬁ'tﬂlﬂ)etwo-un,ngegmrplmdmﬂ-d-m?-
Ttm of course posible that the relatrve lack of success attending attempts
10 correlate patterns of reaction and stremor eitustians has been due to the
dequacy of the methods of and claseifying the vanables. Tt cxn
Rﬂhmmmmmﬁmmnmﬁchnmmmmﬂmm
Although they have not yet been 1dentified, and that positive correlations
™l be found when the stressors are claified sppropristely  More
ghhdumdhypothmm required, as Wewsman (1956) amongst others




90 D RUSSELL DAVIZ

STEREOTYPING IN BEHAVIOUR
Itblho:pmﬁxﬂny&mmaiomtmdmbemypedmm
th&lﬁmmdﬁdmmdmb&mmthm
wbomﬁa{rommcunm:pquxumxuﬂdmdmtmdtobedm
pessonzhity hmdly-paking,mdtobepmmmmmd‘xﬁwhnd
pcmmhrhndl_Thunbcytmdmbepmlvc.dcpmdmt,nmmﬁwmd
smaecure 1 partculsr thzytmdm!:med;ﬁaﬂtylnapzmmgw
aggressive fechnge. Peptic ulmpiumn.fmmnmcc,bxvebcmdﬂc’i»d
" :}wxylmthcfmm—lmca{hfcumvma They tend to be consoenton
mdmndcrndy;uwcuﬁﬂmthmpmfemommw:upmom.bﬁtbm
thryarcambmmxsthtyueakodmmﬁcd. Because of these qualiot
dxcycxpomthzmaﬁmwuﬂxmumddmppanuwnmthmm

Itulmmon—plwcﬁndmgmpvychmcpncﬁc:{hnnmmm&
ndn-hnmommdmﬁmgﬂninmm:mehmicfmﬁimhﬂmw
dnlmgsmthmbcn,mdthemnofmulmummomumfm‘mk!md*
mmmlnmuomwmdxﬁmysppwwmmformcmeimwso
on making the same mistakes, Fm—dm—u:mv:..znpomm‘;hnacx:mw'clf
mnnho{thcbehxvmurub-cwedmnmmnmmpcmxmmdmﬂm

poses

p 273} Onzmightuguadmmypmgmwmmmuﬂh
direct consexquence of stereotypuuig 1n bebaviour frat 1t 1 probably bett?
wmgudmmbmhnpanﬂdmnﬁmmohh:mm

PERSONALITY AND TYPE OF DISORDER
Tt is widely supposed that sufferers from recurrent psyd:caounucdm“k"

Iumrydxmnlgrvupthumﬂn}ymedxmmtbe
o{mmbat,n!thwgbcneorm:ypadpamlhtymﬂwpa’”
be unduly commen.
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THE PEYCHOSOMATIC APPROACH
Sereotyping charsctenzes attacks of migrame, ssthma, peptic uleer
ulcerstive colits and stoprc dermatitss, These cxamples read like a short
sclect Int of typical psychosomatic disorders. But to be representxtive of
peychosomatic disorders this List would have to be extended, Keeping its
divensity ono mrght add  diabetes melhtus— When etocks go down n
New York, disbetes goes up  as Crile remarked thurty years ago—essential
hypertenslon, rheumatoid arthris, carcinoma of the bresst and so on
In these dmorders stereotypimg is much less apperent, if 1t occurs at all,
The Lt comld be very greatly ded, for the end ggests that thers
are few disorders in which peychol [ factors do not play some part 1n
the actiology Admittedly inclumon i the List is controversal in every casc.
It bs doubtful whether a dustinction between dorders which are psycho-
somatic and those winch are not has now any practical or theoretical valoe.
To make u dmtinction of this knd anyhow misscs the essentul pomt of the
Dew sttitudes, or perhaps the old attitudes revived, which make up the
wo-alled psychosomatic approsch. To describe a disorder s psycho-
somatic s 1o recognive that m some way psychological factors plxy a
slgruficant part in the sctiology 10 conunction with other factors. It means
that the sctclogy m multiple, and that peychological as well as somatic
mechaniyms are taken into sccount. Tho impaortant questiona lie not in
whether paychologieal factors play s part, but 1 the definitlon of the
mechamens through which they work.
factors are of more practical importance m some dmorders
than in others. They muy be regarded as more fmportant m urticaris and
angma pectorls than m leukaemia, although cven in leuksemm they are not
wholly without mmportance (for example, Greene & Miller 1958) Even
when peychologacal factors have obvious importance in the aetiology ssm
dlfmmtwodmrda‘,dmpormhamahodadmtmmmybou
effective as paychol hods. It m tempting to drew the conclusion
mndhmdmknwhxﬁmmtypmgnmrkedmthmehvhlchmdw—
loglcal factors are of particular tmportance. Armmety sttacks, for instance,
tend 0 show marked stereotypmg  But such & conclesion would be
dubious, for sterestyplng 1 alo shown in marked degree by allergic
reaction due to proteln sensitivity m which psychologrcal factors may or
may not be of {mportance. It i also shown in epilepsy even when 1t occurs
8 2 symptom of an organic lesion. The setiology of the disorders showing
®ETeotyping sppears to be vaned in this respect.
Serentyping when it occurs s far from complete, and the pattern of
reactions varies in some degree In correspondence with varations 1o the
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stressore. Yet 1t i sufSicsently common snd sufficiently marked to be
regurded as an tmportant feature of many recurrent daorders. How does
1t come ahout?

THE ROLE OF INHERITANCE

The popular idea is that everyone has fus Achnifes heel, and that the effects
of struin are shown at the point of his special weaknese, In other words,
each indreydusi has 2 weak or vulnersble organ, which ls the first to succumb
whenever he meets stremors of above & certan threshold of mtensty and
n some degree regardless of theuwr charwcter

1t 19 2 short step to ge on to supposc that the weakness » d
and mhertted. The familie! tendency m the incdence of many recurrent
dusorders and the appearance of sterestyped prttems relatrrely extly in £
are compatible with ths wiew but do pot decide 1n its favour agnitt ¢
hypoth of envir ! de The pattern of lendenet
withm families of particular forms of reschion has pot been shown to ot
form wnth that expected on any speafic genctical hypothesh, and it seemt
unlikely that in elone for the weal although 20
doubt it contributes towards them. However [ttle further can be dore 10
decide the smpartance of genenca! factars uat] the natire of the weskneses
has been given clearer definution.

It used to be confidently sasumed that the pattern resctions sre bR
and even 1o extreme sn covsonmentalst sa | B Watson (1g1g) doscumed
them under the rubne  Hereditary modes of response. In mppost of
this view be remarked that the scparste details of retponac sppeat ¥
wome copmney wih some regulinty and n spproxmstely the s
sequential order each time the exiting sturmub ere prosented (B 395k
It seevns necessary now to depart from this tradthonal view knd to conside?
have far the patrerns kre the product of experence.

THE ACQUISITION OF REACTION PATTERNS
THROUGH LEARNING
u.;mmmumfuuymmwmmﬁwd*
argmmm.thcmzu.cqmmdunmu!tofwhﬁthzwgﬁmmmm
that 8 13 expersence of sts environment. 1 use here the term experienct
dehberately 1n & broeder sense than 1 usual (omunmoﬂ-‘yl"fﬁ'
!ogmlbﬂtlhnphmaluxvdhduga]umfwm'tﬂmbch"
just xx cnuch a3 prychological eventr do glthough the thswaug
which they work may be very different. The haluts or rescrion pa!
dnpkycdbytbcorgnmmumygwmmmmepmdunofmw“
uon and expensence, phyncal, bialogieal and pryebolopeal.
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In some cases the history suggests that astereotyped reaction first appeared
after an ncm wrth a speafic actiology such =3 trauma or infection, and
affecting 2 particular organ. Thereafter the organ has ahown u special

Whoopmg cough, bronchits and then esthma s an example
of sucha history In other cascs the first event has been an event of psycho-
logical mgnificance—the birth of a sib for instance, espeaally when the
patient hes been over proteeted  In other cases no first cvent am be
identified. Commonly the anset of & dsorder m an adult patrent has been
preceded by an event such s en operation, childhurth the menopamse,
mstural or arofical, an mfechon or the desth or illness of a relative or
fnend. In many cascs there has been 2 combination of two ar more such
events, But 1t seems probable that m most cases experiences of all three
lande co-operste to determine the pattern of the somatic reachon. How
ever the dmcumion below » concerned mamly with the acquuartion of
reaction patterns through the procesaes of lammg

We know something about the course of development in childhood of
the hahits served by the central nervous system—motor perceptual and
intellectnal skills and so on—although we know hittle about tha factors
responsible for dustartion or retardation 1n therr development. Although
phyncal maturation may play some past, these habits and sidlls are scquired
largely through lesrning, the conre of which o from diffuse undifferentiated
actmity to moroe organized and specralezed Ax learning d
mpombememmembl.:mdmonmgulu in fact more stereotyped.
As indiniduals grow older their habrts tend to become set and idiosyn
cratic. They bring more and more speculized equipment to bear upon the
toaks which face them in their cveryday living,

In!hchmnlmguuflmm.ugihcorgmmnlhm mxl-nd-crmr
actrvity The dropout. Th
gain escendancy 'I‘hupmcmofdnnmnmlnd-dtd:un,whldncoum

remforeed if 1t achieves the satnfaction of & need the tendency to make

responscs which fail to achreve i Is kened. That b, resg
are reinforced ar weekened ding to therr effects. The repetition of &
Taponse 1In : with x lus or another resp does not bring

shont learning unless the effect s to satufy & need.

It seems ressonable to expect that the course of development of habits
terved by the sutonomic nervous system and other systems not under
voluntary comtrol is smilar  Our knowledge 1 very scanty  Indrvidual
diff n of the nervons system can be demon-
strated withn the first few days of Lfe (Grosman & Greenberg, 1957), but

3
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:thnmknmwﬁethath:yhmmymnqerwhzﬂm&qm
The pattern varies witk the stressor and i u poseble ¢ dstiogush
patterns which correspond to fexr fove and rage, m Watson dd, althoogh
2 different clanification may be preferred. By three months ofd resctoe
show u degree of consutency each infunt already banng dbwctne
h ies. There dotal endence (for ple, Seitx, 1959) &
show that psycho-cutxneous resctions can be lexrnt s early v the secod
week of bfe. The so-called emotional resctions in essly infency sre diffoe
and undi d, but become increasingly diff 4 and epeeafned
duning the first year and thereafter (Bridges, 1932) On sch endence s
svailshle it scems probable that farly stable idiosyncatic resction patters
are establiahed by the tupe the chuld i aix pears old.

A few reports in the Iitersture suggest that the patterns sre mifoenced
10 4 consderable degres by the amount snd character of the sitention the
child receaves from hus mother At sy rate it scems worth whike to bok
for scane of the relevant varzables n the mother-child relstionship, althoogh
factors of other kinda have also to be trken wto sccount.  Iovestigron
haye pud lew attenbon however to pstterns of sutonemic-nesvost
system reactions than to such sspects of behavionr 1 aynng

In the first attack of » recurrent ducsder such as mthma or s
dermatiiss, the somstic symptom ss ty accompanied by maliple
enniety symptoms aod eppesss s but oo companent of s relutively dufise
resction. In leter attacks ot has guned sacendancy sad there tends to b
Imle or no sccompaniment of snxety aymptums—indeed sometunct
surprinngly little, Whereas the muferity of narmal persoct show netreely
diffuse emononal expression m resction to frustrtions and duappolmtmes,
!i:eptvmtpmc&onﬂ:m:devdcpmnbd—nmlnngdﬁ—m
inadentily 1 the scemmg parsdax to which crrtues of the peychosoms®
spprosch occevionally refes  1f asthims 1 due to emotionsl disturbaact,
why then s thero no emotionad duturbasce?  they wak, usng the 192
emotional disturbance 13 two different senses.

Commonly the histary of & first seteck of a desorder it as follons %
pauent suffers & dusspp o b {nple snxiety HEP"
torna appear & somatic symptom emerges the amnety symptond
subside snd the somatic svmptom b gly provuncnt. T
acqumca,ommsyuguc.panﬂchmﬂmdm}wmﬂgmdm‘“"

4 heref e to the prinaple of remforsemest.
Adruteedly » hostorv of this kind 1 ikely 10 be m some degree #n ariiach
for mepmtxmmmdmml&mmmﬂﬂmm
focus s attention wupon the somatie symptam snd to place the cphDS
on it 55 hus accouats of kimself  Accordingly he may give less prosinees




PEYCHOSOMATIC MECEANISMS 195

to feelings of hopelesances and dejection than they warrant. However 1t is
pmb-blymdmuﬂxyp«mormmommdmbcm

ﬁmhnbmkmmnm:nynmmgnpuydmlcguﬂlnmrmn
on the question whether reachions eerved by the sutonomic nervous system
are learned 10 wecordance with the princlple of reinforcement, or whether
it » Decessary to suppose that thelr learning is governed by the law of
smoctdon (for cxample, Mowrer 1950 Osgood, 1953) There is one
obvimn difficulty m the appt of the p ple of f
Resctions served by tho autonosmc nervous system are anticrpatory and
Dot consmmmatory it would sppear end do not achieve satufactions. They
xppear to add to rather than take svesy from the phymologieal disturbances
which constitirte needs.

It 1 well known that resctions served by the autonomuc nervous system
canbe condoned  In fact, all Pavlov's carly work on condrhoning was
based on the salrvary reflex, and hus theory was an elsboration of the law
of sssocmtion.  But the results of mare recent experiments suggest that
conditoning does not occur unless the evocation of the unconditioned
reflex by the conditioned stimulus brmge with st some need reduction
directly or mdirectlty The pupillary resction to light hes been a crucial
instance. Earler expertments showed that the reaction could be conditioned
ndn:xtmcmhdbyverbdmmmmch,butrmtmunpuinme
refined which have {uded need redw have been
unniccenful (Hilgard, 1956) The peychogalvanic resction s readily
conditiaed, but probably ealy m arcumstances 1n which there 1s also need
reduction, The crosed vaso-coostnctor response induced 1 ons hand
when the other 1 immersed m ice-cold water has also been condrtioned, 1t
1 reported, but the expermments do not allow any conclusion on the part
pleyed by need reductson.

In patients, local reschons commonly increase m mtensity &s hme passes,
mauch a wray s to suggest that repetibon increases the tendency to resct.
Kumo (1956), far instance, puts forward thus explanation to account for the
gradual incresse in the local swesting m emotional dmorders. He thus
depends on an emociation theory of lexmning

However most suthoaties are Joathe to sccept, 23 Mowrer does, that
the larning of reactions served by the sutonomic nervous system o
governed by a dufferent principle from that which governa the learning of
reactions under voluntary control. Yet to suppose that it fs governed by the
prmeiple of renf and to abandon the law of lon, raises the
question what effects f the ? Tho is 1 crucal

00e 1n contemporary research on the peychol 1 h
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mpsydxcmnmcrachmﬂttcmbcmutd,hwﬂ]bcpwﬂkhgo
on to kuswer the further questions why do the resctions persist sud rever
when some st least of their effects are maladaptree? And how can they be
exunguished? Attempts to enswer these questians require more prece
bypotheses about the nature of the effects and the mechanmms of remforer
ment than those current st prexent.
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PSYCHOLOGICAL MECHANISMS IN THE
PSYCHOSOMATIC SKIN AFFECTIONS

BrJ H.CULLEN

"The notion that psychological factors have animpartant rolem skin affections
i notat all a pew one. In 1856, Eretmus Wilson in his book Duseates of the
Shx clammed that amongst the causes of ecxema were affections of the
Dervous system, a8 mental emotions particularly of the depresung kind
The century intervening between then and our own days hms scen an
mevitable trend towards specalization which hes accompensed the grest
sdvances 1n scientific medicine.

Ratjonal medicme must, of course, mctude gome kind of holistic concept
of the organism beczuse, without 1t, no sccoumt of any discase process can
be edequately explained. The Cartesum dualisic posrtion, however has
%0 permeated our everyday thinking that we find 1t difficalt to prevent 1o
determining our stirtndes to saentific problema. This m not to deny that
thers have been frequent pless for & resssertion of the role in medicine of
the concept of the human orga: s & psychophywol | unit. From
the point of view of beologrcal saence disease 1 @ reaction between the
whole organsm and 1ts environment. I want to stress this general concept
of disease a3 a maladaptetion between the arganmm and 1t envrronment
bcauxﬂnmﬂxchumxl}y:ppﬂedmmmhm‘dhemwhl:h
include peychological fact ic—hss unfortunate 1mphes
uunc{:bodymmddldmtmny Mochnmdrdogklltbmrynﬂmuf
no such dichotomy although for purposes of oheervation and description
within oar present lngusge structure the two aspects of the organism may
be distinguished.

The application of snch a concept of sdaptive processes to dmesses of the
skm would seem, perhaps, an obvious step becanse the skin, which by ane
of the largest of the body s organs, forms & mednting barrier between
the orgenism, with its relatively stable nternal environment, and the
unstable external environment. But by contrast with dsorders m other
organs the skin dseases presemt problems of very great complenty and no

mtufsctory preture of the processes which become dwordered fs a3
yetavailable to us, The posttion m psychopathology 1 cven less mtusfactory
tnd theory far cutdistances expenmental evidence. What & demanded, i

0 adequate account of the role of paychological mechanims in the psycho-

sormtic akin affections fs to be rendered, 1 the bringing together of the
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mmgm:n]thwnamr_l“ hology wihich are pphcable o the
ldqmnbch:vmu:oftbowhuhmgmhmwzﬂzrhecomcpuwebxwi
the mechanims by which the functicas of the skin become duordered emd
produce symptoma,

1 cannot hope, in this paper even to begin to ahow how same of thew
chificuities can be resolved. At most I can only select some of the proceme
and reaction patterns of the skin and show how they may be studied with
reference to the role of emotional factors 10 ther behavour

Pertraps the simplest and yet one of the wmost importsnt of the mechunams
mvolved in the majority of cases u the cutaneous vasomotor sctvity
Rothmen (1954, p 91) is of the opinian that the phenamenon of atrdromi
vasodilatation may be of great ugnificance m the life-processes of the skin
under physological, a3 well &y pathological, condrteons  He tekes thw
view because, first, of rts activation i response to local injury and, secondly
because it may be & comp m peych fi in infem-
matory akm discases. He seems to be of the opimon that emoboost
influences may act through central antidromie impulses mith consequent
vesodilstanion, The vesodilatetion, of course, then leads to an mcreae i
the mienuty of inflammatory processes, from whaterer cause, and may
also lead to & lowering of skin seasory thresholds. This latter effect by
not been sccepted by all Jnvestgators e & simple consequence of the
wesoddatation, and other factors are regarded a3 essentia! to its oocurTent®
particularly with reference to pun thresholds. The studres of Schumacher
(1943) xnd Westz (1943) may be oted as contradhctory findmgs oa tha
pownt. Rothman (1954, p 136) clumed thet there i strong
endence to support the view that itch thresholds are lowered by increned
blood flow to the shur. He cites the obscrvation that the diurml petk

comades with 8 greater tendency to ftch. Tho peak oo
1n the late afternoon. In contrast to this pattern, however 1t has been ouf
experience m obwerving AR extensive series of cases of pruritus vutvse et %
thztmepakpenod;fofuchmgocmnednﬁumrmgwbtddm“”d
in the forerioan. Negetive evidence which may be taken to provde some
support for the vrew that akin vasodilatation fowers the threshotd for rich
1 the finding that itchung cannot be elicuted m an ares of skin where
vasoconstrichon has been mduced by & local injecton of
Breck (t935) Melean & Shelley (1950). It ts believed that the focal arexst
prevents impulses from armng m pain nerve endings. There B
evidence to support the vieor that rtch end cutaneous pain sensatioms &€
meduted by the same nervous pathways. Rothman s (1943) sdmurdk
paper On the nature of ttehing mmnmtbcn:dcn«.ml’”‘hﬂ;
between pam and Itch forms the bass of & very mtercsting paper
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Kepecs & Robin (1955) 1n which they pownt out the strong erotic compenent
m 1tch and tickle senmatroms. They describe experrments which seem to
provide some explmation of the role of masochmtic drives in prurtic akin
affections. 1 shall refer to therr work agan later
I harve not referred to the physiology of vasoconstriction #s this sctivity
1 subserved by the normal sympathetic fibres and has obvioos relationahips
with the peychology of the emotions. One point may be made here,
bowever m thuw connection. It is belicved that the facilitation of vaso-
conatrictor mechamams by adrenocurtical hormones may sccount 1n part

ot lemst for their therapentic effects m mil y skin reactions and may
also explun therr effect on pruntic condrhions. Adrenocortscal hormones
could premde mn 1 link in the peych skin affect!

I have given this brief account of some af the physiclogicsl mechansms
mvolved 1n the vasomotor skm resctrons becanse 1t may help m making a
crtical emesament of some of the research methods which have been used
for stndymg the role of psychological factors 1n skin diseases. In u [ater
peper Dr Ackmer will be tellmg you of same of hus own mteresting re
scarches on the cffects of annety on cutaneous vasomotor functions and
I sl not anticipate him here. I must, however refer to the work of
Mittelman & Wolff (1943) These investigators made a carefal study of
the vesomotor ctivities of the skn 1n petenta during peychoamlytic
interviews. In each case preliminary control observations were mads beforo
interview In general they found that cutantous vasocomstriction wes
ssocisted with mounting tension and amoety and vesodilatstion with &
lowering of tenson after the dmscharge of emotion in the mterview  Same
objection might be to their use of the radiameter for armving st an estimate
of blood flow but their findngs are confirmed in an ingenious expenment
by kepecs, Robin & Brunner (1951) who observed the rate of crudstion of
flnd in an induced bluter from which they had removed the top

1 have chosen theso two papers as illustrative of o clas of experiments
which are very numerous, Briefly they involve the obecrvation of &
vanety of phyuologzcal changes which peny changes of 1
#ato in patients or cxpenmmental subgects. Carrelations of this kind are of
grest vatue. They do not, however take va very far towards sn explenation
of the mech peychological or pt I, by which these changes
are brought about. There has been httle attempt to use the approaches
which have been devised to study the mare complex processes involved in
the establshment of behamour patterns. Dr Ruseell Davm has referred to
some of these prychological processes and T cannot go into them here 1n any
detail. For imstance, tho vasoconstrictlon whach is exed to follow the fall
hlh:lcrdo{md«ynwthed.dqwtﬂmo{dthmddncgg
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Undwhtcd&ythctmmeﬂmofmumnvummmmbemdn
mmthesmxofwcﬂbungbutthcmechminmbywhnhrm
mmu&aplmnhamnyfunbcrquanm\%mﬂdmmm
why Insame cases ueduamofmnctyumlymhmedbympm
Whmtheyunprmduccnwtdapr:adumamarwhmdxym&
localned vasodilatanon of rosacst. Perhapnhuethem&cd\hnhﬂs
thcapfwmofmoumumw!vvd-'l‘hnnbaﬂwﬁmhaqumn
tohawmuchprcvxmncxpcnmcoorlummgcmtxﬁmmwdmemﬂﬂ
patterns.
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the central connectrans of this system. Weo arc not clear a3 to whether the
senwory fibres aleo carry the entdromic impulses or whether s Lews
{1942) behicved, there are antidromic s vell 23 sensory fibrea. Perhaps
Lewns » (1942) theory of & pocifensor nervous system could profitably be
coondered by theonsts m the field of peychosomatic dermatology If we
knew more aboat these processes we would be able to devise better models

for the inveshgation of the fund: 1 p tho lation of
peychological conflicts into skin p
The of the symbolism of symp depends on the p 1

Y

structure of the indvidual case. This mdvidual personality structure, of
mum,chpmdaonmunnrymdtbngmupmmmdlummgof
the patient on the baais of hus inherried capacities. The whole samatic
eystem includmg the skon o no less involved 10 ths learning process than
the central nervous system. We do not know for instance, how much
perrpheral learning or condittoning 18 Involved 1n the perpetuation of
symptoms nor whether central processcs play the major role 1n the chrond
aty of skon lemians of the peychosomatic type. 1t has recently been suggested
that same sort of memoary process 1n the spmal cord might explain ceses of
asymmetnical hyperhidrosms of chiueal sgnificance. A cass which wo m
vestigated here recently might fit such an cxplanatary theory

The problem af personality {8 a very complex coe and rames questons
which are of fundsmental mportance in the planning of therapy for the
peychosomatic skin disorders. Graham & Wolf (1950) studied a series of
thirty cases of pabents with urticars. They found that their urtrearnl
sttacks were related to & particolar kind of emotsonsl duturbence and not
o exposure to allergens. Almost all of their patients felt bittesly resentful
of & situstron which they could do nothmg to resolve nar could they ade-
quately express hostility This finding 1t will be noted, tells us about the
current Life dltvation of the petients which was regarded 2 the preciprtating
factor in the onset of the urticanal atacks. The patients were often quite
wware of the feelings of resentment end of therr ongins. The investigators
med the radiometer dunng speclal internews to estimate the yasomotor
acthaty of theakin They also d the threabold of reactrve hyp
Capillary tone was invariably lowered when feclings of resentment were
troused in the interviews. With hopelesness there was artenolar con
striction but a loss of capillary tone, With mountmg anxicty there was both
wrieniolar and capillary constnction. They also attempted to clucidste some
of the mect tved in the prod: of the lesions and introduced
hstamne and pilocarpine Into the skin of twenty four of thewr petients by
electrophorens. They also found that in these patents & fergned blow
produced a dilatation of arterioles and a lowering of capiltary tone jost as
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flushing of the sk 1 produced by & reat blow Ths fatter finding o oncr
raseex questions of some kind of central fesming mechanum, These i
vestigators do not go into the question of the persomlity structure of ther
petents in any detsil aad the grest outstnding question v why g sk
of these particulsr patients should resct in thus highly apeerfic way  Other
wudies of patients adoptng « more hutorses] spproach to personsliy
problems are those of Stokes, Kulchar & Pilisbusy (1935), of Seul & Bero-
atean {1941), of Kaywmn (1947) and the more recent one of Witkower
{1953) whow findings only pertully confirm those of Graham & Waif
(1950) But personality studies of this kand do not help us a grest deal ;1
elucidating the mechanusms mvolved i the production of symptoet.
A of the p hites of paticnts nalng the projective techaxmes
do ot help with this problem esther although they may make chsnficuon
of patients » httle more justifiable. Good cxamples of this kund of stady e
those of Plesch {1951) who used the Rorschsch teat wath ffty patesta
suffening from rosaces or morbid blushing, of Seatz & Gowman (1952) wbo
used the R g Prcture-fr {on test on prurttc pagents.

of this kend are legion for all kods of peychosomatic condivons. They
render more objective, 1t 18 clumed, sssenament of personality bt 1t shookl
be pointed qut that interpretstion of the date clicited by these tr 1
depend on the qualif umdex.pcrxmmofﬁsemmpmﬂmd
perhaps alo on his own personslnty They pronde for the most pat
it oty wystems of pe lity trasts and gave us 0o direet evidence
regarding the development of thews trarts nor of how they have come to be
sssocuted with skin fessor,

Studies which tre centred on the sswocation of specefic persoaslity tFps
with specific kinds of ekin Jeron serve at best to emphanze the g3ps which
et 1 our kowledge of thet conditions. Only by liskmg theones of
personslrty which can be venfied cxpenmentally probably m a eontert of
something akin to leamnng theory with n sccorste knowledge of the

phynslogy of shun p will tt be possible to make our denp-
nons of the puych skin aff ones., Perhups po-
whmmemmm&]dummwmm!ﬁcw
nscmnof[u:'mtx':yvmhLl'u:kmdlofgencﬂh:ntjcmluhrd’u:lnbe“’"‘c
from controlled expenmental studies either intbehbonmf!“"“:;
bedside. In this wiy too st should be poasible to render the procussel
peychotherapy more retonal and cor ble and tess dependent ca 5
indsvidual cxperience and personality of the therapst. My own fecling B
x}mthacupemnmntbmﬂdfoﬂuwdxcimpomﬂad:wﬂdﬁhﬂfm
offered us by such workers s Muer (rg4g), Maserman (1343 1958%
Movwrer (1g5e) and Liddell (1956) These experimentess, working
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with ammale, have suggested an expenmental methodology to us 1n the
context of which studies of a great mumber of somatic mamfestations and

i of beh | dmorders could be studied, Much work
remsing to be done here. There secns littlo resson to belicvo that ther
methods could not, with surteble modrficetions, be applied to the study of
humen subjects in the laboratory and I feel that this coald be done withont
transgresng the etiucally permissible lrmrte. The work of Davis (1946
1948) on the disorgantzation of motor akills in human subjects m the
Cambridge Cockpit revealed many examples of sommtic reactions, such
3 sweatng and fluashing, which accompanied the conflicts aroused. These
findings were not followed up at the time but they pomt the way to snother
usefnl approach.

These experimentsl methods, of course, do not primarily throw any
direct light on the gencam of the personality structures of adult subgects, but
they suggest hypotheses which conld be tested m studies of the development
of children. Genetic studies of this kind woald also tell us a grest deal
sbout the establishment of lmks between central and peripheral nenral

h 1 fi The woark of Bertx (x950) o
peychocutaneous m the carly weeks of Life might be taken as
mn inxtance of how problems of ths kund mght be pursued. All experiments
of this kind should take into sccount the available evidence aboat the
underlymg structural arrangements. For example, the cortical and hypo-
thalamic connectons of the autonomme system allow of the influence of
central learnmg processes on the most peripheral functions of the skin
arculatton, ‘This would have, 1n some way to be co-ordmated with those
functions subserved by the widely mumified penpheral axon network which
have some degree of independence of central coatrol and may have learning
of memory processes of a more elementary knnd.

I have d carfier the 1nfl of mn blood
flow on skin sensory thresholds. The phyaology of skin sensory procesees
‘ﬁnoty:tbemtn]lﬁﬂlywofkcdommdtthiydwlogyoﬂhmpm
s even less well devel Equally imp are the

pmcu-amvulvmgmm—pmmcnmdmnmngwhnchmmpkynunjor
rolo in the formation and perpetustion of prunne lemons, This wholo arex
b still largely viegm territory  If our knowledge of these processcs was
even nearly as far advanced s that of visual perception we mught be u great
deal further on m understanding prumtus. Here the so-called new look
in the paychology of parception which takes sccount of the influence of

Ppersonality varables, hes much to offer The symposlum edited by Blake
&Rumcy(xgsx)mm Auﬁpprwﬁtawymgguamy
Idens for exper 1 study of skin pereep by analogy with
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the visual processes with which the work 1 bargely concemed. In short, =
the words of Sir Fredenc Bartlett (1932, p 33) temperament, interess
snd sttstudes often direct th d determins the of g X

The work of Kepecs & Robin (1955) to which I have alresdy referred
provides us with an admirable etsay into this problem bot 1t reses teo
questions which, 1 more genera! form, coald be regarded s the centnl
themo of this paper  What are the psychophysiological processes whuh
place the pain pleasure sysiem of the akin at the wervice of erogeaom
masochum? What u the bridge between physology and elinical expenence?
How comaplex even the penpheral mechsnims are can be pudged from the

findings of Skauby (1952) on the selective sctionn of scetyicholine aad
hutamune on the peripheral receptars for ich and pain. There w abio te
stching of central onigm.

1 have referred to » mere fraction of the mucnerous studies of yanou s
disorders which are belioved to have peychosomatic componest. My
xpproach has been mumnly directed towards suggestmg ways in which these
vanous conditions mught in geners! bo regarded. 1 have not attempterd 427
clasficatory system. Thus may well be & useful cxercie from tume to e
but cxn also be mislesding  One of the better clanfiestory systems b 4t
of Stokes (1940). He describes nine possible mech in the product
of what he calls prychonetrogenous resctions of the sks, Classificttons
of this kind often derve from or have sfhnties with typolopes! clase
ficstions of personalities. These m turn are ususlly based on s theod
of inhentance of personality touts. 1 have made 5o meaton s 05F
of the role of heredity 10 the psychosomane sk disorders. Thes 0 08¢
pproech to the g of the specifiaty of skm reaction patisDh
Becker (1932) was an early theonst o this field but hu theocy of pesro
arculatory matability based on w congenital or mhented protopla
hymmmmm@mmdmubodyedhumﬂiaﬂlmlw::;

restiensnens to alf patients
attribution of geoersl and hyperactivity caperieoer 01
I3}

psychosomate skin sffections 18 not borne gut by cuucal
hus theory of ext 8 an expl of the mech
unfashionsble ane in peychopathology todxy Wattkower & Edgell (551}
repost & fugh madence (up to 38 per cent) of hereditary ©
akin disease, coupled with respueatony affections 1 caven of what they o
ecxema or more propedy neuradermatitss, This they found to be pastas
larty 80 when the deymstitss began in the early years of life. Ahhwghd’z
nghtly & h between predup ,,amamdprmpruungdw
« strensful kind, the general errtsessm of stucaes of this kind, that the ey
mmp«mﬂmhuuuh:pmmth:fmxlynmybemenmpmm%'ﬂ&;
here also. Onlymmtrnwrbmtbcdn-dcpmcmdpcmﬂhf!“‘d
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the prychophrysological processes will halp here, It hes been suggested
that the ectodermal embryological link between the skon and the cerebral
cortex mxy sccount for the sssoction of psychological abnormalities with
skm disorders. Perhaps it would not be altogether without serious intent
if I suggested an cvoloiooary link through the respiratoey funchion of the
frog s akin 1n the sssocstion of ssthrra and the skan lesion in atopte derma-
titis! But, of course, we know that the epithelial hning of the respirstory
tract is entodermal {n origm and that 1ts smooth muscle ongmates in the
micsoderm.

Reference to embryological twemes inevitably reminds one of the grest
problem of malignant disesse. It 1 not an infrequent chinscal observation
that emotional traumata seem to be asoctated with the onset of symptoms
nfn'nhgmntdmourwiﬂnchxnguinthermufmpmgrm.m

omatic aspects of neoplaa hes been reviewed recently
by Lu!nn & Worf.hh:gtun (1956) and by Petschke (1g56) who found no
fewer thin seventy relevant publicabons. Tho des that peychological
influences ecald operate in thus field sy not seem so far fetched when weo
coanider how far Belye 8(1946) “Theory of Stressand the General Adaptxbon
Syndrome has taken us into the innermost chemustry of lvmg cells.
1 cannot comment on how acceptable his theores are to dermatologrsts bat
I bave found Amold s (1953) spplicstion of Sclye s theordes to discases of
the skm to be mteresting for an

Before clomng I feel T should refer to the most vahble and courageous
book by Obermeyer (1g55) 1 fecl he would not take tt amiss If I edmit to
believing that 1ts most important chapters have still to be written.
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A CRITICAL ASSESSMENT OF THE
PSYCHOSOMATIC CONCEPT APPLIED TO
DERMATOLOGY

BrF A. WHITLOCK

At some future date a medical bnstoran meght relate with mild astonshment
the interest taken duning the psst twenty to thirty yesrs in the subject known
s peychosomstic medicine. The Interest is demonstrated by & number of
well eatabliahed journals devoted to the examination of psychosomstic
problems. A small library of books has been publishad on the seme theme,
If, & Alexander & French (1948) amert, all bealthry and s:ck human functions
ro paychosamatic, 1t i difficult to see what justification there 1 m creating
& special branch of medicine to deal with the matter The statement s
cocmmonplece which few people todsy would question but if the term
peychosomatic s to be applied in such & wide and wholesalo way 1t ceases
to have any weeful meaning beyond saymg that all humen funchena fnvotve
mental and phyrical activities. Quite plainty there must be some limrtation
to the term {n order that the problems raised by the conmderstion of body
mund intersction can be frmtfully dmcussed.

Tho very term  psychasomatic suggests & duality in the minds of the
persons who use ft. On the one hand there m arganic medicine which fs
best understood tn terms of biochermistry and phymes. On the other hand

thetical gap where these two fields of actrvity touch end interact. For my
part I find 1t difficult to believe that such & gap exists 20d I doubt if the
phiysiciars of 1 generstion or two back had much difficulty in deslmg with
thesa two aspects of human functioning s @ smgle entlty There is nothing
new in the knowledge tint emotooal disturbances ere followed m aome
! by physical laimts. What s new i3 the disbalief of some
phylid:mhwd]-medphmmmd,byummthamm
clums of other physicans who ciaim emotional disturbances s the prime
setiological factor 1n the genesis of all discase.

Two factors may have contributed to this state of affairs. The remarkable
developments m physiclogy and bacterrology m the latter part of the nine
teenth century may have led many to conclude that further knowledge on
the mme lines would lead to & total understanding and elumunstion of
discase. The maternllane philasoplry of the age waa conducive to such
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concdunions and the concept of the body as 2 machme eluninated the pead
for peycholopeal consideratiors. However the ame perod whech g
th:dcvelopmmtofmodemorgmmmedmncw{dzmmppwtmgm
sbs0 saw the rise of psychoanalysn. The reception of Fread » theorms at the
hands of Jus medical colleagues 1 orell known. It is difficult to xroad the

lusion that wich disparagement hes bees responsible t s connderabh
degree for the divoree of prychoanalytic theory from the heste penrophreo-
fogieal knowledge which surely must be the foundation for any theoy
dcxhngmﬂ:m:ntﬂphmomm;.ﬂmrcm}n.nhrupqdnm}ymn
concerned, are shown by the flowering of many strange md moprobable
1deas d by fi i And onganse mediane, tutamg 1
b-ukonLhemmtnlkfcofmpmmtx,lwnghtofthchuunnbdmn\
whale while 1t concentrated its attentions on ha sepasste linb and orgems.
It would appear therefore, that agminst the backgronnd of the it
between psychology and organic medicne, conpled with & aat belief in
the duslity of mnd and body peychosomate medtcine came mto exmtence.
It o the peychounalyst who made the running to develop benc peyebo-
somatic concepts. Even to tus day the greater part of
theary rescarch and practice are mformed by paychoanalytre idess withust
the mvesugator necessarily besng & peychoanalyst himaedf 1 have no wsh
to sttack prychoanalyws ss such, But 1 do feel that much of the confined
«nd confusng statz of papeh dicame today 1 dus to the mential
of psychoanalyti ps to the vty of diseases thoaght ©
come 1nto the field of peychosomatic medscing, Practically #} basie fdest
concerning the peychosomatic process denve from obecrid-
tions and use 1t termunology  In eome i rudi;tedrn’e‘f;
tot phymologscal regression  there 1s a direct and un: sppliot
af:,‘?“w lytic concept s3 expl of certam bodily dysfunctroas.
It s my wtention to extmine some of these theores in the hght of mor
recenat obeervanons. If possible 1 hope to use clinieal fecis and neure
phywological discoverses ta try ta explan cortam dermatalogreal disorden,
particularly 10 thote cascs whete cnational disturbunces are 1hovght 10
have & duect 2cuologea) mgnificance.

Lews (1954) duscusang the problem of csusality and
disesse, wtes As o many of the wren on psychusommatie subjects
bcuupq:hmnﬂm&uu:mdmbkmblanﬂ'-ﬂ“ﬂm’:d
tanonshsp) they try to trenalate lidinal fux ato phymologed fre
imphy a cauml nexat \\”nhzhummentlumﬁdwhdebamd]!f:;
The eacly concepts of Freud and ha followers held that repressed
MWRWMdeWmWWM”
muug}:m-mmmmmmmgnmgmcm-nﬁcfydp“\
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dysfunchons. Inherent to this idea was the behef that the dyafonchon
steelf in some wxy symbolized the underlying conflict, A dmcuswen of
this concept, therefore, may well be valuable.

The use of symboliem sppears to be inherent in psychoanalytic doctrme.
It 1 scarcely surpnamg, therefors, that it has been widely applied 1n the
interpretation of psychosamatc duscaso with the consequent development
of an organ language in which each afflicted bodily system speaks mlently
but eloquently of the underlymg emotiomal dusturbances. Becauss the skin
u vaible for all to sce this concept has been widely used with many
references to folk lore, literature and the arts, For my part 1 becomo
susplaons when @ paper purporting to demonstrate the meaning of symp-
toma resorts to the Bible and Shakespesrs to discover q o support
it conclusions. That people blush with shame or itch with fury are
among the clichés of our language. It seems quite unjustifiable to canclude
(mdm\hnthephynnlogiulmﬂunﬁmufa:ythmmdpm
are necessarily d wth these Kepecs and
hus colleagues (1951 4) conmdered that the mereased exudation of the skin
in certun forms of ecxema symbolmed represed weepmg  In u later
prper  (19518), however this finding wes related more to the general
resctivity of the skin. That there s little physsologacal relationship between
tears and the serous exudate of an inflamed skin wonld scarcely be ques-
tioned todsy What is astonishing is the facile natiure of the comparison
and the resdiness with which 1t was acoepted. Many xnalytic papers conld
be quoted 1n which smilar mferences concerning tho symbalic sigmificance
of & lexson are made. Kubte (1953 1954), on the other hand, 15 unable to
sccept the spectfiety of a symbolic process and points out thet most
symbols are, 1n any case, over-determuned. Macalpme (1954) likcwms
rejects the concept of symbolic meanmg, finding that many psychoscmatic
symptoms are devosd of any obvious meanmyg whatsoever  She pounts out
that a patient suffering from a psychosomatic disorder 1 nesther psychotic
nor peychoncurotic and dufferentrates between such symptoms and those of
convermon hysteria. That such mterpretations m psychotherapy have a2
certain usefulness 18 not to be denied. The danger lies 1n believing that what

b pragmancally useful is also scennfically tnre.
Relevant to the subject of symbolic meaning s the cancept developed
by Alexander and hus cell that each paych Tiness 1 related

toaspecific underlying conthet. Unfortunately few of Alexander’s observa-

thons were made on akin petrents, but it 18 dificult to believe that the fears

and anxieties which trouble those suffering from hypertension are alien to

those afflucted with eczema and urticana. Indeed, when ono contiders the

limited range of emotional experience one would scarcely expeet the mult-
u
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pimtydptyebmunlncsymptmmbenhttdmwd:memlqm&
conflict itmanon. Love, hate, rage, resentment, envy sggresson sod fer
cover most of the possibl 1 resp Orver-pimplefy o
this nature take no sccount of fcts such ex the varabihty of peyehosoratc
dwdaamdzﬁmngmhnmndmibcdbyﬁnm(xqs@mt&m
withm the cultuce o8 discussed by Morris & Tiamurs (194) aod by
Rennte & Sralo (1956)
wth_cpvydmmdychrmchuthcmuhodbfm
typng and perscnality profile vudies developed by Dusbar (1943). k&
doubtful mdeed whether these studses re aceepted today but a3 they kave
hccnw-lddy:pphadmdmtn*ogyby“ﬁtﬁm&w(xgsg)w
4 that specabe &~

study 18 relevant to ths d Hnefly 1t
wdmmnhmdwﬁuiyweu-dchnamdpamhtytypa.mw
13 founded upon the i of the life-tustory of the drvido! 4

upan prychologrcal tesung  Unfortunstely hen the matter 1 put o U
zatithcﬁﬂimktodha:mmymrkbddxﬂ'atncebamtbtpam
mdthcpccxﬂnrhfe-aunnmuwhchmxblnwholemmwuiw
bmmlpamnﬁmwaradthudmbmccb;mohuﬁamﬁﬂ
mmuzhnnfthcmccum,dingmgchﬂddnyﬂumcdofmtmﬁ“
and 2ffechon. However wu-homdthnnm-&mdsohgrwpnfpawﬂ
mﬂ’amg&mnumwumcedthnd;cymmadpncmlmd.
marermnal afft »s child: D ut.he:hi}dhoodo!mﬁmﬁ”
echorrhoec ecxems Wittkower wnites Whether spodled
atways loaged for love and sull more love mdxfzbeydxdnotgttmk]
felt frustrated and resentful.
thephmlymcmunothmg.peaﬁ:abautzhacmﬁoumd““
unpustifiable to draw any setalogical ded herefrom. My e
oieumyl:sm;ghtbcrzgirdcdum&ubutzheycmddbem‘ﬁw
mdl:ﬁmtzlymdthcrc.ecm:mpomtmlddmgwl}m Both ackensx
(1944) and Hodgson (1g45) have written carrelating personality types wit
lp&ﬂ.ﬁ.tlﬂndmrdalmgrwplofduordcﬂ Cormh(tgﬂ),bﬂﬂﬂb
Lc-mmnufmymlcm-rd-mbemmnpawmlhytyps
pmcdmmuhﬁmgmcﬁmmamrmmpmdm
are of greates importance. Fu'myputlsmmtnh&c(oducmtl'!ﬁ)'“"
p«mmhrquwhﬁanbemdmmagrmdawmm;
however -wodcmympsychmmcmmdnodmduﬁﬂ“’
whmhwcuw:hngmdnmlywdlbc!hﬂmympm
of approach colours my mvestipations,
ﬁ.ndmg:whmocha-hndmomvdzbemmpmf"ﬂ“" .
Alsckenma & Maaalpine 10 # later paper {r957) modified \bd:-;n
mndm!mmmgthespmﬁmydpawmlh)w(“
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dermatoses, regarding them s being amocutive withoat bemng necessarily
of acticlogical mgnificance, I feel that one shonld keep an open mmnd to

A more recent theory developed by MacLeod, Wrttkower & Margolm
{1954) and Grinker (1953) concerns the concept of physmological regresmon,
Thu sppears to be  dircet application of the concept of psychological regres-
donmphynn!ogimldy:ﬁmmunmcxphmdnbdmﬂou:ofﬂmdhmdaed
organorsystem, It insuggested that themfantile h h are
of a relatrvely undhfferentisted kind and that the organ affected by & paycho-
somaticdisorder hes regressed tothisearher and ymmature form of reachion.

‘The whole concept has been vigorously enticrred by Mendelson and his
collesguen (1956) who regard the concept as an uncritical application of &

ytic doctrme to the field of phymology Relevant to thus topic
1 & paper by Grosman & Greenberg (1957) who studied the sutonamic
sctrvity of new born infants and were umable to ducover any defiamncy of
homeostatic regulstions. Whatever value the theory may heve for sy
gastroenterology 1t 18 dificult to find any spplication 11 the field of derma
tology I certainly do not feel that the infint o sun reacts differently from
that of the adult except in 0 far as the lack of previous exposure to tranma
wod mfect] difics allergic resp If »s I believe, stching = an
ementul feature of psychosomatic sinn discase, rt m difficult to see in what
w1y such a syroptom can be regarded a3 a regressave one. 1 would conclude,
therefore, that the concept ls unsupported by clinical obscrvahon and
devotd of henristic valoe.

These comments may well give the impresaon that I am hostile to the
peychosornatic concept aa well 21 to prychoanatyxs. This  far from being
the truth, Paychuiry and general medicne have both been ennched by
the discoveries and tenets of psychoanalyss. It would be flying in the face
climieal experience to deny that much discase m closely connected to
precedmg emotional disturbance. 1 do feel, however that the attempts to
explain these dysfunctions by peychoanalytic interpretations have not been
succesful and, in many instances, are ¢ bar to progrese. So often one gatns
thnimprmnnthnmmchmmpmhnbemnndedwada
problem has becomne explamed. The hyssob | linkeges between
thccmnﬂomlcvemmdd:ebodﬂydy:ﬁmcdunmmtcrnddaedmd-ﬂ
that b inconventent to the theory is omitted. It sppears to me 50 obvious
that eny explananon of awy disease must maks use of multiple concepts
that it is difficult to understand how theorics embodying cne spprosch to
the exclusion of all others ever came to be conmdered. A prychosmalytic
explination quite clearly omuts all reference to consttution and the

4
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interaction with the environment except on # moat limited seale, Cuftyratand
md&mnhwwbe;poxvdlndphy:d@mﬁmwmﬁmm
place m psy hosnalytic theory  1F we are asked to behieve that & green s
disorder aymbolizes an underfying emotional disturbance we are entrtled
1o ask bow this comes about. That we are 1gnorant i oaly too troe. Bt
this should not atop us from saking the question, and It s my opinon tha
the Failure to ask such & question is one of the prume rexsons why peycho-
analyszs hey not succeeded 1n interpreting psychosamatic dueese,

It woald be pretentious to cleim that T am sble to sapplant these theones
by enything more comprehenaive and definrre, Nevertheless T would e
to conmder certun concepts which might have some beanng on the problers
of peychosomatic skin disease. These comprise the theory of central niching,
the concept of feed-back  and the belief 2y already stated, that ey
attempt to sccount for paychosamatic docase must be multfactockl eod
include phymologieal and blochemical facts upon which any wafyeg
theory can be based, This last demand o an extensive one which, in the
present sate of our knowledge, cannot be met.

1 bave previously (Whitlock, 5957) discussed the phywology of ceird
rtching snd must emphanse that the bypothesis put foreard was e tentairre
one st} unproved by expenment. Neverthicless, It 1 a theory shich po-
vides some cxplanation for a vadety of desmatological phenomena. [em
faurly convinced that any Iy preciputated d a prome
If this 52 80 one mught expoct that central 1ching is of connderable impor
fance 1n the production and perpetustion of the dermaton even whoo B¢
nmofd;e)anauudetamucdmthcﬁmphacbyloa)mmwhfwdm
\beourmmhngmomuﬂmahmmnmﬂmmdbym
dugturbances 1t 1 dificult to see how some dermatoses persat for exk
tengths of fime impervious to applicstions which would have beskd 8
fewion caused solely by local noxae. If one 1 to sccept that
disturbence s responsible for the of the illness on¢ mH
assume same ceatrad locus for ts effects to manifest themaelves. Nobod]
for wnstance, would sssume that hypnoncally produced shin lesions o
sersations are caused by the effect of suggestion on the trspcs-
Quite plainly the ection s & centeal oue and the festons themoclres amt
secon: to centraf change.

Mdthghlanpbmtbumpunmmo{ndungldnnotwhhww
as wrrelevant other axpects of shun function. However 1 think one b
scparute clearly the vasomotor sweat and other autonomsc m‘bﬁ!
are the normal concomtants of anxsety from iching aad erthema %

iociel Ite
wee not usually d mth this Hed
mﬂmmumbcmpﬂcwbtunhmmumammm
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that these physiological accompamiments of amuety are qualitatrrely dif
ferent from sk dmorders which might be supposed to be related to some
noa-specific emotsonal daturbance,

It mught be added here that, because of mry conviction that dermatoses
of emotional ongm ttch, I would eliminate from the field such conditions
3 acne roseces, alopecm areata and vititigo. The mehunon of acne rosaces
eppears to rest largely on a paper by Klaber & Wittkower (1939) which was
2 personality profile stody without sdequate control groups. [have not been
able to confirm their findmngs m amy patients with thrs disorder whom I
have examined. 1 woald sgree with Macalpme (1958) who could find no
evidence to ascribe alopecis sresta to emotional disturbances. The closc
mmocistion betoreen alopecia and vitiligo make 1t probable that thm dis-
turbance of prgmentation 18 not due to peychic factors. It could be argued
that Raynaud's discase, which does not usnally rtch, 13 aften precrprtated

by ] crises. This d though, appears to be primarily a
voamotor disturbance with only secondary involvement of the skm in
cases of somo seventty

Relevant to thus concept of central riching m that of feed-back which
merely a corrvenient term for describmg the self-regulatory sctivities of the
human body Most of the theorles discumed in the earlier part of this
Paper appear to tmply e direct causal linksge between one or more factors
without aralysing the manner m winch each of the components in the
causal chan interact snd modify esch other That mtersction occurs i
obrvious, both on the physological and prychological levels. Failure to
make allowance for such intersction expluns much of the controversy
centred upon whether emotsonal disturbance produces the dermatosss or
whether the tension and distress 1 the resction to any unplessant docase.
The work of Granit (1955) on centnfugal sction-potentials modifying the
mture of incoming neoronal messages pounts to the posibility of the
influencs of meoming sensory rupulses by the general emotional state of the
individual. It must be admitted that, so far there Ja no direet cvidence
thet these centnifugal impulses ever enhance senaation or crests a summation
of impulses, This remauns an unproved posaibility 1n the field of somatic
semaaon, but if such actvity could be demonstrated 1t might have a very
mlbndngontamufdnpmb!mnnfprm‘ltmmdothuuﬂn-mom

From my remarks brtherto ¢ shoald be phun that T would not expect &
Pomt-to-pount correlaton between speafic emotional cvent and the pro-
duction of a dermatoms e such expectxtions are not supported by clinteal
experience. Possibly one of the grestest impediments to psychosomatic
research has been the attempt to explam the development of an fllness by
ref to onc excl 1 1 factor The use of & persomality
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profils or & somatotype quite plunly 1 madequate to sccoum for the
geneals of an ilinews, feaving cut, a2 1t does, the wocial snd cuttund crens-
staaces, the previous Lie experience, the present emotiomal wtuzbon d
the p D o peychological snd physical traumse. All these
ﬁctmmdmhmbwdmmqulmwnﬁdenzxmbémm&
revponaibility of any one #s bemng the mutn setiological sgeat. Reference
to two duessea, chrome urticarm and lchen smplex, msy make some o
these concepts clearer

In & receat study {1957) Lanford Rees stremses the multiphaty of fxcton
1n the wetiology of chrome urticars, He was unable to olate any speric
emotional factor or personality type developung thes disorder From sy own
tmurted expertence I would agree with these findiogs. What sho gppan
plan when studying chranic urticarta i the manner w which moddicrtion
of one factor appears to modufy others. So frequently one finds chroess
urticane precapiisted by exposure to & definte allergen. The allergen
withdreen but the urticans permsts  Further examination roveals Bt
prior to the breskdown there exsted a state of chronic emotional teiod
whichunowperusting T of the peychiological condstionb
mmwmylﬂdmmpmmtmmmdawmmdm&
1t 1 then found that the alkrgen no longer u able to produce the fome®
symptoma of ftching and whealmg Thu obeervaiion sppears to shore thet
the permstence of the urticarn could be attributed to the wndertys
emotional tepsion but that the Hoess is preapusted by & phyncsl cwe
Once thay has happened the | dmturh 0 vomme It
to alter the resctrvity of the skin, mauntanmg ite sentivaty to the allergen
wntil the emational factor is eliminated. It 1 not xiwxys essy to dxorer
whether the whealng and itching 1 ths dsorder 1 the camse of (¢
responsc to scratchung  But if the concept of central tchmg u & valid 00
Ivmﬁinotbcundulymrpmddthcmnm:ymmomuhdmglﬂdd’“
the greater senntvity of tho skin to trauma produces the sbsquest
lesions. Vie have all seen p 4 1 wieal wxﬁwﬁg
aamphunofpnmms.Weh:ved:oncmuzca:mmcpbcuame\wﬂ-Id7¢
that m many ewses the 1tehiog » contrrl 0 angw f rEPONK 10
emotional dusturbance which, fikewsse, must be centraly Jocsted. N
Lk:bmmnp!cxummhndlnmwkaemwmﬂtmlm”
beonaofmanyﬁmvohc&ologxulugmﬁmlmmm!w&
xpame&nduordnfmmmymo{mogmmlpﬂm“”“mm
Jemon often appesrs u & patch of lichen mmplex differing n po 7
the eppearace of the fimiluar suboccipital dermstons, Only the Fs™
n.na-ndXhopewmavmtmcebmmofmuhrzdyfmw"m
necemarily sigmiyiog some deep peychological meanung
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The well-dermarested lexion of licken dimplex often originates after some
trivial trauma such =s a scratch, an insect bite or & minor mfection. The
comparson between ths end the allergen precpriating urticarm s fairdy
obmous. Once the inttal lemon has, a8 it were, determined the site, itching
and scratching will do the rest, Agan one is faced by a crcnlar effect best:
expluned by the feed-back prinaple. Emotional tenmon leeds to central
rtching winch 15 projected to an area already made vulnerable by some
degree of perrpheral rtching consequent to the prmary injury That the
ntostion o the snogenital area s & common onc 13 doe, I thiok, to the
;rumrnﬂn:nbihtyofthnlmmmmnrmfwﬂmnmdtrmmuuweﬂ
u to the hergh fi of the parts involved. It may
w:ﬂbotbnmycu:afmogemulpmrlnumth:rmltofundu—lymg
psychosexnal tension, but I would not agree with Sharvon (1950) and
Wittkower (1950) who mamtain that in all these canes the sexual conflict 13
panmommt. I would agree mare with Sertz (1954) who affirms that hostile
aggresuve conflicts are of equal mgnuficance.

If any therapeutic conclunions are to be drawn from theso observations

understanding of each other’s problems. Not all cases of dermatoses with
o known cause can be accounted for by involang emotional disturbances.
By no mexns will all of those ceses where emotional factors appear to be of
importance respond to prychutric trestment alone. Any sttempt to make
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THE RELATIONSHIP BETWEEN ANXIETY
ALERTING AND CUTANEOUS VASOMOTOR
ACTIVITY

Br BRIAN ACKNER

PROBLEMS OF METHODOLOGY
The study of the relaionship between emotianal disturbance and eirculatory
changes mvolves difficultres which are common to alf sttempts to correlate
mental states with bodily changes. It 18 difficult to charcterme exactly
dmfudmg-upmmeudbylndnxdmhmdmb)ediwmunnmbe
don of emotion can be more casily
dm:ibcdbmnunﬂucmdbyuﬂm:ﬂfxm::nmitnﬁmwdbydn
Drsturbed mental states can be expen
raentally produced, but are difficult to reproduce and certainly do not bear
tccurate comparison from ooe indvidoal to another  Subjects can be
exposed to parable stmuli or 1 factors, but it Is the
emotonal significance of the latter to the indmdual which determimes
whether at any particular time they will be stressful or not. The external
factors producing emotiomal stress can be described but an emotianal
tressor carmot be quantified.
To the many difficulties of psychological ongin must be added those
denved from the complexity of arculatory physiclogy The circulation may
be influenced by mamy factors which mclude varmtions in heart-rate snd
dengumnmlmdmpmnmmmﬂxupmty
of the circulatory bed, respuatory irregulanties, al in metabolism,

sccurately many of the above factors must be held constant and to attempt

this adequately may meverely restrict the scope of the mvesigatson.
Restnctions may also be mmposed by the need to avoed what Burton

(1954) has described s the resctive ervor m phsysiology pamely the

reaction of the to the lus of the spplication of the method
Ofmcuur:mmLThamdmceofdﬂ:cmupurmﬂxﬁyxmpoﬂxmm
oy | s wvolymg jocal factors and necesmtates the use of

sppantus which i umple and exsy to apply together with methods of
rcmrdlngwhlchmuunobtmﬁveupo-dbla.
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FINGER PLETHYSMOGRAPHY
Fortunstely many of these requirerents arc met by 1he techrque of
finger plethyxmography The volume changes ocearring in the fioger-tp
with each pulestion are recorded within a closed system which conzen of
a surtable glase cup fitting over the finger tip snd conneeted to an dectrome
capscaty manometer by means of plastic tublng  Suitable ealibranon and
amphfication systerns cuable the size of the pulse sd finger volume changy

to be messured from the tracings of 8 pen ding xpp
As the blood supply to the finger doos not include vessels to mskole
nssues, bs are ded ummyg this w

fncontrast to hmb plethyscnography where muscle vessels sre slso urrolved,
blood pressure changes do not sppesr to be of much sgnificenee in efo-
ating changes obscrved n the finger plethymmograph (Burion, 193
Abrumaon & Ferns, 1940 Newmnann, 1943 Mathes, 1g52), There o 50
evidenee of dilator fibres 1n the digits and the mnsrvaton u entwey
sympathetic w ongn (Warren, Walter Roroano & Stead, 1942 Amot &
Muacfie, 1948 Brdges & Yahr 1955} After an sdequste stimubus (for
exumple nolte, light, pun, & threat) the pulse and finger votume » &
cressed, with & latent period of 34 sec, whatever effective sumlus
mﬂmmmu:hmtmmqmmwwmm
pulse volume weves arc related to the heart bewt but ther wae Js hrgely
dependent on the degree of vasculsr dilatation. When examimtion %
cartied out under suitsble temperature condiuons, with the hmb me2-
taunied at heart fevel wnd varistons m venous prevsurs s2e sroaded, thert B
then » very clows correlstion betwreen the amplinade of the pulse vobume
vaves and the blood flow of the finger (Burton, 1939 Melrose, Lynt,
Rambow & Wherrell, 1954). Under ther conditians vartions i ¢
pulse amplstude can be used as a direct index of chumges n the ya0MEN
tone of the slun arterioles.

