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Summary .
The purpose of the lavesbtigation was to determine
whether the histochemically defined pilobure of Jp-hydroxy-
sterold dehydrogonase distribution in the adrenal corten

of horso and man gould be confivmed biochemically.
Attompite were also made to investigate the sipnificance

off this digbribution.

P Iy o

AR

Himﬁa@hwmimﬁ@yAhﬁﬁ shown that the highest 3p-hydponye
shoreld dehydvogenase activity e in the ouwbeyr mona
faseleulats with Little opr no activity in the zona
recienlards. This resuld is obtained with substrates

dehydroopimndrogtorone, prognonolone and 17e-hydeony.

prognonolona.

.............

-

Bvidence ig now p@@maaﬁad'ﬁhaﬁ(?ﬁﬁﬁ;anﬁ PRasnenolong.
~3f=-hydrogy dehydrogenass soblvity (&%d possibly 17q¢-
~hydirony-progacnolone«3p-hydrony dehydrogenane activity)
ie higher in the sona fasglonlate of the adrenal cortices
of heorse and mon. The results obtained, however, do nob
Indioate the lavge difference in activity suggested by
the hiptochomical evidence, and indeed it was found thab
rvaticular blesue contsing pubsbantial anouwnts of 3p-hydironye

sborold dehydrogonase agbilviey.




PARE ..

The ability of f&gcicular and reoticular cells of the
hovse advenal cortor Lo transform [émm3ﬁ PrEgRenolone,
Ei-» ‘Gl progesterone, E’awsﬂ:] 1L7e-hydronyprogaenclone and

[@miéél1?ﬁ@hyﬁ$éﬁypwwg&mﬂem@n@ to cortisol was measured.

It was fmwmd thatse
1., AL fouyp &Lawaiaw ara trensformed to coprbisol by both
typon of cell.

23

2 Thm transformation of all four storoids to cortisol

s Mjﬁhor in Pascionlar tlogue.

o

3; ”hu 3uqu@n@ua preghenolone — 17auhydpaxypw@ﬁmaﬂ0?one
~—~a-l?q»hydroxppm@g@mtavmﬁa and pwcam@naion@-———é-pvﬁg@m

soepone —>» L7a-hydroxyprogesterone are both slower than

Lhe @ﬁﬁﬁ@@diﬁg steps from L7a-hydronyprogest erong ——»

—_ ecortiool,

4, The step L7e-hydronypregunenclone —> 1l7a-hydiroxy-
progegterons is rate-limiting din the tranciormation of

3 7a-hydronypregneanlone —> govbisol and there is
approximately 2.4 vimes more l7e-hydiroxypregnencl.ones
«3p=~hydrory dehydrogonase aabivjty in faselcular than in

vebioular biseue,



5.  Progoesterona-ldfe~hydroxylase activity is botween
1.67 and 2.91 times higher in Fascicular than in

rebicular tlissne.

Following the o&perimenmm vith harme advenal cells,
o abboupt woe made with ggﬁgﬂ'adr@nal blsoue vo dnvestle
gace the altgvmativ@ metabélio pathwaya whi@h~convart.
prognenolone to L7e-hydronyprogesterone with a view to
the olucldation off the role of Jp-hydroxnysteroid
dehydrogonase., E?n.-»*?ﬁ-l:] progneaolone and [{g.«»mﬁﬂ RYOEE -
storone wers dncubabed simnltaneously with éaﬁﬂinutar
and with veticular giivc@ Prom a mormal humon adrenald
cﬁﬁtéw; Conversions of each substrate toiléamhydwoxyw
_p%@gésﬁev@nm, 1l-dooxycortlcosterone, l?mmhy@raxym
progeaterons and cortisol wers measnred,

Evidence was found suggesting thats: -

1. oth fawaleulmv and gpevicular tlssuwe convert preg.e
mmmolmne and pveg&m&erone to the four metaboliltes
menGioned above,

2. Progaenolone ls couverted to these metabolites in
graaver yvield in fascicoular tissue compared with

raticulay Lissue.



3. The conversion of progestercone to these metaboliten

ig only marginally greater in fapdevlar tissue.

& Pregoonolone —» progaesterons —> Ll-deonycorticos
sberone is the only major pathway for the formation of

1l-deoxyecorticostberonsg in both zones.

5. The maln route from pregonounoclone to Lig-hydropy«
progesterona in via iGe-hydroxypregnenolone im both

HORREES o

6, The pathway prognenclone —» LYa-hydroryprage
nenolone —> L7o-hydiroxyprogaesterone —> Ll«deoxy-
cortinol — eoptimol Ais bhe major voute to cortisol
from pyegeenolone ln vityo in the adrenal cortex and the

preferenco for this pathway is groater dn fascleulaw

Lissne,

7. It is possible that & pathway exlots from 17a-hydposmy
pregaenclone to cortisel in fascioular tissue independent

of 17¢-hydroxyprogesterona,

The theorcetlcal factora iavolved in making an
aceurate detersduation of the magoilcude of alboranabive

pathwaye of steroid biogynthesis were discussod,
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GENERAL  TNERODUCTIEON




Harley (1858) and Aroocid (1866) first described the
histologlical division of the human advonal cortex imto
theee concentyic DONes oF layers of cells. Immediabely
below the capsule lies the zona glomeruloss, ofben only
two or three cells thick, Thig zone is not conbinuvous
but ocours in islets of colls beneath the capsule of the
gland, and in places the sons fasclouvlatsa is adjacent to
the capsule, The mona Fascieulata constitutes the bulk
of the cortex, conglabing of cords of lavge Yolegr colla®,
{ﬁymimgﬁﬁﬁg L960), These cells have s high lipid conbent,
and appoear vacucolated in pavreffin enbedded gections ptained
with haewmabtorylin and comin, Botwoen the zona fasciculata
and the adrenal medulla lies the zona rebticulards compris-
ing mpall grouwps of eosinophilic "eompact eells” (Symiangton,
1060) ., The last twaﬁ%waiv& yoars have gcen seny abiompis
Lo formlote g theory of gell funetion of the histologically
defined pones of the adrensl corten @ompaﬁibla with all the
erpeyimental evidoenos, An excollent and comprehensive
review of the wmorphology and theories conceraing funcbion
of zone with thelr supporting evidence, covering the
parlier work until 1960, hag been complled by Desme (1962),
& wery bylef owtline of the most important wopk is given
below,

In 1940, Bemmett extended an esviier thoory of




Gottohan {(1883) claiming that cortical cells were formed
in the mubcapsulay vegion and migrabed @@m&&ipaﬁéily
towards the adrenal medulla. The gona @%&i&ﬂlgwiﬁ WS
sald to be a ﬂ@mé&@@mﬁ mone vhere the ﬁ@ii@ &ag@ﬁawatéﬁ
and were wemoved by the vascular %y&@@m; Salmon &
Zwemer (1641), &i&@ elaimed %@-h@ &%1é.t0 Label sub-
aapeulapy méii@ with pzo-dyen aﬁ@ obaerve this migration,
Later  workews (Calms, & Fomber, 19433 Banbor, 1946)
were unable bo é@ﬁfﬁwm tﬁi@, and indeod Mitchell (1948)

and Race (1955) showed the ocourtence of miboses in all
sones 6f the covbex. Unbtil Ghis poimb, no real @&@@%@é&
had besn made in the underetmding of the hi@ﬂ%@mi&twy of
the &ﬁ@@mé& cortex, Swaun tlgéﬁb'ﬁbm@wve@ that adeonae
i@@%w@y; %uﬁ ﬁ@ﬁ hypépﬁy%@@ﬁmmy, causes eloctrolyte
diﬁt&ﬁ%&ﬂﬂ@. ﬁy@@@hﬁ@@&%@my CANERH aﬁxmpﬁy off bthe
fascdenlnr and robloular sones, ﬁi@h@uﬁh ne degenerablon
of the moma glomerulosa appeavs to ccour. This indlcatos
ﬁh&é ﬁh@ww'iéla @i@gimaﬁéam in control and peobably cell
funetion of the zona glomerulose on the éﬂw hand and the
mona Taselonlaba aﬁd @@m& vabionlaris on the othew,
Chember-Jones {(1948) incorporated thege snd other fimd&ag@
labo @ genaral, Wﬁ@ﬁ&i thoory®, proposing thalt the &dﬁ@ﬂa&
sones apre independent, with different septetory funotions.

From the histochemical work of Deane & Gveep (1946, 1947,




1948, 1949) pnd Goeep  Chostor-fones (29500, 46 sppoearod
Hhot the glomeralor pong was the seorebory sone of a
hovpong contreliing cleebrolyte balonos. Ardosiarons
hap oloos boon shoun o be gyathepised exclusively by
Bhin povne da on (Ayees, Gould, Simpoosn & Yeit, 10856) oad
et {Blroud, Bbacheake & Pilebbe, 3080) adveoneles. The
mona fopplonlato was o erddbed wibh the bioosynthosts of
sdeenovorhioal storolds, cordipol ol cortioone; adeanal
ok 4‘.€Egmféa olegely defined) and oopbrognns Wore

i

chpuglts 9o be formed dn tho soon sobdovleerde {(Albelght

E;“

#5

19433 Blackeos, 1946).  An elevebed exeveblon of
s‘%zmewm\m;{a An patdonts with adprenpgondbel syadvens g

ERVRT “'wmmm with bhyvporplents off the popn roblouiardes
xizi”imeﬁ%swsf s A9446Y.  Bugport for thuse deagp cswe feom
Selignen ¥ Sehbol (a952), who poported o hiobovheunicsal
'%%‘?%ﬁﬁi’%iﬁ;ﬁ%ﬁfﬁr Poe wlemallioing Yomo-gborodd? do the proticunlor

momn, bwh this wos subocguondhy ghow G0 Do g nole

W

wgpoeliie rescblon for wossburabed Mpdd (Woleoon &

Y

Giwae, 10535 Kapaoeshy © Doanme, 1654Je Intewrest in

Shi pogoibility off the song reticulords bolng on aobldvs

pooretory pone wae oblwmlabed by the hietochomieal

oboorvationsg of Yoffoy & DBanber (1049) and YolPoy (1953,

A958) 4 vthe wob. Chey demonebtrabod thab oholeosbopol

weon preoent A puobh bhighey goantitles dn ohe sone




fasoieuloba than 1o the zong rveblonlario, and thet adronal
glonds romovedd o fow nluvbes after ACTH sdeoinistwation
had spparestly lost cholestorol from the sona rabloeulavie.
YoPfeyln vooulis seencd o sugrent that ﬁ&@,w@@iéalay
sone night be the sobive secpetory zone for asdrenccortical
pherodds, and the fasclaulay sone merely n abtovage silbe
for cholesterol, the stoveld hovmone precucBon. G ds
wordh nobing that cholesterol and s egters poem Lo o
the ondy stevolds @%ww&d by the advenal, Sberodd
hormonen ove aob sbopad dn the celle, bub pass out inbo
the bloodetvoan alnogst lowmediliately, Throughout thig
Thoplsn Ypeeretion® lo dntended to sdgalfy Lloaynbthosis
and reloase Trom oells, Symingbon, Dugeid & Davidoon
(1956) and Symington gb ol, {(1958) deporibed the offoet
of adninloborad ACTH on adronal glaads vhich ware belng
vemoved dn the couwrge of troenbment of women with breapd
CRNGET , & byoegbage bilgboral sdvenalechbony procodurae
was uned vhereby the flvet gland was removed and wped ag
& coutrnd, Afcor oo dnboyval of sbhoud theoo woeeks, 100
wnite of ACTH per day were sduinigbered dnbtramweowlorly
For the four dayn lmmediatoly prior o removal of the
socond gland, The sdeenals sonoved b the seocond pbage
showad wmoriked histological and &hwm&aéi ohangos .

Indbinlly, ecortaln reglons of the zons foasclenlsta nexd




mm,ﬁh&.fam@imuﬁawfw@ti@miaw bosder boecane depleted of
Lipdd, amd 4F ACTH aduwinistration lo proloaged, theso
@@113‘&w&}my§&@@ﬁ%iy trensforned dnbo Yooupnot® cells
wilil @@ﬂ&é@@@m@ incroased seld and slialine phosphatane

)

and Hrobe eyole dehydrogensse acbivities gad with highev
ENA combtent. The total effect io one of appovent
movenent of the fascloular/sotionlar bovder boward the
cappule.  Gront, Syaington & Dugudd (1957) were fuvther
&%1@ to ghow thet there i & coprelation between degrene

of Lipdd depletion and incpoass of stopreld i&ﬁwhyﬁmm%yiﬁmé
ﬁa&iﬁiﬁy. Chue the evidence abt this point seomsd to

dmply thet the rdbtieunlsr sone ls the actively seorebing

aone and the sons Ffageloulsba o gborass BonG. £ slso

pugeentod thot the idmmediato offeot of ACTH iz Lo act on
the cells of bthe mona Fascionlate ab the faselovlar/
/reticular bordei gmﬁgihiy(%@‘ﬁﬁb$ii&@'m%@wmﬁ'@h@i&ﬁ%@rai
or cliolenborel coboy for storeld hopmone oynthenls, ond

i the iémgé@ borm to tromaforn the zons faseloulats

colls lnto zons retileulorlp-like colle with lneroased
engymle accivity (Symington b al. 1959; Symﬁﬁg%@mg:l96$}¢
Grenit B Crlftitho (1962) end Gpiffiths, CGrant & Symington
(1063) now adapbed s slicing tochnigue (Stadie & Riges,
1944) to cepurate fascioular from roticular tiseus with

o micwobome opoeclally designed for working with human




sdvenal glonds. f®h@y‘%@$@ able to ghow thab, in vibtreo,
glicen of bobth menos are capdble of syathesising cortisol
and 1) p-0Hspndrogtenedione when drncubated in Kyeba-Ringoy
bicarbonabe solwbion @@ﬁ%aﬁmimg“gaume&@. ' The 11pehpideonye
Tase activity of %aﬁh'm@ﬁém ié“@p@@@ﬁiwﬁ&ﬁﬁy Banal niing
DOC pe cubstrabo, ?@mhawﬁ %hé Mok tmpowrbant chaoervabion
voporbed by these subhors e that ounly pliced of fagelone
Lo Cinsne phow & significant rosponse o stlmulation by
ACHE, The small response of the retleular tisoue woe
at:wibﬁt@d'ma pontaninabion of olices from thin sone with
faselenlayr collm.

This work confirmed sn sarlier vicw enpropeed by
Ofptad, Lomvik, Stos © Buborlond (1961) that a subsbantial
proportion of the seoreted corbisol aight be produced in
the szona fasoloulats and that both zones might He sapable
of andvrogen biosynthesis (Desme, 1962). Ofwead eb ol.
(1961) deseribed histologlieal and uwrinapry sbudios on a
potlent having advonal glands with a completoly fibrotie
song rebtliculards bub with an appavently inbact zonn
Ffaseleulata. The 17a-bydronyoorticopterold levels in
the wrine wér@ within the normal ronge, although the 17«
~oxogtoroid levols were below normal.

Ward & Grant (1963) were subseguently able to mhow
that both “clear? sad ecompaot? cells were capable of

i 9 o3 - ' AU TN LC fy RS s o P (:slu vl
synthesising besgtosterone in vitro from [é“&«@]ﬁ@@g@mmﬁyﬁﬁ@,




n

From the investigations repérted pince 1061, it became
appavent that the inter-relationship botween zona

‘Capeiculata and soma rebicularie was nobt simply that of
ghorage and seoretory %@ﬁé@; and the earlier theory w@m

moddfied accordingly (Griffithe et al. 1963).

Thelr main polnbp were -

{1} wWith respect bto the blesyathesia of QRQ and C,,

shevolds obher bhan aldogberong, the fascloular and
roblionlor sones ghould be vegorded as a single funcblonal
wadt (Symingbom, 1958).

{i4) In wvive, ACEH is neoded for cortisol secretion
place thin le abolished by hypophysechbomy. At resting
blood concentrations of ACEH, the cells of the zona
rebicunlaris and zona fa&aiauﬂata bhoth produce covtilsol
and sundrogens with the zona retleuvlarls possibly mawimally
stinulated.

(1i4) Under conditions of streses with ralced concenbrae
tlone of ACPH dn the blood, the fascicular cellis arse
gbimuloted to produce mweh greasber amounts of corbisol,
which probably originstes fprom their stored cholesterol
@EM:Q:@?, -

{iv) If stvoss ie prolonged, the raised ACTH concentiae

tions cavse the Yelear callsY to become almosmt completely




depleted of lipild, and assume the form of Noompact cellp®
with the concurrent increase of RNA content and bulld up

of engymic activity described ecarlier. If this picture

is covrect, then both the zona fascleulate and sona
rebicularis must possess all the enzymes necessary fop
Lransforming cholesterol to cortisol, including Jp-hydrosy-
sterold dehydrogenase(s) and isomerase(s) (mes fig. 1,

pe 9) to trangform pregnenclone to progesterone and 17alH-
~pregnenolone to l7¢0He-progesterone, The transformation
DHA to [@«@ﬂdﬁ@@teﬂ@ﬂiam@ also requires such a sygtem

(see fig. 2, p.10). {Theoughout e Thesds, Jp=-hiydroxy=
sterold dehydrogenase is intonded to measn 3g-hydroxysterodd
dehydrogenase + lsomerase, unless otherwise stated.)

It might also be expected that the zona rebiculgris
would possess reasomnably high jp-hydroxysteroldd dehydrow
genase aotivity i€ it is an actively secreting sone.
However, histochemical evidence does not seem to suppors
this, In 1958, Wattenberg dovised a method purporting
to demonstrate 3p-hydroxysteroid dehydrogenase activiby
in gbterold hormone producing tissues. An vnfixed tissue
section ig incubsted in a medium contalning the substrates
e.5. DHA, plus NAD, a tetrazolivm salt and buffer.,
Hydrogen removed from the substrate by the enzyme is

trousferved to WAD, then from NABHZ to the tetragolivm
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METABOLIC PATHWAYS.
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salt by a portion of the electron transport systom
involving Nﬁﬁﬁgslipwamiﬁa oxidoreductase (fFig. 1, p.9 ).
The tetrasolivm salt is thereby reduced to a coloured
formasan dye which ig deposlited in the mection, Since
Wattenberg®s inditial observabion, the histochemical
digtribution of Jp-hydroxysteroid dehydrogenase in the
adrenale of peveral species including man, has been
extensively studied {(Levy, Desnc & Rubin, 1959, 1959a;
Davoon, Pryse-Davies ¥ Snape, 1061l; Cavallero &
Chiappino, 1961, 1662, 1963). In the wfatty?® (Cook,
19583 Symingbon, 1060) type gland, which microscopilcally
oshovs a clear disgtinction bebtween the fascicular ond the
rebticular sones, e.g. in wan, moakey and rat, there is a
conaistent pattern of Jp-hydroxwysteroid dehy@r@gamaﬁa
scbivity — formazan deposition in zona glomerulosa and
onter zona fasciculabe, and 1ittle or neone in the inner
saons fascleunlata and the sona retlenlaris, suggesbing
greatest Jp-hydrosystereld dehydrogenase activity iln the
zmona glomerulosp and ouber zZons fascleulata, and least in
the zona reticunlaris. Wattenberg (1958) and Peavson &
Grogse (1959) also reported that the sgmne tisoues which
oxddiged BHA, a sterold not involved in the blosgynthesie
of cortisol, also oxidised pregnenclone, although formamon

deposition wes glwayve very much less with pregnenclone as

1.




subgtrate, Perhaps 4t ds not vareessonable to enpeot

high 3p-hydrosysteroid dehydvogenase activity in the

ouber song fascleulaba mince it might be described as

an Pemergency® mone and ap such, ought to have the ability
for ropid hormone biogyabthesis, Howevey, it iz distupbhe
ing to £ind Little opr no histochenmical Jp~hydronysterold
dehydrogenase activiby in the zona veticulavis, ie view

of its proposed vole, Thue it was considered that one

of the most lwportant sbeps ln elucidating cell Punction
sl metabolic pathways for steproid hovmone bioayathesis

in the different zones of bthe adrenal corteon was to
deternine whetheyr the higtochemical distribution of
Jp-hydrorysteroid dehydrogenase activity could be confivmed
blochandcally, Some prelininary blochemical experineats
with homogenabes of human gdvenal slices indicate thab

widith DA as substrate, there is probably a higher 3«
~rydronyeberoid dehydrogenage acbivity in the mona
Pagelounlata (Gerant, 1064). ACPH is hmown to stimulate
the conversion of cholesterol o pregaenclone (Stone &
Heghber, 1954), bub it is veadily peen £rom Lig. 2 (».10)
that the ja-hydronystercoid dehydrogenases could control

the uwltimate blosynthebie fate of pregoenclone, o.g.
pregnenclona=3f-hydronydehydrogenase or 17eall-pregmenclonge-

=3 p=-hydronydehydrogonanse getivities gould dicteste to a

LA PRSI WG
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Large degree the ratio of cortisol to corticosterone
produced {see fig. 2, p.10), and it is known that this
vabio ie altered in fgvour of cortisol on adwinistration
of ACTH (Grant, Forvest & Symington, 1957).

There is abundant evidenece in the literature that
the clasgical pathway for the bx@@ymth@&i@ of cortisol
via pregnenolone —» progesterone — L7alleprogesterone
—> ll=deoxyecortigol —> cortdeol (Hechter & Pincus; 19543
Sammels, 10603 Dorfman, 1961) ie not vwnique {(Bichhorn &
Hechter, 195Y, 10503 Berliner, Berliner & Dougherty,
1958; Schindler & Knigge, 1950: C@x, 196%; Mulirow,
Cohn & Kuljiem, 19623 Weliky & BEmngel, 1962, 1963).

A second pathway via pregunenolone —» L700H-prognenoclone
—> L7a0H-progesterone ote. was ddentified by Mulrow

et _al. (1962) in human adrensl slices, Weliky ¥ Engel
(L968) incubested a humsn adrenal tumeour simulianeously
with [é@-lé'éil progesterone and E?o»-gH] 17e0H=pregnenolone,
and found efficient conversion of the latter to cortigol.
In a similar experiment, in which human hyperplastic
adronal tissue was incubated simultancously wibh

[-5&!-»14'&2-_;! progesterone and [-7_6.'--3@ preguenolone, Weliky &
Bngel (1963) found by cxzamination of the isoboplc content
of vavious metabolites that the pregnenclone — Progee

stoerone step had not occeurved to any measurable degree

13.



