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The principal objJeet of the situdies to bo reported was to elarify
the nature of the pitultary control of the adrenal cortex in men, The
experimonts were performed on adronal glands obtained in a mannoy
previously deseribed by Symington. et al., (L996), and theiy studies
wore extended to the investigation of the possibility that the adrenal
cortex is controlled by more than one pltuitary factor, to the study
of the effect of corticotrophin on some dehydrogenases of the adrenal
sortex, and the work of Griffithe (1960) on effeets of sorbticotrophin
on hunon adrenal cortex in vitro was used as tho starting point for
further exporimentss In the course of theso gtudivs sous obeervations
were nade which were subagidiary to the study of the effects of corticow
trophin on the human adrensl c¢ortvex and these observalions are also
proesented hare.

The first part of this thesis ls a review of fhe present hnowledge
of the principal components of the pltuitary adrenal axis, with speecial
refovence to nan. Howover, the great bulk of the work bas been fivst
performed op animals such oe bthe ral, gudoea pip and the oxy and this
work is also discussed. Special attention is also glven to the nature
of the pitultary substance which coubrols the adrenal cortex, and the
pogsible mechanlems of its actlon are ligted.

The fivet ozperimental section deals principally with the varying

effects of pituitary preparations on adrenal weight and histological
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BAPPOAYARCOS » The results of an invevbipgation of the normal adrensl
weight in operation and postemorbom cases are alse prosent in this
sactione

The gecond experiwvental section deals with the altoratiosns in the
activity of the enzymes which can generate the veduced form nf nicotine
anide~adenine dinmncleotide phosphato (WADR) in adrenal cortex of patien
who recelved corticotrophin for four days before the operation, These
experinents wore also ropeated on rats and guines pigs.

The effects of corticotrophin on the sllces of adrenal corhox
incubated under avtificial conditlons ave presented in the last scection
This was ovriginally an attempt to extend the observabtions ¢un the
inportance of NADP linked dehydrogennses in the adrenal cortex ropori-
ed in the previous sectiony but has led to rosulis of intorest not
related o this gquestion,

Soveral aspects of the work descoribad heve have already becn
roportad:s (1) "Priphosphopyridine nueleobtideslinked dehydrogenases in
the Adrenal Cortex in Man", Biochems Je; 78, 4% (L961). This is a
summary of a papor read to the Biochemleal Soclety in Novewber 1960,
(2) "Bffoct of 3,5'«AMP on coriicosboroid production in vitre by slices
of the adwvenal covtex of human belugs". HNature, 193, 1095, (1962).

(3) "Triphosphopyridine nuncleotide linked dehydrogenases in the adrenal

cortex dn Many the offect of covtigotrophin and distribulion of

onzymes’, Acta, Endoorinol., 40, 232, (1962),
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2, THE ADRENAL CORTEX

Since the objeat of this study was to ebsoyve the effects of
eorticobrophin on tho adrenal cortex, the present knowledge of adrenal
gtructure and function i summarizaed in the following pages. As
far as poselble, the data refer to the human adrenal glond, but work
done on anlmals often preceded the atudles in nman and is frequently
more dotailed, The wost imnportant animal studies are therefore also
nentioned.

A. _Structure.

Adrenccorsical tissue is found in all vertebrates
but not in the morae primitive forug of animal life. In mammale the
adrenals are paired organs characteristlcally situated near the upper
pole of cach kidneys EBach gland consists of two distinet and function-
ally unrvelated pavisy cortex and medulla, whose only link is the
sharing of the supporting conncetive tissue and capsule, and a common
blood supply. The adronal wedulla produces and stoves the catechol
aplnes (adrenaline and noradrenaline) and will not be considered here
Turther.

The chavactorviatic feature of the mammalian adronal cortex is
the arrvangeuent of its cells into three falrly definite concentrie
Zones. Thios puraly morphological subdivision of tho corbex has been
evident for a vory long time. In 1866 Arnold introduced the trade

itional three zones, glomerulosa, fasciculata and reticularis, on the

baglis of supporting tissue arrangoement. A capsule of cornective tissue

-y -



suppratnds tho glandy aed do continuoas with o Mo sotvork of reticulin
Fibpon ohlobh aurgound oltubors of opitholial collas  This ie the
zonin plonerslomas In the gono fosvieulnta the conncobive binuue ia
arganged a o radial Loy and po Che olio of bBhie wobo nre apidl wp
Andt colunig runnding ab ¥ghd angden $o the sudfewe of she glande  In
the dunomoot part of S$ho govbex, sons vrofioularioy thoe eonnpotive
blopte fowns o sedeorls wAGh Sovgo cochos whiloh vonbain amasbosociug aoede
of advonat golle {eee P10}, Uhe ouadl Hlood vosesels dn tho gland
follow tho patte ponoral pubbors as dhe otameetive tlaeee srpanginante
A soun specsion nombboy dofdaibio song don boe @odinopiohods Thia
Loou nardow baads ondy B oo 4 oolle thialk, vhioh coposaten sono
ghovornlose 20 sobs Socstlgulabey ontd s portdonlarly wldl avson &

voltontes  Uhostor Jonon (L9591 salle 30 gg Whis wono

1o powor oooh L4 Dans

X6 how boou otatod (Sloavders 1803 Shob Sho vesdabions in tho
latologland appooraned of $he cepbiaes fn diftoront entherian spocios
are only rdboreslons of a soonon plovs  Houwovowy Syuiawbon has

rocontly vesgupliaioed Shiot guosieg ara fopovtand prastionl

eonpldorutilons 6 ondeoring voouwnreh {Syninpbon, A0603.  One peind
A0 bhat 34 ome cpoclos gong glogertious fo o Aetingt vide band whila
in obhovo 10 4o pavrow abd povgon with bhe vota Fauoionlatis  Adso,
pg apooloty hobably the zapisents and bhe Baspotor, bave adreuals

which oye voyy poor in Mpldos In koo aoshials the faseiondato and



v O ow

gotdordavds sonon gahnot e Gobdapndohody bud fovn o uniforn zone
gumpaeod of YeompactT oallee

An Auporboot fondure of bha it

aiad soydon Ao the pooy
denayandion boetopon sopbaly sonaess S nontionod abovos sona
flosorukons o aonctiones vory notkor ond aluaye nooely demavsabed from
bho wots fosslenlotoy whioh 0 topn Dag o nore dlotinet boedey with
the s robloudordos Uhia bomdes, bowvovery 4o povew obteadpbb but
Folllovg o olitend soryo reoonbiliog the pelodionaldy of the epldorois
o tho dorindie  ALbDhoogh the bowdey botwoon thoe vebioulayrds and sodulis
fg oteadabt apd Qobipsdy peodoobicous of sordiand golln aoncbines
acgoopany the Doed vegosko fnbe (he modadlo and Qre SR ol oroon
soastion folondsIdho aueny Se obionafdin collge  Thouoo doobn malo ib
AEinnlt to sapurate the Jonlons donus of the huoon adponsd cordox 4n
ondoyr Bo atwdy hods pobonddalitiay pnder inwvilerg aondibiong.

The goparabion of Yhe sopn fasedewlotn feon the sons goblonlords
Ao perouhalt fa0lldtated, huovory By o preooson oF o WRIight yellow
phicond dn the walio of bho goun fagsiculstae g plgnonty probobly
of eapntonodd aobura (Hehrty 3500, o aboolubely chavasteristis of
Bl 3dpdd sendadundiog gelds of the odposndy and 3s oot oboi ho glond
i deplobed of MWelds  Bhe Tasslowdobo porblog of the huwman adeosad
du theroforo golden pellow &n voloupy and dasily ddobtlngudsbad sabod
aye Srom tho sonn roblonlerisy which R4 Lrowhs

18 Liasagnd i(‘;’i:ﬁiﬁ”%“g Fi@% !55*- 3'?“—

e

Yha fanation o¥ the advannl



- 33 -

soPbex 30 o produee shoreld horoonogs whideh ave gapentisd fopr the
noraat 338e of e podunde b ops Sho pyisodpok horothes fdontified
15 advopal sonets blesd are aotblaody copbicosborotes oud aldontorano,
anad bho gtireaboal foposlas avs chown 4o P % Teace aosunto of
andeosonny progesborons and gaveral, olhoy ﬁﬁﬁ shorodds weys nlod found
{roviound by Coanky A6, Diore Lo alup dndirecd ovidonos thab
aupbrogens cun bo produced By fhe Do sdvonsd oorter (vovlonod by
fngoly R0G2Y 4

Bhe wobhods voed to gbudy She provonpes of storodd coseetion by
Eho adrouned gorden oo thoeun 20 Wge @ An duovending ovdor of ofgaus
Loation aund bloloplogs) cupplaesdbys W sbudlzg poeforsed on wrinowy
ghd pariphorad Bleed oboredds give only fudlepet Sufemaebion abouwh tho
advennd eovton poavollon, Ehoy eopgbliube an fupeetond adjuned to
She othew sbudioss bhub 3AbEELle ool Lofsvamoblon aas by eupestod fyvan
Lhiate

Fogh {(LON8) wap Ghe $esb So connulato tho odtoucd voin of an
andond sod do obudy Sho bownena condept of blsod go obiodnody  tho
bmon adeonsd offtaent bos beoo ebudicd Ly ek (0553, Romanofs gh oles
Y09%, Bwant (L0559, Gpand Forrost wad Synington (3959) aod Suord (1000}
and tha rosudts aboy thad the priacipol Buton adrensl berootao ard Bho
guas ddobod abovis bub pyotirendtnont width cortisubrophin progovontintly
doersagas ooerebion of vsostisuds The DHudiag of beage auoutsbe of

phorelds dn Bhe adsoned vodn & L opan o the objootion thab




C'I-l,OH fHQOH

co [of o]

HO HO

- = OH

o [o]
CORTISOL CORTICOSTERONE
CH,OH
CHO tI:O
HO
[}
ALDOSTERONE

Mae 3s  Tho steaetura) foroulae of ho prdne
cload stovodds soaopretnd by e bumsn adeonal
SO iaXe



Measurement in peripheral blood and urine of
steroid hormones and their metabolites.

Cannulation of the adrenal vein in_situ
and measurement of hormone output.

THE ADRENAL

Perfusion of the gland after removal
from the body {always retrograde).

slices (cells intact).

AN

Incubation in_vitro of whole homogenate.

/

N separated subcellular
fractions.

s
AN

homogenates.

Fige 2+ Mothods which have been cuployed to study
sterodd production by the mommalian adrenal cortex.



these substances originate in another gland and merely pass through
tho adrenal in the blood stream.

A graat deal of valuable information has been obtained on tho cow
adrenal by the Worcester group using perfusion techuiques (Hechter,
19495 Hechbtor gt ala, 1953)s While those and all other in vitro
technloues can give direct angwers to certain questlions, they auffer
from an iphorent Limitation that the resulls obtained are not nocess.
arily of physiological ilmportance under in vivo conditions,

Lven simpler in vitro systems have beeun used, Saffran and
colleagnos (1952) used adrenal slices incubated in Ringer's solution,
and adrenal homogenates and cell fractions are particularly useful
for the siudy of the dlstribution and naturo of the cusymes in tho
adrenal corbvex (@.ge, Grant and Brownicy 1955),

The produstion of stereid hovmones involves tuo separate phonomena,

biogynthesis of these substances and their releage into the blood

gtreame It is known that the adrvenal pgland contains only minute
amounts of the steroid hovmones (Neher, 1958) so it would appoar that
releage follows closely on blosywnthesiss  Little is known, however, of
the mochapisn of bormone release, bubt it is possible that blood flow
in the aeighbourhood of a cell c¢an influence Lhe velease of steroids

by that cell.

The reactions invelved in the biomyathasis of adrenvcortical

storoids can he dividod inte two groupss thosse involved in the
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gyothestio of choloaborel mnd those wovelny furtbop transforontion of
aholostorod (Fige 23e  Tho 2ot oot of vosublons fa probably connon
o all vells which can oynthosloo cholostorol, and nost salls have
thie potosbliole  She origiosl atovting nobordal g acotyl cootaymy i,
whdah may bo prodused do pity Sron glucose and fobty achds,  The
aubcogront roastions rogRlipe cofogbors sugh ag adedosine teiphosophato
gl H&ﬁﬁﬁga Some stope opoe ovdldned da Fige 3. Sholostorel, fozmed
ag Andicoted abovoe, o otuarod sadoly An the sote fascioniota collo,
pardly dn the frod fore and peerbly eoloprifiad, To Sho hunon plongd
D0e of gholosborel 38 din the cotaerdflod form (Pex, L0200 38 vhould

b potad that o348 fho oholeshorsd progoend An tho adeonad noed not bo

)

profucod S nibus  Xn the 2ot pood of 16 peelves o the adeesal fron
the blood (Meorvie nnd (holleff, LOS9), and in shoe guinva pig OO te
derdyvod fyom b blood (Sorbls and Cholkef$, L0601},

The peactlonn bebuvon chodouboroed and the adronad shborodd hovaonos
have boaon studied fo Qedadld ond Shasn tosostlons, Sogoetber wilkh the
sngyeoas whioh prooeto hon ave ghown du Che Jover padt of Ploge Je
Phaore 46 o doubt thot esel of thoos sooebions can oeouy,s but the
goguenas L oohioh fhoy do oovuy do he oubgaet of gooe dlopube.  Also
G guntroversind, questdon s vhobthery cholostorald 4o un obligatory inters
moaddate fu cordlecsborold blesyttheais. Whilo a punber of publishod

exporinonts ason o Shrou doubi ob cholosborold ng o dipaet intesizediato

dn sboyold blogynthosis (Cafles Sbobo ond Hechbor, LO5hs  Floawd bl alkey
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21 hydroxylase B hydroxylase

17 hydroxylase

17 0¢ HYDROXYPROGESTERONE ~ ———remseeee—— {1~ DEOXYCORTISOL CORTISOL
21 hydroxylase 118 hydroxylase :]
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Fhoze S Pednedipal aleps in the bloggatheslkes of otoreld

hovmenes by tho adgorad copione
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19563 s suel Pooudbe can ho onploaltwd 30 o ooy whioh does pot oxeiude
ohaloatored from Yho blooynthedde pathuay franty 20603 The 2osulte
of Ghodlofy and cowcorkers pofopred & obovo, shoy thad oholestorel
met Ho the mjor soukdo ¢f adyvoned altorold hodwuonos o oose apeoios

at loank.

3t 3 bnowh
that the advonnd corton of woob oeesicos s bo &vided ijuto Ghyoe
gooningly wopatoto sonos and $had 40 sveuobes eovowrnl boyoonss with
i iteront propovtios, o guonklion o vhat bhovaones ors elsborakod
By tho veviono pownos,  Whoe originod shoopy of Gobbtoohaw {ho
apgslabor Shoory™) proposed o 383 cun novw Bo rogueded ag Japrovod,
The bhowry wae Bhal the pllio opiglonliod at She powlphewry of thoe gland,
vdogodted dnvppds and seorotod hortoned ag sonn fugsslonlioboy and Lhon
doganepaded In fhe sons polloniariz, I ung soplited by the “gonsd
Shoery® whieh wag fieot propoced by Swany An 20%G, opd suwgported by
tho wouls Gf Doase ond @eveoy (1946} who ghowved that bthe soma glonerulosn
o kous dopondont on the anterlor plbullary than Lho ofhol £0000e
Pl has boon Solly confismods ond bhilo acte g pow buows o pyoducy
ahidvotorone (Aypen gb akes L956) Girond gh oley 3956) and do only
e o pordial songred of tho pibedtays  Tho ppdoodpel brophie
fagtor Lo ¥pdvopcglonerulotiophia®, {(Pareold and HeXsomo, 068)s  The

mosnth thoowy, acooeding to Chesdor Jonso (10891 aleo wequiren that
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tho sonss fassdselaba aad petdoulowda ave gopovabo onbities; gzona
natloanlats produces vortiand and dordloostornus, whille zons pedloge
dardo forte advemal endeomangs This vioyw 1o suoericsd S5 Flge %

Tha tobter pord of thia thoory fe suoported by LBElo ovidonod, while
ovidenen agatsed 46 S0 wounding {sauoagioed by Syvingbony 190823, It
hag boen sropesed, by foffey for che ot LADD), ond Sysington for tho
ey odeound sopbor (LON8)y dhad zonn veblsulardo 36 the peinoipad
oite of produckion of olk cortdent hornonen omoapt aldesnierons (Flg. 4.
The fMaobion off he gona fagoioulada Lo sonoddered dn Syndungbonts
thoery %o bo movoly o obeire $he otoredd horaone prouurasordy vhish are
Lihovatad ob Sloon of stpoois dub 42 40 nod oxoludsd that boroores
can bo sonteribulod fo tho bolald ouipud by the sona Looedoulatng oven
i1 tho abgongo of obtreos.  Fov dnsbooncs Crdfiithes (3900) hag shown

thot undoe i wigro conditions adeeunl oliood seorets aqual onsundo

of wibpavielot Maht aboorbiag sboroldo.

jhro fiadingo, bowowar,

an otabed obovay sre of guestiopabile phyolologioald sdanid flonnoo.



ZONAL PRODUCTION OF STEROID HORMONES

CHESTER JONES' SYMINGTON'’S THEORY
THEORY { Human Adrenal )

{ Mouse/ Rat Adrenals) NORMAL STRESS

ALDOSTERONE ALDOSTERONE

Stores of

Cholesterol and

Glucocorticoids Glucocorticoids

Cholestero! and Sex Hormones

Esters

Glucocorticoids

ongs
Sex Horm and Sex Hormones

Fige 4. Two of the recenb theories of the relationship
between adreonal sbracture and faunckion.



Ae Dofinition of corticotrophin.
Vhen the existence of the

pltuitary control of adrenal cortex was first demonsirated in 1927,
attontion was concentrated on the effects of the pitultary extracts

on the wmaintenance of the adrenal weipght after hypophysoctomy, or the
increase in adrenal weight if the adrenal was first allowed to atrophy
after hypopbysectomy. In ovder to measurae the corticotrophic potoncy
in the extracts, these properties wore utilised as blolegiocal assays,
the two principal wethods bolng the "Adronal Welpht Maintenanase' assay
and the "Ropoir' assay (e.pey Simpson gt ale, 1943).  ®hus, for twenty
years corticotrophin was thought of as a substance seoveted by the
antarior lobe of bthe hypophysls to malntain the welght and funetion
of tho adrenal cortex, However, in 19483, Sayers and colleagues
dogoyibed a method of assay basged on thoe merked depletion of ascorbic
acid from the ‘aérenal cortox following cortilcotrophin admninistration,
This method was found to be precise, convenlent and cconomical, and at
present is tho officinl wethod of corticotrophin assay. (Adopted by
the Comnmittec on Biologleal Standardigsation of the World Healdth Organw
ioation) . I$ 4o performed on hypophysectonised rats, and the potency
of a propavation is compared wlth that of an international standard,
which is arvbitravily assigned the potency of 1 unit per mg.