THE RELATIONSHIP BETWEEN ANAIETY AND
CUTANEOUS VASOMOTOR ACTIVITY

Previous workers (Vao der Mevre & Thevon 1947 Theron, 1948 V18
der Meuve, 5g48) have thown that snxious subjects manifest 4 relatne
perpheral varaconstriction as evidenced by thewr finger pleth

pulse volurmes beng smaller than in rebaxed subjevts. Howeves the tenden¥
wm&y-mmﬂmenﬂ&zmﬂpw:@xbﬂm:wwb‘
volure could not be usefully used o differentiate beween

dusturbed and relsxed mdsviduals, This is to be expected having regard
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the mamy factors, other than emotional, which influence the final size of
the perrpheral finger pulso yolume.,

It occurred to the muthor that indoced menta] relaxation should reduce
the vasoconstriction smocisted with emotron with resuttmg vasodilstation
m emotionally disturbed subjects but little change in those who were
alresdy relaxed. Thus, mther than vasoconstricton the tendency to vaso-
dilstatson might be found, under suitable condihons, to differentiate between
emotiomlly disturbed and relsxed sobjecta.

After cxaruning a number of alternatrves 1t was declded that alecp
induced by oral barbiturates was the best means for producng a state of
mentsl relamation durmg which subjects coald be surtably compared.
Certxin experimental conditiona, particnlarly with regard to temperature,
tume of day duet, etc., needed to be fulfilled and the details of the expent
mental procedure have already been reported n full (Ackner 19564, b).
A gronp of patients was selected on the baals of subjective complamta,
appexrance and behaviour all of which left no doubt that the term  severe
snxicty s genenally used, spproprately described an wspect of ther
crootioml stete. In other words, this was a markedly aoxious group as
Judged by both the comman Internal and external critenia. This groap was
compared for expermmental purposes with a normal control group and with
xnother patient group, in both of which it was considered that the internal
and external critena of anxiety were absent.

The expermnental findings revealed that the three groupa differed
gmificantly both in the slxe of the mean pulse volumes during the reshng
siate and m the increase in the mean pulse valumes occurring during
Induced sleep

Pulse volore chaxges
Mean Initial Meoan pulec-
pales volame yolme merese
s =
dp; ﬂp;
N (o mm, {ca. mm,
gmd- ::: _:
m 4 -
Cm;:: ;‘ o35
Antiety panents 49 ]

The marked putse-volume incresse dunng mdirced skeep ocrurnng 1n
the smuety group completely distinginsbed all these subjects from those
in the other two groups.
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Anxdety sidject A 11 (7
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Comtrol srbject C 8 (F)

Fig. 4 Noo-acxiety sabject N.A. 5 (AI).
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Range of pulse volume increase durong slecp (per 5 . foger-tp)

(o mm}
Non-adety pabents :;3
Armety pehents 230

Tt abould he emphaszzed that whalst the relesse of this emotisnal vmo-
constrictor {acto? 1n the skm vessels of the fimbs can be proftably med i
the study of annety st cannot bo o used for the purpose of measormy
the degree of anxiety present. Whilst 1t 1s not difScult to resch common
agreement as to the spplicstion of the term anxiety to & group of sbeen
suffering from marked and overt signs «nd symptomm, it b far from ey
to schieve & sstufsctory method of ratmg the degree of murty peesent.
The fact i, of course, that snxety s & cether vagus term often Joosely wed
10 & gencric Way to caver & varkty of subjective complamts and obsectre
sgne. Anuety 18 ot an entity bt 1 a term which b appleed to & e
whuch can be quahfied but not effectively quantfied.

THE RELATIONSHIP BETWEEN ALERTING AND
CUTANEOUS VASOMOTOR ACTIVITY
Durmg the course of the study just described ather meresting Sodiops
emerged. As the aubject bogan to relex the pulse-volume wives temded
show periods of decremre i smphtude lastimg a few soconds, With B
cressing rek and d these fl {ons aften took pn 8 DO
pertodic character sometimes occurring two o three times & miEER
Tt 1 wec KR A oo o A A A s A D

N de
*“W*‘*""‘*"\/‘\';\"/\

RETITITTRTTT
Phruayetined GRS S ——
Fuge volsme ~ e e e o B
Fag 3 Subsct (A D)1 ) drowry (0 drugel. The retum of alpbet O:"""ﬁ.,‘
dameiroon of the firade of the palee yolame - tan
:mﬂen- gamdmﬂmmﬁ?mmﬂww -

Thmwmmoamrbddunngthemiymaofdcepmd.ﬂ‘k:
deepened, tended to lose thewr penodsaty becomuag more e
character  Such phenomens had, however been noted s long 259 2
hmpmmhehncmmrybymtmmmmdﬁmbpmw
mhymmmcmpztomdvthtdyrmmonbemrbrdwah’#‘w
These fluctuations were then thought to be due to Traube-tlermg
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fodcated by black ares on time mecker )
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pwmmtbwghhmwodmdfuedd:ﬁmtaphmm Ingmm
(1936)mdBunon(x939)ccnudcmdthcﬁucmnommbeurmgm
ture controt Abrsmson & Kxtrenatein (1941) regarded themas spootsncs
peripheral changes, whilst Neuwan, Lhamon & Cohen (1g44) heid et
(hrymumﬁexjnnofummmmsympmhwnwmmmlnmgmbﬁm

In s combined EEG mdpmhymomtpbmmdy(umkw
ghone, sg57) 1 was powsible o demonsTate that, dunng relzaos,
drowsness and early sleep many of the spontnend
Buctustions were preceded n & constant tune relaponship by EEG
hanges co ty sccepted as being e with arousst {for cumpk,
return of slphs rhythos, &pp of K-complexes). Furthenwose
mmphulogyofthe-ponmmmE.EG changee procedimg the spoataneot

nctrons vaned : mthelevdof.muml!ccpmﬂ"

the game vay a3 did the EEG rapomacwh:dbynkﬁmgdﬂh(*‘
Fige. 5-7)-

1t thus appears probable that many of the apparently spontncos T
comstrictions 1n the plethysmographic record, which bave formerly bect
sscribed ta a vaziety of causes, arq really related fructustioss in the kv
of slertness or slecp

DISCUBBION
Presurmably yswocmstriction of(hc:kinvuuhonmmnﬁmﬂw”
md:bodﬂydanngmmwmpwymmg

defenstve action Ax\xmyhlmmwhidanheghwmdm‘
dund this s isted with s od penphesal

Cunmm:o:ﬂzhemmuhupablcdemkmgnmﬂﬁd“!ﬂ”“”

rh.cupmtycfrhemmu}mmmmmmmcdmewmdmﬂ’m

ndrvidual. Oncs thi arousal hasoccurted furthersumub prove

effective, Butitwost iy the t ofthtm&"d‘ﬂ

wincbhutnbcuouwd,for{hcmﬁmnu;:mtinﬁ:t:hﬂcﬂa&w
Perpheral 1on is an ‘;'crwﬂwmﬂ"'

wh}dlwiﬂnﬂ!oocn:lxldepthnfﬂ@epttwbn:hmbd‘
m&n&nmmpmmmﬂm{mtampoﬂdb!m
thange (Adkner & Pampighoas 1935). Fusthermers. even dusmeg SR
mmhwiﬂwymMcﬁ’ccdvam&hmmmmdl@ﬁ‘
cance tothemdividual and edsptanon sill ocours, ¥
mon-mdythmndunugzbcmhngmw(lmnpx
“mduanctpanntufulldmmxanoﬁhtrdﬂdmﬂupofwﬁ
lhxrawibcdwdncwauedpsychmncﬁmnﬁmﬂ it
beanphnmdt}utthukmvenchoh}w{mdanmmwwhﬁywd‘"
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in the limbe snd that capillary and venular respooses complicate the pictare.
Anxicty 13 known to be sssocated with en mcressed susceptibility to
Raynaud s Syndrome, frost-bite and trench foot and the relshonahip to
emotional vasoconstrictian is bere cear I suspect that m some casea of
urticern and angioneurotic oedems the disturbance ocours following a
peniod of stress and 13 sssocted with a rebound vasodilatetion caused by
the relemse of 1 Ticton during rek The drculstary
dynxmucs of many other dsorders remaun to bo doadsted.

BUMMARY

Inveshigations are described m which combmed E.E.G and finger plethys-
mographic recardings were taken from emetionally disturbed and normal
control subjects, Anxious subpects manifest & relatively increased cutsnecus
1ction and ly differ from pormal coatrol subjects m
the degres of vasodilatation occurring during sleep mduced by oral barbita
ntes, Btmuli having an alerting mgnificance to the individoal mduce
ctaneous vasoconstriction both 1n the waking and sleeping state. Spon
taneoms fluctustions in the level of alertness or aleep tond to be accompanied
by cunges 1n artaneons vasamotor activity
The significance of these findings for some of the psychosomatie skin
affections 13 brefly considered.
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DISCUSSION

Charrmez D® BRIAN RUSSELL (Londoa)

Roegrr. As ¢ mmple dermatologet I reason m thes wey Man is an
sggreserve and tuetful bemg The poker faced mdindual may have tkm
symptoms and signe becaves he is making his drives. The sccondary gain
spparently beng derrved by some patients from their dermatoses impresses
me 80 much thet I am meclined to divide pauents into two categories
those who wnh to get well and those who (unconsciomly) resist cure,
somctimes aggressrvely puttog the blame on the doctor sometimes with
the clemecal bells mddferemce of the hysteric.

Dx D Roesziy Davis (Cambridge). Dr Romell han suggested that
secondary gun may account for the prolongation or the relapss of akin
disorders, 3 the patients are leaving hospstal m particnler bt the problem
remzine How docs th reward which s of & rather complicated
peychologacal land, produce the sctusl alan lesion?

Romri., Are stehing and scratching synonymons? We know that
patients with acss mecrotica and neurotic excoristions may scratch without
any spperent itching and I for one believs there aro many patients with
Beanler's prurigo who do not necessarily have intense prurrtus at the same
time &3 they are scratchung ther leslons. In this connection we have
experimental work on cats where myections have been made mto the bram
and vialent scratchmg movements follow  Does that neceasarily meam thet
those cats are having the sensation of itching?

Dr F A WarrLocx (Newcsstle). Dr Rusecll has rused the question
of whether the scratchung cuc sces in response to mimacisternal drugs 1n
thunlmnnh—lrefuu(mmﬂ)nupermafl(nenlgﬂnn(xg.‘s)
nd of Feldberg & Sherwood (1954)—is really & response to rtehing Itis
quite impossible to grve a definite answer but from the descnptron of the
tmmals one certrinty gets an mmpression that they are ttching This appesrs
o be 1 state of itching due to a central nervous mfection and 1t shonld be
possible to judge whether the anmmal 8 movemeats are dus to ftching or to
same other sensation.

Dz ] H. CuLiee (Cambndge). Central comyp of the perceptmal
procemes involved i itching are very umpormat in the pruntc skin
conditions. However clinical observation, which o often very misleading,
saggests that in some cases the ekin changes snticipate the changes in the
perceptual and sensory processes while 1n others the skun chnges are
preceded by sensory dutnrbances. These observanons are based largely o

3
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descriptions by patients and are very difficult to amscss crtically They
sugpest that we need to do 2 lot mare in the way of controlled expenments-
tion to decide upon these matters,

Russrrl. Surely a person under emotrons] conflict generstes mtense
fatigue—we are all familier mith the relief we get when we decde upoas
course of action and how our fatigue pases off It 1 oaly  subpecine
phenomenon but nevertheless can 1t have some orgame cxuse from edreml
medullary exhaustion due to prolonged emotional stumulus? I would like
to ask the speakens if they would care to come m on &y of those poaty.

Rowsxrl Davis. As T have eud 10 previous discussians on fatgus, the
term has now no precise meaning 1n paychology except a soldrer s poc-
miltary duty!

DR R. P WarmN (Brstol). I would like to comment on the case thet
Dr Whitlock mentioned of chronic urticana which apparently s started
with sspurn but later on espirin did not heve any effect. In a number of
cases of chronic urticans, from whatever cause, sspurin will produce
exacerbations of the urticar. It does not appear to be dus to un allergy
asprrin but 13 & quantitative cfiect of salicylates. At a Ister stage when the
tendency to urticarta 1s less the sxme dose of aspirn may pot give s
exscerbation.

Iwwldlhoﬂkcmwpporthlmmhuviewthullmofmuﬂfw
mtia:nmnmthmmcwtccpnode,u&mufoodordmglﬂdﬂmd
dwcond:ﬁnntbmdng'onformonﬂnmdm&u,mdbchmm
like other cases of chronic urticaria without such an scute onset.

DG C. Weres (Londan). When this increass in blood flow to the baod
ocuxnmmmxictywb;cuongomgmdccp,bmvlonghhmmfd?
Is 1t comparuble with resctionary hyperaemis following cold?

DrB C. G Acxxm (London). I would like to emphaszre thet o
subjects under normal rather cold temperature condstions will vasodilatrtt
nthcygutunfcepmdobnavmmmﬂmnﬁxmthutbcymﬂmbedd“ﬂ“‘
slecp but I was refermnng to ceses which were exmined under bgbet
!empenturemndmommdthedﬂmbouwutbcnmxmfﬂttdm"
the anxiety subjects. In this group as m the normal the vasodibaaboe
bepmmﬂyjmb&mthedcephgmgemdmchuhmm
pcrh:psjunlfmrdccphnbemrud}ed.panxtﬁngfmlwhﬂtﬁdm:
gredual vasoconstnction begina. If you leave the eubject slecping
might this striction gradually until the mhngtw""-""“
Ofmlfyuuwﬁethepermupmddcrdythcmbm'“”m

vasoconstrichion.
DR P A G Movro (Cambndge). May I add my mmmcndim“’z
Dr Ackner on his most interesting results. 1 have made  nember
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finger plethryamographic observations but thus factor of varmtions m sise
of the pulse wave forces me to conclude that almost all mry patients were
half-mleep! There seem to ba many other factors affecting theso varistions
m the pulse wave. There 18, of course, & large literature on ths subject
alresdy but I have not previounly heard of any observatioms combined
with electro-encephalographic oheervations. I would like to Inquire a8 to
the ambient temperature st which these patients were cxamined, and for
bow Jang they had been maintained st this tempersture, In this coantry
there 18 ashortage of constarnt temperwturs contrelled rooms, but1n America
where ther facilities are ruther more lavish, patients who are to undergo
plethysmogrephic observations are allowed ss long 23 6hr to sdjust
themsetves to a constant temperxture m the hope that they will produce
more constant digital blood flows and pulse wares. I have found that with
sympathectomred snbjects, the varixhon m xxe of the pulee wave from
minnte to mmute w» less than 1t s on the unsympathectamzed
pormal sde, but 1t 1 atill apparent. I have also found that in patients with
perpheral vascular disesse the relstionahup between the mxo of the pulss
wave and the digital hlood flow per umt length of finger is very vamable,
ond T cannot agree that in these cases it showa 3 constunt relationahip.
There s a relationship of course, but if you plot these values sgainst each
other there is conuderablo scatter

My last paint cancerns the delay between the strmulus, such e an audible
stimmulus, and the appesrance of the paycho-galvanic refiex. This mry be
detected by mesasurmg the akim a dlectrical resistance or by messurmg the
vascoconstniction.  Some suthortties seem to have thought that the delay
1 due to the reachion time m the perception of the shrmutus, but if you
stmmlato a sympathetic ganghon directly ss I have done dunng lumbar
sympathectonry you etill get a delay of about 2 sec. from the start of the
stimnlos to the onset of vasocomstriction. Geohegan ¢ al. (1g43) have
shown m the cat thet i you stimulats the anterior nerve root you get the
same order of delay in the appeanimes of the sudomotor response. It mesne
lhnl}ﬂ!mghtbn—cmybe-rmmontmmkuthnuppmmtnmchidmu}m,
the greater part of thos delsy m in the productlon of the effect xt the
periphery

Acxvee. The tempersture m these patients was alwxys mamtmined
1hove 23 C. During thewr restimg rum they were allowed to rest for some
hours. All patients and subjects who gave & hustory of senstrvity to cold
oc cold vasoconstriction, were excloded from these investigations, During
the actual expermments patients were tested first thing in the mormng while
they were el warm soon after they had got out of bed and before they
hdbcmn‘pmedmmld d or lonal mnfl They were
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Ieft for st least an hoar before the experiment was started and certamly
Ionger if there appeared to be any tendency for vasoditatrton to be
occarring 1n refation to the temperature conditions of the experiments.
Twouldsgree that m sympath, d subjects you can get o
occurning, but previous work same years ago by Freeman, Smthuek &
White (1934) showed that the delay followng strmulus was much konger
than m the non-sympathectomuized Imb and st was concluded that the
type of vasoconstrichion was due to the sympathectommred vewse bemg
more scusitive to arculstmg adrenshn, 1 would agree that m peripherd
vascular disesse you get a different picture, but I think that that bs beerne
the vaacular dynasnics in such disorders havo been comphested. { woeld
also agree that the delay is a perphera! phenomenon and this b suggested
by the fact that the resction tme, whether you aro messuring a ys3000-
strictor response or 3 psycho-galvanic response 18 Jonger in the we tha
1n the finger there being & Jonger nervous psthway for the impulse to .
D2G B Mirrcrmr Heocs (Loadon). Tdo not know whether Dr Ackoet
fas been able to do any of kis experiments in patients who bave ki
hemiplegis. I have been mpressed by two patients who have lost thex
praritus sfter m one case, a stroke, and m another case & keucotom?
Acxeem. T have not dono any such experiment myself they were done
many years ago by Stirup Balton Willisrns & Csrmichael 1935k =4
the sctual reflex pathway for the vasoconstrrction was shown to be
below tha level of the thatamus. The cortex will be wvolved m emotod
vasoconstaction, though not necessarily to because I thmk ous responset
to various phenomena do not oceur salely st the level of the cortex.
Dx C. H. Wurrrixs (Cambridge) [ sgree. Dr Ackner s wock s ook
\nteresting and stimulating, but 1 feel some muogisings sbont the &3P
distinction it lesds hum to draw bersreen the ammety paticnt and the nocmal
and T am cven less happy about Dr Davis s separation of the newrd®
from the normal person. We have fallen info the easy habit of usog tos
word nearotic mdmd:thapmmtfmmmdpmocszmmlwd“‘
a contact, probably because we ourselves are not too securt prut » betbet
this helps 1n our treatment of the patient » disarder s ancther queshos
Acxen, Dr Whittlo suggests that there must be e catch in thy beos™
1t 18 t00 nieat a distinction and 1 miust esy 1 was myself wormned for 200
tme. But I vould emphasrzs that the subjects I have studied wert 37
ofumdymmmcqp:umummpuedmthmbm'bnm”
anxious. There was 0o attempt to measure srxety wdl'w‘db’“\’::
\vywdmnmy.dfﬁlcmddhrefmmdumd:hmbﬁmw
degree of vasomotor change and the degree of aoxicty becanse 1 80
agree that you can grade snwicty  Howerer 1 compared two
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groups, those m winch there was an extreme smount of snxiety present and
those in which it was absent. 1 do not think I cver used the word neurctic
or suggested that I was dvidmg the populstion mto those who were
nenrotic and rather nasty and those who were normal, In order to control
the atnatron, I did study another group who were composed of recovered
depresaves, recovered hysterics and so on, who were not armoos at all.
Therefore the distinction was not betsreen people who were neurotc and
people who were not, but between vancus subjects ahowing marked
nxiety and those who showed nonc st all. In fact these desr correlations
do not occur if, mstead of putting the patients to aleep by giving them a
sedxtrve which they regard ss ¢ rather enjoyablo rest penod m the mornng,
you spproach them with a syringe full of amytal, and pat them to alecp
that way The correlanons then become rather moved up  because you are
dealing with an mduced stres situstion, wheress 1 started off with o
utuation which was mducmng relaoton.

Dz A. J E. Banrow (Huddersfield). I hope the speskers will fargree
me for esking a rather simple questson, but I got rather lost m the peycho-
logreal terminalogy which seems infinntely more complicated to me than
dermatologienl prgon. I gather there are such things es normal people,
thero aro & group of people with peychosamatic manifestshons, a group
whom oae describes a3 prychoneurotic, end & group whom one describes
m peychotic. 1 wondered if one of the speskers would define where this
begins and ends, and I sesnme that they are not genetically determmed like
staphylococcal phage types and therefare constant.

Romris Davis. Can cne make o differentratron between normal, nearotse
and peychotic? I suspect Dr Barlow m anly tessing me and does not expect
& full reply but I had better mdscate my position. No, I do not think onc
cn properly di iah between mdrviduals, but ane can
between adaptrve, neurotic and psychone mechaniams, Normal people have
both ncurotic and psychotic mechansms. The peopls that we loosely call
nenretie or peychotic have them 1o & tiresome or dutresung wxy

WurrrLe, 1 feel that Dr Whrtlock s summary his discossion, and his
father destrnctive ertticwm are salutary snd that we ought to take 1t to
beart 1 feel it  the begmnimg of the right hne.

Rowany Davis, Dr Whittle expreseed a preference for Dr Whitlock s
vews with hus destroctive  cutlock. I have not made the impression
T wished to, it seems. 1 listened to Dr Whitlock very carefully 1 did not
fee! there were amy real differences between us, except in so far a8 I did
xpress the opmion that thoss who suffer from peychosomatic disordens
tend to be of neurotic personality 1 was st that time quoting the genersl
view of xuthonties, I did not give ths opinion es my own. 1 do think there
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1 some truth in the opmion that people who suffer from peychoneurooe
Mmmdmmmmmmmmwmﬁm
the research pofnt of view the problem 1 to correlate neurotic mechamszms
with somatic manrfestatrom.

WarrrLE, I would like to ssk Dr Russell Davis what 1 the reltme
impartance of the eavironmental factors as against the genctic ones. Loog
ago the Jesults mamtamed that any mfluence they wahed to exert ma
chuld s develop would bo estahlnhed within the first five years of e
hfe,

Rumizss, Davi. Inberrted factors plsy a certamn role. I am by trade
1 peychologist. So I am cancerned wrth the factors in the pevcholopeal
environment which, acting on a person of particular constitution, produce
stereotyped patterns of reaction. For thus reason, I have ot pad Y
chrect attention to wborn errors of metabolism. 1 have no doubt that tey
are of an tmportance—though they have yet to be defined.
metabolism 18 likely to be & usefnl pomt of sttack

Dx F Rar Berrey (London). Over the hest ten years I bave wen all
the akin cases m a large mental hosprtal, with a changing populston of
sbout 2000 There has scened to be u complets lack of special merdence
m that populstson of any peyct or supposcdly peychosamenc
dermatoses, and 1 wonder 1f any speaker would comment on this, Rosscra
18 & catancous duorder which I bave often thought was sometincs rather
convincangly peychosomatic, but of the two cases of rossces [ have scenin
this mental hospital 10 ten years, onie wxs an advanced elderly &rteno-
sclerotic dement, with appareatly no emotional ot ofl eod the
other was a very caphonc G.P I —nexther m tho lexst like the gulls rdden
obscssaonal one o sometimes led to expect.

Ds P Boxmre (London). I quite agree wth Dr Dettley that mod
hnwmlpanmﬁhvemcnnmdyluwnhumodndﬁy'ﬂhﬁ“ﬂk
cxception that alopecs areats 13 1n *,,‘dnnmlhcﬂ“"‘“’

Murcamus, Hroos, Unfortunately my expenience of funstics 1 of tho
who are 1n & cnmimal lanstic asylum, but I jom with the others In &71%8
how amazed T have been that there are such a small number of paen®
suffermng from itching disorders.

RusseLL. P-ucnummmulhupmhmmwwdlfcdmdwﬂlﬁ:
after and are freed from outnade problems. Oﬁenwrpndeﬂudo "
hotp}ulhutlharlhnphm'naurcuu‘wbcndzcyhmmﬁﬂﬂ
reality agam. o

DxD § \‘mmw(m)mmhmgapd;m‘:w
Dr Bettley and Dr Borrie would meet with geaeral acceptance. L]
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i the proportion so low? It appears to be oven lower than m the normal
populstion. In it a question of an alternation between a truc depressive or
other psychotic state end what are ly regarded as psych 1c
conditione? This seems to me to be 0 m regard to prurigo and depressrve
states 10 middle ege [ have been struck by thm sequence in patlents
mmmgmro or lexving, mental hospitals, where they have been treated for
Is 1t gy il 4 pted that the develop of a peychotic
mmthodoormr._,‘ 1c means of expressdon?
Rumezrs Davin. The hterature does lead one to the concluwon that the
incidence of psychosomatic skm dmorders is umumnlly low in mental
hospital populations, and this seems to be the impression of those who have
tpokmlbwtn:bwvu.ldanotdnnkmybodywuldmggatvuydnﬂy
why it should be so It 18 pomible that psychosis and skm
mlhmvcw!ylofdmﬁngwn.hm Certainly one does see akin
disorders clearing up when a2 peychosns develops, and perhaps more often
the contrary a skin disorder sppesnng when a psychoss recovers.
Dz 8 F Warmmean (Cambridge). In discussing the speaficity of
#Teson 1o sy produ 1 bave been imp d by & number of
chﬂdpaﬁmninwhcmtbelppamnnnmlmu-hnmtbemdﬂm
y specific ar peychal 1, but where the parental sttrtudes and the
Rﬂmnlmmiummdnhcmnm,hmpmdnmdprydwlngiulm
which scem to play an important pert in the prolongation of the symptoms
md in the moulding of the personality I suggest that these factors make
hd:ﬁcuhwhmmtrymd:n_.pcuﬁclhndhu’ummofprhmy
disorders wuch s the and psych
WrrrLock. I wonld Ike to comment bnefly on the relstionship of
peychous to peychosomatic dwease s the subject is & controvermal one.
It has been said thet the psychosammatic duworder protects the indrvidual
from peychotic breakdown end 1t has been observed that psychosomatic
illness does sometimes interchange with peychotic symptoma. Ross (1954)
has carned out a statbcal study of this problem und Thomas, Stemn &

Lilienfeld (1956) also exxrmmed the matter thherletufmrmmonwu
lbl\etnmp-pundwﬂ}cdsdnt 1 I, ic Mlness
nov thrt pe; d m.rded off psych The problem,

however ub‘ynomclnjtetﬂcd.

Acxe, T would like to support what Dr Whrtlock has sa1d and to some
€Xient to take mene with Dr Rumell Davis who regards peychosomatc
dhrdmnn}tummmpdduhngﬁthmm I think that thw is
reading p cful mto visceral p which s not
forteied. T It}dnkwnmquhe;mdﬁedinmdmgp-ychnlogmlpurpo-eful
D 10to our neuro-muscular system which is under our voluntary control.
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I could develop an hysterical paralyns and convince myself that I canpot
WTite an exxmination becsuse nry arm 1s paralysed. My rm 15 under oy
veluntery control and that which I can control voluntarily T e use e
conaciously for psychological gain. However there sre systems which sre
not under voluntary control. Take, for example, the case of a young ldy
on ber honeymoon who has menorrhagia all the ime, Perhape emotinsl
dustarbance caused the menorrhagu, but it would be improper to clam
that the menorrhagia had occurred for the purpose of preventmg sexal
intercourse, This is to give the uterus a sort of independent psycholopa
function as though it was & thinking organ end could decide what to do.
It neglects the fact that the antonomic and endocnne system i m the way
‘The old aphonsm  the sorrow that hath no vent 1n tears makes other o
weep 1 very spplicable to the studies of Kepecs on exudstion into the k.
It 18 wot, however valid to claim other organs weep to stop us cymg |

Dx T B Frrzeamarcx (Harvard) Would the speskers like to comment
on the posaibility that atopic dermatrtiy may be fundamentally so imhented
metabohic defect and that the varrous precipitating factors stmply sggrmie
this defect? Has anyone studsed the urinary smimo sad excretron paitem &
stopic dermatitis? For ple, abnormal tryptoph bolites bare
been found i the unne of patients with scleroderma followng tryptophe
loading

Winreocx. 1 agree that we need to know much more about the beo-
chemustry of these dzsardern. It 1 because of biochemscal lenings that [
bcclmemmmwdmtbepmblcmofccnnﬂmlﬂdmmw
medution by altered cholinesterase metabolium,
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STICKINESS OF THE COAT OF GUINEA PIGS
AN INHERITED DISORDER

A PRELIMINARY COMMUNICATION®

By B. M. HERBERTSON M. E. SKINNER
axp ] A.H. TATCHELL

In 1955 a few of the gumes pigs bred in the Department of Pathology 1n
were found to have an abnormal cort. The sffected animals
sppeared dishevelled and grabby To the touch thelr for was sncky end
felt 24 1f 2 resinous materlal had been apphed. As the sticky quality of the
coat was the most mmpressive feature of the dworder the wnimals were
alled stcky gumes-pg
The first guinea-pigs noticed to have this defect were the offepring of
norml parents and had ane or more normal sibs, The afficted animals
were born with a very stcky coat and, although from ther appearance they
seemed to be ailing this hmpreswon was muleading for they thrived and
were 28 robost as their normal littermates. During the first few weeks the
stckimess became lem pronounced, but nevertheless permsted throughout
Iife and was atwxys readily recognizable. The defect did not appear to
favour ekin infections. Although normal and stcky anmmals have fved
together for long periods m the seme cages and have been given the same
fmdmgumﬂpgbomwhhlnnrmﬂcontmbemmnmcky'l'hh
combinktaon of festures suggests that the condition s probably inherited
d I8 not doe to environmental factors.
'nmwmmumcmgnlunmnﬂmdrmmhlofbrwdmxnpummu
wd of pical and ch 1 tech wed m an sttempt to
discover the nature of the disorder

RESULTS

1 Gexetical
Prelimumary breeding expermments showed that stickiness is inberited.
Ouhﬂh.lntcrcm-,bmk:mumdbomuxygmn-m:kynndng-(q.raﬁ'
*pring bred) have demonstrated that it i due to  mngle recessive factor
"‘hf“nmmmdnolpprmblucﬁmmndﬂny

Ammmhh&nm}mﬂmﬂhwﬂmhb]—nﬂi
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2. Microscopreal

(@) Harr  Although more debra 1 present on stncky hanr than wsml
structure appeans normal,

) Skix No defect has been found m the sk of sucky gumes-pos.
The epiderms and dermus show no sboormality and the mumber s,
structure and fat content of the haur follicles and sebacenis glands gppext
norrnal,

(¢) Organs and other tussues. No defect of the major orpans and twer bs
been found.

3 Chemcal

As the hur of sticky gumea-pigs loses 1ty stickiness when wathed with
ipid solvents, but remains sticky when wsshed wrth water 1t sermed
likely that a fatty substance present on the bar 15 responsible. Chemicl
investigation has shown that about four tumes as much fat can be extracard
from stucky hair as from normal hair - Analyms of the fat from pormal bar
hes revealed that approximately one third of the Tipid 1 sapoenfisble sod
two-thirds non-saponufiable. With sticky hair on the other hand, thex
proportions are slmost reversed. In addition, the fatty sad fraction fro
sticky hair {s more fully saturated than that from normal barr

Amuredmﬂcdmvadgiumufthuhpldlpmlontbcwmﬂd"
skin snd elsewhere 1s beng undertaken.

CONCLUSION
The stickiness of the coat of sticky gumea-pigs s due to the presence o
an excesuve smount of lipid on the har Gcn.ct‘lc.\llapcrl‘mcnt::tb':f‘l’d”‘t
the defect 13 determmed by 2 smgle recessive factor

ACKNOWLEDGEMENTS
t of Genttch

The authars are grateful 10 Dr M E, Wallsce Departmen
Cambridge, for help with the genetical expeniments and to Dr N R.L"‘;:
Department of Brochemtry Addenbrooke s Houputal, Cambrdge for
chernical analysis, They alio wish to scknowledge the valuble teckaxt
aserstance of Mr W A Mowlxm and Mr R. | Ison.



239

SCRAPIE A NERVOUS DIBEASE OF SHEEP
CHARACTERIZED BY PRURITUS

By A. C. PALMER

Scraple i wmque among the transmisible desses of man and emmals,
unique becauso of the nature of the transimssible agent, length of incubatron
perod and character of the hmtopathology Although the condition =
primarily of importxnce to the vetermanan, and is not comomnicable to
man, its study poses many fundamental problems concermng the geness
of dsesse. Becanse cutaneous irrtation is an rmportant clinical mgn of
wcrapic 1t i hoped that tha shart review will be of particulsr mterest to
dermatologmts,
CLINICAL BIGNS

Bcrapie occurs patumally in shecp mamly 1o certain breeds, Anmmals shaw
tgm of intense frrtation of the skm, sbnormal gait, hyperexcrtability
tremor and prog; debility Fasaiculation and nystagmus have abo
been reported (Palmer 19576). Desth can follow withun a few weeks of
the onset of mgns or it mary be delsyed for many months. Shn wrritation
wmally sevcre animals rub themsetves incessantly nibble the shn and
tour oat the flecce. All areas of the body surface appear to be affected, but
wool loss Is canfined to regrons that arc sccessible, notably the neck, flank
#od permeum (PL 1 fig 1). Rubbung the back manually often evokes the
nibbling response  m which the snimal elevates the head, nibbles, salvates
Pprofuscly and pushes rts back vig; ly an to the hes this beh
sggesty ther rubbang provides setisfaction.

HISTOPATHOLOGY

As the disexse hey such profound cffects upon the anumal, one mught expeet
to find a clear-cut pathology However no macroscopic post mortem

contistently occur There are secondary changes, such a3 abranons
of the dun and fatty metsrmarphosn 1n the Byer  Microscopically there fs
usully an matense vacuolation of nerve cclls m the bram and spamal cord,
which Bessoit & Morel first reported in 1898. Bince that tme the signs-
ficance of this observation has enjoyed & varable fortune. There has been
COMITTCINY 1 to whether the vecuolstion is artfact and whether It haa
0y essochtion with the disease. However there s now much evidencs to
‘bﬂ"hlnwolxﬂonhlndccdmm;mfwtmdthnh:mnmhmﬂamg
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from scrapie there are usnally many more vacoolated neurones than s
foundmthznorml('ﬁatrmd,Carré&Luum,;m Brownlee, 1990
Holman & Pattison, 1943 Palmer 19574, b 1958 Zlotnik, 19575 1955}
Certam nuclear masses in the cord, medulls, pons and mudbam &
particularly affected and the lesions are genenlly bilstenlly disributed
In the cell, small vacuoles appear m the cytoplesm (PL 1 fig 3), there s
loss of Nisl substance and the nuclens occupies an eccentric postion. The
vacucles become progresuvely larger and may reach 80100 1n diameter
(PL 1 fig 3) sometimes thero gro seversl vacuoles m onc neurooe. A2
sttempt to clesaify the marphological app of the tton ¥
published by Zlotnik (1958). Spheroidal eostnophilic bodses aften ccepy
the vacuoles (PL 1 fig 4) and thos materral probably cansists of degenerainre
products. Histochemically the materlal grves a posstive coupled tetraroanma
resction indicating the presence of protein tests for nucks eods £t
negatrve (Palmer 19575). In addition to thess mtravacuoler bodies, Pafmer
(19576) described mmilar maternl withm the cytoplasm of apparendy
nou—vwcl:tndnnuunu,bmtbuobmvldmwudupmudbyw
(1957a). Inall probability the intracytoplasmic bodics observed by Pedzet
mmmbothawhk.blppmmbcwhhmdxq!ﬂﬂmm
occasians when a vacuole 1 cut tangentmlly There is no endence that the

matermal represents & true mcluxion body

NEURO ANATOMICAL DISTRIBUTION OF
VACUOLATED NERVE CELLS

The selective distribution of vacuolated netrones 1 the central penoc
system 1 sheep affected with scrapie hes been reparted by Holma &
Pattison (1943) Palmer (1958) and Zlotnik (1958). Certam muchear mnch
mmelythchtu’llumnmuudem.ﬂmhtcnlplnoftbamh’w
m:-nnndt;hepupail]mfm’mm.bclemn-et:-ftx:nlew.re.‘y-fn":cu:\‘-l.“'h-ﬂ”d"lcr
nudurgrwpniuthecwdmdmeduﬂamlumrmLTbﬂ’cmﬂb“
ncum—cmmmlulrdmomh:pbetmtbedmhlngmdthcw
the distribution of the lesions, but this must remain a matter for corfeets™
because 80 Iittle 13 known about neuro-phywmology of the sheep Inﬂ!“:
ment of the lateral cuncate nucleus may Jead to inco-ordmaton bt
present there s no expl of tho severe mmitaten. MP:;]
mdornlmotgmgﬁ:mdpmpbenlnmmmﬁﬁmb“‘ ©
cxamined (Brownlee, 1940 Palmer 19575) but all these organs spPex’
be qurte normal.
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EXPERIMENTAL TRANBMISBION

In 1446 scrapic was scadentally transmitted to normal sheep by the paren
tennl introduction of formahnmeed louping ill vaccine. This vaccine had
been prepared from the bram of & sheep that had in fact been in contact
with sumats affected wath scrapse (Gardon, 1946). Stnce that time several
saccessful trenemmnon expenments hava been reparted (Wilson, Anderson
& 8mith, 1950 Gordon, 1957 Stxmp 1955). Many attempts have been
made tp find oat the nature of the transmisible sgent. When brain or
spketn matertal from an sffected sheep is injected into normal sheep, by
the ubcutancous, mtramuecular or Intrecerebral route, up to 6o per cent
of imals may become affected after en meubatron period varying from
4 manths 10 2 years. Moreover the agent can be pamaged m series (Wilsan
e el 1950). However the reslstance of the agent to formalin, to boiling
for 30 mmn. (Stamp) and to other viradal procedurea » quute unlike the
reestance of & virus. As no laboratory anmmals have been found to be
rusceptible to the disease xnd because of the long incubxtion penod m
sheep work on the nature of the sgeat has been senously handicepped.
In 1939 Cuillé & Chelle reported the transmmson of scrapie to goats.
Thea work was sucoessfully repeated by Pattison (1957) and 1n 1957 Gardon
& Pattinon showed that m arxty-seven experiments on goats, there were
100 per cent takes. Moteover bram material from sffected goats when
moculated into noemal sheep cansed the dmcase. ly changes
Inthe nerve cella of the goat are mmilar to those found in sheep (Pattivon)
(scePL1 fig 4). This tramsmmaion of scrapio to goaty, animals that do not
normally suffer from the discase, provides addmional cnidence that some
kind of infectrous sgent 8 mvolved. Nevertheless, there s also

that in sheep thero o a factor responsible for 1 predizposition to
the discese,

BIGNIFICANCE OF LESIONS IN SKELETAL MUSCLE
McGowan (1918), when wvestigating the condron m sheep suggested

the cause of the skon imtation was the presence of sarcosporida in
muacles, This ides was refuted by McFadyean (19185) who showed that
sreocysts often occur in muscle from normal sheep that do not show slgns
d‘t\:np{; In 1956 mmﬂmmlgﬁnfmdmmMuBcnnqua,
DmH&Pmyrepon:dmywpﬂhlcdnngﬂinl!tEplﬁﬁctcdwnhmpm
0d suggested that scrapie nught be comparable to dermatomyositzs in man,
Bﬂlnqmuetd&dnmmnudamohdmofmumlnthgbrmmbg
tgmificant. Support for this hypothesls was given by Deler, Gmatafson &
Lattrell (1957) who found muscular dystrophy in three sheep affected with
.
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scTapre. Attempts to coofinm these obscrvations have flled. Pakmer (1957))
d;mmadnmulofm]ythmmusdu&nmmmnﬁecwdmnmhlbmmg
mall lesions aumilar to those described by Bosanquet et o, No myopathy
was reported by Gordon (1957) in sheep and goats in which the disexx
was expenimentally produced Work by Hulland (1958) In whch the
muscles from thurty cases of scrapie were carefully examined and compared
with muscles from twelve control sheep showed that scrape cannot be
conmdered 8 primary disesse of mascle, It therefore scems fikely that
lestons of myopathy can co-exist with scrapsc, but are pot resposible for
clmical manrfestations.
DISCUSSION

In the study of sny disease process 1t s necessary to arrrve at a ssisfactory
definrtion of the chinical and pathologrcal entrty  Although there 1 ot
»ome controversy about the vanations of clmical manifestations ln scrapee
(varutions that may anse e x result of secondary changes such as starmatxn)
the cluncal criterin do appear to huave been fuirly well establuhed. The
presence of a large pumber of vacuoleted neurones in selected regron of
the medulls can be regerded a9 confirmatary evidence.

The pathogeness of scrapse 1w a major problem. Intense neurosa!
v:ct.u::latumclnm:sl:bcch.n-egm—:.‘u:d.Vmcucullt:murcuyI:yctheﬁmll:yﬁﬁfﬂg"ul

fe of a local broch ! ab lity On the other band, it B

possible that the nerve cell 1 the target of sn shrormal metabolite bberated
elsewhere 1n the body In this connection medullss from sheep affectrd
with 2 pumber of diseases other than scrapie were cxamined by Hobuzo &
Pattison and by Palmer (19574) sgnuficant vacuolstion did pot oocur it
these animuals.

Endmcefwtbeapammaluuumwmofmp}smwmﬂmﬁn‘h
can no longer be dusputed, but it would be unwse to ignore the
of a congenital factor that leads to a preduposition for contracting ¢

handicapped bectuse lab 7 anzmals are pot susceptible, Perhaps 1
uso of timye culture techniques may prove profitable. Burwh:tcwtdb;
the nature of ths agent, an sgent that can resut so many biologal Insulss
That 1t consmets entirely of protein is unlikely m vicw of its stability to best
and formalin. Thero may be a non proten mosety perhaps carbohydrste
whichwnnuoducuonmwzhemdyfonmucmpmsrnnhcnwu:
reduplrcstion of the sgent. Butt.bmncswchuthumunbopmwlht "
mdwﬂhmpmthhmmhmnymthmfmdmu—nh. If the pature

tbctgmlauﬂnglalprcmbcﬁn:l}ydnmmw!hcrmmm;{*m
m.pecumludnngc-mtbcpraun—d:ycomep(cﬁh:gmﬂl’d
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EXPLANATION OF PLATE
Prarte:
Fig 1 A field cuse of scrapie showmg lom of wool from neck and hind-deg

Fig. 1. Eardy vacuokton fram medulle of sheep affected with ‘Thers o low of
Nama! substance and the noclkeus f1 i an eccwntne position. Notw presence of woal
vacuokes. H. and E. x Boo.

Fig. 3. ?Wmm&hbhﬁdmﬂlmdmwm
Compare -cm‘lcuﬂ--ithmlmﬂm'l'bh:n. x178

lﬂrﬂmv‘nmhth)hﬂnua‘hlm the retiulir formaton from  pet
-:npk.Emhﬁﬁﬂkmm‘l presect m severnl of the vacooles oo
of the latter are palyloculer and E. X 400.
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IMMUNE PHENOMENON IN RELATION TO
THE S8KIN

Br R R A.COOMBS

1 wish frecly to admat that my interest in the sk 23 an argen was really
wronsed, for the first tme, when 1 was mked to grve this talk. Gathermg
together my thoughts has been a most valmable expensence and, If it aan
prove of intereat to you atso I will be most gratified.

What I have tned to do m to construct an casay reflecting at ooe end
the same time the interests of fmrrunologuts in the skin end thoso sxpects
of mmunclogy which I have magined wonld bo of irterest to those
practismg dermatology With this in mmd 1 have approsched the subject
from three aspects (1) antigens of the skm (1) antibodies (3) satigen
antibody resctrons 1n the skm.

The discaaon must, of necematy be cursary and, perhaps for this reason,
it rmght be & Httle uneatiafying for the epecalist.

ANTIGENS OF THE BKIN
A connderstion of the aatigena of the skin is a good illustration of one of
the trends of immunology todsy Up il recently immumologmts had
devoted the greater part of thar time to the study of the antrgenic structure
of micro-orgamume. Now there m an ever-meresaing interest in the anh
mmmmdmﬂ;dmmmdommdmhmhmdmm
One can think of such stndies ! The serclogist, making
mﬁfhhipeuﬁcmman,anrwu]the b or molecnl
building stanes which go to make up the gross structures cheerved by the
lmmhnmlbﬂ:qmmmmwmdorpnlpedﬁcmhgmnbould
afford an Invaluable tool far problems of {om, structure
and function, Further ﬂ)em.crmi.ngnumhuufknownmtn—.pmu
'mimdhwlonemoh-avednh:dxwdmhphydulmprhnmthn
cellubar archrtecture, Bemdes the biologxcal interest, serol y is
of obvious importance for pathology forhuwunthed.namdwebe

studied without a sound knowledge of the normal?
Presumably many of the arge molecular substances of the ek, that fa,
potentnily antigenic, are not peculiar to the skin and fts sppen
dages, Bame, such a3 keratin, are confined to the skin, while the poly
“-Cdnﬂdnundprmdmufﬂ:edﬂmn.ﬂﬁlnmﬂagm,mnctm
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anyone having a specralzed 1nterest in the anhgens of the akin coukd ot
dmcgud,farlmtmm,tbembgm-invcudmlhfmmcb.lhbwghw
essentully slon sntigens, do form 1 vital part of its structure.

Organ and tsue speciic axtigens
There are twwo very characterstic protems in the skin—keratn and callagen.
With both these protens the fact of their insolubility in the natunl condi
tion 18 presumably the mam resson which b precluded extensive sero-
logical study Haprotunhmolubl:.howdayvulmmdmnmmm
anumal so that it will stimulste antibody formation and how do you mesvare
the antibodies which might be produced?

With keratin an opening was made in 1934 when Goddard & Michaefis
found that on treating wool mith alkeline thioglycolste a solutron of kerstn
could be cffected with apparently no other change in the protein than thet
of splittmg open the disulphido bonds by converion to sulphydryl groups
Pillemer Ecker & Wells (1939), making use of this sotuble form of kerstin,
of kerateine as they called the reduced form, showed that such kenatm
prepared from feathers, wool and humen harr was antigenic in rabbits sod
showed definite species specifiaty They also ahowed that the specificty
depended to some extent an the redox state of the sulphydryl groupmgs
of the molecule,

With collagen, a further ddfculty 15 that of the purity of sny pre-
paration. However a recent study by Watson, Rothbard & Vanemee
(1954) has succeeded in providing good avidence of the antigensclty of rat
collagen. Their antsers, produced m rabbits, akso showed speces speck-
fiaty These workers used, a3 antigen, collagen made soluble m divte
secetic scid. They showed that edditson of normal rabbrt serum or pormal
saline to thrs collagen solubilized 1n dilute scetic acd precrprtated out Sbres
wﬂhthcdnnctcnﬁu:wunmunfcolhgm,bulwudd}danofﬂwnbm
anti-collagen serum there wes no fibre formatron but oaly s ghobalss
precipitate.

With specific antsera to both keratin and collagen it should be poeible
mmakemeafCoon:-degutunmunmhmologultcchnlquc(ﬂCW“"
1956) using fluorescent antibody to get pertinent evidence on the qoestion
of collagen fibrilog and on the develor of keratin.

While d the fl body technique of Coons, T should
mention the recent work of Crusckshank & Hill (1g53) who by mesns of
Lhnmnhod-ndmm-mxmmdelgﬂnnkldnqghmcruﬂ"m’bk
to show what appeared to be & common ntigen In cprthelu} basemest
mcmbmcgndrcﬂaﬂunﬁurwufklndiatedlhnzhhmugmm’bﬁ
from collagen, cartilage and elastic neruc. Scott (1957) pursuing this
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forther prodoced evid: that reticulin and b membrine were in
fact anhigemucally distinet.

Besddes the scleroproteina there arc also globular plasma-type protetns
in the alart. Thes s over and above the true plesma protemns which are
obviously to be found both mtra undcztrlvucuhﬂyi.udmlkm. Neu-

berger (1957) d the for alb like protens bemg
synthexized by certam cells locally m the skan. This 1 & type of problem
that could be anewered with Coomas i histologrcal fiu
staining technique.

‘Whatever their physlological significance, these albumin like proteina
ufth:lhnhtwmotherqmmd:ﬁcmnhnporhmofmmthnmednlpam/
of vicw for within thrs groap of globular proteins g to be found the main
allergen of horse dandnudff and presumably of other dandruffs also  Squire
in 1950 had concluded thst the allergenic component 1n harse dandruff
although dmtinct from serum albumin, showed an immunological cross,
mauwi:hdlh-u-umyfutnnmdmxgutcdthu-dxnphmnmaf‘/
the severe resctions expernenced by some horse sensitive asthmatics M
first injected wth therapeatic home senm.

In recent yesrs the gel diffurdon techmique has been revolutionrriog this
typeof mntigemcanalyss, and Stanworthin 1957 hasbeen able to demonstrate
by thu method up to seven antigens in crude dandruff extracts, The
allergenic fraction, s far &8 man was concerned, was a main (B,F) glyco-
mwhﬂ)hdmdccuﬂphmmbﬂityd]ﬁmt&umthﬂufwa
serm alburmun,  Stanerorth inded that the 1 1 rel
bﬂmhormd;ndruﬁnndbwmmprmmwuduemdx-d
mixture of small amouants of serum slbumm (end globubm) with the horse
dandruff entigens and was not the resalt of any cross rosctian betveen the
two types of protem.

From thm elight excursion we must return to consder other large
molecalar welght substances 1n the skin snch se the muco-polyssccharides
of the ground enbstance. Qunn & Cerroni (1957) and Quinn & Singh
(1957) failed, however to produce antibodies 1n rabbuts to chondroitin
rulphate made from human costal cartilage ar to hyaluronle acid from
buman umbilical coed Amurdinnglynn,Huﬂ:ofw&]nbnm(xpsﬁ)
thelr carlier suggostive rosults using the poly
sulphate adsorbed on strep Ivaceine, were d Inating blood

b (aho i harides) 1n tho s smdied.

Omufﬂ:indmfminvcmgungthemgemdty or hapteno-
gemerty of the mucopolysscchandes of the ground substance has been the
‘dﬂmntbznmybnmmmmumphmmwmrmghdn
ground substance m rheamatie fever (Glymn, 1958)
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Indrnduality antigens
Up till now we have been conmdering tissue or organ antigens common t
all amimals of the specieaIndividushty antigens ero thoae, such & the
blood group antigens on red blood cells, which vary from one mdridm!
to apother within the species and arc part of the physscal baus of md
vidushty Those persons prumarily interested in skin might well ask if any
Jof these so-called individuality antigens are to be found on skm cell.
My collezgues and myself (Coombs, Bedford & Rouiltard, 1956) were sbk
to ansvrer thrs 1n the affimnative, &3 by means of the moed sgglutmaba
reaction we were able to show the ABO blood-group antigens on squamost
epidermal cells—the antigen corresponding to that of the blood group of
the persan,  Unfortunately we were not able to shotr the Rh antigem o
these cells (Ashhurat, Bedford, Coombs & Ronilterd, 1956).
To 1nd the way serological indviduality 1 gomg 1 should sy thet
now not anly are there well over fifty mdwiduality red-cell xntigeos, but
slso, quite dustinet from these, mdividuality antigens on whte celb ead
platelets. And what s more, recent works by Oudin (1956), Dray & Yoams
o [1958) and Dubua (1958) thow there to be mdividuality sntigens within
i}he group of plaama proteams.

Antipens responsible for homograft repectron

The experimental work on homograft rejection over the last fifteen yaam,
mamly ting from the lsboratory of Medawar and hus collergoos
Bulingham and Brent, powtt to 1ts beng an mmmunological phepomenot
—that 13, the process of resection being an setively soquired immunologea!
response. For reasons both obvious and perhaps less obvious to the 0o
specualist, skin has been the tissue or organ which has allowed of the bet
anlyss and yielded the most signrficant sdvances.
Inut:.:mpdngmmnmmuebn:ﬂythepretcm.t:rcofuurkno""'-‘dfr
on the process underlying the rejectiop/of alun bomografts, the follox™8
polints can be made (see Brent, 195 Tnmphm:donhnmumfydq"‘-”d’
upon!hcpmmmmemuufth:dmmoflnﬂgmibmtk‘dxm
These antigens are governed by the so-called histo-compatibility g7
Inldmtraltwnulgnﬁfmmonemth:othcrukapcmnncﬂdy ho

1 antibody responsible for the rejection of & skin bat,
50 far been demonstrated s afro Brent, Brown & Medswar (1958) invok¢
th:d:llyedt}‘pehypcncmnmtyrmcuonutbemamhywbﬁhd”‘"h
1 rejected.

Concerning the antigens responsible, appear to be quite o
from the knawn bhood-group annigens™They sppear to be commas (0
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mucleated of the body—skin and other otgams—end s0 show po organ
epectiaity antrgens have been shown to come from the nudens snd
oot from the cytoplesm. They had been thought to reside in the mucleo-
protem fraction, but now the evidence miggests that they are mucosd
1958).

These then sre further antigens to be found in skin cclls as well = in
ather nocleated colls of the body From the pomt of view of thes esxy 1
'mlbcvclﬂ,tnunphxdntbcnulmhnunhnphy:dmumwdlmg
the mechanism of ¢ , -

Axto-prwoiratson

A knowledge of the antigens present in the slon o 2 desirable prerequote
for any investigation into the posibility of mrto- mrolving
antlgens of the skin. The dimcal concept of mrto-sensdtmtion to akin s
being dmcussed by Mr Parish and the one or two general points I wah to
make may perhaps serve a3 an introduction.

Fint, thero can no longer be any doubt that suto-immunization In the
strictest sende may occur erther under physiologacal contral ar as a petho-
logical process following the breakdown of some controllng mechanmm.
A discumion of the il 1 would, I am afmd, take &
lectare in itself, involving as 1t does 2 full consderstion of Burnet » self
marker theory the concept of immune toleranco, the natural habitat or
location of the vanoos antigenic materrals m the body and the question of
whether they ever undumunﬂmmmmeum'mmthemvﬁmmmt
of sntibody prodacing cells. To avosd ambiguity and
definitions need to be very prease.

Secondly what [ want to strese s that, despite much soggestive evidence
from both the dlinic and laboratory there are still very few definttely
pﬂnmenmpludmm—.mﬂmd;unmhmd,upmﬂy of amto-

playing any role 1n the pathog: of a particalar
d‘nuu.Whnprmflhou}dbelcughtPHmemxldlibtobnngbd’nm
you certain postulates, wridch have become knovwn s Witebsky’s postuiates
(Witebsky et al. 1957), which, {deally should be fulfilled In order to prove
tbcmkdmnm—mﬁbodymthnpuhngmmsuf-pudmhrdume

(1) the direct 4 lating antibodies that are actrve
l:bodytunpmmﬂurofwu-boundlnﬂbodnbyinduwmam

(2) the recognition of the speerfic antigen agamst which the satibody i

ding

(3) the production of antibodscs agunst the sams entigen 1n experimental
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(4) the eppearance of pathological changes m the corresponding tsves
of an sctively senartized expermental ammal that sre bancally sanilar to
those fn the hurnan or ammal discase under study

These requirements bave come close to fulfilment 1n certan ceses of
buman chrowe thyrowditls (Witebaky ef al. 1957) and should prove moet
belpful to other workers attempting to 1mpl auto-antibodies 1 the
pathogenesis of any particular disease.

ANTIBODIES

Antibodies are produced by plasma cells and possibly by other lymphod
cells a3 well. As far as we know there are no essentlally skin-made et
bodies, although of course antibodies could be produced locally In the sidn
by a setilement of ploams and lymphoud cells in that area (White, Coons &
Connolly 1955). It follows that the remarks I am goemng to make bold for
antibodies in generul.

The last thmg I wish to do 1 to mmimize the great complexity of types
and serological behaviour of antibodres, but such detailed consideration
would be out of place hero and really must be left to the speculists.

Broadly speaking, antibodics—whether thcy be heter iso- or suto-
antibodies—fall within one of three categones

(1) Circulsting plesma antibodses of the ordmary immune type detect
able o tutro by at Jeast ono of a varnety of methods.

{a) Circulsting plasma antibodies which havo s special affinity for pasecrely
seoartang tissus cells. These may ar may not be o ciirt-
(The Prausnitz-Kiishner sntibody comes into this category )

(3) Postulated antibody like sub writhin lymphold cells respoosibic
fordmdd:yedtypeofhypernmiﬁwtyrachmﬁcmhwﬂdb‘”’
shown  oufro nor charcterzed.

When the serolognt produces antisera for the recognution and chare
tenmation of Antigens, st 13 ususlly antibodies of category (1) that bt B
because their resctions can be studsed in the test tube. Antibodics fallmg
withun the second category that is those able pastively to sensitire B850
cnﬂs.mvcry\mpcmxdmxu\bbmmonﬁhemh&:yplqmw
donmcnmudthehnmcdmetype.ﬁndimmbamumﬂ(‘)
and (2) may be rtificual and 1t 13 probably nearer the truth to say tht, of the
drudlungplnm:mﬁbodm,wmcgﬂemmnrmmchmmdlﬁ‘m
Iack the capacity passvely to scnsitrze tissue cells—some antibodses poscs
both these charactermstics while aguun some are endowed fx
mvdymmgmeaﬂ-mdupmtdudednccdonu"‘"m
the absence of lming cells. That part of the immune response which w@
have divided off into category (3) may play s considerable part in moulios
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the pathology of a dmsense and may be used for drgnostic purposes se 1n
the tnbercuim test.