14k,

— the 17e0H-progesterone and cortisol isolated contained
3y and 3é@.hm@«gweg@@t@W@@@9 DOC, corticosterone and 160 OH -
~progosterone corbained only 1@Q {see fig. 23, These
results indicated clearly for the first time that there
might be more than one Ap=-hydrorysteraid @@hy@mugemaae
cnzyne system or abt least strong evidence for enzymnew
«subatrabe gpecldficity. These suthors suggested, on
the basie of theldr own experiments and on the accumulabed
evidence in the literabture, that "the activity wmeasured
or localised should ke congidered as a measure of the
ﬁéngﬁﬁhyéwmwy@ﬂ@roid ﬁ@hyﬁ@@g@ﬂ@@é specific for the
subetrate used"y,

There is supporting ovidence for further hydroxye
latlon of pregnenclone before dehydrogenation at the
Cm3 position dn aspociation with the demongtration of
a possible 3p~hydroxysteroddd dehydrogenase deflceiency in
foctal advenal tiseue {(Villee, Fngel & Villes, 1059;
Villea, loring & Villee, 1062; Cabhre, Dirchall,
Mitchell & Foreyth, 1963) and in the more serious
congenltal, lack of a Jp-hydvoxysteroid dehydrogenase
system observed in the newborn (Bonglovanni, 1962).
However, no perallel studies of the biochemistiry and
higtochenistry of Jp-hydroxysteroid dehydrvogenase

activity of any one cell type have been performed,




413 the scounamlated evidence seemed to indlcate
that a biochemical study of the 3p=-hydroxyateroid
dehydrogenase activity of the adrenal cortex with
particular vefervence to the different zones and thelw
ability to metabolise various Zﬁuzewhy@r@xyaﬁ@?miﬂg
ghould provide useful information as to the sigaifilcance,
if any, of the histochemical distribution of 3p=hydroxye
sberolid dehydrogenase engyme actilvity, and throw further
Light on alternative biosyanthetic poathways to covrtisol.

Normal human adrenal glandg for blochemdcal study,
onee veadily available from paticnts undergolng
advrenalectony for breast cancer, are now very rare.

With this 4n mind, it was decided at the oubtset to try

to develop analytical methods by working with the horse
adrenal cortex, which shows hisgtological and histochemical
slnilorities to that of man, and to apply experilience
galned to the scarcer human material when avallable.

Two general aspproaches to the problem seemed likely to

be frultfol,

MEM@ a:g&gb
Attempts were made to measure the transformation by
fapeicular and reticular tigeue preparved sccording to the

techunique of Griffithes gb al. (1963) of [§-3@~hydwemy~

15.




sterolds DHA, pregnenolope and 17¢OH-~pregnenclone to the

L3 ‘ﬁ‘ 2 * 3
correpponding N=jwogostorolds or thelr metabolites,

PARE " KT .

2, ¢

'Aﬁﬁ&mpﬁﬁ %@w& also made to meapure the tranaformation
@fifadi@amﬁiv&‘sﬁﬁwéid@ by fasciculayr and rebtlovlar tissue
o the emﬂ-pf@du@ﬁ corbisol, in oxier to gain a plcbure
of the total biosynthetic activity of the cell types
found in these tissues. Iin addition, experiments Were
undertaken to detormine the relative impam%@ma@ of

alternative pathways.




PART T

MEBASUREMENT OF 3p-HIDROXYSTEROID

DEHYDROGENASE ACTIVITY




INTRODUCTTON

The indtial purpose of the present study was to
deternine whetheor the resulés of a blochemical amsay of
3@;hy@reﬂ.&t@rmid dohydrogenase cnzyme activity in the
pons fasclowlata ond sona rebloulapris of the human
adronal cortex wounld reflect the disbribution of this
activity obgerved histochemdeally with respect to
pubsbrates DHA, pregnenclone and L700Hepregnenclone.

A mentioned in the CGeneral Introduction (p.l5) the
horpe adrenal glond was uped asg a modol system in opder
te aspist in the development of analytical metbheds.
Prolininary oxperiments were performed to imvestigate
the mebabolism of lgulé@]pvmgagﬁerome by homogenates of
horse adeenal fapcienlar and reticular tipsue. The
metobollan of [%mﬁgﬂ pregacnelone by homogenates of this
type vasg aléu investigated, and the effectn of the

Ffollowing were doeternined,

a) Versene {(diamlinowethanewtetra=-acetle acld) - thies
.oy . A+

subgtance will chelate Cu  lons vwhich are nocessary for

the acblon of Lipe-hydroxylese (Grant, 1956)

b) Anaeyobic conditions - molecular oxygen s reguired

for mberoid hydvenylations (Swveat gb al. 19563 Dioom,

Hayano, Salto, Btone & Dorfman, 1956; Hayeno, Salta,




Stone & Dorfman, 1956).
¢) Mediwvm Composibion,

These experdments were poriormed in order to find
condltione of maxiual transfopmation of prognenoclone
Lo progesterone with ainimal transformation of elthep
steroid to cther substances by hydrexylation reactions,
Such a systen was reguired dia @yﬁaﬁlﬁa‘mimglify_anaiyaiau
it had also been noted thab in 1956, Beyer & Samuels
showed that Jp-hydronysteroid dehydrogenase activicy
appeared to be econfined to the microsomal Fraction of
adeenal cella, (Activivy wan aleo found in relatively
large amotnbts in the nuelear fraction of these gells.
However, on vepeated washing of Che nuwelel, the activitcy
of the fraction declined in pavallel with the RNA content,
inﬁi@aﬁia@ that the nobivity was due to micyrosounal
contanination,) Thus a higher 3p-hydroxysterold
dehydrogenage activity should be manifest in a micro-
somal proporetion derived from cells of the zona
Pageiculots thoan in an equivalent fractlom fyrom the sona
vobioularis, Vorking with thig cell fraetion L1p-
mhydﬁoxylaﬁgﬁﬁ iw elimingted,.
With regard €0 nethods of detorminagtion of 2Jf«

~hydrokystorolid dehydrogenase aetivity, one way, as in

,'6’




all enpyme asseys, measure the amcunt of product Lformed
or of substrate vomalning in an inouwbation abt the end

of an arbitrary time interval, Both approaches were
axtensively invesbigated by means of paper and absorption
colwim chromatography in ovder o fimd{a veliable symtemnm,
Latterly a method was developed for the ﬂ&éérmiﬁaﬁimm off
pregnenolone by gaa«liﬁuid @hr@mabm@raphy butb éinme this
procedure was nob acbtually used in the é@%imati@n of the
3ﬁmhyﬁr@mymﬁ$roid debhydroganage of a tisswe, thege

experinents ave descpribed im Appendix V (p.200.




BAPRRIMBNTAL

A+  Adronpld Fis &%

ARFIRTN _'IIFV‘J\N

1. Adwengl Glands,

Horse adrenal glends weve @%ﬁ&imaﬁ Fron a loval
slanghterhouse, normally within 20 - 35 wminptes of the
death of the sndmals Adreensl glande from humen subjects
woere obtalned at operation From a auwher of patients
undergoleg treatment for tushing¥s syndrone or broasbt |

"

GHRCOP . Those from patients with breast cancesr wWero

aspumed o be nowmal {(Grent gb al,. 1957): The bime

taken for human glands o resch the 1L
£ “

aboratory varled

sogording to thelr sourvea Jrom 045 « 24 houys: The

polovant dnfop

abion concerning cach gland uweed ip given

with the aeppropeilate secbion (p.48):
AL tilesue for blochemical pbudy was tyausported o

the lobeozatory do polythene bDags on crushed ices

Ao Hisbolopy

2
A
BAR o

Phoces of every gland invesbigated, ﬁ@@@%h&w with
pawaplos of tlesue, presumnsd o be token From the zons
Pascionlats o gona a*@%,.mmmg*% B, were Ciuwed separatoely
in 10% neutral Formalin, for subseguent preparatlon of

pareffin cwbedded hoewmotokylih and sosin sectilons.




3.  Hipbooheniobey.

L A A

As moon &3 possilble sfter removal of a gland; o
plece wan cub From one end and awawy&d‘iﬂaa sgoldid corbon
dioside smow in 8 vacuum Flaslk, 3 p-hydronysterold

dehvdrogenase soblivity was lLocaliped in thin sectiong of

this maborini by the mothod of Wabtbosberg (1058) as

moddfied by Levy, Deane & Rubin (1959). DHA, pregaenolone

wér

and L7eb-pregnenolone were uped as substraben.

Gs ﬁéﬁégtg.mgmgﬁ%ﬁﬁaéﬁéﬁﬁ‘
Bilces of famcieular and retloular tinane werd
propared by the uwse of & wodlfied Bhadde-lipee wicvobome
(Btadie & Rigus, 1044) as described Ly Geifficths eb al.

{1063).

5 Evepargbion. of, Homopenabons and Mitochondeinefzos
Supernetaot Frootiong,

A1L honogenates were @?m@ar&a by wortileal strokes
of a pboel plunger in a wniform bowe glass tube (Philpob
& Bbanler, 1D56).

Mitochondprla~fros gupoernatant fractions were ohitained
hy centrifugation of 2069 {w/v) homogenetes gt 5000 x g for
10 minwbes in the SW29 vobor of a “Spinco® Preparative
Uitpacontrdfuge, Model L (Beckmon K@ﬂé@ﬂﬁ@ﬂ%ﬂﬁ fLed.,

Palo Alto, Californis; novw Glenrobhes, Fife and Prankffors,

21.
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B.  Anal é;:mn.& Proceduren,

i €Zh '*@;zm-{,og“- phy of 5t Lés on Y‘apmf»

R Bl Lo

*.*a,‘hen ms:vlv@m; Igr i;e'::zm ue c:ml £ow p&ig“j("é? eh **(3%&1& ography
wewé the p@@py&@ﬂa g ymm@/&wiuﬂmm (WQ/E} ayabon of
Burton, Zaffa ﬁﬁ& k7 h@mﬁmmaﬁ (4 LOSL), Lh@ hense ae/@hlmvaw
ﬁ@mm/ﬁwrma ide (ﬂmfﬂﬁﬁlgfqﬁlﬁyﬁﬁam of $m£,1ﬁ@ﬂi & Burton
(1951), and sevesal sysbens of the type described by

Bush (1952} soe Table 1. (Ceiffithe gb al. 1963) below,

Mu,,wx

thabtuan No. 4% paper was used for the PEMT and 3&.3:*,:5}?'{&3&‘2@3,?/3?
.

Y ol i Whatmon No, L for the Dugh~type aystomns.
The paper was washed, pelor o usse, with s mivbure of

chilovoform and methanol for Ltwe daye in a Soxhlet

anpax mé, ALY chromatoghans wore eguilibrated overw
€3
night (16 mwm} and doveloped at 227,

2., Blublon off 8 Sterolds from Y-’mmw E‘I;aﬁi)mm"‘e;e:) TP ONES o

Steralds wore cluted from paper chromatograns by
cubting the ares involved into small pleces and shaliag

with § al, methonoliethyl acetate (131, v/v) for 1 howvw

ab 39° (see Appendix IV, p.1986).

3¢ GChromatomraphy of Storoids en ThinelLaver Plates,

n L e it ANV R R O IR R LT uu-ﬁm&uw i

Glass plates. (20 cm. x 20 om.) were costod by Desaga

22.
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24,

applicetor (Camlab Glams Co., Combridge) with a slurey

of Merclk Kieselgel & (25 gm. in 65 ml. water) containing
approximately 0.4% of an inocrgenic phosphor (H 913, Levy
West Laboratories, Ltd., Harlow). After 10 minuwtes
drying at room temperature, the thin layers were activated
for 60 minutes at 1107. Sterolds were applied in
mothylene chloride and the chromatograms developed in

the solvent systems shown in Table 2 , below,

4. Blution of Stereoids from Thin-Layer Chromstogpams.

ALl stervoidse were eluted by scraping the silica gel
containing the steroid on to black glazed paper, transe
Fferring it to & tube containing §5 wl. of benzene or ether
(cortisol elutions) and mixing vigorouwsly with a motope
~robated stainless steel wire bent at the tip into a
figure eight. Water (1L ml.) was added and the tube
shaken for 1 minute. After centrifugation, the upper
layer was removed and the agqueous layer re-extracted with
5 ml., solvent. This procedure was found to give residues
virtually free from nonesteroidal impurities. Brbracts
wvere combined and dried im a stream of air at 507,
Recoveries normally lie between 90 - 100% with this
method (see Appendix IV, p.197), which is a modification

of that. described by Griffiths, Grant, Browning, Whyte &
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Sharp (1965).

5, Detecbion of Sterolds on Paper and Thin-Layers.

Vwabsorbing steroids were located on paper and

Lhin-layer chromatograns by viewing with a "Chromato-

~lite" lamp (Hanovia, Lbtd., %lough, DBucks.).

Non=-UV=abaorblng gterolds were detectod by means
of a 15% ethamolic molution of phosphomolybdic acid.
Paper chrowmatograns were dipped and thin-layer chromato=
grams gprayed with the reagenmt and then warmed in an
oven at 607 For 5 mimuteﬁ, The steroids were located
as blue spobe against a yellow background, Most
sherolds seen to react well with this reagent, with a

) [

sensitivity of abowt 2 pgfem”, bhut AN =-3p-hydronysteroids,
particularly on thin-layer chromavograms, show up more

guiclkly.

6, Column Chromatography on Alumina.

Residdues from tvhe agueous mebthanolic fraction from
exbracte of incubations described in experiment 7 (p.47)
were disgolved in § mi, %@ngene and applied to 0.8 cm.
internal diameber glase columws containing 3 g£. alumina
(ﬁavmry‘& Moore) deactivated with 11% (w/v) of water.

The colums were developed with a mixture of 0.1% ethanol

in benzene and the Filrsgt 2§ mi, eluate was discavded.
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The aext 40 ml., contaluning DHA and @Wﬁﬁm@m@l@§%9 e
evoporabed to L?Vﬂ@&h ond apsayed Lo éfwBﬁuh?ﬂﬂO%yqu‘ﬁid
and radloscblyity content. The columns were Suebhewr
devaloped wlth 30 ml. of 1% cthanel in benmene and this
fraction, conbalonlng L7ellH-prognenclone was again apsoyed
for [@wgﬁwhydwwxyﬁﬁ@vwi& and vadioactivity conbent (see

also Appendiz IV, p.198},

7e Dotechlion and Meamupenent of Badioegetlvity on

Paper Chironabosrams

'3

Radioaetive sterodds were located on chromatograns
with an anbonabtle vecording gas-flow abrip couwber
{Sconogrom ¥, Chromatogran Boanner, Atomic Accessorles
Inc,, Yow York). The anounld of radloactivity sosoclated
with each storoid was proporblonal to the area of Lty
4

aedng on the recovding chart, which wes determlned by

plonimetey,

8. Moasurement of Radleactivity in Bxbpacts, Bio,

Portions of sterold residues, ebo., Lo be counbed
wopre placed din glage viale of low potassiuvm contont
(hoontoa Glass CGo., Millville, H.J.) aod dissolved in
10 ml., of bolnene comtalning 3 g./%. of 2,5-diphenyl-

oxazole (PPO) sud 0.4 g./i. of L,4-bioe2{l-nobhylesa
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~phenylonazelyl)-benzene { tinethyl-POPDP) . Radicactdvity

was debormined by Fackawd Tedl-Gorh Ldquid Selatillation

-

Spectrouster, Medol 2148 {(Packard Instzument Co., Inc.,
La Grange, Til.). AL velbage top 6.2 (1130 voltse),
Chonnel ¥ wap get with a volbage didgeriminator gete of
100 « 1000 ond awplifler gadn of L00% giving an efficiency
of counting of approximately 64% for 3@@ (mee Appendiz IIL,
0.192), Channel I wap set with a voltage discrimingbon
gabe of 100 - 1000 sod suplifier gain of 209 giving on
aﬁf&m&@m@y'ﬁﬁ'ﬁnmwﬁimg of approximately 26% fop S,  No
guenching {(loss of counts dne to inberference of
sointilinbion systen ot the molocular level by souple)
vas oboerved wader thebe condiGlons.

Agueous &ampi@m wepre counbed in a oysten contalniag
0.5 m&. of the aqm@@mé material mixed in a vial with § ml,
scintillator solubion and 4.5 mil. of othanol to makwl%ha
wingture homogoneous., Severe quenching is cbeerved wiﬁh
this type of syatem; counting efficiencien were determined
by use of dnbernal gtandarde. %@@@@iﬁ &@1@%@%@@ which
are insoluble in tmlm&ﬁ@ were disseolved im i wml. of
ebhonol before addition of 9 ml, solntillator solution
Lo the wvial, Again counting @ffi@ién@im@ were determined

by means of the imternal stendard technigue.

0,




9, Preparation of Derdvatives,

a) Omidation,

A chyromie acid oxddising meag@nﬁ was prepared by
the method of Kilieni & Merclk (L901) as moddfied by
CeifTiths, Grout & Whyte (1963). Concentrabed
Hgﬂﬁé {28 wl,) waz added to 92 ml. of water., The
mizbure was cooled, stirred inbto a solwblon of 32.2 g.
Na2€r2@7.2H20 in 70 al. of wabewr, and wasghaed in with a
further 10 ml. of water. The roagent (100 ml.) was

1 L3

stivred into 10 ml. of acebone. 500 pl of the vesulting

[

midsrture was then added to the dry reslidue and allowed to
react fer 20 wminuvbes abt proom Gemperabure. The roaction
was stopped by the additcion of 2 ml. of water and the

gterolds oxbracted with ethyl acetate.

b) Acebylation,

Steroids were acotylated by the p&oaeduwe oF
Zagfarond & Burton (1951). Two dvops each of freshly
digbilled acebtlce anhydride and pyridine wepe added to
the dpied steroid residve and the reaction allowed to
procecd at room temperature overanlght in a tlghbly
peoppored Gescetube, The regcobion winture was then
didubed with 1L al. of aethonel arnd the solventas

ovaporated completely to deyness in o stream of aiw,




) Saponification.

Sterodd acebatos were gaponified by g modification
of the method of Wehepr, Desaulles, Vischew, Wieland &
Wettoteln (1958) as deseribed by Ward & Grant (1963).

A solublon {250 pl) of 2% agueous K,C0, {w/v) was added
to the sterold residue digsolved in 1 ml. sethanel, aand
the mixture kept overndght ab voom Lemperaturde, . The

sbovolds weve pecovered by exbtvaction with ethyl acetate

after sddition of 2.5 ml. watew

d) Rcd@@b&om.

%i@d Bt 0@@&@@ WEPe reﬂwé&d by lé@ ml, of an dcew
~cold 0.05% methanolic solubtion of NabH , ®6 0% for
45 minwbes, Thio is a modification of the method of
%mu@h@ﬁﬁﬁgyﬁaﬂﬁy, Newson & Darrach (i@%@) aa described
by @riffiths gt al, (1963). The reoaction was stopped
by the addition of one drop of glaclal acotic acid.
Steroids were exbracted with ebhyl acetabe alfter

addition of 2,5 ml. of water.

10, Deberminatblon of YSteproids,

a)d zﬁﬁmghﬁxmﬁtew@idﬁ.

Following @m#iﬁi@&ﬁiﬁm by chromabography, ZQ@*3~@E@*

a&@w@3@3 Were ﬁﬁsﬂﬂﬁVu@ in 5 mi. or 2 ml, of ebhanol, and
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thelr optical densitilies measuraed at 240 mp against
ethanel in 1 cm. cells of a Unicam SPL00 spectyrophobow
met o, Stoerold present was fouwad by refovonce o a
aaiibrati@mycurV@ {see Appondixn iv, pﬂﬁiﬁﬁ. Blanks
fron the chromabogvaphic mabordal were taken through

the elutlon procedure.

b} Agﬁggﬁuhyﬁwgmygﬁammidm.

Afser colume chromatography on alumina (p.26),
4ﬁ§~3§~hy&ro&w&%ermiﬁm ware pubjected to tirogtment wilth
2 suiphurie acldecbhanol reagent {(Qortel & Bik-Nes, 1950),
The peagent 1o prepaved by adding 2 volumes of concentrated
4 glowly to 1 volume of abhanol with cooling aand
pedrring, 5 ml. of tho vropgent was added to dry sterold
residues ond the tvbes shoken vigovously for 1L minute.
Mizbtures were then loft to stond for 5 minubtes to allow
sall alr bubbles to come to the aurface, and thelwr
opbieal ﬂ@hﬁiﬁi@@ ware meacured at 380, 405 and 430 wmp dn
1 om, cellm of o Unicawm BP600 smpectrophotometor agalnst a
veogent blanl, Stereid presont was dotermined by means

of sbandavds, using

8) Allen corrected opbileal deneities (Allen, 1950).
3

With the above thres wavelengbhoie




3,

Allen covrecbed optical density (0.2.) ab 40§ mp

’ o s S R 1 ‘”‘;g} - @.@ '&ﬁlﬁﬂﬁ 13
e 0. ab 405 mp oD 86 380 mp t 0.0, ob 430 wy)
N [R A s ' ' ! ' ' 2 -

or b) a siwmple covpected optileal ﬁ@ﬁbiby {m&f. san &

Schally, 1985} whers

QBy = 0B, ab 405 mp - 00 ac 430 mp.

Tissue blanks were carried therough the encivoe procedere.

1. Deotermination of Peobein Niteosen.

The protein nitvogen comtont of mibochondeiswivres
superaatant fractions of hovrse advenal tlssue was
measured by a modification of the method deoscriboed by

Nayyer & Glick (1L954).