A large nunber of other methods of aspaying corticotrophin have
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eaboastion srossdureos uned doponded on the nothoda of oloavsiasd)
protole oheatobey (osgee Tovodd g ﬁ;*; LMD Choo Qb okes 10405
Dabon g ontes 39403 4 major advenco R thls £Lok8 wis nade when
Tyous CLSY) dntroduded avotme wbd strong hydroghlorie acdd fop the
axsrostion of pitoitury glondss Thlo Iaddial eptzoaction piocoduro i
gitfdofond and bao book veoed By B4 gh ales (0R3) and Sayora 9% oles
(0041, who oloultoocoasly bab fwdopoudontly oblained honeLoneous
pretelos feon obeap cad pdg pdialtovies, veapeebively, whioh Shey
platued o Do bho brso horaones Foth groups fomnd the noloouiop
wodant of thele propoarabions o bo approsioatioly 20000, and 40 3o often
goforred o iAn Iterabure as b Yproleln horaonets

A fupbhor advans came whon Pagnoey dabog and Sobuoad (30503
doagribed o nove officient wothod of propavabtion of covrbloobrophin,
and thely progedure 3o cubtlinod Lo Figs B Mo dn proviown noethods o
pllbary powdor g f2eob onbractod whih aeldle solwonts sud pfoprda
galidag cub rooulted dn o cortlondopbin conuonivatay  Sush propovas
tdong uppe cupplied sonporeldotly wgbil the oarly adnetoon Piftlen aud
e rofofred to hore an Yoredo ARNR,  The advaney iaobproducsd by
Paype aud gosvoshors wao the flediag thoat o fenededd sonsoutrablon
i aorditeotyopiin van Do oobdevad By odooepiion of the spuds propaeation
g selinkasee U was bator found thab oxyooliutone {(Astucod ob ey
1953) o othoy ooliuloso dordvaidvon pore wore offhelont for this

puepese thay oedblulose dtoplkis Tho sovbdestrophis preporation



ACETONE DRIED
PITUITARY POWDER

Extracted with acetic acid at 70°C

SOLUTION +2cetone + NaCl  impurities precipitated
{ TSH,FSH, LH, prolactin)

SOLUTION .*_E"_’l!!;. precipitates
ACTH
this is CRUDE ACTH

ACT#H —OXYCELLULOSE
HCI

OTHER PROTEINS OXYCELLULOSE

FREE ACTH
FREEZE DRIED

+Zn(0K)2

For LV use. n-ACTH COMPLEX
for IM, or subcutaneous
use,

Current Commercial Preparations
Potency 45 -65 Units/mg.

Figs B4 Outline of the procedure uscd to prepare cortigo~
trophin, Crude ACIH is an intermodiate product in the
preparation of the curreat comwmsreial preparations.
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abbatgied do thie wiy wou pany Cloes soeo avstive than tho protoin
Ropmons of Sagers o bde the potondy boloe approxinaboly S50 1.8, poar
tpe  Proparabione such ag thoon oo Bov sxcingdvely ouppliod for
ponorel wows an chow Ao Mo e

Abthough ot peogead the only aonrae oF corticontropliin ig the
smmanlian plbaitary slond, pardlcl grathesls has Bogn astdoved by bhe
orgaste chandeobss  Bofownn and oollonguos (1960} have sybthosiged
A polypoptddo conbainlay the Girot &% aoine atdds ovb of tho Labad of
2 conbedued by svebioobiophine Thoy found Hthabd Wis popblds had
Pall aobivity vhoen soturod by tho asdoerblo oold doplotion toste It
was alou found o hove pn offend on body fabs slatlaw o $had of
soptdentrophin (Ropdaht gt ples 2060}

Ge Llatups ol poobloobyoanhdi el

e fiodiog of Payags Babon aad Aotvood (RDS0) thad a pvapavae
$lon of co¥tlootiepida can bo obbeloed whioh ban wove Ghan 60 Hinus
ho pobonoy of bthe propopablons obbeined by 34 and Soyers du 104D,

pade 48 widldtely Chnd the probe spiong hag agy deae Dlologloold

glondfonndne  Phin couslucten waw fuwther abeengbbonad whon nolys
poptddes uvars obindoed by auld o popeln hydeelysio of piluliney
gxbrasto ohieh bad oooe WHF Gloed tho pobtosoy of the eavdior protoln
ovedasts but nolotulon wolght vae only 10002500 (Mosrde aod Hovrds,

AE0y  fooh of oles RO50; Bedelt gb alee 1952}
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Duping the lagt decado evidence has atcumulated that aorticow
trophin can be separated iunto vavious fyactiong which differ fyrom one
another. in some physico=chemical detail whiach allows their separation,
Thus pitwltary extracts have beon subjected to saeveral types of

treatment in ordey to prepare more poteont prepavaiious.

(a)  Bolvent partition and counterenrrent distribution. Heos
and his colleagues (1952) were the fivet to apply countercurrent
disbribution to cortlcobrophin and they showed that corticotrophin
ackivity can be concentrated im this way. Bell and co-workers
in Ameyisan Cyanide Company (Bell ob al., 19563 Shopherd gf ales
1950) used those wmethods Lo obbain seven highly purified peptides, all
astdve in the Sayors Assay, which they distinguished by prefixing
the word coriicotrophin with the letioers of the Gyeok alphabet, The
principal componont is peoriticotrophin, and the Amerlican Cyanide
Company wogkers were able to work oub the awvlno aeid sequence of this
peptide (Shepherd et al., 19%6). L& consists of an unbranched
choin of 39 anino aeclids bubt frogments counbaining the firset 24 amino

aglids are also fully active.

(b)) Acid and peptic hydrolysis. In the original publication

of Ti gt ale, (1943) 4t was stated that the biological activity

of the protein hormone was retained after treatment with pepsin
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sovrddsotrophin fagtors {Sortdectrophin ¥ aud XE¥s  Bhilo such propupas
Sloty wope of hlgh poboasy and aetive s odindoal trdaloy the nulide
piiedby wf potond faotors Soslebed afbor bydeodyaile give o clue an

GO Bhe odbunblon undow patwred conditionts

Piwon gh pley (L0942 woro Sho flpot
bo apply Sen onthonse mothods e purdfiontlon of abbydyelyvand sortisos
Serophifly aud obinlnod twy waln and Yuo ouboldlaxy fvuobiang by hia
peaboe  Thoae atbhors ougeosbed Shet Sheeg aulabs mors than ono
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obhor cospononts which ave lesg vetapdod ave A, apcd %@ Fronotion Ay



COLOUR

A3

NINHYDRIN

EFFLUENT —————>

Fige 6. Patiorn of elution of oxycellulese purified
aorticotrophin from Amberlita IRUsH0Q coluntia
{Pizon and Staclk~Dunne, 1955).
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i tho unvotardad protoln seberdol and Surther protodn naborial
basomnos £iraly abtachad te the roaln of ho eolumn and doos not
aupeat 41 the eloates  Blxou upd cowgorbors (AD5L B Love alse
shaopvad that while prinsipald gaverbic aedd aotiedty was agonolatad
Wik the olow novihg &q gt && fenetiongy the antdvity ao ahown by
Tadvennl opalr® oot deavelilod fout oand was precont dw bhe By aind
Ay, Svagtions to o Jorge ostonbe  TE wan propossd by this group of
workaps that thowe apoe copopaio pituitary factors with GLiferont
effooto on thoe advopoks One wan deslonosbod Che Sgecortido oold
fagtart, the obhor Yadvasel woalght fapter? {Younp, 109L3.

Solunn ehponntopraphy was also asad bo propups pupe sorblestrosbin
fron busan plinisary dands (hee gb ales 3099 Tho oxyooiluloss
purdfiod ortrasts ware heosatoprorhod guocsasively o columns of
a sekiniose dopdvobive, ond Shido wvooudbold in o houtgontous ¥ wdno
pedd peptide with o potonay of £6 wnlds govr mygs  FTho ddffoyouuen Fron
Bho aordleobvophilng of Ouy ohevp and plg 4o voRy gealdy RINROY Law
appasgepents ooony only A6 $ho 2538 portion of $ho soloculas

T e sotod obove Chab the 23 apdng aold popbido syathosleood
by Dudoswn gb bley (19633 bas fuld ascorbie ackd pobeseye  Oa the
obhor Dend, the popblds eystbesisod by BI gl ales (I560) wbich containg
tho fdrat 19 asdio 0oldn of copbicobrophdn has ondy 508 of btho biolow

chead aeddvity Guoth by Soyers and Safivan dsony) of antive corlico
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Grophdae L% hao aloo boen oboovved (D4 gl ales 10905  Shophord @b ales
1066) thab in all geeoios fnvoobipgabods Sho firob 2% auine aodds avn in
Adonbliend soguonges  Fhio chous thal only &5+23 asdad aelds of thoe

J9 amdae aeldg of corbioobropbin wdosele areo ossenblal for Diologie)
aohivityy ond exploips by oony ddEdovent fraguonts bove blologienal
agbiedbys  Tho poostbiiity ronadssy hoosvory bhat pone of thooe
ddfToront Svapments wiay aloo ba grosent in the odenchypophyeleas and
frrthory Shol tholy Dlologlesd offooba sy diifor gualfiabivoly op

qruanbitebivoly e

L0 puubiosbeanidn goswoablon,

Phe fropiile horoonon of
Gha pitultory arve pedvebod vedinarily nob ab apy conudond roabe, bBud in
goouhbs varglag with dho physiolopieal sbabe of She pslmals  Thus
poviieotrophin eouwrelion to houshi bo bo Cowsidorablo only whdayw
caprdein opecifie conditicans It hod boon obuorved vory eaprdy {(Siilliog
1048 that somovol of one ndvonad veuniio in ccegidorablo hyportvophy
of the vemedsdng ghands $hday a0 callod Nvounponoatiory hyperivophy®y
wan Loader shows o be due o $he intorvention of the adoesohypophyods
pingo 46 doos pot eopuy A hypophyseotoniosed aodonds (lagle and
Whgchooy L556)  1¢ con be ouplained by tho hypotbhoosio thob Losoged
bigod lovels of sdeonnl stereld horaopas oblrwlabe the anterlor pituls

Gary bo sotroby inereased costtia ol copbicotropiing oad o olfton

suaparod b0 Boervo® or PPeodbnok’ modbenloeng.



The second get of cenditions undey which the reoloase of cortico-
trophin is incrcased can be grouped together as “giresst as defined
on page 4. It wan abt first thought that sbtross causes greabor ubilie
sation of the adrenocortical horwonces by tissue cells, and the "sorva®
mochanian caused ocortlcotrophin seeretion (Sayers and Sayors, 1948),
Anothexr thoory (Longs 19503 1952) was that incroased secrebtion of
adronaline ln response Lo stress cuuses release of corbticotrophin from
the pitulbtary. Dut 1t is now known that release of corticotrophin
from the pitultary is chiefly cuused by a polypeptide hormone, somno-
times called GRF (the cortlcotrophin releasing factor), which is
elaborated in the median eminence of the hypothalamug and carried to
the adenohypophysis by the hypophyseal porial blood vessels (Harris,

1955%:  Saffran and Saffran, 1959).
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demionpbrable effect of pitultary proparations on the adrenal (Smith,
1930) apd for twenty yeare vas the basis of most tosts of sorticos
trophin activity (Advenal Weipght Mointenance, Adrenal Repair). In
normal vabs, inerease of gland weight of 300% has been obtained
(Davidson, 1937). This inerense in wolght ig known to be duo both
to hypertrophy of all the celis of the cortox (Houssay et aol., 19333
Bunery and Atwell, 1933) and to hyperplasia (Moon, 1937).

(e) Metabolic chanmes in the adrenal cortex. Addition of

gorticobrophin results in marked increaso in oxygoen ubilisation by

tho adrenal cortexs This effect is seon hoth in vive (Garpenter-ab al.,
1946) and in vitro (Saffran gt aley 19523 Hayhes gt ale, 195%).
Corticotrophin also incereases the roate of incorporation of radiow-
aetive phosphorus into organic compounds of the adrenal (Gemzell,

1948) .

(4) Ascorbie acid deplebion. Since the isolation of aseorbie
acid from the adrenal cortex by Szenbt-~Gyorgyi (1928), numorous
investigations have beon made in an effort to deteormine the sipgnifi-
cance of its occurence in o high concentration in this ovgan. Thig
has as yet not been achioved, but in 1944 Bayers and cowworkers roporte
od that administration of corticotyvophin résults in a marked decoroase
in the adronal ascorbic acid concentratlion. Within one hour, levels

of approximately 50% of the former concontration are seen and thore~

afbter tho ascorble acid laevel slowly returns to mormal, The adrenal
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adrenal cortoxe However, evideance has been presented that copticow
trophin is capable of influencing mebabolic processes in tissues

obher than the adrounal cortex, both ig vive and in vitro (Engel, 19573
White and Engel, 19584 Hollemborg et al.y 196L)s  The validity of
this evidence bhas depended on tho demonstration that these actions

of corticotrophin occur in the absence of adrenal cortex and that they
are not due Bo contamipation with the other known pituitary factors.
Perhaps the moat convineing suppert Loy the capacity of corticotrophin
to act on a tissue othor than the adrenal cortox de the demonstration
that corticotrophin pronotes the release of fatty aclds from adlpose
tissue in vitro (White and Bugel, 1958).

It is intevesting to note that this extra adrenal lipolytic action
of corticotrophin may be very siuilar to 1ts adrenal lipid depleting
action aand it is poesible that the wechanlism of agticon is identical in
oach casa,

Cs Posaible mechanigug of corticotrophin action.

Little is known
about the wechanisnes underlying the varlous effeqta of corticotrophin
listed gbove, and the principal spoeculations concora the mechaniswm of
the inerease in hormone production. Saba (1960) mede an excollent
reviow of such theories and he discusges five possibilities.

(1) Corticotrophin promotes steroid reloage, incrcasedsterold-

govesis beilng a counsaquence of the lowered intracellular horuone

concenbrabions The observation of Haynes and Berthet (1997) that
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to make a precursor available for biosmynthetio reactions.

(5) “Integration”, This berm io cmployed by Saba (1960) to
mean that covticotrophin can influencoe reactions by maling avallable
the subatrate at the right place within the cell, TFor instance, the
reactiong cholesterol — pregnenclene and 11 phydroxylation take place
within the mitechondria, while the other bilosynthetie steps take place
within the miorosomes or the cell saps. It would geenm that there nust
be a movenont of substances to and from the mitochondria, but Heyano
at al., (19506) postulated a "mitochondrial complex™, all reactions
taking place on the surface of tho witochondria activated by enzymes
both from within and from the outside, It is suggested that corticow
trophin ean influence the integration of such a complex. The lumport-
ance of cellular organisation for corticotrophin actlon is also shown
by finding that corticotrophin has no aection when the cell is disg-
rupted (esgey Reich and hehninger, L95%).

A furthor thoory regarding the mode of corticotyvophin action,
not discussed by Saba (1960)4 is the suggestion that the primary event
is an increase in tho adrenal bloed flow, with all other offects being
consequences of this action (Heshter gk al., (1951). This does not
oxplain corticoid production in vitro.

Fiala and Glinsmann (1961) have shown that one hour aftor cortigoe

trophin atimalation of the adrenal cortex there vias an increase in

gimple ribonuncleotides which contain high energy phosphate bonds
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the Sigures auotod for normal weight of buman adrenal pglands

Author

Average single
adrenal, weight
gquotoed in g.

Commonts

Arven (1394)
Siomonds (1898)

Delanare (1903)
Delamare (L903)
Simmonds (1903)
Vierordt (1906)

Morkel (1915)
Sehids (1922)
Materna (1923)
Tucien and George (1927)
Rossle and Roulet (1932)
Résale and Roulet (L932)
Quinan and Borger (1933)

Zuckernan in "oxtbook
of Anatomy® Id,
Hamilton (1950)

Cunninghar's Toxtbook
of Anatonmy Hd, Brash,
JeCa (1951

Gray?'s Textbook of
Anatony. Bda. Johnote
QNG T;QB; & Whiliiﬂg Jo

?ng"llh3
7

5.1
L)
546
5=10 g,

7ol
3.6
5
6.0
048
Gl
Lals

Swl0

7-12

Bl

50 adults, over 20 yrs.

Vapriation from 3 to
11l g

Malos
Tonalos
200 canes

Uollectod data from
garlioer roports in
the Literature

Adulis only

Women 30~70 yeoars
Sudden death
Adulis

Males

Foamales

Sudden death, mostly
mony 50 cases

Mentions "az found
at post-nortem"
Probably based on

Quinan and Berger's
values

The values quoted above were baged on the weight of adrenals obbtained

post-nortom.