Itis, however mmportant to realmee that the full immune response of an
indrvidual to nhgenic stimruli works through all threo channels, although
cettainly ut thmes, the main reaction mxy be canalxed through any one of
these charmels to the partial exclusion of the others. For mstance, In man,
tho antibodies resulting from ordinary parenteral mjection of antigens fall
manly withm category (1)—theas are the sotibodies about which we have
1 furdy aetisfactory body of knowledge. In hay ferer asthms and gther
urticaria] or fmmediate-type scomtrvities antibodies in categoey (2) are
mamly myolved, while in cantact dermatitis and seemingty the homograft
reaction (Brent ¢t ol. 1958) antibodies mn category (3) play the magor role.

I thmk there can be o doubt that, up to the present, the main stumbhng
block m full Hason and collahoratton between the dermatnlogmt and
mmunologist hes been the mability of the latter to detect, messure and
charcterise in the laborstory the Pransmts-Kistner type of antibody
(cxtegoey (3)) and the postulated entibody like substanee responsihle for
deleyed type hypersenaitivity reactions (category (3)). When tins can be
done we can optirustically forecast & most fridtful period of co-operatian
between the clime and the hbomatory

Chimg to messure the Pramsnrty-Kiistner antibody s vero and In the
abscncs of cells, have of course been mads and & recent one by Gordan,
Rose & Behon (1958) deserves specual attention.

Here we must leave the dscoseon on antibodies, but in domg so I
do not want to glom over our ignorance as to the mechanism of pasave sen-
&trzrtion of tiees and cells. We do not know for certun, what cells arc
{ovolved nor the naturs of the affinity between the antibody molecules and
cell membrane, These gaps 1 our knowledge are made very obvious when
contrasted wrth tho well-d d facts suppbed by the phar |
;lhnldivnwhruncurdascdbythucmmmdthm‘mhﬂeqzmt

ooth,

ANTIGEN-ANTIBODY REACTIONS IN THE S8KIN
Beforo ng the well recognived skin
mediated by nmg:u scting on cell-bound -nﬁbodm- Lhae are other
mmane phenamena winch take place 1o the akin and which merit brief note.

Tarm—antitarn reactions 1 the skin
Fint, there are toxins such m the erythrogenic or scardatinal toxins of
§700p A haemalytic streptococt which cause the skin rash m scarlet fever
According to van Heyningen (1950) the mode of action of the toxing 1s not
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lmdauvodbmdm:oﬁectantholﬂnunbencmhzcdbyhandngm
sntrtown, This neutratizstion can be shown by a speafic blanching of the
erythema and 18 roede use of in the Bchultr-Charlton blsachmg test for
scarlet fever Along the same lnes and more mportant 1 the Ricer
method of diphtheria antitoxm titration. This is based on the speee
preveatian of the swelling and oedema produced in the abdominal don of
the guines pig by very amall doses of toxin,

Immvume cytotoxic actson 1n the shen

Another immunological mtustion in the skin which can be envisaged ¢
lesion produced by cytotonc action inrtiated by the direct comblnstion of
antibody with some susceptible tissue component of the skin, A good, if
somewhst expenmental, example of this is afforded by the exwentiey
heemorrhagic and necrotic leston produced m the shkan of the gumea-pg
on injection of a small amount of rabbit antl Forsoun seram, Redfers
(1926) explaned thrs local hsemorrhage and necrotic rescton, s well 8
the generalized haemorrhagre ehock produced by larger injections mint
venously s & direct cytotoxic action of the antibody on glunea-pig s
containing Forstman antigen. Thes explanstion i further strengthened by
the recent work of Tanaks & Leduc (1956) who ahowed, using Coons
fluorescent antibody technique, that in the guines-pig the Formman stged
is present m the endotheltum and sdventitia of blood vessel

Purpura dwe to sedorwnd semsitioation

A somewhat srmler type of reactron, more germane to general dermatologe
practice, lmdaha!hcgmauhxedpurplmfoﬂwmgndnﬁmwd
scdormid in a seositired paticot. Ackroyd (1958) s shown that sedorsd
forms a loose assocution with platelets and, also posdbly with certaia
endotheltal clements. Sampmmxpmducoofdmuyhmnunemn'boﬁﬂ
(category (1)) against thess complexes. The antibodies resct hack sgzX
the drug platclet complex (or drug-endothelium complex) £nd causz te
destruction of these cellular elements with the ensning purpunc cof

Thus ple of drug hyp 1ty would appear to be casenually
cytotonic reaction affectmg platelets and pomsibly o, although
evidenco 1s not so strong, vasctlar endothelum—en essential compooest

1 the shin,

Arthus phenomenon
If one injects antigen into the skin of rabbits which have arculatzt
prmphﬁngmﬁbodvthacmnrwdﬂng,uyzbammdmd\m:
Depmdlngontheoa\:ﬁkyohhernmmthumaygommmw o
ulceration. The process n emtrafed not by s reaction of antigen on pss




THE IMMUNE PHENOMENON 255

senrized cells a8 10 paseave artaneous ansphylas or #9 in the immedirts
whnltypcrnmminmmu:mﬂ:cdmthth:Pmmiu—Kﬂjmamn
body but essentially by a T of arculshing (category (1))
lnﬁhﬂywithinlndlbamdnbloodv:-:kmwhnc-fumzddmu
of the blood become sdherent to the immune aggregates and cause
thromboszs. At the same time the damsged cells liberate pharmacologreally
sctive substances which forther increass the permeability of, and demage
to, the vasculsr system. There » an intense pervascular mfiltration of
polymarphe, The thrombd which form lezd to haernorrhage, infarction
and subsequent necroam.
No reactron occurs in gnimals where the arcutation hes been tempaorarily
depleted of demphmudwlwmcrm(ﬂmphrw 1955) The phe-
s 1ot inhibrted by snti-t ‘Ths akin kewion 1 very essily

produced in the rabbit and may be an undemrable coenplication in rabbits
belng repeatedly ingected for antwsers producton. Really es sn uncom-
plcated entrty 1t is rather an artficial and expenmental syndrome end,
for this season, should not be seen os such in man. Cases, however have
been reported m the older Itersture following repested injections of
therspeuticsers. On the ather hand, this type of reaction may be mvolved to
mcdqmumhummdthmdmnfohcmumnlogybmw{ﬂ;
» maggetive allergic or Jogical backg

Bdmlavmgdmrummlwmldﬁlnwmtwodﬂnp. First, that
these resctions, as observed under anything but the stnctest expermmental
conditions, seldom represent a single defined entity or process (Gell, 1958),
and secondly thet such reactions as these vary very greatly in the different
wmumal species and man,

Immacsats whssl or sriscanial-type shn reacton
I really necd sxy very little about this reaction a9 1t m shown par excellence
by humen slan and is very familiar to all clinicurm, The localized wheal
ﬂfm:gmmlbadunbnmudnmﬂyrdmbkmhmminzmdﬁh

ity d by cells p dtized with the Prausnitr—
K&ﬁnezmﬂbody(cncgvry(:))mdxpmmceofmﬁgm. Bexides the
shoct-lired inter and intracellular ocdema there 1 very little reaction to

be seen hustologacally 1 have already mentioned the great need for labora
tory methods to measure thes Prausnitz-Kiistner type of antibody winch,
¢t the moment, can oaly be shown relubly by pasive transfer tests m
man himeelf Onmwahiwhburuurytmthewyvﬂ]beopcnm-mdy
which cells are involved and the mechanism of pesere inanon fteelf.
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Delayed-lype kypersensitronty reactions
Ths type of host response, 1n contrast to the immediate rezction, o toally
cellular 1n character and takes up to 48 hr to reach its foll mtenwty
J e distinctive hallmerk of the reaction 1 the alow mfiltration of thesrea
with mononuclear cells which grves the reaction its delayed charscter

A typral example, of course, of a delayed type of hypersensitriity reacton
13 the clasnic tnberculin reaction. A similar mechanism 1, apparently abo
at work i contact dermatits and in the hosty reechen to bomogres
(Brent et al. 1958).

The evidence seems clear that the antibody like substance o
spectfic factor responsible for this reactron's carned by lymphord celr
The nature of thus substance and how to measure it  rutro elude v %
present. When wo have this knowledge we will be m a much better pashon
to understand tho delsyed reaction itself.

Significant factors m the imtiation of this delsyed type immune responx
mconnmdamlumlre.ﬁnt,thewpcmlmcunmd!hcmd

/ {the akin with chemical baptens (Emen, Orns & Belman, 1952 Ewen &
Belman, 1953), secondly the inflacnco of the nawure of these protd
carrrers on antibody production (Mayer 1957) and thirdly the jocallzzboo
of the coupled antigenic substances in the skun

Th ntroductory survey has of necessity been very sketchy [ bne
pot artempted to analyse and translate the varfous clinical conditions foch
o allergic urticanz, atopic dermatrtis, allergic ecrema and the fxed
mcmmmthednmcpmmtypcmuuwbnb[htnmmm

Nor bave [ dercd the specul or p charatle?
mng certun anti-bactertal infl joas in the skin, 1 bave, of

y
mmbamhmwdby}nidpamlmudnbob)&w
to confine my remarks to basic pnnaples.

It would not be possible, however to condudcmudbtmnm"'f‘b‘“
referring briefly agun to the so-called collagen dmeasces (Klempere?
Pollack & Bachr 1943 Klemperer 19354) \thmurmnhﬂﬂz
of these diseases are eventually found to be, there can be no
they have many logical d with them’ =
ate () the factor 1n the serum of patients with cheumatord mhnm.::
sponsible for the Rase-Valler test (u) the antibody Fke factor m soch

hich Grubb (1956) has shown 1s capable of differentisting wﬂ*‘;ﬁ{
jz’wpdmnc(guvcﬂctypudhum:n y-globuli—Gm-postive and
pegative—ond (1) the factor in the serum of patints with lupas eT4¢
memm&L 1oa of an aut ibody to the D
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of the cell nuclens (Miescher 1957 Beligmann, rgs8). These aro surely
Incheations enough of some very basic mmomimnologacal mvolvement.

The skin then, s you can sce, offers much of Interest to the mmuno-
logst. I am sure you can, m part, sympathres if this mterest at times

Acxeomn,] F ( 93f). Seaiticity Reactious to Drags. Oxford Bhackwell Stz
Pablications.,

Duxr 8. & Youwo G O ( 9y8) Diff m the entigond of sera
o“nd}vidmlnbbh:-.huvnbyhdnmdm—pndphhh:.]lmh
4a

communtcation.
H.N & Bxiaaw 8. (:p33)- Stodies of hyporscmativity to kow moleculer
weight substsnces. J Exp Mad. 8, 533
& Boaaw, B, { 9s2). Ehcitwton of delsyed allergic akin
d of ©a haptan cambin

alleryic
reference to histologaal sppesmnces. fud, Arch. Allergy Baoel, 13, 2.
Gosnor ] Roes, B. & Smmax A H. ( 958) Dtmdmm-pwum‘mﬂ.
bodies in sera of metvidnale sllorgic to ragweed polien by an o eatre method.

Grme, R. (1956). Agglutination of eryth couted with in
by certsm rheumatold arthrite sera and some other sern. Ampdh.-dcnhi
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AUTOSENSITIZATION TO SKIN
Br W E.PARISH

The concept of sutosensitizstion vas mtroduced by Whitfield (19ar 1923,
1931) to acconnt for the eccurrence of a generalized erythemato—urticarial
eruption of the skin about 1o days following local trauma of intact skin, or
a local area affected by dermatitis.

8mce that time there have been a number of descriptions of generalired
skin resctions following various forms of eczema. Brown (1939) described
such genenalized reactions as a sequel to & vanety of farms of ccroma.
8mith (1945) under the title of Ecrems sutolytica oh-cm:dmmh-—
um:uflp-umny \:mnllyd:mn}c, lired dermatros

1 erythema, d ping ptpulc!lndvﬂidamtxrmnpm

dﬂcaionm He belicred that a taxic blood-borne lysin was responsible,
winch had Hs orlgin aa & foregn protein derrved from bectena or 3 titsne
breakdown product scnartizing the patient to his own exudate. The absarp-
tion of some porson from the affected area producing a generalized cataneous
intotication has also been proposed by Whatfield (1926). Hoplons &
Burky (1944) rfer to a pumber of cases of ecrema, particularly chrome
eczema of the hands, 1n whuch 1t 1a believed that stephylococeal tarips have
intiated the sutoscnsitizatson to akin, and dum to have produced lmprove-
ment or cure in thelr patents by the uss of staphylococeal toxin, In ther
serics of over 5o patients  Staphylococexr aurews was recovered from the
Cutzneous kesions aof forty and S ey from only two of their total number
Templetoo, Lansford & Allmgton (1g49) described five cases of auto-

altirrton to skin ane spparently intisted by druga and one by bacterks,
tbﬂmherﬂ:mcmidiopdhm origi. Haxthaosen (1955) found that
oighty-erght of 235 cases of varicoes ecxema doveloped & generalited
veslcular eruption wrth a distribution aimilar to that described by Smith
#nd Young (1958) 1n a munmary of sixty cases, also noted that cxacerbation
of an initua] localired lexlon may precede the generalized eruption. Ono
other worker (Milbradt, 1935) 1n & vague description and without con-
sidering the ph of did suggest mking use of
ﬂlemﬁ*ﬂagmmofmd-hnmdhmmmeumof
erythroderma,
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DEFINITION

Autmmunnonuthcmmuondwbody by artulating antibods
or o delayed celiular<type reaction, or both, to constitvents of i oan
The body does not normally hecome senntived to s own tsuse, wnd
for this to oceur the usiye must be presented to the body m sn absormat
forro. In the skin the sbnormality may be & sequel to twsue degeneration
where proteios 10 vanous stges of denaturation are present &t the sme
watant, xad over a period of tune stibedy formaton b progremndy
modified to incude some of the normal componestr of skin, Inthe
of caser, part of this process may be the senasimation of the body to &
wancous matersal which may includes bacters or fungt ead ther tooe,
foregn organic debrs from the coviroament, or cartun tsue et
chemorals 10 a number of household products or therapeone dresmnge.
These may form protem-bapten complexes with the tae components,
with the end result that antibodiea with shan specrfierty are formed,

To make an sccarsts dugnoss of autoscnntization 5t 13 ementhl to

d ste that crcalsting antibodies os ecllular exsts spectfic
for the body menaes, and if this sutoscostzranion b belreved to be the cowe
of duease 1t should be ponible to d rate that thn will

produce & cytatoxse or other effect resuftiag  fesom sdentwcel with thoe
of the discase.

Cureful climcal observanons mdicats thet sutesenstszedoa t sho does
occur but the lehorutaty proof of this phenomencn o #till kg

AUTOSENSITIZATION TO DANDER

1t hus been demanstsated by Storm van Leeuwen ¢t of (1532, 1923 195
1929) Keller (1924}, Murphy & Cabe (1933) Hamptoa & Cooke {1941k
Surmon (1544-8), Cormus & Esphin (1950}, Eeplin & Cormss (1951) and L=
schulte (1953} that certsin sadividuals mayprodmmmmedxﬁro(wfd
type of resction on beng skun tested wich human dander or crude £xtrc
of dander and it has been pastulated that the dander  an mpartant pofes”
manng factor i the development of the cczema. Mot of these tests bhne
been carried out unng homologous material, but Samon {1947 In one &3¢
and Corma & Eapln m sll thetr caser vaing sutologom saterml Bne
demoustrated that patients may be eenstuve fo produets of therr ows she-
There o Tittle doubt that some donder products may be raturlly anth
gone, for Hampron & Cooke and Sunen (1944 1947 19459} drm:’b
irated o posve senstzston of tormal tursan skin was posible »
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the sera of some petients grving posttrve direct akin tests, and the sera conld
be neutnalized e catro by dander extract. Hrmpton & Cooke wert further

by d mg that the ibodies were of the reagm type,
that 13, there were no specrfic preciptins demonstrable 1n the test serz, and
the g capaaty was destroyed by heatmg at 56 C. for 4 hr The

akm senmtmng titre of these sera was described #s high, which from therr
exrfier ocbeervatians was sbout 1/1000. They also demonstrated that cross
oratralmation of these term was poxsible tung bouse dust as antigen, thus
confirmmg the earher resuls (Hampton & Stull, 1940) obtamed by the
we of the Schulx Date technrque  but relatrrely large amounts of house
dust were requoed and ther therefore suggested that the cross neutmabza-
‘tson was doe to the small amounts of humim dander present m the dmt.
Simon (1944) was umable to d crose peutrak with & larger
mumber of products. On the other hand, Lipachmltz was able to demonstrate
preciprtatmg antibodies to the dander antigen m nexrly every case m which
t produced a pomtive skin rezction m the sixteen patents tested.
Ifreducxﬂxddmdanmrmngdnhqund:ﬁ:lu:ll:nd:tbc
g products of sebum inmg howse dust, becterna, fungs and
pm}lydmrmdmofmmnumunﬁkdydmm
of the products will be entigensc to hyperseomtrre petients. Fungy are
known to be snbigensc snd several speares of fungi crots react, a3 deroon-
strated by the work of Jadaeohn, Schaaf & W ohler (1937) and a further
review by Jaros & Kirsner (1948). Therefore homologous skin matern! used
for testmg need pot comtam the same fungal organmm for the reactian to be
eficrted in 2 senurtive patient. Furthermare, contsmmation of skm matersal
by fung may give the sppeannce of smineenatrshon Sumon s (1948a)
fourtrenth case, 2 womsm senutree to her own dander has much m common
with the first case described by Hughes & Hamilton (1958) where the
worn was senutive to Prtyrosporwn otale present m ber own salp
Simon (1944) failed to demonstrate senmiryrty to certain
mcluding staphylococrs and Prtyrosporam ovak m five patients by direct skin
testmg or pamTee transfer tests with therr sera. But Lipschuhz was of the
©punon that bactern, partcnlarty Staphyfococens albxs were respansible for
tb:mnnnmmhnmufpanennthmhuucﬁﬂiuﬂzmrmdk
the that nex; S albay per 3¢ 13 Dot antgentc to a
Mﬂn-nhnm-mmmmrbmmedhnnrkrmﬂy in view of hn
©wn results m Part A of s experzments. In thrs part of his work 93 per
cent (Le. fourteen) of sixteen patwents gave & pokitive reachon to a hext
killed suspenseon af an o tutro growth of organtms from an affected area,
#d there conld be no question of carrv-over of contamsnating skm antgen.
It u alwo difficalt to scecpt the farther statement that incobation and
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wnngmm(dthebammn}whhmhcrmbsﬂnmmq:pamﬁymmd
to produce detectable antigente powes % the same sixteen patieats treatrd
wnhmlnmbﬂbdmmmafhnmn!ugmuﬂnmnglmdmakﬂ
gave 1 g3 per cent pontive response. His saeertions sre indeed true wben
:pphedtomothcrtwc}vcpmcmmdmths albus from the skun of coe
mnmlpcrmmwhmbh:obmncdnzspammponmdxmﬁmm!.
m-ﬂndno:gxnmmdnkmsmpmgimdbcmmbamdwgﬂhﬁprﬂ
wthcmjmmsopcrmtofthctwdwpmmugﬂmmmcdhmtﬂe
Tesponse yﬂmﬂymofmtymnudmmﬂindxvldmhmlm
Tobemmnohdagncmahmmumnnmnmdrﬁu L3

mdmanmlulhnlnﬁbodxuorlocﬂuh:mxmwtyexmm&mﬁt
body’-mvnpwmorm:mnmmu The use of sk materad for
testing obtained from s stillborn wfant (Simes, 154, 1948b) cermaly
redumbutdwmtamrelydmmdmpadbﬂxtyofmmm
tamunation buzthcmggcswipnm:tcrﬂtJﬂmofthcdmdﬁm
beforemcwmldbcofhtﬂenﬂforlwofmbihtyo{mym

13 no safegusrd that thelr antg: p ents-will be detroyeé,

proced
Ascrw«npo!cnnd;mmofmmlndlm:hnu!tmsu&bﬁ?"
mmwofmﬁmdm:m&ﬂdmhmmmww
of sny antigen-antibedy resction. Hampton & Cocke with duatysed dandet
extracts and Sumon (1944, 1945) USE unnawdcnnmdmtﬂd‘k"
ﬂwdmdcrcxtrmwuldbemmmnmnlmdm

ted

contan & histarmne like substance indeed Murphy & Cobe (ro31) o
ncrvodthxﬂha:wndmenmﬂlntybcmmdwrw:ﬁmobvm‘db'
dmdctcunaundcmmnmlm:mofmmmc However Stom ™
Lecuwen, Biea & Vaschamp (1923), heller (1924) snd Hampton &
(xgx)dnlyxdthnrlmaummdthehﬂmmcdtmzdlbeﬁmjpfm
by the Shults Erale techmque to demomstmte that 1 was free of hestd
rne type factors.

Such treamment oahy mdummddmmd;nmmmﬂ

lmm,’pcuﬁcmmm Tt 13 well known that 13t
ipcofcmmlwiﬂmrenpmmrcn&mrnmmmhﬂngwd“d"
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large mumber of unrelated compounds, a1 is recorded in scveral of tho case
bmtones of Hampton & Cooke (1941) nd Simon (1948a4) snd there
appears to be little doubt that the sk of some mdmiduals may grve a
poattive response to matorals to which they are not imrmmologically
seamtzed. Thus en abnormal ndrvidual may react to the presence of
material which 1s non 1mtant to the normal subject.

The pature of the antigen 18 an addrhanal source of confusion, Hampton
& Cooke used dander from narmal scalps, es did 8mon 1n many of his
experiments, but he (1947 19485) also demonatrated that 1t exsted m
dander from the genersl body surface though 1n lower concentration, In
forther expermments Simon (19484) gained endence that ecrema scales,
m particular those from one patrent, produced potrtive skin tests 1n other
individuals, but not to the person from whom they were taken. Furthermore,
patch terts on twenty-four patrents and controls performed mumultancously
mdicated that the actrve principles of human dander and the cczemm scales
were pot wlentical. In ther work Cormia & Esplin believed that they
found a water soluble antigen m epidermal scales which was the potent
factoe bat ths was not confirmed by Lipechultz who demonstrated that,
usmg extracts from homologuus akm scales, those fram the affected area
BEYC 2 75 per cent response in srxteen patents, thosc from an ares adjscent
to the primary arte 1 62 per cent response, and normal scales taken from
trea well removed from the lesons only gave 19 per cent (Le. thres
indrviduals) pomtive skm tests, which was regurded s supporting evidence
for hus contention that skin antigens alone wers pot the cnme of the
seraltitation.

In a contimuxtion of the work on theso lincs, Cormua & Espln m both
therr papers, and Lipechults attempted to demonstrate that sutologoas
circulating whrte cells contamed antigen, becruso mtradermal injection of
suspensions of these cells, or plaama, produced a pomtrve resction 1n several
of therr tests, some of which wers a delayed type of responec.

Grom emounts of antigen would, however have to be present before
arculsting whito cells would be sufficiently ssturated to producs » specific
lkmtmrupnnn,mxfukmfmm:vamdrmﬁngthcm If such 2
fespoose were due to a serathzation there is more probability of 1t beng
the resolt of in ducing & q penaion of logicall
active cells mto an ares contalning entigen. This would have some sumilartty
to the skin treraplantstion mmunsty studics in gumes plgs 1 described by
Brent, Brown & Medswar (1958) 1n which cells expressed from regional
Iymph nodes of guines pige hypersenmitive to homografts, injected intra
dermally into the donor antmals resulted in o delayed or tubercalin-typo
inﬂlmmtu—ym
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But nealy all the posttivo reactions on skin testing with lencocytes
described by these workers were of the immediate type, and exammaton
of the methods they used m thelr isolation of the cells from the blood
unfortunately makes no mention of any controls to determine the presence
of histamme like factors relessed on withdrawing the blood. The methods
necessary to prevent undue relesse of histamme on trking blood samples
have been described by Humphrey & Juques (1954) and m an cxperment
by the author 1t was found that blood withdrawn into an anticozgubmt,
kept cool and handled gently durmg centrifugation, may still have 2 varable
concentration of some smooth muscle contrecting substance mn the plam2
when tested on guinea pig ileum in the Schults Dale bath, and pure platekt
suspensions would have to be washed 1n a large volume at least three trwed
before they were free of histamine-like actty In the expenments under
review there were platelets still present m the leucocyts suspenson (Cormst
& Esphn, 1950) and human platelets contain htamine,
amine and an undentified third substance (Humphrey & Jaques, 1954
It 18 generally recognrzed that Individuals with atopic ecrema develop &
abnormal responsc to the Injection of histemune, and this may be ooe
reason for the difference 1 response betwreen eczemstous subjects aod
controls to tha 10y of crude 1 Yte susp

It would appear from a comsideration of tho data svailablo t the present
tume that some form of senutization to shed eprdermal cells may occur but
whether it takes the form of & true sutosenstiraton to the skig tmue &
unknown, and until the antigen or 1ts complex 18 dentufied it s too cerly
to cxpress any valid opinion. In many of the cases described as sutoxes-
atzation the sensitity may bo directed against the microfiora of the sun
chcnbdm.tberrmgmuunthnhummdmdcrmybe-fmmlbe
cmerbauonofmcxhﬂngea:mx,nomaluwhnmynm‘ymh”
an important clmicl application.

EXPERIMENTAL EVIDENCE IN SUPPORT OF THE
CONCEPT OF AUTOSENSITIZATION TO 8hIN
Whitfield (1921) described three distinct conditions 1n which autoscasit
tion to skin may have taken place. In the first extravasation of the pateeat
blood beneath the intact surface of the skin following local trauma, resuhed
10 & generalized erythematous urticanal eruption 10 days later Ilebd'vﬂ":

the eruption to be due to absorption of the broken down products #
site of the injury to which the patient became scrmtized. Scmeﬂﬁz
fm&nthcm‘yugnntdﬁnmthemduuw%]mb‘(x”é)
d d that an aeybprotein conjugate denved from guinca-pig &7
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W & Yery potent antigen for testing the skm seastivity of guines-pigs
senaitized previously by applicaton of the acylchlorides. However more
agnificant confirmatory enidence 18 obtamed from the experiments of
Broorero (1936) who in mne of tweaty ﬁvepemomobumndlmbdmlmd
noduler or papular reaction folloming repeated mt of
themdividmlumfrnhmmmth:nmelmufﬂnum,undlft:r
regreseson of the nodule the reaction could be elicited by merely rublung
the area without further injection. The senstivity perssted for any tme
TP 10 3045 days after the last reaction, and imection of serum near to the
anginal ares resulted m & suniler but wesker respome. Inmjection of the
patient’s whole blood resnlted 1n an mmediate whetl followed by a nodule,
thus wheal, however may have been due to hrstarmne relesse from dsmaged
blood exll elements. Thus there 19 some evidence that degeneration of sarum
Protems m the presence of skin tisoe may resultin s sensttzation of the skm.

Whrtfidd's second description  where cxscerbation of x persistent
eczematous dermatrtis of the leg was followed 11 days later by o generalized

hacoorrhugic papular
m the canse of 1dropathic generalized ccxerma and the expenments to
estigate ity nature, Temph «t ul. (r94g) indoced preceputm formation
In five normal persons oung an extract of homologons akin, but this givea
hittle evidence for the susceptibllity of man to autosensitization. Homo-
Logous vim 1 & forergn materal e demonstrated by the rejection of homo-
grafts, and which may contain patible blood-group sntigens (Coombe,
Bedford & Rouillard, 1956).

Hecht, Sulzberger & Weil (1943) were only able to demonstrate the
prescocs of preapristing antibodies to homologous akin in rabbits with
mhltybyﬂ)nlntnmmculum]caionoflgfw-mmtnf:kln(mml
with adjvant) and of
toxm, Ithngnjﬁamthﬂthnmgenpnpamdmdcmthn-mnn
preciptting wes obtamed from paeces of sk that were not bactenologrcally
sterfle, and the skun had to be incubated at least 24 hr before the antigen was

present in ‘Thus the p wntibodics were
detected by sntigen obtained from degenerate skin.
In other expermments on rabbrts Vorsn & Maurer (1955) discovered that

homografis implanted on e snumals that had been previonaly mjected
mtamuscolarly with sk from the donor rabbits snd adjuvant, developed

Subsequently four of the ax test rabbits reyected sutografts,
which the authors attributed to to sk, A to
demanatrate

ity by 1y afcxm:uof-hn

produced no response.
Rmu:ﬂnLBcu&Hngd(xg;B’)wmmnblemumﬁnmﬂna—pipm
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sutologous skun when the slun emulsion aod adyevant, snd ;m some coes
siaphylococcal toxin, was injected by the inttacutancous, mtrezusealss o
mtcapenitonerl routes. These guisiea pigs sccepted autogrefts xd showed
10 sbnorma! response on bemg subjested to akin trauma, sad the procedure
of encourgang an tx erro degeneration of the reinjeeted shin by wang froh
material would more closely sumulate the changes takiog place in # desms
niti, than the m edro sneubation of the skun priot to myection carted ot

by other warkess,
It woold appesr that ecven vung homologous skin matenal growdr
sbacrmal cond have to be smposed 1 order to schieve sentmzation

15 the majorty of cases, and the stiempt to 1nduce sutoscontzatics ol
1n the guines. pig did not result 1n one cane of senstrextion out of eighty-ome
ammals tested. Though there sre very variable speces differentes (038
forms of sermtixation, xutosenutization to sk thould be regarded s task
not hightly 1o be undertaken by the body

The thud foem of dermatiua deacribed by Whitbeld
(rg21) was the furd ibersted from yemco-bullous ecrems kivoas girmg 1x
to urticanal whesls snd vencles on the skin in the viaey of the leson,
wheress the same flud faled to gve & resction on Whitfield s own am
Far this cheervation there s lews confirmatory expenmental evdence.
Corms & Eapln found that the flusd from blssters raised on the shin of
patients with ecrema by the use of cunthandes plesters for 24 be weie
prman sntmts. A smilsr respone is also sud 1o cecur in the Usback
Konigaten 8 technque for pasve tranafer of senntraty in allergx: contact
dermatitis vung flard cbtamed by the use of cantharides blters (Usback,
1924 and brief review by Skog, 1955} Thus 1 of uterest m the Ight of
Milgrom a recent report (Vilgrom, Vb oamsczko & Drudnsk, 19¢7) that 2
amsll biister rased by light frictron contaned, for the first 3 br., Soid with
&n mtibody that would sgghutinste all human red cefts ncluding those of
the mdrviclusl, and 1t wes belreved that this anubody was anti-O Butafter
24 hr the ann-0 sntibody was wesk, snd the strongest blood-gro
antibody ras that sormally found m the mdidual s own serum. Whetbe!
oz not thus 1 an antibody and not a non-spectfic inflammatory friot ni
postible that there may bcmhcrm«ﬂ;vod;awmmmfmmw
from skin under abrorma! physological coad

ENPERIMENTAL
Antosexsitazation (o the shix of the pte

D\ni.nglm{uoﬂntuugmmamcdmmukmd:mofmw‘
details of which will be published hater a study of the degenerstion of B¢
Mnmmdcmld:mlcmdﬂmdmnﬁmxhuhnmfmﬂ"’"‘
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cocumon with buman ecrema. It mamly affects young pigs and may be dus
to some dietary or mtestinal doorder though the real cause 1 unknown.
Histologically there is marked scanthoms of the stratum Malpighit and
tter and mtrs-cellular oedema, u variable degree of parakeratosis, and m
the advinced cases hyperkerxtoms with deposits of coagulated serous
material on the sarface which m the hying animal becomes coated with
dat. Apart from the gross fissures of the stratum corneum i the very
sdvanced cases there s relatrvely Inttle evidencs of bacternl infection.
Affected and normal pieces of skin were taken from the same plga,
ceaned af all bristle and the outer leyers of the stratum carncum, dmsected
free of fat, extracted m saline and dulysed. These extructs were used m
antigen to coat tanned red cells to determme the presence of aggiutmatmg
mtibodies 1n the serum of the test animal, and 1n the sera of normal pigs
and other pege with dermatit. A total of 303 sera from pige with vanons
forms of dermstrtis were tested of winch six, all of them cases of chronic
dermatitis of the young pig, wrere found to havosggiutmating mtibody in titres
between 1/8 to 1/128 to extracts of their own skn. In four of these cases
the antibodies erould egglutinate cells costed with extracts of sutologous
affected and normal skin. In the remalning two the antibodies were direeted
againat components of the sffected aem only These antibodies to the seme,
of leseer extent wonld agglutinats cells coated with hamologous affected or
Dorma] ki extract. The lvers and apleens taken froah at pori-wortew cxami
nathon from three of the sffected pigs and seven normal pigs were extracted
m the sxme way and used to coat the tanned red cells, but no speafic
tgglutination resulted to exther the sutologous or the homologous extracts.
Further tests demanstrated that the satibody could be neutralized by
dditlon of extracts of affected and normal skin 1o the sera of the foar pigs
sgghutinating both, and by «ffected skin cxtracts m the other two, Extracts
of homologous slun could lrzs or partully lcxe the antibody
Two of the affected pigs were give a series of injections with o hberatory
wtrnn of Escherichea cok at the completion of the prelmmunary tests demoan-
sirating the presence of skin auto-antibodies, snd the sera were tested to
daummed:engglmmnngmﬁhodyummdxmncmgm Other
umples of tho same two sera were then absorbed with fresh cut sections of
tutologous skin and then tested for the presence of the anti-skm antibody
by tanned cell aggtuti and the aggiutinating trtre to the E colr. It was
found that the skin antibodies were completely removed and the bactersal
antibod:es left intact,

Bern from 216 normal pigs d no antibody for the mdmid
andmal’s own sk, nor agglotinsting antibody for tanned red cells coted
'hhlﬂ'u:tcdhmnﬂagmulhn.
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There 13 some endence that not 4l agglutinating antibodies have the
power to senntizs tasues. Therefore pasarve senmtiration fests were cxrmed
cut on normal pige, m which the skun s ingected mtracutancously wuh
o2 ml. serum xnd fater chadienged by extracts of affected sk, The controls
conmsted of serx contamug apglatmating sntibody challenged by extraces
of narmal ek, and two tjections of o-2 k. pormal prg serom, cac being
challenged by an extract of normat skin, the other by afected shin The
recipaent asimals hed never recerved 1agections before and pesther the doooe
nox the seosp d sesim xntibodies capable of sgglotmanng the
other anumal ¢ trypausused red cells, though erythrocytes were only ob-
mioable in four of the snumals with soto-aatibodses to sk, #s the other tye
were no longer available for study at the tune of these testa. No attempt *s
wade 1o test for the presence of any serum sntibodies 1o the arcuiang
white cells. The passive seotutrstion tests were repeated with the soe
results, and the extracts and sera demonstruted to be free of histsaune-type
sctvity by tesis on gumes pig ileum mn the Schubty Dale bath,

AN 2:x test sera produced an mmedate type erythematous rrachon £
affected shun four test seva, two of which contmned no sgglutmatmg #l
body 10 niormal skin were sble to senutes skm pasavely to cxacts of
normal sin. Intracutsncous injection of the 1w0 sers with the highest
antihody trtre waa follomed by s loca! fant erytheratous reaction which «
far mare marked on subscquent challengs with the extract of skm. Tho it
apperrs that the antibody to norruad skan was dorected sgaunst yome 08
ponent mithn the cefl, and not reedily accemable 10 the mtsct ol

Intravenous of the sorum g Thody anto oot sorzad
mnadmmhqwnhehmmcdnmmhsdmc&cqmzbefmmdﬂd
appeared to mke the intter woese 24 hr later but there b no st
proof of thu.

Serum g this san aut ibodty way fuged and flered
through & o-44 filter and incorporsted in the medi sed for the o e
growth of explnts of regional lymph nodes taken fresh 5 portamevi
cxsmunstion of the affeeted pugs. Growth of the explans wes reardd
whmthe:mdcgommmmmdmdrcmrdnmddcﬁnnrm
lognldxﬂmru\xh:d.butnazwha\hmno}agmnmmlmm“
uped. Mo such changes were noted w exphanty from the spleca. 118
regretied that oo blood white cell counta were made of the affected sl

Inmb:nmdfmhbnmcdbmrdogmmnmzbcddmmm
umingihnmto—wubndmmdmulmmuhrdmm@bm
cbmgambothwbmmpmdmtbwemudwmwb“l:
immedstely fixed. Though definste differences existed bd‘fff“m
apwcdmnauu!mwddmmummgmd}xxdv chuef of shkh
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the grester loss of elkaline phosphatese sctivity m the cells contatnmg 1t xnd
same diffmdon of the remaming enryme, yaruble vacoolanan of the cyto-
plam and & marked reduction m the capsaty of the mrtochondma to
metabalize Janes Green B,

The tnhgen extracted from the akin, particularly the sffected areas, was
water soluble, but an repeated freezing and thawing from —20 C. was
preciprtated m an msoluble form winch also oecurred on long storege
#t —20 C. with only & single thawing, with loss of antigematy in the
sapernate. It was preapitated out completely with 1 per cent trichlar
teetic saud, destroyed at 100 C. for 5 mm, and did not pess a dulysis
membrine, Its nature » unknown, but it eppears to be a protan.

Bacteriological exammation of the skins of the sox senaftrred pige re-
vealed a small range of species only on the skin surface or m extracts.
Nono of the mga showed natlbod:es to these organtms es judged by ag
ghmimation and conglutinating complernent sbeorphon tests o the sere.
The frozen and thrwed extracts of the bacters used to coat tenned red cella
revealed no agglutinstion and the same extructs did not inhibit the tanned
coll test for antl-mg skm suto-antibody Injection of theso organisms mto
wmdﬂmrzprmiuocthcdm’ﬂmvmnodgntﬁamfungi

It cannot yet bo claumed that autosensittation to skin m theso pgs o

proved, but antibodies have been found 1n these animals specific
foc their own akin, for it 1s untikely that 1n the volume of materil extracted
€ entigen that the tanned cells would sclectrvely adsorb some protein
foraign 1o pig skm. Though these antibodses have been demonstrated to
bave a cytotimic effect o oo, there 18 50 evidenes that they play sny
h“l’mpn'tmpapct\mingdxd:nx pather hes 1t been determmed
whether there exuwts a cellular senutivity to the mmtologons skn tusuc
independent of circulating antibodses.

on o man
Experments srere started to determme 1f autosenmtmation to skan was
detectable 1 man by smilar techmques. With the kimd help of Dr Rook
#2d Dr Champion trenty five sera bave been taken from selected cases of
€Cemma and tested by the tanned cell test using homologous normal and
sffected e g antigen and bn one case sutologous skin. Bo far no seram
*ntibodics to sk have been discovered.

Hmfurthu‘mmhnﬂnnwnmsdnoﬁhesponnmpmuphnu
of the freshly prepared saline skin extracts, which were mrhlly beleved
0 be the rexult of the kower sotubility of the protem at +4 C. than st room
temperature, and { sutolysms, but T am indebted to Dr Coombe
for the vaggestion that thess precipitates may also contain sntigen-antibody
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antibodies 1 the ph of Jogical paralyams. Felton (1949)
and several others d. rated that large repested iny of poly
saccharides into normal mice would mhibit sntibody formenan t thee
antigens, and that antibodies could not be stimulsted a bong trme afterwards
by mjection of amounts cspable of inducing antibodses 1n the normal
anmmal. The duration of thu inhibitron, however m still uncertam, for Baxer
Bringaze & McNamee (1954) were unable to coafirm Felton s resuhy that
1t would permst for three manths after a snglo large dose of antigen. Large
doses of proteins do not produce immunological paralyss m the pormal
amumal capable of produang antibodses (Drxon & Maurer 1955 «) but they
do grestly reterd the detectable presence of sntibodies, presumahly becrue
the surplos antigen must be removed before free antibody can be relessed.
If the protemns of normal slan were antrgenic, the vast amount of matern!
vrould eather prevent antibody f¢ ton or immediately mop up the antr-
body unless they were 1n some generally inaccessible position wbereby
enough wws liberuted to be antigenic but the rest protected from the m-
mediate presence of antibody

Expermmentsl evidence 1 still requured to deternunc the mechantsm of
the oft repeated tests whereby bomologous skin scale extracts will ehcit ¢
resction on intradermal inection of the senstized person, yet whea the
.cnmfrunthemﬂzcdpcrmumjccwdinmdeﬂmﬂylnlwﬂﬁ
mdidual no reaction is reported unless the mte s challenged by te
dander extract. Thus the antigen 1 erther confined to the oater layen o
the akun which have avorded contamination on injechon, o s suggested
on the results obtamed from investigations in the pig, is confined ™
constrtuents withm the cells and not readily available withun the intact erll
If this bo so then there would be nsufficrent available antigen p g% 10
peutralizs the antibody or unite with 1t in the presence of fiving cells ©
grves spontancous rexction at the ute of passive tranafer and the proce®
wouldcununueummﬂutcmmmghummncrmnmnuhmxmw
to foreagn protein.

Should the autosenutization 10 skin be & sequel to inflmmatron, ©
mmynfd:echnlalnpommggux.thmnupom’blalhﬁlﬂmbk
degree of the antibody formation may occur locally at the mflammatry
focus. De Gara & Angevine (1943), Oakley (1953) among many others B0
d d that local antib ',fanmba‘nm!he:hnoﬁheﬂbb“m’f
follow intradermal myection of antigen, in the majority of cases 3t £ ¢
when lntle o bo antibody was detectble tn the regianal fymph podc®
nwghhhuﬂlmmqmpmmmmmhaw-mm:lnbemmﬂq
that the Inflammatory focus hzs pot become the site of concentration of £
first formed antibody produced elsewhere. In the presence of & chron®
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mflsmmatory focus in the skm there 18 Irttls doubt that there will be o
certin amount of subclimcal physiclogical detenoratian of skun 10 most
areat, and if this reflects the sme pattern of degenerrtion 88 the ongmal
focos there will be potentral antigenic aites to remove arcubsting antibody
wherever formed, and af a cytotoxdc affect results 1t could give e to
forther lestons, Thrs would obviste the suggestion that it wes necessary far
mntigenic maternl to be relexsed from the pnmary site and to becoms
bound to other aresy of the skin providing generalmed specific antigen sites
of abnarmal skin protein.

For the omset of the delsyed type of seomnvity prulonged contact or
presence of antigen may not be required, for several workers including
Landsteiner & Chme (1939) and Schartxer (1941 1943) have senmtized an
wrea of slon of gumea pigs and excsed that area any time from 12 hr to
4 days bater and d rated that g; lized dermal ion has still
followed.

Investigations on the regection of homografts provide some relevant
infotmjmn,b\nxtmmtno(bo d that the ph of

fts and lnm-.tnlhnm“ 1, though there is
ﬂnimucﬂnlumnunﬁmtolﬂnmymxfutmdfbyrqemmuf
antografts.

Medtnr(1956)mtnthn1fmvmﬁbodydnumjtinmmnh-end
tired to ft they are not eaff to sccount for the reachon, and
h-mmeuuinthndxymmxy-gbbum But nerther is it known with
any certamty whether the arculatmg sntibodies demonstrated fn those
cases described a8 rutosensitization to skan in men play any significant part,
or whether they are just a concamitznt process to & celfular
Recently Macksey Larkin & Burnet (1957) demonstrated another possible

ufis in the suto ibody s found m the serum, in which
suto-irmmune antibody from two patients failed to react with liver spleen
and strixted muscle antigens prepared from the mdrvidual s own tiesues
when tested by the complement fostion test, but could react in high titre
‘when tested sguinst the same organ antrgens obtamed from otber mdividuals,
Furthermore the organ antigens of these two patients were capable of
ﬁnngumplunemmthepmafmfmmoﬂ:amd}vidmhwnhthe
e disease, that fa, globul or d i d lupme erythe
matomos. They suggested that these results could mdicste that abnormat

xntibodies capable of reacting with the indrvidual’s own tsues
mxy be absorbed out in the spleen or elscwhere, leaving 1 heterologous
tcting Thw could be advanced ss an explsnation that individuale with
thun senmtinty to homologoes skin extracts fail to give & potive response
©on testing mith autologons extracts. But our present limited knowledge of

"
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the intial cause and the nature of the antigens concerned 1n these discases
provides no relable evidence for this contention, for conditions of the
nature msy completely or partly be caused by & stimulus of external ongm.
It was once believed that the leucocyte agglutning found m the sera of
cettun patienta, not subjected to certan drug trestment, which woold
sgglutinate many other individuals lewcocytes, but never those of the
patient whoee scrum vas being exarnined were dus to an sutosensitzaos,
until it was resltzed that they were the sequel to muttiple blood tranfunon
(Payne, 1957 Dausset, 1958).

It 13 improbable that the compl genc similarity between beueo-
cytes or lymph nede cells and cells of the skin graft demonstrated by
Medawar (1946 1956)in the homograft reaction would have any comparabl
mmportance in the process of it The homograft antrgens ar
principally individuslity factors which are not applicable to teucs wrthin
the same indrvidusl. Thereforo the discovery that pig sk auto-stibodist
produced conmstent and repeatsble morphological effects on the explants of
regional lymph nodes and not in explants of the spieen, all obtuned from
the tame smmals s suggestrve of the presence of some antigen swocated
with the lymph node and probably druned from the skin tmue, thet v

not present wrthm the splenic tue.
\thmovcdoohngthed:ﬂ'ummngb«wmthephmmuf
h frmg snd the mech of the abolttion of

tolerance described by Billingham, Brent & Medawar (1956) could hné
ﬁumcbunngonmrmcmdnﬂonifthenumuvitymu}dbemwwm
« profound alteration 1n the skin. It was demonstrated that porsm!
scceptable lymph node cella taken from a mouse of one stran, and mjected
mtomo(haufthenmcmuntolcummnhumognfnfﬁ‘ﬂ“dmmﬂy
1n a senuitinity to that homograft. If # clone of immunologically actrre cels
could anse m & normal individual, that failed to recognze an antgen 52
was only intermittently or 1n low ececptable concentration introduced B
the body as possibly in the fully differentisted cells of the stratum cormeut
and thus clone of cells managed to persist in the body then itis

1hat autoseneitrmanion could result sntbout the inrtiation of s marked chant®
in the constituents of the skin. Howcver st the present moment (58
remains unfounded speculatron.

Ssmmary of tests to demonsirate axtogenntizatrn to skix

ﬁmmlhmeponibleledao{nmhduim:ypmdmedntﬁﬂb!

of autoscnuitmation to skin,
(1) A sequel to inflammation when the body may become senstsred 1©

its own skin tissue
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(3) Senartrmation to dander products of unknown specificty and caually
smochated with the reagm type of antibody

(3) Benmtreation to mcro-orgunisms and thewr prod ting
dm-ﬂmnunmcmmmnmmlmmmmw-kmm
cocxists.

The Intredernm] myectron of antologous skm or dander extracts 1 beset
with 80 many possible sources of error that it 1 an extremely unreliable test
which msy give many false pomitrve results, or as dernonstrated m experd
menta] work, may fail to give a response when sutoseomtization to skin
spparently cxists.

may be d xted

Agghutmating or g type
'nhomd:ﬁim}tyhnhnmmoftbomdiwdulemndchbﬁtmmdgm
in fres of any significant contemination. In those cases In which no arca-
letmg antibody is demonstrsble the antibody may «till be present bound to
the akin tisue and would heve to be eluted. Then it would be easential to
d not only the p aof an active princrple burt that 1t was an

Todi

Those mdrviduals affected by the so-called stopsc ecrema sppear to have
1 reagm type antibody 1n the serum, and this can enly be demonstrated
relishly by paseive transfer tests on pormal mdrvidusle with all the d
dangers.

The two most mgnificant tests, though probably lees adaptabls to the

affected by ecrema, and who are subjected to localrred trauma on an area of
normal skin sufficent to cause marked hyperacrma, which subsequently
develops coremal lesons umilar to those present eleewhere, are probably
scositired to their own akin, but thos findmg alone cannot be accepted as
poﬁtrnpmof Normnl]yindmdmhwﬂl-arptgnfuofthdrmnkh,

d rey of normal 1 skun from nosmal prepared
m:-m-ybe d 23 an indi of ion. Inevery casethe
lnnlbmldbn d on d: ing the of
antibody or cellular tvity to known ¥ of the skm,

Unfortunately it 1 evadent that there aro many factors involved in the
onact of ecrerm that Lie ontsids the realm of immunology Not all papulsr
or vesicular eruptions will be the result of antbigen-entibody reactsons, and
0ot all cases of & generalzed ecrema followmyg exscerbation of & local area
of dermatitrs will be & sequel to sutosensitzxtion to skin,
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MECHANISMS OF
DERMAL HYPERSENSITIVITY

BrP G H.GELL

A number of different kinds of allergic lesions, which are to a greater or
leseer extent analogous to verions kesons of buman disease can be pro-
duced m experiments! anmmals. Buch leszons are differontisted primarily
upon the basts of the presence or absence of sntibody Those which depend
upon the presence of antibody and whrch can be provoked (st keast In part)
by the mjectron of sntl-scrum from an immimized mto & normal anrmal, are
the lewiona of local anaphylaxis and the Arthus reaction

By and large, local anaphylaxis in the skin 19 equrvalent to en injection
of histamine, that 1, it  evrdenced by a local permeability of the capillaries
and bence oedema, without any permanent damage. In the Arthus reaction,
on the other hand (whose mechansm 1 cmenthally different from local
anaphylaxs end which hes betn differentiated on the bass of 8 number of
criteris (Benacerraf & Kabat, 1950) of which an rmportant one is rts faiture
to be wuppremsed by anti-histammics (Fiechel, 1947)) damage may be
eoosiderable and lasting The Arthus reaction 1s also essentlly a bemon
centred on the local blood yesech, m particular the venules—it 1 charse
terred (Rich & Folls, 1940 Stetson, 1951) by the appearance at the mte
of stgen inpechon m an fmotone anfmal of vascular thrombosis and
comsequent ischaemic nectoss. The Arthus reaction is m fact an infarct
but ot 18 characterized by the blockage not of ooe large vessel but of all
the small vessels 10 the dermmn, The thrombou:s s the reslt of the scaumu
lation m the blood vesscls at the site of whits cells and plrtslets—in the
htﬂma:.prmmnb}yntbemﬂ:dmﬂnpmphﬂyo(dn
lnfarct 1 jnvaded by vest numbers of polymor

but the primary myury i vascalar 'Ihn-ortnfluioumﬂynh:s
%ome time to develop, and the Arthus reacton reaches its peak at 24 hr
Henco the local anaphylachic rexcnon (which takes 10 rmn.) mary be called
. immedute reaction «nd the Arthus an early reaction
Rﬂﬂm-ﬁhhminthanhmmufdemnmhhmtﬂmdyuh
oven longer to reach ther manmum from 6 to 24 or 10 humsm even
43hr they sre delwyed resctions Important reactions which fall under
thhhtzdmdxmbe:mﬂnmdﬂxothuxmcﬁmnnfbwarnglhyper
wensitivity  such s thoee to certun streptococeal entigens, The keslons of
experimental contact sensitivity amalogous, in some respects, to human
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contact dermatetrs belong here—so also m alf probability do the reactns
of homograft rejection (Medawar 3958 Brent, Brown & Medswar 195%)
though thus has recently been questioned (Gorer 1956 Stetson & Demo-
poulus, 1958) Io none of these are antibodies wpparently referat o o
Mymdmmmmm@mmm@mﬁmﬁud
some soft sre present. In tuberculm-pontive anmnals for imtance, ant-
bodwes regularty occur sgunst numerous antigens of the tubercle bacilin
but 1t has been shown agam snd sgum that thewr presence or sheence 1y pot
in sy way correlated with the presence or shwence of classcal mbeenhn
sersitvity  Sumilacly 1 animals d to contact with sy perv
chionde antibodies are usnally demonstrable sgmnst picryl proteins bt
they ste 0t apparently nefevant to the sensmnaty ss such. Antmsls may be
passtvely spected with large amounts of § ant puryl-pooten snt-seram
0 that they will i fact give strang Arthus resctiona when ingected intra
dermally wnh pierylated prowemn from » different source but they pones
no contact waktvey  Swndlarly aniuale of tested early in the coune of
seontimxtion with peryl chionde possess no carculating sntibody sgamst
picryl (a3 evadenced by the sbaence of the anaphylache state”) but gne
positive contact resctions {Benscernaf & Gell te be publubed)

Delayed are ch seed by the mfl fnto the tewe
exposed to xntigen of mononuclear cells, fymphocytes or hmstocytes and
by the hypertropby of locsl mesenchyme cells, includimg the cells nung
the small blood vemcls, the vascular endothelium, Sometrmes this bypes
trophy 1 %0 ttense (if & large amount of antgen 1 used) and the b
crowed 1n n such numbers, that vescular damage and necross sy 00CE
but s oot ch e of delayed and when st eccut
one wrually suspects the co-exstence of xn Arthus teaction caused by the
presence of wrelvant antibodies sgrinet xome cotnponents of 2o Eper©
snngen.

A word may be asd about the kind of sntigens tnvolved m such resenosh
1t used to be thought that full mmmmmncglmﬂm;
serum proiqioy of another specyes, stimulsted antibodzes
o y-dep m‘ym:mbcrmﬂn
{a Targe polypeptide} and certum other obscure bactersal products, onty 104
always provoked delaged feactrons. This 1 now known not to be the €26
recent work (Dienss & Schocnhert, 1929 Dienes & Ssmon, 1935 Freend &
AcDermott, 1942 Raffel 1948 Ubr Salemn & Pappenhemer 1957
Bepacernaf & Gell, 1959} bmldmgmnl'dcrfoundzmmmﬁ
mpm’trmc:nbcundc! spprocimate conditons pcnmdedmpw;w‘

deliyed reactryaty 8t time when no snubodses are
hawever the ease that denstured and partally hvdrolyed proteine {GeB4
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Bemscerraf 1959) ar very small doscs of protems noomally precipitinogenic
{Balvm, 1958), trnd especnlly to provoke delayed scomtivity Maoreover
the so-called sctive Arthus resction, 1o an imnrunmed smmal that s, is
awmilya haned reachom, ing thrombone e which are
classscally Arthos 10 type, with othor cytological elements which derrve
from resctrvity of a delsyod kind (Gell & Hinde, 1954 Tremane &
Jeter 1955). Hence such cxperimenta] kesions are extremely difficult to
mterpret. Clearly lemons in humans which derrvo from actrre mtmemea
tion of any kind— even suto-imnunisstion a8 m thyrodite will also
tend to bo of thus complex chanacter

The banc mechanism of each of thess allergic lexions 1 different and in
most cases still obscure. Tho best und, d, that of anaphylaxis (both
local and systemic), m & blochemical study which I am little qualified to
discree. Its end resutt 1, however the release from dasrmaged cells of
hormones which vary in their nature, quantity and phermacological effects
from species to species histamine 18 still of dominant mterest, but scetyl
choline, serotonin, heparm, ete. are also mnvolyed. The effect, however s
ementully pharmacological the hormanes are relessed, exercuo ther effects,
diffosc gwray of arc destroyed, and the tissno returns to normal.

The baic kerton of the Arthos resction Is almost certminly at the vessel
will whether antigen is free 1n the tsue and antibody droulating 1n the
blood, or antibody imjected intradermally and sntigen inpected intra-
venoualy the result 1 the same, When the vessel wall is put mto this
thoormal statc a3 & result of having becomeo the battlefield of ¢ preapitn
resction 1t ahows vanous charsctenstics. The cells hypertrophy they also
exhilnt the property of phagocytoms which they do not normally possess
(Gell, personsl observstion) they also evidently offer an frresiatible attrac
tron for circubstmg potymorphs and platelets. 1If oue reduces the numbere
of polymorphs to low levels with tomo materisls (Humphrey 1955), or
renders the blood entirely mcosgulable with hepam (Benacerraf, 1953),
the reaction 1s largely suppressed so enidently the effect on tho yeasel wall
i not alone sufficent thers rmust be formed elements to eupply the phyxical
tternls for blockage.

The banc mecharusm of delsyed reactsons is very obscare indeed. Al
OD¢ Can say iy that the snimal m in such a state that certam of its cells move
torwards the sito where antigen s deposited. Presumably these cells are the
Prinuary repository of sensstivity  but there 1 no evidence, except analogacal,
that an antibody of any kind whether cell fixed or not, 1s mnvolved. Thes
montnuclear cells of the blood and the lymphosd system are sensitized 1n
'-hhluhe.nncetbcylnvebmnlhm(Chne.xg;g)mmmferdohyed
Feactivity of yanous types on the whole the evidence (Crusckabhank, 195r
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Pepys, 1955 Wiaksman & Matoltsy 1958} I agunat the 1dea, ooce pre
valent, that ol the mesenchyrme cells of the body are sctrvely scasiteed.
It m quat possible that the vascular endothelia! cells share m th spesife
stositrity  on them there 1 no decudve evidence ather way

The mechanmm of contact scnrtrnty i even less clesr because here we
are not even sure what the effectne annigenis. Insomecases, the contactaot
1 known ta react rexdily with protewns, and it i ressonsble to suppose that
s proten conpugste i formed by combination of the cherneal with bodv
proteins s vsoo and that this then stimulates the vtate of delayed senmtyony
However 1f thie were the case, contsctaensiive smmsls without aatibodses
should rexct with & tuberculin-tike reaction to sntradermad injection of sn
artsficially made conjugste (carefully freed of the nmple chenmcal seox
tizer) wnilarly of delayed senartivity to & protemn-conjugate can be pro-
voked by modemn methads, the anmmuah should aiso exhilut contact acns-
tivity to the sumple chemical. Neuther of these appears to be regubarly the
case (Benscernaf & Gell, 10 be publuhed Eusen, 1958), eopecully f
sdequatn cars 18 taken to remove contarmnation with the simple chemical,
2 wially necossary precsution  Hente one must either suppose that the
semutirer combunes with some specal, homologous protein ot that the
cells react to the smple sensitizer staedf ‘Thas Iatter theory though diffcuftto
haold on chemcal grounds, u more consatent wth the fact that so many <6~
tact do not combme with pro ead are m fact chemteally foerl.