Reagents? -
{4) 1.0 N NabdiH.
(24} 0.1 ¥ NaOH.
{144) Bromsulphaledn Reagentse
| To 1 al, of 5% Bromoulphslein solution (Hynson,
Wegbteott ¥ Dunning, Inc., Baltimore, Md.) 200 ml.
1.0 W HCL, §0 wi. of 1.0 M cltvrie acid (pH 1.8)

ond distilled wabey wers added to o final, volume




of 250 ml. {(Final conceobratlon 0.02%

“Brompulphalein) . '

A powtion (100 u1) of the mmy&@na@aﬁt Eractlion wan
diluted 6o 2.5 ml. with distilled watee., Portione
(25 pl, d.e. 1/200¢h) of the diluted solublion were
plpebbed dute mmall tept tubes and deded An vaono.
A0 pl 1,0 N NaGl was then added ond the mixbures
agitasted by vibrating the tubes against a rapldly
rosablng bont pin, Afber 1 hovwe abt proom bemperature,
100 pl of the ©,02% Bromsulphaledin eesgent was added
and, afteor miming, the tubes were cembrifuged dn a
mﬁmia@uwa centrifuge (Misco, Micvochemical Specdalities
Co., Berkeley, California) for § minubes at 1500 x g.
68 pi of éémh amﬁawmaéamﬁ wan ddlubed with 1.0 mi. of
0.1 ¥ WMoY and, afber shaking, the optical densities
of the mintures were observed in L om, glags cells of
a Tndean SPOOD specbrophovomneter at 590 sp agalnst a
wabey blank, Triplicate sesgent blonks were taken
throngh the vwhole peocedura,

The opbleal denpitien pbgerved for the tlgoue
eubracts ave pubbracted from those of the veogent

)
i 4

blanks giving o AOD, flgure,




o4,

(A\C.D. = optlesl density of "bilank® at 580 mpw
-« optioal density of ewtvast at 580 myd

Zﬁ@;ﬁa‘% 5,84 w 2 = pg probein nitrogen.

584 i the factor for adrenal tissue relablng protein
content ta the dyessbound debermined by Hayyar @ Glick
{1954) by comparison of wveasulbm obbained by the above
method with those obbained vaing a wmicro-Kjeldahl

PPORSINDPS .




¢, Suundies with Horse Adrenals.

L. Incubations Wiﬁhnméw¢4él?ﬁ@ﬁ@sﬁawan@.

[éwiaé]ﬁwmgewaarmﬂaa stored ln beazpeneimnethanol
(9:1, v/v), was added bo incubation vessels in this
solution, %@g&&hém with 100 Q& Qﬁ‘p@@pylﬁﬂ@ glycol.
The bensenesmethanol was evaporated ab 50° in a stroan
off aly, leasving the steroid dissolved in a §ilm of
propylene glycol, Tlesue slices, 500 mg. from each
zone, were honogenised in 2 mi. 0,254 sucrose containe
dng 0.12M nicotinamide (Handler & Kledn, 1942) medium

and transferred o the incuhation vessels with a further

2 wml. of the mediuvnm, To each vessel was added a2 solubion

(4.8 ®1,) conbalning 360wmoles KCL, 305 .Opmnoles TRIS
buffer (pH 7.4), 26,5moles Mg&ﬂ@.7ﬁzﬁ, 72 puoles
potagsium funarabe, 7.92pmoles ATP {(dipotassivm salt),
120umoles glucosewb-phogphate {dipotassive mpalt),

L. 57umoles NADP and 180 pg (8.4 Komnberg Units) glucosce
wGephosphate dehydrogenase {Unbreit, Dureis & Stauffer,
1957).  The mixtures were incubated at 379° For 2 hours
with sghaking dn aiwe, Products of incubotion were 1
extracted thrae times with 10 ml, benmene:ehloroforn
{(6:1, v/v) and twiee with LD ml. ethyl acetate. The

combined oxbracts weve evaperabed te dryness at 50°
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under a strean of aly, and the residues pavtitioned
b@ﬁW@@h 20 mi, ?5% BHUROTUES mebhanol and 30 mi. light
y@ﬁ#@ﬁéum (8@#&@@”), The pebrolenm was exbtractod
twiloa mmpa with 230 mﬁ. vaimmmm of aquaaua methanol

and ¢ ha ammbin@ﬂ acthanolic layors reduced Go ﬁﬁ@?ﬂﬁiw
mately 20 m&« in a wobary ovaporabor. Wabter (20 ml.)
was thon added and the agunoous mizture extracted Four
times with 40 wl. @hl@ﬁ&fﬂ%mﬁ Fhe conbined chloroforn
ﬁayaws Were %V&?@WTﬁﬁﬂ to dpyness ab 50° under a stresn
o aip and aliquots of the residues were taken #
waﬁxsa&tavit; pounbing and lovestigabion by papewr
@h@omaﬁmg@aphy‘

Raﬁiaa&tiva sboroids in samnples from the exbracts
wepre hmmtaﬁ&valy jdentified by compardson of thedr
@h@mmatagrﬂphia behaviﬁuﬁ'im 8 vawi&ﬁy of Golvent
By abons G@ﬂ?@@ﬂi@mm*wmwa &ﬁﬁe@ﬁﬁnad by planinetsy
@ﬁ vadiocactivity péakﬁ from the chromotogram spons
(see p.27 ), and the area of each peak as a percentage
off the btotal wasz calceulabed,. Cortimol was Purther
id&nﬁiﬁiaﬂ by the carpier techoliqgus of Berliner &
Salhanick {1956) which involves the addibion of the
non~radionctive steroid considered to be ﬁr@ﬁémt in the
eluate of the radioactive zone and detopmination of

ppecidfic aami@imie@ bofore and after the fopmation of




derivatives.,

2. DBffect of Versene and Anaepobic Conditiong on

the Metabolisn of Qmesgﬂ Praguenolone.,

Four homogenates were prepaved, btwo of 250 wg. of
fasoienlar tissue and two of 250 mg. of peticulayr timsue,
in 2.2 mi. of 0.1M phosphate buffor (pH 7.4) containing
0.154% NaCl., To one of each palyr was added 50 pl watewr,
and Ho the othew, 50 pl of 0,454 Versene (diamino
ethancbebra-acotic acid), »H 7.4, to give a final
concenbration of 10mM, 100 pl aliquobas of cach
homogenate were placed in incubabion vessels together
with 20 pg of [%avgﬂ pregaenclone (1,026 pu€) dissolved
in 20 pl propylenc glycol, and 2, mg. WAD, Tncubations
were performed elthor wder ady ov nibrogen. Those
perffomed wader aitrogen were done in Thunberg tubes,
the tubes bedng ovacuated geveral times with an oil
pump and tho agtmogphere replaced by nibtirogen. ALL

incubabions were carried out at 39° for 30 miantes,
Doballe of the experiment are poet onb in the following
toble. At the conclusion of the incuvbation, each
mianbure was @ilu%éd with 4 ml. water and extracted fouwr

pdmen with 4 ml. ethyl scstaboidiethyl ether (L:1,v/v),

3/,
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Taoub, Aono Vorsong H?Q Atmosphere Code
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3, R + - - + R/V/Y
Table 3.
L & wnn T vt
F o= pona fapelenlata

B = mona robionlaris
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Soilvents woere removed from the combined extracts ab 509
wndey a styreem of aly, and the vesiduoes partitioned
between 75% agueous mevhonol and Llight petvoleum (80~
«100%) as in the previons ewpériment.

Poart of the sgueocus mothanolic Fraction was token
for radioactivity counting, and the remalnder chiromaboe-
svaphed on paper in the PLO aystem (9,23 ). Badioactive

sberoids were lecated by aubomatic strip couwmbter (p.27).

3. bBffect of Mm&:ﬁ.mn Composibion on the Metaboliom

oF L_’Zuw’giﬂ Progmenolona,

off Em.ﬁ;a Pregnenolone Jenate (25%, w/v) were prepaved

with a mixbure of Ffasoleunlay aad robiloular tissue in

differcnt modiasw
(i) 0.1M phosphate buffer (pH 7.4)
containing 0.3544 Nall (Poﬁ S
(idi) 0©.05M phosphate buffer (pH 7.4)

containing 0,079 Nall {PO )

hohe

4'355.

{i14) 0,25M sucrose conbainlng

0,324 nicotinanide {(s/m)

{(iv) 0,0975M RIS buffer (pH 7.4) (ITRES)

L.25 mi, of each homogenate was dilubed with L1.25 mi.
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of the mediuvm in which it was prepared, or with

a) 0.2M phosphate buffer (pH 7.4)

containing 0,308M NaCl '{@Qﬁ % 2)
o -
) 0,15 ERIS buffor (pH 7.4) (PRIS = 2)

as dndicated in the table below, .

' Bach diiubed homogenate was incubated with 20 pg
E,?@wzi-ﬂ proguenocione (L pul) dissolved in 100 pl propy=-
ieﬁ@ glyeold, L mg, NA0 and 50 pl 0,58 versene, pH 7.4
{£inal Goncentrabion M) or water., Ingubatlions were
porformned ab 37° for 30 minutes. Incubation media were
enbiracted, pavtitloned and the agueous methanolic

Eractions invesbigated ap in efperdnent 2.

4. Rabe of Metaboliem of E?g.“siﬂ Prognenolone.,

a) A mimbure (1 g} of fapelonlar and vebioular
tisane was hovmogeodsed in 4 ml, 0.25M sucrose conbailning
0,12M nicotinpgnide, A serdes of incubabion mizmtupes
Wan pwagar@d; each migbure consisting of 1.25 ml.
honogenabe, i.3§ mle 0.2M phosphate buffer (pll 7.4)
conbaining 0.300M NaCl, 1.026 uC of |Ja=H| pregacnolone
(20 ug) dlssolved in 100 pl propylene glycol, and

“+i.
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1 mg. WAD, Incubabions were performed for several
different tlue perdeds at 37° with shaking.

At the conclusion of each imcuhaﬁi@n, 5 mi. of
wabter was added and the mintures were extractoed foupr
times with § ml., ethyl acetateidiethyl ether (1si, v/v).
Comblued extracbts were btaken to dyyness ab 30% in a
gbrean of ade (fvaction 1), The aguecus phase was

treated in one of WO wavgiw

(i) In ovder to cneure complete extraection of
freo gstepold from the agueocus phage, § voelumes of hot
acetone were added and the mixture cenbrifuged. The
agueouns acetoro gupernptant wag vemoved and the tismsue
residue extracted twice more with 5§ volumes of hob
peetone.,  The combined scstone extracts (fraction 2a)
were taken Co deyness in a pobayy evaporator and an

aliquot taken for radicactlvity couwnting.

{ii) To determine 1¥ appreciable stevoid sulphate
formation had ccevrred during incubation, the extraction
and solvolyels procedure of Buvatein & Licberman (1958}
woe caprried oub, Ammoniuw sulphote (2 gm.) was added
to the aqueouns phase, the mixture brought to pll 1 with
ﬁzﬁﬁé and extracted three times with equal voluwmes of

ethyl acetate. The combined exbracts (fraction 2b)




were lLeft overnight at room temperature.

Afcer removal of the solvent im a rotavy cevaporator,
an aliquot of the reslidue wag takemn for radieactivity
counting.

Fraction 1 was partitioned between 75% agueous
methanol and light petroleum {8@-100@) as in experiment 2.
Povtions of the light petroleun phase (fraction 3) and
the agueous methanolic f£raction {(fraction 4) were taken
for radiocactivity counting. The remainder of fraction 4
was subjected to paper chromatography in the PLO gystem

(p.23). Chromatogrems were then examined.

b) A second series of incubation mintures was
prepaved similar to that described above, containing
50, 100 or 150 pg of [}auaﬁ]pvegnemmlﬁn@ per incubation.
All incubations wore performed ab 37° for 5 ninutes.

¥Recovery? mixtures were prepaved and recoveries
estimated at the 50 pg preguenolone lLevel with 1 pl
I}augé]pregnenelaﬂa added, either immediately before
adding, or affter shaking with, the first § ml, volume of
ebhyl acetaterdiethyl ether.

The agueouns methanol fractions were investigated by
paper chromatography and antomatic sterip scanning as

before,

43,




5. Incubations with [4%:-'&‘%3 DHA .

Mitochondria-free supernatant fractions were cobtained
from 20% (w/v) homogenates of Ffascicular and retlcular |
tissue prepared in 0,254 sucrose containing 0.12M
nicotinanide, Bach supernatant (1,25 wl.) was incubated
with 1.25 sil. 0.2M phosphate buffer (pH 7.4) containing
0,308 NaCL, 6 mg. NAD and 150 ug EE.-M'@ DHA (591 mpC)
for 15 minutes ab 37". Extraction and partition were
as deascribed im experiment 1 (p.35). After paper
chromatography, the relative proportions of [M’&ﬂ DHA
and E’M'K_;I & ~pndrostenedione were measured by planimebry

of their peaks on. awtomatic strip scanner traces.

6, Incubationas with E?’a-s}ﬂ Prognenolone, [’j’a-g!ﬂ 17a0kH-

,—Frc&,gme&iglmm and EA-M@ DHA

Yo this series of experiments, incubations with
pubstrates Bfmmsi*ﬂ pregaenclone, &70.-3&% 17&0&1~g}¥~@gmenén
lone or E@-Mﬁﬂ DA { 5@@ pg of each) were performed in a
pimilar fashion to those alroady described in experiment §.
Modifications, however, were introduced in extraction, and
recovery of the agueous methanol fraction, in order to

renove "blank? material,

(i} At the conclusion of the incubstion period,




40.

20 mi. 20 NadH was added to make the medium strongly
alkaline. B%L:@amsiﬂm of the lipid fraction was
effected with ethyl acetate:diethyl etheyr (1:1, w”v) -

~ fouy times with egual wvolumes.

{ii) The pooled extract was then washed with § wml,
of 10% HCL ond twiee with 5 ml. of water. It was then

evaporated to dryness under a sbream of adwv.

(i1d) After paptition between 75% aqueous methanol
and light petroleoum (ﬁ@«:&.&ﬂ“) » the combined wmethanolie
ewbracha were taken corz;ga:misealy o dryness wader peduced
Proseure in a robary evaporator,

Atvcenpts to measure the convergion of the substrates

to A‘«-gnmzmﬂmreiﬁz‘i& were made by three different methods.

a) afber paper chrowstography by the planimetric

method described in experiment § (p.44).

) by measurement of the absorption of the euxbract

, 4
ab 240 mp due to the presenné of ﬁng-—ema%m'oﬁ.dss (o. 303.

a) b"y naeasurenent of A%mggq-hydrms:yafamraids
remaining 1n the extract by a specific colour reaction
(Oertel & Eik-Nes, 1959) involving the uwse of the
sulpburic acidecthanol reagent described on page 31.

v : 7/
Details of incubations performed are set out in Table 5




| Expt. Zone Time of Substrate Code
(F or R) | Tncub, Incubated  (pg)
| (smdn.) B
L. P+ R 0 -4 pa  (462.5)  |D recov.
2. P+ R 0 [7a-3t] Preg (512.5) [P recov.
3. ¥ 15 1-Y4c bra  (462.5 DFLS
R 15 " ¢ =) DR15
4 P 30 " ( v ) DI 30
R 30 W { » ) PR30
5. P 60 " ( = ) DF 60
R 60 i ( v ) DRGO
6. r 15 [ra=31] Preg. (512.5) PELS
R L5 “ ( w» ) PRLS
7 F 30 " ( =) PF 30
" R 30 " { » ) PR30
} 8. 3 60 " ( » ) PFGO
” 60 " { w ) PROO
|
Table 5,

1
@amgﬁ pregnenolone,
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7. Incubations with ?r@gmemelame, 170 0H-~FPrognenolone

and DHA,
LR RTINS F SRS LT

For experdments luvolving smaller amovnts of tissue,
evige Trom atvophic human adrenals, the above euperiments 5
(@,4@1) and 6 {p.44) ave too wasteful of rave moterial .
Brperiment 7 davolved the reduetion of all quantities
encept substrate by a facbor of five, The steroid
ﬁmﬁmﬁrﬂt@ wag fixed ab 100 pg/incubation, df.e. 250 pl
mitochondria~fres supernatant ﬁraﬁﬁimﬁ (equivalent to
100 ng.. of tiseue) was incubabed with 250 pl 0.2M
phoaphate buffer {pH 7.4) containing 0.300M NaCi,
1.2 mge NAD. and 100 pg progocaolone, 17a0H-preghenolone
o DHA for 2 hours at 377, To egtimabe precovery of
subshrate in the easo of pregoounelone, a tracer amount of
E?rx,wa'giﬂ pregnenclone was odded at the conclusion of the
Incubation periocd. BExtroactlon and pa@titidng on the
reduced seale, wore as in ouperiment 6 (p.44).
Aliquots of the deied resldues from the agueous methonolic
frpctions were taken for raddoactivity counting and column

chronatography on aluwasina {p.20).
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L.

2

3.

Ca, B,

g“iyp .

Ad,

P.X,

Bouree

o
i

froaat Cancear,

Cughing¥s syndvrone due to bilateral

adrenal hyperplasia.

Adenomna .

Patlieont received Pitultary Iaplant

Therapy prior to Advenalectomny.

Cardifd

il

Cardiff Royal Infivmary.
Glasgow = Glasgow Royal Infdrmary.

Pundee = Mapryfield Hospital, Dundee.,

Time Lapset~ Approxdmate time taken for gland to

roach laborgtory afber removal from

poolont .

49,




20.

2, Effect of Vorsene aund Modiwm Composition on

Mataboligm of Eimwgzil Pregnenolone.

The corbes of an adrenal gland (A,W.) was vemoved
by sopraping with a scalpel. Two 20% homogenates wero

prepareds -

{%) dn 0.25M sucrose conbalning 0.123M nicotbinamide
{(8/8) o

(£3) dm 0.1 phosphate buffer (pH 7.4) containing
0,154M NaCl (9@Q # 1). Aliquote of each homogenate
were diliuted with an cqual volume of the mediuvm in which

they were prepaved, o with

a) 0.2M phosphate buffer (pH 7.4) containlang
0.3084 Nacl (PO, x 3)

oGP

b) 0,154 TRIS buffor ab pHl 7.4 (TRIB x 2) as set
ot in the table below. 2.5 ml. of each diluted
homogenate was incubated with 20 pg [ﬁmﬁgglpf&gmenolgn@
{3 pC) dissolved inm 100 pl propylene glycol, 50 pl O,5M
vergene {final concentpeabion 10mM), and 1 mg. NAD at

3?0 For 20 minntées,
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3. Incubations with Fregnenclone, 17«0H-Pregnenolone

and DHA.

R Ao
ALl omperiments in this section involved the
ineubation of a mitochondvia-free superpatant fraction
(0,25 mi.) and 0.2M4 phosphate buffer (pH 7.4) conbtain-

ing 0.308% NaCli (0.25 ml,) with pregnenolong, 17¢0H-
~pregnenolone or DHA (100 pg) dissclved inm 100 pl of
preopylene glyeol, and 1 mg, NAD for 30 minubes at
37°,

Bxtractlion, partdtion, column chromnabography on
alundna and measurcoment of ‘ﬁéwﬁﬂwhyévuxy&tewaidﬂ by
the Jertol ¥ BikeNes (1059) reagent were performed

exactly as doscribed dn experiment 7 of Secblon € {(p.47),

52,
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'iQ“
RESULES

A. Advenal Tissue - Histology snd Histochemlstry,

With 2all adeenal tissue invegbigated, hacmatonylin
and eosin stained sections showed that material talen to
represent the zona Fageiculata conbained 93% kX 5 Yoloaph
colls and that taken to represent the zona reblonlaris
contained 83& I 5 of "eompach® caells.

The distribution of histochemtically demonstrable
3p~hydroxystercld dehydrogenase activity in both horse
and human adrenal gland sectionsg gave the classical
ploture of highest activity in the outey sona fasciculaba
with lowest activity in the sone glomerulosa and inner
zona veticularis (see p.11 ).  This patitern of activity
was obtained with DHA, pregnenclone and with 1700H.

~pregnenolone as substrates (gee Plate ).

B. Stndlies with Horse Adrenals.

1. Incubabions with E}mM{ﬂ Progegtoerons.

Table 8 {p.55) shows that the recovery of radiow
activity was uwniforuly high, and Table O (p.56) gives
the peyoentage conversions of |§~14él@mgg@@nay@ma to

radioactive products having the chromatographlic mobilitiesn




PLATE 1.



of the ateroids named, These products had the came
mobilities as the refevence gberoids in geveral systems,
Since the percentage conversions were derived from
planinetric megsurenecats, the flgures quoted are
approsimate {ervor T 15%). They do, however, give the
corvect order of magnitude. It should be noted (TablelO
P. 62 ) that in every case, more progesterone was mebabo-
llsed by preticular tigeue than by fascicular tissue and
in two experimente out of three, a greater percentage of
the progesterone metabolites was veprosented by 1700H-
~progesterone, ll-deoxycortigol, cortisol and cortisone
in fasciculor tissue {(Tablel2 , p.64). Tables1l @12
(pages 63 & 64 ) indicate a similar slbuation with regard
to the transformation of progesterone to DOL and corticoe
GLerona.,

Table 12 (p. 64) shows yet another Lacet of the
results of this preliminary oxperiment, viz. the sum total
of the percentage transformation of the subsbrate
[é«léé]progeﬁtawon@ to 17a¢0H«progesterone, lle-dcorycortisol,
cortisel, cortisone, DOC and corticomtevone, isg remarkably
constant . ’

Proof of the ldentity of the peak ascribed to cortisol

is given in Table 13 (p.65).




Bxpt. done [gul@é]pr@gﬁﬁﬁmwmne ¢ pocovered in
{(F or R) incubated MeOH ag. fraction
{mpmelo) (pe) | (ue) (%)
i, F 191.0 5.0 A58 9L.6
R 191,90 5.0 4405 92.9
2 F 76.4 2,0 L.96 98,0
R 76.4 2,0 1.74 87.0
3, 1Y 38,2 1.0 0.96 96.1
R 36,2 1.0 .03 93.4

Table 8.
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66.