Pagbeaprton adranalks ware obbained
fror tho coustpubdve auboepsics ou 30 adull pades and IO adels founles,
pordoroed ob pationty dydng i $he Clasgow Boyad lefisoarys No
golodtlion of the ounce of donth was snde ond all cases core ieoluded
whors he postsaopton vas perfosmsd adibin 2b hovys of doathy  $he
noab donpen stwges oF death woro gordiovanelay dioease and cedigpant
noopdamioy and doabl wss wsuallyy bub pot nlunyes peocedod by o
sopgldornbio porlod of dllsoase  Tho advonnly cere capofuliy dinpescsod
frow of adboront faby Blottod oo o fitey papoy sid woiphed to the
poavest Qa0 fey tho right @loand bedong bopt Matioek frow the left
wLand

Theoe glagds vere obieined from adulk

fomals pationts wnGorpeiag bilataral sdraonsleetony for advasued broast
pavalnons with vebactaooops  Thoe pobiloents wvors upunlly ovarlostoniosd
ab tho frod gtagn of bhe sdronadoctony, bubt in sdnw coses wvarionBony
vas porforned sons Ay proviounlys Fhe Sieat glondy sloays $rom
tha wighd side lu tho eerios quoated in Shis socklony wag romoved
wibhout auy hormong probreatoente  The loft adroagl ons rouoved aftey
an dnboryal of P10 dovo, Sopending on the olipfesnld coudiiion of the
poationts This tigo the operation wng protoded by Uk adninistrobtion

of curdicotpaphin foy & daye dmyediately bofore ho oporabions Tho

P s
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totad dose of norblcotropbio wag 360 Intoraabionnt Undtn (E.0,3 &0 1.9,
of o long setdng preparvation belog glven bulce dolly, ot § weme and ab
6 patiwg WEOL Uhe Last doso on the aoralog of the opepationt the pland
wal reneved nzunlily ot 10 Geos

Fho adrenals gere tWidoaed froe of fob and adhoront dlosues and
vetehed an boefors, 1o sond eones bhey wevs Logonplotoly pomovod op
gondaiied obvious wotaatabic dupoalits,  Pheoo londs sould sod be
incinded dn the prosodt sorlom of vedght debowsipstionsy though obhop
ohsoreatlons wore oade on thome  HBome glends centained o nedullayy
hacmorshngss 46 wap found posedblo o ovaguabte tho blood clot oand
vadeh Gho glend in o high propovbion of omab enneos

Pao enell pleges 08 onah adponsi plond ohovdng o conplote trange
vorgs ovdat=gendlion ware sdwevod and pud debns notdve fop hiobos
Lagload gtudioss  The remsdador of the glond wag veed for studios
reported dn the woeh two soobions of this thesiss  She pleces fop
Wiobolony worg $ixod dn 3 noubeal foramlivs  Onoe ploge wo dehydons
tod nod opbadded dn tho vouwal way ond 8 seotlons oo oud and sbelned
with Hoprdats hooootoxyiin ond gowine %he otbar ploge was oabadded
in godabin aud frozen secbionn were cub ab (=IO, and sobatunod oith
Budan Ve oo dogreo of Lipid dapletion woo sollnoded by o nobhod
of grading voed by Suvede snd Syelogbon (3959,  Shio gredisg de

shovn Lo Pable 18

g Miwoute vounbm.  MHSetie figuves vore Zoeked for in




TABLE I

Grades of adronal gortical depletion

% of cortox oocupled by compact cells Assessment
Kormal cortex 0
123 +
25=50 b
50-90 +ib
over 90 +ohbd

{from Currie and Symington, 195%)
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100 conaontive Ligh power Fields (& mpe objooiivel dn the adeonsd
aorboy  Only colde whioh abogod o stoge of wibtosda which sonld be
ddontidlod with serdainty wvore ageepbed as bolng in pitosiss  Hach
wlboble fgurs sesn with She & any objeotive wan furthor duopectod
under o 2 nme H1& lenorslon objoetlvoy and aboguoo of nwolcar combrone
bat provoente of oheomeabin shelne woo Jockad fore  Mhe cound woag
ompropoed ea Bhe puwabor ol piiotic Mpuven found i 100 hdph powor
Slodda, and ko 46 roferesd Lo en Htho "edtobie index®s  Au uvew

soan fn 100 high power Lleldo gontalns npproxinabely 16000 pavenvhymol

Huporduonts,

Whilte albiae rate of fistoy obteals cud guines wios off local stock
vero usedy  Thw onfosds were Gkl wndes  the raby wore young adulis,
Ehe puinon plog wovo lomatura, e ey ueihEy mowe mariud of
the tloo of eaovdficoy & TuU. 0F o dong coblog propavotion of
sortdoobrephin wore glven porning and oveodng for & dayo, vith an
addidionnd doge on tho aeralog of thoe eagelflee. Thuws vooh andond,
rosstyod 36 T.U. over that pordods  ¥ho dese oovdd neb bo convosionily
poduced aa oven wiEh o Mnboerenlin gypiange the aconrany of dosage would
be Lov nedng She peeparabions of goertleotropbin awallablos  Dong
agbing proparabions of sprtivobropbin onpnolt Bo dllutaed,

The saloaks were Billed by o blow on tho hoad, sdvennlds were

gudelly romoved, biotted on o $23ter papor ond velghod Lo noarost Ol ngs
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Sontrel andnele weko injectod with o cleilar volune of Loovtonio
anldne akd were bBapdlod ab the pawe Cime as the oxpovrioental anfsnls,
AL andsala gove hoveed dn otavdord cagosy & vobs B0 o ouso oy 8
guinoen ples o o danee  The diet was tho Bogebt Reosesrah Thelibube
{Abopdesn) forouda 18 fopr sato, sad forouwla B for puinen phode
de.dostong Frooarationas

L) Sorblootrovhin., Ao the ouperineuts headnd “commorcial
agriicotrophin® the preparaddons sduinlatoroed worae Lhoso ovatloble
o the waeds du the ordinowy ways  Siuca tho polisntse vowre in & fderobd
gupedond ustbo, LOth the pharoacentical Pigu and $he botoh of eash
sogbrsn of Anjowblions bondod Ho vory conaldopaildy, though Avooup
produoto e wouk ofton waedds  Theso wore voriove botehes of AGTH-AR
paly whick 8 propared fron boving or hopg pdtoibarias ond &o which
pedabiy Lo added to rotard aboorpbion afbor inteonusoaiar injeatlons
Lo fow caseg Groohoo and eydinayy sonsersdal long soting preparedions
fram Oeganoh wors alsp veade  Tho pefontgy iy cueh Lndividoel dnse fo
nob plated by bthe melwors bul proouiably exteeds the oldodown of
B T aleS wpe dadd doun by the thorapoubls ouhatoness aeb (1958}, Yer
214 othep eyperinsatold groups the covblieotrophin was pepeliod to the
wards and wog ong of thoe goveral Gypaeun of goybicobrophin doted Wolow.
Gaky these opesdal proparstions vore glven o solnalg

£4)  a0Tecrudet, » cuppliod oo covtrophin & Geganong of the

Bype which vap spunoerelnlly aveilable 3n tho anely yesrs of the loot
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doeado, bhough sow econsddored 00 lupuve for gonoral uwag. It
potaonoy is opproginstely one dndepnatlonal unlt (LU0 pos mge

(18) &gﬁﬁﬁ&1&a w thig peepavative wae cpecialddy prapored by
Grganon Inborasordes os desoribed on pe 20 pud Tige 64 by subjectisg
o sodann chrenwbopgtaphy govilcetrophiy propared by the aethsd of
Payng, Rabou and Sebuged {4950} bub weing ovyooliulose {Asbwdod,
b alyy L0EL) incbood of oedluloses  Hho solumn ohromabogronhy wos
parriod oul velng daprboxymobhylaciiuloas ond ebly fractiong a, and
&3 wogt solictbody ag defined by Divon and StackeDunne (1955} The
ahivomatopgrophlo copoaration uss choolwd Dy nag of the fesin Auberlibo =
TRG S50y ao uwead by Dixon snd Hiacke-Dunig.

Tho poboney of thic propovablon g approsinabely 359 2.0.700

S SN ﬁﬁwﬁwﬂﬁaﬁ (pe S Por bhdo proporabion the font noviag
pioalhe werse sollovbod during he prosapaddon of &ﬁ%ﬁaﬁﬁﬁa A5 Orepaon
fmboratoirdacs The pobensy fa LB 1.0 me

ALL the Gwganon peepavabtlons dosoribed obuve wore wveotavded fog
jubproaguseukay wpo by plne hydeonide, The wndty sedfor to ouboutanocous
Gayers ouoay (Soyors gf ales 19807,

(by Gorbdoona, xu‘&n@ proun of pablonty curpantly avallablo
propanabions of coviicons sud hyderecorbigonse for oxol ond pavonderal uso
vare adpdntotored for parcly Sheprapoutio rossoad ab the ddoeroeticn of

the eldviofiane 1o chargo o bhovd peliontae.



Table FIY stwve the pemulis of wedphing 60 conuupubive padrs
f postsnopbon advoenolss ALY capnos of deabh are dnpliadod, and asl
aubjecta voro aduldio over the ape of 30 guars. The shied polat
dpvostdgatod hore: ie vholber ose of the glovds tonds to Do huavioy
than Ghie othor, Letey 36 tho right pdevsual gouglatontly hoavior than
tha et odrepad or vieo wWrsss It 3o ccan 3o Tablo ITT thoet thove
L 1o suoh consistent difloeenoe bobwesn tho wight nad left adposal,

fho gosond polat evldent dn Yable IIX s that She adronsl plaads

of won e of appresiontaly $he gope wolghd ag the advonaly of woueh.

he adrangd, lands obtadond ol operabiony L8 uod orofvanbed with
copilootiropiiin, vorg gancerally aotdosably onodder than $ho adponal
plande obiaduod ob pootsuoriaps Ehiae fo shown ia Pablo IV, whore the
noas walehts 0F thege plandd aro copparods  ITo each gase all the glondas
ayo feon tho pight slds of wauen bobueon e nges of 30 to Y0 yooris
Fdnme, Loy fochpdeald soagonsy ourgeons prafar o wrosovo tho pight
adroned. Sepky opdy s four adeonais from e Xeft oddo were obiained
feon engen ehors btho oporabion wan opb proedsdod By sonbralatoral
adeennlogbonyrs Moy thio poasdon o sludlor gonpardoon osanget bo ande
of afdvenad glands fron the 000 sldoe 18 o Slonvly poony hownwdr,
that ab lenot an regavdo the deht advopaly Shoess in o parhed and

shapd pionut difforengo botusan the weighba of advenal glondo obiadinoed

R



TABLE 11X

Helghts of human postemortam adrounal glands

[
Numbey Mean gland Standard erroxr
Aoz Side of casos weight in g. of mean in ge
R 20 5495 % 0.28
Males L 0 6.03 L 0,37
Combined
weigh{‘. 12.0
R 30 6402 0,31
Females L 30 5476 L 0.27
Combined
walght 11.8

The difforences betwoen the mean values shown above are not statistios

ally significant.
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ab postemovlen and of opsration.  The postesovrbon glends aro heavier

and ghow onaeb geeader vordablon Ly veiphiy % wan alas aobed thal

the houviest advsnnle seol af posleqorben wore from snooy of aowie

@,

folpiueting dufooblonsy  degwey groas ooobo pralltio wilh pyaomls »

cuntbined adveral wolght TS ges poribonitle with o lavge sulphrenic
abagosy » 28,8 e On Bhe othey bBand ndvenalo fron o uowarfully
ballkt adelid solo wio suffored acoldontal denkh wolshed bosobhoy onk:

Bul o Hovowew, ob prosent he sovden in boo soold Go olugedfy bho

adronad solabhte sesoprding bo ke coupe of doatha

Ang Pupdis gn

s annovad ol foornbdone

L Gonbisoboonid g on bha woldehi of the adeonsd gland,

Ao phosm An Soblen Ve VY and VI, &ﬁ@ﬁ*&ﬁ&g gaunas onky o giight
dnorenns 3o the welsht of tha huean advessd gland (R20M) whille orudo
SUPE hoo an offoet on adrosal wolehd whdol Lo wevoe bhan 5 Gluos ag
mositled ag Shat of ﬁﬁ%ﬁhﬁﬁﬁg {PL3GH) s Yortoun swmersiad progoralbions
Gf cotbiootrophld have oan Loooenabont effoent falling bobtuoen Shons Lo
onfraopen,  Bupozdmonts La whiloh ﬁﬁ@ﬁaﬂﬁaﬁ vas pood gboevsd Ghab $hdo
properstion oo so novry adromal geowkh proneting ooebividy Uhan
QQ@H*AQ&3¢ Pable VIIT shown that shen cortisous wao given instond
af coviloptrophin adrennd walght ohous wo albsvation.

The difforousy Lotwoen AURH=AML, and ACTH=crudy was aloo invoabe

igated on tho adiounds of lebovabory anlvals.  Tablo IX shows the
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TABLE VIX

Adrenal wolght, ge

e | e
ist op. 2nd ops | Increase
1. | Dalling Le6 —— 8.3 +815% Q—> 2| 0 —— b
2. | Hanry 32 —> 8.5 +16295 0—20| 2— 4
3. | Henderson| 5.0 ——> 8,9 +75%% 1—3m 0 — b
k. | Koyy h— 6| 0 — 3+
S. | Anderson Lol —— 6,9 + 0% 0 — 71 I+ — 3+
6. | Cox B —— G +81% | 00— 37| 0 — 3+
7+ | Klounan B —> X03 +18675 2—3 0 — k¢
8. | Dorrans Ll —— 7.6 +11.7%%6 00— 9| 0 —> W4
MBAN b0 — 8,1 +120% 1— 19 0 —— hs

4o 1.U. erude ACPH were given intramuscularly twice daily for four days.

Last injection 4 hours before the operation.




TABLE VIII

Comparison of adrenals reuoved ab two stages of
bilateral adrenalectomy when only cortisone wasg

administered betwoen the stapes

Advenal weipghty g .  ond
o . Mitotic | Histolopice
Pationt | o index asseusnent
lst op. 2nd ops | Change

ie | Sinclatr FeG ——> 4,7 #23 |3 — 2| Iy ——> 2+
2. | Knox Lol — 4.0 “w3h |2—> 1[0 —> 1+
3 | Lipghtbody 4.6 — 3.4 w155 |3 — 2] 1 —> 2+
by | Kivpatrick| W2 —— 3,0 «29% |4 —> 32| 3+ —— 1+
MUAN L —— 3.8 | 22351 l+ =1+ oy 2+

50-100 mg. cortisone were adminiastered dally in the inberval botween
the operations (7-10 days).
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alfond of bhans prdpngnbions on ihe adeessl woiehé 3y the vats The

o
o a

dlifowonde An proehh provsting sotivity of e due propevations in

(=

agnin avidenty ofbbhoug® 3% ip ao¥% guite we abeilkiasg oo I She caso

Bha butan advenods En $ha pet bodh preoparabisns tanse advenal
wodghd JosReann, and the lnoevescw fn tulos e mabod In ho onse of
AR unuds iy fon &@%ﬁw&%ﬂag % ehoukd o owstiod that thoe desags wned
Zor bhe end da rolabively very waoh highey bhow wes woed in the huvan
shanase  Auy dppardity Bhovolore, prosent Lo tho awﬁsmaﬂaﬁ PLOnRPatLlon,
vonld have o sorroaspondiagly sponbor offoshe
Tabke X ohous o slundlar compepdson weiny tho godnes sid and dhe

povndbe aee olunot osettly apalogouy to bthose goon du dhe sab adeonunl.
Sgain tho apude proparaltion hog olee ho growdh propobling podonsy of
the pura gpropaiabiona

2.4n tha

b ferboxs  Tobles Yy VE, ?XI and VITY ohow that adnladatration
oF ary tyno of sgrtiootvepbin ropulis In an  inersase In tho visiblo
pitotdia aobivity in the adrenald bavied, and had o Inopoags
paraliols She lnovesed 0 wedahbs Yhus the sdninfabration of urude~
AU, hao She grosteat offoet on the sdbotle dedax and Aﬁwaquﬁa lian
the vnallest offoct, vibh gonvoraial propocations sgain hovlag no
intornodiate offoats 0 can nlse be goon In thaod fablos that the
oot op the sibtobda nobtivity of all typoa of sorbdeolrophin is

faoonntanl
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Ghen o covbicotrophin une gdeon {Poble VIIX) the witotic idndex
ahomy A6t ohongd

hen the witowle aotivigy S0 bighe ao afboy opude=A0SiE, 16 wag
¢apy edben oboezvad thab the sitebie flpossog tonded to bo localiped
in poveral sualld srooage Thad doy vidobdo figurop ore not found
Srateibobtad wndfornly and roasdusdly In the coobion Byt avour in
pordientarly Bigh Qonesldy ik o sueadd porddon of bhe oopbens  Huch
¢ eopsentpation 3o Lllustyatad o Moe 83 odw nlbetie figeron ave
goot Ln obe bigh powar $lodds while the fotal couph &n 3O Mgh powes
fioldn 0f this adrennl corbox wao 55« In tho rodokb ouoh o ceticons
prabion of mitotio aebivity csouwrw i $he poma Anborpnedin {Blusenthol.
LOHd . En song houover, sibotiv fignres can bo geon An ooy part of
the vortox (Dopey J0DO)s though dn the coeos omontned in the prosont
gopios hbotio Lenven wore found wvory fafraquentiy io tha mons
ghonosrnlosi,

Ho athonpd was nade hore o evalunbo the welative proporiéiong
¢f tha vorlows abagoes oF adbends,  Such an ovoduablon in bousd o
Bo pdaloading siltco $tho sbagen of pivosls whioh apo woal onslly soon
are shovks and prophase nnd Sclephose ghich lood longey, are diSiould
o dlatiuguiob from the pronctic nuglod in dhe ordineyy histolozlcal
goatlanss AL wbages off wiboslsy hovover, waere pobed in the honsn

advropnl corbom,

The groat vajordty of adiotic fgires in the huooh adronp) cortoz



Fig. 8. High local density of mitotic figures in the human adrenal
cortex. The field illustrated shows 6 mitotic figures in the
adrenal cortex of a patient treated with crude ACTH. Magnification:

X 375. Stained by H. and E.
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wore seen Ln WY “ooipaott oollis, oo noboed by Care OH0I,  Howover,
@ anodl proportion of witusos wory olearly oseuRlog An bho “odoary
sodlos  Thoue alooy colio, Bogaovery word 30 o dopo of tho lavge
vasuele typos bt condalned vory swall flacly Sluporood vacnolos.

L8d BEfeots of aortisobraphin on & apnoarancs of

Bho hopsn adsonal sorbes,  Tho ddiferaod proapoeeticns of covélootrophin

Jidabol

-
JHASIEI

nend hoya hawy varglag offouts os She bistologicul apponrance of the
Doung adranel coptess Illugteativo omtanplod 0f Yhe offoek af gach

$.

priseipal Sypo of covdleatrophin avre shown dn Pdoures 20 AL and 12

and £ho appearances can o onpared ¢ tho girugture of the povoal
nasbrosaed hunen ndvenad covton (Flge 9)s  Uosporelal AR ond orude
AT coues mavked Ldpid deplotlon, had crude ARH covson oouplote {4
Lipdd deplotion sopre ofton than goonopoelel BEWH.  On tho obhoy hoad
Aﬁ%ﬂﬁ&1ﬁg s obly ediahb effest ou Riplid deplotion (Table VI). Glonda
anaeingd nftor adodoiobeation of eortisens lostond of corbigobrophin
vhow ollsht 13pld dopldabdion, Howevere 18 ghouldd bo sotod thet the
youmowal of bheso glands vas preveded by asothoy oporabion (romoval of
tho Dlend sdvonalld 7 bo 10 dayo proviouplyy and this ls g obeeasing

ovoilia



Fig. 9» Appearance of the normal unstimulated human adrenal

cortex in H. and S. sections. Magnification x 50.



Fig. 10. Appearance of the human adrenal cortex after administration

of high doses of "ACTH-A“A“*"” to the patient for k days. The

appearances differ little from those seen in a normal gland.

Magnification; x 100. Stained by H. and E,
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Fig. 11. Appearance of the human adrenal cortex after administration
of ’crude ACTH” to the patient. The compact cells now account
for the thickness of the cortex. Note also dilated wvascular channels.

Magnification: x 90. Stained by H. & E,
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Fig. 12. Appearances of the human adrenal cortex after administration
of commercial ACTH (ACTH-AR gel) to the patient. Compact cells
account for approximately * of the thickness of the cortex.

Magnification: x 90. Stained by H. & E.