Delsyed senutevaty mgmt«r-l.nnlux;,dofixmmw:x’tmﬁmﬂ“l“dl
probably develops extlier m foctal ife than antibody production, which
though often less apecific 15 more senaitive to amall smounts of sntges
which develops much more quickly afier immutzatron—a faet, ks ol
the sigra of & pruntive type of reaction pettern. The ot
dence hay never been fnvestigated In the bight of newer knowledge, sch &
stis wuch astudy would be of the greatent value in deepening our vight w2
1ty nature snd function,
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TUBERCULIN HYPERSENSITIVITY
Br R A. BRUCE

In no other infection ha the influence of an allerge stete engeadered .
much dscussion 18 i tuberculoan. In ifs onginal sense the word alergy
denotes a particular reaction of the tusues of the hoxt towards & speodfic
sntigen to which there hes been previous exposure  Etymologically the
wurd 18 derived from two Greek roots, ergie denating rescivaty and slior—
sitered. Von Purquet (1906} 1 ho angined defintion outlines the banc
txpects of the allergic process, and he states that slfergy 1 the soquered
speaific altered capacity to resct  Acquired, mmplies & previos adequrte
expowire to the senstizing agent or antigen specific, refer to the chemicd
constitation of the antigen and altered capacity to react, describes the
vanous reactions eliated. Later on the term  toberculin hypersenistaty
rose in medical termnology to dotinguieh tubercuin allergy from the other
forms af sllergre reactions, and atso 1t came 0 be regarded as indrrusg £
state of acquired reastance.

The allergit reactions encountered are of two main types. The smunedutz
typc,wluchmdudnmphyhzn,tbeAnhmrwctmb:yfcm’mkﬂﬂ
and nrucane and the delayed type occurring ae a reslt of seneitizstion @
bacteral, fungai or chemical ntigens. The delsyed type of reactioa develops
owly and ahows & maximal response between 48 and 72 hr Tho reaction
depends upon the combination of antigen with entibody and the pesn ¢
transfer of thus type of allergy by means of lymphosd cells froen seomtised
subgects has been reported by many workers both ¢ anumaly and in @31
(Rach 1947 M 148 L 1949 Wemlen, 1953}

The reaction to tubercula 15 an exemple of the deiyed
typ~ of dllergic resction 'I‘bemngenumcmberwhnnhsd:kinpﬂrd.lﬂd
the antibody 18 denved fram the sensitired lymphocytes 1n acehoo®
The tuberculin skin test, or more famulurly the hsntore Teaction, aftet
the French physraan Charles Mantoux, born 1 1877 hofm’b:
calie 1 clinical medseme both for the dmgnoss and mansgement
tuberculone.

Ammuummtdzhzdagmofmbacuhuhypmmdmmmkm**
by mnjecting mto the skin varying amounts of mbcfcuhninlw“:
vu.luml:,nndcmn;:u:mn;(1.h:.-x't:tcmm.t::a):»mmed.'I‘hco:arn‘mlwﬂ’!J”";mJ
common usage are ¢ 1o and 100 tuberculin units n ot k. of
(1 umt equals o-o0002 Mg PPD). The degree of hypersensinvity prox™
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may bo 0 great a3 to produce reactions to all thres doses or it may be so
emall 3 to produce no resction to 1 and 10 unrte, and only showog its
presence with 100 unuts. There are instances where there 1 spparent failuro
to react to all three doses. The 1ntenarty of the tuberculin resction can be
mfloenced by altenng the availabllity or permstence of antigen st the site
of inoculation, the source and svailablity of sntibody or the sbility of
tho tseues to respond wrth an allergic reaction to the local combtmatian of
sotigen and antibody (Pepyw, 1955)- Of particulir interest are thoso subjects
who fail to react to 100 TU given m tho conventioml mtracotaneous
woculation, but who can be ahown to resct to tubercalin if the permstence
of the antigen can be increzsed by ummng a particular vehicle.
Th:mcnrpunﬂmnfmbacuh.nh:mcmuhimufuqmdpcnﬂinmd

bnohn— depot  tubercahn—fa results m fn
cressed potency (Secberg, 1951 Pepys & James, 1956) and m prolonged
local persxtence, the latter bemg d d by the app after

B C.G vactpstion, of poattive reactions at the ste of previomly negative
depot tuberculin tests (James & Pepys, 1956) The oily vehucle is nrrtant 1f
imected too superficially and more sceeptable methods of preparation and
applicaton of depot tnberculm have therefore been acught. A recent prper
(Pepys, Bruce & James, 19585) describes reactsans t0 tuberculm incorparated
in vanous aintments and prcked 1nto the skm by multple puncture with
the spparatus described by Heaf (1951). This following report describes
the remilts of skin tests unng ope of these tuberenlin creams. This prepar
ton has proved very sensttrve, and free from the obvious dsadvantages of
the earlier depot tuberculm  preparstions of tubercnlin m ofl, requiring
intrscutaneous myection.
MATERIALS AND METHOD

The taberculin employed for testmng was punfied protein denvatres (PPD)
of Mycobacternom tubsrculosis H37Rv (Weybridge) For the preparation
of a concentration of 1§ mg PPD per ml m aqueous sotution for edmrxture
with the owtment, Nf10 NaOH was edded drop by drop to powdered PPD
wiich was mado into & peste, and then ditated with sodium boratoe solution
(025 per cent). Thrs muterial was then mred with Eucerm (cantmernt of
wool alcohols B.P ) to grve a finsl concentration of PPD m the test oxntment
of approumately 5 mg PPD per gramme. The cresm was stable and did
Dot separste off on standing st room temperature.

The PPD cream was prcked fato the skin with the Heaf gun. The tests
were performed on the skon of the antenor aspect of the forearms. Poarive
feactons were seem after 72 hr., and m doubtful cracs, hght friction of the
test sites made the reactfons more clesrly visible, The resctrons corre
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sponded with the Grade I of the conventional Heaf test, showmy small
ducrers mdurated papules st the puncture ares.

For the comparon of the potency of the PPD cream wth the comven
tiomal Mantoux test, the subsects were tested with 1 10 sod 500 TO.
With the fist two strengths, reactions of 5 mm. dumeter of mose of o~
duration were regurded 1 pomtve, but with the 100 7.0 test 5 souler
palpable reaction was regarded as posttive,

THE INVESTIGATION
The mvestigation fell into two parts

(1) The companson of the potency of the cream with the convestioal

akun test,

(2) The capecsty of the cream to persist m the alun of negatve rescton,
and the sbility to give positive rexctions at & Iter date, after these subyeett
had been vacainated with B.C.G - Smes this reaction indicates the develop-
mmtoimbua;hnxﬂzgyfoﬂmugtbevmmmnwﬂlbem‘mtﬂh
CONVETsom o5t

THE REBULTS
"The PPD <ream vas compared with the conventioas! tuberealin skin teft
in two groups Group («) thirty two probationer nurscs, from eighteea 0
torenty years of sge (B) 489 factory employees, from seventeen to fifty yours
of age.
Table 1 Groap {s) total swmber of sebyects 33
Teat vrerial Fowtive  Neguvs Totud
Aaertoas
TR o
00T I 3 7

PPD cream [ 2
Oxe rescuon doubefal.

Tabla 2. Growp {b) totel monber of nbyerts 485

Test materml Pouitree Negutre Totd
Blantoox
¥ it oy %
« x £ 8 a7
PPD cremn a3 » 8

mdmmpnpmm‘cmmmmmbm-}mruﬂtd‘”
the Mantoux tests,

“The subgects 1n group (a) who were negative to the 100 T tcﬂb;’":
ructcdtothePPDc'camwatgnmlBCG vacanation test I
swdydthcngrﬁﬁunoen{dm pontsve reactron to the crem.
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These fifteen reactors to the PPD cream were given an mirscirtaneoas
imectzon mto the outer sspect of the thigh of o-1 ml. B.C.G vacane. The
vactination sites were camined § 7 and 21 days later

Bubjects who are positrve to tubertulin show an  secelerated response
v BC.G ncumummmumwmmdcduuxdntn:dﬁmm

was carly develop of an 10l d d papule the mflamma
uunncn.ﬁngwnhh:7chy:mdlcxvmgruidmllndunﬂcnn3mnh. In
contrast, subjects who are pl Dog) to lin develop a

Mwmﬁmtbemmyﬁmdnymbmlhmnu
1nstial reaction durmg the first 14 days. The lesion m these cases progresses
to alceration.

At 3 dayn after the BC.G v 1 d resctions were present
1 twetve out of the fifteen nurses two subjects had doubtful resctions and
one hsd no reaction at all,

At 7 dayn, fouricen out of the total fifteen Ind eccelerated reactions. At
21 days fourteen out of the fifteen ahowed accelerated reactions which had
subasded to leave a small indurated pspule and In the case which had
gven & very doubtful PPD cream test an alcer was present. The three
wubjects who had been posttive to the 100 T U test were sunilarly vecanated
ind each gave typieml accelerated responses. In nano of the BC.G
vacoinsted subjects was there any disturbing rosction elther instually or
later

The converaion test was carried out in the two negative resctors to PPD
cream from group (a) and thurty of the thuty-caght negative resctors i
group (3) muaking & total of thirty-two m this group Two imphints of PPD
cfeam were made, one punctured into each forearm  the first teat was grven
o0 one forearm at 3 weeks before vaceinttion (1), and the second on the
other forearm on the same day sa the vaccinaton (3). When the final
readings wero carried ont at 6 weeks after vacanstion, test (1) had been
= ntu for g weeks and test (2) for 6 weeks. In none of the thirty-two
subjects was there an accelersted reaction at the aite of the B C.G vactuna
tion. At bath PPD cream test sites, reaction of the Heaf Grade I type were
fully developed at 6 weeks, end at the same time the B C.G reaction had
progremed from papulo at 3 weeks to ulceration in ell casea ut 6 weekn

Table 3
Dy after Postrvee at Posrtrve st .1
B.C.G wworaton PPD ut» FPD  exe C.G mts

::"7‘ .
dayn ' : AR pepules
dom
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DISCUSSION

Thu work demonstrates the enhanced potency of this PPD cream prepans
tion when introduced 10to the sk with the Heaf gun, and ako has sened
to reveal fow degrees of semutmty to tuberculin 1 subjects wha &il o
react to 100 T U That there must be some immunolagcal relstionshup
this type of senditivity to the Mycodacterim fibercxlons seems 0 be
barne out by the accelersted reactions to the B.C.G vacane. Post BLG.
Mastoux tests ahowed that the tubercubn senstimity of these subjects wx
increased by veccinatron. Thos mdicates that thewr inthal ow degree of
toberculm senstvity was not due to an inherent kick of capacty to
resct.

Accelerated reactions to hve or dead B C.G vacrine {n subyects who fad
to rexct to tubercnlm have been regarded ss the expresewon of mfn-
tuberculm allergy by Do Ass & Carvallo (1943} Thus problem has been

pre} ¥y d d ard & d by F & Blaoque
Belair (1957), who are amongat the propanents of a douhle test, coplosing
both tuberculm and B.C.G vacdne.

The PPD cream test appears cqually effective as the B.C.G vaceme 2
d gthep of mirs-tubercuhn allergy [t has the mirmer
of not changmg the immunity status of the eubject as does the B.C.G 2%
In the ordinary way those subjects who fail to react to 100 T U. would be
regarded as surtable for BC G vaccination, but the PPD cream test shovs
thit.mdudednmmgﬂdm!hmmwbennumbdmthlhh"ﬂ'b'
degree of senmtivity to tuberculn. By means of the PPD eream test #
uhouldbcpouiblcmmmngn:thcmmuna}ogmlrﬂc.“w!d
wnfra tuberculmn allergy in tuberculosis as compared with the pr
coaferred by B C G veceination in completely tuberculin pegatrve subject:
Theuudgnlﬁcmoeo{dmcchlawdcgnaa{mbemﬂmml"b
mhuontonnmmutyumimpommpmblcm.nyﬂumm:mimd
awnting elucidation.

The hsgh concentration of PPD empoyed in the crexm teat 1 not 8 boc-
specific intant. It permats far many weeks, wrthout reaction, in the 458
of tuberculin negatrve subjects oaly to resct when the BC G vacanuod
has induced a state of tuberculin stiergy

SUMMARY

A smgle PPD cream test hay 1o thus investy
prcxnceor-bscnaeufmbcrmhnncnnum)

tuberculin negaure subyects after BC G vacomaton. The

e
pation served to show
and aleo the cooverson of
mnotw'd
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the reactions cheited make it possible to start testmg with this materml
withoat carrying out successive Mantoux tests with mereasing doses of
taberculin,
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DISCUSSION

Chaorras D C. D CALNAN (Londoo)

DxD 1 MoCarrom (Nothogham). In the demonsiration, 1 was mterepied
mmh«wumﬂuthamwmyofth:ptg'nkinmmwohhebm
hthehnmlogyufpxgmmidmmlm(h(humﬂwhumu?&t

expenmental

chemicals? If 90 wouidstbcpnaimbletn-pp}ymcb:mmwm
utumvcmcfahnmdtbcnuﬂmwthcmnﬂluhmﬂ!
mnmmmmmdutobr&ng:bmﬁtmdxrymmwpﬂm

MrW E. Panss (Cambridge). The skm of the pig has many hissolopedd
mdhnmdlcm!mlfuwummmmmvmhnbcdnnn{mm wd il
pombiethnhaprgmybeudmhlcapa-nwu!m}nnlfamm:gm
of vome sk conditions and other discasen of man. 1 have been foctundtt
hm&t&mhﬂgewbe:&cmmhnmmmﬂydmﬂﬂﬂﬂ
md}nmmmcm-ndmnndmw@mﬁemminlﬂim
xlnpmbsbkthuthtumzuwdluthcrmmﬂmm“d’m
ommon.

The dermatits of the young pig sometimes calied an exadstie (e
ﬁumwhlcb[bnd’(yd:ﬁib&dd’thmmnghnt}xchmwwd
vemcle formatronm s scute form. Inthcmﬂyphmtbdesminm od
mmodluhxocdﬂnnmthmthtﬁﬁh&mM.kpﬁghﬂ.mdlﬂcrrcﬁdﬂ"‘
forraed there and beneath the stratum comegsa much thowe
found w0 ctzema ip mAN.

Imgrctumldnnocknawofmymmugtmmxheu y
\nduction of seasitrity to chemucals in the pig’s sido 1 also regret et
wmmgnttdcﬁmmmamm&cdfmdummwﬁ
uﬁeaedbvthewpcnfdcmmdambcduapmmm
-t-ppundusmaxdoamk:mcaxﬁ:mmmdlhﬂ‘h”‘f:ﬂ‘:
umﬂeﬂudmomvn}unlhcdunohnaflhc:bdaﬂcfbgrﬂ“‘“d
ﬂmnmm}wrmwhaztheﬁmummnﬂyﬁmku

D Baaw Rumml (Londen) Mr Pamh s that
nmdmommmbcmpmedmmmxmﬂsnkmdammmw
develop

Inmmlmdmmmmrmmwﬂtﬁ
er 1 greatly modified. it cap result from over treatment ®
20LEP from mmed 1nft ormﬂ(rmowlvﬂmlmd“m
repellent pantrments, wth resultast macerstion snd perhaps & 7
eusface tempersture. It might be that the molat, warm ;unsl!ymx“"’“

g,-m}ylbmﬁ'”’

uon 1 t°
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cooditions encoursge xn ebnormal flora and that these arganisms coald be
the senarming agents.

Parien. The evidence that gromly abrooml conditions have to be
mposed m order to prodoce sutosenartzation to skin m expenmental
antmbs hes already been presented, snd in our lomited expertments to dato
we hxve been unable to induce autosensitration to akm in the pig

As far = bacteria arc copcerned I do not belicve that they play any
important part m the senmtization to akin in the condition studied in the
pig, even though they may be involved m the actiology of the diseaso itself.
The mmportance of bacterfa or fungi and therr toxms in mrtosensitretson
I man 1 yet to be determmed, bt 1t is unbkely that all forms of auto-

to skm are dependent upon the p of micro- t
For mstance, m those cases where @ hecmatoma beneath intact akin is
followed by a generalised skm reactian it is concelvable thet blood-borme
orgamsme are carried to the area, but mmprobable that eny such organmms
play any wgnificant part.

D] T Iraras (Leeds). The granulomatmes snd purpuric resctons
smocixted with allergic vasculrta may be dufferently mftuenced by steroid
bommaner. Do sterords play any part m the expenmental work that is beng
done?

Dz P G H. Gr (Birmmgham). It 1s now I think, generally sccepted
that cortisone dimunishes the mfiltration of cclls m taberculin resctons in
the rabbit. It hes of course no effect an the union of ahgen snd serum
anthody and the effects of thus unfon in the twsues.

Dx 8. T Axnmvc (Leeds) I suppose that Dr Bruce tried the effect of
the cream by iteelf and also he svas, I think, comparing the effects of purtfied
protem derivative with tuberculm. T just dered whether the effects
were the same.

Da R A. Brutx (Cambndge). We of course used control puncturs tests
oa all patrents and recorded no resctions at all with the plam cream base.
We used purtfied proten derrvatres from toberculln and the resctions
elicited with this end O T are similar We were not comparing the
reactrons of PPD with O T, but endexvouring to pick out low degrees of
?gtﬂfymugptmﬁadpfumndenwﬂmwhkhhthumﬁ—m

T

De T Wasp (Scunthorpe) I would like to ask Dr Bruce if he knows
precrsely bow long this matenial does remain sctrve under the skin. I won
dered if thws might be used to follow up people who had not had ther
prumary mfectyon,

Brocr. The cream can remaln inert 1n the akin and produces a resction
when tuberculin aflergy has been established. Six weeks is the langest

e
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observation period, so far but I imsgine we might get results of we kft it
m for ux monthy, & paint which we hope t be sble to elundite. The
reaction has bean seen to persist for a2 Jong as slx months and fades gradhnlly
The permstence of the resction cnly causes a alight Inconvenience, It would
be extremely useful to use the depot creem m an mdieator of promary
tuberculous mfections. We hope to be able to put thw to the test, by
mphnungthcaummmcbﬂdrmunchodmdnd:ool}amlmpcﬁb:
their arms from thme to time, and ting the develop

aliergy

Gur. I might add that {t bes been found that tuberculin agged witk
radio-iodine does not eppear to bo more effidently locahsed in the hyper
scnmtive than m the normal enimal. Though 1t is poseible that the tracer
indine vres nat bound to the sctrve antigen in the tuberculm, the cheervsbon
is nevertheless puriing

Dr N Hjortr (Copenhagen). Lupus vulgerds muy arise after BCG

erther after or 1n persons with a previous tnbero-

lons n d ated by a calotfied prunary compler. I sweh
mmknmdmcdammuuuwuequma{rmnmmdpaw
showing false negatrve reactions to the tuberculin tests (Horwmty, 1935)

Omo{dwmfucbcflhcnegt&vthlmmmmymm
& prev d mstability of the Danssh and seversl otber PPD
m.bm:ulms_ Rumﬁyntmfoundth:tpuﬁal:mptﬁngdnmhﬂmﬁﬂ
viad resulted in & rapid declme of the sctrvity of the remuinder of the
solotron. Thus loes of potency sometimes resulting m s sofutioa of 30 pef
cmtofthcorlgmdm\gth.uuyomlruﬂhlnmcday(lbgﬂm.m
Waaler & Magnuseon, 1956). PPD tuberculin eontamning 000§ per e
ofanwx—mmmuhﬁch‘meonlﬁbtﬂzmgnddzﬁnhlbtﬂ‘Wd
to be stable for at least three months. The solutrons contunmg Taeen 8
lhwnmudmhfyh:ghalc&myﬂrm:hnﬂumhmcmmw!hﬂ
additrve,

Iu&cpmmtppﬂmbﬁuﬁmmm:mub{fymgawﬂwwm

give » hugher jncidence of posttive berculin sohutron-

lmldcrwbednal}utwghtparﬂybedvetodﬁmnrmbﬂﬂ?lﬂd’“d
strength of the two tuberculin prepaations
REFERENCEB

Howwrz, O ( 955> uc.o vacematon conpbested by Koch  phesomenen a4
Lacpur eiparis, Acta Tubere Scamd. 30, 333

Ao, ko, Gus, | \mm,n_anLM ML (3p36) w&t;:f;

dilutions. A secord report. Amer Rer

potency of tl
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THE MECHANISM OF INFLAMMATION
BrW G SPECTOR

Inﬁ.nmnnnmudmrucnunafkdngmutoi.npry Itlmncmwapic
Ifestations have been . :
features were described o hundred years ago. I.nnpm:nt‘dm,mkmwiudge
ofﬁ:nrm‘u is of the infl y reaction, of the mechanmm of
remains ruds

Ithth:pm-pmenfﬂ:hmmmtmxuﬂunmdnamtthmblundtho
ath, i of the infl v resction 1n the hight of the hypothess that
lhcmcdmlnthcmamendogmommednnhn.normlﬂydormmt
but capable of sctrvation by mjury that is responsible for the phenomen
of inflammanon.

There aro sound ressons for suspocting that such & mechanism exsts.
Furst, there Iy the obvions fact thet tisue infury of the most diverse type,
from hactern] mvaslon to frostbite produces sumilar mflammatory changes.
chnd]ymsybeumddwnmﬂxrplttemufmfhmlummmddydtﬁmt
species, Thurdly there is the fact that wi the
mﬂmmﬁuntmchmpmccedinmcrdcﬂywqumufmﬂ,mggutmg
that each phenomenon paves the wxy for the sppearmce of the next.
Fourthly 1t may be sx1d that in sprts of thm aften mnexorable march of cvents,
the stimulus which mitistes mflammaton 15 often extremely tranment.
Fifthly there 1 the fact that mamy types of mjury for exampls, burns,
slthough leading to the fall sequence of inflammatory changes add nothung
to the timues which nnght act as & materal stimulne for prolonged local
reactions. Flnally 1t has been observed that the inflammatory response may
1ot begrm until soms conmderable tme has clepeed after the application of
the mpumous stinmlus that m other words, there s a ltent period between
inury and the onset of inflammation. Indeed, In some cases, mflammation
o2y Dot commence until the infurous agent shows signs of being removed
ot destroyed by the body

It may be worth while at this pomt to give one or two examples of such s
latent penod in the onset of mflammatory changes. Before dofng so,
however I would like to wtate winch mflsmmatory changes I propose to
conslder 1n this talk. Imm-yaonmthttlwi]lcmﬁncmymlfmthe
changes of acute mfl jon only Fascinating e chronic 1nfl
lndthehuﬂ.uzpmceuue,nmedounotllhwu:mmndzrthcm.m
particubar of acute mfk ion that T wish to discuss are
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d capillary pe bility to protewn, and the emugration of lescoeytes.
Ew?mmmmﬂdwﬁatmaem&m&ml
ecuts mnfl

With regard now to the latent penod between mynry snd reachion, 1
would like to mention the work of Burke & Miles on bacteral mflanms-
tton. Theze wnvestigators found that following cutereous mocubstion with
» vanety of pathogenic organisms, mcluding Staph. axrens Strep pyopews
d B ok the mayor 1 eapillary permeabilnty did not ¢
until about go mun. after the injection and waa not mammal until 3 4 br
after the syecnon, In spite of this, previous resuls had ahown that most
of the wvading organisens were ifled by the body's defences i the first
hour after thewr inoculation. It seems unlikely therefore, that the ket
period 1 due to the fact that 1t 13 necessary for the organisme to muldply
before they can exert mn effect on capillary permeabibty

Inflammation of the pleura can be produced by ok of turp
wto the pleursl space of s, In this condmon I found that mcressed
capillary permeability i the pleure, & mesured by the pange of phm
albumen labelled wrth radicactive rodine, was not maxmal uatil 4-6 br
after the ugection of rmaeant,

Agun, m the wfiammation which follows thermal myury Sewstt (187)
found that after burns of moderate seversty mcressed capillary permesbifity
in gumes pig skun, ks messured by sccurnulation of ocdemna, began o mest
sigmficant development 4 hr lftcrm)urymdd;dmbmmmfd
uetil 8 hr after mjury  Spector & Vvalloughby (1958} have obtused
essentally moular results in the

All these results relste to d capillary permeability There &
however delay between myury and emigration of leucocytes from the
vessels which » even mars striking Thus, 1 the bucterl vanond
produced by Burke & Miles, the prescnce of feucocytes in the tstues %33
scarcely demonsurable unul 1hr had elspsed after the inoculatron. Asumilr
or tven larger delay ocrurs m both thermal mjury and chemrcal inyory

uced by turpentine.

pr&“;smmmnyr?;&«emtmuofmncmﬂxnmumnhmuww
petween myury xnd the onset of the cardinal fextures of the inflammatoey
reacnon. In followsng rad. mmumw‘wy
ramotmlhnd\chvnuybccmmm:u&mg.butlhn‘etdnmfdfm
straung these conditions because of ther complexity 1e m!"f”m"‘“":
mmxlildyuplmﬂmufthulnmtpenoduthndxmmcdlm‘“’
wnm:nﬁzmmwnnndmulmmpmwmcmnmdmdw@z
mmmtdurymwhnumu&ddntnurﬂmmwn!o{ﬂmcbmd
srjury to schuere this acovation.
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I'would now like to consider the pomsible forms that such an endogensus
mechaniem mght take. It seems to me that there are two broad possibilitres.
First, the mechamizm mght resds wholly in the capillary wall,
perhaps of 4 senes of coxymes and wubstrates subject to Interference by &
wide vanety of injunioes stmmll. However we would have to postulate that
sach interference atwiys leads to sumilar results, namely the phenomens of
scate mffammahon,

T'benmndpa-ibﬂ:tyndntmjuryladamdtlﬂxnﬁmm-ﬁinﬂm
of end (or oc local hormones) which
lmthmrupnnn'hlefnrthednnguofmh:ﬂnmmﬁmﬁnculm}e
avudence of any kind, concerning the first of thess two hypotheses and most
of such evidence a2 s svailable 1 1n favour of the second.

Thus the length of the latent period which often precedes the onset of
tcute mftammatory phenomena fs, if anything, sgunst the theory that
mtermediary reschons occur within the vessel wall itself  Secondly there
existy an mportant group of chemical componnds, some of known and
s0me of unknown structure, winch are capable of reproducmng, 1n low

Concentration, ane or more af the ph of acute infl »on
Thurdly such compounds have been d d m the vicinity of n
flamed timnes et the tms when they might well bo expected to be exerting
their effect, and to be no longer d ble when the iofl y

changes have subsided. Finally 1t has been poeaible to suppress the changes
of scate inflemmation by pre-trestment of the infured animal with measurcs
mofre or ke speafically antagonutic to one or other of tho chemical
subatances betieved to be responsible for these mfl y changes.

THE PATHOGENESI8 OF INCREASED CAPILLARY
PERMEABILITY IN ACUTE INFLAMMATION

As T havo alresdy partly implied, there are threo pomible ways 10 which
th change might take place. There might be direct physical damage to
the capillanes by the njury rtoelf. There might be actrvation by injury of
b‘bcbcmn]med:mwthmth.evu-dmﬂmd,ﬁmﬂy thm—umxghtbo
liberstion of ch 1 d Beven! p are
known which meremse capillary permeability m low concer These
lTBlﬂﬂxmme‘S hydraxytryptamune (in some species only), certan peptides
and certan globuls and p 1 hope that the next
lpﬂkerwﬂ]ny-omahmglboutthelﬂionmdwdnﬂmufwmedthue
substances, Mypm-pc-eumprumtnmhcnd.mceunnuhbkfurm
againat their partl in the i Yy reaction.
Hitxminal:mbcenlhmmbcrd:-edfmmuamufmnrylpcda
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docn'bedmmxm,whlchwulhlzmmppmnth:mtyohbc
wbility incresning globubn, per
Now the earfier exudates which you will recall possessed the sbifity o
cx permeabi tained wgnsficantly jesa of this mbibater
substance than did the inactve, later exudstes. It was 1o fact pomsible 00
suppress the sction on capillary permeability of the permeabil
fraction from the carlier exudates by combining st with the snhiburor fractios
of the Ister exudates, Sumilarly the permeability incresmng fracoon of the
resolving exudate did in fact sncyease capillay permenbility when re
combined with the mhibytor fraction of the earlier exudate, These red
indicute that the shility of the esclrer sxudats (0 incresse expiflary pome-
sbility taa pardy dus to a reduchion in the soount of 1nhibator avsilibie.
‘This suggests, 11 turn, that as 8 result of myury by turpentme the whibeor
which normoally eosurcs the msctivrty of the pereabilily tocrensing
globulin m sesum  weakened and that the globulm 1 thus enbled t2
capillary permezbility in the affected gree. Thus 1 pot the whole

story bowever because the globulin exists nor
mzﬂyummtpmcurmmd\mlmnkmwd,fmcnmpk,byw
clotting or contsct with glesa, even total destruction of mhitntor sabstzne
will pot aflow 1t to Incresse capillary permesbility We must postulatt,
therefore, that twvue 1oyury both sctivates the precursor of the globafia
and abwo treakens the action of v apeaafic mhibstor

Before jeavang thus toprc 1 would like 1o sxy that it is quite possible tht
these globaalins do riot thermselves alter capillary permesbility but that ther
m;gbrmummtaumxfma!mzhcfmmmno{mﬁww
Tthunk alao that these 1 have just describ d itustrate the dange?
of dranag conclumons from swudies of nfammatory exudates withos!
regard to the age of the exudate Infitmmation 1 & dynamic proces 4
1t scems that 12 many types of acute nflsmmation actvation of codogenod
mechanisms occurs in the first few hours. Atx.crnpuwidmuf)""d’
mechanams scveral dags efter the mutial myury: may therefore be of Tk
valoe.
Permatology 1 beiene 13 often one af the more emprrieal branches o

medicad practice. I think you will agree with me therefore when L3¢
N hie for cortssn w-

that 1f & parueular endog: 1 resp
flasmroatory, changes, the mbibiton of chat substance should W;:
inflammatory change for which it » believed to be tesponsible In
words, the proof of the pudding s 1 the exiing

l\lﬂtmmdocﬁbcmmcupemmumwhldnbcmawdai’m:;
permeability which normally fallowed two different types of wpry
suppressed by s3nous forms of pre-medication.
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Let us take fint acute pleurlsy produced 1 ruts by the intreplearal
in;:cnmoftmpamne.meﬂ]mﬂthnd}muwmeﬂldu)mﬂln
i capillary permeability in thrs condition, which leads of course to
the formation of the typical proteln nch cxudate, s ttiated by an im-
medinte but tranwent relesse of histarmne. If this theory i correct,
sdminstration of snti-histamine drugs should have some effect on the
coarse of cvents. In fact, small doses of mepyramine maleate (better known
2 Anthisan) no bigger than thase nsed to control mild hey fever completely
wppressed the inftial formation of exndates when grven 10 mmn. before
tho intrapleural mjection of tarpentine, the effect being scen best 30 mm.
after injury  However 2 hr after injection of tarpentine, Anthmen-treated
raty had ss much exudate m their plearal cavities a3 did comtrol rata.
Repested mjections of Anthman during these 2 hr failed to prevent the
emdate accunmlsting
of chermeal histemine liberators, and then given tarpentme intrapleurally
they behaved like the Anthman-treated anrmmals, with suppresston of the

These cxperiments suggest, therefore, that moressed capillary perme
lhiﬂtyinﬂmtypoufplan-nliuﬂ.mmmmulnn.htnfnmmiﬂmdby
d and then malntmned and d by
some mech e to anti-}
Now you arc sware that sodium selicylste 18 m some
f"mmplem-an:thmilm,lpowufulmd—luﬂnmmﬂmydmg
Balicyhate also has the property of preventing the conversion of permeabilrty
{nﬂuﬂnaglobuhmfmmd:nrmtothemfmlfﬂiﬂtfwe,
theye globulms sustain incressed capillary permenbility after histamme has
done 18 work, then exudate formation should be suppressed after adminu-
tration of malicylete. If m fact salicylate i given together with Anthasan
before intraplenral inpection of turpentine, the formation of pleural endate
b suppresed altogether If salicylate 1 given In thus way but without
Anthisan, 1t hes httle effect. We think that th 1 because saflicylate hay
Inttde effect on hestamune relessed from the pleura and that this hutsmine
Bmﬂidcminmelfmumedmformdmohmbleumdng,mlfu,c
globufi Licylate. We knaw that the combined effect

ofnncyhm-nd;\nmmnnmdnem potentiation s, for pl
in the case of aspinn and ph because depl of bodily h

& s effective 1n b with salicylate a3 1 the admi; of
Anthisan.

These results suggest, therefore, that d

capillary p
thent’-plau.,h\ducodbythcununt-cmnnfnn-pcnﬂna,hmlﬁncdby



M W G SPECTOR

organums could exert & true chemotactic effect an the leucocytes, drawing
them irremustidly out of the versels. Secondly leucocyies could v
capillanes merely 2 2 ot of in d g bty to Lie
molecules, Thurdly wmjury could produce & change in the wpillay wl
such a8 would allow free pessage of white cells through the strvcture ad
quitt seprote from mcreased permenbility to proteee

Chemotsns o potidsve divectionsl respomae by oclls to a chesdal
substance i thewr vianity The behaviour of smochae i probably te
example bext known to ua. In the case of beucocytes, chometans tao ody
be proved to exst 18 viro I8 vxtso leucocytes are undoubtedly srructed
by chemotaxas towards certam micro-orgamsms, notsbly Staphydscsct
axreur and st secns very likely that the luge collections of
which ccenr in inflsmrmanon due 1o pyogenic bacteria are the roult
chemotaas,

In ather types of wfl B the role of chemotixs in ko
certain, fot with ngorow methods of eudy wtrrile extract of demged
tiesue have been fousd W exert no egmfcant chemotacte cffedt o
leveocyter. On the ane hand 1t has been reparted that & vasbety of poif
scchandes denved from the tasues wre in facs chemotactic to palY
marpholeucncytes » ertro When some of these possibly chemotiax
polymacchardes, for exxmple sarch ase injected into the sk, the emoust
of lencocyts they cause 18 negligibl On the otber hand, there
mmmwmmuymwdﬂwm

fobs T, tnbato snd which iy obtamed from

m;uiwud:domwwl;vcb}oodmb“bd\‘kf“
mnpeited m the sk of hving ansmats.

The trtuxtion with regand to polyrecchendes aed Jococyte cmsgrae
can be sammed up in this way  Some of thess substances cauwe roexg™e
etugranion m the frvmg animaf, athers may be chemotachic o kooors
mire Le 10 8 text ube. Na parsilel study of dreac swo propertics B!
besn carsied out w0 we cannot yet say whether the Jeucocyle engrbe

produced by some polysrcchandes 1 due to ch or to an effect @

the capuiacy wall,

With regard 1o the poecibility that Ieucocytes beave vesseis MT};
of ine d capillary peemeabal tohxgcmokﬁﬂk‘*

enidence 19 largely egainst such » theory Rau—ueﬂmnﬂwb‘zﬁ
which 10creese capitlary permcsbahtyn.\m.m}ughmmmﬁm- g
mlmwc_ﬁeamgtwon.m&mﬁfmugmenﬂyfttbkmd i
snadequate to sceount fm(hchrgcnummdkammﬂfmdma”
ancs dunng many types of wenle nflzmmaven. In idcbmmd
mnmlymdmmmcdh@nmdmﬂ
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the vessels occurs at & later stage of inflammation than that at which in

eased capillary permeability to protein m ut its peak,
You will now want to know whether there Is any evidence that endo-

genous mechanmsme aro sctoally respoosible for | yte emigmtion In
inflammation, We have alresdy mentiooed that some of the permeability
1 5 for e b and globulins, d 1

m inflamed tissucs also cause lencocyte emugration. We have also sad
bowever that they exert this effect only 1n lugh concentrtions and even
then to a very modest degree.

Now 1of the hormane oestrogen » admmistered to animals, the uterus
develope all the festures of acute mAsmmation including masarve lencocytic
Infitrenon. Indeed, such a leucocytre infiltration 18 characterntic of certan
stages of the oestrus cycls In mammals in general, including man. We have
found that extracts of oestrogen-trested uteres from muce will cause massrvo
leucocyte emgration on myection mto the shan of hving anmals. Thns effect
00 leucocytes 1 not doe to the ocstrogen rtaclf and is unrelated to any
action on capillary permesbility to proteln. The chemucal properties of the
active ponciple suggest that it may well be & polyscchande of the type
described eardier It scems likely that this highly active sobetance s re-
pomible for the L Y dop that occurs in the uterus after
sdmmustration of ocstrogen, and dunng the oestrus cyce. It may well be
pomible to demonstrate s dmilar mechanmm in vanous forms of true
fnflammation. Once agam, however wcdunnthmw'hd.hm'nwm:hby
her acting oo tho | Y mbynrumofmn:ﬁanmthnuplhry
wall which allows the whito cells paseage.

1f endog 1 dury mech cause leucocyte emigration fn
wnflemmation 1t should be pomible to suppress this change by previons
admunistration of drugs which Inhibat such mechanizme, quncc,u‘.uq
ate 1 given to rats prior to intrapleural injection of turpeatme, th maserye
mfiltration of the pleura with leucocytes which othersuso occry fs o
pletely suppressed. Ifnkwﬁlmumnlmn'ﬂbomthem_hmk
wmwmpumhmwmmm%wm
abilty consequent on relesse of hustamine still occurs, In this veay 1t 45
pﬁblcmdmmmphmmplmnbcwmawwnb
-d:kkhyaofﬁMnbutudmdoﬂnmcym mmm
leacocyte emigration when grven prior to thermal infury Tt has ales been
reported to have a smilar effect on the cornea Tecannca] jnjnry
nmwmmmmm‘Mdm%ﬁm‘mm
ermmmmmmmhmm
beucocyte emugration, salicylate whibits both procese,

T might leave the subgect of lewcocyte migration migh gy ot

~
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that polysecchandes may be mvohed with ity development. Howoer
since this 18 0ot too solemn an occssion snd smoe I thk yoa would prefer
me to be constructive, § prefer to put formurd at lesst one hypotbess.
1 think t likely that shortly after mnjury the capitlary wall, in sdditra to
becomng permeable to plasma protemn slso becomes stcky wo that
lcmcymmth:cxmhnmmtotdhnemthcmﬂmu{thcmhr
mdmhdanedonmkwwhmofthndungcmdxm{ud
thccndmhthumbmnmybcmnnmzdmthdmrmmmmdmsh
Idnnknpom'hlcthntbcnntﬂzputhcﬁbcrmmfmx}ucldm
mubﬂntdlmcocnaohpo}yn:dnnd:wludx.mhabydﬁcma
bymlcnanmtheapﬂhxydeluﬂstocmxgnmncﬂmwc}mml
hrgc-c:lc.’lhnndmmeanmmurdyfmcfulformknwdmlknm

q1 of sdh and ib ofpo}ymcchnndCfmnpolvmm’Pbis
mpmn’blcfmthcpymwhxdxfoﬂammpmmdhdcm!mdmum

Endmhdnlmchncnuvtrydoodymlncdwmumdmpiﬁiﬂw
meability to protemn. Anltaulx,lbdicvet.hltﬂxchypmhwlml““
cutlned expluns why sabcyl PP both ed capilixy
permabihtymdlmcocymmgnuen,md:koh&p‘mm‘k’
lcumcytcuugxmcnn}ny:follmbutmcrpnczdummtdupmﬂ

permeability

Tt 13 now time to conclude this talk. 1 would like to say thet st may scem
mmdmmmmdwmwﬂﬂnmm:ﬂm

d 4 for nfl Xwnuyfcdthnatcrmlfm
upeunﬂybumcm,mqmmupuhlcu{dm:gmepbmhawﬂhﬂ"
the help of nteymeduary mechsmsm. Ibopcxhnuncofmcmdw
Ihxnpwmdmthnledumwﬂlladymmmdadmww
mcehxmnmmghz.ﬁmxﬂhxvcmunpmmmﬂxnumdwh
anbnuberzvamzlmhmthnaﬁxmn(ﬁnngmﬂwmﬁ“
mcﬁndathnmnhmechmmmcrnL\\?mmﬂdbemommmﬂ‘hﬂ‘b”
Lbcfmnmamdmthmx!mmmofﬂxcbodyshmﬂdbtd“‘m’
direct actson of the bactenal toxins? But it has now been berod
rumbkdmhgmmbu!md!mmmmdywrc‘ﬁ“‘"
endogenois pyrogen froth Lencocytes. It this leucocytie L
uctthcbcm:mlmwhmb-amx}rcmammz\ﬂnorymmdm
brun to cxme fever

Itumuluofthnmt\mdn’tcﬂcoungtusmconumxoﬂfdpﬂ'm’“m
muﬂmd:umcurhcpmhogmaunfmﬂzmmmmmmwbtlmw

for hypothens.
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ENDOGENOUS SUBSTANCES CAPABLE OF
PRODUCING SOME FEATURES OF THE ACUTE
INFLAMMATORY REACTION

BrM BCHACHTER

The substances whose properties are briefly reviewed here are hustamine,
S-hydraxytryptamme, and a group of polypeptides (kallidm, bradylanm,
etc.) denved from plasma or serum, and called plasma dmos. All these
substances are vaso-active and produce vanous festures of Lews s tnpls
respanse in akm. They are highly sctrve pharmacologreally but sre narmally
held in the argenism in an inzctive form. All are, howerer readily reless-
able, snd the emount available is 30 grest a3 to be capable of producing
severe or fatal reactions should this occur A definite phywological role
carmnot w8 yet be sacribed to any of them.

HISTAMINE

Hs {f-imidsrolethylemine) is widely distributed in nature. Many
animal venoms such #s those of emakes, wasps and bees contun it in very
high concentrations (Schachter & Tharn, 1954) the hairs of the nettle plant
are also a rich source (Emmelin & Feldberg 1947). It m present in variable
amounts m slmost all tisexes of man and other mxmmals (Feldberg, 1956),
and 113 phar logical actions are mulupke snd diverse. It dilates (or
constricts) the arterioles, capillary p hility most
smooth muwcles, and causes secretion of many gland cells it stummlates
scneory nerve endmgs in human ekan produang the flare reaction, pain and
itch (Lewis, 1927 Dalk, 1950 Craver 1950 Keele, 1957).

Toeue lustamine is probably almost entrely derrved by enrymatic
decarboxylation of the amino acid histidine (Schayer 19564, 5). However
llﬁnughhhudhmdeurbuxylncuprueminmuymafmdmn,

there 13 no evid of such an enryme in the
d-uclufd.ngo-rm(\Va-le&Hm 1938 Waton, 1956) It is possible,
therefore, that there 1 no true endog formation of h ine in these

species. Ther hwtamine 1 presumably all derived from the intestinal
comtents where 1t 13 formed from histidine by hutidme decarboxylase of
bacternal ongmn (Ackermann, 1910 Gake, 1953). In rodents abso, despite
\h:fxlllu(nnnyu-ncomnthndcﬂrboxyhtmgcnzymc,lumehm
mine is probebly denved from b 1 d of hustid
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nneemhibmonohbnmmunﬂwam&ommrmbymﬂyadmmed
mﬁbwnagrendymduccdthcnrmaryexnmmo{hmmme(\whm.xw)
Inmmmdmatothcrmsmmlhhmxmm:ubamdmthcwmﬁ
aencfmrmhnnghawphi!(Gnh:mdd 1955 Valentme, Laurence,
Pesrce & Beck, 1958} ﬁns,mmmuuuu,tbuen:wmhﬁmhﬁwm
hmmmcwnmumonmdmntmﬂmmmmddumpumolmmcdh
n..mmptmcdbyxrdnneofhhummc uho,pzthologmlmxﬂrhhm
mast cellasuch a3 urticaT:a PIgMENtosd Jestony in man, oF m
tbcdngmnmnwryhighmnmmmof‘hnmm{wmlm).
Arlyns of taste bomogenates indicates that 1 held mn the st
odkmthm&eﬁmmgxmulu.mmdymmeh:gcmmmchmdmlpnddc
fractson (MacIntosh, 1956 Fulton, Maynard, Riley & West, 1957). Heparm
udsoconmnzdmtbcnnstoeﬂgnnulubmknnmddrwhcmﬂnm
1 the same granule 38 the ustamine (Koksal, 1953 Mackntosb, 1955
xhcdeﬁmtc:dmumhpretm&mmntmﬂmdhmmw
ngoodmdmoothninmmmma,foreﬂmple,;mm&d!mdmm

To the phymologist md ex pechaps the oot
mmatmgpmpmyofhmmumre{mbmlyfmmthccﬁhfhﬂ’
mmmmf:athxtnurdwcdﬁomﬁauubymkew’m
trypein, bacteral toxing, and durmg snaphylos, has
somc tume {Feldberg, xgs;,).bmnum}ymdyncm
found to be rdemdby-h:gcgrmxpcfrehmﬂynmpkorg‘mw
such 23 the eliph mono- and d duarmd sod
durothioureas. Surfsce mvcoompmndsmchn}ywkmhin« bile salts
10d saponsn are also cffective under certain condions (Melntoe, 1950

Mnmwmmmmmwmgmmmmnnmpﬁ
48/80, & condensation product of p-meth lamine
formaldehyde Umﬁ:mkcmoxbn‘mmwhwhwmgmﬂw
damsge and only nadentally release hustarune,
k)g:mlszxnmof&/&oudunmmﬁbﬂny(orclw
nommcdmmnﬂfdlumgcﬁmedom&ﬁm
macnwdmmofdegnnuhummdnmpuwdmemutedbvwh’"
relessed ther hustrmune (Paios, 1957}

Tngected mtradermally compound 4880 produces gypical ﬁ”‘;’g
wwmmmmmmmmmpmmdmhmbm“( pr
m}xﬁspeuﬁchmmmlibmmn) pmdum.wmm
qthtﬂﬂ-pmnmmdocdmn.ﬁcocdnmuﬁmm:rkcdmdﬂf’“
end the cyehds ixpundfanbmdmpanjmhrlymmlmimh g
mthdnuc:lmgm-oedcmimdhommmhhaﬂorymhn:hmd
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(Paton & Bchachter 1951 Norlander 1957 Lecomte, 1957) It does not
occar following tha admimstration of histamme Iteelf In man and other
matmmals {excepting the rat) 1t s probably due entirely to the relesse of
hustemme from mast cells in the skin. In the rat, however 5-hydroxytrypt
amine, which 1n this species 18 also present in the mast cells, soems to

contribute to the reaction (Paratt & West, 1958).

A strilang festure of the histxmme release syndrome m the temporary
refractary state of the antmal to compound 48/80 (or other spoctfic hmt
amne liberxtor) after ane or more inpections. Immedistely after & severe
resction, and for some time theresfter a dog shows no response whatsver
to repeated adminstration of the drug A response may otlll be ehated,
howerer by incressing the dose, or by allownng an mterval of severnl days
or more between myections (Paton & Bchachter 1951). The sme pheno-
mmmhnbemob.u—vedinnnn(lmt:.:gsﬁ).“nreﬁ-umym
s almost certamly due to the red depl of b m the
akin, and the retarn of sensitivity to the on of }
must cells In the tesue.

In addrhon to the hutamne liberators already referred to, & number of
drugs m clmcal use have the ability to release histamine from perfused
skon and other preparations. Thus, curare, morphine, pethidine, atropine,
tolazolme and others, share this property although the concentranons
required to relesss hatamme are comnderably greater than those required
therapeutrcally Also, unlike 48/80 they do not produce the angio-cedema
Mmmnmk,prmmnb}ybeuu:tbdrmmphlmxmlagiul

effects gre not due to b releuse. lly however they
chpmdummg{o—oednmmcdommmnnmmthmpeuucdmu.
ibodies 1n many drug of this type is not usnally

dmnnnrnble(ﬁodumn.xggo),mdﬂmpcﬂﬂﬁhty:houldbemmdemd
that 10 some of these mstances the reaction is not one of ellerge scnsitiza-
ton, but evoked 1n some way by the prrmary histamine releasing property
of the drug.

There s 18 yet no mngle stufs L of howh isheld
lnth:caﬂnurofhnwrturduscd. A number of theones have been
postulated (a) That intracellular histammne is knked by a peptide or other
linkage to & protein, and that actrvation of & proteolytic system 1 the banc
mechanam in the relesss of hustamme (Rocha ¢ Silva, 1938 Ungar 1956).
(8) That histamine ia combined in the cell with heparm or some otber timue
sad and that release, at lexst with the basic liberators, occurs by an ron
exchange process (MacIntosh & Paton, 1945). (¢) That chemucal histamins
relessers, or antigen-antibody reactions in anaphylic, sctivate o lecithingse
on the mast cell snrface, which by virtue of its own action on the membrane
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pmmﬁwmwmxmmdmxmmwmw
the granole membrane sad relesacs histamms (Uvnde, 1958)

thcr:fho;re.dmhm:mincuuyberdmedbydiﬁcrmzmmubﬂ
are able to produce incressed per bility or rupture of the grsde
membrane enclosing st in the cell.

S-H'(DRO‘(YTRY’PTALHNE
Like hotamupe, 5-hydroxytryptamine (SHT) »
pature Itnpmcntinhxghcuncwumomimhcmomoﬁhemim
und scorpion, md-hopxﬂsﬂymmnufoxthen&npngpmpﬂ*‘dﬂ
aettle and cowhage plants (Collier 1958} The hightst concontretons 8
coxmmahan tissues st m blood, intestune and brais fn the
(Crawford, 1958) 'I‘bcsﬂ'l‘inbloodhw:dmthcpk&k‘
(Humphrey & Jaques, 1954 Zudm'&Bcrdh,xgss),wp:{nthcn&md
Wwbmhmnxqahﬂmmmmminmcmccﬂ(ﬂtﬁ@'ﬂ
Wong, Arase & Rocper 1955 Parrstt & West, x956).in:hcguntumlh¢
wgennaffin cell (Erspamer 1654 Lembeck, 1954 Baster & Everwod-
Pearse, 1955) buzmbmntmucmloamnnnayﬂ
sosilable evidence indicates that SHT iike histarnune, 1% stored in apeefe
granuies of the cytoplarm (Blaschko, 1956)
S‘Hydmﬂrmmmmnd:rﬂrdﬁmn
why:hucmwrtedtos-hg,dmxyu—ypmpmn (SHTP) by
tion snd then to SHT by decurboxylauon. e (rutamit
B, i3 & Co-cnayme required for effecuve conversion of SHTP to SHT
(Buxton & Simclue 1956) by SHTP decarbonylase, The fagter engyee B
y thowe of Liver ipfesine kudey

present m mHARY wasues,

but not m plaeles {Gaddum & Gurman 1956). Plas

notmakeMsmbutscqmmnby;hclubmrymdmrbhrmdw
op!

and although the resction 1 conndered very

mammh.zhacvxdmaeuummdzmmdghuh&nuuomx

fical metabolic conveTion of 1T 1n man o {0 Seh sad
gtull\{ncra"d

(SmM)denmnmzhturmc and its excregon B
i pabents enth argentaffin fumoues. Peltsgra-like symptosns
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nmmp:ﬂmnwiﬂ:nrgmhﬂinm(Dﬂg!nh&Dmnn, 1957) msy
possibly be duo to n d. sad snce dictary
u’y‘ptuphmb-pmmnora{:dmﬂmcnﬁd,wdugmnﬂinmmwn
persmtize tryptophan and divert 1t fram the narmal metabohic pathways.
In theso petients SHIAA formatron becomes & major rather than & mmor
pathoray of tryptophan metabolmm (Udenfnend, 1958).

Like histarnne, SHT m cffective m caumng various resctions mn sfan,
In man, it prodnees puin and flare on intradermal mjection or on application
to a blister base (Keele, 1957 Herxbehner & Bchachter to be publuhed).
Thoagh 1t effectively capillary peoeability 1n rat akan (Parratt &
West, 1958), 1t has no such cffect 1n man (Herxhesmer & Schechter to be
publshed)  Following sts alow intravenons injection (Scimeckloth, Page,
del Greeo & Carcoran, 1957) or 13 release from mgentsaffin tumours
(Bidrck, Axén & Thorson, 1952 Thorson, Blorck, Bytiomn & Walden-
strbm, 1954), SHT produces intense fushing characterzed by s patchy
erythema and cyanoms. The Rauwolfia afkalosd, reserpine, relesses SHT
from the drfferent cells contammg 1t, but the release 13 very alow compared
with the explosrve relesse of h ine by h 1ib The mam
mum rate of SHT relexso from platelets oy tizro or 2 oo 1 approximately
Sopercentin 4 hr (Brodte, 1958), and there m ordinarily no acute syndrome
msocaated with the alow release of SHT following reserpme sdminmstration.
In patients with argentaffinoms, however reserpine produces (or mtensifics)
the chanictertic flushing reaction, a fall m blood presure, and darrhoes
(Smith et ! 1957), because of the large depot of SHT in the tumour and
possibly because tumour SHT s more readily relcased.

5-Hydroxytryptamine 18 refessed from platelets durlng the anaphylactic
raction (Humphrey & Jaques, 1954 Waslkes, Welmbach, Bericewich &
Udenfnend, 1957). It s very unlikely however that this plays a significent
role in acute snsphylactic shock, but 1t 1s possible that 1t may contribute to
some spectfic fexture of tho reaction or of other allergic phenomena.

Infamnutory earduc lemons mvolning the putmonary and trcuspid
valves aro frequently found in patients with argentifin tumours (Eyler
Talok & Drake, 1956). The posibility therefore armes that these right
sided heart lenons have a humoral pathogenesis, due to the high eoncen
tration of SHT (or other tumour metabolite) resching the heart from the
Pprimary intestinal and metastatic tumonr taue. The absence of left-atded
heart lesloms would be expluncd by the dilution of the tumour metabolic
products in the lungs or by tnactivanon of SHT by the large amounts of
monoaming gudese present m this organ (Blaschko 1956). A hypothesia
of this nature is supported by recent reports of two cases of
with mrtral stenoss in sddition to the osusl nght-sided valve lesions
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lessed 1nto infl y exudates frre: of whether they
w
rmﬁymvo&mdintbagcucmoftbembmoruot Koawicdpe of the
pmpcmao(tbdemdmhunmﬂumdngmmqmnm
muﬂmtbcwdymofthcpmcmpm@dngwrmlﬁc
different forms of ipury
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wmmp:umumzhn-gmmﬁmmulgﬁuh&mm 1957) may
possibly be dus to & di deficlency since dictsry
muphnhapmofn&cmnicnud.mdmnﬂinmmm
parmsitre tryptophan and divert it from the normal metabolic pathways.
In these patients SHIAA formation becomes  major rather than & minor
pathwsy of tryptophan metabolm (Udenfriend, 1958)
L&:hﬂxﬁmmn.SHTndfmmmmngmmcﬂm-in-km.

In man, it produces pain end flare on d or on appl
o 2 blister base (Keele, 1957 Hertheimer & Behachter to be publshed).
Thoagh it effe £ capillary p bifity m et skun (Paroatt &

West, 1958) it hua no such effect 1n man (Henxdresmer & Schachter to be
published) Fuﬂcnngmlbwinmmumjccﬁm(sdmc&m?lg!,
det Greeo & Corcoran, 1957) or sts releass from

(Bibrek, Axén & Thorson, 1953 Thorson, Bibrck, Hj&rﬁmxn&dem—
s6m, 1954), SHT produces mtcnse flushmng characterized by & patchy

and The Rausrolfia alialold, pme, relesses SHT
from the different cells containing i, but the relexse 1 very slow compared
with the expl reiexye of B byk liberstore. The mexi

mam tate of SHT relesse from platelets te t1i70 ar e trvo w sppronmstely
Jopercentin 4 hr {Brodie, xg;K).mdLbaeuauﬁmrﬁymmryndmne
tmocsted with the stow redease of SHT following reserpine
Inpatients with argentafinoms, however reserpine produces {or iatensifies)
the characteristic flushing resction, & fall 1 blood preseare, and diarrhoes
(Smith ez al, 1557} because of the large depot of SHT in the umour and
M*ybmmmmwrﬁ}ﬂhmmmdﬂyn)wed_
S-Hydroxytryptamucc s relexsed from platelets durmg the anaphyk
rescon (Humphrey & Jaques, 1954 Waalkes, Welmbach Bomeemch &
Udenfrend, 1957) It very unlikely however that this plays a mgmficant
role in soute snaphylactic shock, but it ts posible that 1t may contribute to
e specific fextare of this reaction or of other allerge phenomens.
Inflammatory cardine lesiona tvmg the pal y and \
“"ﬁmfrequmdyfoundmpnucnunmugmumnmmym
Teatuk & Drake, 1956). The possibality therefore axrmes that these nght
tided beart Jesons have & humore] pathogentas, due to the bygh copcen-
tr2tan of SHT (or other tumour metabolite) reaching the heart from the
Prumsry intestinal and metastatic tumour tssue. The sbaence of left-lded
Mnlammm!dbccxphmcdbytbedﬂumdthcmmommbohc
Prodocts in the lungs or by wactivation of SHT by the lurge amounts of
mamouming cudne present in thiv onpan (Blaschko 1956). A hypothesds
of this nature s supported by recent repocts of twa cases of argentaffinoma
with mitral stenos wn eddimon to the vnnl rightnded alve lesons
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(McRunick, 1956 Davies, Wolfe, Mathuas & Schachter tn be published)
At post-mortem examination both these patients were found to bave 2
patent faramen ovale which cnabled the veaous blood to partully shat
arcut the pul y carculath As yet, b there Is o expen-
mentsl evidence that SHT produces chronic inflemrstory reactions In the
heart valyes,

The problem of how SHT 13 held and refeased from cefls n not sofred.
Although less 12 known about it than sbout bustarune, SHT abio sppans
to be stored m mtracellular gramules (Blaschko 1956), where 1t 13 enclosed
mn a diffusible form, or readily dusocuble from « loose chemital compies
to become diffualble (Brodie 1938)

KININS (POLYPEPTIDES)

The term kinins has been given to & group of umilsr substances, probably
palypeptides, which have many properties s common. Thw term ¥

lected b £ thewr ability to wmooth muscle ta o charscteratic
say producing & delayed, slow contraction. They sre all potent visodstor
agents, they increase capillary permeability and cxuse pun when appiied
to an: cxposed blister huse 6n human skio (Holdstock, Mathies & Schachter
1957)
The plasma kunms (kalidin bradykmn) re released from an 4 globufin
of plasma by kallikren (Wetle, 1955) or by trypsn and anake venoms
{Roche ¢ Silver 1g33) respectively The kinins relessed by these szemB
from phama are closcly simlsr o possibly dentical {Werle, Kebl &
hoebke 1950 Holdstockes of 1957 Mathus & Schachter 1958). Plesmt
ar sevum also relesses & kinin by nmple phymcal treatments xuch a3 conast
with gises (Armatrang Jepson, Keele & Stewxet, 1937) or by diluton
(Schachter 1955). The suggestion bus been made that the latter procedures
acuvate kallikremogen (the insctive plasms precursor of kaliikren) of ¢
amilar substance, which then splits off the sctive polypepude from
globul sty w plasma (Schach xqsb).'!‘bcamoumdui_
kremnogen sctvable i serum 1 sach that the mtrsvenous 1agection
Laltilren denived from 1-0 mb of scrum wiii produce s severe and po
tracted hypotenmen (Frey hraut & Werle 1950} These facts indieste that
thers exst i the blood plasma the necereary mechanisms for relesiy
targe amounts of pharmacologcally eotn & palypeptcies (kauns): Althoogh
these mechanisms ase Teadily activable m citro there 1 as ydmd‘ﬂﬁ““
Knoreledge of ther role 1n phymolog or pathology Substances resemblng
plnnm&mw:halpparmzhcblmdo!mmhnﬁumjccnmufwnm‘
releasers (Paton, 1951 Jaques & Schuchter 5954), butso those mstancrs
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the substance hes not yet been extracted from plasma and more tharonghly
compared with the known kmma.