2, Bffect of Versene and Anasrobic Conditionm on

the Metabolism of E?‘cwgﬂ:l Prognenolona,

The figures obtained for the vecovery of SH are
uniformly high (Table14 , p.67) indlcating that the
radicactivity scoas (Figs. 3 & 4) ave ccmpawahle.
0f vhe incvbation conditlong investigated, it can be
seenr that thore is Little bto chope between
incubations 1L & 2 and dncubations 3 & 4 i.e. Vergene
hag no apprecisble efifect on the metabolion of the
Eumsé]pregﬂengione under aerobic conditvions. From the
secans from incubebtions 5§ & 6 and 7 & 8, 1t iz apparent
that the use of smaeroblc conditions alone asimply
depropses the botal metsbolism of the substwvate alt shough

the additvion of Verasene causes a alight iaoproveoment .,



Tnounb | | Cmisﬁ 3 Recovered

| | (mpc) (%)
1, F/UW/A 831.1 1.0
2, RAT/ A 847.5 82.6
2. F/V/A 821.8 80,1
4. RAV/A 837.2 83..6
5 FAu/N  846.5 82.5
G BRI/ 887.5 86.8
7. B/ 835.2 8.4
8, &/V/ﬁ< 835.2 8144

%ze‘a p.38

Tablie 14 .
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3. Effect of Mediuwa Composition on the Metabollisom

of [?q.««?’zﬂ Prognenolone,

Recovery of radicactivity was again high in this
series of incubations with the ezception of those in
which sucrose/ nié@{aimﬂmid@ mneddum was used for the
preparetion of the homogenate (Tabiel1d, p.69 ).

The vadicactivity cecan traces (figs. 5, 6 & 7) showv ag
in the previowvs experimeant, that the addition of
versene has little effect on the coursge of mebtabolicm
wnder the conditions escudied, The metabolism of the
substrate, E;'q...-.3z§] preogaenolone, to producbs other than
progesberone can be goeen to be very low in all cases.
It ds salso apparent that the optimal conditlons of
couversion of pregnonolone to progesterone are to be
found in incubabtlon 5, viz. the case in which tloscue
is homogeniped in sucrose/nicotinomide mediuvm and the
homogenate diluted with 0,2M phosphate buffer {(pdH 7.4)
containing 0,308M WalCl,

68,



Tncub, Code? 34 Recoversd % Recovery

in Agueocus of 3H in

Methanol Agqueons

Fraction Methanol

(mp€) Praction
1. PO, 1/P0, x 1/w 821.8 80,1
2. FO, 1/Po, x 1/V 898.8 87.6
3 PO, x %/POA o YA 793.3, 77 2
4 PO, = %/PO& w Y 840.3 81.9
5. smfﬁaé % 2/W 564.3 55.0
6. su/po, = 2/V 656.6 64.0
7, SW/Po, um 1/w 506.8 49.4
8. SN/PO, x L/V 547.1 50.4
O. | SN/TRIS wm 2/W 709.0 69.1,
10, SN/TRIS x 2/V 660.Y 64.4
11, TRIS/TRIS /W 893.6 87,04
12, TRIS/TRIB/V 873.1 85.1

Table 195.

Vgee p, 40
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4. Rabe of Metsboelism of Eth%ﬂ Pregnenolonea,

a) Fyom Table 16 ,(p.72), it is very unobticeoble
that as the time of incubabion is inoreased from § to
20 minvbes (incubations L - 5}, the recovery of Sy A
the agueous wethanol fractions (Fraction 4, see p.43)
steadily falls. The siosing radioactivity is nob found
in any of the other Practions. (When a large quantity
of aubsbrate {200 pg) i employed, a much higher
percenbage recovery of tradioactivity iz obseorved -
w 80,07 % 1,1 as a wmean of four detevamdinatlons of the
radicactbivity conbent of the agueous methenol fracvlon,
F@&eﬁi@m A |

Fron £ig. 8 4% @#m be seen that 20 ug. of pregnenclene
i@'wa@idly metaboliced by the guantity of homogenate used
and indecd after § minutes little move transformabion
of progosnelone Lo progestovone appoared to ocour
altbough there was a small inerease in the peak having

the chronstographic nobillty of DOC,

b) In this seetion, recoveries of radloactivity arve
set oub in Fable17 (p.73) and, as in provious experiments,
the bolk of the incubated label ig found in the agueous

methancl fraction. In experiments 1 - 6 the recovery

70.




tends to incresse as larger quanﬁﬁﬁie& of  pregeenclone
are used. | |

Aé might be eﬁpa@ﬁ@ﬁg & gﬁaﬂual ﬁmawaé&a in the
degroe of metabollsm ls seen as the m&aﬁ of ﬁﬁaw@iﬂ
inoubated increasen (Fig. 9), Ffrom «\{gﬁ% mebabolism
at the 50 pg level to ~ 25% mebabollsm éﬁ the 15@ s
Lovel, Appreciable gmamﬁitﬁ@@ of pradﬁcﬁa more

polar than progesterone were nob obeapved.

/1.
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fig.8

(T see Table 16.)




Tocub.| Proguencione Tacubated| Time Rocovery of 3 3
{mina.) | in MY Fraction.-

(ped | {mpG) {mpC) {%)

L 50 2088 5 1729 342
P 50 052 5 1477 92 .0
3. 160 4104 5 3476 84,7
4 100 4104 5 3443 $53.9
Ba 150 6156 5 5325 86.5
6. 100 6156 | . 5 | 5491 89.2
7 50 1026 . 999 9744
g > 50 1026 - 989 96 .4
9. 50 10%6 - 1014 98.8
102 50 1026 1090 106,32

Table 17.

. Eia.wsig pregoenclone added to ivnevbatdon mixture + pregunenclone
bofore addition of extracting solvents.

” E’@wgﬁﬂ progaenclone added Lo ingubabion miwbure + preguenolone
afbor addition of exbracting solventso.
&

aguecun mebthanol fraction.




P 10 SYSTEM

solvent €«—origin
front
preg.
prog.
2!
i N
preq.
prog.
4.
— ———— N
preg.
6.
prog.
J\_‘

fig. 9
( Tsee Table 17.)

Expt.2 :— '5 aqueous methanol fraction.
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5. Incubatioons w:@.uhh ) E}-— . EZ‘] DHA

.., S

Five determinations of Jp-hydroxysterold dehydirogenase
activity in fascicuwlar and rebticnlar tissue From the hovoe
! " ) " . . N » 314'1 " o b
adrenal covbter were made with [4-770] DHA s substrate.
The recoverics of vadiosetivity in the agueous methancl
Craction (Téablel18 , p.70) are almost invariably grestes

) » & :‘7 3]
than 90%, Afber paper chromatography in the PLO psyobem
{pe23) of the dvied residue from this fraction, only
poeaks of radioactivity corvesponding im moblility to
A!h,',,, T s g gt LY - A’?’ AR ) B gon o 1y g " y enepened
«androstenodione [ AVA) and DHA sbandards wore chserved

(»T*:?L,g};, 10 ) )

The areas of tho paper chromatograns corrosponding

4 \ \ - e ) .
to LNwandrostenedione aud DHA prospectively woere slwuted
and the eluates divided lubto two pavis. The firac pavt
~of each eluate wan acetylated and the sgecond part raduced
{pagos 29 & 300,  0On wre<chromatography, it was found
that a) the radicactive substence asseoiated with

A | _ . |
N ~androstenedione did not accbylate, and on reductilon

7<




had the mebility of testosbterone, and b) the rediocactive
substanes asscclated with DHA yan with DHA acetate upen
aectylation and with andprostenediol on reduction.

Flually, the sadicsctive veduction products with the

L S

mobilitics of topbostorone and sondrostencediol woere

acetylated and subseguontly found te have the chromatos

2,

wm@mmmMMkwwm@ﬁ%ﬁmmMWmmﬁﬁm%mw}mﬂﬁMWWa
@t@m@@i@l ﬁi@ﬁ@ﬁ&%@ vaspaectively.

Pabie 19 (ps 77) chows what 25 v ;*gé% @anum
Qﬁmhy&%@ﬁ&%%%ﬁaiﬁ ﬂ@hy@%m@émam@ ﬁﬂﬁivi“y,ﬁalaﬂ&@@iﬁ%@d
with the 5000 w g cuperagband Fraction prepaved From
honogenates of faselenlar ticsvwe compored with the ssné
Praction propaved ﬁﬁﬂm%ﬁﬁﬁiﬁﬁl&ﬁ'ﬁi&@ﬁﬁa

The gwwﬁ@i@ ﬂ%%@@g@%l&wﬂ%@m%rﬁﬁ cagh mﬂg@ﬁm&tﬁﬂ@

Eppobion was neashpred by the mebhod of Nayyaer & Glick

{1954) and the vesulis apve given in Table 20 {p.78),




Emonb .

CAoRe

- (g? laXy }:‘3'3

1*4C7Rma9Vﬁv@ﬂ 34
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6. Incubations with &mu3élPTegﬂ@nolone, {%a~3@]17aﬂﬁu

~Pregnenolone and [@“14(_?1 DHA.

a) Measurements based on the planimecric method.

With the larger quantity (500 ug) of [gnléglmﬁﬁ,
the radiocactivity scan traces were pimilar to those
described previously (see £ig.10 ) and require no further
CORMENT «

[éa~3ﬂ prognenolone did not glve such a simple
result . Peaks due to other produces weré cbeerved in
the case of incubations of the mitochondria-free super-
natant fractions from both zones {see fig,11 ). A
fifth (approx. 1 pC) of the extract in cach case was
chromatographed in the PLO system. Although the
incubation of the [}mugé]pregnenolon@ appearad to give

more [?@]progesterone in the extract from the Ffascicular

tissue preparation, substantial quantities of radicactivity

with the mobility of DOC and some which did not move from
the origin were obsgerved in both cases. The radio-
activity assocliated with DOC moved with the standard in
the PLO and P21 systems and, on acetylation, with DOC
acetate in the PLO system. On elution of the origin

materdal and re-chromatography in the PBS5 systen,




several small peaks were detected, the maﬁér.ona-,
coryegsponding in mobllity to corticosterone, After .
aﬁetylation of the elunate from the area of the chromato-
‘gmam corresponding to corticosterone, ﬁhe radioacbivity

roan with corticosterone acetate im the PBS§ system, No
:@viﬁaaca was obtained to suggest that appreciasble guantities
of! 17@ﬂﬁmﬁr@gﬁenalane were formed but traces of radiocactivity
appeared to be associated with DHA* In view of the multi-
plicity of the producte formed, the planimetric method

could not be justified.

BExtracte from & eimilar series of incubations with
IQngéll?m@ﬁ~pregm@nolan@ were chromatographed in various
pystems (PLO; PB21; PB55s; BLO; PG/T; and Bg/CHClng).
In no case was a satisfactory chromatogram radicactivity
sean crace obtained. Streaking dnvariably occeurred and

ruined sny possibility of planimetry.

b) Measuvement of produet formed by UV-sbsorption.

Praoliminary ezperiments with extracts not treated by
alkali sand acid washing were found to have a very high
haclground? abae@ptiom which was non-linear between
225 and 255 mp in ethanolic solutiom, Table 21 (p. 81)
shows some examples of how this absorption was drastically

reduced by these washing processes, yvet the final duplicate
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values obtained differ so widely as to make the method
valueless., Measurement of known quantities of steroid
- agains "backgrounds” of the magnitude and vamiability
of those demcribed in Tab;£=21 was found to introduce
unaccepsable errors in the determination of 3p~hydroxy=-

gteroid dehydrogenase activity.

c) Measurement of residual substrate by H,50,/

/ethanol reagent.

Table 22 shows how the extracts described in Table 21
gave rather different results when treated with the
sulphuric acid/ethanol reagent of OQertel & Bik-Nes (1959).
The situation was not iwmproved by the washes and if anything
was made slightly worse, It did seem, however, that the
"wackground? was approaching linearity more quickly between
AD5 and 430 mp than between 380 and 405 mp and so a
simplified corrected optical density wvalue (Saffran &
Schally, 1956) was employed from this point forward for
the quantitative egtimation of 4£§~3ﬁmhydroxyﬂtevoids
where

Aeo:g)n = 13405 -~ EASO (Cfo e 32)0

i

Tables 23 and 24 give the results of experiments




designed to show the degree off oxidation of DHA and
prognenolone over a perioed of time from 15 - 60 minutes

(see p.46),
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Bapt o Code | Substrate :?:'emm}" . Product Ratio of
(soe Table23) formed | product
(uge) A‘{%’“ A op formed
Pyog., ¥ (F/R}
(pg)
'3, DFLE 266 | 197 :
o 2473
DRLS 491 72
4. PR3O 164 299 :
k a | L.52
- PR30 - 2066 \ 197
g, DEGO 146 41y :
: 1,42
DRG0 240 223
6. CPRLS | - 485 71 -
| ' ‘ 11.80
PRLE 520 6
7. PF30 | . 433 93 :
. Q.48
PR30 331 195
8. PF60 800 239 :
. 1.06
PF60 i 2L5

Table 24 .




sew page 40

& The Flgupes ;E;a? wﬁagm coluwnn are derived vf?gvmm bhose dn
the progeding one on the ammayabim that the lops of
chyonegoniclty ‘iegﬂmm@%gm@ due o interference From the
tlmone ewbrack 18 consbsnt for any given sboproid in any
g v é?:z@;g,mﬁ*ﬁ.m@ﬂiz . The Justification Fepr 'ﬁsﬁfgziés, e given

in Pables 25 and 26,

¥ A‘@‘«amzﬁﬂa@mﬁw&m&imn@ {A‘{‘g’mﬁ.?

progosteronse (prog.)

Table 24 shows the velnes fop the quentitlen of
Ag'%m‘,a\«;%{;m:«zﬁsm&&:ﬁim@ ond opogestavone ealovlated to be
fovmad 40 the wnwmﬁ- e Anonbabdons . The figuves
wers aeb coppeosed For the loss of hydrogen from the
ﬁmﬁfm;isé“&%z@ sinee this erpor wos considored to be
negligible, Table 2Ds shows the vepulis of recovery
exporiments Ffor DHA at theree levels (133, 2066 and 443 us.)
From o hovse adrenal mitochondelasferee pupernatant -+
Cbuffer + NAD minturs (p.44) which had boen incubated For
30 winvben ot 37° pelor vo addition of the eterold
,( Eiwmé’_,] DL, 180,000 dpn, was also added to enable the

debormination of true losson).
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Tube DHA added to DHA measuped B% pocavery™
Thlank?® regldus {pz) of DHA
(ug.)
1 » 8 . 9 .f}’ . 4\ Q‘N} . 7
2. 197 0.7 54,8
3 35.4 232.0 62.1

Pable 26.
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7. Inovbatione with Pregnenclone, 17ali-Pregienolone

and DHA.

O AL 2 gy RNy

In Table 27, the substrabte recovered uwmchanged
feom each incubation after column chromatography on
alunina os measured by the suiphurice acid/ethanold
reagent le recorded in columm 4. (The stabistics of
recoveory of the thrae ‘ﬁfu3pwhyﬁ°omyaﬁewai@& is
disengsed more Fully in Appeadix IV, ».198). "Blank®
pwapawaMi@n& were also chromatographed on alvwming and
tvhe appropriete fraction evam@rmued to deynoss, i
most cases, the residuce did not appear to quench the
sulphuric acld/ethancl chromogen pesk {(Bwe Appendix IV,
Eh198) The pbwv@a»aga recovery of cach pubstrate ig

aloo g&Vgn ap determined

a) in the caze of pregnencdone by the addition of
Lrace omount of [%mﬂgﬂ proguenolone at the conclugion

4, F, ?
of the incubation and messurement of the recovery of YH

and

b} 1o the cases of LlYalHeprognenolone and DHA by
seasurenent of the quantities of these steroids which
could be imolated from noneincubabed steroild -+ tiscue

nlstures.,

The amomnbs of product Pormed were caleulsted by

92




difforonce, the offect of the loss of the twe hydrogen

atoms belng neglectoed.
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B. Studiog with Human Advenala.

1., Bffect of Veprsens and Medium Compogition on the

-

Metabolisom of E%,«?’}ﬂ Pregnenolone.

Ag dn similar experimentes with horge adrenal tissue
prepavations (p, 66 ), the recovery of 3 Prom all

incubations is high (Toble 28)., This again ecnabled a

comparigon to be nade of the radicactivity mean tyaces

off paper chromobograms and congeguencly of the various
incubation conditions.

It ghould be nobed that the use of sutrose/nicow
tinomlde medium for the proparation of the homogenate
did mot appoar adverscely to affeot the recovery of SH
in eontrast to the results obbtalned with horsge adrenal
preparations, In figs.12 and 13 & com be peen, again
in contrast o the horse tilspue egperiment, that almogt
complete mobaboliom off the E‘/q.»gfaﬂ pregnenolone was
ohaerved in all cases. Voraone had no discernible offeot
on the courcse of metabollisw under the conditions uvsed.
With homogenates prepaved in and dilubed with phospphate
buffeor, considerable quantiticn of metabolites with the
chromatographlc mobilities of DOC and corticosterena

wakrae observed. Such & marked conversion to theso

96.




Incﬁ%ﬁﬁioﬂ Cede? 3y reca&ared in
' MW €raction
(upC) (%)
1 : PO, ® 1/P0, x 1/u 930 8443
9. PO, w 1/PO, m 1/V 926 83.8
B SN/PO g ® a/w 001 8L.5
b ﬁN/P% w 2/V 935 84.6
5. BN/TRIS x 2/W 1,000 . 9L.4
6, | eam/‘fx‘ms % 2/V 1,007 91,1

Table 28,

for code, see p, D1
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metabholitos was not oboerved uwnder thoe other conditions

d@ﬁ’:@lﬁ“ih@ﬂ .

2, Zfocubations with Pregnenolone, 1L700H-Prognencolone

Table 29 suumarises the resuwlts obtained, The
blosue uned in these experiments came from a variety of
sources {(see Table6, p.48): Glands which arvived at
the labovatory more than 4 houvs after surgleal removal
from the patieunt were not spatisfactory. Despite
maintenanced at about &Q, they bhad wsually deterioratoed
to such an extent that the tissue wag too poft for
plicing with the Stadio-Riggs hand microtome and
homogonates were proparved with a mixture of cell typen:
Adwenals obtained without delay from the Glasgow Royal
Eﬁfiwmamy, oin the other hand, were normally in excollent
gondition for slicing and some (B.H. and R.V.) actively
metabolised the sbatrates imau%aﬁeda

Tn coluan 5 of Table 29, the figures marvked with an
asterisk were determined by esblmation of the wrecovery
of a trace of labelled substrate added at the end of the
incuwbation. The remainder wore found by measurement of

100 pg,. quantcities of subegbrate frow non-incubated

8.




tigsue + buffer mintures as deternined by the sulphuric
acid/ethanel reagent following coluwm chromatography on
alumine, Recoveries of all three substrates, estimated
by either technigue, appeared to have a wide variation.
Nevertheless, in the instances when good peparation of
Pascicular and reticonlar tissue was possible, it is
evident that DHA and pregonenolone are moetabolised to a
greater exbent in fascleular tissue, With 17a0H~prege-

nenolone, however, the situation ig equivoeal.,

99..
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DISCUSHION

As staved in the Results section {p.53), the tissue

taken to pepresont the zona fapelculata and zona robloue

laris contained a high percentage of "eleoar and Teompacty

cells, respectively. It die obviongly dmportant 4o
achieve an efficient soparation of cell types in order
that subsequent observablons of biologlecal activity may
be related to one pavtilonlar cell type. The low degree
of contamination ﬁ%&e?Veﬁ in the prosent experlmentis
should not gerlouvsly prejudice an sssespment of bioe
choemwical differences bobween the two zones,

The fact that L7ulH-preguenolone gives a hilsboe
chendoally determnined pleture of Jp-hydronysteroid
dehydrogenase acbivity similar to that found by other
woprkers with BHA and pregoenolone {c.g. Wattonborg, 1958
ond Paapson & Grose, 1059) is of partleunlar inbovost.

The use of the hovse adieenal gleand for a study of
the ponabion of adrenal c¢ells has not been described
before and the dncunbation of homogenaces of Zascleular
and preticonlar tissue from this sowres with [§w14§]progmﬁ
sberone peralbted a vapid preliminavy debormination of
the bicsyathetble aetivity of these tlassnes, It im

apparent from the vesults that the tlosne preparations
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sctively metabolise progesterone, and that the gpebicular
cell preparabions are dovardably: the mope active of the -
TWO The Fasdicular cell proparatilons, however, appear .
to convert a higher proporbion of the substrate wmoetabo-
Lised to 17a0H-progesterone, llsdeoxycortisol, cortisol
angd cortipone. Lo other words, these regulits indicate
vhat %he'ﬁéQCi@u1aﬁ mone i beblLex adapted to the
production of Cortimol than the rebicular zone. This
agrees with the evidence of CGwiffithe et al. (1963)

that ACRH acbe on fapcleular vather than on reblcoular
cells in vitre causiig a reapld oubpouving of cortisol.

Rigorousa prmbf'uﬁ'%h@~hio%yﬂtheaiﬁ'of-[?Qé]@ovtiﬂal
From [é~14Q progesberone by homogenates of horse adeenal
tisene was consideraed to be Amportant in vioew of the
failure of Ward & Geaot (1963) to find this stereoid in
sdmilar incubatdons with adrenal tlesue from human
subjecta,

Inceppretation of the figuwwes obtained for the
anounts of DOC and cortilcosterone igelated From lanouvbations
of each mone ig difficult. It la pomsible, however, that
there may be some relationship bebween the amount of
progegborone incubated and the figures in column 4 of
Table 11 (p, 63) i.e, the prabio of the relative proportions

of DOC and corticosterone Fommed in cach zone,. The
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different concontrations of progesterone may have
affe@t@d_%h@ Rim@&i@m of a @am%immlay sransf ornation
dn the pequence progesterone —— BOC —— corbleo-
sterene more in one zone than dn the other.

No comment can be ofifered at this time on the
appavent congtancy of the Lobal percentagse Urangfovma-
tiong bo the storolds we the pothways to cortisone and
corbicosbevone (Table 12, p. 64).

Baperinents 2, § and 4 were designed o Find the
opbinmum conditlons for the converslon of progacnolone
ﬁm p?ﬁg@ﬁ@@mnné wilbh, mimimgm embeequent transtormnablion
of the progeogterone formed, (The conditions deseribed
by Rubin, Leiponor & Desuce (1961) dor §p~hydronysterald
dohydrogenase asgay were reproduced in Buperlment 3,
incubation No. 3.}  Indeinlly the vese of sucroze/
fmimmﬁinamiﬁ@ solutlon for the preparation of homogenateos
m&@m@ﬁ'ﬁ?-ﬁﬁim@i@m with low recoverdes of radlosctive
ﬁ%ww@iﬂ@_{wgbim 15, po 69}. The chromatogiran radio-
agbivity seong, however, wore cncoviaging in bthat a
hilgh percentage conversion of pregnenolope to @ﬁ@g@atmwana
appeared to have occouryed with 1Lithle furbheyr metabollen
ol the progesverene and no appreciable mebaboldum of
pREsnenolong 4o @@mpamnﬂﬂ othar than progesterone.