The gonprrdeon of he vedghte of opovation apd postenosrton glands
{Pable ITL) ludicatos clearly that the adresal widghits obbained 3n o
aomead fun of poptesortons conpob Dy used Sov obtebalng the powwmed
awerngs wvolghk, olnge the pestenorton glopds ave conslderabily honvior
Ghan the gleads obladned ab cperablon.  @onbrapy to Ghe provious
yoporbn fave Bablo I¥, 4% was found hoyo that tho noan adwenald wadoht
of man da ploadlas So dhag of m&ﬂﬁﬁ; Yoo figeres ave 5.0 ge and
el Ge Soopoobively, wiih ralber o wido vobge 48 cegh ense (Table IIE),

Ghe fiwding of apuedal duportancs fo (The praasat cbudlos de thaot
tha woar gelpht of he piaht adesnod dovs nob differ fpon tho menn
vadght of the Lofb advenale G0 thig polnt Ehore s vory LAbtLo
opoviong Laforaabion in litorabure as rogseds BaRs Balanarae (1403}
pinton thad s bhls sories 4p 3L cosen bhe 2lght advsund was hoaviop
bhan the lofd, in 10 coees bhe Poveree, and in only obe cose R
bobh adrosly of the oame volshie.  Hithelw and Niowdnova (1L950)
arnaibed foatal adrensls, asd in tholy oovdies H15 of lofe glands wopd
girenbor than the pight plandy vbile caly 278 of cusoy shozed the
roverats Holthoy of Ghoon worlo quobo Sho aobosd nonn wolghisy at
tadoas and Boegor (19%%) Pound that the 23gbd adreual hao vioobly tho
sae welghi as tho lafb, £ du bhorofove voasonable o regard tho

phange 40 welghté of the adrensk ghand obsorved afbor cortlooirophin

w G0 -
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as popresenting the altorablone due to expoinental intorvention

o wean wolght of 20 siehd advensls vonoved by oporotion freon
adull woner sufforing fron broant oaroinoms de 40 g (Cable 10D,
Lhdn te lower than the pean weight off adrepnals obladned posbenopbon
quatod By wost workers excopt quisen and Heegor (1033, Qhedr mean
adronal wolpht of Hal% gy for both seles ond feoalos, do very clece
Go one figuroe althongh guinon and Bergerts adeonsle goro oblaiund
posdsuorbens Howavory Uholy aenn volue de based onbively on adrensle
feon paepio onffoping onddon and noeppostad doatliy  Oh the obher bhand
the valuag obtodned by Hateran and Jonusehlke (0273 for tho wean
wedght of cdvenals of pobicnte Gring Sven vardiovasetior ddpocae wny
Dol gey nnd fyon aoute lofocbions Dot ge  Qulnan wnd Borgor conciuded
horaferc, that provosses asgoociabod with the terslonl 1ilnods gouge
adraval enlopeononty and bthie ceasluaion do asuppoerdoed by the ovidence
preponboed heos

Phe wenn flguve of 40 g teported bepo for uporadlon glands
appilon vely 6o Ghe wight glends Dt since no conpistont diZforounco
e fonnd botwosa tho ight and tho Lefd gland ab avtopey 36 coons
rougnmble o ausume that the wess welght of the lo¥y adeesnt glond
ip wonen do aluo %0 gy Alooy ofe ool hosard o grossy moed on tho
Lol ofF odgndflonnt sox dEL¥evonso obmerved &b pootwsorten glands,

that the novesl sloplo ghand welpht 1n the aelo do aloo approximebtoly
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the dovelapmont ond the fivet buret of advemd growuth up to tho
Bl mouth of inteasuborine Mfe woy be indepondont of antorioy
plbuitary vonbrol (soo Jooty LOG2), bub old subsoequend laovencos ia
pleo age probably due o the roloase of pitultary Sacborse Thus
humsn ancncepholids whe havo gady suddoerdiory plivitary tlosue show a
seduabdon in sise of Sthe adyosal gland whiaoh is owddent afbor fhe 20th
wool, of Loabraeubordoo 8o,  Balargonond of adgenals of adalts due bo
gtrens doos nob oncur fo Lho abssuse of the plicltavy dand (Cuges
Bedd and Somnelo, L9H0).  Rowoval of thoe asterioy pituisary of neay
apastes (eoviowod by Swny OO0 rooudis in o prowpd aed povbed
dedrasse dn oipe of Sho adyonal and She abrophy of the sonen rodiculavie
and fagelenlabne

Thie dndioaten bthat the faddy difforentiaiod adranad ol of
the dnney Layors of the sorber (the menes fasclowlabn ond roblonlavis)
showy adiobdc division ealy undor the Aniluonce of the tpophie
fastors Srom the piveltorys  EF 46 woro hauown whab is the voshonlen
of thig actiony porbapo sany phenonena of porenl apd sooplogble growbh
wonhd Dhocono slonaror.

Pho incroase AR golshd obseyved after the vobion of cordieobrophin
aould bo due Lo opvoral CoNGON Geles

{2} Inowsaso & vhe waboy contont of the plondy povhapy due to

(h)  wavkad ongorgensnt with bloods
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(o)  Coll hyportrophy = L.eee  olls are Lavrget, ond wontadn
move ovioplogi

(d)  Golld hyporslosia « Se0sy multinifontion of colle, ontniling
ad fnorenss An the eyboplasuie swd nuelsar voderiale

% i ponsible Ghat adl those eucesy porhops except (a), asconnt
far the dncroasy in welght of tho glamds  “Growlh” howsvory som host
b conpddorad G0 Do taking ploco whon She iuoveass o size of an
ergan of tloosee Lo tabing ploee due o sell hypevplocio o hyportrapby
{or buth togethor)s  Results of Syninghon avd Davidsen (L9561 wud
Fhodo ot odey (19506}, shovued capkod dncronss im oyboplhsunic »ibow
shsdaie seldde after coerdiootvepblsy and dowonsirabe that ol hypode
brophy 40 talking places  In addltionmy bhoe higher sitotle index nfbtur
soriieotrophin nobed hove wad by tors (LP99) dndlontes thab ooil
hypovrpiosia le tablng place., Wa oan, thorelopey rogerd the two
phatonenn oboesved husey tonely the facrenoe in the sdrenal weight
and the highow witoble ifndon, ae tuo aopeebe of adronal grovthe

flalborg vad hls sollosguee (L95V MDED) have deaw atlentlon to
the oot thab the froguency of wnitosis dn tho adeonal cortey io not
und.forn Ghrovghout tho dny, buk sadergend o dudly whybhme  Thue in
the souss, wiloses aro Solao ag common ab widulphd ae thoy ave in
the eawly worninge This dao, 0F couroo, sovopdary bu bhe diuraal

yordablon in the pitultary relonoe of certicobrophlo factorg, b 48

suphamiees that nltogen are ot wniforsdy dlabvidutod Lo diue



o Gl -

Biiddar oboorvabions, thad aibtosps ocony fp Sefindds wawes in adronad
serbon and othop organs have boen mado wany yours ago Nusting 1933
She fhedde illustrofed fu Pigs B show thad mdbosos spe aloo unsvonly
Matpibuted in spoves Thio i aleoo ovddond ia ¢ho illuciyobionn of
Capr CLOSDY bhough not oxplicibly slobods and 4o omalopous to the
choarvablons in rodents {Dlunonthal, 19403 Duane and Seroop, LOLG)
bhat niboses aro ovnly seon g fho frenefilosal 2one. Thiag posns
thabt thobe neg woll depounmoapibed losal sonditions wuhich nro {avoups
ablbe for cliotic deisien i that Lioey and alboddy Digures appoad
lie auohroong o thad avan, Slase 34 sopoers fronm the diocussion
abovo Ghat o pléudSapy factar do pesonoary for adronal pitooda, it
meense that ln those arens albthory

ta) an additionsl faabop ve a sondd bion g prooent vhich favours
mitogaony oy poroe Likely,

(B} o ouditobie soncentinbion of bho plivliary foaotor can bhe
solootively achioved 4o lossllsed sronss of Lhe adtenal wortoxs
4 poseible sochanisn foy cueb o pheuotonon would by govae peouldoavrity
of the Llood supoly to thed oroas allowing for instanag, sore
profonged contoot f bhe gellp with plasng soosituionte in thalt pard
@i the cordods

Pha practicnd polnd dn conuoeticn with the above dlgouselon iy

that eitolls counbys bove nesceasueily very low proololon. I8 the

advenad dn aotivoly growdlng bubd reovved botueen khe vaves of wisotdo
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astividy, Che odtobie dndew found wlil bo ovroncously low,  Slodlarly,
gdneo statdotics are based on rasden ddstridution, teato of slon-

fficnuve aro of pooy walddity in rogpect of Ghe mitotie counba.
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Fotan naad eulloagues (LU%6) wowe tho fivad Lo ouggest bhe
griptonno of noro than ome Sype of pdbtuibary homoono with effeutys on
tho odyosal ocovteR. HbackeDunne god Younp {19%1) aund Dixon and
eolioagucy (309L) obmorved a sepavabion of the adyonel woight promobting
agblvity Srom the asborbic aeld deplobing activily spd sugponted that
thene sugpested faotors should b doslghabad tho Advonal Woedoht
Factor (AU and tho Avocrbiv Acid Tostor (AAFYs  angorford ond
sowgorloms CASGRI proposad that an contnophid veducing componant
of cortlcobrophin $o soporate fron tho gscorbie acid redueing Qome
ponenky sinoo partial insobivebion had Alfferent offects on those
activibless  Slodlavly, Yalbol ob ades {A051) sugeeubed thad fwo
ptiediagy facbora gounbred fhoe sudvoagen oubpat by thoe advesal covtox,
aad furdher ovidonge on Bhlg polot hos beon pronentod by HELlo gb al.e
{1962) and Prunby {4996},  Howevor, the concept of auliiple plowdtary
conbral of the advensl bas mod besd gonsyally agaopbeody  AdPonow
glonerelobroning g wodl as speticobrepbing do aduitiod Lo havo a
aonbroliing offeot on bhe sone glomeruloss (Parroll, 19507, but thia

foater Lo not prodeced by shoe pitoltavy giasd bud by the dloncophalon

roglan of the broaine



“ho ropulbe prosonted in bhis work show sloarly thot orede
progneations of bhog pitulioyy covticobrophin hove offoats un the
hunsn adeonad, cotbor wbiah swe nod obipined with the eosd hishly
pardflad prepaerntions of corticuivophine ol and sormorciol
proparablons of gordleofrophin howe gn offoed on histologiond
apponenaees vhioh Lo a0t sown afier &ﬁ@ﬁﬁﬁqﬂgi Tho aidpht ohife
tovards Ldpid doplotion aftop ﬁﬁ@ﬂﬂﬁﬁﬁa e alor asen whon no AUTH
wag given {($able VIII) thes dudicabing $had the ohonge ia norely
Gy posidual effout of thae slvogoss sssvolatoed with fhe first oporow
Glote Sonobhing Lo procend thopefowo dn the pltudtory oxnbtrnobs, and
pranunably du tho onborior pitudtery glands whilch bhas uo activity oo
tho dopledlon of adrenal aseosrbic acld bt causes poarkoed LLpid daplee

Jon. This ovgrento sirongly thab dhe astorier pliuitary giand
pRoduieg ab lenst fwe faobors wlth peparabe ﬁfﬁ@@%ﬁ o $he advenald
SORUAM

The faeb thal sonnersial nvoparatlons, of dntorsediabe puarity,
hawe oFfooto dntormedilate hobdwoon thoze seun albor the erulo nund pure
propavadlons, arguis that thowve ds o fasber oy fuobors whioh are
progeeosively ronowad A0 the paed flsatlion of the ooeovbio aeid
dopdoting faabore

Tho welghdt and sitobico anbiviby ingroosed 2383082y evon afbor

2

tha pureet prepavadions of covbicotrophin. Mhio of cotwvae aan

vapyopent tho eoaponsabory hyporbrpphy wideh follows umilatoral
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adpetalestony An anduals (863333an, WW0Bl. the dncreage of 309
in the adropal yelight do of he evdey of magnitudy whiell would be
arpoutiod ou the basls of awloal expovivonis {(HSvoddeh and Dongg 1000).
Houstoye Gho posslbility onaned bo oxoludod #had contlimous and
Fadsdy prolongad avtion of &@ﬁ&*ﬁqﬁa roguibs dn sone sbivviabion of
ot

The viow bhat astorbie addd deplobing aobivity couanob bo
dlonasiated feom some growll abloulstion fo in angreoomont wiih rogults
poported For obhuy bighly puasdflsd properations of eorticobtyophin
Losbroh ond Yoodward (1998) ednismloborod B =oosbicobrophia puriflod
by comnborenydont ddabribatlon oad Sound thab oneli douses pivon fop
¥ dayo can couse Ingreaso dn adpanal wadght dn bypogbyorotoniacd nices
18 saby pf oourpg, be avgued Shab counbeorensront dlpteibotion Sn less
gEfLedent i saparating the cowvtiovtvoephin focboros bub thely obsopw
yabion bhot addition of vory analld avounbs of purdied feowth Hepmons
poboptistod markadly the dueroase of adPenad wodght pyoduaed by
pwaorticotyophln geaus spnlogous o ouw rosullse Urouth Hopmono by
Lepeli hod no sigebfigant offects on ths advonnd Gopteile

Bppewinents of rabe and padnoe plge shown 3o fables IX and X

dononnbyato Bhat the difforence i offegt of Sthe vexlouvsg covtisnbrophin

proparabions is sob posullaer to the hudno spoolose

The proasat worl gleon o alue as o bhe dabuve of the additionnt



plinktary faator with offectn on the advonnd coxdbors  HtnehkeBuunne
and Yeung (39312 fivet segnested thod the Adveaal Uedght Pootor is
gguoetabod Gith Sho dpopth Horooses  Sobod and BtnckebPunpe (L945)
found that &ho Groveh Hoveoone otisuloted aitodie divicion iu bhe
eab advonady ead the gorl of Lostyol aed WYooduawd gooted abova {pe 572
mad Gf soverald obther invostipabors, gspporbs the vioew that tho Grouvth
Homwione ooy bo &0 additions) foetor wlbth offosto on tha advoank
corSors Liddle gt oat. $LO5%) hawe obiained o fvastion Sron tho hog
pliuitory asoceloted with orade Qwouth Horsouna vhiol andabalusd
advonad welghd of hypophyasobonlsod ol withoud caveing svy storedde
ogepsgdes  Doopan sad Maopstein (L86) propared an alloline oxtrast
of Dood pitultary with advennd wedpht prenotiag aetivity which thoy
beliove could wob Yo due bo fte covbluotrophin contont {ag nuasnred
by Soyeys Aoonyle  Choy showed fhot gonadetyophides have an offood
on adeapnd oslght, but that his offeed le sovondary to theiy wooblon
o e gotads siaog 18 dg wob goof i cantrated Qﬂimmla. firovth
horsonc, on the othog handy appenrad Lo have o ddrent actlion on Hhe
aeteransly

Jaller aed collebowators (1957 bovo shouy that ths corun Sron
prapnant potheto donbaing o oubulanes wlth offecds on thoe adronal
goleht bud with oo aetlvily S bho Bayero Geoby Bososn aad Dioors
stoln (1090} demoustonbed thod 6bio 1o west Mboly due to the sorun

gonadotrophin contant, which aelo on the gopads o oouvse poloase
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of shordid hommones, oid thogso inoronse the sdronal wedshbe The
gdronnd wolaht dnoreaging factor canvod aed by sueh a aashantsn i
tho ompesitents foporsad hovs, boduase all vonen wove gvasioobonicod
bofers o obh thoe fArst opovabioha

Chope are thirofors pood prounds for suppogiag that tho gonatos
trophioe Ueoweh Hovoouo hao spgedald offects on tho odronal gopiag,
though thde connot bo tolivg ag proavons fhe aotion of prosoblng
aarenel growth gon be looked on o a apeclal oxanple of L%o gosoral
prapevhy of weotisding thoe groukh of Long bonon and obhow Lioausta
oy fogults ohow thad tho bhunen advons? cortoxn ean be soted upon by
sovblootyopbin af hdgh potonoy withoub showlng sho pbracstaval
alterations ubich worg seon afisy She action of anothor otor, op
povhapn anotbod fadbor sypnorgtebia wah gordlaotvophine Oy cnalogy
shdn fogtor coy be the Urowid Sorvacaos

I8 4o posudbla thad the progoned of Syo o ooy pltniiary factors
aoebing bogobhoy on tho adPesal corbom regonbdoo tha gitunlion vhich
grieba In tho aation of vestrogons and propookorons on tholer Sargeb
organg aush oo the adorng and the beoeast,  Oeslrogons envee bhe
grovth and the noooaoury prepapaboby changos Sor the acblion of
ropmnbovonts  Progostorons gonaon Surkbby prowth agd ohapgos leading
to "gaopebory' scblivitys Slndlovdly tho adrepnl pay ba gentrolled
hy aupspabe fachors, ouly oo of uhich indvomios e aeorobory aCBlvity.

e,

S Siand fennce of srosant dadines in rolablonbte Haman Bioooow,
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el Shodinns o eolakion vo Human Dlsosae,

Sdvanad snlavgoenents da o Sentwre of soveral ndwenseprticnd

pyRdeonesds E6 Lo lmportont (hereforo 6o have o £len hasoline fop
Borand wedpht of the adecnal in oxdoy Su gapesn whoebhor o plond
ropovad by opeteblon do noronle  If “noeanl® wnlaen based on ponde
EoPkon glandd are nondy an do oflen Lo saav,y thoe odvonad, weishi moay
be gopsidored nearsry sernalily thot io oaobuedly #ho ooos.  Pop
pporabion edranndoy waduan baned on glande rosovad divdng e wuot
he poed for conpasisodis

It hao long beoi o pussls why In pove oagen of olisiconliy and
bochenionldy proved dushing®s Syadrone the adeaonel gland fa of noveal
o galy Yoy sdighily laoveasod aokght and shows only ulolnsd
doeviatlon frow the dorer) Ristologieald sgesonranee of the corboxy
whide dn genepal 48 &6 & foaburo of Geebing?a Syndrone Lhat tho
gdronad ghand fo endarged apd Eho goxbar ohows saiod LEpld doplebions
£2 thovo are twe sopsbebo pliuitary fuotovs, only opoe of ubioh hog
A mavked offoot on the adrenal grovih aud hlotplogyrs (hlo situadtlon
begonan gulto aany o undovatand, Wo gnn postubbo that the storoide
ogovie principle lo coverebad by Uhe anbkosdor piiuitowy in oll ¢osos

B Soshdants Byadvome, and this soaonpbs for fhe olindeal and

biooheidead fadingose  Yn only a proporilon of cosupe howovewry the
agddi tlopnd trophis foobtor Is prodused Lo oneesse Those canesy alono, o

phow the advenal oplorgesend and the eeyked 1ipid depletion thoughb
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ab ono Blue bo bo ohovootesickia of Gushingts Syadronee The
posulkbs procontod above ouppoet sush o hypobhoodg.