Kallikrein, the agent in plexma which relesscs & kmin (kalhdin} from it
pleams substrats (kallidt ), isa chalysahle, heat kabile substance,
with the properties of & proten. It is present in an active form in saliva
snd urme and m an insctive form in pancreas end blood (Werle, 1955).

1ts inactive precursor can be activated by careful aadifica
tan, by proteotytic enzymes, ar by addrtion of acotone—procedures which
presumably diseociste an mactrvating molecule from kallikrein The
different kallikreins ahow slight differences from one another particularly
in thelr susceptibility to varioas mhibitors of trypam (Werle, 1955) The
mam pharmacological effect of the kallfkreing is a marked vesoditatation
which 1 probably indirect, that is, due to the release of the plexma kinin,
kallidin. Kallikrein 1twelf, like the kimins, 13 also effective in mcressing
capillary permesbility in snimals (Szakall, 1934 Rocha ¢ 8ilva, 1940} and
in man (Herxhermer & Schachter to be publuhed)

In recent years vanous experiments have been reported whech indreate
the mvolyement of protems or polypeptides in the regulation of the vascular
bed m normal or mflamed tisenes. Thus, 2 bradykmm relessung ensyme
(Hilton & Lewss, 1g55) in the salvvary gland haa been suggested s 2
regolator of the blood wupply to the glond dunng scavity  exudm
(Menkin, 1956), engyme like globulin in plosma (Wilhelm, Miles &
MaxcKxy 1955 Mill, Elder Miles & Withelm, 1958)and a globulin system
controlling capillary pevmeabilty (Spector 1957) bave been described
and euggested o dogy d 1 1nfl t contact factor
(Murgols, 1g57) = the neme grven to the glew sctivated substance 1n
Plsma which increases capillary permeability and relesses 1 hnin from
pluma, All these substances shars many properties with kallikrein, and
it » dewrahle that they should be compared and distinguuhed from
lallikrers if they aro not Wdenticat with it.

GENERAL

Tho present review is not meant to umply that the mBsmmatory resction 1

endogenotsly medmted  nor that any of the above substances are
ementul to 1t, It fs mtended, however to describe the facty
tome releasable, pharmacologrcally active agents in blood and other tisues,
'hkhhmth:pmpcrﬁuafpmdndngpnm,ocdmn.eqthm,md
pruntus m varying degree. The frcts mdicate that these substances un
doubtedly contribute to cermiin inflammatory phenomens. On the other
band, they equally indicate that these substrnces aro very likely to be
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released mto mflemmatory exudstes urespective of whetber they are
prmarily wvolved in the genesss of the reaction or not. Koowledge of the
propertics of these and other sumilar cndogenmn tym:zmu &mcﬁm

! 1o the analyms of the p P g tatus
different forms of myury
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DISCUSSION

Charman DR ] H. TWISTON DAVIES (London)

DrJ Maxroy Beane (Belfast). T would [ike to sk Dr Schochter to comment
on the SHT 10 the buman mast cell. T understand that Dr West who b
worked on mast cell maternl hes beea quite unsble to demonstnte
§ bydroxytryptamune 1n the human mast colf unag the xme techmgae
that he uaed fully to o & There are certan
apstemc mast coll duesses which bave signs and symptoms which e be
explaned, I thupk, if SHT was present (Beace ¢t al. 1958). The gastro-
enteritss and the fustung might be due to hutemene, but rught s be due
to SHT “They apparently only occur constntly sith systermc mast ccll
disesse and 5t would be ruce from our pout of view ay dermatologmts if the
human mast cefl did sctuslly contun SHT

Dr M. Scrucunx (London), The svailsble evidence indsortes that the
human matt cell contamns no § hydroxptryptemne. However e the mast
cells of moss other snumals st does contmn hatamune. Only rat and mooee
mast cells have beent shown to contua § oe a3 well &1
hustamune (Benditt, Wong Armse & Rocper 1955 Parrant & West, 1956)
Also, human usticaraa pigmentons losans (and canine mastocytoma) are
rich sn histarmine bt contam no S-hydroxytryptamne (West, 1956 Al
the facts tre therefore conmstent with the possibality that the fushing and
dmsthoes seen 1 prtients with urticans pigmentosa are due to the teiese
of hstamune from the maxt cella present in these fearons.

Dr1 B Svropox (Shefficld) I would like to ask Dr Schachter whether
there 1t any easy pracneal method of estimating the amount of histsmmuse
released 1w case of urticama.

In there any degradation product smilar to the ane prodoced by ST
which can be found in the arme?

SccTn. The metsbolre fate of relessed hustamiine 1 pot sdequatel®
known 1n man st present, and there 1 no eumple nd pracuical mcthed foc
the demonstration of & hustemine derrvative 1 urine as s the £xe Wit
5-hydrovyiadolescetic aad when § hydrovrtrypteming s released 1o evestt

11 trine but s myohes

1t 15 poesible ro the output of h

concentrating the k with col of son-cxchange resins aiud the
g the b by b ,'I‘hn.ofawrxhab:mdoﬂcx""

t ts 0ot & very prectcal procedure

' e ould not nocesssrilt

Mezearement of plasma histasung concentrations »
be sigruficant of negative results xere obtuned. For evam

ple it possible
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to myect histarmuine in amounts sufficient to produce effects sach &2 marked
gastnc secretion, yet there 13 no detectable nse m the plasom histamme
concentratton.  Of course, 1n severe ansphylexds, or when histamune s
deliberately relexsod expermpentally then incressed concentrations of
plasma hrstamime are demonstrable. Howerer 1t 18 certunly possible that
urticaral and other chmical dsturbances may well be due to tho relcase of
histarmne which cannot be demanstrated 1n this way

Dz 8 P Hari-Smrra (Hove) Am I nght m ssuming from what has
been said that SHT and polypeptides are a3 important #s histamine in the
production of urticana and if s0 would that be the reason why snt
bt are often dmappomting 1n tr ? Cortisone 13 sometimes
effective 1n the trestment of urticana when the apti-histamnes fail
I wonder 1f any work has been done on the level at which cortone works
m the mhibition of SHT and polypeptides.

Dz C. H WrrrTLE (Cambridge). Is it legattmate to conclude that when
ant hutamines do not work, where we rmght reasanably expect them to—
for mstance m the urticaries and 1n some other conditions—that the hist
amine 1# in fect not playmg an mmportant part in that reachon?

ScaacuTER. | have very little expenence with clinical urticarts but from
my oheervations of the actions of S-hydraxytryptamme, I would very much
doubs that 1t 1 [ikely to be 1 wgnificant factor m this dsturbance, mnce it
does not increase capillary permeability m man (Hexxheuner & Schachter
10 be published). The polypeptides whrch have been disciased are effective
whealing agents and it 1s possible that they may be of signricance.

Cortsone ha no significant antagomstsc action an the pharmacological
sctions of histarine or 5-hydroxytryptamime snd any value it may posscas
therapeutically cannot be related to such an action. It hes been claimed
that cortmone iterferes with the resynthesis of hatamine once it has been
relexsed (Halpern, 1956)-

The third questian m whether the ieffe of the anti hi
my be taken a3 evidence that histamune o not playing an important part
1n the resction. One can readily antagonizs most actions of fnpected hust
lmhanhmhhmmnedrug-bmnnmuchmmdlﬂiuﬂ!toblocklhe

effects of end f ple, the b

relessed from the mast cells in the skun folk i of eh
liberator Idonmknmdxuplnunuﬂfu’thhdiﬂ'mc:mlmlhe
hmmmeureluuedtmmmntndhlnhxghlmlcmvcmmomvhmh
cannot be tated by or h writhout
producing concentrations chsewhers which would prove fatsl. Although
the uricaris, pruntus and angio-oedema reaction sssociated with tho relesse
of endogenous histamine i dogs can be derably reduced by
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with ant hustemme drugs, the syndrome is never sbolsshed, Therefore I do
not think that oos can durmun hitumine . 4 magor factor 10 5 chcl
duturbance 1f ot h 1 only partully effective,

DaJ T Inawaat (Leeds) Is there any endence of histsmne deficency
m patents who are on long term sntibobos? Ought we to direet our
attentiona to the bowel 1 our sttack on urteanal?

Sceactirer, Sterilration of the bowel by ntibiotics greatly reduces the
unaary excretion of histamine in some animals (Wilson, 1954). 1 do oot
thimk that thu effect has been studsed 1n man, but T am almost certam that
the oral sdmunmtration of antibiotics would here greatly reduce the awre
ton of hutermne and possibly tasue hustsomne concentrations st well
Humsn tssnes sre spparently unsble to convert hutidine to hutatrne
(VWaton, 1956) Histamune, in man appears to be derrved entyrely from the
sntestinal contentsy where 1t 1 formed from distary hudidime by hatidee
decarboxylase of bacterual argin. It certasnly would be extremelysntererung
1f some tirticannl reactiany were improved by erel entiblonc therepy

Inguars, Histamine baing so casentis! in so muny sctivities this defiesency
mught be serious.

ScraciTER, Not necessarily sunce we reslly do not know how ensential
lustamune 13, So far s functions seemn entsrely detrimental!

Dx G € Weus (London). T think thet Dr Spector bas done & lot of
tmportant work on the polypeptides connected with inflamsmation, T wot
dered how specific or how narrow s chernical spectrum of these polypep-
tides he v dealing with, say in expesimental burns.

DRW G Specron (London). The cginal ides was that ooe mught well
be dealing with & very wide spectrum of peptides a3 & resubt of genent!
proteotyns, but opinion st the moment favours the view that we gy m
fact be dealing with one or more specific polypeptides formed by s particulss
endogencus mechanssm. On the other hand, the pharmacological propestict
we are dmcussing are shared by peptides from all sorty of different soureed
Such peptdes tend to hove & kot of things i comamon fa:mmp;f“bf!

¥ omurs

all tend to be basic and mugrste correspondinghy on ™
up although large bers of peptides cause hvp and
capillary permesbilety the probabuiey s that s il 10 257 FYOY

apecies only ane or two parcular peptides are 1 obved.
Dx A. Bioraxt (Bradford). Am 1 nght i thukmg that the uﬁcv::n'
”

are used xs hutanune mhibiton w these experuments? If sa, bas :
established that the salicvlates do nos cxuse hustarmune release 1 anrmals
1 behieve they have been known to cause thu in man

arecron. T have nat used 1 &2 a hitamme snhubitor bus 1 haue wed
1t to suppress the phase of infl which » e thought to be subsequent
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to the release of histamine. The behaviour of salicylate in experrments on
the rat suggested that rt had little effect on the mmtial phase of milsmmatian
in the pleura, indicating that it had littlc anti histemine sction in that
particular tismue. On tha other hand, m burns of the skin 1n the sarne specics
1t may well be that saticylate does hxve same anti-histanune action ar same
abllity to opposc the release of hustamine,

I do not think that sahcylate releases histumnme in ammals, though I
know 1t w sud to do eo in man. Perhaps Dr Schachter has same other
information,

ScacaTir. 1 do not think that salicylates release hntamme 1n animmals
or man as & pharmacological property as many argenic bases do. It i
possible that in rare instences m man it may function a3 u hapten, or in
some other way become antigenic and 8o grve rse to lustarmine relesse on
readmmstration.

Dr G A Becx (Peterborough) I woold like to sk whether ant-
hutarmine drugs all work at the sama pont,

ScaacHTIR. Most antf hustermne drugs are synthetic amalogues of hst
smine. The hypotheses msumes tmt becauso of thedr structural sumflarity
to histamine, they occupy the same receptor site and so prevent histarnme
staelf from bemng pk logically effective lled competitrve mhiby-
tion. This is the principls on which the synthesls of drug antagonists, m
genceral, 12 based, In the case of the ant-histamine drugy there 13 the dis-
crepancy that they are casentully ineffective in blocking the gastric secretory
effect of hustemine. T have no 1dea why this is so

D= M. Frrer (London). What are the time relationships of the release
of histarmine from mast cells? T thmk your grapbs showed that there wasa.
1o o, detuy although you talk of exp violence of hh relesse
by hustarmine relesung agents. Am I right m concluding that thers s that
delay after njection of 48/80?

ScraceTeR. There 1 & deley only of seconds in the relesse of histarmne
following inpection of 48/80. The graphs presented showed the amount of
brstemine m the venous efflucnt of the perfused skin over & 1o mmn. perrod.
This 1 etmply an arbitrary and convenent interval for each samplo to be
tuayed bot hetamine appears 1o the efffuent within seconds after artenal
injection of 48/80 1n this preparanion. This % also true 1f 48/80 m injected
intrxvenowly m the intact ammal

Da ] H Twiston Davimy. I beheve there must be something very
nTystenous about stick: at pec dimensions and 1 hope that
Dr Bpector will be able to tell us about 1t.

SrecToR. It 1 an extremely difficult question, but it can really be
answered at two levels. By stickiness we mean the abflity of the vascular
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eadothelnam to stteact and hold leucocyter. Vascular endothelium o this
condrtion becornes Literally atseky not only to leucocytes but abo to partdes
wn genensl. 1f you inject mdian ink pasticles into the cxecutstion they sdbere
to the endethelum of inflamed capiieres jutt ex do leucocytes. That u el
we know except that endothelnl stickiness develops i paraikel with two
other changes, firt with morense of capillary permeabllity to proten,
sccondly wnth swelting of the endothelsum. These changes in capsilares ere
sssociated usually with dilstavon of the capillary lumen. If we go move
deeply 1010 the g of endothell stck e find o o exentally 3
mstter for the physmcal chemists. What cxy oceur i some change at the
wurface of the endothelud el involnng an alteration 10 net dectncal charge
or w the config: of the ch i exposcd oa the cell
surface Altremlnhcmckyml]mxybmnecmtedwnhlkyuuﬂﬁm
proten and i the presence of calclum this Iayer of plasma prote may
bind the surface of leucocytes to the corrospending cell surface of the
endothell celf.
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Gmicnlcxpa'lmcemdhborxtoryccpﬂ{mmumb{mtolhuwthnthn
irahle and clasifiable lesons 13 2 relatively late cvent
lnnpmcmufdev&opmmt,wﬂdnamdlﬁrb-ckmchmmmmpxcuou
begmngs and whrch can be extended forwards in the labaratory without
et imt, by means of trarwplantation in snimals or tesne culture o oitro
For some years my own mterests have boen directed to the middle range
where clinscal observation and laboretary expermment come closest together
I proposo to start m the middle rether than at the boginning to mtroduce
some concepts of peoplassa which are relevant to the conmderation of
earher stages. !.npar&mhrlwnhtoprumtnmplmundymnﬂc
process of develop which often adva through
qualitsnvely different atages as & result of progresnon by which 18 meant
sreversible change 1n one or move of the characters of neoplsstic cells
(Foulds, 1954). As a matter of conventence I will use for ilfestration the
fom of neoplasia with which I have been most concerned personally
ramely mammary neoplasis m mice.
lthmddyngmedthnmmoltofdmmhmdmufmionhlgh}ypmne
¥ lasia the clinrcal nsually develop from localred
pmﬁfuntxumofm:mmrynmxeulhdhypcrplﬂﬁcnodnla. At post
martem exarninstion these podules ere on the borderime of vusibility to the
Daked cye they are well below the threshold of climeal recogni The
podules are present often in large, and somstrmes enormous, numbers but
maost of them aither perust indolently or regress and ouly an¢ or two or a
few of them adrance to dmical neoplasa, In some strans of muce the
hyperplastic nodules are less comspicuous and most of the tumours develop
wot from nodules but from plaques, wiich though often multiple are not
mnanhcphqau,bunzrmxzhlyu:normcdmc-ubrgnnndulu.

are ahove the threshold of cimaal gt It s belleved, though
dlﬂim]ttopmvo,mltmntummnlnmbmﬂnﬂhofnﬂmdnﬂop
directly from ap normal y tuwue without ting tho

!nnwmodlmmguofmdnlporphque.mﬂuccputh:ofdmﬂopmmt,
the one drect and the other two oadtrect lead to tumours of similar common
place types. Tho mtermediste kessons on the indirect patha differ m exe but
probably rep ble biological stages of derclop The
ld'\ncetourdnumhnotlmngmm:hofnodulemphqm 1t fovolves
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an e ible qual change, or progressan, which is sometimes clearly

fested xa 2 focal histological change withm the nodale or plrg
(Foulds, 1956) It is notewarthy that mtermedute lestons are subeet to
vaned fates. Nodules mmy regress, persist mdol 3

y or go prog
and the progresnion Is veually focal. In general progresson takes n
caly & small fraction of the svailable or competent tmmﬂxgp!:m
medute lemons,
The plaques gave forther nformahon about progresnon by resvon of
thewr ibility to chneal The plaques and s frper
growths 1n these particular muce sre notsbly reaporuive 1o reprodactive
xctsvity of the host they grow dunng pregnancy snd regress sfter partun-
ton. The mech of this ph haa ot been elucdated but 1t
18 presumsbly hormonal The immediats nterest s that st prondes »
o Hy guuable ch that undergoes progression  the tumean
lose thesr responsivencss and grow progrexssyely thereafter without regard
to pregnsncy sad parturstion. The tumours re wsuafly malaple so that ot
u porsible to study the growth rate snd pregnancy rexponsivences of
several tumours m one amums! st the same thne. Infrequently progreano
1 growth rate 1 evidenced by & sudden accelerstion. Much more often
progresson  from the pregaacy respoasve to the preg p
nre stnte, Severs! generad principles of turnonr progression emergmg from
the study of ¥ neoplsss in several hundred mice bave proved
pphosble also 1o epidermal neoplasis n mice (Rhubik, Basergt & Ritchic
1953) and to many forma of neoplans in man (Foulds, 1954, 19588)
As 5 rude progresxion occurs ta enly ote of multiple tumours ot one
mmgwkmhmywnhﬂuprﬁml*

alresdy tferred from observations of « different kind that oaly & fracteon of
the svnlable, D tivue undergoes progression. It shows that
prog depends on a qual change 10 ont part of & tasue and not
on & chinpe i the environment to which all parts are expossd. The bt
snd local of prog are unpredictsble It may occur in small
tutnoucs or m large ones and either exdly oc late it these chrucal coune. At
s earhent chinteal emergence 2 tumour may be at any stage of progresseon.
The sbuses of the term early are becommg recognmed o chios!
practice a tumaour ssscsued &5 early on account of 1ts small e oc abort
chnseal dusstion may be at a late stage of progresaon tomards hghly
malignant behavious  Progression can fead to vaned end-pomnts but =t
mdpoxmnnotnmrﬂyrndrcddunngﬂwhfcmo{tbthﬂﬁ
pmgrsnonunhnk(wn}ongumc.an:zmmumwﬂl}' st asy
stage. Different denufiable chasserers of & tumour forcum?iegrﬂ
em 10 preg undergo prog P

rate gnd resp
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of one another 'This Lesds to » more general propomtion, which m supparted
by vaned evidence from many sources, that the structire and behaviour
of tumours are deterromed by numerous unit chamcters, winch, withun
‘wide lirorts, ere independently varmble, subject to Inghly varied amociations
and Jiable to independent progressicn (Foulds, 19584,5) Itisaserous fault
of the arthodox terminology of neoplasa that there ere no adequate terms
to cover the wide range of vaned combinations of growth rate, invasivencss,
powens of metastases, rapoonveness to hormones, hatologacal type and
uﬂlzdnmmhdof--mnh}cmmmdmmgﬂvdyhampcnthc
study of neoph d = d by the tiresome dmputations
lbomlbedl.q)m-bl:tﬂm precancerous  One urgert need m for s term
to cover the neoplastic lemans that [sck one or more of the amit chacscters
that sre needed to eatmfy all the orthodex cntena for the diagnoms of
bemgn or m-hgnmtmmmerumcctthhnacdlpmpmnthet:rm
eperfect moopls (or '/ rfecta), with subdsons into m
perfect carunoma and impu-fcc: p::pﬂ]cum or adenoma for the epithell
vanehen,

Table 1 Imperfoct nevplana

Neoplaam ave o more of the unit charscters which combne to give the cardinal
Sastiwres of begn or mabgnent neondecis.
L carcinome

) of responsire whoss growth ka regulated by

Tnvastro bt carcinonmu, for exmple hesal-cell cxrcmoom
‘Don-ro-tartartng
ggnm-. for example

fw drw Bowen
e
W R for example k
115 hmﬂmu-dm
S;Rtlr-n( ura:dcmm-.ﬁrmphv:bmhrmmdm

‘The imperfect cxrainomas are drviible into st lemst four groups (Table 1).
mﬁmgnmph:dudnmmaunwb:d}mtmulumminmy
rapect save that their growth i itinal
b:mgrcg\ﬂ;mdmggrumurla-atmtbyknmammﬁcmmuﬂ.m
iples are the h Tp cxncers of the human
brtm-ndpm-m.e the ding: of carch is pot questioned.
A second group metudes tumours like besal-cell epithelioms or Juvenile
moclanoma that invade bat do not metastasize. Next come the tumotrs that
oerther jnvade nor disseminate they include the varioas forms of intra
Pithetial carcinoms or cardd m ntw, of which Bowen s disease s 1
cxample. Lastly there 11 s group of non progresuve or regresamg tumouors
o which kerato-ecanthorma seems to belong  Descending this Lut, the
cardinal festures of carcinoma are whittled away to the pont where, in the




i3 L. FOYLDS

fourth group many pathologists and cinicins would refuse to use the
wurd carciroms and with good resson unltess the term 18 qmlified.
Fuarly recently 1t has been recogruzed, nombly by Dr Whiteley (1957), that

bles the i ot s

kerat: h

closcly
induced by tar or caranogenic hydrocarboas in the skin of rabbets #nd,
less conspicuoualy of mice. The carcinomatosds are neoplastic but they
are nether true caranomts nor papillomes. They sre best clarsed, u |
believe, 21 impecfect carcmoma lacking the capaeny for sustained, peo-
gresmve growth. Al the imperfect carcmomas have some of the charscters
of carcinoma, but lack one or more of the charscters of true carcmoma
they are afl neoplastic and they are all phiinly different cptolopally
hustologically or bualogreally from any perfect or rmperfect papillomss of

adenoma. The Imperfect papilt are well phficd by the vanoos
kerstoses and precanceroses of the human skin and of rabbit or mouse thm
biected to ch 1 car

Some of these imperfect neoplanias are unportant e potential precunars
of true carcioma. Carcinoma s aw of the aterine cervix, according
current opinian, & frequent antecedent of cervix eancer which it precides
on the average by about ten years, Bowen s diseasc ternunstes in mvasne
cancer probably less frequently but smilarly after a ong time & ota, These
imperfect careinomas permst e such for many years and tenminate o vyt
cartinomas only as & result of ir bio qual change by peogr
whereby they acquire powers of tavaon. Together with other unperfect
cranomss end papillomas, they are precancerous m the sense of bang
Lable to progresson to carcnoma they are not precancerous in the 1
that they become cartinomas by mere extensson m apace and me or o
the sense that progresston 1o carnoma 13 snevitable

INDUCED “NEOPLASIA OF THE ShIM
mgemrdfc-waufmduccdmphmohbnhnmmﬂnlnmmh
mdmnnnmdth:dngrmﬂlummthcmnpu}no(dcwhptw“
(Fig 1) The pre-clumeal pdwction phxse ntong 10 the occupanonal et
of man 1t extends aver many years and sometimes even for many yeart
-ﬁcrthchﬂapoiurezothckumorpmuuwdmmmgﬂﬂfwm
wsual to ch { carcnogens include acute and chroax i
8 dusturbances of pig and hyperplastic kemona mngus
frumhypeﬂmwm\hmwghvmmnhndsn!merpapmoumwﬂm
rromz. The kessons are commondy mubtiple and vared and 8 targe propareo?
of them are mperfect neoplanas There are several kinds of papdioms
some are conditional tumours that regress o the withdrawal of @
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nogen and others regress despiie continoed exposure  others persmt

PR

of grow prog y = papillomss and others agan undergo
progresnon to caranoma. The progrosion m usually a focal change in the
beso of a pepillomz end it nvolves & permanent qual change that

confers new properties on the neoplastic cells, the changs not being in
growth-rats alone, Most carcmomas 1n rabbits and mico angmste by
progressson in paplllomss or less aften, m carcnomstolds, but some
emerge a true carcinomss fram hyperplastic or apparently normal sk, It
1 notewocthy that after successful removal of an early tumour or recesdon
of all early lesioms, in experimental ammmls and 10 man, new tumours may

| N
NN
-‘:-f”.i.-f“ \ | /
i T

Flac kol rage ovart aophis

P PFartiatance witkout qualitacrss chingy €~ Conditionl growth K= Regremon
F  Epedeonal carcoogeocs.

tontinne to develop successvely without further exposure to caranogen
and thronghont remaining life. The skin remains permatiently m a state of
what [ propose to call owcrfrens meoplasna (or meoplarst wcipiens).

There s sound evidence for all the paths of development shewn 1n
Fig. 1 bot far more infarmation 1 needed, and 15 obtunsble, about the
fate of individnal lemons which have not always recerved sufficlent sttention
etther in dermatology or 1n experimental cancer resexrch, Recent develop-
ments {n expenmmental carcinogenesis show thet the quahtstive differences
between individual kmens in one indrvidual or in individuals submutted to
different carcnogenuc procedures cannot be ignored in the ssesement of

of what is being mduced and how
The stndy of the induction phase, condacted under different condmons
in rabbets snd in muce, has led to the wide edoption of » two-stege hypo-
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mﬁmwmmmmmmm
promotion. Peyton Rous and hu colleagues working wnth tarred rabbes,
fuunddmwi;euudymwcdlftcrwm{xdnwdo(m the skm did
BOt revert o fta ongual state although 1t regamned s normal spperrasee,
mmmcdwn:tgqub’:hmcdmmthdxmlpwﬁc
chancters and m the same places as those that had regressed moceover
smilar true recurrence was induced by wound hesling sod by some noo-

speaific urtants, which, by th fres, had ne xction o
normal slun. Rous dutmguished, first, & process of nutahon whereby
normal skn i converted 1nto & nvbihreshold Justic slate ch d

by the presence of latemt tweowr colls and, secocdly s process of prowalns
which stamulated the latent tumour cells to prohferste and form vasible

1 and promotion were regarded as dotmct andt differeat
processes. The chemical cardibogens exerted both g and p 3
action, although n vared degrees, but the promotiog ageats were not
caranogenie 1 the full s,

To sceount for the ph already tioned, of e
emergence of new tumours for long perods sfter the lawt oxposure o
exroimogen, Rous supposcs that, s well a3 imtiating latent tumonr cells, the
caranogen imtiates latent weoplastic potentialitzes in cells which then sdvance
automatcelly but gradusfly snd at vaned, often etiremely slow rae

towards the ncoplastic state.
In muce the ch i gens evake papill Iike those m rabbity
but more of tham underge prog to relatively ewry

Repeated apphastions of carcinogen induce at least one cyrtinoms th
ximioat every mouse. As the carcinogense sumudus & reduced, fewer warls
develop and fowrer become malig A ningle appl! of g
depending ou the potency of the egent and the scantvity of the mouse
induces as » rule, within the waal peniod of observaton, exther no tumoars
or only & fow Jong-delayed warts most of which remun berugn, After sich
memmmmmﬁwmmmmmm
potent and the fmost used, when applied repestedy for rrm or three montbs,
evole & Iarge crop of papiliomay mast of » fuch reman berugn. Berenblor
& Shubik {1947) nterpreted experiments of this kind 1n teymos of mefubon
wnd promofeow as used by Rous end thewr example has been widelr followed.
Like Rous they believed that the mech, of and p
were entrely diffevent anid that the combined effect w 2 rot stribatable to
summation of compaerable sumuh but to sumul of different Lmd operslior
comsecutsvely

Subsequently many mere promoting spents fuave been atudied, smeet
ther detergents of the Treen senses. Even more interestingly urethane
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and some other sabstances have been found to act ea inrtisting sgents, The
term sacomplete carcoeagen has been applied to agents like urothano and
crotont ofl which seem capable of effecting ono stage of the caranogemce
process but not all of it. It now scems that all these agents can be fully
axruinogenic when adequstely tested over suffimently prolonged penods of
time. This does not iavalidate the genersl principle that iortlation and
promotion sre ddferent and 1, or minfrmze the value
ofdmmumpleteunﬂmguu,wnhd:d:grmmﬂumofamurﬂm
other sction, for the analysis of the two processes.

In the esrlier hmstological investigations of epidermal caranogencsis
induced by complete carcmogens the effects of the inlaation and promotion
were pot scparable, The total effect of the carcinogens waa to produce
hyperplasa with delayed mataratton of epithelnl cells tumours developed
= 2 ruls from localrred areas m the widely hyperplastic epsthelium,
Urrthane 1 reported to effect no recogmzeble change m mouse akin when
applied locally Moreover urcthane and tho complete caranogens can
bring about 1utirtion m the skin whep admsnistered remotely by mouth ar
by parentenal imjection  the mrtiation  disclosed by the growth of papil
lomas st the site of application of croton ail to the skin, 8o far no visible
effect of the remotely administered agent on the skin hes been described.
Promotmg sction 1 not proportiomal to the hyperplasa xnd comperable
degrees of hyperplanis evoked by other irrrtants bave no promoting effect.
The promohng action seers therefore to depend on some peculurity of
the pramotmyg sgent whether chemical or as Sctalx end hus colleagues infer
from their work with the Tween deterg phymco-ch I (D; 1,
1957} Berenblum belicves that promoting agents delxy cell maturation
but Betals sscribes this ection to the 1umting egent. It s noteworthy that
promotron m nuce depends an continwons acton aof the promoting agent,
proloaged until near the time of emergence of tumours

The number and the biological characters of the tumours produced 1
these inrtstion promotion expenments depend predomumantly on the
imuatg stimuhes the promoting agent determunes the location and time
ﬁm\ﬂmuﬂmmuﬁm&dhmwmm
such a3 urcthane or by minmu! applicxtions of 2 the
mmuuncvukadbymb‘cqumllp‘phﬂﬂﬂmofmm]mnndyp;pﬂ
lomas, many of them mmperfect, that seldom undergo progresucn to
crcnoma. Carcinoms may develop ate, not necemarily from papillomas,
In most expertments using borderline lrutiating sction but promoting
agents seem to have no effect oo their emergencs and no effect on the
progression of papillom to curcinoms.  Dammert (1957) suggests that
Promoting scton may be lrmsted to the promotion of pepillomas. Although
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have probably d aged rep of the exp on # large acale
Newr methods of contintions cultvation of normal anumal and bumas cells
are now in use, The usual expenence 1 that soaner or Inter the coftares
deterorate and eventually die out unless some celfs undergo permanent
&mgemdmhh:mmofa!kmnmngmmmh
definutely  Serme cyrologuts balieve that the sltered cefls are maligrant
but have not yet supplied proof (Lesghton 1957}, Whether the altered cells
arc neoplastic or not, 1t 18 clear that normal cells growmng 12 abormal
condtions 1 oxtro often undergo a permmnent change, or

which establshies new properties including the sbility to prolifersts well
1 condittons formerly {nmeal to them,

VIRUS NEOPLASIA

The Rous sarcorns ts the best known member of s large group of filterable

and leuk of the & jo foerl that are tremmiseible by
rephicating subceliular perticles with the properties of viruses, The tran-
mmuon differs m soversl reapects from other carcmogenic procenes
{1) The tranaformation of normmal 1nte neoplastic cefls 1 raprd and perhape
almost rmmediste. (2) The transformanon is direc? {rom notmal to sarooms
cell with no satermedite precursor of  precancerous stages. (3} The
transformation u qualitatively speafic. The tumours are vaned m stracture
end behaviour Each Jund of tumour has ity spectfic filterable agent, nhich
exactly reproduces the charseters of the particular kind of tumour from
which st was extracted. The transmission s & process of fumour 1e
production rather than mduction. (4) The sgent is recovenablc 1n grestly
meressed quantsty from the tumours it evokes,

The Rous agent protan end sib fete scid onc of whuch, of
both together rmust be credited with spectfic structure to account for the
tugh speaficy of the biologresl action. The sgent impreases » speaific iype
of structure and behaviour upon the <ells 1 traraforma. The soposed

ch are herable besr d to the progeny of the tnensforned
celix, and the agent @ recoversble from the dumdantctﬁ&ﬁtfiﬂm
evrdent il to the ph of fe nd

1 bactena where 1t 1 belteved, genete material in the form of w peatoX
nuclere sood 1 removed from one cell and transferred to anotber ecl] 140
whose genetic material st b incorporated, theretn 1mp spredic
charsctens of the donor cell upon the reciprent cell. Stndardy it m fikely
mtmckmummwmmmdxgbmwxwudﬂ
and modificx, hentable matenal in the nucleus or eytoplasm of cells thit
are thus transformed 1010 sareoma colls (Foulds 1958¢) The outsunding
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o insafficzently recogmazed, Importance of the fowl tumours les in the
opportumities they promse for the analyss of intra~cellular mechantms of
neoplesia,

wirus tumoury  which form a heterogencous group  Carrent interest 18
centred on the notahle success of Gros, Stowart, Friend and others in
produang leukaermes and some cther neoplastic dmesses m mice and even
m hemsters by the injechon of timue extracts or cuttiures. The mechannm
s not yet edncidated. The Bittner milk agent, sometimes described as the
cause of mammary cancer in mice  not mdspenzablo for that diseasc in
mice and is not found 1o other ammats. According to much current epmion,
the cescntis! action of the milk agent 1 to enhance and accelerate a neo-
plmtic process that advances slowly 1n its absence. The action of the S8hope
papilloms virus of rabbits » more cleardy demonstrated. Thrs undisputed
virz cvokes papillomss of the skm of rabbits. Eventually these papillomas
either regress or undergo progresaon to carcinoma. The development to
esTcnoma b alvays indirect and mdependent of the viroe, The Bhope virus
induces papillomas It does not fnduce carcinomas or progresaocn from
pepilloma to and it s not ble from the Thua
the Shops virm undoubtedly induces neoplssia but the rel hip of virus
to the definttive tumour cells is certunly different from that m the fiterabla
tumours of fowls,

CONCEPTS OF CARCINOGENESIS
The of carch and i b singly

vague. The known hod of lnd: mdnnhd
(Haddow 1958). As Berenblum (xgﬁ)rmrhthmbuofmdmmfar
2 bellef that the same mechanism operutes m ol of them. Currently at
lext three different mech scern probable. The filterable agents of
fcwlurummdlmhnnhnmndnputmmnmngnorm-lcdhdhwdy
into neoplestic cells of qualitatrvely specific types, the conversson probably
dependmg upon an incorporation of specific material (protem, nucleic acd
or nudeop ) into ble replicating mecin. of previewsly
normal cells, The carcinogenic polycyclic hydrocarbons and 220 compounds
prohhlyh:w-direadmniu]nmmmcd]mnmmmu,nﬂouﬂyidmﬂ
fied, but many ateps are interposed between thewr mit] actren and the
definitive tomour Many caranogens, chemraal and phynal, probably
donu(dirtcﬂylhrrtheodhdmincdmbmempludcbu;wm_
:’:ﬂybybrmgmg-bouu‘ hol probife of those
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I"h‘”l duced neoplests, the ! fuctor scems to be loog

proliferstion sttributable to fembalance of hormonal stimuls. The
induaing starnulus 18 a phynological bormone acting 1t may e, in physo-
logial concentration but unrestramed by bshmang hormones, Whether 8
normal phymological agent such as gonsdotrophin showld be calied »
carcinoges s arguable. In many inbred strains of mice, tumocrs of particuler
kunds dovelop with & high froquency approsching 106 per cont, m mxe
subjected to no axpenrmental infarference and suffering from no identified
physologiesl or pathological dusorder the % fo if there
be one, scems to be phymologncal. The unfortunste vicums of Xeroderms
Pymenionon sppraximete to the mbred mice. The inoting shmulus b,
wdeed, known but the disease resufts from an eboormsl, genctaally
determuned, senstivity to that stmnfus.

No mtidying synthesus of the oppressrve mams of information about
carcinogeness 13 avalshle or perhape, now possible. The virus theory
and the mutation theory survive 1n modified and sttenoated forme, Itss
accepted that viruses can induce neoplana and that they probably do so
mare frequently and vesnously st Jeast under leboratory condstions, than
formerly supposed, but how often they do so under natard conditiont i
snimals or more tnportant, in man 8 unknown. Furthermoee 1t 15 not
known whether or not the mare recently studied viras tumours conform
with the essential presumption of the virus theory as advocated swenty
yesss ago that the virus not smevely mduces neoplana but persists snd
determunen the whole course of neoplasa and ol its properies. T do not
know of eny recent formulstion of the virua theory tht sttempts to 4ppy
1t comprehenuvely and 1 detail fo the ongin, development nd clinicel
behaviour of neoplasia ss 1t occurs patursily m man and srumals. The
mutstion theory s fool-proof provided that the mesmng of the torm

be modified and qualified to rneet new needs s they amse.
Neoplasa certainly mvolves bertable cell changes whetber of not they
ly called ts another matter Vathous detaited

are (i %
and apphestion nether the vitus theory nor the muiton
theory 1 of much more than polemuc wnterost. The need ot for factual
f 0 about what heppens in e2lis that become neoplastic. Acreplog
Fnutatson dn its most elastic sense for any hertable change it remans to find
out what 1n the cell changes hcwﬂudxnrgedwdhwthefmk‘dﬁ;‘h‘r
change are expressed m peoplase behaviour The flterable spents Lol
tumours offer oot sppreach o these problems chemical carmnogtness

offers snother o
The carrent trend 1 1o interpret chemscal curcmogencss 1 1008
chermscal action of the carainogen on cell proteuns or nucleoproank hw
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suggested, for B, that carch bine directly with key proteins
c-n:mlfurﬂ:ewntmlofpuwth(mﬂdkhmlcr 1953), that thoy act
by defeting gene proteins and interfering with gene synthesls (Haddow
1958) or that they bring about a lows of enxyme systems concerned
specific cell functions (Rusch, 1954, 1956). The concept s ono of matnrial
deletion, the consequent abnormahity of ceil behaviour being attributed to
mmpautymmpcndmnnrm;lgmwﬂ:—mguhnngm:hmnﬂm‘
than to an acquired ability to 1 horentty
ressonghle, Ncuplnnicc::lkpmbnblyhlvenoﬂ:kngncwmd:enqnmn
charsctenstic of growlng out of henmony with the rest of the body The
probiferatrve capacity 18 not new 5o caranogenic procedure confers neo-
plastic properties on cells that cannot prolferate. The current deletion
hypothesss m different from the old but lmgermg rde of revermon to
embryone type There 13 no revermion, The resemblance between neo-
plastic cells and embryorsc cells s much the same a3 that between the
secondchildhood of a senile man and real childhood and everyone knews
what thet amounts to

Green (1954, 19584, b) has sdvanced an claboration of the deleion theary
mcorporating & suppokitron, expressed by others m vanous forms, that the
normal growth regulsting mechanmm depends on entigen—antibody re-
hnonships between cells. According to Greens immunologreal theory
which does not lend itself to concise expoution, normal cells contain
cytoplasmmc tasuc-spetafic antigens (“wdentity proteln complexe) by which
the growth-regulating mechanisms recognize them. If the cells lose their
Identrty antigen and become unrecognmable the neoplastrc state will
develop  Green describes severs] possible mechanmms of deletion, In

carcmogesens he belioves that one or more of the Wentity protemn

xposure of cells to the non-lethal antibody will mduce mm adsptatree loss
of antigen from some cells thess altered cells will then ongmate a new
Tace of cells which, lacking 1dentity antigens, will be m a greater or lese
degree unrecognizable to the growth regulsting mechanisms, Green pre

hhlllnﬂbodywhmh,bymafm\mpmkngtdncum,nthamm
Tikely to induce sdeptation. He suggests shernatrve mechunlsms for the
deletion of 1denuty protems in other forms of neoplan mduced, for
eample, by hormones or by viruses,

Burnet (1956) favours a comparable immunological theory of cancer
besed on hus own concept of self-markers in place of Green s Hentity
Protams  The evidence in support of these theores 1s still Indirect. Both
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thearies sovolve far reachung Inologiest ampl that cxnnot be ds-
cured here, It scems t mc & wesknens that, as stated expliony by
Bmmcmmmupmmpmbywm&cm
grom to its chanucterstse morphology and lesve unrpecified the mature
of the morphogenetic field that must be supposed to contred the proces
iamtkiwmim the theones thur cxclude from conssdertion

prof may well be most genane to the understanding of
neoplasa,

My own thoughts have been tending towsrds a developmental cootept
of neoplans, caranogeness bang viewed as » diversion of cefls mo new
b } pathorays of develop (Foulds 1958¢) The divernon may
be effected 1n vaned ways snd possibly may octur spontaneomly by
madom changes 1 g Ity unsshie cells. The d of path md
progression along the new path trvolves permanent, herrtable, cell changes.
Normal embryoasc develop mvnives comparsble changes whose natuce
bas 00t been cluaidated. Far from reverting to embsyonie type, neoplasa
sdvances further and further away from st but m 1ta progrestion it conforms
with mosmy general prmaples applicable to normal develor snd may
snvolve sumilar but as yet unknown mechanmine.

I do not vh to claberate this personal pout of vt except to Kuggest
the need to think sbeast neoplasia i s more dynamsc wy and 1 terms of
developmental processes rather than m terms of lesions and hemps, From
evidence given here and mn more detail elaewhere (Foulds, 195858) 1t 38
evident that i man s 1 snucaly, carciogerue sction induces & persistest
state of marplent neoplama more ettenmre and diffuse than eady chnseal
signs wdicate. The visible leatons, which are often imperfect ntophasat,
result from focal progresson mithin the ares of incipient neoplase. Funher
prog ds to malig) plasi oocurs w soame of the Jessons
10 some of the patients. The snea! path of progremion o carcinoms Gy
raverse a dustinctive precurwor Jesion but there are often alternative paths
through ddferent lenons and nearfy always, 1 sectus, s direct path from
maeipient peoplana passing through no precursor leston st sil, The precuror
Jemons although Lble to progremson do not inevitsbly undetgn progronsn
and & & rule most of them do not tmstesd, mare wwually they persut w1th
unchanged charecters o regress. Even 1o Leroderma pegmentesim by 00
means cvery fesion Gndergoes progrenion (o CRrCINOML.

Neoplana needs studying from beg to end a3 & dyrarme process
sdvancing with & choee of pathways through qualrtativesy different gtapes
st many of which there 1 a choscr between regression persstence and
mmmmqummummdmmmﬂm
nmdywnhmarc:nmmnwﬂxm}moﬁndnldmlbmmd)w
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developmental spproach offers new epportunites for clinical research on
neophwaa of the skin which mght be highly revarding not anly 10 clmucal
practice but also as a contribution to fundamental cancer rescarch.
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COMPARISON OF THE HISTOGENESIS OF
RADIATION AND OF CHEMICALLY INDUCED
SKIN CANCER

BrA GLUCKSMANN®*

The recent progress of redsothernpy end chemotherapy of cancers has
traneformed the acgdemic interest 1n tnmour brology mto matters of practical
mmpoctance since the type and phymology of the tumoar influence the
choce and outvome of trestment. Furthermore, the public ixterest m
cancer prevention and mn particular the risk from ndirtion and from smokmg
Luave grven 2 new jmpetm to studies of the nature of carcinogess, thar
mechanism of action and of the pature of the baalogical processes induced
by them. Finally the estublmhment of specual centres for cancer detection
and the sttentron grven to the trestment of cancer in the preinvasive stage
art dear demonstrations of the importance of tmour development.
Undetlymyg all these edvances i the concept that cancers are crused by
the action of a varicty of agents an normal thwoes, that they cvolve in stages
«nd dsffer in therr mahignancy and curability The progresmon to
afhnrmmx-dq)mdcmmmnmmmnhmgumnmdemlop-
nmAgrmnmbcofphydulmdtbunicﬂllgmnmdmovirm
have been ized 3 but the mech of thar sction s
till unknown,

The vanety of carcnogemc agents 1 10 strong contrast to the rather
restricted pumber of tumoar types clicited by them and the fact hes
encoutaged the natural desire to find & factor common to the production of
cxncers by various meams, be 1t 2 virgs, & gene mutation or some change in
the nucleoprotem constittion of the cell. Though the cancer cells may
duffer frem normal cells irrespective of the carcin ic sgent which induced
them, the process of carcinogenes:s 1n its early stages and its duration may
'lrygrnﬂywmbﬂumdwwgumngmtanplund.Todacrﬂxthemgu
m the carch due to wod to D
wnhthu-nfuﬂuwmgd:enpplmmauofurﬂn%uﬂchydmarbmmthc
sk, is the subyect of this paper

Before embarking on & discussion of exrcinogenesis in the sk, I should
Ekzwmdm:heep{dmw{th(ulppendsgumchndxhlhmd
even the derms are rencwal systems which are subject to intricats regulstory
mechanims. In the cpidermus the rate of celiular proliferatson 1s finked

Working wkh  grwt from the Rrrowh Eruplre Cencrr Crmpegn.
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w:ﬂxthx:cfkmnnmnmmdefahcddmge{thcmnﬁcdmmr‘ul’lh
removal of the cornified layers by sdhestves s followed by » mstote bumnt
1 the basal layer (Finkus, 1955) In tus mstance the spparently dead
comufied materal scts & # regulstory mec withm the epd: by
inhibiting cell dvmon through & foed back mechannm (Chase, 1954).
The ¢k and baur cycdes s rodents are other examples of regulatory
changes subject to contral mechuruims, the action of whnch 1 aa yet fugely
unkaown though & new hasr cycle tan be elicited by somple plocking of
bain, Associated with the skia and hair cycle are perfodsc changes i the
glycogen content of the eprthehl wtructures, the volume of the schactons
glands and the ducknews of the dermis and dermal fit layer (Chas,
Montagna & Mslone, 1953). Dermmal thickness o abo known to vwry with
the oestrous cycle (Bullough, 1943) and this suggests hormons! control,
Hyxhaustion of the dermal connective tissue od atrophy of the eprdernns
overlying kelosdal scers suggests regulation of growth and dependence of
structure on the blood supply of the skin, There are thus & vancty of
regulstory proceses at work at different levels. The breakdown of the
segulstory mechanisma which adjost the rate of cellular probifenstion o
celxtion to differentoxtion and subsequent foas of cells 13 one of the chioe
terntics of malignant change in the slan.

Obriously thus fallure of control may oceur at different levels and the
varous cartinogenic agents may affect dafferent scuvines, Chemeeal cared
nogens are thought 1o act more or Jess dirrctly o6 the epiderma! cells 1 the
twro wtage concept ( 1958} of sdp and other
suthars conmides the epidermal changes secondary to primary effects 00
the dermn (Orr 2938). The paunacy effect of the cercwogen it beivg
thought of =+ growth sumulatmg (Pulhnger 1940 Glockemann, 1945k
3 growth mhib {Hsddow & Rob 3637), s modsfying of intiating
(Berenblum, 1954 Foulds, 1954), or 11 enturely destructive as, for nstance,
in the case of wradistion, Ta become effective * carvinogendc sgerd mav
require & venety of conditions in the animal such as x certam gEet

10, Y, fsue ¥ e, The sction of & grven carooogen
may also vary with the doae i srhuch it is gven s the period of ume oTer
which 1t ¥ spphod. An und disgy of these bles can be achiered
unlybyn-mdvo!ﬂrepmcuaofummgmwundcrnﬁancmdnﬁm
Tv ¢ sbal} use merely sa iltustmation the direct sction of chermical caranogens
and contrast them with the more mdiredt seon of penetratang radisbons.

The results of treatment of rats with a chemeal and & physical careno
geale spent are cootrasted tn Text fig 1 The chemseal used 13 9,30
dunethyl 1,3-benranthracene (DVBA] spplied in rortane solution £ e
terscapular repys once weekly 1n the radstron experiments an ehectron”
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beam generated by a Van den Grudf accelerator was used allowing a aharp
cut off in the depth of the alan and sdjustment by changes m the voltage.
Ekin regions of about 3 § cm. dremeter wern exposed to @ smgie dose of
11 000 rads.

Of rets trested with tho chemmcal 98 per ceat Ead muliuplo mulignant alan
tumours in 13 months. Radbtion indnced in only
A'Opcrcmtofdnrmnmki.nnpmodnfﬁmmﬂn Bimilar ocbservations
were made with mice weekly applications of & 1 per cent solution of
bearpyrene o acetons mduced multrple malignant tamours 1t neady afl

s

10 15 » 235 X )
Tirwa b monthe

T-n-ﬂc. Rmdnmhdmnmnﬂ.mwmmchmw—h—n(n
20d folloming woekly spphostions of 9, o-damethyl- 3-benranthracans (B).

%, of tumcor-bewring ruey

w3l A2 5 B33 RS

nimals iy 5 manths, while exposure to un electron-beam mdveed malignant
tumours in only 1§ per cont of animsh m a penod of 20 months. The
chemscal caranogens scted more rapidly snd csused a grester incidenco of
tumours than the physical carcmogen. The dufference m the resalts of the
Phyncal and chemnscal treatment ts unlikely to be due to a difference in the
timing of the spplications. Hensbaw Smuder & Riley (rg49) have shown
that for 2-rays a mmgle whole-body exposure fs more productive of tumoars
Mﬂpmdwgwmmllanghmr. After the cherical treat
ment nomerous tumour foct anse and become confluent so that tamoars
counted s single may m fact be the resalt of the combiumtion of several
tumxzrs which have ariscn at about tho same time though independently
of exch other With radution this phenomenon octurs only rarcly and the
difference in carcinogenicity s cven greater than shown in Text-fig 1
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'Ibchumloglaltypenfnmommdmedmamthdxmemthcbody
with the agent and with the manner of applioxtion. DAIBA induced in th
skin of the wterscepular region 73 per cent carcmomas nd 37 per cen
sarcomas, 1n the akin of the vulve regson only carewnormas and m the vagin
only 4 per cent carcinomas and g6 per cent sarcoman (Text-6g 2} Wal
radistion the depth of penetration appears to be of importance the ehectron
beam used in our expermrents on the interscapaler ekin fnduced 14 per cen
carunomes and 86 per cent sarcomes. Applymg 3 £ rey source to th
wurface of the skm resulted in the agpearance of carcmomas and sarcooss<
w equal proportiars (Pa & Hamilton, 1951} Sub
implantanon of such sources wncreased the proportoa of caccnomas o
61 per cent and wtraperrtones! implaatation to 84 per ceat with corre

%
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i
i
g%
:
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spondmg decreases 11 the proportion of sarcomas (Schubert, Kiakel &2
al. 1956} A possible cxpl of these diffe 1may be Jooked for
10 the perastence of har follicles which set 23 ane of the sources of cara
noma formation (Lacwsgne & Latanet, 1946 Wolbach, 1951) #ed the
preseace of & very celluler dermal scar wrae which would favour bt
formation of sarcomas.
There mavb %
bod:mc:dmmdtypaofzumamcwﬂuftnzbuppﬁcbmolpﬂﬂf“’
h ! or phyweal car for the incrdence of tumoun
thcvlgmlmduotdbypnnungmthl)\lﬂ-\,urtductdbyonnm
wlnch,bcwmtrdoclmuﬂ'cctd:emcofmm(pmdumonbtheﬂ“
]npammdmﬂmlmmzcdnudghdymﬁcw
mndmmmmc\munu‘bamwazzhcbgnnmﬂnmnmm“
.nhnﬂmﬂumnuthctumourmducﬂmmbypm:rﬁﬂw
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The tumour type can abo bo modified by vanous means, Thoe apphestion
of DMBA to irradisted sk favours the production of sarcomas instead
of carcpomss which predominate after the spplication of DMHBA to
sarmal akm. There are thos differences m incidence of tumours end in the
tumour type induced, with type of agent and with varying localand hermopal
factoes m the animal. Does the study of the histogenesis of these tumours
shed eay Iight on thess problems?

The normal sk of rats and mmce has & very thrn epdermus covered by
 thm lsyer of keratin. The thickness of the cpidermis, of the dermm and
dermal fat leyer vary wath the stage 1n the har cyele (PL 1 fig 1)

Treatment of mice with benxpyrene is followed evenafterthe first punting
by marked hyperplasia of the eplderms which cxtends to the root ahesth
of the huur follicle and varies in extent with the stage of the cycle. Bebaceous
ghnd.lund.u-gn-.qmmphn.. Usually there 15 only » alight
inflmmatory reaction in the dermus. Soon sfter painting the number of
nutoses in the epidermis mcresses whils only a few cells degenerate.
Besa! liko differentinting prickle cells enlerge m volame and the balance
between praliferation and differentiation m the epidermus 13 ahufted in
favour of the former The extent of these byperplashic changes vanes with
the phase of huir cycls and quantitative studies reves! peaks of hyperplasis
rocurring sfter periods of ebout 21 days (Glockemann, 1945).

About 3 months sfter the beginning of treatment, that i dunng the
thid balr cycle, the growth of heirs s sbnormal end accompanted by

changes in the superficial dermus which shows marked fibril
formation. At the fourth or fifth hair cycle the abpormal growth of har
fﬂﬂlduruuluinthc:ppmnaufmwhxcb.lﬂuthtep}dannl
yperplanas, vary in degrec with ficdd in the akin. The changes ocour
smultaneously throughoat sffected structures such as hains and the
epidermal regzons between haur follicles, and they do not book Hie the out
coee of the multiplicstion of mngle affected cells. The samne spples to the

Dext stage, mamely the appesrance of invasive carcinomas in hyperplastic
or mpillomatous regions. This step brings about not only a farther ahift
in the balmce between proliferstion and differentiation but also « series of
qualttative changes in differentistion, cob ese, matility treness,
Immnsology ete., of the cells. Tt oocurs about 10 weeks after the beginning
of the trestment.

Tt i not clear whether the hyperplasm seen after painting with a full
Cxranogen is of ngnificance for the future development of malignancy or
whether it 1 mmply a by-prodoct, since some inf like urethane are
*apposed to act without indocing stich hyperplisa this can be evoked 1n
mi&byaumnoﬂvhjchum}ylmkinidm Without guing into the
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T of the mgnificance of the hyperplasia, 1t e convenseat ey o
the undoubted change m the resctivity of the trexted cefls,

The mrtsal changes induced by chemic ger 10 mouse sin
be sumruarized s stimulation of probf bimed with mhib
delay w. diff The manfk of these effects are hyperp

of the emdermu and har folbicles wih eboormad segrowth of
calminating m the sppearance of wacts, Tn some of these lesons fnvash
cell

q 3 2ezee but therr app rep & qualiats
change from the precursor Ismon s regards mitonomy end co-oedinato
of eells thesr duff n, motility and bility vt other fea

The changes induced in muce by exposure to a dowe of 8000 rads,
a0 electron-besm are very different from thoe just described, This dosage
s optimal for tumour prod and e epilation, & radh ]
snd subscguent formrtion of nnstable scars the edpes of which undere

3 chunge. Hastologrodl e hickens through 22
crease fn volute of cells and 2 shift in the balance between proliferstng e
differentating cells 1n fevour of the atter (PL 1 fg 2). Indeed thiot
the loe of baxal exfls, cormfied ceils shed normalfy from the satfaee sre
sepleced and thus the skin 1 denuded. Similar effects lead to cpilation
to the failure of hatr follicles to produce new bawms. Concurrent vesculs
and dermal changes lexd to the appeteunce of the bum {(PL 1 fig ¥
Demarcation of the dead useue which m confined to the desmb
eprdertous {PL 1t fig 4), 1 slow to smrt sud s followed by s formztion
» thin Fbred cellylar scar and covered by epuderms! cofls mugrating from
the periphesy mio the lemon. This epedermmad regeneration muy foed 0
degree of hyperplasa {PL 1 fig £) and sitempts at foemauon of S
follicles, paruculerly If the sk 18 treated wath croton ofl subsequent
mduation (PL ¢ fig 6). The war which reronns celfular and thin-fibeed
breaks down and with 1 the regeneraied epsthebum and the bwion B
demarcated forming & new sczb Under 1t, exlls rmigrstung from tbe
adgacent cprdermin grow dreetly over the dermst fat eyer (PL 1 62 7)
12 the complete shaence of derms sad dermal scar The deeper faster that
i» the devrnal fax txyer \}mpmmculmeummmdt&mdcepambcnw
\ayers and blood vessely are now snvolved m sear formation swhile sdysocnt
dcrm!uaueﬁdsmpammp:ta?‘bemmkﬁbythedmmmd
the smutial detmal war 18 filied by the bulging spwards of the deeper
undethang tawe (PL 7 fig 8

mix?ng‘eqmlmwhmhmfmwdmﬁw.mddm
contﬁbmomnbwnpmgmwewndmmmuww(ﬂf
fig 3} undergo brus and co form blisters uhk:!xﬁfnhcepzdnmfm’;
support and thme 1t to degencrate (PL 2 fig 2}, The Iy of the




HISTOGENESIS OF S8XIN CANCER 349

pmmdti.uzhenlmmumpktﬂ-h-mcnufmﬂnmmzmryadk(ﬂz.
fig. 3. In the penphery of the lesion the epsderms becomes hyperplastic
(PL g, fig 4) and shows downward projections some of which may
become mahgnant and 1nvade tho decper theuc (PL 2, fig 5). They may
also rmae and form warts (PL 32, fig 6) and from these regions may arme
Invesrve squemous cell carunomas (PL 3, fig 7) which mvolve tho
pannxcalms carnoens or it remsina. Such changes occur after about
14 monthe,

Thus with radutica the process of formation 1 dary to
the effects on the dermis and the production of en unstble scar The
remurkable abeence of dermal regenerstion needs emphaxns. In mechancal
Uﬂmthoma}ormum‘tmﬂanwmgmmﬂunuﬁha-kh]cmnu&anthe
accomalatian of cells gt the border of the dermal lemen. If mdicsctive
sulphate 1 mgected intrapentoreally 1t 1 found that just these cclls gve
# very strong satoradiograph and sre malnly respoesible for the formaton
of fibres m the regenerating tasae. Radioactive sulphate 1 transferred from
the cella to the groand substance prior to fibre formation (Glicksmann, f al,
1986). The deeper true of the subcutn which bulges upward upon the
acmon of the dermal luyer pmnd:-cn]ylprd:mmnryd:unngmgadla
with the fibrmous exudate from the blood vessels and this takes wp little
wulphate and contributes only httle to fbre formation o the scar  After
oxp to radition the dermal p for reg; B usually
mﬁ“‘mdthedwpbloodmpplyu-kopmgmnﬂylﬂa:cdbyndunon,
and in wiew of thess failures no simfactory scar 1 formed.