Bventually with incovessod gquantities of substrate,
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condltions which might be satisfactory for Jg-hydirony-
pherold dehydrogenane assay by planimebric messnrement

wera found {(Table L7, p. 73 and £ig. 9).

These conditions appeayr bo he:

8) the uvse of 0,25M nucrose contalning 0.12M

nicotinamide for the prepavetion of homogenabos,

B) dilubion of homogenabes prior to incubabion
with an egual volume of 0,2M phosphate buiffep

{pl 7.4) contalning 0,308M NaCl.

@) dncvbation of 2.5 ml. of the diluved
homogenate with 100 pg. {(in the vase of DHA,
a furthoer locrease to L0 pg. was found
desirable) of sterold substrabe dissolved in

100 pl of propylene glycol at 37° for § minutes.
t ) Ly

In experiment § {p. 74); plonimotilc messuroment
of peak sroas Lrom paper chromstogeam padiocactivity
sean braces provided a sdople means of dotermining the
gmovnts of uwnchanged DHA and ¢£@wamd@uﬁt@mﬁdiwm® present

o dneubablon oxbpactsa, Since eguivalend amounts of

siesue preparations from cach sope were dncubated with
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the. same wedeght of DHA for the pame perdod of time, the
guantitiocs wﬁ’léﬁwamﬁwmﬁt@n@ﬁimm@ formaid may be used be
measure DHAWJp-hydrony dehydrogensae actlvity.  DHA-
«Jpehydrory dehydrogenase activibty proved to be greaster
in fasciouwlar tisone than dn retlounlsr tissue preparabtions
by @ facbor of 20 - 304 (Table 19, p. 77}, One might
have cxpected a mngh g#aa@@w‘ﬁiﬁﬁ@mam@@y howaver, in view
of the histochemical evidence (p. 53):. The peoaks of
radioactivity observaed by Grant (1064) at the solvent
Fropt and origiln dn radicactiviby gean twaces Lrom
@hvémmﬁag$mma of axtracts from similar incubatlions of
aderenal Stilssue Ffrom human subljects wore not poon.

The probeln ndtrogen content of ench tissue
preparaclon was deternived in order to gee 1T there was
&b mbvi@mﬁ pelabionship %a@wa&ﬁ the protedn miﬁ#mgmm
conbent of cach zone and %ﬁ@ corrasponding Dlkw3 e
~hydivony dehydrogenase aoblvidsy. No sueh welatlonship
eoudd be found., It can ales be gcen from the probein
pltrogen veluwes in Table 20 {p. 78) that 4Ff Ip~hydronye
aberoid debydrogenass asocbivity wore deteymined on &
protein nitrogen bagis, the ﬁ@&ﬂ&ﬁ@\W%ulé ptdll show
highﬁr S pwhydronysteroid ﬂ@hyd@ag@ﬁ&ﬁﬁ agbiviby in
fasolcular blssue, | o

e hap beon nobed above thot vosultbas of dnoubabion
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of miﬁmmh@md?iawﬁw@e:mup@?matamt fractions from fasclculan
and webicular tlessue with 150 pg of DHA did not show
dramatle diffevences in their DHA-3g-bydpowy dehydrogenase
apbivities, Porhaps these differenced might have been
wore apparent during the early stages of incubablion while
the vesctlon hkineblows apponimated wmore clossly to fivet
opdér,  Binge the guantitlics of product formed at this
shbage are very small, however, the planimetric method of
measurenoant would be of no value,

Wﬁkh‘wagard to Bxperiment 6, attempbs were made to
measwyre 3p-hydyroxysteroid dehydrogenage activity by three
different methods invelving a)} plaaimetry, b) UV
abgorpoion  and ¢) Cerbel raagent (see pages 44 and 79),
Preliminary cuperiwents had indicated that larger
quantibics of Jp-hydrogyaterolds would regquire to be used
if the residual subsbtrate at the end of an incubabion was
to he measured acocupately by the Oertel & Bik-Nes (1950)
roagent . This was due bo the fact bhat the "hlankt
valitas were high and the stevolds themﬁ&lvea‘aid nob
Forw very stropgly absorbing chromnogens. Congequenb Ly
500 pg quantlitles of the subsbtrates DHA, preganenolone
and LYo0Hepropnenolone were used. Ag gbated in the
Results pection (p. 79), the resulits of the incubatlon

of the lavger quantity of DHA were not significantly
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different fyom thoge of the Liret determination of DHAw
w3 pubydrory debydrogenase aobiydby.

A curdous festure of the owpordments ilavolving
incubation of the larger guantity (500 pg.) of proge
nenclone was tho appeavence of mmall but discernable
q&aﬁ&iﬁi@& of steroldes with the chromatographic
m@%ﬁliﬁi@ﬁ off DOC and corticostorons . This obhservatlon
had mot bosn made dn the saplder seb of ewperinoabs
with whole hosBogenabén. T view of the Fach that the
amoumbs of these more poley metabolites wepre small,
and that compavabive cxperiments with fasecicular and
rﬁ@i@wi&w tisave prepaspbions showed that the fascloular
viesue proparation had the higher prognenolonge e
shydyory dehydrogenase activity (£lg. 11), it was
decidad vo pursue this espprosch and to try Lo measure
a) the bobal Z@w%wﬁmm$%@$ﬂ$ﬂa prepent by their colliegbive
&%ﬁ@wgﬁimm at 240 wp, pr b) the vesldual svbstrate by
a specific chemdoal wroastlen for A@wzﬁwhydwcwyﬁamwniﬁw
{Deprtel & Bik-Nes, 1959). The ncasurement of the
240 wy abeorbing stevolds formed was vsed by Rubin gt al.
{1961) for the determination of the 3ﬂmhydwaxyaﬁ@wwiﬁ

ity

dehydrogenase acbivity of advenad tissue from husan

gubiects by & sluple subfiragtion of s "issue blank?
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v (1956)

m*z.g,,ﬁm be wsed. Tt wan found, howeves
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(1) determindtion of radicacktivity and {44) Qertel
voactlon, did not agree (Rables 25a and 235k, pages 89 ond
00) . Tire valu@avgb%aiﬂ@ﬁ by the Ouvertel raaction were
consistently low  d.e. Yguenchdng® was taliag place due
to dnterforence by some congtlbuent of elther the tissue
Lipdd ﬁr&mﬁiom ond for polvent ﬁamiﬁa@& with the
sulphuric acid chromogen., Thie offeet was found to be
rolatively congbent over s ¢onsidorable conceniratlon
m&mg@ of sterold and afber thorough dnvestigetion, 1t wag
Round to be dus bo impurlbies of both tlamie and solvent
opdgin, ,

The rosults shown in Teble 24 (p. 86) obtained by
measprenont of rosidual subatrate indicabe once again
that thopre im almogt dnvardably a higher DHA- and
prognenolone«3 gehydrory dehydrogenase aebivity in
fasclounlay blspuwa, T view of the observed Pguenching
eEfoob?Y, however, in the detepmination of Jp-hydronyw
sterolde by suilphorde scld/ethanol reagent, it was
falt that optinebos of ensyme activity could only be
sppprorinnte, especialiy if the smownt of pubsbirate
metpbolised was lov (see e.g. Incubation 6, Table 24,
p. 86). Tt was obvicusly desirable, therofore, to

elininato this "guenching effect? and to determine the




rocovery of subgtrate by more procise MOans.
Appenddx IV (p.198) shows that very consistent

rogoveries of DA, pregoenolone end 1700lH~prognenelone

Cab different levels are obtainable afber coluwmn chiomse

bography on alumina, From Table 27 (p. 94) it 1o also
apparent that the wide vardatilon in the ratlios of A
whydroxysterold dehydrogenase acbivity (F/R) using DHA

ond pregnenclone ap ounbstrates was eliminated throuwgh

the use of column chromabography . The third substrate
used, L7a0H-pregnonoclone, gave eguivocal resulic.

Althongh 16 i posaible that the ropulio obtained did
indeed imdicate a groabeyr L7¢0H-pregnenolone-3p-hydrory
dehydrogeonane activity in fascicular tissue, the difference
in the activitien of the tuo mones io agt large.

The foregoing discussion hag doalt with egperimonts
on horse tlssue, In the experiments with adrenal btigoue
from human subjects, ﬁhe»he@t econdltlens for j3f-hydroxye
serold Mahyarwaamaam assay were again found to involve
the use of howmogenates propared in suercse/nicotinamide
and diluted with phosphate buffer, although TRIS buffoewr
could have been pubgibitwied For the phosphate bufier
without deloterdious effect. As with the horse Li&&v
experiments, Dl aod pregnenolone~3p-hydroxy dehydroe

genase activitien were shown o be groaber in Faselounlar
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cloaue but again the results obtalned teing 17a0Heprege
nenolone were eguivecal. Lt is interesting teo wobe,
however, that even with widely differing ﬁﬁ@f@@a'@f‘
mebabolinsm, the ratios of the snounts mﬂ"ﬁééﬁnﬁwgw
stenedione op progesterone formed (F/R) ave remarkably
constant

The expeviments in Port T have eptablished that
there is a gieaber $p-hydrouysteroid dehydrogensse
‘activity dn foseleular tissue from hovse and husan
pdsvenale veing substrates DHA and prognenclone., In
view of the analytical problems degcribed, mobe sophlptie
pated mothods for Jp-hydvoxysterold dehydrogenase assay
- may be developed in the fubtupra,  Neverthelegs, the
prosent results show that retloulsy tiesus i aa@&bié
of dehydrogonating .é@mggmhyﬁwvﬁyw%@wmiﬂa and, in faeb,
the difference dn activity between the bwo types of tlemme
im not nearly so large as the histochanical obgervations
might esugmest (e.z. Plate I). One possible explansbion
for this might be that tisoues used dn the histochemioal
and bicchemieal sssaye apre tregted in dquite diffeprent
ways. The tiseune gection for histochoemical spsay ie
deep frozem, drled, acetone washed and then incubatved
with an enormous oxcoess of substyate, ALL of these

factors, espocially the last, could greastly infludnce the
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i%&ﬂ roesult., | ‘

A biochemical és@aylaﬁ ﬁﬁ@hydﬁamy&tawmi@ d@hydéom
@éﬁaﬁé5’hﬁw&@a§ noownraboly 16 moy h@ i covmg of |
AéW3%©$ﬁﬁﬁ@K0i@‘f rmed op gpmhyd@m y&&@wmad mm@hﬁng@d
@émaiﬁin@ por undt bime, can Goll ma ﬁ@bhlmg @h@wm othop
yoacbione vhieh involve észﬁwhydm@xymt@mpidﬁ wh&mhﬂ

haugh ﬁhmy were aot deteabableo vmﬁgv the condldbions

of assay umed in Pnﬁb 1, may abill @lay an-imp@rﬁamﬁ rola

[t o VR A0y

ta the metabolism of mh@w@ B @m@&ﬁm An, VAvO. Thene are - |

naow discussod.

. ; ﬂ‘
L ?uau@wbw*@&d Z@ ZYmiaﬁm@mam@.

22 ’ : i

Throughewt the cewperimental work of thoe Thesis, it
“haa been Assumed that the trenafommation of a ﬁﬁwﬁﬁm
whydeonysterold to a Zﬁ@ﬁwﬁvmﬂuﬁﬁﬂid in g onessbep
process. A otated in the General Introduction {p. 8),
howevey, there are really twe steps dnvolved (see figuxis

7 .
9.9)  wizm., a AVw3pehydronysteredd dehydvrogenase aod
. H‘v}buxl.,uq

4 - .
a geoxostoroid Aw Mulcomerase, Kewahava (1960)
inolabed a evygtallisable bacterial lsowerase which will

”

Gonyert ‘ﬁfwgmﬂﬁﬁﬁﬁam@idﬁ o) zﬁ'm wonoatorolds with the
intremolocular trappfer of hydvogen from Ced to Ce6
(Pataley & Wonsg, 1955) bub withowt exchangs of hydrogen

with the loomerase (Rawsbare & Talalay, 1960), Similar




@@mﬁi@% im mammallion sysoens dondlcate that rab iiv@w auaed

human sevum (Talalay & Wang, 1955) also contaln isomenags
acbivity-ond that all tigpves capable of aterold hormons
bilopyathesis, contaln incmerase activity (Rawshara, 1062).
Recent work (Bwald, Worbin & Choikeff, 10643 Keliokemper,
Popehielll & Ringold; 1964) indicstos chat ox ond rab

&ﬁﬁ@mai‘§?@§&waﬁi@mé combaln At least bwo lsomerases
« poseibly & Cyo and a €,y isemevase, It wowld geem |

bo be qulbe possible that gimiler lsomerases owist ia

"

homan and hovee adeenal tissue, 16 is equally posaiblo
chat the type of adrenogenital syndrome ascribed to a
Spehydporyetoroid dehvdrogonape doficicency (Ronglovanni,

1962) could be dus to on isomersse deficlency.

2, Sulphates (3p-sulphoxysterold estera).

Ton 1957, Bouwlicw laviated DHA sulphate from the uveine

ol plasma of a pabdent with an adeenal bumour and later
{(Bauiiew, 1960) he was able to show that this mubstance

is an adpemal secrobory product, The in vive convession
of cholesterel suwiphate o DHA eulphate (Roberts, Bandi,
Calvin, Dyucker & Liobowman, 1964), pregnenclone sulphabe

o DHA sulphete (Calvin, Vande Wiele & Licherman, 1963)

E ey b

end the in vibpo conversion of pregnenolone sulphate to

15|




L7a0d-pregnencolone sulphate {(Calvin & Lichegrman, 1963)
hove atl been demongtrated. There is gg.evidaﬂmag'

hotever ,- that the intercopverslon of froe sterold and

sulphate esber oceours very oamily.  Ip-hydeoxyateroid

dehydrogenase. {Boyer 0 Samvels, 1956) and. steroedd
sulphatase ave both stated to be flraly bound to bthe
mierosomal fraction, Tadeed, Robevbs ob al, (1964)

(AL AES S 2 N

ghowad thot cholestercol sulphate labelled wich 3% and

. 35

TP TR AL A R A R

8 was mebaboliped to DHA sulphete dp vivoe with a voery

] fig
pimilar aﬁ/SJE vatio. This must mesn that the peripheral

%%ammfovmmﬁiﬁnloﬁ gteroid sulphates to the corresponding
fyes sbterolds must be very slow., Ne evidence in the
present sories of euperiments indicated that sheedficant
Qmamﬁiﬁi&ﬁ of bhe @adimawﬁi@e~&mﬁmt$at@m léwﬁéélﬁﬁﬂg
E‘:wrg.?g mﬁ@gﬁﬁwlmm o E?cc,--BIﬂ 1 ‘7{1.@3&4@:@5@@3&101e::s'm, had been

trensformed to the corvesponding sulphate esbers.

3. Alberagtive Pabthways.

Although conplderable efforto were made vo deboymine

optimal incubstion conditlons fopr the tronsformation of

¥ ' B
. . 4 y
Af’mg pehiydroxyeterelds to A*mgwmammmwicm {cag. of

proguenclone to progesterone), it im enbirely probeble

that this sltuwatlon is not vopresentative of the
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ﬁ% slological state., Ao alv&n@y wo. ted wa (g. 13),
wo know thab g*ugﬁoumi@mc iﬁ ﬁvaﬁ E@mued um GO 1'%&@1
,gﬁ:' @g@@bowmng ?mw uhdu'mm a&m wnmt R pﬂthmy @mj%&u
”;Lg ?aUprra oLo 'vwiﬁﬂamdg pha Emuﬁwv veute m?yh&
‘QVOQ be bﬁa mwjéﬁ”é#e.“' Th@?@ L& als a mha p@mm bdlity
tﬁmb ﬁv@ ﬁn@l@mc m&v <] pM&ﬂ&&@?M@ﬁ by vaw&mm hydoeoryw
mujom yaaatn@mm L@ | .&. 2? @ﬁwwvegmeﬁwian@p 7@,21 e
wﬂ“@fmﬁﬁﬁlcﬂe oP Gven 1&93 Fo, 81 @hmppwgnenmfama bermp&
dmhy@wmg@ma®ﬂmm ﬁ@ 3@h5 limﬁﬁowyuaw&?&ml @w P@Wt?ﬁ@ﬂ

wmmmm%w V&jy. Buoh ﬁ@ﬁﬂ&i@ﬁmﬁb 1O awwm 21 unpﬁagw

aoiama nm ”7%g 2L Oﬂwpmegncnelon@ hﬁVQ bomﬂ shown uo

OGP i@ o aﬁmmmﬁl mmw {@uwi%maw @w“am U Nab@wmg
1962) . m@ iﬂa@ﬁ%@tl@ﬂ was ol a?mabi a1 hﬁ& Gype of

mmma%aliv 3muhway with the tee quuer mmeﬁ An Papt I

§ the Thosis, | |

ey ﬂ%&MﬁW&; ?éWﬁ‘E hém pw@ﬁmm%@& é“iiéﬂé@ ﬁha@ DHMA

a@d nwb&ﬂ@w@imn0~%pthQWGr§ ﬁﬁhy&wegamauu activity (and
possibly N?vﬁﬂmwfmgmnﬂm?@aam?pmhydw@%; d@hyﬁwa ERABe
‘ uﬁv.ty} e higﬁay in the zona faselevilata of the adronal
covbilees of hopse and man.  The poonlts obtained, howover,
do not dndieato the large difm@&mmﬁ@ in activity pugsested
by the histochenleal ovidence and ludeed it wap found thab
roeciconlay bisoue contailns wuhgﬁaﬁﬁiai.amounﬁm_@ﬁ 3P

wwydwaxyaLmy@ X&) @@hyﬂﬁmyana 1@ aotiviby.,
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At this stage. im ﬁha amwm soheations, it @aém@@
possible that o Wmﬁﬁwﬁ atablon of the ruaa&hw &m G epme
of mmii ?vnahx@w miyh& iﬂ@lﬁﬁﬂ Q aﬂfﬁawamm@ 0 magmw
ﬁmue@ﬁ @ﬁmm @ﬁ@ﬁﬁ&ﬂﬁi@ﬁ@ B0 QO &amwl in the wm call

ﬁyw@m# Pexhan% p@@‘ﬁ&ﬂ@ﬁwma-———+ p@ﬁy@mm@@@ﬂ@._*

‘l-——bl?ﬁﬂHMQﬁﬁﬁﬁﬂﬂﬁvﬂﬂﬁ —_— W”wda@mvm ﬁ@m&m@ —_

——a-ﬂﬁvtiﬁn% i@ ahﬂ mw% ﬁ@mﬁa‘im &hé fapedonlor
wone, in vlsw of i@& %igh@m pﬁﬁﬁﬂﬁﬂéi%ﬁéwﬁﬁ¥hvd’uyy
d@hyﬁﬁwggﬁaﬁ& aﬁmivmﬁvﬁ @h@@@af %hﬁ pﬁ&ﬁﬂ@%@&@ﬁ@-—a-

imﬁﬂm v% meﬁniaﬁ& —_— %?mﬂﬁw@wmgmgufwmma —

«4> Ll-deonycortisol — copblsol ig the main voube
in the r&ﬁm« Loy %@ﬂ@; These Q&ﬁﬁﬁiﬁﬁm wewe Furthep
@mvmut$;@mm@ bg Bhe maﬁe ma§h3mﬁﬁﬁahm@ whmﬁaua@

mxa—-«

ﬁa%ar&m@& in Papl IXE.
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PART  TX

Ip-HIDROXTOSTEROTD DENIDROCGENASE  AND

THE RIOSTNTHESLS OF CORTISOL




LHTRODUCTION

In the experiments already deserdbed in Part I,
Iy A { ~ oy 5
atbonpbs wore made to coupave the conversion of N wi3pe
» i (\? L)
JDydronystorolids to thelr coveesponding N -3-onosteroid
devidvatives by fascicular and retilcular tipsue in celle
oo gystens designed to mindnisne subgoeguent tranafops
AGLONE Tt shounld be vemembered, however, that this

sitvation is not enptirely welevant o the condltions which

obbain ip vivo o even in iobact cell preparations la vitro.

[ R R e o T

SXtnes g e

&

ALl experiments in Part 11 wewe performed with intact cel

baet

prepsarat Long .

The maln concern of the investigabions deperibed
throughout the Thesis is to oxamine the relationship
botween the hilstochemnically obeerved distribution of Jp-
~fydronysterold dehydrogenase and the activity of this

ensgyae in the different sones observed bhiochemically. I

i aleso dmporbant, however, to try to explain the

aslsnificonce of the distribublion of the eazyme in the cell
typen Found dan thoe buwo sones — Vo debevaminre how the

activity of this enmyme or group of ensymes influences the

biogyathetic natterns of the zones.

n

Phe flrest section of Part TL deals with experimeats

119.




designed to measure the velative abilities of fasciculay
and reticular tigsue from the hovse adevenal copten to
Lransform [ch?‘}_ﬂ pregnenolone, Eémwfﬂ PROgesterone,
E;_?mﬂzﬂ 17ublepregnencione and [{Mm'ﬁﬂ LTalHeprogosterone
bo eortlsol. I the only pabhway Lron 1700H-proegnenolone
to cortisel in yis L7elH-progesterone and lledooxycortlscl
(Fip. 14 ), and if the step LYelHeprogoenclones — 17605
sprogepbaerons s rate-liniting in the tranaformation of
L7aUwpregnenolone to cortisol in both sones, then
pomparison of the ability of the two btlesuves o transform
17e0H-pregoenolone end 1L7o0He-progesterone to covrbisol
will dmdieats if edther tiseuwe has a higher L7a0l-
«pregoenolons« i p-hydroxy dehydrogenase acbivity. Having
obtalned such information, one may then atbempt to
compara, in o similer fashlon, the pregnenclonee=?p=
whydeony ﬂ@hy@wmg%ma%% activities although the situation
is n@@@@ﬁawiiy more complicated, since pregonenclione ds a
branching @@%mm for different blomynthebic pathways
{(£ig.14 ).
hs alwveady statbed in the General Tntroduction (p.13),

Weliky & Bogel (19062) imvestigated the metabolism of

,,,,:E.&'g s ; .
B ‘?ﬂ-pﬁ?@@ﬁ@ﬁﬁ‘%m"@ﬁﬁ ana E’ﬂ»"gé’g L7a0l-prognenolone by an

adrenal twaouy from o hwpan subject. In & laber

120
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exomined the metabolisn of

Efm-gi‘%ﬂ pregnenolone by hume
exporiment, the sime anthors (Weliky & DBagel, 1963)
examined the wetabolism of [éul4é]@w@g@@tam@m@ and
[ﬁm*gﬁ pregnenclone by humman hyperplastic adrenal tlssue,
In the case of the btumouvr, wo detadls of the cell btype
or bypes present were glven, nelther wae it stated vhether
the tunour was an adenoma o & carcinoma. No attempt was
made in the case of the hyperplaestle adrenal to separate
fasgelouler from reticular tissue (the results which these
workers obbalned will be discussed morve Tuwlly at a laber
sbage, in conjuncbion with those of the present findings).