The poseibio duad oabuws of bhe piludbory sontyol of the adronel
sorbor 10 alou OF foportoancd fn polation o bhe efforés of fhe
glindalan Bo provent datrogonis dddduonts Aeoanes  Adboral atpopbys
with conmaguont advenal dasuiflelenay bao fFequentiy boen pogopndoad
following sonpabion of adeennd stoveld thowvapy (Sallosa of odey 10054
Gapa and Bakop, 1985§ Frazor gl pley 1038} Uhle ad2onal nsuffe
fodeney Ly prossably sovondayy o dniibitden of the poleass of
pibud baey covbicobropbin By bhe adutuistored pboroldn (Iusko, 20587,
Hfforts ame thorgfore oftah made o provont thio adeonal ateophy
By slouktansong duejection of enogonous cordloontiopbis dupdag Sho
eourte of olovold treatwont,  Huoh efforto avo pod gnoveooiad dn all
gaaons oo, Snetor In sugk o fedluve to nmolubodn acreel adyaesd
wodehd oy b Ghad oopbleotrophin dudesbions ave wab glvon ofton
gnoughy  anethor sooedbilidy s bhowoawer, ds thal the opve highly purle

patabions of oevbiootrephiln which now bagose avadlabio do

&

fhud pre
108 oonboln ewoush of the advonnd godsht dafivendieg principle o

provent odrenald atyvopbye  Sinde the gonownd tondengy 3o o produaa
more hishiy puedfied propovations of cortdootpophin Ghic poldnt moy

booops Anaroscingly duseebnnd dn ke fabupos



Fheva are ok boast foo Laoboro of plteliory ordpgln whioh have
aifovts on Cthe adronol dovboxs I3 do Bilkoly thad oue faobor noraely
poboentintos the grosth provobing effects of the othuy Loosbor,

Foon tho data ¢olleotod during lovantigetions submidiory to
the giudy of tho offoute of sevbiepbropllo on hunsn adeenal cordex
AT apponrs Lhald g

tad tho adrenal welsht o oepolderably groontor aftor doabh
{6 pedy Bhan dueing 3ifo {8 pele

{h) the mean wvalghb of the pight hussn adrenal approxinatios

¥

glosaly b bho vadabt of the loft hunot adgapoals

(o) tho gon Q32fersnco in advepnd solghds sobted by obthors

say hobt obaepesd horos
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The wousually high slucopo-Gephoopbate delydvamanage (GEPR)

nebivity found in Sho adresnd sorten of the ox aid fhe peb (Kelly

bopkey LOGHY and tho fech thet thio enayme ocbivity Lo linked with
the produstion uf the redunad forwm of tho mioobtinmaids wdonine dinwaloo=:
Ehds phoaphata Qﬁgﬂwﬁﬁﬁ,whiw& 1o roguived fow fordigontoroid hopnope
blosyashesis (Fige 193, proupted an Lovootigation of Q00D and the othey
princiyal SAP polduedng ensyoes 40 She adronud covboy of wany and tho
affovt of corvioctyrophin o LROBO SRBYEOD.

Sdngs eorblpoteophin obimelabes adrongl gowbh oo well g
atorcidopenonis, the ensyay adtlvities vore adseyod in adysnal cordey
gtimadated My cerbiootyophin of Low pgrovth provoblog pobendy, oo w2l
as An the osdrenal oprben stisulabod by cyndey prepprations of corkigow
trophdne. The fimo foedey 40 the cosyad ohapgen choemwvad, and $he
Adobribution of theoe cnsynes wilhin he eodd nnd wiibin the adpreunnd
aortar were akoo obtuddad.

The pediteinal obesevvabloss vore aade on the huozs adronal corton,

bud meue of bhe oxperisends word vopunbed on robs sl guines plyoss

wf,f@da



ACETATE —> —— SOUALENE—» ~— LANOSTEROL. — CHOLESTEROL

l PREGNENOLONE
l PROGESTERONE
1 17,21 & 11 3 hydroxylations
— alt require NADPH2
| |

FATTY ACIDS CORTISOL
| CORTICOSTERONE
NEUTRAL FATS ALDOSTERONE

Fige 134 Tha impovrtance of the roeduced coenayme
NAD?HQ for blosynthesis of dorticosteroid hormones
and 1iplds dn gounerale
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Tho adeonad sdands wged dn dhe oxposinonts deserihed in thig
seoblan gorate
Lo  Gloods fron adult fowsde gnblopts with advanced beoancsh doarainonm
undergodng bwe obage bhloteral adeanoloctomys  Shle wus ho principal
group otudiod bere and dha preoodure and bhopmons adminiobration is
dosepribod on page 4o dootion Ye
Re  Gloands fron o sdedlar grosp of paticnts sho gede wadorgoing one
gtogsy bllaboral adronsdeetouys Pwo aiffovent osperiooents wope
pueforacd dn dhis growe

(a) Hovoonow wope wob administored bofure the opovation, but
demediedoly aitor one odrohal was wesovod on labbovencus Lofusion of
gorbicottonhin van starbods P9 L0 oF Iyophdidoed MOUH-AR oore glvon
an one pint of ieobtonle paline, durdag g poried of ine whileh woaried
from BOXG0 wlahbes.

) AUTH vas sdeioisbered dnbpasusonlerly before the uporatione
B0 L., vore given ab oech igjootlont  tho dnjootiong wors glyvon 8
bowwky in espevinents lestdng %2 bours or loog, eod L2 hourly do
gupordronts of longer Jurabion.
3a  Rat ond gulnen plg sdrenals wore obinlvod as deseriboed on pago 42

16 Reebion e

AL adronals pore repowed with sdpdenn of hopdllng, fawmediatoely

w 05 m
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phogod on ormached ooy and all sabaocuent apoubions wors ¢arviad out
noay 0%, Bnoyhe aauoyn wore conpdeted within & hours of yoroval of
the plondas Xo the oose of Ghe buwan glonds, noduile and ounneobive
Glosue togoulo wdre goparabtod frow the eortax and dloterdeds auduel
adnennda woro enpradad frem tho gopounie and weed shwles The (Rsouoe
wiag Shon fveatoed an follouste

{o) & 1038 {w/v) bowegonabo wes proparod in UWkY B KO 30 a
Potior huaogeniony luwlog o bpdon pooble and updfoso hore glaco $ubo,
The hosogemate wis conbvifugad for 30 ainuntos ol LBOK g and &ﬁﬂ&

Tho anpersabant Aigudd wus need for dohpdrogenuass noonyes

(b} Tho Lutracelivlar ddeteibublion of oneynoo weg otudied using
o 168 Cofel honogouatn propsroed 1o 0089 sworose solution containiog
Oedd 1 loobinanidds Thoe eoldl fmneblons ueve sepamted aseopding o
tho oothed of Schanelder (RGLEL,

(o) In order S0 atudy the didobelbublon of onsynoe actleliy thraughe
gt the adronal cordom, thin flob pleves of thoe cordonw approwloastoly
boame souere wore {opon on o aloretone chadk ¢lth capoule voext v b
vhaalke  Sovdal ceotiong wero oub in tho oryostat fvon She nsduliary
bawrder of bho aong vebloulardls ouluvardo. Fha $hdchnosg of tho sosbions
Galten for enayme sbudy wves 0 By, ood dntervesing 10 ¢ sotbliong weroe
token fop hisbolagy. The welpht of suek 30 R sostdon (aboud 10 mnped
was gulelly deboralned by o elore btorsion bulotse and the sldoq

grongforrod o o § m 50 ome cedluloss coetabe bube venbiodning
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Upd 1 KOL ne 6% 4 5% (u/e) hosogenate was propaved by cwposurs

to ulies sownd for 20 sovouds (Nollord Ultra Sopdo DAoinboprator,
HelloZiwy Loudony ond tha homegonobe vas (Paseforrad to o nlaryconted fupgs
tubes  The £11304 Subos wers gonbeifeged fow N0 nitmtes abt A5OO0 g
and 098, %he oupernabtest wos wwed fov dehydrogonase sannys and
nibrugen detorminntionge.

Fia_ saneray

Tapod trle dohydvogenssn (300} and mulde eumyme (0 vevo asnayoed

£

Dy the sothed tohos (3095),

GOPH s Gepbosphoglivcunnbe dubydragenase (GPOY) weve astnyed
by bhe proseduro ouliined by Glock and Metean (L9939} Ovosnipht
dlalysis was ondtbod, oo 16 van fonad thad OOPD So vory sastable pod
anghi o progsedure rosulie du o cungidegabiy and vavdable laos of
activilbye o Aty pleco sssyde prepavabiony sontalpdmg NHAUE gers hkopt
for govorald odnsben ab foon tosporature 80 allow HAOEP eeduetion by
andogonous subotrabes o tele PLOSOs

Yaokdio Dobydpygonoss (40 W asaayed by tho acthod of NMogkonds
(155D o

Fhoosphohozase Loonorass {PREY vae soamged by o reaction Ligked
Go GOFD sotivity, as doseribed by Sledin (10895},

A 0u05 B plyoprialycino«lalll buffer ot pil Peb wno nwed fn all
apcayise  Tho teoporature of bhe reaoblon nkutoroyg wes aowa®d,  ALL

the apouys depond on thad property of tho ansyaoep vhieh Lo aloo thedr
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prépcipal phyololopgieal vole, sanolys the abllity 8o cauae seduction

of tho efenbinonddo sdonine dlouolsobides in prosonee of the appropviata
subsdrates hio eeduotlon dauses an dnoresss Ao $hoe optdenl Jdounedty
L0 of the wesoblon mixbure at 300 mw,  Phe O.Re was ceocoured in
Gol he oulls of M0 niee Moht path weing the Unfoan 8P 50D Spaetvow
photonobor,  Hendings wore tobon azainst o "blopk” eal) containing

all domponsnte of the poastion sueepd Sho appropriats ausloeotide.

ALY onpyee aebivitdon owe oxproseed in avbibpory unlte por gron
web geight of adeosal coarbon ox per W nge of sdbrogon in tho gnsyne
proparadlios,  Gno gult 4o Che aoound of ensyae whieh will eoduoe
008 1 awlo of BADP poy clnuto,  BOFD oobleiby is tho husow advonnd
oo 44 opprossed g the rabe of voedouction of HARY on addition of
UHP, withoud any allsuspee boing mede for She subsoguent rodoction of
ANy by P8, whieh lg ohe product of GOP oxidabions  Hhis is poymles
aible Ain thoe enoe of bhe homen adveonl corben,y slpoe bthe asobivity of pan
A low do copparison with @000 asd the erveyr intvedugod Lo nbeh
prakiod thoan dhat of the assay a9 o vhelss In Sthe eab and guinoes
pig the Guo subobrate nethod of Glesk and Mebean (L9835} was ouployed
Sue the asoay of GOPD.  In $his oedliod both GEF and GRS ars added Ho
the gouvobio and the cobtivity obbaingd wlbh 690 aloso is subbractod

Feon Gho rogsulbdng vnlio,




There iz no inforwabtlon do the MSerabuie op the propeniios

o

€ She onsyact prooont o the hawsn adronsl corbdoRe 36 w0 92000030y

Vhavofonge o abtudy soms of Sho propeptios of She oonyoes wnder
Loveatigetion Ao ondor Bo cotablich selioblo aoeny vopditionss Tho
prapsididen of Sho gnmyacs GOPD end GFEDR of rab River wore dopcrilod
Ao dwteld by Clook and Hoelean (R995)s end tho desovipilonc of tho
anoyits roparted by fhon were found Lo apply alge o bhe onoyuss peassnt
Ao the uaeay adeeoal cortese Fop dpotause, the fepmmdepos of

aebdeiby on pHy Jupleted Ao Fige My fo like bhat of tho Lived onmyaena
Samllapiyy dvalond crllonn oro nooegsary for opdioun oooyme aobiediys
Hore vas fvund o bo bash for GORD i BRED pobivityy nnd Vnse for

TCD and Mis Olyoylelyeiac ane o bobtor budfer than voronnl fop

QEPD and GG {Pablo X1

Ensraaniog tho goncentretion of thoe cofadtors (HADP on Hgws,
Tars) o of the subotwate of the obtpyme oobleon bnd ny effoeb oo the
peaotdon roafoy bub thore wao pued Jtusepity botwacsn the amsunt of
the ponogounte added asd onoyne aebivity caloenlubed, Pable A1 ghoys
thle for add she peloodped onpyues studied hopes
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A QOD./ 1min,
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10

pH60 70 80 90 100
G-6-P DEHYDROGENASE

30

20

A OD./3min,

10

PH 6.0 7-0 80 90 100
6-PHOSPHOGLUCONATE DEHYDROGENASE

Fige 1% Dependence of ensyme activity on
pit for GOPD and 6POD,



TADLE XI
Compordeon of activities of the prdncipal
NADP linked dohydvogenasces of bhe human
adrenal cortow in different buffevs

af ey Glycylglyeine
Veronal buffex o sfor
acrp 288 432
6PGD 15 20
icn 648 672
ME 10 10

The pH of the buffer was in oach case 7.6




TABLE XTI

Proportionality of the change in optical density (0.D.)
to the amount of homomenate added

Change 4in 0.0, per minute

Amount of howmogenate . -
Ieh G6pPD 6PGD Me
0402 mle 3D L - -
0.05 ml. 82 Y - -
0,10 nl. 160 62 8 5
0,15 mla 233 101 L4 9
0e20 mle - 130 13 1k
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Hopy advensd glards obudiod heeo weve oprkediy oongostod op
hasmorshagdcs capadially thuse obinland aftoy gorlisetiophin adoins
Lotration do the pebdlents I8 bloed contalune o bigh leved of dAlp

voduelng eunyoes aby KRLerslion i aotlvity oould be duae Bo the

s

Mghoy vlood contont of She adpefinls Sodinctlons auro Shepoforo
appried pud to dubteroine QORD aclivity., sinee Bhis s Gho onuype
ohgwlpe pelacipol chespes afboy sortlcotronbin adullatradion. Patdo
RESEY e ¥ho nmoan walbe of four doteraianilons of GOPY voa 5.0 aniis
PO nhe OF pachod apyibpeeybosy ol plosan wos wlthond ooy ooivitye
It igp oloay thoat sdnno She aobivity dn bae biood 4o 99 times logs Shan

wp e

0 Bha adyennl vorten (ef Pabloe RILX), chouges Lo blood conbent of bhe

L

o

gland will bave o spproesinble effeod on GHED of Sha honopotados

Bindlaplye conbonineblion of the onsyme perepsvetlon with povtiond

of the odvennl sodnila olght adivonge peandto 2 sotividy of the

anpries Ao the sedulla oxgeods Lhe aotivity in bhe copbozs  ALL Bha
pamyoos otudiod bore, hovevaer, howve lowed acfivity dn btho poduliae

jaas vers porforasd on gnuyne proparations by

the pobhod dosesibed Yy Lo Pase (L9573 K% o bosod on dlpoation

af the honogosoale supemnsiant with geliphuele sold conbpinlng 6 poveury
eobalyet follousd by dleoud Hoouvlopdeobions  The sclouy ung poad

An the S 500 spocbvopbobometor ot D Gite

ermne Feowaeablons.
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Damsonbi

Glugopeesphogphobs ddoodiun ookt (G6P) s Swphivophogluvonic aeld

LE

poddun solt {680) Rfvuctososephoophoate bardun calt (#0693 (thio uan

sonvarbad to the sodlum aold by addition of ap oguilvalend anount of

-
]

i, dn coloblond s steobiaasido-adondho dinveleotide (HADY and
2k ’

piootinoside-adenine dlavelentlide phosphato (NABPY wvore obialned feom

£

Sdpon Ohesdeol Sompany (Ha8e447 lovalireto tpleoedium enlé fSron tho

"

Caitdforgia Foundabion for Dloshonlonl Bogoowsh (Hebedele Demalic coid

from the Hutvitlomd Blochomionls Uerpesation (UsBelelds
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Pable RIXEL vhows Who onsyue aoblelties In tho hosogonates of
adwesals of patldenbo wbo vere gieon vomerdslal propovations of ovpileow
brupbine It dp seon bheb thore do o worled inorenss in GOPY nebivity
{opprosimaboly 30003, Thio dagreace do obtatloticnlly highly
gigniflonnty but the alighlt altovabbons in the aobiviby of tho oihop
gueynes sbudies (IGR and GO nve of no algnlfionnos.

it bos alveady been shovs (poge BG and Poble ¥} thal cummerciod,
propavations of sorddentyrophly dbdnce o sonsiderable Losveass &8
sdeopal pelghty B4 woo of Andobest Lo daveablgade whetlior tho obosepe
vod Aneeoass dn GOPD aobividy e coon whén advopal growth stinslntion
Ao slodsaly o aftor adatnlsiratlion of ﬁﬁﬁﬂ*ﬁﬂﬁ& faofined on pago 207
Tha opeyso activitden obioduand altew ﬁﬁ@ﬁmﬁq&a adutistantion orQ shown
i Tablo KIV, whoro £t wey be soen thol the remulis sye vossnblally
gfeilar b those goen after bthe admdndobrablon of cbpeeseiol AGRH.

i order So stundy faptber bhe effest of nderanal grouth, snayuo

¥

kS

agtirdblon were asesyed in gloasds stimnletod jpn vivo whti ¢rendo AGLH
{Pable ¥¥), whioh bhap high grovth promobting setivity (eeo puge 46)
Apaday onspue alborations eiw pisdllor Yo thoso poea A The othoy gyoupiy

Setyy GOED dneveneon markediy, whilce 600 asd 0D ohew no atailabloslly
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TAVLE XITT

Biffect of commercdal preparations of lonp acting corticotrophin on

the peincipal NADP reducing ensymes of the human adrenal cortex

Enzyme activities (means of & cases) ¥ $S.D,
G6PD 6PG Ich

Tirast gland
= no AQTH 337 ¢ 107 108 £ 39 612 & 101
Saecond gland
« AGTH protrestment 643 £ 85 132 % ho 682 & 1k
Difference 306 a4 70
Probability that this
differonce if signif-
icant < G.Q@l b4 91{35 > 0.05

Bagyme activity in avbitrary unite:{defined on page 68) per gram wot
wolght, 40 I.U. ACGTH«AR gel given every 12 hours sbarting 100 hours
before tho second operation. Individual differonces within each palr
of glands from agny one patient were used to caleulate the significance
of the difference of means.
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A

sipndficant dnoveasa. U shovs o fuoreans vhes oprudn A0EH wae
sivans but o estivations of M weve logo aconmabe and aye thoreforo
doon veldoble (han the esbinetloun of the otho® oneynOs.

Wables NIEEy ZIY and 2V oro bosed on ongyne adtivity por ualt wod
ydpht of adronal tiesugs  AiNcoe hovovery &w pdtrogon contond of
o owiedt wol woishd inorvases afbor doeibicotvophin adulntolration
(Pablo NUId, tho onsyme acbivition wero vetaluninted in Sownu of
eald nitropun eontonb. Tho rooulle ohowed Ghal tho ohavges 4o onpyno
aetivity of thu adrenal copbon wavre nob allorad by this mothod of
Aamy@ﬁﬂﬂ&mg thy eooukbay

o Yho sroun vhoro adiossls gope reonovod dn mm&mtﬁy e anmo
e phoge peogoedure buld gordlosne dnoboad of copbtigobronbhin wag
adainistorad bofure the romeval ©f tho sodond glandy thoroe g oo
gdped Floand ohange IR any oosyne activity (Toble BVIN)«

Laebia dehydvopsaase ia aleo appable of reduchayg HALE though 26
hag sneh groabor affindldy for HAD.  Fho sobivity of flds onsyso was
thorafore assayed bofore and sibep esoptisotrophin, and bhe rooulic

pragenteod fn fablo KVEEX ghow Shat cortisotrophin vanoos ne alborablon

iu bho astivity of Shio ouvypros

Govtlaotrophin (donpopoind propavationy) was adudniaterad




PABLE XVI

Nitrogen conkent of supernatant fraction obtained by centrifuging

adrensl corbex prepared in 0,15M KC1 solution

lst 2nd
operation operation

ist

s2nd

aperation operation

i

Hoymone
aduninistered

Numbey of
cases

Mean total
Ne. content

{tagh)

Maan increaae
after ACTH
:t SQDQ

None AGTHﬂAqAa
5 2
136 169

33 &8

None

L

150

Or

15 10

rde ACTH

5

165

Bach preparation fo corticotrophin was adminigtered in the same way.
ho .U, were given 12 hourly for 100 hours before the operation.