That the emergence of curcinomas 1 linked with the depth and degree of
the dermal lesion is seen in further expermments in which ooly the superfical
portion of the derms with the epidermrs are penctrated byan electron beam.
No tumours follow Sunilarly with smaller doses of radistion or smaller
fields of cxposure, regenerstion tends to be successful and no tumours
resalt, whilst with larger doses of radmtion the sttempts at regenerstion
are frostrated and sgun no tumeuns follow Thus the tumours indoced In
the momse epsd by rradl occur n regencrating rather than in
directly exposed e and arc dependent on an optmial balsace between
myary and repals

There are significant differences between the mousa and the mt in the
reaction to yradhtion and to carcinogenic hydrocarbons a3 regards the
tume scale, the greater resctrvity of the derms of the rat 23 compared with
thatof th d the ddferent bet of thehaur follicles, Thechanges
In the rat are relatrvely slow ss compared with thaso 1n the mouse and this
b strikmg for the chemwal carcinogen. Whils the mowa

ds to benzpy the rat epidermus fails to do so and

puty)
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MomDhmAmaddbmmymhntohcmmpmn
induces # hyperpluaia in the epidermis and the baw follickes (P12, .
very aumilar to that obscrved in the mouse, that 1, ¥ aluft m fxvour
Wﬁmw“mtmddﬂmwmﬂm&mgd
The process develops, bowever mouch wore stowly In the rat than m ¢
mouse (Pl 3 fig 1) Asin the movse the hyperplasie change may &
proveed o papitioma snd wart formation (FL 3 fig, 3). The baur folfidd
of the rur react to the ch | gen with & nultiph of the bes
celis which leads to the development of & basshcell type of tumoar (F1.
figs, 3 3) The papillomss, regions of hyperplaals and the besal &
tumours ansng from the havr follicles suddenty nndergo » maligrant ehang
srhich is accompansed by & loss of cobeaiveness of colls of the abilny
differentiate fully of unifornuty m the cellufar rexction and by inven
growth (Pl 3 fig 4)

Another difference between mowse and rat e the production m the lattc
of 8 very cellular thin fibred scar tosue in the dermis which tenda t
undergo s sarcomatous change fairly suddenly snd under conditons not yv
understood (F1. 3 fig 5

The rat thus sppears to differ from the mouse in the grester resctvit
of the dermal connective thue to carcinogense hydrocarbons and o
rather reduced responsvencas of the epiderma. Thu is supported by th
fact that the caraanogenuc sgents for mousa cpidermu are far mare numerot
than thoee active on the rat tkin, while the reverse halds for the substancr
able to wnduce by nub .

The st skan rencts to radistion slso somerwhat dufferently from the moux
sun The exrly changes wro very smular 1o both spraes. A radistion barr
develope slowly end gradually tavolves deeper tssucs and the deeper blood
vessels. The nmate of demarcation of bumncd tmaue after raditon is de-
eremaed by the progressive extension of the dsmage imto the deeper tssod
and the progresve mvolvement of the decper bload vessels which co o
the supply of white tells for demarcation. There are thus usually & sumbet
of shortve rones of demarcstion (PL 3 fig 6) appasent dunag the ik
and second month after yadiation, The first ooz 18 superficud and bter
sones develop 1n regons which subsoquently dic and thus nhibi further
\mmgration of whute cefla. After about 2 months all the tivsue which st
been ngured 1 bang demrcated end soar formation st Asan the
mmmﬁwmnmumbknndmuludsmuwnppnnmdﬂm?m
keloidal (PL 4, fig 1) and of cellular tun fibsed (PL 4 fig 3) s
Theae different appearances are presumably different stages s the
process, Even of the scars are not actually breahing down, they #ee ¢o0
tnuously changing Resarption of old fibres and new fbre formatien &9
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bo obeerved 10 mutoradiographs for long periods after exposure. Ongimlly
thin-fibred cellular scars may become keloedal and Ister atrophic, and then
be replaced by & more cellular scar whrch muay grve rise to the formatson of
sreomss in erther the pannscular (Pl 4, fig 3) or the superficl regaon.
They waully sppear close to ulocratrons, whnch are due to tho vesculsr
darnage which can be roughly described as a epresding endartenits obliterans
amd periphlebstls (PL 4, fig 4) Azthnpuprcryu(thu:ulmdw
feguons sarcomas and car B ful attempts
ltmgmcnnunmdwfumnm(?).q,ﬁp.56).
Ia the rut 23 m the mouse the progresuve vescular changes sssocrated
with unstable scars are resporaible for the development of malig
fumours. Inthcmuuuthenurbccmnauvuwlumd-c:ﬂuhrnﬂundu
goet Iysis. Thas phenomenon i pot secn m rats and it may bave an influence
on the development of sercomes m rats snd cardnamas m muce. Whether
the progreseive vascular changes are entirely charactenstic for & redmtion
trorn i diffienit to decde. Even repested thermal burns fail to produce
smflar vascular changes and fail to inducs tamours m rats.
The hustogenes:s of tumours produced m rats and mice by the spphcation
of earanogentc hydrocarbons and by an electron beam ahows that the
mechantsm of tumour formation 1 different. Carcinogeness cxused by
odirtuon 1 a more indirect process than thet mduced by hydrocarboos,
Radutson kalls the trexted eells, produces progresuve vascular lesons and
m@tbaenﬁ'cﬁsmfurmﬂmmdepﬂn‘mﬂlmmumm
instability of tha scars lesds to d at
‘mﬁtmmdnngeocmnunmlyin:hchrmpﬂin;regmuiﬂngm
Lt bs thus not unlikely that fow if any of the ancestors of the malgnant celly
Eave been actinlly exposed to radistsion. The process induced by raduation
imuhrymmmmmmmnmmmum
logically or from the physical factors of exp for an Enmed.
"fhdmdmlcdhmbmemlhgmm. Most of the irraduted cells are
thed in the glow development of the redmtion burn,
These differences 1n the pomt of attack of radution and of chemical
carcinogens may sccount for the differences in induction tine and m the
Inexdence of tumoure. The more direct effect of the chemical caranogens
©xplainy the shorter induction trme, and a regards tamour incidence the
#mociation of carcinogepesia with a eufficiently disturbed of re
EeDetstion lowery the efficency of nedution. Injury and repair depend on
dose of radistion, en the sxs of the fickd of dution and on the depth of
M’Iﬂm,mdd:mﬁm-damncm optimal dose range for cancer
hgcrmmﬂ:rdmprodmfmumm
As regards the tumour type some obviows quantrtative fectors may be
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mvdvedmsddmmmthemmewmplapﬂtcmuhpeaamdm
speaficity  Carcunomas anse from the epudermun s well sy from the b
frﬁhdnmdthc:hacnceufhaufoﬂxdumtbcugmoufmqﬁhmryda
of radustion favours the development of sarcomas inatesd of carcmom
Thus 2 pplication of DMBA to anrrsdisted rat skin results In the emerges
of sascomas ruther than carclnomss, and the absence of har follicles
the cellulanity of the dermnal scar combine to shotten the induction pen
for sarvomss from 11 months e and to kengthen that for caranom
from § months to 11 montha.

The ddferences between the rat and the mouse in their reaction
cartinogens also have 2 quantd arpect, thatis the grester denuty of d
hatr coat in the mouse than in the rat and the thicker dermu 10 the ot
compared with the moate. From & purely quantitative pomt of viow the
factors would favour the development of curcinormas sn mice and sarcom
wmrats Depth of the leson combined with cpilation may sccount for ¢
production of sarcomas 1 rats with a5 clectron-beam and of carcinom.
with the trap { 1mpl of redicactive sources.

While these observations help us to und d some of the cond:
preceding sand faciliteting the malignant change, we have oot come 18
closes to explaming the sctual process of malignast conversion and of th
factors determirung it The term malignant converson ac whatever b
term we use b atill only descriptive ead the conditions that are respocsib!
for the sudden change of the hyperplans of the benign or dependent
tuwnoar wato asive and mahignant cancers sxe still unkoows
Ths final bresk away from the normal segulttory mechamsms may b
prunarily » failure of the ceils to respond to the regulstosy stimuli ot
fxilure in tusue regulttion or both. Indeed as fong ea we fal to understas
the mtrwcate control mechanmsms and the respanses to them we are Bkl
to fail 1n our uaderstanding of the final step 1 the malignsat proces.
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mvn{vedmlddnionto:h:momwmykxpunmofwmd
speaficity  Carcinomas arme from the epiderms ux well o3 from the
follicles wud the sbaence of hair follicles in the vagina or after epilitory d
of radution favours the development of sarcamas instead of carar
Thus epplication of DMBA to anurradiated ratslan tesults in the em
of ;mzcomm rather than carcinomas, and the sbsencs of har follikes
the celfufasity of the dermal sexr combine to ahorten the induction per
fornmomnfmmumonthlwgmcaﬂnmdmknmm(hufacm
from ¢ months to 11 montbs,

The differences betwoen the rat and the mouse in their reaction
extcinogens dlto have ¢ aspect, that ix, the greater density of
halr coat in the mouse than m the rat and the thicker dermss 1n
compared mth the mouse. From & purely queatitative powt of view
fxctors orould favour the development of carancenas 10 mice and
m rats Depth of the lexeon combined mith epilition may account for
production of sarcomass 1n rats with an electron-beam snd of &
with the intrapentoneal unplantation of radioactive sources,

While these observations help us to understand vome of the cond!
preceding and faciluating the malignant change, we have not come
closer to explanmyg the actual procen of malignant conversion and of 8
factors determinmg it. The term  maligrant convermon or whatever of
term we wse 13 st only descriptive and the conditvons that are resp
for the sudden changs of the hyperplas of the benign or depen
tumour 1nto nvasive and mal cxncers are still unkoot
Tha finel break sway from the normal regulatory mechaqums msy
primarily a fadure of the cells to respand to the regulatory stimub
fafture in towue regulation or both. Indeed a2 long as we fadl to undo.
the mtreate control mechansms and the responses to them o &re 138
to fwl 1n our understanding of the final step sn the malignant procest.
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4. Moose skin exposed electron-beem 1 days befors firtion.
Pdcrrmg i mperfe) derme b bove thad ] demcreatson of tha brre pas e
mhhmmammm- some round-cell { ) infiliration

mlnhumm‘m()n)-m Noce the
T hyperplee m the adjecent epwder Dote 4000 rads.
Fi. 5 Mouse shin rxposed to an ehectron beam 47 diys before faurton. The hesaom
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weekdy with croton cil sfter exposure. Note the byperplais
of warts by regenerating hair follicles. The saar ks thin-fibred and ceflolr
¢ inflltreted ; the carnosus Is not

o electronberm befors fxatien. The
skt mere s e 4hed vl 3 aderen v e bk o T T
qiﬂmnhb-nwnundﬂdhnbhmﬂhkdmlndhﬂn:dyonhz‘d
o tiesue betwean £ and

or dermml ecar
spidenmis. ;:ni:uh:-mn fs infilersted end prabed opwards
subparmicutar bmhu:mm(,;g Dose: Boco rads. x40,

E‘&malhawwm befors fixetion, A second
1] the tiesue w hich js thin-Bbred snd mfltrated.
pennicniue {#.£.) cm be semn oo the beft towards epsdermis.
i ) Thers Tth of the adjscent dermbs m scar
ton. Doss 8oao reds. X 40.
Pratza
Fig 1 The scur tiwoe formed by the &l has
and almost sceltuler It forme the main pert of the sour thoe

e -ngdmlmm&;cwrmdﬁmhby paooicuhn cxmosos

epridermia {s hyperplastic. dermal scar contrasts Fubcutsnroos
which almost devold of structursl Fhied 10 monthe sfter
Boo0 X 40,
Fig 3. The up to the sarface, js hyalin

subparmicular tesos extends

el md s eeriing %mmm&rﬂhl

CRTPOR
regon on the left of the hyal wear  Fired 7 moothe af
dose of ds. x40, .
Bbows the central pert of Fig 4 et higber mayniication, The epkderma b
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ENVIRONMENTAL SKIN CANCER WITH
SPECIAL REFERENCE TO MINERAL OIL
CARCINOGENESIS

ByD L. WOODHOUSE

ENVIRONMENTAL CANCER

Many factors are invobred in the genesis of cancer in some mstances
know that exposure ta certam well-defined chemicals will mdoce the »
cerous changes in the cell with which the pathologial condron ms
‘This s specially so with segard to cancer of theakin. Ever mince civilis
have become dependent on power-industry man hes been subm
humself to g contact with ch 1 sub which wduce cance
for many of these are d wth the products of comb essent
dertved from cosl end od, that te the egents are eovironmental and
occupatronal,

We sre partrcularly concerned with ofl, but unce the responsible
stances from this sousce are likely to be closely allied to those from coal
should be mentioned that a great deal of our knowledge and interest
chemueal careinogens sterns from the observaton of Pott (1776)
the connection of 900t with the skin (often scrotal) cancer of the chimpet
sweep of his dey Table 1 shows some hndmarks in the ducovery
environmental cancer

Table 1 Discocerses of occupatronal concers of shn

Ageat Dt Duscotverer
Sowt Port
Kevonc i
Cos! tar s  othrmes
Peraffa oil (shale oxly ol
Bhabe lbrcating el 9 W ihon
Crrowote o 0 -
Fetrelown hbriceting ol 930 Hefer

POLYCICLIC HYDROCARBON CARCINOGENS
Folt the prod of und ble cancer by coal-tar applestion

1o the skup of rabbits and mice by Japancse workers (1915 18) great
arere made 10 identfy the agent(s) responmble. 11 was shown that scti ™
was concentrated 16 the higher bodimg fracnons and due to oeutrl
pounds contamng only cbon and hydrogen. Around 1gag hempann
produced ancer-aducing wars by pamng acetyiene and other v
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hydrocarbons with hydrogen through heated tubes contsming catalysts.
A complex muxturs of hydrocarboms, including polycyche types, 1s formed
1nd some of them are cancer 1oducing Ths process imitates on & small scale
processes which occur durimg some stages In the generation of mineral cals
in the earth and the molecular remrangements occurring during certan
operations m the proceseng of crude oils,

Unng o0 1 guade the flnorescent spectra of such synthetic tars, those of
coal-tar extracts and those of soose synthetic benmanthracene
(Hieger 1930), it was demonstrated by anmnal tests that the polycyclic
hydrocarbem, 1:2.56-dibenmanthracene, was 2 powesful sikin caranoges,
ud m 1933 (Cook, Hewett & Hieger) a particular ingredient of coal-tar
34-benzpyrene, was shown to be even stronger (Fig 1). These snbstances
tre, however only two of a large number of cyclic hydrocarbans which
beve been synthesized and which when tested on rats, muce and other
mnmaly show varying degrees of activity Applied to the skin of mice m
wlvents such s acetone or alcohol, bempyrens will mduce papillomas in
1bout 10 weeks usmg twice weekly apphertroms of about 1/10 mg., and
practically 100 per cent of snimals sarvormyg 30 weeks will exhibrt epithe-
homss, If & fer milligrame are 1nfected mto the subcatancors tsue in 2
#artable vehicle sarcomas develop after a mmilsr periodd  Many of these
compounds were synthesmed by ] W Cook and his essocstes.

As well us ths type of polycyclic Irydrocarbon, inmg oaly carbon
0d hydrogen, there are some sctrve relsted substancos m whuch an oxygen,
m“mmmlphm:mmrvphwllurbonhlnﬂedthﬂmgl(ﬁg 1)
Al a fused riog system with relati p to certamn ph | steroed
substances is present in a very powerful 20-methylcholantt
(Fig. 1), Itupo-fblednullledm}phurormtmgm-mnmmngmdnogm:
Tay occur in mineral oils m small amounts.  Further information on verions
tpects of chemical caranogenesn s given 1o the books mentroned m the
bibliography

Itis not known definrtely whether bengpyrene itself is contained in crude
mmeral oih or indeed whether ther carcmogeniaty 1 due to any of the
tbove types of compound. Iluqultedcﬁmt:.hﬂmu that small amounts
of such ch ls are produced during nd | cracking processes, in
'h:chthcmol:cule-dthn heavy oilsare broken down or rearmanged, thus
Pﬂmdmggrntn'-mounuofmofe ﬂulﬂamhﬂctyponfhydmurbou
for fuels, lubncants or further ch ! processes. Bimilar]
mpmducedwhmhydmrbummmuxnpktdyc:mhmgdoruhm
subjected tn bext durmg vee as Jubecants of quenchers.
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OTHER CARCINOGENIC AGENTS
There are other caranogenic skin ageats such as arsemc, ultra-violet
mdutions, mcluding sunlhight, and mdioactrve substsnces, sod slo there
e chemicals winch produce cancers m other stes, such as bledder cancer

mduced by /4 naphthylamine and alied compounds, but thess are beyond
the scope of our present mtzrest.

MINERAL OILS
The uses of materhals from meral olls are vaat sod wadospread. In
sdditlen to direct use as fuchs, solveats and lubricants there are sxtonuve
oatlets in the fields of plestics, synthetic rubbes, fibres, detergents, etr.
The cheef D with cancer-inducing sctivity are nsually con
sidered to accompauy almost entirely the higher bofling pomnt materials.
Tubles 3 and 3 ahow the amnul production and use of some clesses of
theee potentially ectrve maternls in the United Kingdom in 1957

Tablo 2. Productton of Jogk bolng-pount weoseral-ofl prodacts

Unsted Kenpdom, 1957
Thousend toos

Foel ol

Labacating olls sod b 3
grcese.

Brtarnen L}
Pamxffin wax, soule and a8
Alnck wax

Table 3 Use of lubncatng oflr and greaves. Umited Kingdom, 1957

Thagwnd
tone
Avmnon
Inducria! 470
Manno 7
Motoe 138

“Trector 35
Towd [

According to modern evidence the crude oil now present m underground
Pockens o Lekes has resulted from the decomposttion under pressure of the
organic remaing of plankion and other manne Life with possibly some
atribution from plant forms. A very high proportion of 1t conaists of
bydrocarbons, The gas which is partly dissobred under presmure or m
Pockets aver the move liquid ofls conmsts of open-cham saturated aliphstic
d unmturated olefinie bydrocarbons. The Liqud ofls vary greatly m
thelr admixture of larger molecules of dand d aliphatk

(bydrogenated cyche) aromatic and polycyche types. Also the
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content of aulphur b and " de v

wxdely The mere complex molecales occar in the higher bolling fract:
Oil refining 13 one of the tnumphs of modem chemical enginesst
tndustral chemmtry Not only docs 1t desl with Ineredible quantines,
docaoowhhmmnnumoflnbmumdmmumuﬁlmumddlpmd
The proceases of drstilletion, extraction and processing are curied
highlyautomstic [mes so that hazards are relatively low It tain the indus

T Gutnax

/.__._j\. ! Liqud {

L Motor et
[ ) | o=

Tractar o

Crwde o T Drsed bt

Labricxt!
[t oo P
cracker ] ghes Lreapmentl) -

~ e

Ft 1. Crude ol fracoonation (schemmirc),

using the products and 10 wiuch the potential hazards are less likely 10 *
epprecisted that the danger dur to contact with cancer inducmgsub. -
sy

There are carvmogens eubstances in the hugher boiling fractons of end
mincral oils but probsbly much lerger amounts result from the catals

cracking processes which are carred out to produce chemcals, fuch
Jubrrcants of high economie value from the less valusble high boif oy po

consutuents (Fig 3} while small but possibly dangerous, :mm&l‘
carcnogente substances sre produced when previously mnocuots lubocan!
mapmedmbaturothcrngcnudummmemwnousmdunm
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A sourcs of Jubricating oul which was extensrvely used easlher 1n the
century in this country s shale oll, particalarty produced m Scotland, but
b0 pow bemng developed in America. The oil expressed from the shale
alang with the higher melting paint wax was demomstrated to be carcmo-
genic, and many mstances of cotaneous cancer occurred amongst those
extrecting #nd uamg 1t. It has been found that the hydrocarbons in the shale
fre pon~carcnogentc, but are converted to active types durmng the heat
trextment for separating and refining .

MINERAL OIL A3 AN ENVIRONMENTAL INDUSTRIAL
CARCINOGENIC AGENT
C P P include b fishermen, engme and crane
drrvers, engme firemen, cleaners, oulers, metal moulders, rubber linolenm
cotton mule spmnery, machine tool operators, etc. 1t hae
been computed that m U S.A. there arc over § 000 000 workers employed
1 work with exposure to products of combustion, detillation and cracking
o coal, ol and other carbonacious materals. In thus country high incidence
of cancer among cotton spinners has been known for many years (Soatham
& Wilson, 1923) whils recently lubility to cancer of the hand sod foresrm
baa been shown to be an occupstrons] hexard resulting from exposuro to
mapersl olls 1 the engineenng mdustry (Crucksbank & Squlre, tg50).

Table 4. Ocexpational caxcer recorded wp o 1952
No. in No. n

Agunt Bito UsA Ecrope
Coml-tur otr. o) 1 5
Prtroleom Blin o Y
Shals olis Slan 7 900
Creosots ol Skm ©

Table 5 Epribeliomatons alceratron wxth fatal cares

S30 105 L1 o33 o34 055

B m 9() () b6o(a) 30(s) 45(3
Futal caacs are indecstad m hracioste.

The scope of environmental cxncer  not sdequately represented by
Pablsshed figures, for m the past many of the tumours were not recognized
#doe to an environmentsl factor and others escaped notrfication on account
of inadequate knowledge. Also many were not recorded for such reasons
# rehuctance of industry to publicae industry relsted hamards. The long
Wbﬁmmmdnppmu\c:o{medma&mmldau
ith the recogrinan of 1ts true causation.
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Table 6. Latent period of ecrupetsonal caneer of shax

M ped e paed
rexn) {yerm)

Agent
Arvenic 185 e
B = B
Crude parsffin oll 1R )

In 1919 occupational cancer became a notifuable disease under the Fa
torres Act and 2 chnne speatfied  eprtheli i due
puteh, butumen, mmeral oil or paraffin or any compound or resdue of 15

80

Votuncary ~=—Soatutory motfcations

nocficurions

gL e

20
fo
L
ftm-
s~

i+t
Fggryd
Ty

Fig 3. Coal ar_chale od avd mmers! ol concrry
mtroduchon of Sutaion potification i Ergland and W\ ades (8. A. Henry (452

of the skin before and afier the

of these substances  Our knowledge of its inerdence In thus country denve
from these not:f lthough imperfect, the ¢ mate compiett
than those for any other country (Fig 3).

Ocaupatronal cancer may be sceepted for benefit under the presaibed
discases provusons of the Industeal Injurics Actsf it s shawn that it sros
1 & aequela of any of the prescribed drscases.

Tt1s unfortunare that the reparted figures still fall ahart of the total caset-
Omohbnmpednmuulhclonghlcnlmdhgperndquhﬂclbew
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of the particular job may not be apprecsated by the doctor  Also the
rmdujocmpnﬂmuuﬁmthnmo-trec:nt.whlchmxyhlwhﬂludnﬂm
to an earlier p Ig expoenre to eav tal risk, In e
recent mvestigation on 130 consecutrve cases of squamous eprthelrama
treated at one hospital in one year eighty-one had an occupations] back
ground, only three of which had been sppreciated and roported ss sach.

MEDICAL AND CLINICAL ABPECTS8

It w not the funetion of this lecture to enter specifically into these smpects
of skin cancer  According to tho litersture the followmg lexione may
sapervene after exposure to the sgents under discumaon.

(1) Acute snd chronle mflammatory responsca {exythroderma, dermatitis
follicaflitn). Chronic inflxmmstory conditions per s aro not carcrnogemc,
hﬂimnhgjnntdnngc-mszpcrmn:oﬂmch.mdphyﬂmlorcbﬂmml
traume to such pred d slan preap g changes,

(Z)Pigmmtdntu.rbunca.

(3) Hyperplastic and neoplastic  condstions—hyperkerstons, mtra
cpidermal pepules, warts, pedunculated, brosd-based pspillomss, cutaneous
horme—frank caremomas.

The prohferatrve 1f aro often multiple and usnally on the
exposed parts of the akin. Often pedunculsted papillomas or dry warts
remain bemgn and in many mstances regress. Maligoant changes ocour
m sesile, flst papillomas but cancer may slso develop in spparemtly
unchanged parts of cxposed skin after o lag pertod of many years,

RESEARCHESB ON MINERAL OIL CARCINOGENESIS8

Durmg the period 1923-30 Twort and co-workers at Manchester (Torort &
Twort, 1931) m.mmmmmadmmmt.m
mumber of spendleand other ofls wer mice 1n vanoos degrees.
'nuynhoindjmedﬂntoﬂlongmaﬂyoflov-cdvnymmademon
Pﬂtmtby:nckmgmdthnuurmeﬂtwhhlulphurlcnddlumthe
actryity They found marked differences 1n the activity of oils from the
fnnnlouhua_bdnghxghmdm:dd'hﬂdfrmnvmlnd&mm
10d lower 1n Texan, Pennsytvanian and Rusnan derived ofla. In an effort
o simuylate the use of non-caranogensc lubreating ofls they correlated
ﬂr:kumuumudng-wﬁtyww-rd-mwtbm-pedﬁcmqmd
index and advocated s sp fora non—c ofl
based on physical qualmes. Ths was, howerer not found entirely satls
factory end oils cormplying mth a move stringent specafication have recently
been evolved and made compulsory in spindle spmning (Auld 1950).
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Myownmtrymmdmﬁclddxmm:hchtmmmmwbmtthodmg
of crude ofls from many souroes, necestacy for economuc wnd milary
sessans had rendered st impossible to estimate the hazards smocated with
them., Abormduamdvuwmdmmdnmcrnhmbnngcmploy\:dm
mapy eV wRyR.

In prehinnsry work 1 was able to show on the one hand thet many
fractions of mineral ofls were very potent caremogens, but that eertan
grades of whte od of hight mmend paratfin type, free from colour snd
fluorescence, did not produce sy papiflonis 1o meee afier application for
12 months (Woodhoose & Irwin, 1950) We have snce also proved that
rabbits are mumilarly unaffvcted, which 1 of {mportance since some i
gredients in mineral-oil fractions affect mece to u very much less extent than
rabbrts. It 19 not slways mle to argue from smmal expertments, but in
view of the ebservations on human mncidence we behieve that any substaoce
produang even beagn papillomas on somls » potentally dangerow to
man and that tests 1o estinate the sciton of such maternls should be made
on at feast two species (Haeger & Woodhouse, 1952}

The Britsh petroleum mdustry was sble to produce suffioently lage
quantities of such 2n nert whute oil of eficent lubnicsting quality aod
under the Mule Spinmg (Health) Specal Regulations (s1934) 1t beame
» legal regy to 1o such Jot

The use of such mafe oils 1n cutting tool trades presents more dafficulty
but that & defimte hazard 13 present was shown by Crickabank & Squire
{1950). They found that sa & group of 138 emplopecs at bar sutomate
machines 1n the Midlands run at high speeds aad unng large amounts of
coolant oil 8o per cemt suffered from off foflicubus, and 5o per cent from
wurts, while one faral case of wrots] cancer was encountered.  Abo
Cruickshank & Gourevitch {1952) In mestigating forty four caws of
cancer of hand and forearm found that eighteen had » hustory of extonne
cxposure to cutung os. In both stes 1t i the excens of Jubncant thrown
off m & fine spray which contamunates the operators. In the case of cutting

oils the of cancer nd bstances may proceed dlowlf
during the pertod 1n which the sump off 18 submurted to heat by the cuting
operations.

Fortunately st ss probable that the incidence of skin cancer @t the conon
industry will decrease In the oid apindle machines lubracatron of the
beanng was requured very frequently and the spindles ran af over 11,000
rpmnbxhrmktdmthcommfugﬂchmno!thcmoﬂlh‘d’

d the clothmg of the dam whose man duty was to ean
over the faller bars abore the spindle to piece up the broben ends of
Lhmdnthtyamcthrwghrhcmneﬂ.mmuktpmdkhwn'
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meful for finest yarn and m some instances spmdle bolsters have been
introduced to reduce the numerous ofl spplications, while sintered graphite
bearings have been evolved winch require less frequent lubnaation, In
mamy modern mills the ring spmner has repiaced the mule sprmner Though
this does not producs such fine work it 18 sutomatic. In 19132 there were
50,000 mule operatrves, m 1957 lesw than 20,000

These factors, together with better washing facilines m factories and
homes and compulsory medical ntroduced in 1954, should do
mach to ehmmate skm cancer in theso industrics, At present it remnsine at
bout one case m 500 workmg spmnera. The late effects of exposure of
those who are now m other forms of employment ar have retred will still
be encountered.

In connection with the subject of personnel protectson 1t has been shown
that, for washing, special el removers are more cffectrve than soap and that,
in practice, barnor creams are of hmrted value.

Smee 0 many different grades of lnbricating oil are requured for ddfferent
Indusiries and machmes 1t will be drficult to produce spectfications to
climmate all denger However if the coct chemical structures of the
aremogenic compounds present were koown 1t might be possible to
remove them by some economuc chermical ar phymcal trestment.

This requires the walstion and testing of the powible carcrnogens and
& programme of research to thus end hes been steedily pursued under the
acghs to the Medical Research Coundil for the past scven years.

In the U.S.A_ » programme of myestigation has also been carned out on
oil products, but particularty with the immediate aim of asscseing the potency
and hararrs useociatsd with particular products of dutillation, cracking and
processng  Thus no precantions have been taken to provent the geners
ton of new cheruieal structures etther by building up from mmpler or

from more complex molecules. An indostrial heserd due to
(mmzﬂl-m'lpmdnmmlhﬂwnbysuﬂth,%nﬂahndksumn

1951).

In the Brituh investigation crude otls representative of varlous types,
for crample high nephthenic ar high salphur wmdnmfurmxdyﬁun

ficlds fn Euwart, Lagunilles, and Oklshoma. A
cthbydnﬁﬂmanwuuﬂicduutbytbcshdlﬂmmtmwsuﬂm
104 from these an senies of sub-f and solvent ex

tractions were camed out under the supervision of Professor Morton st
the Department of Chemseal Engineering, Bummngham Unrversity (Iater
nhlmchmu—)(()mtbmud. 1955). The condrtrons throughout the
work have been fully died 00 as to eli amy risk of produd],
utcrmgmbymckmg Byworkmg\mdermdlmcdpm:mdimm-
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duang stesm, f; were separated g oaly the compound
presesst In the ongunal oil,

Thesc fractions have been tested on mice and rabbits in all cases for a
penod of 13 manths and the revults cocnpared with standand soluton of
known pure caranogenic compounds, So far we have been unshle to we
any physical charsctenstic s & fure gude 1n following up the frectionation,
for although the crudes and thewr fractions are highly Suerescent the
complexsty of the mixture 18 such 83 to prevent the spectrs or wtra-violet

Sooj -

Fix 4. Compounds syalared from Kauwss museal sl by chromwography of picretes.

sbsorption charsctenstics of any partculas component bemg deternsined
with sny precanon. The investigrtions have shown that the crudes conan
crcmogenc wgredsents wnd that they ste specually concentrsted m the
tugh batling frections and residues.
The compounds can, however be divided into & numbes of types, for
s Ll s " t or nuphith

P
d

P ¥ P
muxtures. Some of these have beent sep d by P
for ecxsmple of the aromaticy by equeous scetone and these can sgam be
separsted mto different tvpet by forming complexes wath makee snhydnde
or picrie srnd. Separahons in speast stills and chromatographuce techrsqued
]-urtpmvulcdr_mmhnhldl DrJ W Cook and Pr W Carruthers 8
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S Methyl] 3-Benzfinorms

128 7 Totramethykhibemaothiophest

Fa. 3. Compourts leoleted from Kirwett mineral ofl by crometography of pheratee.

MOO O

135 7 Tetrematiylaniirsome

1 3 67 Tomnmathyhntirecme

Fig. & Kuwalt minersl oll
Compoanda okt fram. by chromatogrephy of
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Exeter are examimng to uofste pure chemicals of types poasibly cancer
mduang When these have been dentified sufficient supphes are being
syntheslzed for tests oo amumals, A number of thome for which the
formulee have been proved are given m Fige. 4-6. Amompat those
already produced are vome inlng wulphur  Compounds have been
molated which hitherio have not been tested for caranogemuce sctinty {(Cook,
Casrruthers & Woodhouse, 1958)

At present the exact blologreal mechanwm by which such hydrocarboss
mduce morbed cell dupheation 1 not properly understood, Some sugpestion
based on thear resctaty towards cell protam are findmg faldy wde
scoeptence, while the srmangement of the atoma 1 the active molecules,
compared with stractures diffenng enly slightly but showng no eancer
induaing acuvity 18 bewng wnterpreted m terms of electron dmtribrabon.

Tt 13 powsible that pew claswes of pure chemecal carcinogens will be du-
covered whichwill beof mterestand use 10 the mors fundaments! spproaches

to the prohlem of the mach of caneet id
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THE HAIR CYCLE AND ITS RELATIONSHIP TO
EXPERIMENTAL CARCINOGENESIS

BrH J WHITELEY

‘The process of hair replacement in the smaller rodents s dhcontimooas,
ocourting (n penodic waves of setive hatr growrth which start on the belly
and spreed over the flanks to the back, wrth intervening periods of quks-
cence when there 1 no growth of hur This process waa fict described
the mouse by Dry (1926) and in the mt by Hsddow e al. {s943). Adimihr
pattern of hair replecemnent has been described 1n the rabbit (Whiteder &
Ghadally 1954), but here the waves of sctive har growth, whach ocenr
once or tics & yesr spread from the beck to the belly Between thewe
waves of sctive growth the skon © 1n & resng state for penods of up te
8 months, and there  no growth of hair  In spite of the conndenble and
expanding knowledge of the structure of the hair follicle and the changes
that teke place during the hasr-growth eyele, which have been extensirely
reviewed by Hamilton (1951), Chase (1954}, Montagoa {1956) and Mon-
tagna & Ellw (1958), Ltk artentiots has been direeted to the study of the
effect of the hair-growth cycle ot the oxpenments! producton of skia
tumours, or how ths growth cvcle may modify the reachon of the din to
the careinagen. Thus 13 surprng for duning the regrowth cycle the follicle
eptthelium s the aroat actisely dividing and the largest epathehal structore
10 the sbin and there 13 8 well recognired relationship between the mitoue
activity of & tsue, in particular siun and the modence of expenmentally
produced tumouss (Bullough 1950},

Wiale the har follide has been sugpested =3 & source of squamous
caranoms in the expenmental antmat (Glucksmann, 1645) and 1n man the
source of betal cell cartinoma (Foat, 1951), these observations, hased
salely an mecroecoprcal study of the shin, do not take nto account the
fact that the barr follicle » not a permancnt structare  but undergos
profound changes from active groweh 1o almost complete regremion. The
first observation that the har-prowth cycle mght influence the rexcton
of the akin to 8 carcanogen were mode by Guldberg (163¢) when he noticed
the fuctiation m the size of tar papidlomata parallel with the hair
cycle. Semilarty \lattram (1g45) obsersed that in mice the ure of exper
mentally produced papal 8 d 1 x¥ with the har
mmhcydc.bccunmgmﬂerdummtbepemdofhmgrmﬂh.“aﬂmh
{1951}, while umble 10 correlat the formation and duappearance of
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papillomats with changes m the hair cycle, noticed that the celtular sctivity
of the papilloms mereased when harr growth occurred 10 peighbourmg
follicles. Ho also observed that the response of the skm to the application
of & carcinogen vaned greatly 1o the different stages of the har-growth
cyde.

Andreasen & Engelbreth Halm (1953), 1n an investigation in which mice
mn different stages of the hair-growth cycle were painted once anly with
& caremogen, observed a higher incidence of tumours when the caranogen
wae spphed to akdn In the resting phuse, but no difference was detected m
the papiliomat that developed from the orginally active or quiescent skin,
Luang & Cowdry (1955) using whole-thickness monunts of mouse epiderimus,
were able to show the angin of papillomsta from follides, some papillomata
later developing into cancers. They suggested that tho differmg phases of
the haur growth cycle were partly sesponsible for the drffering respanse of
the xkin to the caranogen, and thought that this difference nught pley an
mportant role 1n the later stages of carcinogeoesis as well as in the eady
stages. They noticed occamonal regremaion of the narrow-based papillomata,
and fluctustion 10 sixe of the broed based papillomata with the phascs of
tho growth cycle. Lennax (1955) described the development af tumours
fram the hyperplastic harr follicdes 1o rat skm following the repeated
ppliction of 2-anthramma.

"The rat and mouse are not entirely satafactory animals for the study of
the effect of the haur cyclo on experimental caranogeess, as the period
o€ Lalr growth Is short and the phaso of folicular actvity m Dot umform
thronghout the flank st any ote tme.

In a0 attempt to overcome some of these difficalhes the rabbit was
sciected a3 the expenmentsl animal partly becsuss of the longer penod of
hulr growth, but principally becruse st is possible to prepare animals in
mlmthnkumuwuﬁhnmlnknmmmguufchnhdr-ﬁuwth
eycle at the of the exp Ths is due to the fact that
the bair-growth cycle can be artificully sumulated in aress of skm by
Phlchn&mnﬂmuvm—lymghmrdunngthnq\nmplme. Further

wvestigations (Whiteley & Ghadully 1951) had shown that
there was & definito relationalup between the first sppearences of fumoars
aad the state of the hsir cycle at first punting More detailed expenments
1957) 1n which the flanks of eighteen rabbits were prepared in

%ich 2 manner that there were aress of skin m the quicscent phase, the 1st
dey the 12th day and the 3oth day of the regrowth cycle st the first applica
tion of 1:2-dimethyl-g.10-benranthracene confirmed the exrlier impresnon
that there was a relationship between the hair-growth cycle and the develop-
ment of tumours. Here two types of tumour were seen to develop in

oy
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rd&unxhptothcdxﬁmtphmofﬁxchqu: Qne type swas s husto-
fogrcally malignant tumour oom:rmgdunngtbcqmemtph:x‘lh:t
memmmmncmnmnmﬂmmﬂdw
dunugthcgmwd:phm Bmhtypuofnmmrmﬂyundmn
dnngctoprogrmntmmmgmmhhmpo-mhmd,beamd&x
nrikmgnmﬂmryofbchxvmwbctmthcuﬂ-hu!mgmmnmdthc
har folliele—rapid growth down tothepannxwlmurwmdtbcn
rudden regreswon—that the self healng tumont developed from the
gu’rmmlhudfmmwhxd:thcmbmgmmcxpmmuﬂypmdwcd
mwhumhummapnmmkmmhmwmmm
studied i great dewsil by Ghadully (1958) sho concluded that the Jeson
sriscx from the har follicle Lhmconﬁmnngthcmafcdnm&:ﬁabd
(1955) If these tumoun develop from the haur folbde m particalas the
gmmnﬂbud,thcdm‘bumnmﬁdbeapeandm\hmnmwhmthc
rmmgpbmof\}whmmlongmdthatfmwbemthcmhshm
{Chzse, 1954) fmthcgermmllbudwould(hmhvclgmtcrkngthd
cxpmm!oth:amogﬂunngwh&nimthm:gh!mh;nrﬁymﬁfbk
for 1ts develop Thas relat ‘,ummmm.udxlwanm
fmndmwmmmm}ynntbefme,mpan}w\udxnmmddxdl
Mlqﬁ)“ﬁr&.ﬁlﬂmhlphcmnmmﬁmﬁymmmw
wibunon of pitch  warts (Jenkms, 1948) for out of 158 treated lewoas of
thebctdmdnu:!oxﬂymnc}mmlmfmdmthcbﬂrdmmdme
on the hary saalp ’I‘h::mpommofxbchnirfomdcunho.}mmmthc
ohscnmon(hnthcoelmcmucmmmxkcpalmohbchnﬂlmd
Twm&Twon(xg;b)faﬂadmpmduc:nmmnmmwboflhtftﬂ
of muce  Further anmm&nhhuddﬂmm
wmmmemzmnmbaﬁmmnmrmm-}m
hmednhbxtwhmmmpumdwxﬂ:mrmdmdmgmmm
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DISCUSSION

Charrman D F RAY BETTLEY (London)

Brrier  Regarding ulta violet Hght s a careinogen, it has occurred to
me that ultra violet hight may be ane of the incomplets carcinogens to which
Dr Foulds refezred perhaps he would comment on that suggestion? Th
mught explan the secmingly rather irregul effects of ultra
vialet hight on the hurmn sk, | beheve Dr Woodhouse hinted at this sls
and suggested that uitra violet Light might be & promoter in & skin that
wis slready inpured by tar Men who work with tar become sennuive to
ultre violet fight and ft may be that this senvivity plays s part in the
production of carcnama,

The substances which senutae the skin to ultre violet Ight when they
are placed on the skin are often fluorescent or chemically selsted @
Avorescent substances and ths makes onc reeall Dr Woodhouse # menton
of the fluorescent properties of the carcmogen. I there perhspe 8 relation
between phot ing and genic properties? After what hus beee
sd, danscuns may be s hule surprised to se wo fow skin caranoma
attributable to fubrating ol Tlus may be becmme the tncubation period
3 a0 extresoely long one, up to fifty years or more. I wonder whether
the carcinogens 1n the present lubricating cils have always been there?
The processea by which ctude ol 1 refined nowadays rie different from
what they were some yesrs ago and perhaps the ofd style of Jubnestmg
oil contaned fess caranogens.

Dx F Masroe Beane (Belfart). Hrs Dr Whiteley been successful o
producang the guat form of tomouc i the rabhut ¢ skin smudar to what we
see otcamonally on the human slun?

Da H Wurrsrey (Cerdiff). The tumours that § produce in rsbbits ase
fairly large and onc of them wis cortninly sbout three inches acroas. 140
it think ot m necessarily the sure of the tumonur that affects wta pow et of sell
healing  In the rabbst the haira are 10 & compound follscle there are lasge
and srrmall hairs and the different szes of the tumours may depend upos
which type of follscle i affected snd how many fallicles are involved.

DxC H Vprerie (Cambndge). The question of the dutribition of the
fumours M 1man seems vew nteresting and worth followmg up In the
preture that Dr Whiteley showed of the tar sorts on the face, T think b¢
suggested that it w2s the lanugo hair dstnbution which might serount for
this selection. There o, s0 far 13 1 know o rocord of self bealing tumoun
araing on such Areas ss the palms and sales where 1 bel eve there o€
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schaceous follicdes but no lanogo har Does this fit In with his theory?
The only other polut 1 ane T have alreedy rused at the Lest BAD meeting
ot Cardiff namely the appesrance of these tumours on the Ip Thore are
10 obvious hairs on the red margm but there are quite definitely sebaceous
folicles. Are there perhaps also lmugo hurs? Dr Whteley took the hne,
wiuch I do not sgreo with, that the tumour arvee on the hair bearmg part
of the bp and not on the mucous membrane. The tumour 1n fact etarts—
md the remchnl acar s setn to bo—wrell inwde the red margin, It
possible to argne that the tumoar started in the hadr follicles and efperged
from undernesth on the surface of the red margin but I think the ex
planation, which b bomne out by other cases 1n which we have scen the
tumour starting on the red margm, 18 that it does in fact armss on the mucous
menbrine and develops probably from ecbacecus follicles, possibly from
bnugo airs.

WamELxr T quite egree that there are sebacocus glands 1n the bp and
ot i correct that the hair folkcles and sebaccocs glands form a pilo-
schaceous complex  possibly in the vermilion border the sebacoous part
only of the complex 18 present. Whether there ars any small or vestignl
bars thers I would not like to sxy bt 1t » & problem that needs investign
ton. Bat I stlll feel the tumour we are now ducussng arose from the
Hargm where there are very wnall hors, and even if the final centre was 1n
the red margmn, I am not sure that this mdicates where the tumour anginally
Started. But I agree that this » e pount of dispute. There are no pilo-
schaceous complexes on the palms or soles of the fect, and becanse of this
You do not find any keratoacanthomata there.

Dz L B Swiooox (Shefficld) I ahould Iike to ask Dr Whiteley what
the relanonship is between his tumours and true eprthefiomate. Do they
sl regrems or do same go on 1o trus epitheliomatx?

Warrerey 1 found that about 3 per cent of theso tumours do progress

nd will metestagze. They start m the sxme wiy 28 the sclf healing tumours
nd it 18 impossible to tell the difference when you first see them. Some of
them progress and even when there  endence that they bare produced
b it 18 impossible to rguah hustologically between them. Even
tha metsstasce which are present in the regronal nodes scem to undergo
Partial regression.
Da A Jamerr (London) In the resting phase of the halr cycle the
cpuderms and the dermus are also mactive. During the growing phase all
threo becoms active and therefore when a stimalus 1s applied at this tme
T could equally well mduce & narmal growth in the epidermal celly o3 in
the hur follile cella. It 1s therefore possible that these tumours could
ociginate from the epidermis.
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Dr Whateley mentioned that the growth cyele of these regressing tumearr
osght be related to the naturaf hawr cyele of the anfmal  I€ this were 30 one
would expect anfmals wnth long hair cyeles to have long ssting tumoun
whilst those with ehort hair cycles would have short Ined tumoun,

Warrseer | bave found that the pertod of growth and rogressson of
the tumour  pot directly related to the length of har The penod of
growth and regresmon seems to ncresse with the duration of the experiment.
1 agree that these tumours might xmse from the epiderrms but I do st
think rt likely a8 thewr behariour and the relaton of the tomours to the
cycle suggests that they almost certatnly come from the follicdes. T do not
thunk regression 1 related to any change m the dermus, althongh the dermb
stself becories much more sctive and the blood supply mcreases donng the

growth cycle.

Dr N Hjowrn (Denmark). Andreasen & Engelbreth Holm (1953
found the inaidence of expenimental skin tumours in msce to be refated to
the hur cycle. The problem was further igxted by himken-R
(r956)-

It 18 of interest to nate that the Danuth workers found the incadence of
papiliomas 1 muce to be higher when the caranogen was appled durmg
the resting phase than sfter apphication dunng the growth phase of the
bar follicles,

Warrerer There 13 2 species difference between the mouse and the
£ablit, as regression does not oceur tn the monse. This may be partly due
1o the fret that the growth eyele 15 much shorter than i the rabbit,

Du C D Carvax (London) Thu work on carcinogenesss purticulardy
touches us, s dermatelogists, on the subject of promoters. Some recent
work on promoting scuvity of Twreens scema to be of great impostance.

Tucens are widely used in ie prep and one 1 d 10
know whether such substances should now be wsed at afl. There s & by
daff m the wed. In the expenimental work the

rubstances were used pure wheress we use them for slun preparatson in
very weak concentration.  Another pownt s how far can we spphy evpent
mental resulty 1n the tamour-susceptible mice to expenments 1 man?
Sumilar questions have been sused 1 the case of epoxy compounds whuch
are used m wmthetie rewn systema, Many industrn! saentssta are o
cerned with the queston of ahether they should conunue v ing thern
because of ther posible caromopenic sctraty T wondered o Dr Foulds
wou}dgnvmhugmdzmcontbe!mc:cshou}dult”ngmhwd'
yubstances 11 there 47 33y method by which campounds can be maessed
for thtrr caminogeme sctnsty before they can be safehy put on the

market?
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Dz R. D Sweer (Plymouth) I would be interested to know whether
the order of potency of the vartous carcmogenic agents we have been told
sbout 13 the same in all specics, or whether for 1nstence, one agent might
be prrticalasty powerful in the rat enly to be surpassed by others, for instance
i the rabhat,

I would like to stk Dr Foulds about tranmsplantiog tumours fram one
tnmmal to another one of the same speaas. Do the sme rules apply e with
bhomografta, or are rpidly growing tumoar cells no longer antigenic?

D2 D L. WoonHOUsE (Bumungham). Dufferent species do respond
differently to different caranogenic agents not ouly with respect to the
shin bt also with respect to the production of tumours 1 other organs.
Berenblum & Schoental (1947) obtuned a fraction from coal tar which
would not induce slon tumours 1n nuce but was active agunst rabbit skun,
The fraction contimined no benspyrene but the chemical responaible was not
identrfied, Abo mice are very unresponatye to our suner] oils wheress with
rebixta ] get all the types of tumours which have been shown on the siides,

Dz L. FouLos (Chalfont 5t Giles). The qustification for using mice for our
Sperimants 1 that the responsc is closely similar to induostrial experience.
A1 Dr Woodhouse mentionod, you do ot alwaye get the same results in
nbbits 1 you do 1n mce.

About transplantstion, T thnk T must have musled you. The transplarts
tlon of tumours can be very ngidly limited ust as akin transplantation m,
'hﬂ!nthnnrm]ummmw:ﬂxlmwnm}au but m the course of
tnsplantation the tumours are lkely to get more adsptable and can be
taeplanted to more remotely related animals within the same specics.
Ymmnmmphmzhmwmbﬂ-peaabyknxhngmd)cmﬂ‘ﬁng
mechamgm by irradistion or by cormsons but then, e somcbody has
Pomnted out, the apmmal becomes litfle mare than a mobile incubator  In
e, geverally speaking, you cannot transplant a tumour from oee inbred
tpecies to another Tho hrstocompatibilrty genes seam to bo n the tumour
c‘ml:wtllnmt.hzukmgnfu.

D2 E. M. Daratnson (Stoke-on-Trent). What evidence is there that
traums plays same part in inducing skin cancer?

FouLns. Tramma  a difficult pomt—there o tome ground for regardimg
™ 1 & promoting agent or a localizmg agent. When the akin has been
Provoked into e stato of wapient neoplesia then trauma may determune
the poxnt at which # tumouor shall ase on the skin.

What aro the speakers views on therapeutic tar cancer?

WoooHoerr, With regard to the tac of olntments contunmg tar extracts,
M Berenblum (1g47) did some work on thi type of substance, wung
Tiquor pacis carbonly (BF) 20 per oout m aloohol. He applied the solution
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for long periods to rasce and obtamed mafignent tamaurs, § would not lite
W grve A0 opirios on the effert of such maternad umed therapeuteally
Dr 8 T Awxaxg (Lesda) Is it grue thay there are carmnogenic sub-
stences m cxhsust guses?
Wooprgnsz, Much wark has been dasie on thn and snsfogous probfems
toing pheric palt Small of sub ach »
3e4 benzpyrene bave been shown to be present in theae exhaust gases.
Whether they plsy 8 part m evolang Jung cancer I wowld oot like 10 sy
The exzct physcal state of these and other comxpounds m the sir may bave
m enonmous mAurace. The axact wre of the partcies, how suspended, and
how they are abworbed 1 the Tungs are il factory which have to be
consudered.

DnT B Freeesrucx (Harvard) Ultra-violet vadunt energy sppesss
to play & mafar role u the pathogenests of carcmmona of the cxposed surfsces
m man. The chnweal observatrora are amply supported by studies in which
sruficl ultra violet swchiant energy has been shovn 10 induce the develop-
ment of gt cell md fib in albino muce. Soms
recent observationy i ous Iabomatory indicate that the rate of twmous In
duction o mgndiceatly bess m pig d (brown or bleck} mice. Thas
would euggest a p role of melenin prg; snd explun alo the
nity of bass! and squamouy cell cxrcinoma in the Asestic and Negrod

moes, and the very Iigh modence of crretnoma of the exposed surfsces in
human albnos ressding n South Afriea.

Dz Baran Ruserrr (London) I wen wnterested to hear Dr A, Glockomans
fy that in muce exposed 10 dimethyl-benzathracens the sbsence of har
fotlicles of a previous exposuse to an epilatng dase seema to favour the
devel, of el

- 2 instexd of ep
1 have secenily studied eght canes of fbrowarcoms of the skin {othr
then dermatefib protut } follomny cxposure to jomank

rsdsstion Theee cases follawed \. ray treatment of scarred harless patches
of lupus vufgars. Two folfowed % ray eptlaton trestment of hirsutes and
ope of them had also had radon sserted nio an eprthehoms which
developed 6 yrars before the fibrosarcume. One developed after \ 12y
sreament for thyrrourucosss which had been followed by persstent
‘ o folloned radium of an eprthe} whch had
developed in the scer of 8 bumn anid ane aroee on the tp of the thumb of 3
technrcran who fhad been hendling radon. These fibrossrcomata des cloped
from 15-4. years after the exposure to tonwuny rdsation A verage of
38
\?:r;mz. There sre a small proporieon of tumoun with # baralect!
histology wluch show complete clincal rerresson 30 that sportancos?
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'y I» not confined to coll tumours, I have dscissed the
Fuﬁvnthﬁzznhﬁﬁiwﬂlndhnlgma that ths doas occur  Does
Dr Foulds agreo?

FouLpe. With regard to regresszan one of the rexsones why I introdoced
the subgect of what I call the fmpaortant caranemats 13 because we must
tpproach this subject with an open mmd. What I would object to is the
sxtemnent that if a tomour regressed then 1t was not a carcmoema by
defintion. T want to get avay from tins frustrahng or parslysmng stato of
mumd, so that wo can kecp an open mind and find out whet reslly does
bappen. In the laboratory and cHmcally there o & good deal yet to lexrn
about the potentialities of tumours and their natural history and I think
there is good ewidence that regresmon does occur and quite apart from
Tegression the rute of growth of tumours yxries conslderably from time to
time in & way that the text books often fail to mention,
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SOME ASPECTS OF THE MECHANISMS OF
THE THERAPEUTIC ACTIONS OF IONIZING
RADIATIONS IN MALIGNANT DISEASE

BrJ § MITCHELL

It o well known that the ioninng radmtions produce s wide range of
disturbances of biological processes. The mayorsty of these aro deleterious.
In the radiotherapy of malignant dizcase, yalushle rsc hes been made of
these caentually deleterious effects by the application of 1onnmg radistions
ueder surtable condttians. At the present time, X rays and ¥ rays, mainly
those of radrum, are stil the only agents, other than surgery which bave
produced permanent heahng of certam types of malignant tumours m
wubstautial mumbers of patients, The first cases of cancer healed by X rxy
theripy were of squamons-colled carcmarm af the skm and were treated
In 1809 by Stenbock & Bjdgren m Stockholm. It i often said that radism
rextment began as & result of the bumn received by Becguerel m 1901 after
bo bad carrred a radmm tubo m his waistcost pocket for fourtcen days
(Beoquerel & Cune, 1gor)
The nemerous eady radiobwological mvestigations were directed fargely
 the develop and mnd ding of rediotherapy Much of the
Qrlier work wes forp pecully if the signt of the findings wrs
0t tnderstood st the time. A striling example of thes o the observation
of chromosome breakege by donmng raditions. This wes described by
l’m‘l'nm19"-1-4»lmiﬂ'\.u:hedmnc«mcd.cm']byl’ll:llaHcrtwrg'mlgu
However 1ts Importanca was not realezed until n 1ga7 H. ] Muller (1927
1928) made the fundamental discovery that m Drasophila, X rays were ahle
0 induce mutations mdmwtingusbable from thoss which sppeared spor-
Shortly afterwards Muller & Attenburg (1930) found that X rays
hhdﬂmdmm-ldnnguinthoahmmuomu,mpn—umhrm
szmilar to those occurnng natarally  About the same tune Stadler
[XMWﬂmemdmeymdmpMUammmm
wd breakage m plant cells. This remarkable work inspired
mmﬂmahinlogiulmdbwphymulinvﬁﬂgihﬂ'buthtdpﬁcﬁﬂﬂ]m
infhuener on mechical rachobiology vati] about 1946 and sall bes not beea
fully axsimdlyted mto medscal science.
Clisicay 1 wtill emprrical. Tta developrent from a funds
:Wmdmmmdmmmmnnmﬁunmmdm
P“"ﬂdclbmfmhel lappl of radicbiology to radiotherspy
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For tha purpose, it u imporiant to try to form & coberent quantitstrvee
prcture of the mechanuma by which the measured doses of N and 3~
endiationa sot upon the cells of & mabignant tumonr and the adpacent and
wmterwoven normsl cells and bes, and upon the patient as & whole, to
produce the sclective response which under favourshle cucumitances
results 10 the permanent heshng of the tumour and the cure of the patient,
An even more difficult aspect of the problem w the nature of rado-
resistance. It 1 of grest wnporiance to undentand why some sndrdual
tumouns of types that often respond, and scmne types of tumoury, sre pot
curable by radiotherapy Further one must hope that knewledge of the
details of the mechunums of the therpeutsc sctions of 1 and v mduations
on human malgnant tumours will belp to provide & mational baus for the

chemotherapy of cancer
'muunuugxﬂnlydxfﬁmhﬁddofbm{omulmdnwdialmquy Itp
clear that collab e truned 1 & wde range of
fic duciphnes ‘fur,. gress. The divernty of the evidene
mmngthcﬂnmnn?mo{tbzmbmum“mo!ww
problems 1 genersl, B it s fmp £ that the

dymcpwogzalmanundnmummuanmnmﬂm
from the biological pont of view

It 15 necessary to anslyse the clinres) observanors and the results of
experinentel studier by all the svaillable quabitauve and guantiate
methods and for the duffe levels of org from the 7
down to the mscro-malecular and molecular

HISTOLOGICAL OHSERVATIONS

All the evidence suggests that the mmx irnportant radio-lenica prodoced
by thersy doses of rad n pic, Even present methods
aof electzon mrcroscopy do not appear to deroratrate i, alshough they show
the occurrence of changes i mutochondra after small doses of radianon
{Scherer & \ogell, 1958}

“evertheloss the methods of casucal fustology are stall frustfuf 1 pro-
vding information at the cellular level concerning the mechansms d«!mb

therspeutic sctsons of rad The rad ity of prohe

hat Jong been recogmzed. Microscopre studses hav e shosen that deeperstion
of rad cells after therap dones of rad perurs by ont of
two general mechantma,

(1) The actrow om probiferat & ¢ [l thet s demosstrable macroscopeeall”
10 terma of mutetie indubition and ns effects snd sequelae cuding cell
degenerabon, d cell enfarp and probabh induced differen
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tution, with recovery processes hater if the cells have not been damsged
0o severely

A temporary oodemt of cells and tumucs a few hours after therspeutre
doses of radiation has often been observed clinically and recognized by
Istological methods as cell oedems and vacuolzation 1t is of practical
mportanics mn the treatment of mal prongly infroquently
(2) The process of acxts cytolyns 1n which certain highly radiosenaitive
celhs break down and degenerate after irradmton without the intervention
of mitoens, Among normal celh showing acute cytolyais after small dosca
of recuation, the best known are the small lymphocyte, spermatogonm of
Ixto type A, intermediate type and estdy type B prmordial oocytes, the
baal cels of the crypts of Licberkithn and the embryonic neuroblast,
Similer behaviour occurs In sows of the tumour cells in besal-cell caremoma
of the wan. The small lymphocyte 1 not a mutotic cell but is the most
rdiosensitivo somatic cell. Tha basz for the radiosenativity of the small
Iymphocyte i not understood and prosents one of the problems of radio-

The genaral correlation of racosennitryity with mutotic sctivity and lack
of eell differentistion tn & proliferating tusue or malignant tumour hes
"mxbu:nru:ngm:ed. It was expressed 1n theso-called lsw of Bergorué &
Tdboadexu (1906) However ths lew although a general guide, is not
t in detail and m most highly radiosensitive trmues there aro primitve
eella wluch are redio-resietant and from which the timeue regencrates of it
BuTIves to do so (see ‘Tnllis, 194g). Tho mechanm (1) involving mitotic

cell degeneration, and in some cases cytoplasmic differentation
b the most important process invotved 1n the retrogression of the mefonty
o the radio-responsive tumoury trested by radiotherapy including for
Iple, squsmons—celled carcinoma of tha akin

It is bmportant to distmgunh between Zemporary effects Ttk recovery
#ch @ temporary mutptic mhibrhon aftes small doses of radution, and
Mmarent effycts In the therapeutic sction on malignant tumours, it
PPears that the moderately high doses of radiation necessary for healing
Produce rreparable damage to the molecular structure of the nuclel to-
Tther with permanent inhibition of mstouss, which & a rule 1 anly complets
M 2 number of cell drvisons

.n’“‘ﬂnmemdmaefurthouhtmmofmtypuoiumponry
ot inhihaon mduced by Xorays. In the highly mdiosensutive neuro-
blaxt2 of the embryo grashopper 50 per cent mutonac infubntion 18 produced
h"'h“m'ndounf4r(lee8h:v 1958). X ray-tnduced mitatie inhibition
hﬁld‘“‘mmbdowyrmlderm—obicwndﬂﬂomwdbduerunda

lnnxlcﬂmd:dom-ppanmbemndxﬁcMnymdu:nhlgh:rduu,
»
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where there 1 dose rate dependence and a dose threshold, 1 addmon to
the prolonged mhibitlon.