In view of the lack of any correlotion between cell

type and bilogynthetle activity in the experiments of
Welilky © Bngel (1962, 1963) just descrdbed, 1t secemed
essential to estend their work, The secound scction of
Part I3 describes this extention viz., the simultaneous
incubation of Eﬁwm}'@ progestarone aond Eimwglﬂa pregaenolone
with slices of fageleular snd with elices of reticulawr
tiesue from a normal adrenal glauvd purglocally removed
from a patient with breast cancer, The purpose of the
expeosiment was to luvestigabe the possible roubes which
mpy be followed dn the bileogynthesis of cortisel from

Ggo

&
. & ~ ? e 2
prognenclone by comparison of the “H/1*@ ratios of ceptadn

14 N
metabolites of léw “él@ﬁmg@@ﬁ@%@me and I}mwgh pregnenolone

7621




12 3]}

afber incubation with tissune from each soue, is the
biloayathetic pathway vig 17o0H-pregnenolone o yils

progesterone or bobh since piregnencolone may be wmebabolised

) :gi :a&
to cortisol by route ga - ov by roube bhb 7

For each lncubation, the radicsctive [%mmﬁéﬂpwagm
nenolone was diluvbed to provide a pool of aubsbrate,
Ihie was done in order that the effect of the lunbroduction
of a trace amount of l4ﬂ labelled lntermediate vwhich covld be
eilther E%«-:ﬁ“&'é] pProgesherone or @»34&3 L0 0H-pregnenolone
shovld be mindmiced. These l4€m&&b@&&&ﬂ conpounds ave

o

obtainable only in sbates of low speeifilc activiby compared
] ? * ] :ﬁ.ﬂ -
with the “Helabellad gsubstrate preogienclone. Only 0w

«tabelled progesterone wag, da fact, avallable for the

emp@wim@ntg and this was used. Moreover, it was necessary
to detepmine the 3%/14& pablos din sebabolites of bthe
intermediate and since, For exemple, LéalHeprogosterons and
DOC (metabolites of progesterone) are casior to moasupe

than the ‘égﬁﬁﬂwhyﬁ@@mymﬁﬁwmid mobabolites of 17a0Hepregw
nenclone, progestorone was the obvious cholee of inbermediate,
& guantity of unlabelled LYulHwpresacnolone eguivalent bo

the £§~i4é]@raga@ﬁmvmﬁ@ was also added, in order that the

roube ﬁﬁi.@h@ﬁlﬂ aet be favonred,
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BIPERIMDNTAL

A. Biudics with Horse Adgonal Tipguo.

Ineubatliong w Ltk [ Meﬂ Progesteprone, E?ss,m";?iﬂ Ez%mgb'im:smz TS,

Ei @ mminwrmgam’@,@wmm am% f&}s %XJ 7@@31—3"@‘%‘“@@(@%01&}%@

Slices of fascliovlar and retlovlar tlssuve were
prepavrod and babochos of 300 B chopped with a safetby
rasor blade untlil the tisgue appeaved to cootalin no
Jowpe . These mincoes were then incoubated with [-“‘ @] PROZ-
eBbarena, E?q—ﬁzﬂ prognenolons [ ‘?';] Ve ll-progesterone
o E’@nghzl L7edlieprognenoldue, ag shoun in Table 30 (p.125)
in 4 mi, of Erohs-Ringor bi am"ﬂamfm"ﬁ.,@ +oplucose medivm
{see Appendix 1 , p.190) ab 399 for 2 hours in an atmosphore

{;}F 9 ?‘3 235% ﬁ@:g'

Gftor incubation, 20 ml, of #e:sa*é;mm + 1 mi. of ethanol
conbalning 250 pg each of cortiacsl and cortipone were added.
The mixture was homogenised wlth a Bilverson {(8dilverson Ltd.,
55 Power Bridge Road, London, 5.5,1.) homogenisesr, and after
cenbrlfugabion, the supernsbant was decanted and the tissue

residue washed twice more with 20 nl. of scobone. The

conbined acebone oxbtrachis were evaporated almost to dyyness

in o robary evaporatoy, and partltionsd bebween 10 ml.,
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light petrolewn (80-1007) and 10 ml. 80% agueous methanol
in 8 sbtoppernd best-bobe. The potroleum layer was
exorecbed twice msore with @qmalvvmlmm@@ of SPRSOE
methanod combined exbrsots were again balken almost Lo
deyvness dn a roboiy evaporadbor and 10 iy of water wasm
added, The sgveovs mixture was thon extracbod theee
tidmes with egual velumes off chlorvoform and the conbined
ghloroform extracts blown bo deynoss in a stresm of alr
%Eiéﬁfﬁ 14 ).

The renidue from the dhloroform axbract wag chronagbo-
pgraphed on thinelayer Bysbem I Lo sepavate covtilsol from
oorbloone These sterolds were then elubted aond thelds
ppecific activities (8.4.) measuved before and afteyr the
formation of derlvatives (p.29). Vhen the specific
activities of a sberold and its derdvatives varied by leos
than 10%, the sean speclfic sebivity was uped to caleunlate
the percentage convepslon feom the ordginal redicactive
grbeprold, A floweghest, uwsing cortdsol as the example,

io shown in Filgd1b .

Caloenlatdon

Uping the converslon of {é&i4é]pymg@&t@@@m& GO

14
TG corbilooel as an exonple,

1 £4
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1.4 . kY, R
% econveraion of Ié“ ;G progesberone o 4@ covrvinol

mpC/apuoie of cortisol dmolated x mpmole
gortlood addoed _ % 109

e

] :in ﬁ- 8 5 i3 v
mpls of [éa “Clovogeshoerone incubatod

{the nage of the radiloactive sberold actually transfovmerd

to cortisol during tho incubation is neglectod).

7
o ° 1 oy L . ' ] ¥ IR N 5»1&.4/' '
B, Simultencovs Counting of 1 ama ‘e {Double

Tootope Counting)

Séﬁ@lem Zor n@ﬁw;ﬂm@ Qé?@ prepered in glass vials
eﬁm&aimiﬁg 10 il ﬁéiﬂﬁiﬁiéﬁ@? mé@imm, as dewmrﬁbeﬁ in
Powt ¥ {p.27 ). Ei&;&dimz«:ﬁ;:&v:ﬁ.ﬁ:y’ was fﬁ.@té&"mm‘md Iry E"’amﬁzmﬁd
Trdatarh miquiﬂuﬁﬂimtiiiaﬁiéﬁ ﬁpémt@@m@tmyp Modeld 3214
{Packord Tnevrument Co., iﬁé;ﬁ Loy Qﬁaﬁg@,‘ﬁlliméi&).
With o voltage oﬁ'3;79?9'ﬁﬁﬁ Red Channel vas set with a
"v31téﬁ@ &iﬁ@rimiﬁaﬁ@m gut@mﬁf LU DAY aﬁﬁ mmpliﬁiew gradn
off 45% wiving efficieoncles of counting of mﬁﬁw@ximatﬁly
Q.S%‘fmﬁ 14@ omd 18% Lo 3m. The @wéam Chennel was sob
witch & %&lﬁég@ diéari@iﬁ@%wy‘gat@ of 19@*1@@0 awed
amyiifi&m géim of 4% givimg ef ficlencicn wx'amuu%ing of

. ' .' T X és' . ' . . a I wy9 . o
spproximatoly 489 fow Y0 and 0% for SH.  The disinGew

o h N A4 e _
grotionsfwin, of “H and “YC in each vial were determined

by application of the dabta obtained to the coguations

129
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bolow {(Packaid, 1962), which ave casentially those

degeribed by Okita, Kabara, Richavdson and Le Roy (1957).

B = ByBgp F Bglag

2 e AR AR
g = MaBag v AR

2

whorea Al = gotlvity of isobope 3 (3H}

Az v ] 41 W 2 (i4$}

51
1z

Ry = countg/min, in the Red Chonnel,
Ry = counie/min, in the Creen Channel.

B, = counting efficiency of dootope 1
in the Red Channel.

e = counbing efficlency of dsotope 1
in the Green CGhannel. ~

Bop = gounting efficlency of lsotope 2
i’ in the Red Channel.

E?G = counting efflclency of imotope 2

in the Groen Chounel,

Ne gquenching wae observed uwnder the condlilons
doseribed above. Determalnatlon of the opbimal counbing
conddtions for the separablon of the peparticlo spectya
of I anel L was performed dupding dinstallation of the

ingbrument ,
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Go Studdes with Huunon Advonal Tiseuo.

1 Adrenal Tisouo,

The pabient (B.R.), 56 yoars old, wae suffering from
bhroanh Ccanco, Peioy to operption, she had no shoerold,
AGEH nor pitudtery dmplont therapy. The glond received
at the labovatory, approudmabelds 8 howres afftber pemoval,
was of nornal appeardince snd welghed 5.5 ge (sub-tobal

sdvenalectony, left side).

2, Bimunltancous Incuvbablon of [Zlm*gg;gj Preogonenolona
T . i
and [&«i"f'ij Progasbodone.

LT

Two incubation vessels wore propared each conbaining
100 pl propylens glycol

10 wl E}_“@«-*?’Eﬂ pregoenolone {a.12 p,g}
2700 ug pregoenolone tobal 92.35 mpuolen

%’m@ E@« Gl progesterone {(7.25 ped tobal 23.00 apaoles

L7a0l-pregnenolone botal 23,00 mpeoles

.@immmﬂ plices | &‘3-‘){5@ mgs ) of Fasclevnlar op vebicular
tissue were inoubabed with the gbove mixture ab 3‘?0 For
2 hourg in 4 ml, of Krehg-Ringer bicavbonste + glucose
mediwa dn an atmosphere of 95% 0, + 5% €0,.

Toneubgtlons were gtopped by the addltion of 20 mi, of




132,

acetonae, and 300 pg, each of cortigol, LlVelH-progesteronc,
Léedlleprogostorone and BOC were added in 1 nl. of ethanol.
Mixtuwres were thoveupon homogenised, extracted and pariie

tioned, as described on page 124.

. Pollowing prelininary separation of sterolds in the
CHOL, exbract on a thinelayer {System IV, page 25 ),

3 °

ppeclfic acbiviv

L]

des of the four gteroide added wero
deterained in o sinilar fashlon to that desoribed on
page 126. Petoils of deslvabives formed and molvent
syscems used, ave glven below:

Thin-layer solveant sysbewms K, JJ’ I, TiX and IV are

3

degseribed on page 25 .

acetylation
roifor bo bthe reactlons desieribed on

pages 29  and 30 .
padooeblon

J
)
owidation )
)
)

Stercoids shown in parenthesis ave the ond products used

in the deberminablon of the specific activitien (8.4.)

' a) ?mﬁﬂupwmgu GOrRONe.

L7eNll-progesterone wag flrgt subjected to the acatye

o

Lation veaction Lo convert any aecylable dmpuridties to their
corresponding acatataes, Subgeguently, l7ebH«progesberone,
: vhich does not acetylate undey these condlitiong, may be

readily purdfied by thivslayeyr chrometogiraphy.

R
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The cplovlabed porcentage conversion o each of

"

N

%h@m@'&ﬁmrmi@w from the radiosctive substyabes then
a&iw@mﬂ certain gonclusions o be deawn as to the
W@E&%ivg mopgnitude of albermabive pathwaye. Lo eorbipol
snd Loeltleprogasterone in faseloular and rebicular

»

Gissue frem the human adrenal glend ln vitvo.

i
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RESULLS

I

St ml les with Horse Adronal Tisoue

‘.Ujhe radioactivity recovered in the agueous methanol
Eraction from ecach incubation awfmc-:‘ is mec owe dn
Table 31 . In most cases, the recovery ie over 80%.

Low recoverics (60 - 65%) were observed whoen Em-gﬁ PG
gnenolone was incubabed with faselcular visoue, The
faot that recoveries of radicactivity in expeviments
tavolving the E.ncm?m‘iﬁml ot [_/a;sw E:_] L7aDlimprogoenclione
and E%. M’tﬂ /mmﬂwgamog@&m@wmw were uniformly high, wounld
seem to dndlcabe that in experdments 3 and 4, the low
recoveries were speclfically due to loas of substrates
Eim-mﬁz%ﬂ psaég.gmmmié.@m@ o E{é"":&'@d PROgestorond.

Tabld 32 shows the specific activities of the diluted
metabollte cortisol dsclated From each incubation, and ite
derivatives., In o fow instances, cortlsone was also
isolated, Ropeated vhine-layer chromatography was ofben
necessary to obbadn three gpecific activitdies within the
109 mazimom limib of erwo, Indeed, in several cases of
very lLow 3y activity (cortisone), this was impossible and
only twe Figures can be quobed. Prom the mean ppecific

acbtiviticos of the cortisel and its depivatives, 1t was



possible to caleulato vhe percentage converaion from
the orlginal radicactive storeid lncubated {(see p.126).
Tabhle 33 shows the Cigures obtained. it shounld be

notoad thatiwe

a) all stevolds incubated ore moro readily converted
o aorticoel in the faseicnlar sone than in the potioulapy

BONE.

b) the 3p-hydrosystoroidsn areo less effective procurscrs
of cortisol im either smone than thelr corrosponding
Aepling onidation derivabtives progestecvone and 1700

w»DEQEORT QDN .

¢) L7eOb-progesterone i converted to cortisol in much
higher yields in hoth sones than the cother precussors

investigated,

139.]
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Studies with Human Adeenal Tlosuae

Good %&a@vw@i@m { >808%) woere obtained for both 3M
avinel léﬁ from both incubetions {(Teble 34). The speciflc
apbivitios of t%é mberolds dsolated and of thelr dorivie
tdves are given du Table35. In the camoe of BOC, i
proved duposaible to obbain thireo 3% speclfiic activitlasn
within the 107 mawimun Liadd of ervor aad two only are
given, Table 30 shows the tobal conversions of the
rodioactive substrates o the sberolds Livted. Table
aleo shows tho Smjméﬂ ratdos in these gstereoids aad the
pabios of converslon in fasciculay conversion in
reticnlar tissue to cach gberold from [%augﬁ]yw@gm@naﬁmm@
aﬁé [é-léﬂ progesterone.

s should be noted thatie
) throughout, the convorsion of pregasnolone to the
smobabolites dgelpted was grogbor in fasclenlar thon in
pebionlar tdesue and in the csse of pregnenolone

O

Lde

Nt

corbisol, wam very much greatep.

B) the conversion of progestorone to cortisol was groabo
in fosclevlar tlsowe, bul the convoersion of progesserone
—> L7alb-progesterone was greatver in pretlicular tiosue,

Mopginally groaber ceonvergions dn fasedoulay tisoune wove
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obperved in the cages of progesterone —> DOC  and

progesterone —> L7p0i-progesterons .

¢)  the resuvlits almo ghot thab im

(1) faseicwlar tissve

3 e pavio of costisol > Su/Me patie of

3 7a0l-progest erone > '"’Mf‘é 4¢ patio of 1600U-

MOROESHLENONG )) %ﬁf ‘E‘ﬁ‘ﬂ ratlo of DOG,

{id) woblounlar tleosne

f() “
I/ ‘g"(é‘f{; ratlo of L7e0Heprogostarono ) 3 H/ ““4@
ratio of coptdsol ) "*’ﬁ/g ‘¢ ravlo of 1L6u0H-

wDEOEOEEOPOne )) "’M,! ‘3‘4‘@ patio of DOG.
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DISCUSSION

Tt ig probably a reasonable assumption that the oaly

mador pathway to cortisol from 1L700H-pregnenclone is yia

L7a0l-progesterone and Lll-deonyeortisoel (Mulvow ot ol.,

1962Y, The zesults of the incubation of horme adrenal

gland fasclevlar and retionlar tlspue with [%mméé]pvog@u

SLORONe, [ém»gé]pmegn@mal@nwﬂ Eéml4é]17@@Hmprag@aﬁ@rmma

and B;ugﬂ 17aH-pragnenolone dllugtrate the following

podnbe s«

L. The pequenges pregaonolone —a L7a0Hwproguonolone —s
—> 17a0li~progestorone gnd prognenclone —» progestorone
—>L7allueprogest crone are bobh slower thon the pueceeding

poops firom L700H«progasterone Lo covtizol.

2, The step 1l7elH-pregnenclone —— L7a0lwprogesteirone
ls thus vate«limiting in the transformation of L7a0H-prog-

nenclone to corbisol, and oo

covtisol from 17aDH-progunenclone in fapeicunlar tisoue

cortisol from 1l7a0llepregnenclone in rebicular tissue

L7a0Hwpregnonolone«dp-hydroxy dehydrogenase asctivilby
in fasciounlar tisone

1L700l-progaenolone« 3 p-hydrony dehydrogenase achivity
in reticular tisowe

---------
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i.e., the pawcautage“&onvawﬁiamarqﬁ 1 7aDlepregnenolone
to covtisol in fasedocular and reticular tlosue must also
reflent the copversions of L7ebi-pregnonolone —> 170k
- progesterone in the tWe zones. This means that, in
the hovge advenal, theve is appromimately 3.4 times move
L7e0Hwpregnenolone«3pohydrony dehydrogenase activity in
faseicular than 1o retleular tilosue, It should also b@
noted, howover, that dehydrogenation of L7alHepregnenclone
takes place lo retiounlar tissue {see also p.112) whiech
appears to be contirary to the histochemical pilcture
(Plase T), found by Balllie g al. (1965).  (The
histoehemically defined disbribublon of i?@@HW$W@gn@ﬁ0m
lone-3p~bydroxy dehydrogenape acbivity lg the classical

one of vivtuvally all activity din the ouber zona Faselove

lata and none in the inner zona reblounlarism.)

3, We know from Table 33 {p.149) that progestorone is
transformed to covbisel at a fasbor rate than pregnenow
lone dn both zones. Thic means that 1f pregnenclone
were coavertaed vo cortisol only vipn progesterone, then
pregnenclone —— progesterone wonld be the rate-limiting

agbep dn the sequence and,




ortisol from pregaenolone dn fascloular ﬁirgua

b
P
<>

frI,
cortisol ﬁr@m pregrenelone iﬂ vavloulay tigsuve
would represent

pw@gn@n@ﬂoﬁauggwmjd@@xy dehyd@@gmmaﬂa activiby dn
’ &amﬁ&@Lidﬂ clenue

ﬂﬁugﬂﬁﬂ@l@ﬂ&mgﬁwhydﬂm&y dmhyd%wyuuama aa&ﬂvﬁﬂy in
rebicular blosue X

1.e. the préegnenclone — progogterons step would be
céwvi@ﬁ ouL Moo effleieontly in f&ﬂ@imulﬂ?‘ﬁiﬂﬂue andd
l?h@g@ would thus be a higher pregnenolonew3p-hydrony
d@ﬁydrmg@ﬂam@ acbivity in this tissue. We lkaow, howw
ever, that a socond pathway £rom proegnenclone to cortismol
exiote yvis 17alH-pregnenclone (Woliky & Eagel, 1961,
1662, 1963; Mulrow & Cohn, 1961;  Mulrow gt al. 1962
Lipsett @ Hikfelt, 1961) and hence there ave obvious
altorngb lvw explanations. In the vransformabion of
prﬁgm@noleme to @Qﬁ@i&ﬂly the reactions which convert
pregaenolene to 17g0Hprogesterone (fig.14 ) ave
slover bthan the succeeding poquence from L7abH-proge-
sberone to corbisol (section L, above) in both Ffascleunlasr
andl reblioular tliaspue. Lt has aloe been shown (pection 2,

&hqve} that the transformotion of 17alH-pregnenolone
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17a0H-progesterone is carried out at a faster rate
in fascicular tissue. Thug it is guite possible that
the figures obtained in Table 33 (p.149) for the
conversion of [__’_’/_u.-»g}ﬂ preguenclope and &«ld'd progescerone

to cortisol could be accounted for by

(i) a higher pregnenolone~i7a-hydroxylase activity

(i14) a higher 17a0H-pregnenolone~3p-hydrony dehydro-

genase activity

(iii) a higher pregunenolone-3p-hydroxy dehydrogenase

activity

in fascicular tissue oy a combination of any or all of

thege three possibilities.

4. In comparing the converaions of progegterone and
17a0H~progesterone to cortisol in fascicular and
reticular tissue, one may use gimilar criteria to those
depcribed above, If it is a veasonable assumption that
progesterone — - L7a0H-progesterone —3 ll-deoxy-
cortisol ——> cortisol is the only majcr‘pathway for the
transformation of progesterone to cortisocl, then the
figures in Table 33 (p.149) show that the progesterone

—> L700H-progesterone step is rate-limiting in this
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seguence, Therefore, by similar reasoning to that
described in seection 2 (p.160), progesteronc-li7a-
uhydvoxyia@e activity is between 1.67 and 2.91 times
highéf in fascicular than in reticular tigeue from the

horse adrenal cortex.

As already seen in Part I (p.113) and above (p.61 ),

the histochemical picture of little or no DHAw,

prégnénolone- or 17@0H-pregnenolome~3Bmhydvoxy dehydro=-

genase activities in the reticular zone is false or ab
least misleading, since DHA, pregnenolone and 1700H
-pregnenolone are all dehydrogenated by reticular tissue.
In the results discussed above,'again the higtochemical
picture doesg not seem to £it the biochemical one with
respect to the metabolism of 17a0lwpregnenclione. As
far ag pregnenclone is concerned, it was only possible
at this gtage to say that pregnenclone was probably
metabqliﬁed to progesterone ab a higher rate in the
fascicular zone.