3




TABLE XVII

govticotrophin wag not adwinistored before either operation

Mean enzymo activity (% cases) % $.D,

6PGD

G6PD Icn ME
Firet eide 299t k2 | 62 t36 | 820%8 | a5 a2
Second side 308 £ w0 55 % 24 770 £ 96 20 % 13
Ghange +9 -7 w50 -5
P> 0.05 P> 0,05

8ignd ficance

P> 008

P> 0,05

Gngyme ackivity is expressed in arbitrary unite:(page 68) per gram

vet weight,

interval botween the two oporations.
¢aloulated on the basis of individual differsances within cach pair
of glands from the same patioeng.

50«100 mgs of cortisone weye given dally in the
The sipnificance has been




TARLE XVILI
Fftoct of corticobrophin on the lastic dehydrogenase

of the human adrenal cortox

Aetivity of LD, Mot pratreated ACTH troeated
in 9 adrenals with ACTH (erude and A1ﬁg
Mean 2100 2000
BaDe T %850 420

Enzyme actlvity is expressed in arblirary units similar to
those defined on page 68 por pgram wet welght, but te facilitate
aggay NAD was used instead of NADP., 40 X,U, of crude ACTH

or commerceial corticotrophin were glveun every 12 hours starting
100 hours before the second oporation.
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by dotvavoenons dofunlons ag desoribod on poge 08,  Toblo XN ahous

bhob no allowablon dn aoblvity of olithes GOPR or 0D oon bo dobondad

-

g perdods of oo up o 90 alonbos.

T,

dupabion.

A3d Tporinonts of savebal doye
The offeabs on HADE podusiog debhwdvegonnoos of dateas
psoulelr adelsdobratdon of crude ASEE op sounetolal AMH fo pallonio
nod praviously adveesiactonioud are shoun o Tablo XX and Sho voionan
apre cotpared wibth these obtalped Poy glands yvomovoed withould any howmono
proteondonats Fron Ao 40 pay bo soos thoat ocoriloobyophin appoars
to fooponse the astivity of Q6PB, ond thic fosvoass Degemos appapent
whithie 83 hours of sbavting corbiopirophin adslniobipations Uhe
fumrenso Lo GOPD nodiviby fa, bovowvor, lous savtod than in thooo

aubioots who had provicuasly wodosgon: bhe ¥rad ologs of tut sboge

b laberal advennlovtony

L&), Entrageliutor i
ndor the condifions of ngouy asployad horo 16 wvag poscihls
Lo sbudy the fntpeeolinisy distelbation ondy in tho coso of thoe moot
AOBAVE enbynusy Yenely T0D apd GOPR.  En Gho cape of Sthe loss notlve
OPED oud MEy Lishi sonttoring offoebs sooooiotod with the voa of
peepapabions conbaining whole selisy huolel end witoshoudede, infevrfeped

gesdousty with the woscswronond of pusld ehanges dn opblend doaoiby.

BOFD anbivity of the vholo homogonnta usy resevered complotely in



DABLE_JIX

Bifoot on NADE linked dehydropennse acbiviby of commereial

AUTH admindstorod jntravenously (i.ve) for short periods

, Units of Bnzyne Activity
Period of iatravenous Gland in adrepal cortox
Patient adwinietration romoved
of coriticotrophin

{83y} GoPD

1. lat 581‘3‘ 300
%0 minutes

2nd 577 269

Qe lst. P62 288
Ly winutos

a2nd b2 303,

3. lst 672 452
90 niputes

and 648 468

Inzyme activity ie cxpressed in units (page 68) por gram wet weight.
2?5 units of lyophilized ACTH~AR were aduinistered im ome pint of
deotonic spaline intravenously, over the perlod indicatod, staviing
jmmodiatoly after the removal of the first adrenal gland,
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e woluble partd of tho ooll sops 0D sobiviby wao found nainly in

the some locallon ag do suomseriped dn ¥able KXY The only monsuronbls

pablvity of GRAD and MH wao found Lu the solulle part ol the Qoll gave
i boohaondeial praperations wre oxpoesd (o wilbtrasound for peviods

g o 5 omloubog, e vepoatadly Deosen sad Showed, o yove suaponded

In bypotonic modia Ia an abbompt Go destioy oosbranes which onelooo

tho sliosbondeds avd which may 4304t 4hs aogops of sabostroatos %o bhy

3

nlbovhondeind ongymons Stk Groclnend dnoronsed Lho aobivity of ths
mddoobondrdial JU0 fo approslustely ROH of the tobod ool oetivity, bub
anbivity of tho other oumyses AW Bol appoars AL oxoople o shoun in

Tabdo KLY,

Hobrihubion of GOPR xibhis She advonsl eorbos

The Motribublon of G0PD vobivity fhrougbout the adyonal
The Mobtrivabioyn of HOPD cobivity fheoughoud d K
sopben wog obuoredd dn tloste sectlions 300 ¢ hiolk oud povallel 8o tho

I

Yo edo . fn glends remdved before gortlootroohin adedndotreblon tho
apeyve aebdoldy do Qlatmibubed wope ov logn ankfocsly do oll gonew of
Hhe SOrton, flovzovery folloging covbicoirephln treonbwond of the patlent

the dpeponpe 40 GOSN sobivity Sobon ploge wainly in Ghe ndddio thipd
of the ozboms wiih o peal of agbivity dn the voglon vhich covscaponin
o Whe bordor bobwsoen the compach snd She olear aslls (Flgs 1B). Tho
poodtion of this Jomedlon was anpinbllshed by histologlond ownnlnstion
of the glond as o vholo {seo Flgs 16) obd alsoe of 10 ¢ soptlonn powevad

hotweon oneh 100 b sookion tokon oy oneyus aogays  Fige 46 shous thab



TABLY XXI

Intracellular distribubion of ICH and GOBD

in human sdronal cortex

Nuclei Mibocheondria Microsoties Supernatant
ICn 0 3% 0 10094
GoP O 0 #] 160




TABLE XXII

onogenising
adronogortical tissug in distilled water and isotonic KO1

ico GEPD 6PGD MR
Homogenate in KGL ks 154 29 2k
Homogenate in ﬁaﬁ L68 145 a9 26
Increase in actividy 10% nong none none

Enzyme activities are expressed in units (page 68) per gram wet
wolght of the starbting meterial. The homogenabe was 10% {u/v)
in each casme.



DISTRIBUTION' OF G-6-P DEHYDROGENASE
IN HUMAN ADRENAL GLAND

- -4
--a2 BEFORE ACTH
AFTER ACTH

600

ENZ Ns

200

MEDULLA CAPSULE
100 200 300 400 500 600 700 800

APPROXIMATE THICKNESS OF CORTEX (/i l

MM

Fig. 16,

Figs. 15 and 16« The upper figure show# the distribution
of 06PD activity in six different adrenal glands# The
lover figure shows the histologioal appearance of one of
the glands after ACTH (conmoroial preparation). Comparison
of the two figures shows that peak activity corresponds

to the border between the clear and the compact colls#
Lower Fig. % 60.



“w 20w

tho poplon whioh has the highost GOPD ineweaso po obhown in Mg 15,
Lo the soglon of the sorbex uhdeh L8 o novmed ussbyoooed gland eonvlssa

GF olowr enlloy Hud now contolns cobpnat colloe

R lusnerage aatiieilye

o luoyeasy da GORD ooblvlty after cortieotrophin admlisilsteobion
Lo pob popalloded by o siedlar ioevonge in GFAD aoblvitys  This ohowld
vorulb o en lnovensed ecucontyabicen of GFG ip the adwenccoviisal collos
Papr {3996) hoo chown foy gowo popealion Shosuos Shet 60 duhibits
phosphofieross teonovass (PHE), tho onuyne vhich eatalysos the ecubwy of
a0F dnto the glyoelytio pathways I Ghis aleo holds fow the advonel
gopben in metty bhe Dlooking of FET by P06 sould tond So inoyense the
peeporbion of GOP wotaboliced in tho pentesy phesphabte pobbuay, abt the
axponsd of bhe glyeokytde pabbhuaye The doba procented in Rable HSIEY
ghaw that P8 doos dn Saod meekediy dohibls PRI L ykiros bub thab

4

shavo Le no slgelficand iobibitlon of QOPY Ly &G

4,  DEfoat ol Gorblooteopbin o MAGE Siutod Debvdeosanngon dn Gho

OSdpensdo of hebovatory Antueto,

[

Re

Babla IX $o Sootdion ¥ shows thob 46 the vob thoe sdelsietration
of epudo ACER gouoes a greator Aasrense in adwonsi wolght thos tho
sdniadastration of Aﬁﬁﬁ~$q§gm Sekla SV shous tho offost of theso
propavatlons on the WABP roducing enevymese 6 o evident that both

bypea of corticoterephin voed couse parked dneroses of the poutous



TABLE XAITI

inhibition of phosphohexose lsomorvase by 6 phosphoriuconic goid

Substrate Rabe of NADP reduction in "“units®
5 pmoles Fé6P 233
5 wmoles OPG 19
5 pmoles FOP + 5 pmoles 6PG 96
1.0y reducstion of TRN duo to
FEP in presonce of 6PG 77
5 pmoles GOP ko5

5 pmolos GOP + 5 pmoles 6PG 410

Tho system conaisted of 130 puoles of glycylglycine, 60 pmoles Mg++.
Oe2 pmoles TPN and 04l mls of adronal cortex gupernatant in total
volume of 35 mle, plug indicated additions. Insyme units are defined
on page G8.
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ghoopbate eyole onpyoos (GORD and RO Dut that GPED inoroaods
pathop nore movhodiye o addition, howover, the puvified propayaiion
&ﬁ?ﬁpﬁ§$? sasnos o slgadficand Laorenne An the buy aombors of HKvobout

ayaloy TUD nnd 2R

fablo ¥ in deeblon ¥ shoun Shat fhe sdoloiebvadion of orade

AGTH o podnes plos cavecs nord aorhed oblondetion of advonol proubh
Shop tho adeisiobyaticn of Wpehly pupifiod ﬂ&ﬁﬁﬁﬁ%&gﬁ Fhey onsyme
agtivitions dn thoge groups of glandy are oheon do Tablo HAV. £ dn
alany thab covdlecivorhin ootnses olauiiieant Anoposoos of QOED, GpGp
and WH bub thops 2o po alborabios &n FOD sotleitys Thoe ducvoaso in
OBED fa the noob ooelod and 3o of fho come sagoidnde aftop ﬁ@@ﬁa&1ﬁa
a0 aftor oeude AOTH.  The obbor enuysiogs howower, {Lece, GOPD aud M8
ghiny o greador dngroude A paolividy afber eredo AGTHg whon worse dandbongo
growth Lo Sabisg plages This de Sldoadradtod do Moe LY whora it enn
o ooon bhad GOFD ond BE ghow oo fadroaso io aobivity vhich So prope
opbional o e laoreasy iy advenad volphte  BEOD, dm Ghe obher hand,
ohows o woavked dnorasss dndepondent of tho robo of svoubha

S Bl faotor o the ohwbgosd o aciivily of bthe oueysos showlag
pho prinsinal Laorenses after corblooteepbis Ra chown do Mge 104
Gopblaohrophin vag adudntobored o o growy of 5 mduon plae for varylag
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poginds of tlme aod fhe onuyue activitdes dn the advennd glaod wore
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alovabad ot Yho gane relobisvedly hish lewed dusiog seebicobeophin
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TABLI XXV
Difects of ACTHeA,A. and crude AGTH on the

Numbey Moan engymo activity % 8.0,
of ' . .

animale G6PD 6PGD ey ME
Controls
(injected N . . N
with saling) 6 2090 - 34 60 = 12 | 12104 « 160 | 38 = 7.2
AGTH=AA,, 6 340 L 42 132 % 25 | 2269 L 1sz2 | 52 £ 15,5
Orude ACTH 6 by L 49 |128 £33 (1265 L1890 |63t 8

Bngyme activity is expressed in units (page 68) per 10 mg. nitrogoen:
L I.,U. of cortigotrophin were given intramuscularly to cach animal
twico daily for B daya,




ENZYME ACTIVITY

ACTH ~AA, CRUDE ACTH

Figs 17+« Relative inoreases in adrenal weight and four
NADP linked dehydropenases in the adrenal gland after
administration of corticetrophin preparatlions of differing
purity to guinea pige. Arbitrary scale. Only 6PGD
increages to the same extent after administration of either
praparation,



ENZYME ACTIVITY

G6P D
6PG D
4 O o
1 | | ! |
0 4 8 1 15

Figs 18, Activities of GO6PD and 6PUD in the gulnea pig
adrenal, after varylog times of adwinistration of cortico~
trophin (orude) to the animal,
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penbo wdShdn bhis oyedoe 50 do dopordanh 0 pote thab Q6D acts on
o avhabeabo obiah o bo setabolicod aloup oeeeval alborantivn pathuaysa
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gubaivavo, S6R into bho pesbose phospbobs oyeles The produnt of 4%
aotilon, Gephosphoglueonie neldy 4o Ghe gadotrate o8 anobhoy HADR
Maod dohydrogniusasy ORED,  Phe produdt of Ul reasbtion fo eibulogow
Seohouphinto, o Secarbon phosphoryladod sopae which Lo one of the
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LApide (oagey for bhe aotian of urobobyd o4 reduabneoy and proboing
foepes for glutabblone yedustiased and ginoe fhees are the ppineipal
wmponents of the atrogtnral olooonds of Who golly ﬁﬁﬁ?ﬂa gan bo
oupeated to by osesnblal foy voll pgrowihe  Bub ﬁ&ﬂﬁﬁa Lo alag pariice
wlarky doporbans in the blooyothesis of stepsidy, op 36 hon now bosd
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6-PHOSPHO GLUCONATE
GLYCOGEN

GLUCOSE ~— GLUCOSE-6-PHOSPHATE

I

PENTOSE PHOSPHATE

] CYCLE
I NADP' ——— NADFH3
GLYCOLYSIS () GLUCOSE-6-P  DEHYDROGENASE
I (2 §-P-GLUCONATE DEHYOROGENASE
LACTATE4—PYRUVATE
/ ACETYL COENZYME A
/
@
4
Matate f ISOCITRATE
©
NADP —— NADP,

() TSOCITRATE DEHYDROGENASE
(0} MALIC ENZYME

Fige 19« An outline of the principal pathuays
of carbohydrate metabolisn. The principal

NADP lianked dehydrogonases catalyse the reactions
indicated by circled lotters.
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dogonstrated bo bo osaenbial for of loaob sovon steps in bho

Forpablon of dortisol fron ocebobe (Figs 333 32 addifion So thoe
wedd knouen rogoivesoest fop R’*{é?ﬁ.;iﬁiiéfzsia Fax tho hydvonylation (;3;.‘ tho shovolid
mplkeoude in the 0By A% ond Ve povitions (sve fwanty 10603, 4n Gho
syctinntdon of sguadome (Goodnan, 1961} and fa Sho convorgion of

lanvotopsd o chologberol (Oduon g oley LDOY1. 36 hoo wvovently boon

shown bthat NA&%ﬁg e ccsanblal fow Gho poducklon of HehydyomywSensthyl
ginvtanie acid o wovaionto acdkd (Do and Pudnoys LHEN) and fov bthe
aide ohods clesvage of dholeatored fun Lt convorglon Lo presoenolons
(latisareton gf fnles L0013

Ehe soaveredon of oholestorel to propaonolouns lo srobobly tho
atop dn the advesogortiondd hoemwese proeduction shioh do nocoleratod by
sortdootiophin (Stone aud Beshbory 100%)  Sho domometration Uhab
AT,

&
Bayuon (Fige ¥ thot tho neflon of cortioobropbin fu modiated by Sho

Lo raguiproed for this enotion fdba in wolld wibh the Shoovy of

Ingabon A0 She avellobility of thic oofostores  Thio spealfia »ole

of H&ﬁ?ﬁ% in the poshondan of oopbicobrophin setlcon ia alse supporéed
by the work of Kovdbs and Pevon (A9S0) who chowed Chat i‘ss\.'k??liﬁféig hoaa tho
gogne ackblon ns cordicebrophin on bho sbloniadlon of coriissid produes

tlon by advennl olices )

o ompericonts pregeonbod Lo this coobion vhaw tho offecd of

sordicobrophin on the Jdehydroponnsen of tho peubGoge phoepbate oyele
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and some Krebs! cycle enzymes and shows that there is a specios
difference in the rosponse. In man GO6PD alone shows an increase in
activity (Table XIIX, XIV and XV) while in rat and gninea pig OGPGD
shows morce marked increase than GOPD (Tables XXIV aand XXV),

The incroase in GOPD ond 6PGD activity observed in the adrenal
cortex after cortleotrophin is ot uniguo to this situation, Other
workers found thal the activity of thege e¢ngymes can vary undeoy
difforent conditions bobthiin mampalian lissues and in bacterin. Glock
and Melean (1954) found an increase of GOHPD and 6PGD in the rat mammary
slond during lLectation,. The same wuthors (1955) vreported an increase
in those enaywmes in rat livey after inpulln and thyroxine (Gloel,
MeLean and Whitchead, 19%6), and the latler finding was confirmed by
Hugging and ¥Yao (1959), Mavked increases in GOPD activity were found
in livers of rabs on a high carbohydrate diet (Tepperuman and Tepperman,
1958), and Weber and Cantero (1957) noted that GGPD is five times as
active in Novikoff hepatoma as in normal rald liver, It has alse been
found that the activitios of GOPD and OPED in rabt uterus are markedly enhe
anced by adninistration of oestradiol=17 B (Scott and Lisi, 1960}, but
that the activity of ICD renmains consbanit after such treatment
(Monplkollnl and Grant, L960). In bactoria similar offects can be secn,
Gefley broatment of M. ¢oli with 2:4 dinitrophenol (Scott, 1956) results

in an increase in GOPD.