Interference with the mechanmm of mitosss is a senmtrve index of radiagon
mjury 1n somnanc cells, In peneral terms st appesns that primary damage
w produced m # high proportion of the cells of prolferstng tissucs at the
tine of wradiation but that the damsge 18 not viuble untll the celh drvide.
The sction of radution on the cells dunng interphase appests 1o be e
umpartant factor tn the damage 1o cefls axsocaated with permanent healing
of the tumour

For practical purpowcs, sa » first &pp 1, ONE CAN LP the
Erologrcnl effects ont humnan tasues of ningle localired doscs abovs and befow
the level of sbout 750~1000 t of 250 kV X rays. In relation to the muni
mum tamour dose of spproximately 2000 rof this mdation neosysary (o
produce permsnent heslmg of & small squamous carainoma of the human
shun, !h!thru)wldladafdmulbmxtp‘sopamL For tho usust end
more eff d radiotherapy with oversll tune of treatment
bﬂde&ywmdbwneh,lhzthrabdd:ppunwbcmbnh}gb«
sn the region of 5060 per cent of the minimum tumour dose.

At doscs above this threshold Ievel, the effects of radaton upon capillary

dothelium and upon collagen, mcuding the formeton of collagen, 1ad
delayed degenerative effects upon the walls of the blood vessels become
inportant. ‘These delaved pathological effects invuinag blood vesscls sre
of particular clinscal inportance sn mtes where the chanpes are dedetenious,
11 10 the kadneys, the hesrt, 2nd the centrsl nervous system including the
rehina

Selective effcets of raciation on differsnt types of colls are tmpartant
wwdcnngﬂ:ehmo!og:cdcﬂ'crmefmdmmnmmn\mmd

The mect by which malig: trogress
after therap d i compiex, The hutologroa! studies sugpest
th:xmndm—mnbk sumouss welectvely greater injury 1 mflicted by the
radiation upon the tamour cells than upon the cefla of the sdjecent and
tnternoven normsd tssues. The damaped tumour ceils appesr to be pre
vented from recovery by the narmal cells of the so-called stromas reacton.

For many vears, ¢hoicany have been coivinced that the resstunce

t ns of the ding and anterworen normal cells sod tmoes
arenearly ssump 110 radsol 1 cure ax the dep of the tumots
colls themsehes resulung from wraduaton  In 19:.8 Forssell wrote The
swder our experence becomes  the more do we realise the part which the

cral resista e power of the ind vidual plavs for radiofopwat healing
firms the truth and impastance of this statement.

Hm\e'm much further nork 1 pecesaary to sudy tta saenufic bat.
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Perm retr of a malignant tumour after radiotherepy is
mﬂrm%M-pmnwmm-mmmrapm
In the absence of the stroma resction, many of the tumoar cells recover
from the inttral radistion 10jury and grow agawn. This has been emphaszed
unce the expenmentsal work of Cramer (1932) and of Ladford (1932).
However most of the sntmal experiments over many yesrs have been carried
aut with transplanted tumonrs. This method an grve fallecious results on
tecount of thoe reaction oftha host on the unmunogenctically foreign tumour
trenepl, ofen t d cmn be cured more essily than their
P u(l-ec.fm- mple, Réviaz, 1958). With regard to

thc stromz reaction, 1t hes been found that locsl pre uwredtion of the
mphntation site resalted 1n growth mhibutron of a small mocutum of
viable tumour calls (cf. Vermund, Stenstrom, Messer & Johnson, 1956).
Révta showed that this inhibrtion could be partally counteracted by the
Peesence of Large numbers of tumour celis winch had boen kresvily irradumted.

APPLICATIONS OF CYTOLOGICAL AND
GENETICAL METHODS
‘The problem of whether or not the production of chromosome structural
changes is the most important mechanism by which tumour cells are
demaged and killed in radiotherapy 1 still under discusmon. The most
levant processes mvolved are the los of chromosome parta followng

ungle breaks of ch and the prod of invmable chromosome
lbmmu-mﬂtufuymm:malmtachmgudn:mbmhgeaf

by q reamon 10 sbnormal waya,
There 13 derab} i d that m plant Is the

bduamdd:rummm:ﬂdmguanuphmdnla.hﬂcﬁm
ﬂm;mngndnmmaﬂ-(su&nmmﬁdd, 1043 Gray & Schales,
1951
Howover 1t seerns to me that the evidence now available showy that this
® not the case in the sction of therspeutic doscs of X and ¥ radutrons
Upont human malignant tumours.  Professor P C. Koller (1g58) was able
0 erry out detailed cytological analysss of the response of three cases of
qusmons-celled carcinome after treatment with ungle doses of X-rays of
28003000 r Ho found that cell drvision was suppressed for 6 days and
that not more than about 75 per cent of the dividing cells had chromosome
microscoplcally vmble at 8 deys after treatment. By analysing
seml biopsy specimens taken from these tumours, 1t was sscertained that
o0 the ayerage 8 days after trearment was the ime when the number of
cells injured by the dose of 2800-3000 r was &t its maxmaum and that after
e
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this time the number of cells with microscopreally d ble ch
injurres decreased ramdly  Nevertheless the tomours subsequently do-
sppeared and remuned healed,

The 1ole of factors other than the induction of mucroscoprally roible
chromosome aberratians 1 the production of lethal effects on cells =

supported directly and indirectly by & considerable range of experimental
evidence.

It sppears that by increasng the refinement of the methods of mudy of
ch infury it b pomaible to d progrentvely

smaller regioas of damage. In this paper it 11 suggested that the bam foc
the lethal sction of therapeutic doses of sontrng redistions upon malignant
tumours 18 domags {0 the macromolecular dructere of the cell xuclen Itls
envisaged that microscopreally visible ch breakage Is an extreme
manifestation of this damage to the macromolecular architecture.

SOME PHYSICAL AND PHYSICO CHEMICAL
CONSIDERATIONS

In studies of the induction of gene mutations and the effects of raditiom
upon enxymes snd viruses, o large bodv of knowledge has developed on
both the experrmental and theoretreal mspects of target theory The am
plest type of target theory deals with the case of the single-hit type of
balogreal sction (Les, 5946). Here it can be shown that a sensitive volume
w the cell is i or changed by the oc within it or very
trear to 1¢, of & ungle elementary phyncal process of energy abwarption,
Meanung one foazaton or more probably a single 1on cluster This type of
theory has been useful a3 an snafyucel tool in explaning & number of
quantitstive dats concernng the production of gene mutxtsons in Drotephils
by different types of radmtions and the mactvation of varous enzyTes,
macromolecules, phages and emaller virusea (see, for cxample Tollard,
19353} However the ecope of such a theory s hmited.

Afany sttempts have been made over the years to develop more elabonite
forms of target theory The multi-hit target theaty i of two main tvped
dealing with the cases in which erther & aumber of birs must be scored 10
one mogte tarpet (Dessauer 1922 Blaw & Aftenburger 1933 Crowthet
1924 1926, 1927 Holweck, 1928 Glocker 1932 Timoféef Remavaky &
Zimmer 1947) ot st least one ut must be scored 1 exch of 8 number of
setisitsve L2rpets 10 A0 organssm 1 arder o mactivate st {Arsrood & N orman,
1
t}::);\:ccm years this latter type of theory has had comyderable sucerss 10
Anterpretng ely the wnacts by rad of yeans (for
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erumple, Zirkle & Tobum, 1953 Lacke & Sarachek, 1953) and of human
tomour cells e oo (Puck & Marcus, 1956). In theso latter elegant
apenments, the effects of X rays have been studied quantrtatrvely m
sngle cells derived from & homan caremoma of the uterme cervix (Hela)
under conditions much that 100 per cent of the umrradisted cells reproduce
in molstion to form a macroscopic colony Puck & Marcus showed that
the survival of single cells, defined as the ability to form s mscroscopic
colony withm 15 days, yrelds 2 typreal two-Int curve, The results treated by
means of the theory of Atwood & Norman (1949) can be shown to fit the

mizon S = 1~ (r—aDMPL

for the yurvival S of the reproductrve capacity of the tumour cells = a
function of the X ray dose D in r The dase for 37 per cent survival for an
mdivideal seomtive site m the cell 3 gbr The obeerved vatue of the
Intercept of xpproximately 2 18 taken to indicate diploidy At losst ono bt
st be scored m each of two targets. The authors saggest that the lethal
cffect may be due to a radution mdoced genetic defoct and thet the locus
of actton may be ch 1. Smmple calaut on the basrs of these
data show that the two sensitrve targets have & mean dmeter of about
o324 mnd & mean molecalar weght of aboat 1 x 101 1t 1 not impossible
thit the targets are mucleoli  Much farther swork 1 required in ths field
wd 1t b suggested that caumon m required 1n the detadled interpretation
of the results,

The reletion between dose and effect for different hiological processs
b of vital irrportance to the understanding of the effects of rradiation in
rdwtherspy from a practical pomt of view  Recavery processes play a much

tmhmq“"hl'-‘hﬂpnﬂ,mdlﬁlldoe--o.'I'hnumceptmvu}vu-tttlnlmap-
005 of & slower rate of recovery of the tumour cells then of the adgacent
oamal cells and 1 almost certunly an over-umplification which may not
be nalid even a4 2 first approxmation.
Tho terature contains many experments and calcalanans dealing with
the problermy of direct and indsreet types of radistion action upon the cells.
direct type of actron 19 essocaated with the 0AIZANION PrOCE#ICE OCCUITIAG
within the seneltive stroctuses, The indirect types of mechamsm are based
8 the pucturs thet the {onwration processes produce changes m the medi
*roand the structare affected, for cxample, ughly resctive chemical radscals,
pecally Hand OH together with the molecutes Hy and H,Oy, and in the
Preacnce of moleculsr axygen, the radscal HOp, m the water of the cell



390 J & MITCHELL

1t must be axumed that the reactove mtermedistes diffuse 2nd prodoce the
abserred biological changes m the senntive structures. It 1 of nterest
that the free radicals produced chemicafly from H,0, in presence of ferne
1o, bt nat H,0, el have moch the same effect & \ vy in the
production of chromosomae bridges and fragments m barley seeds (Phillips,
9356) Further it was shown by Kunball, Hewron & Gaither (sqi55) that
H,04 18 not & rutegen in Parawecnon. The possible role of orpanc per
ovides must aleo be idered, and has been d 1n detuil m & recent
boak (Latasiet et al. 1958). 'The problem is 3 very difficult onc and no final
assessment 18 possible at the present time. However there appes to be
no conclussve evidence that orgaue perotides play sn important part m
the action of wnizing rechations on mammalian tisues,

Important physcal evidence for the production of long lved orgonke
free sadicals sn oracicted tuvacs hes been provided by the stuties of
electron prrsmsgnetic resomance apecta by Zimmer Ehreaberg & Eheen
berg {1957) m barley embryos, more mwgnetic centees were produced
after iradistion in air than in nitrogen, and some of the centres persist for
tumes of 2 days and longer

In recent years, studies of the cffects of radutions on polvmers wod
particularly the demonstration of protection sgainst radmtion and of oxypen
effects 1n sabd polymers has made the distncrion between dirert and
indirect effects of mdition much Jess sharp than was previously thought
(Alexander & Charlesby 1954, 1955) The term indirect type of wcton
sheuld be reserved for fund i derations of the h of
action of radutions and separsted from indirect physiologicat effetts due
to diffusthle substances.

1t seema to be necemary to reconmder the smportance of direct effects.
[t 1 well known that experd on the by rad of may
molectdes of biological wnterest 10 & dry or heavily protected state have
shown s hugh correlation betwren the target size and the molecular weight
{Lea, 1956 Pollard, 1955 Guid, 1958) In conmdenng the evidence 2t
scerma clear that inalt these & of the mech of theth stic
scuon of sonnng radustions, some exsential phyucal process hay been
rgnoted. 1t seems likely thet under some conditions m the nucicus (sod
probably also in the cvtoplarmuc organefles) of the Ivang cefl he hughly
oriented macromolecular systerns approwmate w thesr physical P"’JP'“"’
ta the solid state The powsibilins that chloroplasts may be
wat Srat suggested by Szent Ctm(xwl)mdlhtmlm‘“‘""f
Commoner Heue & Townsend (1956) and Amold & Sherwood {1957
provde evidence for ths  Studies of pasamagnetc resonance ’7’“:;
prowide ovidence for clectron trander between molecules i sofids irvadsal




MECHANIBMS OF RADIATION THERAPY 391

with X reys snd show that soch a mechanm could sccount for the pro-
teetion of cafalase from radistion mactrvation by glutsthione (Norman
& Groxs, 1958) It 1 suggested that solud-state physics, with especzl
reference to semi-conductors and organic crystals, m immeduately relevant
to the problems of radiobiology under discusson.

THE CELLULAR METABOLIC DISTURBANCES
PRODUCED BY IONIZING RADIATIONS

Until ebout 1935 it was generally accepted that doscs of radution of the
arder of magnitude wsed m radiotherapy had Little effect on the bochemical
processes oceurrmg In Living cells. This conclusicn was based mainly on
undiuafrup:ndmmdg;}ymlmfnrwhmbunnﬂcdnngumm}y
demaneirable after much larger doses, in the reglon 10 000-100,000 1 of
erenlugher A useful exxmple of the work at thet tume 1 the investigation
by Hubert (1929) of the effects of srradution of the 5-day chick embryo.
A dose of 2000 r of X rays completely stopped the growth of the embryo
e3dled torta death, but had no detectable effect on respiranan or glycolysa.
A dose of 12,000 r camsed anly & 15 per cent decresse of respiration but
reduced glycolyms by 45 per cent. Thus type of result has been abunduntly
confirmed bsequent work. One ption of partrcular Interest among
the carly studies was tha discovery by Bemammun & Stuka (1908) and inde
pendently by Hektoen (1g15) of the reduction of the prumary antibody
responaee by eingle sub-lethal and lethal doses of X rays in abbata. Tt secms
that these rmpartant observations were forgotten and sttacted little mterest
ol recently
1t pow gencrally sccepted that therapeutic doses of 1onmming radutions
wnhibit the synthess of deoxyribonuclec sad (DNA) and producs & di-
turbance of celluler nuderc acid metabolin m prolifersting cells. These
Broctses were demonstrated first by Euler & Hevesy (1943), uxng radso-
BP u e tracer and by myself (1940 19420, 8 ¢ 1943) by the
e of ultra vralet photomicrography combined with photographic photo-
wetry Howerer ag often happens in scientzfic investigations, the relatively
m#'mmhnpmvedmbemymmplcte. Subsequent experiments,
opecully those with low doses of radmtion, have revealed the grest com
Pty of the drsturbance af cellular nuclelc scid metabolsm and the

Mmocuted far resclring influences of the disturbancs on the buochemical
bebtriour of the call.
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INHIBITION OF THE BIOSYNTHESIS OF
DEOXYRIBONUCLEIC ACID (DNA)

It sppexss to be genentl pted that the relatively bugh doses of radiation
oeceary to achieve permanent bealing of malgnant tumours producs
snhibition of the formanion of new DNA. There ace very wide differences
betereen tissues 1n the effects of wradution upon the DNA metsbolum
(¢f. Reily Hursch, Beach & Payne, 1955)

For some years it has been recognized that & problem & ramed by the
fuding that these and larger doses of radustian reduce the uptake into DNA

of p with red: ve labelling only to shout 50 per cent under
conditions in which there i no destruction of cells. "This inhibition of
ncorparation of rad ve p into DNA resches #ts mxumom

ralue 1 the reglon of sbout 56 per cont within s fow minates after irrsdition
For example, Ord & Stocken (1956 1957) have shown that » dose of 1000 7
of X rwys delivered in 3 nun. 40 sec, reduces the incorporation of OF inta
the DNA of tat thymus to 50 per cent a2 3 min. sfter the end of frredution.
There 5 Little change 1n the degree of incotporstion dunng the mext 2 br
By 24 hr., when profound hustological changes have occusred, incorparatos
has pracuically cessed.

Reeently the relagonship between the reductnon of mcorporstion of
P with med: e labelling tnto DNA and the dose of rediatson
has been detesmined both for » hoghly radiotenuitive tisur, the rat thymus
{Ord & Btockety, 1958} #nd for the lon radivsensstive human bone masrow
cells euttured o tytro (Lagtha, Olver Besty & Noyes, 1958). 1n both caxes
there m a raped red af tcorp of p mto DNA with
small doses, the effect mcreasng with mereasing dowe 1 this stgon dewn
to about to per cent of the control value then for hugher doses there 3
further reductson of meorporation whuch increases much mare slowly wih
nerening dosc of radsation. For ncorpesatsun of &P mto rat thrmus DM A
a2 hr after exposure o X 238, £pp Iy s0 per cent tnhibstion was
reached after 200t at higher doses the nhibitson meressed alosly the
rneorporation having the vatue of abowt 40 per cent of that of the eoateols
after oo v and 25 pev cent xfter 1600 ¢

Far incorposation of BC labelled formate 1nto the DNA of the cultured
burnan bone marrow celis st ¢ b after irmadiation, & dose of 2000 r3ds.
\ 7ay$ reduced the synthesss to abowt 56 per cent of the normal rate. The
relxtion between the depression of the rate of aynther of DNA and the
dose of % radiztion was analysed in terms of two exponential companenits
for the rad: ve comp the dose corraponding 1o 37 per exRt
{1]£) rendual incorporenon swas found to be shout 500 rads whife for the
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radio-resstant component, the dose similarly defined was 13 000 rads. The
relative buological efficiency for mdon a-particles at doses of 500 and 5000
ads. was found to be about 0-5 These resulty refer to effects of mdmtran
durmg the perfod of synthens of DNA. It was conmdered tht it was most
unlikely that the findings could be attributed to the exmtence of populations
of cells with different radiosensitrvitics. One must raise the posalbility of
two alternstive metabolic pathrerays of synthesis of DNA, ane radiosensctive
wnd one radio-reszatant, ot even two types of DNA with tnmover of dufferent

dioscnartivity (Harbers & Backmana, 1956)-

It is important to note that no differental effect of iredistion on the
mearporstion of different precarsors into DNA has been detected with
certanty  If confirmed, this evidence suggests that iradmtion interrupts
2 mechaniem of synthesis 1n which the components are built into & mecro-
malecule a8 & smgle process.

Durmg the amrtotic period for some hours after # ungle modesate dose
o X raps—ns studied in the cells of the Ehrlich sscrtes tumour after
150t (Klem & Formberg, 1954 Formberg & Klem, 1954) and m the
Yoahids mscrtes tomour after 1000t (Gardella & Lichtler 1955)—the
fomatien of new DNA m mhibited and tho content of DNA per cell
remsing substantislly unchanged or thows anly & very alight increase st
ﬁlﬂnmemne_dmmumomorlmnumﬂmmmdmgh}ypm-
perticaal increase n the mesn cell volume and content of ribonudeic
‘M(RNA),ni&ug:nmdwtt:r

In recent expermments, Casperseon, Klein & Ringertz (1955) bave studicd
the cffects of a single dose of 1250 £ of X rays 13 orov on tho cells of three
Enes of Ehrlich sacites tumour of which ane was diploid snd the other two
tetmplord. The wrrad caused & iderable meresse m the mean dry
Tt per cell, aversge ccll volume, and extrmction per eell at 2650 A, while
e merexse m DNA content per cell was mmuch bese, It vras found that the
“eihs which contxined the double DNA content when they vere wradisted
were unsblo to synthesize more DNA, but that thoss cells which have not
Tt begun or just started thewr synthesss of DNA are able to reach the
double DNA yalue. For some years, 1t has been suspected that synthesu
“mguofDNAmnukaplwemcdhunmbdkﬁmmmnot
Comected directly with cell divislon. For crample, 1n thymus tmue the
=all lymphocytes are non-mitotc but yet show raprd uptake of labelled
Presurton into DNA often with about go per cent reduction after rrade-
500, 03 dracuraged. It now appears to be accepted that m regeneraing rat
Brer the formation of DNA s mdscated by tho amount of P incocporated
%0 the DNA s approxumately oqual o the increese 1n DNA P caleulated

Fowih. At Cambndge, uang “C libelled formate or giyans,
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atready present in the proliferating part of the tumour  In a typics! exemple
which I atudied for the nucled of the tamour ceth, the mesn DNA content
per interphase nucleus was found by ultra-violet photomucrogrspide
sbsosption messurements to he 78x 3o~ g Hence there are spprow
rately 1 44 x 101 monomerie deoxvribonucleotides of avensge moleculsr
weight 327 per nuclens. A dose of 22501 of ¢ radution corresponds to
the formation within tach nucleus, of sverage volume 16947 of 3350x
164X 179 = 681 x Y0¥ 100 purs. Henee the Janic efficsenty which fa the
nutaber of erwe deaxyribonucleotsdes whose forroation {or duplica
tion) is rahibited per 1on pair w2 1 x 10t Such & value would correspond
to mhibition of formatian of one polymeric mefecule of DNA of molecular
weight 69 10f This value 1 eomentully identicsl with the values of sbout
6 x 10* vhtained in & number of measurements of the weght of DNA
molecules extracted from vanous biological materisls, Recent measure
ments on & sumber of carefolly prepared mmples of DNA from aalf
thymmus (Rice & Doty 2957 Doty 1957) mdicate that the sverage moleculsr
werght is 8.+ 1 § million,

Such good agreement 1 simost certainly fortustous, The expenments!
method 1nvolves & nomber of difficalties, and the method of calcubtin B
crude, though the numerical values used appesr to be typal However
thewe consderttions wuggest that one 1on pair msctivates and stops the
duphenon of one molecule of DNA (Mitchell, 3956).

The possibulity of & direct action mechanmm involving DNA er probsbly
the deoxyriborudeoprotem (DNP) syster must be ruwed, From this pont
af wiew there calculations show that the munsmum tumour dase necewesry
to produce permaanent healing of & typreal smosll squernous-celled carcivoma
ofthchnmlhnumchtbﬂthemnnumbcrdmw’wb‘m
nucclxnncthhnm:ndlym:hemmnumbcfn{mdwﬂddnv“
of molecular weight, 7 millions per interphase nucleus, Although thes oot
to-ane ratio 5 probably fortutous st is likely that the roult obtnned
wndicates that there 1 sore meaningfal seletionalup between the nowbes
ofD\AmzﬂcculupqnudﬂnmdﬂxnmnbcrﬂmeNﬂf’qwm
produce permanent suppression of mitoads snd ultumate death of dhe o

The D“IAﬂ\olcuﬂauem\mgcdumhﬂnmlCF‘ﬂdd’cw
nucleo-protesn molecular system, (It mey be mentioned that for 8 ocko-
protein prepared from calf thymms Doty (sgg7) found the be
wesght by the method of light acattening to be 1g £ § millon} ’”“‘g‘“
conudcmdn:pom’bﬂnytbnmlylfnmmdlhﬂmdmb"d
o1 deorrribamucleopratom molecules needs 1o be smactiveted (2 oS
wflict rrecoverable damage upen the nuclens i the forc tfﬁ““"’w.
inactivation were leas than uity by x fraction which forturoust?
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umibr numencal vatue, for cxample, one third, the one-to-ane ratio would
=]l be obtuined.

It ts suggested that the therapeutie cffect is based on the production of
1 lecular Leniom which tnvolves the deoxyribonucleop (DNP)
fptem, It appesrs that demage anywhere in the mecromoleculs stops
seif-duplication, It 1s tempting to speculate that there is o mechanism of
Sepuratron mvolved m the dupliextion of DNA or DNP which may be
Hrned to the opening of & mpper  and that thus can be blocked by the
dﬂngupmdumdbywcpm:ocmrmgmywtu::mthu.mdnmmg:m
throeghout the whole extent of the duplicating system.

It suggested that although DNA 13 not as radio-reststant ms the changes
In vacouty appeared to mdscate, 1t does mos show sufficently high radio-
SCOBITVIY 14 ox7o to make st plausible that changes mdoced in DNA rteelf
Provide the bawus for the radiosenmtrvity of lrvmg cells.

Moreover the electnic birefrmgence studies of DNA extracted from
E. ook after 1rradiation with & doss of 10,000 r show that the DNA = oeeo
i the bacterial cell s very well protected no changes could be detected
(Nﬂm-n&F]ald. 1957} No changes have been found mn the phymcal
Propertics of DNA isolated from lan cells after uradrtation 1 oeoo
with 3 dose of 1000  (Butler 1956 Ord & Btocken, 1957)

On the other hand, there appears to be very substantial evidence that

preparethons of deoxryribonucleoprotein (DNP) are highly
dsmermtrye m otro (Andersan, 1954 Fiaber see Hollaender 1956 see

MBm&meqs;a,b Kaufmann, McDomld & Bernstein,
1955 Cols & Eltm, rg55)

DISCUBSIONS AND CONCLUSIONS
(1) Ganeral arpects

Amhﬂftypuufmcdnnmofmmhlwbcmcumidcmdin
2me detail, It st bo conctuded that many of these constitute facets of
Lb‘Mpmblunbmmnmzhemwlmpcnmtmmponmufm

action, however rclevant they may be far other buologleal
Teoma. It seems to me that, for ple, the evrd now avallabl
"gems that the producten af microscopically wisible chr

pﬂncmnm:xpldnthucnono{thmpeuﬂcdmgx and

upon human maligoant tumours. Agam in thw connectson,
&mdgmemuﬂdmmmbﬁdhﬁkw Evidenct
i“"Cﬂmulsungm.xw-dmthnpmo:-wfmhﬂxdanni:yncbm.nfDNA
by rudistion 13 probably not 1 itsclf the hmutmg step m the therapeutre
hon, although almest certainly closcly related to it. Morcover the mter
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pretation of radiobiological actions 10 terms of ndirect radiochemical
mechanmms appears to me to have reached 1n mpase. It 1 difficult to
believe that radrobiology can conflrer with raduxtion chemustry but it sppesrs
to me that present knowledge of rad) ch Y 1 quite fnadeq
to deal with the relevant rediobiologrcal problems. 1 thmk it s necessary
to reconsider the importance of direct schon mechanmms, while st the same
tume epprecating that indirect types of actica play some past.

{3) The macromolecsler lessan of deoxyribomucleoprot
In thes paper 1t1s suggested that the baas for the lethal action of therapeutic
doges of \ 2nd p-rad, upon mal o sclective demape

to the ruacromolecular structure of the cell nucler The most importsnt
damage sppears to be a Jenon of the deoxyribonucleoproten (DNP). The
endence avmlable leads to the concluxon that the changes induced by
X and y rd 1n deaxyrit leop ot vifre and m e can
provide & quantrtative bass far the therapeutic sction. DNA steelf s not

fficrently rad: and, m the cell 1t sppears to be very
well protected agrinst therapeutic doses of raduton,

The lecular fexon of deaxyribonutleop appean to provide
& quantitative explanatron of the lethal effect of » sngle therapeutic dose of
y-radntion upon a typreal small squamous-celled caranorua of the hamen
din It scems ressonable to consder thet such « leson may result in
permanent mhibitton of mrtons and whibition of syathess or of inutatron
OflyuthcmofDNA,mzhmdnrydumrhuuoflgrutmmyoﬂbt
cellular metabolic processes and ulamate death of the cell.

8o far thero hus been Uttle study of refractory tumours from the poiat
of vren of the macromolecular kwon. It seems to be important st the
present ume to d the molecul. nd probably the macro-

decuter—bass of rad hilsty and rad:

From s general biol t of view 1t may be considered that the
therapeunc daco(md?:lmpc:;\zmm the deoxymibonucleoproteins of
the cell nucleus. However the details of the processes myvelved in the
macromolecular lexron arc as yet aaly incompletely understood. The
awmccmﬂabkthmthndrcnpcnucdmudmﬁmmladloa“
polymenzation or brealdown of the deoxyribonucleoprotein macre-
molecule mthwzdam:gemdumuncbun:wmmdﬁ);‘mm
proportion of the DNA. It seermy plawsible to wupmest
fmporumpuno{lhem:aumo}cmhxphlwanudmnbrﬂlmt‘ﬁm
the pratein cloely #ssocated with DNA m the eell fuckous, Probablt
wofdmbmh»nlhcprmcbﬂn(omumdmbkﬂ"‘hm
purine and pynmsdine rinps of DNAL
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(3) Particrpateon of ensyme systems o the macromolecular leson

It s probable that the complex of decxyribonuclec aad (DNA) and 1ts
smociated protems mvolves a number of enxvme systems, and that soms
of theso aro mmactrvated in the process of darmage to the macromolecular
mstem a8 & whole, Far too hitle 1 known as yet about the biochemical
Processes occurnng writhen the cell nucleus—in particular for the malgnant
celle. It 13 of interest that & number of malignant tumours show low levels
of dphosphopyridine nucleotide, DPN content, and m some cases strikingly
low lvels of DPNH together with low content of TPN + TPNH and of
Pyndine nucleohde tranabrydrogenase, The participation of DPNH in the
repomse of tumour colls to therapentic doscsof radistion appears likely
from the results of my own work on ch 1 rad i especually
!ﬂ:'uodmmzmrxhylr.4mpb-‘ hydroq drphosphate (Synkavit)
ttken In conjunction with those of Strength & Seibert (1955) on the m
fluencs of 2 methy! 1.4-naphthoquinone and some relsted compounds on
the enzymatic andation of DPNH Further 1t scema that inmfficient
titertion has been paid to the possible roles of the nucleotus, and of RNA
m the mechanime of the mdiotherapentic response.

(4) Relenance of sofid stats phynics and mechamisws of
wugration of exciiation exergy

It scerms kel that in the Ivmg cell uader some phymological condations
hd:nuudun‘mnymmnchmmmumdnuddl,mdpmhbly
10 10 the eytoplasn m the mrtochondra, the highly erented macro-
molecolar systerms approwrmats in ther phywcal properties to the sohd
sute. Tt 1 suggested that solid-statc phywcs, with especul reference to
temiconductors and organsc crystals, m unmedistely relevant to the
Problems of radiobology under discussion. The lecalar lesion of

udeoprotein (DNP) m the cell nuclems w u highly cfficlent
Frocess, m that es a first approxmmation, 60C 107 PIIT aPPEars o stop the

of, and inactrvate the biological fi of one
of DNP i one moleculs of DNA of molecular weight of about
7 millson, Tt 1s difficult to escape thoe conclimion that there exmsts in the cell
hanism for the tr or diffusion of the effects

»nne
M&wmaﬂnndmwmhhmﬁmﬂ;mk
1t 1 suggested that thus can occur s « phyncal process m the quesi-solid

for the migration of exautatson encrgy must be discussed in this connection
(e Frinck & Lavingston, 1949). The passibdity of electron migration
st be considered first. However it is necessary to consider the alternative
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possibility of 2o exciton mech becaunce deratrons of the ultra-
violet absorption spectrum of DNA sppear to mdicate the exustence of
mteraction between the consecutive purine aad pyrimidine chromophone
ring systers,

(5) Interrelataons of tumonr callt and morsal cells 18 radwotherapy

The himological studies of human mal provide end
dntmndw-axnhlznmcun,sﬂca&vdygraminjurykmﬂmedbylhe
radtion upon the tumour cells than upon the adyscent and interworen
normal cells. Further there is & substantal body of evidence, manly for
carcnowna of the uterine cervix, which shows that the cytologeeal and
biochemnical effects of the mdution on the normat cervies! sod vaginal
epitheliat cells are greter in & high proportion of those petents in whas
the cancinoma proves to be radiocurable than 1n those m whom the
disease iy refractory (Grahem, 1947 1958 Grahum & Graham, 1955
Cherry & Gldcksmann 1954 Herowied & An, 1938). It teems likely that
systemue and phymologieal factors plsy s part s the radio-curability of
tumours. Many sttempts have been made to incresse rsdso-curability by
meam of radiosermitmrers of which the most umportant s cxygen (we,
for exsmple, Gray Conger EbcrgHmuykScm.xqs;)

Permuanent tetrog i after nadiothenapy b
usually dwnth, ’. ¢ fi
Xnth:lhsmoftbcmm\imen.myo[thenmraﬂ!m
from the tutal demage mBicted by the radistion and grow agun Ith
wmmcmmmumcmmmm
to difaubl tiberated from the damaged
tumour celfs.

On the other hand, there 1 expenovental evidence that products cscapog
from tumour cefls killed by X rsdistion can act as nutnents for the
surviving tumour cells and stirmulate ther growth, It isimportant to tovests
gute the aigndicance of this effect in chinical rndiotherapy
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TESTING PATIENTS FOR
PHOTOSENSITIVITY

By L A MAGNUS

THE OBJECTS OF DOING PHOTOSENSITIVITY TESTS

(x) As an ard 1o extabbchog dragnoss
Photoeensitrrnty tests do pot superseds other methods of diagnoss. All
milable endence, clmcal, histological, bloch | mmust be taken lato

conaideratiom,

(3) A4s a fiads to treatment
The results of photosensitreity tests may gulds us m the choros of light
bemer peeparations for mse on the akin. Obwiotnly the application used
*hould absarb hyht of tho spectrm caumng the drsesse.

(3) As ax moestipatros procedure
Agreat deal has yet to be learnt about the photodermatoses., It 18 hoped that
Bew techmques may further our knowledge of these disesses, especually m
regird to the study of sction spectra by whech 15 meant the warvelengths
o light crosng dueasc. It may be that such mformation will cnsble s
o extabluh the actual sdentity of the sub mittating ph

THR INDICATIONS IN THE CLINICAL PICTURE THAT
MAKE TESTS FOR PHOTOSENSITIVITY DESIRABLE

(1) Hustory

(#) There 18 & clear time relationshup between exposure to sunlight acd
d"‘m‘ﬁortggrmonnnhnempdm.mumemm—v-lhgmﬂly
m‘hhﬂm-,mdnrdylunguﬂmnndﬂy

(8) There s seascmal varntion the skm 18 rorse in the #pring or summer
" better o clear in the winter One must try to differentiste seesonal
"hton m photodermatoscs from sessans] varstion in other types of

such ss coptact dermatitra due to plants.

() Exposed parts of the body aro affected primarily
m‘:’ Family history may idicate « familusl tendency to photosenmtiraty
to drfferentiate the stopte dusthess from photodermatoscs.

hg)woempttmn there are a few reports of photodermatoscs caused by
occupations such as electnc weldmg  artificil fighting has also
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been blimed. However most patients with photodermatoscs get thelr
disease from sunlight and many are people who work out of doors.

(/) Certain cb Is are ph irers, for ple, tar sulphon-
amides, chlorpromarine. It is important to find out If patients have eome
1n contact with them.

(2) Physnical examnation

(a) The marphology of lesfons in the photodermatoses 18 not disgnosti
More than one type of lesion may be present in one case.

(5) The most charmctermstrc feature of the lessons is their distribution to
those parts of the body surface that arc exposed to sunbight, namely the
back of the hands the face, ears, V of peck, etc., Typically the shaded skin
under the chin is

(€) The posaibility of a general diease such a3 porphyra or pellagn
thould be borne m mind n photodermatoses.

LIGHT SQURCES

Before considermg the techniques used 1n hight testing wre must consider
light sources. The 1deal source of light s polychromatic and has & wide
spectrum of high energy 1n the ultra violet, visible and infra red regrons.

(a) Natural neabight  As photodermatoses are, for practical
always due to sunlight, the sun should be the light source of chorce. Itis,
however scldom used, because 1t 18 30 unrelmble, at least in this country

(8) Mereury arc This 13 the most commonly used and the most readily
svailsble artsficial light source for test purposes. It 18 excellent for testing
m the sunburn spectrum (290-310 mp). It has, however dusdvantages.

Firstly the mercury arc cnuts a line or band spectrum, the chericterstics
of which vary according to the design of the lamp

Secondly most therapeutic mercury arc tamps, such as found in hospitals,
bave, for the purpose of light testing, a very poor emmsion in the fonger
wavelengths of the ultra-violet spectrum.

Thurdly the mercury arc emuts aspectrum contuntng shorter wavekengths
than those contamed m sunbght, that 18, energy below 280 mg The amount
of this short wave radiatron depends an what materia! the tube 1s made of
If 1t 13 quartz or something sumslsr erythema may result from radation in
the 260 mx region, and give musleading results in tests concerned with the
normal sunburn spectrum

“The first two drsadrantages may be overcome by usmg a special phospbor
coated mercury arc tube The line spectrum 1 thereby converted inte
a broad continuous band  which may be made to extend into the region of
the longer wavelengths of the ultra vinlet spectrum  Unfortunstcly such
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bumps do not seem to be made m this country They are consequently
expentive. There are also certain types of very high presure mercary arc
hn?urnfhhh‘mchudlmormdebyPhﬂxpu,whxdzhnvelmorlm
coutfmoes spectral emismion. Theso are, however very costly lampe and
bave 1 comparatively ahort nunning life,

The third drawhack to mercury arc lampe m testing for light senattority
their emmmion of wavelenths shorter than those occurring 1n nstural yun
light, can be overcome by usmng filters. These will be ducusmed later

() Cerbom @re  Tts spectral Ty bles fmrly
dﬁ!ﬂntufmuhgh:,undnpuwufulmtbelongerwndmgthafthn
altra vaolet regaon. Tt s therefore mors surtable for tortmg photosensitivity
than w the ardinary therapetic mercury arc. Its chief drawback s that it
B oftn diffcult to maintam st an even intenaty 8mgle pralonged
SXposures cannot always be grven becmuse the carbon electrodes may have
1 be renewred after somethmg like 30 mm. burning

() Xemox arc Thns was mtroduced for clinial mvestrgations by Pro-
&-FKhnmxgmdhmco-workznoftth-mburgSHnCImm'Ihn
#pectral ermaston 1 continnous and smilar to that of the carboa are, Xenon
m“hmhm(xmaﬁlunm)munfummtdywrynpmmn,

equipment for running them 1s also high,
(¢) Tungrten filament lawp Lampa of thia type can only be waed 1n the
wemdh:fnredrpectnuthm\ﬂmvbktmupuﬂ

TEST PROCEDURES FOR INVESTIGATING
PHOTODERMATOSES
(1) Erythemal responses uxth polychromatic bkt
Th'unbedunci.utwwm (a) by ascertsmmng the mmimal erythemal
hm)hygmgmﬂwufgﬂdeddunhm (&) by com
Parng the ahade of erythema after a stmdard exposure.

The former method, aacertamng tho MED is usually preferred and will
be deseribed 1n detail A shield of some opeque maternl, contmning a
samber of windows, is placed on the akm area to be tested. The lanp s
turned on and the windows are then closed at intervals so that doses of

“Ythema during the next 24 hr ‘The smallest dose caupng definite ery
thems in the MED and the resubt obtmned compared with tests in normal
PeTsoma,

'Ihfolbw{ngpmummmtbeomwddmymcyhmbc
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() The same part of the body surface must be tested on the patient and
controf subjects. It 13 better to use a sk area that is not normally exposed
to smlight $0 24 to svold etrors aming from suntan.

() The same lamp must be used for the pstient and control subjects,

(¢) The field of llumtnation must be even. The oaly way to be sure of
this 19 to make measurements over the field with a photo-electric cell and
galvanometer

(d) The intensity of emdston must be steady throughout the exposure
#nd the same 1n every test. Keeping the lamp at a standard distance from
the skan 1 not enough becxuse day-to-dsy vartations in mains electrrc supply
may also slter the intenmity A photo-electric cell should therefore be
used.

(¢) The relatrve y of the lon through Its spectrum
must be constant and 1dentical 1n each test. If thuis o not strained, and it s
posaible that 1t is not aterays, rt reay sccount for the erratic rerolts sometmes
obtained. Ageing of the Iight source, solarmation of the envelope and the
presence of durt (cspecually finger grease) on 2 quarts envelope wilt all
cuntribute to a fall in outpurt of energy 10 the sharter rather than the longer
warelengths in the ultre Violet spectrum. A check on the relative spectral
1ntenaity of « hight source must be made mth a photo-electric cell used with
2 scries of filters of different transmission, or better with a spectrograph.

() The skin reaction should be read by the same observer and under
standard condrtrona,

In appraning the results the followmg points must be constdered

(4) Noarmal subjects show conuderble variatton, even in the same
subject. Varnations have been ascribed to sge, sex, skin colour race
menstrual cycle, season of the year and other winfluences. One mmt be
certan, therefore, before deciding that an MED test is abnormal 10 2
patient, that the result 1 definitely outmde the range of vanustion in the
normal

(8) Patients with flond skin diseases, in which there is no reason at all
to suspect sunlight pliying sny important part i the setiology may hve
2n abnormally low MED  Here one can only supposc the shun to be in 2n
irmitable state analogous to that 1n w hich falsc pontrve reactions ere obtained
with diagnostc patch tests,

{£) Somne patients with undoubted photodermatoses wall fhave & normal
MED In our expenence, bawever they will ahos abnormality m other
kinds of tests,
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(3) The reproduction of lenows of the actual disease vath polyckromatic hgkt
Before ne antempts to produce Jesrons, st 18 beat to know the MED A dose
of fight about five to ten times the MED 1» then given snd may sometmes
poduce towons. This test often fals in our expenence. Lesions, of they
sppesz wenally take several duys to develop and in the commoner types of
emes, the so-calied polymarphsc light eruptions, are most osuadly prpulsr
*aethnes vemcalar  In the cese of solsr urticars Jessons mxy be produced
i u fewr rmmmtes of an exposure,

It must be remenbered that the production of fesians artifichally by light
doct ot necesmarily prove that x dermatosis 1 due to hght. In lichen
ewas lewons closely resembling the natural diesse can be produced thi
mmmlmdpwwmtwmmmﬁyﬁum
These effects tust be regarded sa exsmples of the Kocbaer phenomencn.

(3) Findiny the action specirum s a case of photodermatass
melrmrhcnhghtmmu,nwﬂlbemdm:lhnlhccrdinxry
medom presare thevapeutic mercury arc 1t not smtable for mvestigating
Mo epectrs. exeopt in the reglon of the sunburn spectrizm (296-310 ma)
Asuper hegh pressure mercary arc can be nsed, but probably the carbon
% a0 xenon are are better 1 both bave & more continuous specum
#ad & hagher cvtpat in the loag ultra-violet region.

The methods for seperating wavebands for testing sre {1} wth filters
(2} with » monochromrtor ‘Whachewer method 1 used, the technique for
photosenantyvity i the ssme, the MED u estumated and
Hips are made to producs the sctus! fenons of the disce. Theso tests
h“‘"b“ﬁpmedmnrmp.mohpccmmcvcnmthnmhlcmdmfu
M"@mmdfmmthadnuobmnndmmnwmm
R schon spectrum
FILTERS
Mmjb&&v&d@dmmmtypu,l\xmpbmmdiuwdm
filters made of dyed gelatine are availsble for use only in the
Wmmmﬁnmmtmwmﬂah@x~nﬁam(u
@ally not duclosed by the manufecturers descry Absorp
ﬂhmdqofmwpuafghulndmmlkol'ﬁkhk They are
% tws o varicties, the ot off’ fype md those with & more or less
Bt sone of transmumon 1o the ultra violet spectrum, of which the
Wmmlﬂmumam‘tplc.ﬁebw cut off filters come from
and the US.A. and are therefore expensive but ordinary
"odow gl plate gluse, 4 microscope slids of even a cover-ahp aan be
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used as & cut-off filter a3 they transmut lttle or no ultra violet kght of
wavelengths shorter than sbout 310-320ma  Patients with photoscns:
trvity will sometimes show an erythema if uradmted strongly through
plate glass with a light source such 23 a carbon arc, wheress control
subjects will show no such reaction because the normal sunbum spectrum
s absorbed by the filter It is important to avord contamunating glass
filters with finger greasc or serious errors may occur kn the results of tests,

Interference filters foc use 1n the ultra violet spectrum have only recentic
been 1ntroduced. Therr relbility 13 yet to be establshed. Althongh
trammutting much narrower wavebands of Ilight than sbeorptron filters,
thewr total transmussion 19 poor They are also exceedingly expenmve, 2
they require considerable akill in the manufacture

As mentroned earlier filters can be used to ascertun the MED of »
patient s skun at various parts of the spectrum, £nd they can be used to ece
if ope can reproduce lesioms. Another method bs that used by Dr Waske-
mann of the Hemburg Skin Clinre. Here the skun 13 yraduted through a
number of filters (6-8) placed mdrridually on differcnt parts of the back.
A mingle long cxposure 1 then given which 13 of a doso that will have po
effect on pormal slon. Knowing the transmumsion charsctenstues of the
filters, the appearance of erythemna under sny of them will grve an mdica-
tion of the action spectrum  The mformaton obtamed 1x, of counc,
spprommate, but enough to guide the dintcian as to what light barrer
preparatians are likely to be helpful. This method of testing with a bartery
of filters all at once has ked to # lot of mformation beng collected raprdly
and esnly It has been shown thereby that patients mth the so-called
polymorphic light eruption have an sction spectrum thet 18 often quuit
broad, extending from the sunburn region (1botrt 300 rax) nght up towards
the vimble range (400-800 mg), sometimes even inclodmg part of the
visible spectrum. Thes method of testing s, however qualitative ouly An
example of the type of results obtuned 13 shown m Table 1

Table 1

‘TraoscruTting J00-400 ma
Trarepitung 120 ma apeards
Tranenitung 70 ma opwards
Trnmrung 400 ma apwards
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MONOCHROMATORS
The best way of studying the effect of narrow bands of light on the skin 13
with « monochramator This 18 essentually a research Instrument, is
coutly and relatively elaborate, and requires supervinon by a phymast and
the facilitics of n technical optics Isboratary behind 1t for {ts maintenance.,
A monochromator breaks up the light spectrum by means of a prm,
prefenibly quartx. It 1 essentially a spectrograph 1n which the photo-
aphic plate 18 replaced by the paticnt’s akm. The Hght source must be
ery powerful, nemely a carbon arc, & xenon arc or & super high pressure
mercury are,
Since the begmming of thu year Dr Porter and T have been unng &
manochromator at the Instituts of Dermatology It was demgned for us
by Profeasor W D Wrnght of Impermal College, Landon. This inetrument
0 be used for studymng photosenstivity by findmg the MED snd by
¥empting the reproductron of lesions. Its most useful range i from
150-400 mp, Although we can project tho wholo ultra-violet light spectrum
% once 0n 10 the patient o shan, we find that It s better to select 1 number
of matrow wavebands and test cach separately This makes the investigetion
kengithy and requires conmderable cooperaton from the petient. to study
e patient may take up to two weeks. The results of the tests may be
“Xpremed in the form of u graph, of which an example 1s shown 1n Fig 1
from a patient with salar ecxema. Here the values of minimal
d'-’f“'eryﬂ:mnmdthonppmﬂmmfurpapuhfomﬁonm
thown together with verage vahues for the norul MED It will be seen
dmhlhﬂptdmtcry‘hmunbepmdzmdmnwﬁnnngamthe
fpectrum with oroch smaller doses than those requured by normal subjects.
T abaormaality extends almost into the vuible spectrum. Not all
Patents with the types of pt d show such a com-
Mrirvely marked and widespread susceptibility to bght In many the
Srthema curve 1 normal, the only abnormality being the appearance of
Pepular response when the doss i three of four times hugher than the MED
Ammtofmtaut,t_hnhubemaudlcdvﬁyrmﬂy wis & caso of
*lr urhcaria, This patient produced & whealing reaction from 280 to
30 ma and from 490 to 560 ma. Solar urtcaria has been clamified into
5 groupe depending on whether the wavelengtha of the radistions that
PeCIpitate lesions he above or below 370 ma. Our patient seems to have
und'“‘fitm'iﬂ.lcl|:pfbm:};.1.hc:eg1-c'up‘. A mmilar case was reported by
Wiskernan & Wl (1956).
patient, who was of particular interest, was one with porphyna
CItanes tarda, In this case an oedermtous reaction with ecchymoses was
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produced at 400 ma. This wavelength u st the regrom of the maxmal
¥bworption of porphyrms and strongly suggents that photosenatnaty o
this patient wt leaat, {a duc to the presenca of these substances m the skin.

From s rather brief experience with this mstrument, the sdvantsges in
the vae of » monochromator seem to be several. Firstly the relative energy
outputn the speetrum can besceurately messured and controlled, Secondly
1t scems easier to reproduce actual lemons with manochrasnatic Ight than
with polychromate bght. ‘The rexson for this v not desr Thirdly 2 much

I TN T T
Wavelenpth {mg)

3

F

H
g
i
11
8
i

byee

m'ﬂnd:tum chanke trits aamely gy (% 7), whero ome { )
seconds, Teiatree iotenesty ()19 10 echatrary onlts, Intersity sesmremns wene made
Schw ars linsary therrnopde.
better 1dea of the sction spectrum  can be presented. The data are more
quentitative. Fourthly 1t scems that ¢ may be postiblo in # few cases for %
to pet &0 ides of the level in the skun st which the photosermtnring scion
18 imtited, by taking into consideration the transmission propertics of the
slm for Light, with the wavelengths that induce ebnormal resctron.
With s monochromator the rerulty of Iight tests in patenty with the
polymorphic bght eruption scem, 50 far to be more consutent wath the
cheal picture, When the history and physical cxanunstion of & patest
strongh suppest & photodermatenss, it i rue pot 10 find some sbpormality
Thit 18 not our expenence n tests with polychromate ight
ther have been disapp g wnd muleading The b
therefore to be the ustrument of chosce 11 alsa holds promme of bang
2 powerful wexpon for revearch an this field.

in our haods
sermms,
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ELECTRODE STUDIES
By L A. SILVER axp D B, CATER

Noble metal or glass electrodes inserted Into the timsues of expenmental
anmmals or human volunteers and patients may give information that bs of
interest both to the clinician and to the pure scaentut. Electrodes of these
types can be used to investigato trmue metabolam in three ways

(1) The potential of & noble metal electrode 1n equilibrium with the
surrounding tssues will give an ind of the ondinng or reduang
state of the tsue. These electrodes are also sensitive to changes in pH s0
that such changes must be observed separately on & system that is senntire
only to pH.

(2) The glass electrods responds only to pH. It is unaffected by changes
1n redox potental and oxygen tenwion.

(3) If & small negative potentnal is gpplied to 3 noble metal electrode in
1 solution such s tissue fluid the current that flows is proportional to the
concentration of axygen in the solution and hence to the oxygen tenuon,

Oxygen tenmon and redox p fals can vary independently of cach
other and of pH but changes in pH wll affect the measurement of redax
P s with metal electrode systems although they will not affect axygen
temaion measurements. Varations of redeax levels may of courss follow
changes m oxygen tension.

OXIDATION REDUCTION POTENTIALS AND rll

A platinum or gold electrode mserted 1nto a tissue or & model redov system
acts 13 loose meshwork of electrons and will accept or lose electrons until
1t is 1n equilibrium wth the electrom n the solutron. In highly redvong
conditions as when reduced metabolites are present, these will act fike
hydrogen and donate electrons to the noble metal which will become
neganve Thus we find that sctively metabolizing tissues Jike brain tumour
or mammary gland show a Jow (relatively negative) redot potential
Conversely 1n subcutancous trssue which 18 relatively inactive metabolreally
compared with 1ts blood supply the conditions tend to be more oudaing
and the electrode wall tend to lose electrons and so become more positive
(sce Cater 1959).

Resting levels and changes of oudation reduction potentals nduced by
drugs hormones, toxic agents and radution sn normal and tumour Bssue
have been followed (Cater Phullips & Silver 19574 4 ¢). Changes of
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redox potentuls can occur very mapidly snd different agents produce
charactennstic patterns of change in different tssues. However the most
strikmg aspect of tissue redox levels is their constency and the wxy m
winch they return to their normal potentals even after drastic interference
by drugs or tomic agents. This indicates a high degree of redox buffering
bett unlike pH, redox levels can undergo very cxtensive temporary dutor
thon without desth occurring

Glas clectrodes for measunng pH o w0 should give readings of about
SomV per pH unrt. The design of o aroo glass pH electrodes which we
bave used is bused on the capillary electrode of Vocgtlin, Kahler & Fitch
(1535) (sea Bilver 1958). They are extremely fragile and are not vsually
suttible for clmucal use although there are some now avaulable commeraally

Elactrodes
H-.an,uu Hoea
A |
oRnection
Areld  maletion
l Sihver chiorid
Sy

for this purpose. The potentnls from gl clectrodes can be recorded m
ﬂ:cnmnmymdwnht_he-me:ppumuudnaﬁmnmbhmml
t'ou:mdn(cnn-dd. 19578) The reference clectrode for both pH and
redax messurements must be in contuct with subautaneous tsoe if rebble
information is to be gmned, and for this resson a ailver/silver chlorde
indifferent electrode is best for clmscal use. Tho pH of most timnes ks very
milar thus there is little difference between the pH of dermis, resting
Mmlmﬂxrgmmmxhndbuttbcmmvfmlug:m
of pH on the surfacs of the akin and in the vagina and this may lead to false
readings if indifferent clectrodes are merely placed in contact with akin
Instead of subcutancowly (Fig 1)-

In contrast to the constancy of pH throughout the body there are con
udenable varmtions in redot potential in different organs. Most actively
growing tumours, lver and brun have very negative potentals wheren
m,ﬂymm|mdepo:ﬁn£udnmdwbmmmcmnmﬁm
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tissues bave more positive potentuls. In necrotic arens such 3 ocour 1n
tho centre of some rapidly growing tumours redox levels are extremely low
that s, the condrtions are strongly reducing and the pH 1 more acid than in
Living tsue. After the death of an anmmal the redox levels of all the tisues
fall 1n 2 way charactenstic of the agent canmng death A taxe dose of the

di Synl (tet d 2 methy! 1.4 napthohydroqumone
drphosphate) causes very rapid falls of redox, as does carbon monaxide,
whereas pousonmg with cyanide prevents much change of electrode poten
tlals from the lrve state for scvernd hours. pH chinges appear immeduately
sfter death or even before if the snumal dies slowly There 13 usually a mapid
incresse of acdity of about ane pH unit m the first hour after dexth followed
by a much slower incresse,

OXYGEN TENSION

The measurement of axygen tensson 1n hsucs usng electrodes s srmple o
prmaple but very difficult 1n practice if absolute values are requred.
A gold or platinum electrode insulated except at the tip is mserted Into the
tissue to be studred and a silver/miver chloride reference electrods placed
subcutaneously A small potential (between o5 and o8 V ) 1s applied so0
that the poble metal 13 the cathode. The amount of current that flows 1
the syatem at thrs voltage depends on the diffunion of oxygen to the surface
of the clectrode, the area of the electrode surface and the time after the
potentual s applied to the electrode. The last two factors can be made
constant and since the amount of oxygen diffusng m & grven fled 3 8
fu of the ron of dissolved exygen which 1s propottional to
the otygen tenmon, the current can be related directly to the oxygen temason-
This 18 probably true of the observation of changes of axygen tenson Io
tusues, but unfortunately calibrstion of electrodes of the smple flush type
presents great dufficulty s 1t 18 imponsible to reproduce exactly the complex
of cells, fibres and tssuc fluid ex oxtro that interfere with the diffusion path
of the axypen tx trro

W ¢ have made & large number of experiments to try to find a sansfactory
method of calibraung electrodes for absolute mesurements and feel that
we can now PP 1y absolute otygen tenson levels 10

ussues. A small P T “has been d gned to follow oxypen
tension changes in pattents, with specal reference to the changes in tumoun
which occur a3 a result of 1rrad The apy (Fig 2) s the

steady state current at four electrodes in & patient, when a constant potentis!
15 applied. The d.c. tramsator amplificr of high gain and stability feeds
the current to & mrcroammeter
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TR 2. Appersine in ciimenl uee for crpgen taowon, showing the stead with
mmwu.,un.mum Tt potential socros, #0d the treeeeor

INVESTIGATONS WITH ELECTRODES
Mﬂxpﬁmmldxmguhwbommcdmvﬂymfoﬂwtbenﬁm
of drugy, esperually radiosensitizers and radiop nd b on
Doemal and abnormal twues (Fig 3)- For exxmple, the radiosemitizer
Synkavit hes been shown to affect the redox potentusls of spoatancous
tﬂlmun[nmmlndduglmdexpcmnuntxlnmnn!mnn,lnlmm

from 1ty effect on the potentsls of normal tsenes. It is most
Important that  radiosensitizer in linical a0 should excrt a differertul
¢ffect on tumour and narmal cells esther by being concentrated in the tumour
of by bemng retamed in the tumour after tt has duppesred from normal
u"uﬁ-I.lnkn:nd.epo:ttlfm::l:nlu:nmmaryt:lr:h)clm:h]-l:v}tcht.hee!.ectmclﬂ
Potentials shovered that falls and recovery of redox potentials in the narmal
'uﬂllﬂnnmnnryghndmevﬁymﬂdlmﬂmﬂﬂdﬂnnmmnmnﬁu
Eections of Synkamt 1 therspeutlc radlosensitrng doses (Fig 4).

i) differcntial effect of the seomtizer in the nonmal ead abnormal cells,
”
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During investigation of possible effects of radustion on redox potentials
1t was found that as Little £ 1001 220 XV p '\ rays resulted in the production
of hydrogen or a hydrogen like radical whsch caused marked falls in the
potentzals of occlumve (P, Pd and Rh) electrodes but not 1n non-occlumve

gold electrodes.
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In dead towncs in # live antmal redax potentials are very low snd do not
slter when oxygen or inert gases are bresthed and they arc not affected by
mpection of drugs, This may be useful in mesessing the viability of &
demaged ares of skin or & whole limb

The so-called blo-electric potentuls between wounds and skin (Bur
MM&Roc,xw)mdbctwummmnmmufmmdlkm
{Langman & Burr 1942) aro probably Lexes of memt P 1
wlt concentration potentials and pH differences and seem unlikely to have
sy precwe significance unce any ahteration of skin pH would be likely to
cunee alteration of the potantials.