The situation is thus more complicated than it
appears at Tilrsgt sight. Following the experiments with
horse adrenal slices, the attempt was made with huwaan
adrenal tissue, to investigate the alternative metabolie

pathways which convert pregnenolone to L700H-progesterone

164.




with a view to the elucidation of the role of Jp-hydroxy-
steroid dehydrogenase. . Ef a parallel situation exists
in human and horge adrenal, tissue, the pattern of Jp-
~hydroxysteroid dehydrogenase activity may dictate the
ultimote fate of the steroid nucleus {p.12 ). As might
be expected, however, in a gland having.an,ﬂem@rgéncy“
zone capoble not only of normal activity but of meeting
sudden demands for a particunlayr hormone, conbrol is
probably exerted by means of o complex ensyme system of
dehydrogenase, isomerase and hydroxylase activities and

enzyme-subgbrate affinities. Therefore, it is really

necessary to compare the metabolic pathways which convert

pregnenolone to cortisol ag a whole in both zones.

| It was pointed out in section g and b (p.152) that
pregnenolone is converted to gll metabolites isolated
in greater yield im faseicular tissue cowpared with
retienlar tissue. As shown in Table 36 (p.158), how.
ever, the conversion of progesterone to the various
steroids isolated is only mavginally higher in fasclcular
tissue incubations.

The extrenely low i/ 4C ratios found in the DOC

i&@léﬁéd'strangly.éugge&t that pregnenolone — » proge-

aterone — DOC ig the only major pathway for the

[lole




formation of DOC in boﬁh FZONES o Furthermore, there is
no evidence im the literature to indicate the exisgtance
of another major pathway. There is also no evidence in
the literature to indicabe that 1l6aOH-progesterone is
readily metabolised by adrenal tissuwe in vitro. Inﬂeed;
this steroid is something of an enigma. We know, too,
that the major metabolite of DOC in human édf&nal tissue
is corticosterone (Grant gt al. 1937). There are thus

a aumber of possible metabolic situations: -

(a) progesterone ig the sole precursor of LOa0H-progese

terone.,

(b) progesterone is not the sole precursor of 16a0H-

-progesteone,

(c) DOC is metabolised vrapidly to corticostercne.

(d) DOC is not metabolised fapidly tq_@ortiéoaterone,
These situations may be combined in four ways and

compared with the results obtained, viz. 3H/14C ratios

founid in the DOC and LéeHH-progesterone. isolated,

1, Pro@estefane is the sole precursor of léaOH-proge-
sterone and DOC is not rapidly metabolised.
The 3I-E/14’C ratios iﬁ 16@0H~progestérone and DOC

would then be similar. They are not and, therefore,
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vhis combination is false.

2. Progesgterone in the sole precursor of 16aliH-piroge-
sterone and DOC is rapidiy mebabolised.

In this case, the 3H/M’G ratio in DOC would exceed
that of léaOH-progesterone, and since this is not so,

this combination is also false,

3. Progesterone ig not the sole precursor of LéeOH.
- wprogesterone and DOC is rapidly metabolised.
The figures obtalned do not preclude this situation
but the extremely low SH/14C ratios in DOC make it

wnlikely.

4. Progesterone is not the sole precuraocr of 1L6aOH-
~progesterone and DOC 1g not vapidly metabolisged,
This picturc seemg to £it the vesults best and,

therefore, makes it the wost likely explanation,

Weliky & Engel (1963) found mo K in 16a0H-progo-
sterone deolated f£rom their incubation of hyperplastie
human adrenal tissue with [29»3H pregaenolone and
[éuléélﬁrageaterone, i.e. the reactions, pregnenolone

—> progesterone and 16alll-pregunenolone — >  166,0H-
wprogesterone did not occur, This may be compared with

the present results, where the evidence polinte to the




fack that, in both zones of a normal human adyenal

govbex, these trensformations book place. Indoed,

the Eiguw@a ﬁuﬁgaﬂ% that the main rouwtd ta Léaldile
wﬁ?@&@ﬁw@r@wﬁ may be V.Q LoaOH«preognenolone in normal
tismue. | ‘

The examination of the ralative magnitude of the
ai%émm&éé @aﬁhW&?ﬁ of pregonenclone to sortiscl in the
two mones invelves a @mmpmwﬂm@n i bh@ BE/&A@ waﬁﬁoﬁ
i@ﬂ%h@,aﬁw sieol and 1im®ﬁmpwmymmbu$@ﬁm A&@l&t@d wﬁ%h
Bh@é@;gf the léelii«progestorone and DOC, xf the
resulits cbtalned with horse %i@@&@ are any guide ﬁé
Wh&%‘%ﬂ?_@&@%ﬁ in humen blssue, the éwamﬁf@@matiéﬁ of
17alflwprogesterone to corbisol is probably rapld din
comparisen with the pw@m@dﬂﬁg regotiong (p.160),
@@@é&i@lﬁy'im the gong fasoicnlata. Since progesborone
waqméw&m fever 8l cepa than pregacnolone for transformatlon
to %mwti&aiﬁ one might cupect bhie BH/”“C ratio dn
&Vm@ﬂwpwﬂ@aﬁ%myama to be similar vo that found in DOC
or LéaOHsprogestorone 1 the pathway yr@gm@n®1mn@-—a
——az17@@%%@@@@%@@@1&&@—uw->T?@@Hw@v@g@aﬁeéﬁma is a
minor one,  However, bho 3i/the patios in 17600

w*nrogent ewa&m and covbiseol, gaw@ﬁunﬁamig @ha ma@am&al

dgoleated from the fasclieular tissve incubstion, ape
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vary much higher than theps of the DOC o 1Loafiprogontow
vone, - This chowe gqulte clearly thab the pathuway
indepondent of progestorons,; far Foor be mmy o minor ond,
ig probably the majow powbe o eoFtiEek from prognenclone
‘mm@y WLre and tha%'th@‘@ﬁefmrmm@a for this pathyay ds
greator 1o Paschoulor Hlooud. |
An‘imﬁaﬁagtimg point of @émpawimaa off the tuo. nones
i phat, vherean bhe g%/&@« pabdo dn the E?mﬂmwwp@@uw
Q%ﬁ?bﬁ@ 18 gronter than that in the sortigol from thoe
"a&imuimp tlpoue dneubablon, the reverss ls true of the
mtmrai@& isolated from the Pascloulsr tipouo incubasion.
A‘p@ﬁmibﬁa'ﬁﬁylaﬂﬂﬁi@ﬂ o this may be thot yobt anobther
p@phway indapendent of 17¢0H-progeaterone enlobs A
f%ﬁ@iﬂu&ﬁw @i&mu@ fop the tvansfornabion of prognencolone
w0 esovtlaol., Thie might lavelve further hydeoiyigbion
af the Aﬁaqmmwmeum mglovng before dehydrogonablon ab Cel.,
CT% e an oxtraordinary fact that, although in the
cape of the testis end ovary, much e ma&@'@f the
digbincetion o histologlenl, histochemlohl snd Hiow
chemdeal propertien @Y the ddfferant eell types proment
in these glonds (e.g. Shord, 1962), little attention how
besn Fooused on the matabolism of lucboplealiy laobellied

2 £

sterolda by tho deparated fascicular and webticular colls

'.-.1

of the adrenal coprhon. T most lontances, nopmal aod




pathologleal adrenal ¢orticen sud adeenal btumouwrs are
bpoghod. ap 48 they contained only one cell type. This'
st gurely present o false plobure off the natupbd of
a@f&mg&-ﬁﬁémﬁiﬁg%a@g@ﬂﬁﬁiﬁ~a@ﬁ provides nd informablon on
@éi17fﬂaaﬁi@na - Gpoeat care should be taken with the
Intevprototion of pogulbs @b@@iﬁ@d.fwﬁmniﬁ@tépia Lractr
buporinents, yveb a diveot comparison of the abdlity of
hyporplastic adronal tdasus to synthefled various sbebolds

na&wd og gortisol from. 2.2 pg. ﬁﬁ'[éqhgglgwﬁgn@mmlwm@

vm%ﬁ 37 wgs of l;» ‘:]pﬁmgw svone (Weldky & Bagel, 1963)

haws boon mads. From the results guobséd by the authors,
i@;ﬁ&%v@ﬁ calonlabed Chat. the gﬁfﬁ4€‘w3ﬁim@ of the 1708w
éﬁﬁwga@t&w@m@?-11&&@m%ﬁ@myﬁi@mi aud cortlanl wepe 0.88,
D94 amd 1,50, respoctively. Thepe Figuvres dould be
ﬁ%@iaﬁm@ﬁ by & ropid netabolism of o subptanitial
@ﬁm@@@ﬁi@g off vhe emell guantity of [ﬁqﬁﬁﬁ}@wagméﬁmlbnw"
46 Lyallsprogoonolone md 17e0B-vrogestovond inm Ghe Yoy
@aﬁiy mhoges of the dvevbation Followed by & sbeady bullde
4%@ Qﬁ %%& Feom the mach i@rg&m'qﬁm%@iﬁy‘@ﬁ ﬁw“*:]ﬁw@g@m
ﬁﬁ@@%%ﬁ.. This megsne that tho corvect conditions fopr the
uge of padioisobopes. wore nob applied slunce the introduc
Ldan @f‘%hﬁ'@ﬁvaﬁﬁﬁﬁ%‘%@-@@ compared inbepforad

@émﬁggﬁgy*éﬁ W“AQWJ%R the mpebabolic pathways wndew

cHamdnatlon,  In an eariller publication {(Wellky & Bagel,
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16623, the samne suthons gompared the efficionoey of
éaﬁvéw@iﬂn Qﬁ‘géﬁﬁ“ngw'@fl{EQ@Q%]l?%@ﬁﬁ??@@ﬁ@@@;@ﬂg
'aﬁﬁ-éﬁéﬁ’ug; ﬁﬁ,{é@iéélpw@g@&mawan@,hy.gﬂbm@y@aa@ tmﬁa&w.
Such on experiudnt can bell Little abopt the poute of
'ﬁéﬁmaﬁiﬁmxﬁf?@ﬂrﬁimml in view of the differeoce in
Guanbilty of tho subgbrates aond also 1o, viow of the ﬁa@$ 
bhat thess dg no informabion availoble. in these ouperis
menbs Qﬁﬂﬁh@~ﬂ?&ﬁ&ﬁﬁ@m&ﬁiﬂﬁAﬁﬁ.@@&Qﬂ@ﬂ&l@@@,@@f@iﬂh@ﬁ
iﬁqﬁﬁwpregﬁamolaﬁ@ o progestbaerone,. . The imprestion Ao
gﬁ@ﬁn what  L7alHsprognenolone La @ﬁﬁimi@mﬁxy‘mﬂQVmw%&ﬁ
ﬁé-@ﬁrkigdl, whereas progesterons 16 4 pooy precupsor
of this hormons. Howavar, on the basis of the figuren
givon in the paper; the vableo of converpion of progee
mﬁé?mm@ oad LYaOB«prognenclons o cortilgol i@.r@a&ly.
1,06t |
Throughouwt the invembigabionn desaribed in Papt EI,

oy ene cell btype wes présont in each incupabion (ap

Far. e the tachadgues avallable would allow)., Ay Cwo
LA

subsbrates wader direct comparicgon were made couimolor
pi¥dor to . the start of the lnoubablon, snd the tiscue:bobal

grepold ratdo was ~ 10,0005,  Ag ghabed in thoe dontroe
duiotion o Papd IX (p.123), dn the final enperiment with
huntan adyeaal olices, it wag vedponed that prognenolons

was.- the gbérold weder invetbigabtion, and so the Indtial




1ra

pablo of .gzx*@gnﬁw 3 Lane Lo p?*mf_%c:zbm‘maea waes Mmcitb as hi Lgh
'ag pﬂa&hx%&hioﬁ m@nﬂiﬁb@ﬂb uihh a maaﬂurabﬂﬁ a@uvmwmiuu-
“oé prmgﬂewnﬂu@ﬁ B0 Lhu mmLﬁbaﬁi% 463 aa,muﬁewaat. FL Lhawm
'm.m:*c;}, im mwim* ﬁm‘b ‘e.,cw :-ff‘ avour one pathway, a guantity o
ﬁiﬁ%lm?@n.& mi 3.?&6%:1%;3*%@::1&:31&93 one egquinelar wivth the
'E; 4:]pragm shevone was alsio added,
The fubure develophent of the investigation of ecell
fancbion in the adecnal covbeox must now be considered.
| Interesting points have been ralged conceraing the offect
of one plteroid on the blosynthesic of anobhew,
Gl ljpwhyarexylatinu of DOC (ahawma, Porchielli @
Qorfmaa, 1963) aned C-20 hyﬁwoﬁyia&ia& of preguaenolone
and i?@ﬂﬁﬂﬁ?ﬂ@ﬂ@ﬂ@iﬂﬂ@ {Sharma & Dovrfman, 19604) appear
to be dahibited by cerdain sadrogons, Others have
inve&ﬁigéﬁ@d the pole of vardous pyridine nucleotldes
on sherold biodwﬂthvmar (ﬂ?ﬂﬂﬂiﬁ & Gpanty 1956 Gﬁamﬁa
319565  Towtsul, Mavrks & R@i&hg 1961; Kopitzm, 1963 &
196@5 Viilﬁmp‘&96&3 osnd the mechanien of avblon of ACTH
(Grl ithe gt g, 1963; Farese; 1964) or of adenopine-
w3, 5tenyalic man@mhﬁﬂﬁhmﬁﬁ {(Studednakl & Grant, 1962;
chaﬂge & Roberts, 1965). Yot the Fundamental problem
éﬁ eatinating the relatlve msgeitude of vhe vardous
metabolic pathways within the differont cell types of

the adrenal coprbex has mbill to be solved,
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I 1963, Kopio zeviewed genoereld nobhods of odbimgbe

dng the nageibede of alterasvive mebabolic pathvays dn

wivo. One of the model sysbtems (see fig, 20 below) is

described ag, Ha ponvergent mebgbolic pathway whore a1l

of the prodicliy arve depived from a slugle precuriowr,
oo of tho preducte, ©,, is common 4o both intermediates

ﬂg omcd %Zﬁf

B,

&

)

L | - G:‘* ’
1 % 3
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R

Grrexamdnablon of the kinebien davolved, it was concluded

that the Frpoblon of A oouveorbad bo E? im
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whare a)  thae anount of an deobope, B, aduinlcteored os
A dg R
o

b))  Ghe omount of an dootope, B, adminiectered as
intopnedintea F;Z? g B
x4

_ 7
a) wsh ' gind

o]
3 1

7y
({‘i
O et

R ¢o dwoboepe & dn €, and €, respoctively.
] at

Tt 4o readdly sodn chat the pyston of sberold metabolie
pathvays dn g 2V do very slailar to that of the model

dn ff:i.(};. 20 »

PaOsnonolone

t q‘;:'. i ° :1! 4’ " ]
LYablepregnenolone , E a DROZCHD OPONG

i .

I%ﬁ;& m:g}igl Fe

Y

17ebBeprogosterona 1 o DOC
fj&l‘ﬁ L 2 1 .

However, wo are immedidately faced with the problem thab,

1/«




n vibyro, acibhor l?mﬁﬁw@wwgﬁaﬁ@rmne nopr DOC ie an end
product, but cach may be fuprther metebolised guilte readidly
by‘a@w@max L ieisue, Phus ersnisation of the imotoplc
content of these subsbances can glve no gu pbdbative
imfmmmmu&em on the ?auha m? formatlon of j?%@ﬂ%ﬂ?@ﬁ@ T ETOne .
It is mw&w&ﬁa@y to debermine the bobal quantity of 3@ ancl
&@@ ahﬁi Nl mﬁ@@@iﬁ which i at, ov has passed through the

7m@mm§*wgamﬁﬁﬁame and DOC Rgatewaya®.

In Appoendix X, a fupthow examinat ion of the factors
involved shows how fubure estimations of the welative
mé@mi%&ﬁ@ of such alternabive pathways might be achieved
‘whicgh should glve a reasonsbly close spprowimation o the

Gane ploture, The peasening e freely adapted from the

avbicle by Kopian {(1963),
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Srmmary.,

The puprpose of the imvamtig&tipm was to determine
whebher ﬁhé hi&t@@hémia&lly defined picture of Jp«
~hydronyasterolid dehydrogeraine distribution dn the adrenal
corben of horse and man could be confilpmed biochemically.
Avtompts were also made to lovestlgate the significance

o bhin distributlon.

Pasvt T

Himboohemiobry has shown that the highest 3g-hydpony -
wheroid dehydvogenase agblyity dle dn the outey zona
Fascioulata with Little oy no activity in the zona
rotloularis. Thiz result is obbained with substrates
dehydroepilandrosborone, pregnencione and l7a-hydwrosy
wRIPGERONOLona .,

Bvidence ig novw presented that DHA- and pregnenolonc
~3p=bydrony dehydvogenase activiby (and possibly 170~
~hydrogy-preguenolone-3p-hydroxy dehydrogenase activity)

de higher in the sona fasclenlata of the adrenal cortices

of hopse ond man. The rosulits obltalned, howover, do pot

AT

inddeate the lavge difference in achtiviby suggosted by
the higtochemioal evidenco, and indesd it yas found that
pretlonlar tiesue contalng substantial amounbs of Jp-hydeoxye

sterold dehydrogenane anbivity.
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Papt, TX.

The shility of fasocleovlar and reticular cells of
the heorse advenal covtex to transfovm [immgﬁﬂpmagnenmlene,
[énléé]pwag@aﬁe%@nmg [%mwgé]l?amhyﬁwﬁmypwagn@ﬂ@&nmm-amd
EMQ 1L7a~hydronyprogestereone to cortisol was measured,

It was Found thabiwe

L. ALL four pberoids ave bransformod to covtimel by both

byper of oell,

2. The transformation of all four stereoids bto cortigol

{a higher iln fascleulay tiosue.

R The Soquenoes pregnenclone —s Lo-bydroxypreognenclone
— La<hydronyprogestervone pad pregnenolong ——s proge.—
aberone — L7e-hydroxyprogebberons ave both slowsr than
the pucceeding steps from L7o-hydvoxyprogesterons —-

—> govtipol.

dv  The abep 1l7e~hydronypregaenolone —» Lawhydronye

progesterone is racve-~liwmiting dla the brausformation of

17a-hydrotyprognenolone —> cortisol and there is
approximabely 2.4 timen wmore l7e-hydrowypregnenolones
w3 prhydeony dehydrogenase potivity in fascioular chan in

raticular tiosune.




5. Progestorone-ilig-hydrozyiasse activity is between
1.67 ond 2,91 $imoes higher dn fasclewlar than in

reticular tlasue.

Following the experimenbts with horse adrenal cells,

an atbemplt wag made with human adrenal tissue Go investi

gabe the albornative mebaboldce pathways which convert
pregnenglone to LYo-hydroryprogesterone with a view to
the olwceildation of bthe role of Jp-hydronysteirold
Cdetiydrogoenase ., [%mﬁgé]prmgmmmmiﬁna amial [é#lﬁélpﬁmgmm
pterone were incubated simultaneously with Ffasciculaw
mmﬁ with rotionlar slices from & normal human adrenal
éﬁﬁﬁ@&. Conversions of each substiate to Louwhydrowy -
wrogéﬁﬁ@rmnep 11mﬂéoﬁyeawtiaaﬁ@@wuna,‘17@whydv@xyw
progesterone and cortisol wore meoasurved,

Bvidence was found suggesting that:

L. Beth fasedoular and reotlouvlar tlosue conyvert preg-
nenolone and progesborone o the Four metabolltes

mentlioned above,

2. Pregnenoclomne iz coaverted to these metaboliltes in
greater yleld dn Lfapeloular tissue cowpared with

webloulary tilssug.

L
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3. The convowsion of progostorone bto these mebabolldbes

is only merginally greaber in fascloular tissue.

Ly Prognonolons —>  progesterone —s  Ll-deoxycorticos
gterone ls bthoe only major pathway for the formation of

Ll~deokyeorticogtborone in both zounes.

5. The main yoube from pregnenoclons to Léa-hydrony.e
progosterone s via lée-hydroxyproguenolone inm both

o

DOILGE

&, The pathway ?v@gnenalnnﬁ-_-qr Ei&mhyd@dmy@r@g»
penolone — 17m4hydwwxyppogestawome —> Liedeony=
gortiisol — corbicol is bhe majer woute to corbisol
£yom péagnenelgne in vibro in the adrenal corbexr and the

praforence for this pathway ils grester in fasclonlaw

Linsne,

7. Xb do posmible that a poathway exists Erom l7e-hydrony-
pregooancleone to gortisol in Ffascleular tissuve indepondont

of L7g-~-hydromyprogestorons.,

The theopetlaal factors involved in making om
aceurate determination of the magnitude of alternative

pacvhuways of sberold blomynthesis were discussed.
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APPENDIX I,

P FPa—Y

A € Procursor

K K, .
:1/ AB,
1

51@1 Bzcg
Zel zcg Z(Cg

Fig, 22

18C




A reprosents all metabolites of A excluding B, ,B,
. By
and thelr products. |
e
£
> : kA

B? rogpoativaly encluding Ci’ 83 and @3 and thedpr

f23'1 14 E;B? veprosent all metabolites of B. and

PEOARCGE
€., C, and > €, vepresent all mebabolites of
3 2 3

G,y G, and &, rospectively asund theilr products.
1 V2 g FORP

Let A be the unigue precursor of oall lntermediates
and produets in $dg, above, and assume that the
concentration of A {[A]) does not alter throwghout the
expevinent,

I# the vate of peaction is assumed to be proportional
to a vrate consbanb Kﬁyg whoere X ig the precuvsor and ¥

the product, then

the rate of conversion A — B, = [&]K :
KX BB

Precuraor A-—4>&1 a6 a rate EA]%An and to B? at a rate
xbl o]

[A.] KAEQ LG,
The amownt of By Fformed during time T = E@]Kﬁﬁ %
- i

{A le assuned vo he Formed ab the apme rabe as it

disappeara) .