Thus the onzymes GO6PD and 6P¢ seem to be rogponsive in the
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matrad, g wold oo bastorde o vhongsy o oubtrition, bo ehonpgos ia
Bavaone boalanss and Go shanpos asaoodadod wldh peoploodos

The destusirabion el GHPD dncroanos fn the huvan edeonnd govbox
pnitor eovtioobrophin aduizdabrabion can bo pogarded ag anobhor oxanpio
of pantolioh snsyelo adeptablons Sldis phonotenon bas beon dofined ng
alteprstion 30 the guantity of an aotive anoywe in Yhe eolls of tho
anionl du resgoses o choepdool obloeld {Knoxe 10023 ¢ To sooh oLl
he gesoo dedorning vhol portdoulay ind of protein de oynbtheddaad,
and Shope protoling heve pbesebopal of vapynds propopticg.  Gkantigative
medlficationg of bhe ongpme pabiora an howovey oumuy Lo pooponsd fe
chontest substuncon progoat 4o the oolld and tho cngyoe eabividy Sucroaces
whowm & gubobraby or sone ofbier stdbable chenmleal stdswlve avriven i
che aodle Thia fnogroagd Ao soblvliy ooy be dve So gyndboois of bhe
ounyne fiou Bl fodivideni aaine asido, or b0 o voaverpion of » lavge

Anaeblee procorenrs Thoro Lo so evidonce no o which of thope
proseoses bolion phase 40 the adrenal covton when GEPD nabivity Lnereascs
shbey cordluetiepbilsa pbionlaetlo.

Gther angyooo have baan found So foorcags affier copdicotdophidn
ndndplateabions  Awn inorsaso 1o shogphovylosd 4 agblvity bog hoen
choorved by Hoyooo cod Bertbst (L0592 &n ox odvomald olicose  Grong
ab,. ahe {1957} ohowed Shab MBsbydvonylation of dovgycowrbiepntevons 4

foveaapod Ao hunsih gdvenank gortes Foldowian corbivebrophin adeisistvabione

Hove vosonbly maolaobide cobobolislop engymop hoave adso boon found S
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dnogonon afbey corbiouivophin (HALL oL oy 206L),.

The lueresse dn G0PD and OPED aobiviby 4n Gho mommolian advonsk
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ol ﬁﬁﬁvﬁ&g Thlo eocawrne do gonorally rogavded oo of sroator Juporbe
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ped Novnsdo, 195%). o the adronal ooyten mﬁ@@ﬁ& nmay bo nagoanary
bobth for growbh procosses aud fur cortlocaioveld biosynbheois (Fiee 53¢
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potenay of the preposation (gos page L6)e I8 woudd seon Bharofore
that the fneroase in GOPD aebivity nobod fn tho hunan sdrenad copbey
aftor cevticubrophin stluwlotion in vigo io wolotod peincipaliy to
Ghe rogudronont for dnoronsod dovblocolereld Dlogonoois, ond do nob
pepely & donoognonos of atoeloradod adeensl gpouths

&8 the #ab ead pguigen pig adrenal covder the osdfdation 3o tmelogoun
bo Gl onbont (hat the panboac phospbaie gyale dehydvogoensons iuosronus
maRbadly aftor copbloptrophin stioeladion, bud the dobydrogonagag
aogoetabed wddh Heebst Sysda cboo loog asarhod Lboroases aulesy in rats
Gronbod wlth Al {Tablo ¥HEVIe  Eb 4o ovident in Poblos XV and
ERV that the prdusipal incvesoe 8o soan An both GRG0 aud G400 aotivity.
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.

brophdn 4o $ho ralb adeooal ope d3FDicudt o dndovprbel Wb & possibdble
srplosabion fo thab choen growth is tabiag pledo vary actively, covbain
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datyabion, tho rogenrcos of tho ooll oaw boe wiilised Yo forn obther
gusysen fuelvding thoee ohlilel @oelidtats astoroid blosyebhoolaw  Thun,
vhon orwdo ARTE de elvony 360 and M2 show wo dnorsans, bab adulnise
teadlon of a&@ﬁaﬁ1ﬁa gootbiad 4u morkod dnpronge Lo gotivity of thooco
SRAFReS. 40 fogeids She polobieo dunoresss i the dohpdvogonasvd of
penboog phoophobs ayele, 0P8R chows pove nerkod lnereast than GOPD,

aund &hia 40 alon ovident An the woyds reporbtod by othor aulboid,



Bupedas and Yoo (19591 found thed thoss onsysos Lmnyosae in the sak
vy ofbol variony bovaonad $renbuceobos Robd while G900 gunld inavesss
wlihout any chengos fn GOPD cobivitys BOMD fuovesnn was obuodved only
&8 OF ghouod on foorvases  Sudolph and Oleon (LOUSY found shot
bypophyecotony revuibis in o wosked desvonun of OUL asbivity 1o rob
sdronmie Yot Bes o affeet on G068,

the svidovne elourly podats bo G965 and nod

In tho gulpoa y

BUED au the onayne vhloh chows capldost shaugos do rosponse bo daeraasad
roguirenobis for sorbioeptoreld produntion. Tt ohows noob nolad
Lagronor aftor sorblootrophdsn: io indopondoent of sdwesad growth and &p
guplained durdng the ubole perdod of covCisobropida adelnledrotion
{Fipos 17 nud 3853

Thus $Phe pedncipad HADE 1iubod supyme found to Llsoronoe in bho
hagon aderetal dopbor after copblootreshin cdntadotzation lo QGPH oud

o

Ap s vab and gulnoen phg advoned A% Lo &, Dud the nedn obuerys

abion do dhal de

phoonhabo s s, Aot os

sinlation of tho nds

rgennk. Siudine. du Seyaent, Thoovy of

Tho priocipald foatvvun of Hoyooes' Shaory of corticctrophin ection
pye evemavdeod Lo Fhos Fe Lo madn podnt do Shal corbticotvrophin

sharto o shala of sengbiong obioh fosudil fo on odgenlovabad braashdown
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of glycogen to GOP in the cells of adrenal covtex. (6P is thon
aspunied to enter bthe pentose phosphate cycle and thisg would result in
an incroase in production of NADPHag which ig believed to be sufficient
to cause incressed corticosberolid productiond

There ave some woshknesscs in this theowny, such as a ladk of
sufficient glycogen ln the adrenal bto explain sustalned action of
corticobtrophin (Noble and Papagoorges 19535)e  Also, while Haynes
was able bto show an iuncrease in phosphorylase actlvity folloulng corti-
cotrophin adminisbration, he failed to show any incyrease in GOPD
activity (Haynos and Borthet, 1957}, Thus thore is nothing in his
vork bo suggest that GOPD plays a vole in the mechanism of coréicobrophin
actiony and all Haynes?! Lindiags ocounld be explained by a supposition
that G6P is brokeon down by the pglycoliytic pathway and two carbon
fraguents enber the Kreba' cycle, thus providing NADEHa undor the
asblons of I0D which is very actlve in the advenal coviex. Havever,
the experimenbs reported here glve concrete support to Hayues!?
sugpestion that the pentose phosphate oycle dehydrogenases play an
impoytant role in the supply of NAD?HR for corticosteoroid blosynthesis.
Shovt oxposures (350490 wminutes) of the adrenal to corticotrophin, in
the present experiwments, comparable in bime to thoge of Heynes and
Berthet (19%7) showed ao demonstrable inoreanse in GOPD activity in the

human adeenal, corSox, bul & definite increase in tho activity of this

enzyne vas seen alfter 20 hours or wmore of corticobtrophin action,
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it would appear that corticotrophia duves indend albor tho balanco

of wwbobolic podbuays ddvepging frop GO 4n favour of the ponbode
phosphnio oyeldy b She foat that o considepoblo poriod of Gilno euash
glapee for thia oifeet o bedons ewldont wnbes L6 valikoly thad $ho
fuavpnase in QOGP oacbiviby de Ghe peiuary ovent 18 the nechonlan of
sprbicatyopbin netion. L4 Ao poosdblo, bouaver, that as eapldly lnepeasa
An GOPD potividy da Goo spall B0 bo asnoured.

Viowed dn bhe Light o8 the idons on adapbive enuyng foxnabicny

the dpewosse fn Q6D gp ORUD sobed fndlontes thal ag o ounsoauonos 6f
gurlicoteroehlin aobion on bhe advanal corbe, o lavger mgber of
poloonbes of GOP puter the peonboay phouphabn PaBRUZY o Td g eanonb
Ba Galoo as flaal proot of Hoyoeat hypebhesie, slnce othor difficulting

oy

pamaiie  Albhough Hoyoes and Bopshed (1959 hove shoeun an inoreces
in phosphovyinae soebieity fellowing cordinobrophin cdxinieteation 1%
gannol be ossunoed thet GOF neloouloes thus produced will sader tho
pontoee phosphabo pablivays PO Snstongos phoapbohomony deomorans B
vory obive ln the adyensd corbur and 1t sobion vl eroselt In
Sleertine &P polvcules lobe the glyeolytlce paldbuey dnstend of btho

popbose phopphabe oyclos i havhy, AF glucoseebephoophnbose b

prpnont fn ik conconbrablion 460 action would doprive the dnoranoe in

=]

¥
£33
Wi

vhogphoryiaee activity of sooeb of Ite sdgnlileanse, and glycogon

gysthogioiag swpymes will also eounterast the osffent of phouphotylago.

Corite and Doronts yoporvoabions oopocening Hovnest theowy have alrondy
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boos mondlonod o gage ¥he  Hevardhelosu, (hia theowy, whon combingd
pdth Bhoet of Heohber sud collonguen (pogo I0Y s aoommn Bo ba the bood
avadlabie hypotbosio sopderedsn Shoe woehbandon of covbloobrophin
aoblang The peonits obbalved fu the expordinents vopoxtad hove plve

26 Dusthor auppori,

o, Bigbeibmbion of e Sasyoee ol Shin sho Gotl,

= P P e e, il 20

o,

Too dlobeibublon of ehpymes dn suboslilolar fraobiong ghows had dho
HADE Adrpkod dohydvrogonase aetivily o prosond molniy in tho oolublo

L3

s

padl of oyloplnowm of tho colls in Uhe huwen advonsd cowbons oo 1L
10 other monraking Slosaeasy  Qlook sod Doboan (L8553 found GOPD and
OPOL cxeluplealy in the seduble fraotlon of vat Liver oolls,  Habtlew
and Dogdy (39983 Lovnnd 85 ondy An the suse Feacblion of pldgeon Livop

galloy  Sroober snd Havasle (L9973 atabe thot the majow pavt of the

i

HADY gpeelite RN progsent in var oolle lo recoverablo feom bho
polublo fyeabict, asd ouly 0% 4o Luoabed dn fho asdtochondvia EH3tyS
Phaddnsn peeorbod hore ape very sludloery and oaly 200 ¢ould be ddontlde
Sod Sa tho adtochondeyias.  Pho ondy othor study on Bhe latraooliviar
diabeibotidon of Ghooo sauyose 0 hooen Sloowes Lz that of Vilies and
cotlionmion (Villeo of adey AD60Yy who found o sloilay dlotsibobion
ol GEPD and U0 fu the placonbos

Sohneddey and Hogvbowms $1950) comnent on bho mlloohoudvlal wembyrono
ghioh soy Medt tho ateoss of mbetvalieos o widushopdedal onsyuats

Phtg poveral onzyasss Gefey A28d phooybatoss (Dorbhad b gi,, FANEE N
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and glubaoic dehydrogosase {(Hegeboon and Schneldupy 19530, bove boen
shown o pauldont thels aolivity only ofbor this verbgane hag boon
dasbsoyody Thok Whds 3o vot Ghe Poaeon for he doedility to
dononstrate 0P, 600D and UB oesivity 4 tho wltvebondria 1o ohows by
the posudés obdnlned afbtoyr the ndtovthondrial meabmosoe has boon doge
Grayaed by alteenate frvasdag and thowdngs o by eubjeobing the
pdbsebondeial augpopsioss o hypobonde domibionss Qaly 10D shoved
i fodrosen A adbiskly oafior guoh pLroduduitd,

Beinteibubion of GORH 4 Sha mos

w{ g
Sk e

Thee ddotribubion of GOPD fheoughound thoe hunen gdeenal aorten
found huowrs shows a largo neneure of pureewedty with Hhe oboowvoabiotn of
Gpochbhory abd Gidal (LUGLT, that thoe dosvonne in GOPY acllivity aftoey
sopbicolropbin adwlalotyatlon coours nody ia tho fapeloulavepobioular
bogdor gove of tho »al adrenal eorbexes 0 abould e nobody Lowevar,
that tho coydlocboophin abinnlotden waed by thok was chovbar {3 bours)
apd 3% 4e pooelblo Ghad o gonepal dpsronce dAn GOPR oublvity oooues
labey Shyounghont She ocoebon, B etonhomicnd denopstraiion of 6PN
slon phogs thet thls omsyue jo aoad abindend o he "mld faosudonlnin®
o the rab adeoal copden (Yohouy BHU03 LOBLY, but dhis pothod cannot
doboat any chanpo 10 onoyie ackiviSy aftor sheesa {Cohon, 196G1).

The Floding that @6PD fo perbiowlordy nebive fn tho wollo of

sonn feosteviabn whieh booans convesrbed lato cotpond wollay wvith o

vanl of ashivity ot bhe daterfase bBobpoon oloar and soppact oolle
¥ y Y
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hodps o dnborpoed the vorsheologloal changes oocurdnap 3o the husen
adgennd aorton aftey corbtieotrophin adninlotrablov,  For fostanoo,
1o ploes chowdonld oupporit to the blstoohonlond obsorestlons of
Syedngion gb ale (3956) that the nppoavance of oompaot oolly 4o beb
& dageneradive phonotwnon Bub on the contrary the dempact colly are
metoboldcally highly adbives  Soconddy 4t plopoeinde the compant
eedleslany cold border so Ghe olte of Lhe masiwed sobivityy 24 io
sany Co laosglse thal ap $he eeildo boootie Guplobed of shoven of Lipid

mabardiala An fegponng o duokranged demands fovy gortiopgbopnid blow

A

genthorie and groeth, tho uave of comlosd aabivity odenneeg towends

She povdphery Yeom s poreal gositlon dcep dn thoe ineer lavors of tha
sordons Aoothor podnd SLluebrebed 4o thai In tho sorpe) saotionlisted
sland bho avtivddy of G0 ic unifornly dlstribubed bobwcon the souoes
getiandaris ond foselsulkalnge Tt gonld bo sugehutod thovefopas blhnd

a0 an apatioulated zlapd beth gonen are syathonlelng Mpida ot a
aipdiloy ratog i the gona relionlardls spboreids are sooreted into tho
bloed atreon ns soon ag forpod and ne abalaebls Wpdd osoaplexdyg are
saon Lu bhe ooldas In bhe seos fesoloulaboy Boworagy productdon of
obarvolds oxooeds outrub se fhe fiaad stages of coprticosteoreld Torpwmiicn
aye net oomplebod bub {he stoeprold e stored In the fors of cholootorold
dagivativose Phe higbologloal sppoaraseds o the voouls of tho

hedonoe bhotwoeotr foranGion and "roloags”? ol cholunbovrol. Bhelonse™

in Ehis cosderd drelvdes 466 convessicon Ho otereld bopmones, vhich
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ays mever stored 4n the coll.
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L Slucsooebsphoophate dohydrogonnge luopenpos warledly in the hapan
adeganst coréay after trentoont of tho paltlont with cowrdlootropbin.
lo Loexease doos pel dopend on the indonedly of thoe abivvlailen of
adpannd growth sesn aftor coptloctyaphin adediplatratione Ib in gonclude
thal £he leereano in (his ebeywe soblivity L9 assowisted peindipelly
gibh he doeronse Lp gortiooetereld hormone produoblon

2»  he dndrosse i glucoso-Oephosphoate dohyéyugonsae astliviby fo noeb
mnglsod in those oedls 68 bhe addonnd corbon ghioh begowmo deplotad of
shored ipids vnder the aeblion of coriiootropblia, with o neak of
aobieity at bthe not oleng ookl » gopmpact call bosdow,

Te  Oowrbalis obhor RADE Linbed dehydpopennges of busan odvonal csosben
show ao gueh loopogad afbey aoprdieetrenbls adululstrationa

o Thoso propesbies of thege opayuse that wore stedled howe wove the
pows g bhe propovbico of fhe analogong onvybes degesdbed In othor
Pt G T papblonloy, Sho datzanellunler dlstribotion of bhose
obpyies Lo opaebly the sune as in aadoal ped obther hutas Glaonoss

Se  Imorvab apd pifaoen plg adeonsl glond gluvcososbephosphabe dohydros

¥

gpoanes wloo inoresses afbor cerbicobtropble ofuiniohretion A0 yive bubk

tho fpepanos 4o ioos aorbod Ghan thal of Gephosphogluconnte dobydyoe
[GLEEY TR TIN 6 booones goro sepiod, howrvor, vhen adeonod ookl rabe
L povy enbanaods

Ge  Thopo Pledlago aro taken SO pupply sone wisplog evidonse for Hho

£

gapeattnops of Hoynea® Shoory fow the sochandan of covtdootronbin action

BB -
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5 30 oo intevasbing propordy of the advounl sorbtex of pany
spetden thet 48 ploged under favourable conditions afber removal fron
tha body, A6 continues to sovealoe the pome sborold horuppes ag i
peoduges under soveal conditlons, Thus 18 thoe mdrvopsd of & sat is
out inko soveral ouall plogen losedintely on pegavsl fvom Ghe avioak
and plavod e o wodiun ob the physlologieal ply cobbedning corvoet
auounts of inovgasle salts (lrebasBinger Hodlum) ond gluvoop, and

whon shoken ab 39%C 4n an abuosphere of oxygon snd onybon dioulde,
ahoreddn Wil bo Lownd Go bo poorobed date dhe mediune  Those stofolids
hovo the physionly chomieal and biolosieal properblos of the prieeipal

afrenusorileal havEonos . {Bolivan ok a

ey AOBRE BALA05Y% 08 ke
L9Bhy  BLIG0LE and Hoballys 39951  Sipdlaw obesPeailons hove boon
mado on odeensd tlopwe frem plge (lolnes, 1952), ox (Hoyoen aed
Bovehob, 10570, oouse {Hofuann, 19963, obiolen (Booes, 1960}, nun
(s gitihey 29000 nnd some obley memwmalisn opocless

Fhig 4o not novoly wedoaot of prefornd bovmonads aiveady preoopt
i the eoddy it bue boau shown Loy severnl spegies Shod the anount
pf hormorn ppesant dn the adevsusl ookl Lo leas thon tho apount widoh
apponrs 15 tho pediue on inewbablon for vse hour Holtobavor, LHSP
BLlienhd m*i ‘»Lg}ﬁﬂ'# Hognts apd Vopthod e L 9’;}?) . & Furthop point
showlug thab we are soeb doading with the sluple provess of Mouashing

avay” covilcoeido from the eelld, o paceive non-phyadelogloal prodeuny

- *.53'%' oy
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0 the finding thal cdddtion of corbieobrophdn yosudés in oorkedly
Laorenned aioredd bhoraone produotion {(Saifran ih aley LOG2) it
pootg likolyy thoreforey Ghat the novoal proporty of Bhe adrono-
soriiond coll of monvorting pracuraors (ouch ag awvebtabs op chuloptopw
ok satora) Lobo oboreld hermouss by o presoss gocclornbod by
gorticobraphidn 1o vodalnod nndar the above sondidlong.