OXYGEN TENSJON INVESTIGATIONS
Experiments by Davies & Brink (1943) on Iaboeatory smumats showed that
polarographic methods of messarmg cxygen tension could bo succesfully
phed to Jian trswues. They followed continuous changes m axygen
temon with fiush-ended clectrodes and found that they could make inter
mittent readings of aheolutc oxygen tension with recoased electrodes,
Unfortunately recessed electrodes are not suttable for climeal work owing
to thelr fragility if emall and to the long mtervals that are necossary between

Montgamery & Horvrtx (1950) tned to messure absolirte oxygen temson
i the akin of patients umng finah electrodes which were calibrated in
dead skin, Owing to their low calibration readings m this system therr

1% oxvo suggest u very high cxygen tension 1n skin, Penneys
(1952) followed changes m akin oxygen tension and compared 1t with
m the arterolar axygen tension as messured with 2 Milliken

Grmeter

In"f'ﬂfthnnnpmhnmufoxygmulrmm:m(Gﬂy Conger
Ebert, Hornsey & Bentt, 1953) Cater of al. (19575) mvestigated changes of
Xypen tenmon in tnmoarns of cxpermmental anmmals in relaton to changes
of terwon m surroanding normal tasues when oxygen was bresthed at
Hmospheric pressure. More recently Cater & Silver (1958) have extended
these obscrrations to patients both before and after trestment by radio-
therupy (Fig. 5). Observativas have aiso boen made of the effect of Syn-
h'nm'-bﬂuzygmtunimmmmwnmdnurmllnﬂnmdmmdcm
hmmnplﬂﬂnlmd:tpcrmnlmhnh. Most of the studies m patients
h“bctnmepnhdiumnmm:muﬂclhnnodnla&unmmry
Sranoma, Despite the d p of axidation redu potentlals
ME&MmmmmmbmxndbymjmdBynhvhmdm:
Peutic doses, There 19 some evidence that in Jenwen rat sarcoms Synkaylt

o
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docy affect oxygen teosion but this may be an mdirect effect medisted
dwu;h-ltnmmmdxrupmmyrhphm.

We brve found that 1n oed cyanotic epithel, there m ittle
ot 10 change of the axygen tenslon in respanse to bresthing oxygen throogh
¢ mak at stmosphenc pressurc before trextment with X rays, whereas after
two ar three fractions of the treatment have been grven the tumour uswally
begns to show an mereaso in the resting oxygen tension and this rises
when axygen 1s breathed. At least two factors mxy be mvolved here
Incresacd blood flow duc to radistion-induced hyperserma and drmage by
X rays to many of the cells in the area which lmits or inhibits exygen
ptake. Thus may play an rmportant part in the successful use of fractianated
X ey therapy  Unfortunately not all parts of a tumour invensbly show a

undamaged

frestment hes been completed. Much emaller electrodes than those m
common use at the present tme will be needed i the search for amall
Eroups of cells which may remain at low oxygen tensions throughout trest
Dent. Subcutansous tesue which has been included in the rrradted field
llnlhmincemimnnglﬂdnuquygmmdmnﬁerndlmh:npy bat
the incresse Is not usually o great as m the tamonr

Bame prelimimry cheervanons on exygen tenxon changes m skin end
mbmmmmnmgmamhxmbemmdnwnhmfummthe
mben:n].u:mniun(cstu&sﬂm 1958) Theso indicated that thero was
0 early increase in oxygen tension at the site of injection of tuberculin
but that when a reaction had developed the caygen tendon in the
cedematous gres was lowered. Casestmg tuberculous podules exhihited
extremely low oxygen tensions which wers at the limrts of senmitryity of our
*pparetus,

Iﬂmﬂhborm-ynmmllnhnbcmfmmdthnuxygmh
bl to diffuse through the skin after death. Oxygen electrodes m bram,
Mmmgmdmmmmmwl&u
hdﬂLhofdmmmehurmMm-hnmmbmunmtmmthw
2 mpud inital fall of current but this docs not reach zero umtil many hours
After desth when mgms of bactenal action become evident. Thus suggests
* steady diffusian of oxygen through mtact skin producing an appreciable
Cconcentration of oxygen in a toe which po longer uses axygen at the
normal rate.

]gmm&hlomnmmldhmdeddnuﬁmofm
ment of pH redox and axygen tension m ssecang the penctration of
substances through intact skin. In particolar the problem of how much of
'P@mmlpmmhﬁkdymbelbwrbedmghthalﬂummlnd\mrhl
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process mrght be eluadated before sctial chrcal estes occur  Any taxic
agents which cause changes in cellular metsbolism at the site of abworption
could be expected to alter the notmal levels of redax potentials or oxygen
tenmon in the ares.
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DISCUSSION

Chairman Dr C. H WHITTLE (Cxmbridge)

Warrre. What was the actoal size of the electrodes used, because of course
thet does matter m some of the possible sppHeations which I have been
thinking about?

MlLA.Su.V!:R(Cnmbnd,g:).’Ihemndlrdnuefuxrmmmwrkhn
been 330 mp dismeter but we have used electrodes s2 wmall = 10 ma.
At that emze they are difficnlt to handle and grve s very small current winch
sets o Fimrt tp therr possihle uses. So far we have not used the very small
@es in patients, but they should be useful in findmg parts of tumonrs
'h:hmnmwdluxygmnnd. 1 think the non-oxygenated eress are
Probably very small and uslag » large clectrods there 1 & considerable
ﬂﬂnmzuflnckm&ndmgﬂm.

Dr A, Jaaxwr (Loodan). 1 should be mterested to know whether these
tlectrodes can be wsed for blood flow

B0vre. Only indirectly with thos method. You can certainly usc other
types of electrodes for measurmg cutencous blood flow

D‘HR.Vm(Oxfofd). 1 think this technique has a tremendous
kot of medical applications. One thing I wanted to esk was whether with
d"“ﬂ'ymﬂmrpmuumdumuhgcﬁingllwmdm&ognplnc
Cﬁmlndwhcﬂ}erd:npllpmyp.nmthzd:mgummncd.

BLvaz. No it does not. The time relations are completely different. It
w23 1med oaly m the messurement of redox potentuls and m fact it docs not
difeet the memsurements.

el C. Wrts (London)- How does the Synkavit wark when used
 ated?

Sy mphupmmpmmthcsynknhwmwlubhmmn
1t readily enters the cell end is there hydrolized to the free naphthobydro-
qunons, There is some cvidence that 1t is selectrvely taken up by tumour
cells bt the exact mechanism 1 still the sabject of continued research.
The radiosensitizing effect may be due to interaction of Synkavt with SH
£Toups in the cell

Dz A.J E. Basow (Hudderafeld). In meerting thoe electrodes surely
Mwmmm:ogct-u:rnmmmtufbleeding Surely this might
mflnence the messurements taken?

Su_vmwemuypm;haedemodamtommmmmm@hyw
Bﬂedla,mpmmaftbedcwodahpmhedlﬂn_lcqudﬂlpdma‘
the hypodermic pecdle. If there  haemorrhage round the pount of the
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metabolites, but Dr Magnus s results would suggest that the problem bs
not that simple.

The cutaneous response of the patient with porphyra following irredu
tron with visible light (4100 A) 13 similar in type (Lnid erythems, oedema)
to the skin changes that develop in patrents recerring haematoporphynn
and X ray for the treatment of caranoma. Dr Schwartz, of the Universty
ofhﬂnnﬁon,hsoboavcdhthmpcnmumukcdoedmmmdcrythcm
when the p were exposed to sunlight adventitiously on their way to
md&umthehmpitnlturecaveRomtgmthmpy

Macxvon. 1 am enly too sware that our method of measuning the MED
s not all one could wish for but 1t’s the best we can do at the moment.
Dr Rottier tells me that he u demg a machine which the
MED by messuring skin temperature, This sounds an excellent idea
Neverthelem we seem to attun a pretty good degree of conalstency with
our method of measunng U v skm senntivity

REFERENCE

D (1957). The Pathological Effects of Actimc Radiation o the Huet
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PHARMACOLOGY OF VASODILATOR DRUGS
WITH SPECIAL REFERENCE TO THE SKIN

BrW D M.PATON

INTRODUCTION

mhu‘?ﬂodihturdmg-huotoncrudﬂyllukadtugﬂhﬂbymyvu—y
ntioml pattern and the mesns of producing a vasodilatstion of the skin
stlectroely by druga are extremely limated. I propose to try to arrange the
drugs ot our disposal in some sort of logical order this may belp to make 1t
dear wiry u selective action an the skin m difficult to achiove. At the end
I‘mm&mnélumingtbomdndv-odﬂmnmomcrmothx
*pects of ekin blood-flow which muy point to mteresting discoveries atill
to be mads sbout chemieal substences and therr control of cutncons

Tha wies of sction of vasodeetors

+—VYersowm
e S
o Gangion block
Hastrure Necotinic ackd Koo
Hiscornina rabesse Hydralhziee Akohol
Tolzolne Thiccyesstes Loce anaesthetics

TetfBy.  Diagran of sitws st which varioos vasodilme druge are balincd 0 act.

The scheme T would like to follow is srmply to make thumbnail sketches
of the different druge arranged according to their probable site of acion,
aing e 8 akeloton, the autonome reflex arc from a site on an afferent nerve,
UP to the central nervous system, and then out again through the sutonamic
Patlrwxys down to the smooth muscle of crtaneous blood vessels themsetres,
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VERATRUM ALKALOIDS
Among the hypotensive agents at our disposal are varous derrvatives of
the verstrum alkaloids. A number of these have been punfied and can be
used s such but quite often a muxture of partally purified alkaloids is
cmployed, such a3 Verilad A mam action of these substances 1 to
stimulate afferent endings of the vagus nerve In the region of the heart and

160 —
150 — E
.
e :
- 3
120 S

ERER-EEE- I
Puhe

: __:z;l Totsl dose 018
TNy egeeyriee Y
o 10 n n « 50

bt 4

0

T me in minutes
doss in the

Exzmple of sbpt Ww critaal
mhwmm:qu;%(mw LE:MF"“””‘
Brt Heert Y £ 419.)
thcllmgt.umgnpwhnuknmuzh:&zddjunchrtﬂa.wuch“:
the efferent side slows the heart and relaxes sympathetic tone. There

wmemdmnethnvemmnnmylhoc(m:nﬂ'crnumd]npmm
have been seen after

m the cranfal arculstion, since depressor responscs
vagotomy and after injection of veratruminto an Isolated erantal dlreulation.

Aslmhofthuuﬂanpa!}mtnodﬂngnmUumpnp:rﬂmﬁ:ﬂ?
-faﬂmbloodprunuemdadmngofd-ep‘ﬂ”-mhmmm
occurs afier atropine nhowingth:tbndymduhnmmualwu-

mmpmmdshzveb«ummnrdymcdmhypawmmﬂ!hmdtﬁﬂ
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o merza, Tt was believed that » fall i blood preseuss conld be achieved
b tha wuy bt ated p ] hyp don but it appears that of
» sbstentisl fall is produced, then semaitivity to posture s quite scvere.
The iy difficnity tn e s thet the doss requred to produce & ueeful
bypotension or perpheral vasoditatation 18 very close to tho dose whnch
wakes the patrent nausested and pechaps vomut. This may in fact be a
coman feature: to druga which work in tins way  digstalis, for anstance,
R known o produce s bradycard:s of central origin, and the ability to cuse

ABEIBL
Polee

ol dose neogermiure 0 41 mg
9 1m0 nsowmw’osmnbﬁnm
Time m miwutes

ke
sftec intrevenons cengeTinitring
¥k demonstration of Wmnr_&mp T ( onn-

%mdmmmnahm\euﬁhcdgmo{digmhlimmadm Tt 1 not
Cremonable to sspect that wherever afferent excitxtion of thn type
m‘»mﬂblhhlampmduc:lmonofmuu.md!hnqumpm
® part and arcel of the reficx produced by drugs sorkng m this way
A forther fegture of these drugs, #3 of mapy is that toleraoce develops to
therr vasodilator action. For sach ressons tho verstrum aBalowds are
Peobably of united ue 1 attempts to P skin 1

CENTRAL DEPRESBANTS
1t & well establiabved that any mewsure which depressa central nervous
finchon sufficently Intensely will relteve sympathetic tone. The most
%mh&muwmmmmmw
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vasodilatstion occurs and postural hyp ion may be ex dinarily well
developed. A mmilar state, though usually less intense, can be produced
by barbiturates snd this forms & basis of the seconal or amytal test for the
lability of a hypertension. You will recall that dunng this test & patient is
farly heavily dosed wrth these barbiturates and the lovel to which the
blood pressure sinks 13 then determmed. It is supposcd, and one thinks
reasonsbly that as a result of the central depreamion, the sutonomc activity

ponsible for the z P m vascular tone 1 removed, 50
that the cardigvascular system is then only under the influence of its owm
structural charactenstics and the actien of sny circalating hormooes, The
use of phenobarbrtone in hypertension is presumably  gentler vermon of
the sxme procedure.

Another matance of the effect on the cardio-vascular system of this kind
which may be worth attention 13 the action of morphine. Normally morphine
s not discussed 1n relatron to the cardiovascular system very seroumly
certunly its anslgemc, sddictive and constipating sction, as well a3 the
depressant action on the respiration are of far greater importance. But
m an ammal recerving a large dose of morphine, one of the striking occnr
rences 13 a prolonged and great fall in blood pressure, reducmg the animal
to a state not unlike that following destruction of the spinal cord. Further
1t is now known that 1n a proportion of subects recering ocdinary thers
peutic doses of morphine, a state of postursl hypotenmon derelops
Normally this 18 not secen mnce patients usually recerving morphine a1
supine on & couch, trolley or bed. But if they are made to stand up, then
the hypotensive effect can be noticed. Anybody who has recerved morphine
wrill recall the pleasant feclmg of warmth accompanying it I am pot sware
that this has been analysed but one can readily attribute 1t to a refese of
sympathetic tone 1 the skin. 1 should mention herc for clanty’s sake that
rm:u-l:uh.tm:cnn}:n'r,\\:luccﬂ.mdilnzt:cmu:qunteldjfl’m-u:m'l'ly"h-?di“h’u
mention agawn Later—that of hestamine release. One can obtaina rough des
ofthertladrnlmponmceoftbempmmfmmapenmenuFM
and I made Text fig 4nhmhawmmphineinllm:]]do-cunlmﬂm‘
blood pressure without producing the typreal picture of hstamine relessc
and how with s larger dose, the intial part of the response s attributable
mhmxmmch'bcndm.\\ehxwthm-gmnﬂmmo(maﬂ’mgd"
eksn blood flow by depreswon of central sutonomic activity Dut ft looks
unlikely that one could produce any major depression of sutcnoric f6C
centrally without producing a substantial depression of s bigher pervecs
function. T am not convinced that there fs any means by drugs sctnf
thnmurpfoduung-;dca;m[ncrwemnuublwdﬁwmw';:
ather actions on the body OMmeumb‘P"’P"”"'
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wteresting and confusmg pound chlorpr ine. This Iy can
reduce the blood pressure, and produces a peripheral vasodilation which
includes the skin, Chlorpromazine also has a variety of central actrom,
notably reduction of vomitmg, sedation potentistion of anaesthetics, and
x depresson of the tempersture-regulating centres. But 1t is also 2n
antagonist to sympathetic motor effects penipherally and although some
central depresmon s difficult to exclude entirely a penipheral sympatholytic
sction {ooks to be the man factor in the vasodilatation.

GANGLION BLOCKING AGENTS

With ganglion blocking agents one can attack, specifically the relay stations
m the outflow of the autonomic system known as the autonomie gangla.
On the sympathetic side ths means one cn paralyse the gangln m the
panavertebral sympathetic chans and the prevertebral plexuses. By this
mezns one can produce £ sub ! red of sympathetic tane. Such
& method of sttack has two grest advantages in prnciple, The first s that
ganglion-blockmg sgents m general do not have central sctions. The second
13 that the effector organ retalns its normal respoasveness, so that the effects
of ganglon-block can always be countered by drugs like noc-adremaline
or scetylcholine, The absence of central actron scems to be complete with
agents liko b t and pentol, becguse these substances are
quaternary salts this meana thst, when dusolved in the body fluids, they
can only exist in the charged (ionized) form, a condstion well known to
hinder movement across cell wally, Thus st the blood-bram barrier they
are barred from entry into the bram. By the same token they pass the
intestinal barrier with difficulty so that orsl treatment by such drugs has
alurays offered connderable dufficulty The difficulty anses not so much
frumtbeﬁulhztthcymmlvmﬁvnb&mbcdnlb:ilmum“
varable mewhilcnormal]ypcrh.lpa-hmnspcrcmtmnghtbe-bwbtd.
occasions mught anse such as with an ntestimal infection or othes upsct,
where the abeorption suddenly increased snd 1 gross overdosage could
occur

With more recent ganghon blockmg sgents, however of which mecamyl
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unne virtinlly by glomerular filtrihon no tssue m the body seems to
concentrate 1t selectrvely All this grves f a duration of action of the order of
4hr With the non-quaternary satts, however the posrtion is more elabo-
mte. For mstance, these drugs are taken up by the cells thw may be
one of the mamn reasons why their duration of action 1 relatrrely prolonged,
for they can enter tho cells and then are alowly grven off by the cells which
took them up  As a result, a single dose of mecamylamine mey act for se
bong a8 24 hr or even more. Further the excretion by the kidney offers
some mirguing festures. It 1 found that of the urine ts alkaline, & condition
m which mecamylarmne would cmst more mn the uncharged, thst 1
un-tonized, form, then reabsarption takes place quite substantully snd
excretion s very slow  On the other hand, if the urine i ecid, when meen
myl would be predominantly 1n the 1omzed farm, the absorption
alight and the drug s filtered out refatrvely rapidly Thus offers the engagmg
prospect of beng able to control the duratron of the actlon of sucha gamglion
blockmg agent by controlling the pH of the urme. Tho usefulness of tius,
hmhhm:mdbyﬂwf-nthnth:durvﬂmuflcuunhnlwunda
the control of the reserves of drug locked up in the tissncs =3 a result the
extent to whach the action can be prolonged ar shortened is rather restrrcted-
Bo much for some of the propertics of these agents m principle. One
mmust mention, too, some of the dificultcs 1o their general exploitation.
The mun difficulty b that although they only act, of property used, on a
single type of structure, the ganglionic synapse, thus nevertheles gives them
2 widih of action often unwanted. Thus the production of & vasodilstution
may also entail paratysss of the pupil and cilary muscle, ar constipation or
disrthoes, It 13 clear that ope can incremso the blood-flow in the ek of
the legs quite strilungly sometimes also 1 the hands and faco but it
difficult to do this without meurring some degreo of postural hypotenwion,
o of block of other gangha. Hexsmethontum bas been used both to reduce
mwmuungmpmmnwnhhyp«:id:mhmdmmbbodﬂ"
10 patients wrth vasospestic disesse. I think this expencnce han served
more tn show that ths type of attack is possible, than to establch 1ts use-
fulncms. If it was possible to obtmn e drug which only affected those
ganghon cells supplying cutaneous vessels then one would have an extremely
useful tool, There are, mdeed, hints that differentnl action of this sort 1=
Dot eompletely out of the question. When J N Langley was first studying
the sction of nicotine on ganghe, be described how the different functions
of & rabbnt s supenor cervical ganglion were panalysed in & distinct order

indicatmg that cells controllmg the nictitath brane hed & diff
scantivity from those, for metance, controlling the blood vesscls of the
+ and 1f onc P tho detwled pharmacology of tetracthyl

e
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Table 1 Swommary of the effects of ganglian Block m wan

EFFECTS OF HEXAMETRONIUM IN MAN

Sign or symptom Autonamic pathery blocked
Fhuhing of skin sod capillary pubstion arterioles of skdn
Injecton o confeacirss Ranctivas d rocecle T
Rise in sl blood Bow
Rh-hrhncb{l:mdﬂo-aq>;m)
Postural bt k d tolfs 8 theth €0 arteriobes and of
Reduction of bleeding ¢ operation (nwfy ) #kin end moscle and
lgﬂﬁ;ﬂmdrﬁﬂn—& mnﬁnﬂ%
e of e 2 “arceictes. 'of  affecrsd
Dry.mlnmdmdry-kh Bympatbetic ©
ympe

Reduction of refiex eweating p 10 rweut ghands
Puralyra of ocular sccommundation and reschan to Lght &Imyw‘ﬂw
Dryncss of eyes nsqﬁ-

: Vagul pungtie—in heart

b bonlum, p h and d-tubocurarme there
are agan signa that gangls vary in thar suceptibility and differently with
different drugs. But determmed cfforts to find differential actioms of
clmcal use bave failed. Industnal pharmacologusts have sought very

found.

The uscfulness of panglion block then s rather dependent on ont 8
object. In an scute treatment or experment, where the subject can be
under supervinon throughout, such drugs provide 8 very conrement
means for releving sympathetic tone, for & tume which the physician can
control esther by choosing his drug or by choosing his dose  For panents
with senoun hypertension, where the need to lower the blood preseure
mkuhmnhmpungmcudclcdon&mmwﬂh”'ﬂml ‘:
place. But for less substantal eymptomatec therapy such asin of 0
conditrons, onc hewtates to suggest blocking ganghs a3 & mam



FHARMACOLOGY OF YASODILATOR DRUGS 437

cemng cotsneous blood flow except for investigative purposes. Buch
dregs might serve to indicate what profit would be gained by aympathec
tomy 1 believo this has been explored to some extent, with not too frutful
resuis. Thos w, m & way not surprising because the

concerned would be loctl, wheress ganglon block  gencral and the offect
¢a the lunb would depend not only on the local vasodilstation achicved,
but abso oa the effect of vesodilatatsan elseorbere in the body on the systemc
Blood premure.

HMaximon blood-Bow (c.e per 100 c.c. of foat per owmut )

“ Ocs
- 0 o
"~ W Cootrol _ [ RS
n- - -
0 ~ ' _
[ - 3
~
&~ T _': by
- A " -~
‘ - ~ h
2 v
! -
LL  ¥T SO LD JL YA P5 KRB LD WA

Text-By. 5 Chart examam bleod ows i the ket foot folkrwmng hetzmethonkan
2 copend o bosber. el or block 10 ten nonmal sebjects. (From
Bebouzer er ol ( g5 ) J Cie. Imowt. 30, 7859 )

RESBERPINE
hmmm.wwdmmwmmdm
Indun plant Reweoodfia serpentna had for loog occupied m folk therapy an

place. Something like four years sgo active principles were
xtracted from it, winch were found to produce 1n animals a3 their mam
effect & fall in blood pressure of slow onsct and considershle persistence,
soompenicd by same degree of sedation. At first the schon of the main
mmwmmdﬁﬂmmm&mtﬁnd
# rather long lasting barbiturate. But then o ws found thet during
'rmnzm“mmpim,thummntdhyﬂ.rmynmamme[nth:bﬂln
and other tragace wras conaiderably reduced. This gave rme, together with
2 number of other pharmacological findings, to the Idea that both the
contral of wakefulness end the central control of autenomie reaction were
mediated sn some wey with the mid of hydroxytryptamine in the central
nervous system, More recently however Mis Vogt and ber colleagues
made the important cbscrvation that 2 well a8 ridding tisues of hydroxy
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tryptamine, reserpine also causes a reduction of the nor-adremahine in
nervous tisue. Consequently it can produce an sutonomic paralyss which
depends, not on a failure of transmislon through gangls, nor on any
ordinary style of block at the post-ganglionic synapse, but on s deficency
oft tter 1n the post-gangl. neurone, Further mnce nor-edrenalne
only occurs in sympathetrc fibres of the autonomc, the parslyszs is restricted
to the sympatbetic mde. Thus we can explun, by 2 perpheral sction of
reserpine, the hypotension and vasodilatation 1t brings about, together with
such thinge as the relsxation of the nictitating membrane 1n dog and cat
(which is under sympathetic control), the loss of the sbility to dilate the
pupil and & relative pupillary constriction s well as features such =
uufﬁnmofthcnmemdtmdmcywdmhou,duemamwlmoppoxd
parssympatheticaction. We have, therefore, 8 means of sek ly red:
the sctivity of the sympathetic nervous system. It 15 not clear yet how far
ths reduction of activity goes. A patient on a dose of reserpine which i
talerable in 1ts contral cffects s certainly not a3 weak autenomecally s cae
undergoung severe ganglion block. On the other hand, the use of reserpine
mxghtbcwunhcumldenngh:wmecuawhmon}ynmodmrdanﬂm
of sympathetic tone 1 requued. Reserpine should prove of connderable
vﬂucforcxpamxnulpm-pmwhaenhdcurcdtorcduccrympubcdc
actrvity as selectively a8 pomsible. The resson s this if rescrpine Is grven
then a depletron of the sympathin content of neuroncs occurs there follows
lpcnodwhenthcre-explned.mpparlfmmthebodybutthcd.:ﬁchﬂ=f
sympathin has not been made good anelhcnhndno(gmhmlﬂlmleof
reduced sympathetic activity yet no drugs are present. At the same time,
1f 1t 18 desired to excite the penpheral effector organ 1ts responnveness 10
sympathetic amenes 13 not impaired.
Tbcnumcnmpbcnnonwthcmeofma'plncuo{mmemmu'ﬂ
sctron. Normally 1t has some sedative sctron which may be benefical.
In some patients, however it may produce a severe depresine cien
swaidal, state, such that the drug must be discontinued. Sometimes, o0
1t produces 2 state like Park which disappears @ week of 80 after
tbcdmghnoppcd_ﬁemambywhkh(hecmuﬂcﬂ'tﬁlmbmﬂm
sbout s still obscure. ‘The fact that reserpine can ducharge the nor-adrena-
[melndbydmxﬁrypumunoftbchmn.uﬂﬂnofmhnmmhﬂ
mlh“DPPwluonlhﬂLhaenmmumconncardmlh[unedJm‘vrﬂcd-
Recent work on the diffuse neuronal network of the mid-brain known 22
the reticular formation has also been brought into the picture since there
umdmmlh:tdnncunryo!thuocmartoonunhthcnkdulnm“
othermsse of the brain. Thus it could be suggeated, variously that lack of
H‘I‘ornaf:drcmluumlbebnm,arnﬂaodlngo!tbebnmﬂﬁ'm
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smines when they are relessed, or a fadlure to bind them s they are synthe-
szed, distorting the normal pattern of turnover 1 responsible for the
edation, But 1t woald be out of place to discuss this tather compheated
field here, For our main concern, that of how reserpine produces peripheral
vesodilatation, it scems that we should attribute this malnly to the penipheral
achion en adrenergie nerves the persmtence of parusympathetic activity
feemns to weigh sgamst & general central mrtonomic depresson. It may be,
immmnruapmumnnpmﬁcdqnmcﬁcctoudmomu—ﬂ
representation of the sympathetse  but thus 1 a difficnlt thing to prove, in
the presence of sympathetic paralyss by another cause. For the moment,
therefore, wo can regard rescrpine 13 posscwing an interesting central
sedatrve actian (perhaps related to rts effects on the local hormanes of the
md-brain region), with an abilrty 1n the periphery to reduce sympathene
tone by dimmistung the content of sympatiin in the postganglionic
Icurone,

ANTAGONISTS TO ADRENALINE

The group of drugs, variously called sympstholytics, adrenolytics, or antt
sdrenalines, first cume to notice with Dale s researches of fifty years sgo.
He found that in an animal which had recerved ergot, adrenaline caused &
Peofound fall 1n blood pressure watead of the customary nse, the so-called
udrovaling reversal  and that ergot modified the motor effect of adrenaline
d sympathetic shmulation In many other ways. Since then pharmaco-
bwahxrelmnnnhmingmddulmmeknuwlcdgouhmndmmmmd
wcquired many umilar drugs, as well s 1dentifying the ective princaples in
ergot It  believed that they act on the receptor group with winch
tdrenaline or nor-edrenslme combmes when it excites smooth muscle,
Preventing thus exatation. The antagonists to sdrensline and nor-adrens-
hmdﬂnotmtzﬂmwhhd:e:ympnﬂwﬂcnﬂ'veumch,mdgpm-ﬂx
relexse of nor-adrenaline or adrenahne at the nerve ending, nor interfere
with the contractility of the smooth muscle itself But they are what are
called competitive sntagonists to sympathm at the receptor group and
show the same sort of quantrtatrvs refationships between dose of antaganist
10d dose of sgonmt to produce 2 grven effect a8 occuns with, ;ay slphon
amides and PABA or atropine and acetylcholne,

One of the most interesting features of thess druga is that it fs only cortam
#1003 of sympathetic ammes winch they can antegoruze. One can sxy
roughty thst those sctions of sympathms leading to contraction of smooth
mscle aro antagonired, but the other sympathetic actions such as the
dilatation of blood vessels, relrxation of tmooth musdle, stimulation of the

central nervous activity or metabolic activity arc all antagonired
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with much greater difficulty or not at all. In consequence, pressor re-
sponses or yasoconstriction of the skin or other vessels are removed, but
the tachycardu produced by adrensline release in the body or other
raetabolic effects, or the dilatation produced by adrenaline in the muscke
bed are remstant to thelr action (hence the adrenaline reversal). Another
feature of their oction will, of course, be that parssympathetrc actions
continue unopposed.

There are three main groups of these agents which deserve separate
connderation. First we have the ergot denvatrves. The older members of
this group ergotoxin and ergy ine, are now less ly used then
substances derived from them chemically the dihydrogenated ergot alka
lolds. One of the difficulties of the original alkalosds s that they preface
their antagonsm to sdrenaline by a vigorous sympathomimetic phase. Tho
ergotamine has, as 1ts fisst action, a prolonged vasoconstriction only after
this has been passed through docs & subsequent fall m blood pressure and
 sympatbolytic phaso begm. The dihydrogenated allaloids (dihydro-
ergotamune  dihydroergocornine, dibydroergocristine, and ditrydroergo-
h’y].'n:hla:)IICK'.hnely'n:\;:ux.hcrmu:l:bem:eﬂ'et:tl.m‘ln-\atnlcrlblyg\)on‘.lpt:""llhﬂl'll
vasodilators and hypotensive agents, sometimes used 1n & mixture known
as Hydergin It is interesting however that their ection does not scem
to be purely peripheral and T would like to go in a Lttle more detsil into sm
cxperiment in human pharmacology by Barcroft, honzett & Swan (1951)
which mdscated that dihydroergocomine (DHO) acts on the central nervous
tylu:muwel]l.lp1:1-|phtnllyn:vpmd:mevnl:odu'lltxm'ﬂ‘'J‘Ecf"“"l":d""’I
probably being the more mmportant under practical conditions. In Text
fig 613 shown firsz, the ability of DHO grven Intra-arterally to s brachual
artery to increase hand blood-flaw The next panel shows that it s mactrve
on 1 sympath d imb indicating that there is no action on the
vessels in rts ovn right. All this conforms with 1ts expected sympathelytic
sctity There 13, however somewhat of a discrepancy between the dose
required to produce an effect intra-artenally snd the dose winch gVeR
systemucally will produce & good vasodilatation It 53 not as sctive £17C0
mtra-arternlly as one might expect from its systemic cffects. Baseroft &
Swan (1953) did n ingenious experiment to test for central action, relying
on tome work which Rothlin had done indicating that after 5 mn. the bulk
(95 per cent) of the ergot alkalord 13 removed from the blood. They fint
d.xdncuntmltutshmngthccﬁ'mofoodmmdthcblaodﬁww'
Limb on the blood flosr though the hand, a transient hyperscmsa ocTL 8
when blood flow was restored. Af(crfullrtmftfylhf!'}“'“'r“hmd

one arm, and Injected the ergot alkalod {ntravenousty Onthecmlr\il‘i
1t produced the usual dil Five minutes after the injecuon
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tculstion to the other erm was restared. One could now presume that 1
woold be exposed to a far smaller probably negligihle, dose of the alialeed
£2d hence, of the afkeloed was scting on stroctures within the arm, there
would be 1o vesodilstrtion. They found, on the contrary that sfter the
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nevertheless one must remember that a central action i probably damtnant
under ordinary conditions of treatment.

The second clusa deserving attention can be called the midarolines,
because, chemically they contun the umdazole ning, which 1 inddentally
the nucleus of the histamine molecule. In genenl, like the ergot alkalods,
they produce s reversible 'y to sympathetic amines. The two
most important, tolaxoline, also known as Prmcol and phentolemrne
alto known a3 Regitme  are good enough to be very useful in practice,
with & conventent duration of effect, something like one or two hours or
sometimnes longer The mun difficulty with these two drugs is the nde
effects they produce. Tolazaline 13 certainly & cunous compound. Ity
relstionstup to hrstamune 13 shown by the vigorous secretion of acd gastric
juice which 1t can elsat. Jt has & number of smooth muscle stimulast
cffects includmg the sbility to produce goescflah 1t can evoke chemo-
receptor reflexes and 1t hes sympathomimetic sctions iteelf includiog
stimaulation of the heart, in sddition to # genwne antagonmsm to adrenalme
The most curfous festure about 1t, however m that it appears to have 2
direct vasodilator scton o that the increase Ip skin blood-flow 1n the hand
which 1t can cause 13 greater then with other ants adrenalmes i equivalent
dose. Phentolemine 13 a more specific compound, and 1 probably the anti-
adrepaline of chotce for mvestigative pusposes. It Is free of mutial veso-
constrictor action, 1t is more specific than tolasolme, and 1t has & doratio
ofucucmlongcnoughforobtcrnnautobcmadc.bu!nmyﬁwlougb
1o be potentully dangerous. It has becn used successfully to snizgonize
mpected sympathetic amines and to help dugnose
In rmy laboratory 1t has proved very convenlent for antagesinng symp
thetic motor effects,

Thethudgrurpo(mpoqndxmthmwhzdwngrmlcdmthewuﬂ
of Nickerson—dibenamune and sta relatives. Here we come to 8 different
kind of action the drugs seem to react with the receptor groups in some
almost permancnt way sa that a very long lasting antagoniam to sdrenaline
or nar adrenaiine 1s produced. mmmwﬂymﬁm"’“’“}’
action they bave 1n ordinary dose i to antagonize motor sympathene efecth,
apart from some central sumulant sction seen chuefly with lnm‘“"’;_

di “mmmer.-J 1. Jw!hcdm:.mmlm‘x
the group probably dibenzyline also known sa dibenyline w3y well
the most useful. ludunuonofncumhdroﬂcrth:nthﬂﬂfd‘m”:
and rmay be complete n two or three days. Itanbexﬂmh)'"’""'h";’
although 1t 15 not perfectly absorbed ot 1s ratker better and more regelarly
sbsorbed than dibenzmune and 18 loss irmuant. A3 a dru to be tried
perphenal vascular disease dibenzyline always merits seniows comideranon-
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One lagt remark should be made on the usc of the antl adrenalines, which
pomts, not to the svodsnce of their use, but to caution 1 dosage. Ther
benc acton 1 to prevent a sympathetic amine from sumulating smooth
mmcle. If, by any chance, i overdose 1 grven, or an exaggersted hypo-
tension 19 produced, the q arises, what you can use to
restore the mtnation. With druge scting at any polnt up to the adremlme
receptor druge such a3 nor-sdrembing or methylamphetamine #re atways
avdlzble to restore the blood presearc. But with & profound fall m blood
pressure afier a sympatholytic agent one hes, for practical purposes, no
useful antidote. Posterior priurtary extract can be suggested, snce 1t 1s not
antegomized by anti-adrenalmes but it has been found very unreluhle as
1 pressor agent in man, s known to constrict the coronary vesscls, and bas
cansed fatalittes. Comsequently the best that can be done 1 simpty to place
the patient head down, so that postural effects are 1n favour of the blood
sapply to the head, and allow umo to elapse. It i clear that hypotenson
due to removal of sympathetic tone 13 not a8 dangerous 22 msgmed before
the deys of sympatholytic and ganghion block nevertheless prolonged
serere hypatension is very undestrable, requires skilful nuraing, and is best
avoided.

VABODILATORS

This 13 such a lerge and heterogeneous group that they canmot all be
dmscuseed fully here. Bome of them, hatemme and acetylcholine (and 1ts
snalogues, methecholine, carbwchol, furtrethonum) are substances with
famihar properties and definite connections with normal bodily functson.
The vaodilator cffects of others, soch s the pitrites, nicotime aad, or
papaverine, cannot yet be correlated with any genenal type of drug action
nor with any festure of normal physiology The vasodilator ffect of ’lcohol
an sction not withont clinical useful 1s probably to be d with
its general depressent sction on excrtable structures. A fow more detailed
comments may be neccesary aboat the less familiar drogs. The vasodilatation
pfnducedhymbhﬂmu.ufmuru,vdydmﬂnmﬂntducm

ine, the ht d commg largely from the mast cells in
tho skin which are degranulated by the fiberstor It 13 sometimes useful
o be able to distingush a direct histermnic action from one due to released
histamine thes canbe qurte essily done, qualntatively at lesst, by reapplying
the yasodilator substance to the skin, say twelve hours Later  If this 3 dope
with hitarmme then the typical response occars sgun. But if 1t depends an
brstamune release, the vasodilatetion o sheent or much reduced, mmply
because the ustarnine which had been relexsed hes not been restored. The
fact that the test s possible 15 an indication of the rather slow turnover
time of histamme in the body
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CONCLUSION

1 am very conseious of having presented rather a mixed collectron of thera-
peutsic substances, a sort of pharmacological dowrllebarsse and 1t may be
rather indigestible. Certainly some of the drugs arc mther fahy! Perhaps
in conclusion, 1 should discuss in general what bopes one can entertaln for
= selective cutaneous vasodilator s a therapeutic weapon. It seems m-
probable, fimt, that drugs mterfening with the outflow from the centnal
nervous system, whether they act on the afferent, central or efferent path
ways, should ever have the required speaifiaty A httle more hope attaches,
perhaps, to finding substances selectively active on skun vesscls, for which
tolazoline may be a pointer The difficulty can be by passcd of course, by
local spplication—esther a3 or by electroph and ths bas
been done with acetylcholine and rts counns. But this is nat a generally
practicable procedure. The vasodilatstion mediated by hustrmine relexse
or by kunins suggests another approach 1 both cases the localration #
achieved, not by & specual scamtinty of the sk vessels, but by the localza-
tion of the generxtor of the vesodilator substance—mast cclls or glands
respectively  Here it 1 the concentration of certain special structures la
tho skin which determmes the site of the vascular responses, One wondeny
whether tho solution to the problem of speafic vasodilatsnon of skm
vessels may not ultmately emerge from the spectfic architecture of the
skin 1tself
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THE MODE OF ACTION OF
TRANQUILLIZING DRUGS

BrP B BRADLEY

The purpose of this paper i to revicw some of the myestigations which
Luve been carnied oat wnth tranguillreer druge, with the view to ehucldetmg
therr mode of action on the brain. It will not be possible to cover all the
wurk which hes been done with these drugs and I propose to limit my
remaris to the types of study with which I and my collesgues in the
Dep:runcutofExpcdnmlPlydlmryianrmmgtumhwaccﬂcon-
cemned namely electroph i end beh 1l studies. In addm
I shall confine my remarks mainly to chlorpromenne, the first drug of
thutypetubednwvu’edlndlhoth:mmwhld:hubmd)cmmt
widdy # d. Its phazmacol | propertics were first described
by Courvomser Fcu:nd,DmRnhky&Kochd}etmlgsgmdmlny
of their exly findings have since been confirmed by others. The drug
somewhat remarkable for the wide diversity of its properties, which include
among others an enti-emetic action, potertation of the sction of suacsthetics

Chlorpromazine 13 best known, however for its striling peychological
effects, which have resulted in the mdespread use of this drug in the trest
ment of peycluatric patlents, The firet report of its clinical effects by Desly
Deniker & Harl 1n 1952 has been followed by an enormons volume of
Titerature during the lest five yoars dealing with fts therapeutic usee. There
s at the present trme, however some doubt ea to how much of the mprove
ment m the trestment and prognoe:s of paychistrne disorders m directly due
to the use of tranquillers and bow much of 1t i atiribotable to other
factors, but this 1 not the trme or place to discuss ths question,

Chlorpromauine reduces motor sctivity and m this way calms over-zctive
psychotic paients but without producing generalized depressaon or clonding
of comclonsness. Theso effects are believed 1o be due to an action an the
central nervom system and the reduction m motor activity can be scen in
expermnental anmmals when the drug is infected (Bradley & Haner, 1957
Das, Dasgupta & Wemer 1954} The changes m locomotor activity aro
sccompanled by changes in the dectnical sctinty of the houn (Terzn, 1953)
and early workers who recorded changes 1n the electrical activity of the
cerebral cortex in snmmals (Longo von Berger & Bovet, 1954 Hiebel,
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Bonvallet & Dell, 1954), observed that the generalized cortical response to
external stimuli was suppressed following the admuinmtration of chlorpro-
manne, This response, the arousal response, 19 thought to be meduted by
the brain stem reticular sctrvating system, and it was therefore suggested that
the drug scted on this region of the brun and depressed the actrvity of the
rettcular formation. We have investigated this 1dea more closcly and pro-
duced some evidence from experiments with anumals which lends support to
1t, and we have put forward a further hypothess for the action of thus drug

Our mvestigations into the action of drugs on the brain have been carrled
out 1n four different types of expenment

(1) Expermments with conscious, unrestramed cat preparstions carrymg
permanently implanted recarding electrodes 8o that the electneal actinty
of the brain can be recorded simultancously with observations of behaviour
{Brudley & Elkes, 1953). Inthhmychmgulnthuetmnrnbb'ml
the admunstration of drugs can be observed and correlated.

(2) Acute preparutions in which changes in the electrical sctrvity of the
bram can bo correlated with changes in blood pressure etc. snd the effects
of lesions on responses to drugs can be exxmmed.

(3) Experiments with specific responses, such as the arousal respomc.

(#) Micro-clectrode recordings of the cffects of drugs on the activity of
singlo neurones in the brain.

In the conscious, unrestrained anumal, the pattern of electrical sctmity
which can be recorded from the cerebral cortex correlates well with the
behavioural state of the animal and different patterns can be dmtinguished
according to whether the anmal b fully awake and attentive, or drowsy and
dleeping (Bradley & Elkes, 1957). The chanpes produced by & semory
strmulus (arousal response) sppear simultaneously 1 the EEG sod
behaviour

The effects of chlorpromazne m these anlmals were to make them
kthngzclndmdjﬁerem.mdltthenmemnclnduccmEEGP‘mﬂ“
similar to that seen in the early stages of slecp or drowsiness (Bradley &
Hance, 1957)Tbeeﬁcmofmuorymmuhw)ﬂchpmw}rh=d"“"d
arousal both tn terms of the EEG and beharour were blocked completely
thus confirmmg the observations of Longo ef af on electrical responst
alone. The antegonism between the effects of this drug and others euch 2
smphetamune and d Iysergic aad diethylamde (LSD 25), together with the
results of ecute experiments with chlorpromazine supported the dea lh:
the site of action of this drug 1s probably at the brun stem level (Bradley
Hance, 1957).

We ncxt”mmmcd the effects of this drug 1 relation fo brin #tem
retrcular activating system itsell The ascending inflzence of the retealar
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formation of the electrical nctivity of the cerchral cortex was first demon
strated 1n 1949 by Moruru & Magoun, who showed that stirmlstion of
pants within this system caused widespread changes m tho electrical

dimng arvnsel from aleep that 1, desynch 100 of the large amplrtud
slow waves ssocated with sleep and theur repl by small amplitud
diffuse, fast actrrty  Lesions in the upper part of the brain stem, confined
to the medial part where tho retscular formation Hes, blocked thess responscs,
whilst smmilar lemans in chronic animal preparations caused chronic loss
of wakefulness, Bimce the findings of Moruxxi & Magoun many workers
brve investigated thia eystem and we know now a grest deal more about its
xustomy and physralogy

The present concept of the reticular sctrvating system 3 that 1t cxerts
‘mﬂkncmdmgﬁd]:moqmﬂummmdnhxgba’cmnuufdnbrﬂu,
P‘Mﬂymﬂnmebﬂlmrta,mdmﬂmhﬁumhmppmm
wl]-wpormmremlmmmmhrmgthm
Influenced by sensory Impulses traveling along the afferent
Pethways and 1t is thought thet thus takes place at the brain stem level,
"mﬂttcnhfmmthmptﬂ:“ylmmtb:muﬂnfmmx)
Th‘vmmmgumlﬁmd}ekvdufmlmwtymtbemm
formation and-through 1ts escending influence, the lovel of cortical activa-
ton s0d state of wakefulness In tins way s senvory sumulus may reach the
cerebral cortex through two pathways. First, 1t travels along the spectfic
mypﬁhwqﬁumd:upmphaymdmmﬂymd;ume.ppmpmm
07y recetving area of the cortex. At the ssme trms, when 1t reaches the
bﬂmrtm,nlhomtnnthemculufotmmoﬂwhefe,rfmmmqn
bigh encugh, 1t raiecs the level of tonic actvity rufficiently to cxuse wide-
spread cortical actrvatson and arousal. In thus system, however the stirau
hllmumldmmymmm:m-igmlmﬂonmdmﬁnddntmom
ton produced by an audstory stimulus 13 exactly the same as that produced
by tactile or visual stumuli.

Incunndmngdm.cuomofdmg-inrelldonmﬂ)oreﬂcuhrnmvmng
mmmedrug-wh;rhmknmmlﬁ'ﬂﬁmtuofmkdulnmmd
comscousness, such e central like emph and dep

«uch a the barbrturates, might well be expected to act on this system, In
ﬁ%&mhmwmmtmmmmh
‘ﬁmhymmmm:mhxfmmmphalmhebymm
action (Bradley & Elkes, 1957) and berbrturxtes by a depressant sction
{French, Verzesno & Magoun, 1953)

chunmgmwmthcumquﬂlhﬂ'l.wcdﬂnk&mthd:ncﬂnuontbe
wrousel system is related more specifically to the influence of afferent

»
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tmpulses on the reticular formation. The evidence for this suggestion has
been obtained from expenments in which we have examuned the effects of
drugs on thresholds for arousal produced by (a) direct stimulation of the
retrcular formatlon and (8) sensory stimulstion (Bredley & Key 1958).
Direct sumulation of the reticular formation was schieved by means of a
technique similar to that used by Morumi & Magoun, a coaxial simulating
electrode bemng imerted stereotactically and the electneal sctinty of the
cortex recorded whilst stimult of increanng intennty were applied. In this
way the threshold for arousal responses could be determined, both before
and after the administration of drugs, and graphs plotted of the threshold
agamst the dose of the drug  Such graphs have been made far 2 number
of different barbiturates and it Is interesting to compare these wnth
chlorpromanine (Text fig 1)

All the barbiturates which we have examuned caused a rise m the
threshold for arousal produced by direct strmulation of the reticalar forma
tion and at dose levels of 8—10 mg /hg arousal responses were completely
blocked (Text fig 1B) At the same time arousal produced by e
ternal sensory stimult was blocked  Chlorpromasme, on the other hand,
caused the threaahold for arousal produced by strmulation of the reticular
formation to nse only slightly even when comparstively large doses (89
mg /Kg ) were injected (Text-fig 1 A) but arousal produced by sensory
stimulation was blocked by much lower doss levelsof thisdrug (2-3 mg /hg )

It has been found that barbis block the conduction of impulses in
the bran stem reticutar formation (French et af 1953 Hance, 1958) and
thhcmﬂdmmtfnrtheblocﬂngofumlmpomubythﬂedmﬂ
both for sensory and durcct sumulation. Chlorpromazine docs not affect
the conduction of impulses in the bram stem (Killam & Killam, 1957
Hance 1958) and as it had Littlo cffect on arousal produced by simulation
of the reticuler formation, 1t appears that this drug has litile depressant
action on this system as compared with that possessed by the barbiturates.
nlu!h:blodmguflmuuhomrylﬂmuhmldmtubtlm
specific ection 1 the case of this drug and th led us to suggest that
chlorpromazine has a depressant action which is ssocisted with afferent
influences on the rencular formstion and that its site of action may be
closely related to the afferent collaterals entenng the brain stem reticular
formanon (Bradley & hey 1958)

Further support for this hypothens comes from C!Pﬂ'lm“l“‘h'ch
lhemrynhmglcncumnumthcbnmumhabﬂﬂmfd‘d'“h
micro-clectrodes. Many of these neutones show cons ETEence FEspomcs,
that s, they respend to mare than one mode of sensory sumlztion. After
chlorpromanine had been injected all such neurones showed greatly
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lﬁmmihndrupomawhmd):nm:mmnlmwuquhcd(]}nd]cy 1958).
There are, on the other hand, findings which do not fit in well with this
bypothesis and theso have demonstrated that certain electnical responses

Beun sen stimutrtion

@ EEG wroussl -8~ Behaviours sround

B Permtoberbltone

Toat-fgurs

G‘z’ by dmret stimulstion of the rethonlar formartion.
Tt Hireebolds d:““”'“d'd.,;rhwmummd__
(From Bradley P B. & B. ] ( 9s%). Flactremceph. Cha Newephysel o, s1)

of
B.
recorded from the rencular formation are enhanced by the sdmunhtration
dﬁhﬁmmnmmm&mlgsn}{mh
hmnmemtmmm&nwﬁbhwmm
of these responses and their relation to the sctrvity of single neuroner.
e
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Other workers have shown that although the smplitude of these slow
patentisls may be d by chlorp , thewr recovery cydle b
retarded (De Mear Martin & Unna, 1958).

Our hypothens for the mode of achion of chlorpromanne 1 a very tenta
tve one snd further mnvestigations will have ta be carned out with thy
drug We must not, at this stage, suggest that it 1s this particular actron of
the drug which is responmble for its tranquillming action In man but
18 interesting to speculste on thrs possibility Certanty 1f we scoept that
the ascending mfluence of the arousal system determines our state of wake-
fulness and possibly affects our reactions to sensory sumuk, then any
interference with the influence of such strmult on thu system might well
upset thry rel hip so that our r to the stumuli are altered
although they may still be reaching the cerebral cortex.

Finally ft must be remembered that the tranquiliszers are a far from
homogeneous group nd differ from onc another tn almost all thewr
properties. Thus, the expenimental findings and tentative hypothess which
1 have outhined apply to only chlorpromazine, and other
which we have studied appear to have different properties. Ths is certainly
true of reserpine which produced a dusocution between EEG activity and
EEG behaviour  Others auch #3 azacyclonol and meprobamate appear to
fave no effect on the srounl system whilst hydroryzine 18 in eome ways
similar to chlorpromanne (Bradley & hey 1958).
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DISCUSSION

Charman Dx H R. VICKERS (Oxford)
Vicxers. Do cor ids mnfl the resp to other druga? I think
emotion alters tissue resctions, and I wonder whether 1t acts ;n some
vway through hormone stimulation, perhaps through the corticosterad
mechamsm?

Dz G B Dowrmxg (London). We take blushung for granted [ wonder
1f Professor Paton would enlarge on the subject and help us to understand
why people differ 20 much, why some people can vasodilste or blush,
and why some do not. We take the mechaniem for granted but I do not
think we have ever understood 1t

Proressox W D M ParoN (Londen). The chairman gnd Dr Dowling
have raned the question of sutonomuc behumour varying I do not know
whether there 18 any good evidence that cortical hormones can Influence
this although it hes been gone 1nto as regards peripheral effects on auto-
nomic behaviour there does not scem to be very much to go for so far o
ordmary fluctustions 1n cortical sctvity are concerned. Central effects of
cortical horruones mught be different. The theory wlich appeals to me
most a3 to why people vary ically is that the system
transmuts the visceral expression of our personalitics this means that,
in #0 far a3 our personalities differ our sutonomic bebavrous will differ too.
Of course a ganglion-blocking sgent can only show itself 1f autonomic
sctivity 13 there to be blocked. It is the same with curarzatron 1f you have
a completcly relaxed indmidual on artificual respiration, you cannot tell by
inspection whether he has curare m him or not. Similarly with autonomsc
block 1f #n sutonomic pathway 1 silent you do pot know il it 1s blocked
o not. Hence, if autonomme sctnaty vanes, the pattern of ganglron block
vanies. There s another factor too the farter and longer a given sutonomic
path“yunmtd!behggumpmmrmhlheblodpmduﬂdbfl
ganghon-blocking agent—agun rather like the curanzed patlent or the
myasthenic man. Whercas brief single shocks may cliat & response the
'&T“P’ebccoﬂmp:rﬂwdwhhmncd:xuummm”bc
another mechanmm which picks out those autonomic pathways which are
mast active 10 the body !hmepalhﬂpwhldlmmtm‘hw'db‘
affected first. Thes explains, for instance the occavional dramatic fall m
blood pressure tn hypotensives, with n!}mlmlﬂdmclofhmmd}wﬂmm
One cn suppose that in such patients the vasomotof ganglia were bang
activated at a very rapid rate with lcotmpaﬂdmﬂ)'m}“““dmﬂumy
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1 introduced blushing mto the dscussion only because, whilst preparing
1y paper 1t occurred to me that this is one of the commonest causes of
vasodilststion. I have not found a fully sstsfactory account of 1t It is
remarkable that one hes to turn to Darwin for an sccount of blushing
Lews 8 book on the skan refers largely to him snd to & contemporary The
great diffienlty for inveshigation, af course, is to produce a standard blush,
T have tned to make my laboratory asmstant bliah tut he never willl
8ir Thomsa Lewns, 1 think, hes explained 1t as meduated by reduction 1n
sympathetic tone. But I xm not qurte convinced, partly because & patient
who 1 yasodilsted does not look Hke someone who is bluahmg 1 hoped
that somebody bere might be able to tell me whether & sympathectouzed
man can blush. Ts there a pathological blush which presents to dermato-
logists and which has some other accompanying festures? For wnstance,
does the occasonal indrvidoal who blushes really extensively possibly
down to the chest, fee! fant at the same tme? Or does anythmg else happen
when you blush—stuffiness of the nose or incresse i secretions? If
bloshing 13 due to something other than relesse of sympathetic vaso-
constriction, 1t might be rather interesting

Vicxeps, Cwldd}edlﬁmmlctmnbetmﬂmhyd:ogumcdmd
unhyd d ergot comp be cxplamed by the fact that the
hydrogensted compounds are able to croes the blood-bruin barrier and so
act centrally whilat the unhydrogenated can only sct peripherally?

Paton That 1» xn mteresting suggestion and chermcally there might be
womething m it. However other central actions have been described for
the unhydrogensted alksloids. It loaks a3 though both the unhydrogenated
und hydrogenated compounds can penctrate the blood-brain barner

DrN R. Rown (Leeds). I am mterested to hear that Professor Paton
finds that mecarmylamine hes an sction of about 24 br There is no doubt that
the d of schon of ganglion-blocking drugs 1n experimental work
differs from the durxtion m practice.

In my expersence mecamylamiine has to be grven two to three tmes a
day to have an adequatc hypotensive effect. I agree with the vanubility of
absorption and 1 have seen soversl cases of panalytic ileus duo to thn drug
Cocxtipation seems to be an almost invarable nde effect, atthough pro-
stigmime 1s sometimes cffectrve in counteracting this.  Pilocarpine m uscful
for drynems of the mouth, esere drops for the prevention of gliucoms
and the prescription of new spectacles allow for the pupillary changes.
Impotence o & further side effect. This e be helped by cmutting the
evening dose.

T would like to stk what i the mechanism of depression caused by
reserpine. Is there a ceatre for depresson? I have seen Parkinsonism due
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toreserpine develop mn five dayw, This disappeared wathin a week of stopping
the drug

Lastly 1 would like to ask Professor Paton what he thinks of the effect
of alcohol s3 a vasodilstor  Professor Rob conmders 1t 1 much more
effective than druge.

Patov  Dr Rowell corrected my remarks on meaamylamine, quite
nightly as far 23 clinscal practice goes. There 13 a point which anses here
between the laboratory and climeal work. If I say a drug works for 2 given
length of time what one means 13 that m the laboratory one ean detect signs,
however small of the presence of that drug over thus penod. But the
laboratory tests arc more senmtive than clinical tests. Clnically one is
interested in the period of time over which a sigmificant effect s obtained.
So that I would not in the least disagree with hus correctron, and I am glad
he made it.

Dr Rovwrell also mked about reserpine and why 1t produces depression.
Ths is one of the 1000 dollar questions  perhaps Dr Bradley might beable
to comment on {t.

Then alcohol as a vasodilator I think there is something In it. All the
anaesthetics are 1n fact vasodilstors, peripherally and alcobol of course 3
one of the clasmcal h One they act by depressing the
excitability of a contractile tizsue, so that it spends more time in the
relaxed state. It seems quite clear that akeohol can be quite useful in this
sort of way the main difficulty being its other sctiona,

Dz P B BrapLry (Bumingham) The answer to the question about
reserpine and depressions = that we do not know why these depressions
should occur any more than we know why some of these drugs cause
symptoms of Parkmsomsm. I am sure we should not think in terms of &
Cmcrefofdcpfemonorformyofthuef\mmlnd'wd’“my
dugrams did not suggest that we think of the arousal system as 2 centre.
The reticular formation is u very diffuse structure which scems to be con
cerned in & wide vanety of functions and this may be the reason why drugs
like chlorpromazme have such & vancty of effects.
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