Theae findings offor us o vealuablo gyetan for etudyliug the
survival and fupokion of Mghly oposdaliaod ¢elds wedor exeebly doiined
pad easdly vaprodunibie conditionne In porbiculory v aan abiempd to
Loarn sopebbing oboud the aonditieons novensery for otwroid production
by Gl aderongld covbox, aboud the anburs of tho hovooenes perodueddy the
aobora and conditlons euhancing stoyedd onbonb, dhoun oupproscing
LGy She choavaotepistios of the voaponge 0 certicotvophisy and the
neavhandian of this prosponags

Fhe copdibions dogeunney for oborsld produciion have beon well
patablichod for the advenals of ooversd nudusd spovdest 0 parbiculor,
Toe tho ox ampd the Pabts Sofifroan and hile colloapnes alb Heliill)

Todvoraity (Baffean ob nles 9525 Saliran and Boylleo, 199394 Saffeon

and Schadlyy 20053 Bliiolt g adey OS54 WIliobt ousl Sehallys 19953
ghve datadled dewordptions of She proporiios of Lp yiire productlion
of ntavoiddn by b adyanals, aud their fdndday thad bho oboweld

oubput Lo propertional to the logardthn of the dpge of corticobrephin

added (over o cortoda rouge only)y prompied Chowm o suggest Sthe uee

D
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o for ocvayiag the potonsy of corblootrophine
Huens sdwonnd oovbox, howeveyy hao Loen gbudfod wush loag
thorourhiys  the sindios seporvtad in the literadure wvowre concerned
pringipaliy with Sho putpul of storoids by adeonals showdng come
opthologioad fopbure such ag Oushingls syndvency Gonsle syndronoy obos
(Byronfuedh ok aley 19607 Dadloy gb nle, 1960) and often atboupted

to covrolate tho potiorn of storolds produced jg vitre with the

alirdoni piobure of tho pationd e on tho whels widh LiSGle suscoas,
aithough Yeawlug and her collougunes (D6 olain that An vitre
ggpotion of copbisel do pgrondsr by odronal Siooue frow capes of
Gupblopts Syodecne {5 cosos) than by adeonal thopte from quusa @f
Bronsd corcibomn {4 sasey oith sduple roadlingde It has onerped
feonn bhese sbudlas howavor, Hhat $ho storelds with “glugocoriiooidyd,
sald rodaining ond andgogenia properdtice whish enn boe igolabed fron
pivonal glopds sid ave found In adronal vonous blendy Sav aleo Do
Aguonabinied dn the soedian aftor inovbablion of bhumon advepsd 0oPriog,
Theao eboredds wove founed in voepyiong peoporbicos,y buld the pwinalpal
shorald producad by tho busar glagd o dorbisel, «lth losoor antupts
of covticooboronts  Mldonberoney woriisene npd 1 pehydvonyenndroste
gnedione were aloo {eund by sone workays whe dncwbated tolabiveldy
Lovse owounds of adienal tlonios Adddbion ol gopticotopiln bo the
nvubation nodin dnowoaded she oubpud of all Lhaoe storoidie

Basd vorkops 44d nobt coneern bhoangolves with the ebavpoterisiticon
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of thin rosponse So cerbleabtrophin, dor with tho Lypo of advronocortical
#0dd whioh produoss the stecoldss Howavory i o vecosd sbudy
Griifitihe (A000) podnted ont that Gho dAfferant poneo of hunan adronal
sorban dAETow in tholy responoo o sorticobrophine N found roughly
paund atorodd culpud by inoubatod sopa rebicnlevdis avd sonn fapgieniabayg
howtwor, tho addition of sortiootrophin rooulied in o very norbesd
doorgoss An storeld oubpub by the sens fosvicwnlnln, widie tho lnovoasae
Lo ohkopreld output by he oout rosdondapio sas vory olighbe  %ho gona
ploseruloon of the husan adeonal copbon ds Sov parrsw and dsragnler
$o b Loolatad foy those siadlesy alibough la anlaondes this oan be done
whih foasonablo suegess, and gong glototuloss hag boow ghovm So be
tho oaly slte of fedpstlon of aldosborens in the am.&ﬁyraﬁlggﬂg%p,
LUGG) and the rob sdeenslo (Gizoud @b oley 19560 On the tmolo of
hie gsporluneats on the homan advanald eogbox, Sriffilbhs oo ropghod the
aoeluodon thab the fagcdendata ¢leay soll zons o parkioulorly
songibive to soetiovbrophine i8R 3s probabldy thepeforsy tho praglon of
the glapd vhich rosponds to suddan dewosds on Shy adrosal covten, as
in sbvase o ofder cordleabrophin adeinistrabion 0 dho patient,
Heperinenty Poported dn Seotdon 3L Suraish gob ansbhor onsuple of
tho faporbouce of thoe reducod coesnnymd, ﬁﬁﬁ?ﬁa, S8 She notion of
gortiaotrophidn on the advensl corbexs Hineo 46 han proved inpoacibleo
bo aopapabe gomplobely the growth premotieg avtivity fron atovsddogenie

agtivity of cortlootrophin under in wive condiblons, the problon boe
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vomn opprosched auder in yiles coondifiong, olnoe hepo the ebovoldogenie
p¥Foet do et aceonpoaiaed by tlosun provbhe MNeufokd ob ale (1059
Fosnd thob eonmyele weductlon off WADE fo merledly lahibited by
Peadonyiio aeld (8-, Chis puolootidc snd Lo annlosuon woroe
therofore added o dnoubated siloes of hussn adronnl corbew dp ovdor
o oot whohboy they bavwe o aunpprospisg offoct oa sorblounld produetion.
Anotion sdonfas muelaotlde, adenonlno=otwayelis nonuphoophnto (450w
AP)s has beon vhown fo have o steroddepenlo effeeh oy oeaklonod wad
adroned fa viten slollop bo thal of cerddeebvopbia (Hymen 06 oley
10897 e effeat of Ghilg goupound wng Lherafors gdudiad on alicwsn
of huosn advoral corbeor, ot copdloobrophin Wikoe sedleity of insulin
aud vasoprogein wore alac Lookod fors  Tosudidn hamo boon ghowun o
Luopeassd Antracolinilay gonsenbration of gloososo gﬁ@rﬁ&&mﬂ'ﬁﬁﬁﬁaaﬁ 1060
fodtusnd by Lbo phoophowrlation to 80P, and on the boasio of Hoynoo?
Bhoury of desbicotwophln aebion (Fige P onoe would eupoot theb Thio
ghould voegudd da dnekossed eowdlacid produedlons Thoeps avo uwo
sheorediend voseony for snggosiing that plovesaln boas eturoldogonls
proportiogs, This bas beow olalmed to Lo Whe caoey bBowoenr,; under

fg viye condibionss Royoe aud Sayevs {1930} found that plivossiu
ganses dopleblon of assorble aodd is hypophyressstonisod ratus and
dton of e (39590 periuced dlveotly adrvennl glonds in dugs end

found sisfold ingposse An corliool neorebion, whiel bthoy Loldiewo i

Luadopondont of the izereaoy fn blood proseure produced by vasoprassiie
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In order o puveus thoe abowo admo 4% o bhenght noeogosary &
stady Che peopgdtics oF corbiseld produsbion by wllcos of nney advapal
nevken and to Lavestlgate the charnoborinticn of the panmonng 4o
oertigobraphin in wilse,  Blaee She prlecipel offest of aordlootrophin
£ on the ologr colls of Sho zonn Sasodeulatio., Sho expomiments to by

roporbod rofer o suoh Blobuc; unloss obhowwise shakod,

Opporeuniiy was alse balkon to sbudy covbicold produetion iun
by alices of hunan adwenal glavds obloh showed shraetural (adoronatal

ur funebloned derangesonts (Cuahingts Sysdrona) .



o hanen adreind glogds studiod in dhiog eseblan gord obinined
feow pufdoanies sadergelny Wiaborad sdrosaiochany for advanced broonos
gorgineoss wilh the exoopbtlon of fwo glands obboined fron padblonts
wiih Goshlapts Syodronss  En gomg onans the pablend feceived 80 LU,
i partiopbyaphio twice dolly for fvur doys Sowodiately bofovoe tho
cporablon aud thogs onwey arg fuadioabsd ian the Stents

Bach ghand e plased on low fnnedialsly on vewoval and falon o
the laborabary vhers 1§ van coredully dlosaoted foon fronm adhepent fat,
Phe tuo opposed hayers of fhe corde soro seporaiod frop ench obher by
genble tragblong alao tomoving ond dipourdlsg fhe soduilo ab thio sbago,
pad Chon dlelded Lobto gneld vogbungnlay plaocos approninaboly e ome %
Cef oe Whe plocos woro oliced in o oodifiod Sbadkeslipne nierotono,
plving twoe slicos feea oavh plovsy oaoh approsioctoly O.9 one thiok,
The dnooy oliceay of broun ooloury wore posled as Yretionlavin®, the
gunber slicog woxd yalleow oud are refogroad fo oo "“Paceiculalalt,
Hicroeasaplend oxaoinabion of hoopanbtonydin apd copin stainod aeeﬁiﬁnﬁ
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¥ige 20. Output of Y.V, absorbing lipids by slices of
the fasciounlata zone of the human adrvenal cortex. The
cutput in the first hour wag not measured,
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Fig. 22. A slice of zona fasciculata of human adrenal cortex before

incubation. Stained by H. and E. x 175%*



Fig. 23. A slice of zona fasciculata similar to that shown in Fig, 22
but after incubation for 5 hours. The clear cells are disrupted but
zona glomerulosa cells survive structurally, as do some compact cells

in the zona fasciculata, H, and E, staining x 150,



Fig, 24, A slice from the inner layer of human adrenal cortex, mainly

zona reticularis, before incubation, H, and E, staining x 175.



Fig. 25. A slice similar to that shown in Fig, 2k but after incubation

for 5 hours. There is little cell disruption in this case. H, and E,

staining x 125.
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Fige 264 Log dose = vesponse graph for sensitivity of
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of the human adrenal, cortex.
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Fige 33« Oubput of storoids by slices of the outer
half of the adrenal cortex from two cases of Cushing's
Syndrome compared with the output by a silce of the
sane vreglion of a typical normal adrenal.,
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Fig. 34. Histological appearance of the adrenal cortex from Case 1
of Cushing*s Syndrome. Compact cells account for more than a half

of the thickness of the cortex. Stained by H. and E. x 75.
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Fig. 35» Histological appearance of the adrenal cortex from Case 2
of Cushing’s Syndrome. There is little difference from a normal

gland. Stained by H. and E. x 90.
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Fig# 36. Histological appearance of one of the adrenal cortical
adenomas studied here (Case 1 in Fig# 38)# Stained by H# and E#

X 400#
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Fig. 37%* Histological appearance of one of the adrenal cortical
adenomas studied here (Case 2 in Fig. 38). Stained by H. and E.
X 400.
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from cholesterol to fully hydroxylated steroids. Thie situation is
perhaps analogous to storage of symegen granules in the cells of
exocrine glands, where the release of the gedretory product also
invelves ita conversion into tho active form of the onzymo,

In the experiments 1ln which 2-0MP was added together with corticas
trophin to slices of human adrenal corbtes, it was necossary to add
120 wmoles of 2«AMP to achieve 40% iphibition of corticoid production
(Fipge 29)s while in homogenabos redustion of NADP wans inhibitoed to
the same oxbtent by only 8 pmoles of 2«AUP in the sawe volume of wedium
(Table XAVI). This difference is most likely duc to the low pormeability
into the intact cell of bthe highly gharged 2-AMP molecule, and it was
found by Leibman and Heddelberger (1955) that isotopically labelled
2«AMP has very low permeability into intact wesmalian colls.  They
found that the intracellular conceuntration of 2«AMP was only 5% of its
dgoncentyration in thoe oxtornal moedium. I similar fagtor for
pormeability of 2~AMP applies to the human adrenocortical c¢ell, the
degroo of steroid inhibition caused by 120 pmoles of 2«AMP can be
explainod by the inbhibition of the production of Nﬂnﬁﬂa. Thisg
illustrates agaln the importance of this coenzyme for steroid proe
duction by the human adrenal cortex.

The finding that freezing and thawlng of the tissue abolishes the
vasponse to corticolrophin was discussed by Korite and Peron (L9593,

It 48 ¢loeaxr that intach intracellular orpganisatien is cssential for
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SUMMARY

Btudios made on the adrenal cortex of glands removed by
operation on women with breast carcinoma indlcate that the effects of
preoperative aduministration of corticotrophin depend to a large extent
on the degree of purity of the corticotrophin preporation used.

Crude preparvaticns of corticolrophin cause a marked increase in adrenal
waolght and mitotilc activity and result in the striking alteration of
histological appearances of the adrenal cortex previously describad

by Symington gt al.y (1956)« On the other hand, acdministration of
corticobrophin concentrated by oxycellulose adsorption and further
purified by column chromatography leads to a slight increase in adrenal
woeight and mitotic activity and causes less alteration in histological
appearanges of the adrenal cortex,

These findings appear to support the view of Stack«Dunne and
Young (1954) that therc may be more than one pitultary factor with
affocts on the adrenal cortex.

Measurenonts of the weight of 30 adrenal glands removed by
operation from theme patients gave a wmean weight of 4.0 g. This is
the firat reported series of obsorvations on the welght of adrenal
gland in 1living subjocts vho were nob preoperatively troated by
corticotrophin ox cortisone.

Adwinletration of all types of cortlcotrophin to patients wvho

were adrenalectonised four days laber shovw a marked dnerease in
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activity of an enzyme of the pentose phosphate oycle, (the glucosew
Gwphosphate dehydrogenasa). Other dehydrogenanses which reduce nico-
tinanide~adenine dinuclestide phosphate vwere also studied but do not
show sipnificant inorcases in man, though they do inorease in activity
aftor corticotrophin administration in the rat and the guinea pig
adrenal cortex,

The increoase in glucose~b-phosphate dehydrogenase noted in the
human adrenal ocortex is of tho same nmagnitude whother advonal prowth
is slight or intense, and le maximal in tha region of the cortex which
sorresponds to the interfaco between tho "elear® and "compact" colls.
Theme colls normally are typical of the sonn fasc¢iculata and zona
rotioculayis, respectively.

Phe above {indipgs are discussed in relatlon to the theory of
the mechanism of corticotrophin action proposed by Haynes, and are
taken to givo this theory further support.

The ign vitro response Lo ¢orticotrophin of slices of human adrenal
cortex removed by opervatlion wag also studied, and some properties
previously found to characterize the»adrenal tissue of the rat under
in vitro conditions are found to apply to human adrenal tissue, in
particular, 1t was demonstrated that adenosine=345'wecyolic monoe
phosphate can stimulato corticosteroid oubput te the mame oxtent as
cortivotrophin. Human adrenanl tissue, however, was found to he

1000 times more sensitive to corticotrophin than rat adrouel tissues.
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It was also noted that in-vitro incubation does not ensure complete
cell survival in the adrepal slicesy oleur cells arve wmore vulnerable
than compact celle.

Slices obtained from adrenal glands removed from pabients with
Cushing's Syndrome or from patients receiving ¢orticotrophin pre-
operatively, responded to corticotrophin less well thanr those fron
novmal glands. On the other hand, slices cut from the so called
non~functioning nodules found in the adronals of patients with no
endoerine gsymptoms, respouded ipn yitro to corticotrophin with higher
corticosteoroid production than was observed when slices from nermal
glands were so treated.

It is concluded that seerotion of sberolds by human adrenal
corbex in vitro in response to coriicctrophin, does not ryepresent the
txuly physiological process taking place under the normal conditions,
but depends entirely om the conversion of easily convertible stored
procureorg, and the magnitude of the response deponda eatirely on
the gquautily of the precursors which happen te be present in the cells

at the Lime of the removal from tho bodye.
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SUMMARY

ftudies made on the adrenal cortex of glande removed by
operation on women with breast carcinoma indlcate that the offacts o
preoporative adiministration of corticotrophin depend to a large exte
on the degree of purity of the corticotrophin preparation used,
Crude preparations of corticotrophin cause & marked inecrease in adre
welght and mitotic activity and result in the gtriking alteration of
histological appearances of the adronal cortex previously described
by Symington et als, (1956)s On the obthewr hand, adninistration of
corticotrophin concentrated by oxycellulose adsorpilon and further
purified by column chromatography leads to a slight increasse in adre
welpght and mitobtic activity and causes less glieration in histologie
appeavances of the adrenal cortex,

These findinges appear to support the view of Stack-Dunne and
Young {1954) that there may Yo wore than one pituitary factor with
effects on thoe adrenal cortox.

Measurcments of the weight of 30 adrenal glands removed by
operation from these patients gave a mean weight of 4.0 g. This is
the first reported series of observations on the welght of adreonal
gland in living subjects who were nob prooporatively treated by
corticotrophin or cortisone.

Admindstration of all types of corticotrophin to patients who
were adrenalectomised four daye later show a marked increase in

- -



activity of an enzyme of the pentose phosphate oyeley (the glucose~
G=phosphate dehydrogenase). Other dehydrogenases which roduce nico
tinamide~adenine dinucleotide phosphate were alse studied tut do not
show aignificant increasea in man, though they do increase in activi
after corticotrophin adpinistration in the rat and the guinea pig
adrenal coxrtex.

The inoroase in glucose~bephosphate dehydrogenase noted in the
human adrenal cortex is of the same magnihu&e whether adrenal growth
ig slight or intense, and is maximal in the reglon of thoe cortex whi
corrasponds to the interface botween the "elear" and "compact" cells
Theso ¢ells normally are typlcal of the mona fascioculata and zona
reticularis, respectivaly,

The above findings are discussed in relation to the thoory of
the mechanliom of corticotrophin action proposed by Haynes, and are
taken to give this theory further support.

The in yitre response bto corticobrophin of slices of human adre
cortox vemoved by operation was.also studied, and gome propertics
previously found to characterise dhe adrenal tissue of the rat under
in vitro cenditions are found to apply to human adrenal tissue, In
particular, it was demonstrated that adenosine=34,5H'ecyclic mono-
phosphate can stimulate corticosteroid output to the same extent as

corticotrophine. Human adrenal tiesuwe, hovaver, was found to be

1000 times more sensitive to corticotrophin than rat adronal tissue,



o

It vam also noted that in-vitro inenbation does not ensure complete
call gurvival in the adrenal sliscesi clear cells are more vulnerabl
than pompact cells.

5lices obbained from adrenal glande removed from patients with
Gushing'a Syndrome or from patients receiving corvticotrophin pre~
operatively, responded to cordicotrophin loss well than those from
normal glandsae | On the other hand, slicoes sut from the so called
nop~functioning nndules found in the adrenals of patients with no
andocrine symptoms, responded in wvitro to corticoetrophin with higher
gorticostercid production than was obsorved when slices from normal
glonds were so treated,

It is concluded that seeretion of steroids by human adrenal
cortex in wyitre in response to oorticotrophin, does not represent th
truly phyéimlogical procoss bolking place under the normal conditions
but depends eantirely on the conversion of easily convertiblo stored
precursors, and the magnltude of the response depends entirely on
the quantity of the precursors which bappen to be present in the cel

at the time of the removal frowm the body.