181,




182,

Rate of removal off A = [A] KM%& + 8] KM%? *‘&*] KME&X

(¥ = tobal number of mobabolites of A)

Amount of A destroyed during the inbterval, T, ie

A =
,

------

(A sy pp,

2]

The proportion of A which hag beaen convertod to B

duping this dnterval s, thercofove,

[ad%,y, | @

3

'y
- — .
’ [AT (K, 4 Kas U . TV T N
= K, Bpr
&mlﬁ B‘j, AR
Koo = Ron o K, ) B
Bg AL} | M‘Pl &ﬁz foamae- AT 0
ChUES .
# Kos {(x im tobal e
- A5 4 4B woual numanes
") ﬁ&siw ¥ 3 il 3.1"'6:' Ak : ::a"’ J?
im% - s 3 i‘!ﬂ% - , ;;s:) rebabolites of

S,
—n, Fan

N




K R 3 pe e ey
B.C B, G, % in tobal
ﬁg g, = I o ¢ = i 2 . onmber of
N IRy S A Ty metaboliben
D Z;., Ky o OF Ba)
{4:&‘ E}:ﬂ,@ :g‘ #}1‘ t
Ky, 0 | &m G, (% is total
oo 2 3 , P o 3 3 Bunber of
' EEQZ T . 3 33*3 ‘ metabolites
:E: iy | :E: K of B,.)
K. ;

L€ a) all (or almost all, for practical purposes)
off the labelled molecules of A, Bl aned EE are complebely
comverted to €y, C,, Gg and Ghedr products and b) tho
anopunt of leabope 3R dacubabted ag A lu Eﬂ@, then vhe
eobal amnounte @f Sn transformed to metabolites 61, Gz

and €, apre

3
3. o S 3 :
33;1 £ £ £ £ 3
3 e i
c, ("ABy . BC,. v FA B, YB,C,). o
3 . ! £y 3 v
S L Bar En o M

Y

R . . . ) ‘4 N .
Similarly the smounts of isobops, i'@; transfoimed to
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€, and ©, following
2 3

@
gy
ki

&,

£ '

% »

. % £

€l: Na - ‘&; :,. .
3 ”nggﬁ

‘{¢a in ehpsnblal

Cnot be fopmed by ﬁaum%miﬁaﬁﬁmm off the gﬁ content of ©

b by pumsabion of

ﬁ?ﬂi} &h ol dhen 3 P

1]

f“h@ wam L aﬁ 3H t@

o remndsber thab, dn pp

dnoubation mﬂ'” € laboelled Bﬁ ane

19-4' L
G‘CB‘.O

LA
“o

X

S-wr

i

heblee,. Q Wil

i

&y )
the YH conbent of Qﬁg aad. of all itg

1.4

%
T gk

G Lm Q +oa 1 ibﬁ sotaboll

¢r o F o K o
Oy T o

E“g‘ - o “ : ¥ 2
ﬁ ﬁ; '"E" ‘&@“@3 Z€33

GG

0

48
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1990,

) % %

AR 5 — ﬂa{

Aby L, a+§@ 14g
y 3 . 3 Kl

he porbilon of o predudt (@2) compon o bobh rouben fopmed
shvough the pathway of the labelled dntermeddate {ﬁ9} My
. . ] )

ke cobimabed from the raklo of the dgobopes in this product

Copd one wadquely depived from the interacdlsto (mzy,w

; | : o . £2 rs oo
mﬂ% (&Am?. fﬁgﬁ? + o TAB i@%uyl JH@
:ﬂ;./fﬁ;_ - ~ z o L ¢ R , A A ' .

¢ ¢, + /e, P T |

&3 ;3' ‘("i
| By | SH

&k . 1 RS gy W f

G ﬂg - QB 2 ﬁ ﬁa;

- The proportion of Q %Eaig,ﬂﬁwiwaa o ﬂg de
R ha o

e

4 s
z@ A’ﬂg | ﬂzﬁg “




This fraction may be aaiaula%@ﬁ by dividing the fﬁcia of

3/t an ¢, Z@ by the ratie of “w/ ¢ in c, + ZK..

z 35 3
c LR
"2t [ ] c, * Zﬁsg Y e, +Za~:g (2)

“m.
-

Partloularliy in the spteroldd field, even a system ag
iéémp&imated as the one in fig. is an overeimplification,
It ds quite posaible, for ewample, for @1 and C2 to be
“bransformed by different provesses inbo the same mebabolite.
Sdnge both Ql and €, are dopdved from %l” they would both
conbalin 3y feom A, The common metabolite mﬁ ﬁ1 and ﬂﬂ
would then roaceive Sﬁ from bwo Sonrces. Thus to apply
‘&quatianﬁ (A) and {2) correctly, it would be necessary to

distinguish %H from €, and %M from €, which i clearly
impossible. The problem, however, should nobt be inscluble
| given a mumber of conditions, the mogt lmportent of which
are that all the major stereld metabolic pathways in the
pissue under éﬁamima@im& are hknowna, It might then be
possible to porform two incubations simulbaneously, one
with [Bu]a ana [Me]n 4> and the othor say wivh [n]m, and
[%éélﬁl. The pecond experiment wonld then provide

information which could be applied in an asgsesement of the

1950.




1S/,

relative conbtributions of ﬁl and Cz to thelr common
matabolibve. Thoee the data eequired for the soluvtion
of eguations (1) and (2) would become available.

From the statements alpeady mado, it would scem
that in order to satisfy the eriteria for corpvect
application of the equations, we would need to know
the origlo aad quantity of both imotopes in every
mebobolite of ﬁg and ﬁg Formed . However, let us cuamine
the situablion in fig. a little further with respoct o
pimnlcancous incubation of [}@mgﬁ]pwegmanmlou@ (4) and
l}"« élwvawe“*ew@me (h ) The major metabolites of

1L7a0H-progoaterone (ﬂz} in advenal tissue lncubatlons
in vitro arve 13mdamxy@mwtiﬂ@1, corbisol and cortisona,
and the major metabolite of DOGC (@3} im covrticosberonc,
Thus, 1€ we hkaow the Sy and 14ﬁ conbent of 17a0Heproge-
ptorone, DOC and thelr major metabolites, we have a
1.4

veasonable approgimacion for the 3m and TG values Top

?N4 §Z€2 and RO 3 EZ& 7 glven the conditiong of
eumpi@te metabolism of the labellied stereoids 1700H-progo-
sterone, DOC and their metabolites,. I the reagondng

pet out above dm valdd, this may, therefore, be a way in
“which any future development of the jn vitro investigaw
tion of the biochemistry of the adrenal cortex may proceed.

the yeasoning might also be applled to the investigation
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of alternative metabolic pathways in other tissues.
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APPBHNBIX II,

A. Roagewbs, Materiols & Solvents (Souwvces oto.)

Chamicaln & Reawente,

Comnon Roagonts ~  Bpitish Derug Houwsen, Lbd.,
Povle, Dorsat.
{(A¥ALay prade waless
nbthervine sbabed).

=

weleotides - Bochvinger & Sochne GmbH,,
Mammhelm, W. Germany .

Glucosewl«phoaphate
debydrogenase - Slgae Chemical Co., St, houls,
Missouwrd, U.8.A,

Radiosctdve Sterolds,

Radiopetive gtevolds were purchosed from the Radiow
chemical Centre, Amersham, Bucks,, and wore stored at
¥ Q ) i i+ 1 g 14’ 3}
w»LET ab pn approxipate concentration of 1L @S/ml. { e
. 3 , ' »
wateroids) or 10 M@/ml. {(“Hegteroids) in a mixbure of

methanol /henzene (9:1, v/v).

Storoids.

Stereolds were purchased from Kooh-Light Laboratories,
bd, , Colmbrook, Bucks. o Sboraloldes, Léd., Croydon,

Suprray . Gonerous glfts of Loali-progesterone were




roegaived from the Upjohn Co., Kalamazoo, Mich., U.8.A.
and From Professor W, Klyae, Westfleld College, Lopdon

(MR.C. Reforence Collection).

Solventa,

Bthanol and methanol (Burroughs, A.R. grade), and
dlethyl other (B.D.H,, AALar grade) weve used withows
fFurther pmwiﬁiaa@i@ng‘ ‘E@ was found necespary Go purify
methylene chlopide, Light petroleum and benpeng by
shaking with conasntrated swiphvric acid; braces of
acid were then removed by washing the solvents with
water and afber deying over &mhydvou@ calelom ehloride
they wore digbilled. In @&@ﬁ&@ﬁlaw, 1t was Found o
ba essentlal to rewdistil the purificd beonsene
immediately before use for coluwun chromabography on
aiuming . This procedure appeared $o nindinize intep
Foronca by solvent m&%ﬁ&uaﬂ with sulphuelo acideethanol
roagent chiromogens .

ALl obthor solvents vsed were wacshad with waber and

row-tliagtillcd before uvnc,
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B, Eyebs.Ringer Bicarbonate-Gluncose Mediwm

The method of preparation of this mediwm ds bhesed
on that deseribed in “Manometric Mothods" by Umbypedt,

Buredis & Stanffer (1957).

Voi, Conc. of Sol, PFinal

N added Cone.
(mi,) (1) (e./100 wmi.) (M)
Hal, : 2.0 1,16 6,78 0.116
K@1.‘  w0 o.465 .47 0.0465
E&H@O? 10 0,244 2,05 0.0244
Glusose 10 o 1,0 "
Kﬁaﬁeé K 0,116 1573 0.001L6
mgﬁﬁé.?ﬂgﬁ ) 0,116 2.86 0.00116
H,06 57 - :4 - -
Catl, 6,0 1 0.242 5.3 0,00242

(fimal volume 100 ml.)

12 A " p -3
jpw@viwmaly gogpeed for L hy. with ﬁﬁg.
The firal smixture was gassed fop 10 minutes with

B% ﬁ@g im 0, , vhen the pH wasg foumd to be 7.4,
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Apponddy  IIT,

A, Detomminatlon of Opbimal Radiocactivity

Counbing Condltloms,.

Ag stated in the Emp@@im@nﬁal section {Part I, p.28),
the radicactdvity conbentb of enptracts obte. was debtermined
in earlioy @x@&wimgmtm by Packard Tei-Carb Ligeld |
Sedotillation. Spectironeber, Model 314EK. Thoese

3
e oz

T

deterainations involved only the weasuyement of
M dn any oo saapla. To avodd the necessity fop
changing cﬁumtimg'm@mditi@mﬁ o give opbimal efficlency
o @iﬁh@@ 3 o 14G3 a Yoompromice” Saﬁ @ﬁ.m@ndiﬁiomm
had &0 be fFound, Thie was achioved by plotting
smplifier gale ageinst countlng efficieney for each
igobope at thoe vardows B.H.T. sebtbdngs avallable on the
instrunent . A Vopen window? volbage diseriminator
petting (gave width) of 100 - 1000 was used at all times.
The rogults obtained were used te plot Ghe curves

chown dn fig. 24. From these curves the host

Toompronise’ condiltions for counting a pot of sauples

n@ntaimimg-3ﬁ o &46 were found to base




1@@ Channel X Gate Width G0 w» 3000

E.;_Ha‘l‘a 6.2
Chwmplifier Gain 20%

giving o Covnting BEfficiency of 54%

3 Chanmel IL  Gate Widih © 100 w 1000 .
:E&EEC?«E! ' 6.2

Swplifier Galn 100%

giving a Couwnting Bfficieney of  26%

From £ig.24 1% con be soom that a highcr counting

o : . },‘1_ . W . . L . - . :
efficiency For “AC could be obtaimed by using a Llowew
E.il.T«  The lower the E.H.P., howvever, the aavpower is

the 14

¢ peak,  i.e, small fluckvations in line voltage
aleht have a greaster 6ffect on counting officiency.
An B.H.T. of 6.2 wan choson, glving both high efficicncy

and abability.

B Quenchineg,

T

o

; iy ' 1 n e dgb
Poptions of cxbracts contalning M or ¢ were

dlanclved in scintillator medlum {(see p. 87) and counted,
Seintlillatosr mediun (1 ml.) containing a kunown guantiby

+

14 2 T ., _ : : .
of '4Cw or YHe labelled toluesne was then added to each
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vial pmd bthe gamples peconnted, The comnbofmin, due to

vy €ld

e

the labelled toluone weré then obbained Forenco
and compaged with' the couwnbs/min: found foyr the same ... |
' N T o L L : ""l ’.‘ , . , ) N
guantdty of dsobope wader nomrgueached conditions. Yhe

4

@?.Qnagmé:«mm engbled the degret of guonchlng dus Lo the

somple to be determined,
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Appendix IV,

A Blution of Sterelds fvom Paper Chyromabograms.

Wy

2

Progonberons and corbisol, ﬁﬁmmpalar and polaw
sterolds reppectlvely, wese chomen o tect the elubtlon
provedure,

Solutions of léwiéélﬁwﬁgma@mrmna et [éﬁiﬁé]m@vtiﬁol
wore prepared dn ebthanol and 100 pl guantities (econtaine
iﬁg A0 pg) spobted on 1Y lanen of Whatman No. 1 papep.
Tha [émﬁgé]@wwg@&ﬁ@mwm@ was chromabographed in the PLO
molvent syevem {p. 232) and the [ﬁwléé]mawtigw& in the
BLO solvent pystoem. Sherodds were located by UV laomp
{p. 26) and ¢he areas of poper invelved oub fnto omall
places. The chopped papor vwap then shaoken with 5 mi.
of methanol:ethyl acetate (111, v/v) at 37° for L hw.
Bluaten were placod in counting visls and the nolvents
romoved wader a stvean of ale at 50°. Twe further

slutlons were carrded out on the paper residus.

‘lénldélﬁwmﬁ@mﬁeﬁmm@.

100 pl off the mtock solutblon was found to contain

e,

1
1964 counte/min. of ~
From o perdes of six lanes, the recoveries of radio-

activity were L6336, L1658, 1676, 1653, L6611 and 1633 counbs/
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fadn. giving o mesn voecovery of 94.2%.  Less than 1%
of the added radloscbivity wes racsoverod ln the sosond

and Shied elutions.

"‘vﬁ‘ Y
Jéwj‘élﬁﬂﬁﬁiﬁﬁlq

100 pl of the plhock golution was found to contain
1630 counba/min, of Lag,

Prom o sordes of fouy lones, the recovesrdes of
radicactivity wore 1493, 1515, 1489 and 1491 cowntp/min.
giving a mean vecovery of 03.9%. Less thon O.5% of
the sdded radionetivity was rosoverced in the socond mad

vhird elubions.

B, Biution of Stercide from ThineLayer Chromabos

g@@{m& .

Ee A e e =

A polubion of [éwlﬁé]mmwﬁimmx (L mg./ml.) was
prapared in ethanel. & secdes of 0 pl spobs were
placed on & thinwlayor plabe, The silica gel containing
aach ppot was seraped off the plate and mixed vigorously
wath § ml. of esher by means of a rapldly rotating wire.
Waber (L ml.) was then added and the tube shaken fop
1 minube. Aftéer combrifugetion, the upper layer was
pomoved and the agquoocus layer so-entracted with § ml. of

wbhop. The ebthey extraots from sach ppot wore comblned
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gl evaygymtﬁd GO éwynama»aﬁ SG@ undey o steean of aiwe,

The stock solution was fourd to contain 22,0600
counts/min, /30 ph.

In & morles of nine opote, the rocoveries of pradiow
a@ﬁivi%y were found to be 20,8103 20,179 231,563;
20,9043 21,928; 20,521; 22,1823 21,597 and 22,020
wovmes/min. glving a mean rocovery of 93.5%

Whon other was used, the drded repidue from MHlank?®
gilica ol exbyachs were Ffound to give an opbilaal density
of 0.070 ¥ 0,005 with o 1 om: Light poch when dissolved
in 5 mi., of sthanol. ﬁﬁmilaw roalduos From benzong
exwbrackod pilics gel gove optiecal densities of
0.053 S 0,007 and this solvent was therefore uwsed Lo

entract pberolds which wepre lebs polar than cortisol.

C. Racovery of DA, Prommenclone and 17wl-Preoge

Hnny

REHROLOND ¥ |

a) Regovery of Pupe Stereids Lrow Alusing Colvumng,

Standard golubions of DHA, progunenolone ond 17a0H-
»praginenolone wWere prepared in benzene. Poproontago
me@ﬁ?@fi@m of phoroid from sluming columms wore then
d@@éwmim@ﬂ at the 10 gg‘énd‘ﬁ@ ng levels uwsing thoe olusion

procedure described on p. 26, Sterovids werd moasured by




Dertel veactlosn,

DHA. A0 ng levels«

- 50 pg develie

Propnenolone
10 pg lovoliw

50 pg level:w

L 70 0H-Prommenol ono

10 pg loveliw

.?500$1?3-é§.820?3.93.@9 83‘Q’ 82,1

7945, 83.0, 87.3, 83.9, 82.1, 79.5
80.3, 84.3, 80.3, 80.3, 00.3

" ""’ - »
moan 82,8 « 1,0% vocovery.

92,3, 931, 94.k, 96.5, 103.9, 94.5,

91;@& ‘9?34.?; 81#53 1@(}»:3 92;6

moan 94.4 1 1.8% nocovery,

0%.4, 92.6, 106.2%, 95.1, 87.7,
8L.5, 90.1, 87.6, 85.%, 91.1, 96.5

mean 91,4 A 2., 5% vacovery.

Qgtsﬁ gl*la 9@&@, 9303g 93*63

91!83 3—»@@0@3 9-@.‘@, 9?€@a 95.03
96'!@5 9.{;*50

MEAn 9é.é.i 6.8% ROCOVEPRY o

93093 1@1'13 1@5"3.’? 9?'99 91-@9
93—;69 @@"43 @511} 9@0,‘53 @lbé» 92.6

"' 5
meann 93.7 « 2.4% pecovery.
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&

@ l_lf_g 10?@15‘*‘ 1@;‘5-?9 1@@-8, 954‘{35} 1@2093 98-?9
86'43 85i13 97-35 9?#33 9?93:
200.0, 94.2, 73.3

- SR ,
mean 94.7 - 2,6% wrecovevry,

b) Rﬁ@mv@wy mf-&t@rmﬁﬁ& from Tipsue Preparations,
(i) Stewoid (L00 pg) wap diesolved in 100 pi

propylene glycol and 450 pl horge tilcesue preparation

{mitochondria ﬁ@mm!@u@@mmaﬁanﬁiﬁf buffer) together

with 250 Ha0l (4 wi.) were then bdded.

{11} SBtevoid extwactlonz~. 3 x § mi. ovhyl acetate/

/e&h@w (lzl, va}, . Bxteract wasbhdng: - w1 ml. 109
HEL a3 - 2 3 L md., ﬁ?@..
4

(141} Defatbing of extract residvei~ 10 ml. 80-~100°
Light potroleun/l0 wmdl.;  75% mothanol ag.;  light
pobrolomwn ve-spbracted 1 2 with 10 al, povtlons of 75%

methanol &g, -

(iv) Aquecus siebhonol Ffractlon chromatographed on

colum of 3 gm. aluaing (see p: 26).
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AT

Tdsaus Prap,

i,

Promacenolone,

201,

% Rasov. of Sterodd

?9659 79'59
852

moean 82 .2%

ilg 83&53
7444

mean 78.9%

Eﬁ

o)
O

8302, 9@043
moan 88.0%

73-‘ 9 ?4-93
75,8

mean 73.2%

76,9, 78.6,

moan 78.2%

%1-65 8?@.83

moan 80.3%

81.0,

‘753 ] :ﬂ-y

87475

90.4,

78.6,

790,

gﬁ-ugg 83‘3’

8&-889 74'4‘5

DL.5

73‘4‘} ?3-03

78.6

76.1.




i?@ﬁﬂwﬁw@gmmmwlmn®¢

Tispue Prop,

L.

3

% Recov. of Steroid

65.9, 68,9, 91.1, 68,2

mean 68.,5%

70,6, 71.6, 68,7, 61.2

mgan 08.3%

76l9g ?6'19 69-.49 6?49

woan 72.0%

B, Calibration Cuprves Ffop [@wswmmaaﬁe@@ida amncl

£§*3Bwhydw0ﬁyster@iﬁg.

a) Axﬁwzwammmtaﬁmid@.

Standard polutions of tesbosborone, cortisel,

1ledeogyoortisol, 20p-hydronypregiedegn-3«-one and

/3- - ) ‘-. 2 k) »
N eondrostenedione were propaved,. Craphs of optical

denalby ot 240 mp va. conconbration (mumoles/5 mi. cthanol)

vera then plobted for cach steroid (see fig.25). It

was found that all steroids exanined had =2 molar extinction

cogfficlont very clese to 106,000 and thip figuve was used

theoughowt the invest

4 o

ki

a‘b :31 Qm L]
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B) N w=3pehydronystorolds.,

Soondard geolubions of DHA, pregnenclone snd
L7 aOl=prognencolone weire pﬁ*cﬂpémﬁ . ".tha Dortel roaction
s:mfa ﬁwmi "%;:0 obey It'sséze‘m* a Law for concentracions of all
thraee sborolds vp te 60 pg/b al. of reagont (see fig. 26).
Standards woere propared, however, fopr every deterainabion

[
of AN w3p-hydroxysterodds,
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Appendix V.

Gamwﬂiquid Chvaﬁatagpaphia Determination of Pregunenolone.

Ingtruunent 1w Poprkin-Dimer, Model 800 Gas
Chromabograph,

Columng s 6 £5. long, made of stainless
steel; idnternal diameter 3V,

Support s« acld-washed, silanized Gas

Chrom P, Mesh 100 ~ 120,
Stationary Phase - g 1% ﬂeopentylglyan succinate (NGS),

Tewp, of Column -~ - .;mezgﬂé.
B0 Injection Porb - 280°,

" lﬁj'@ﬁt&aﬁ@? 1. 2109,

Pregaonolone and all other steroids wsed wepre chromatographed

as the tri-methylsilyl etbhers (IMSL), These were Formed
at poom bemperature by the action of hexamethyldisilazane
and trichloromethylsilane in chloroform solutien, Various
upinary 1l7-oxosteroids were tested to find one suitable
fov_u&e‘ag an internal standard, Bventually ll-onoaetiow
cholanolone (11-0A)-TMSE with a rotention time of

14.2 minutes (veteation time of pregnenolone-IMSE = 10.0 mimbes)




under the conditions described above was chomen.
Peﬁkgrw@ra,magauw@d in terms of velabive peak
ares (RPA) where the

WPA = Poak Height (mm.) = Retention Time (ming.)

Whon the RPA was plobted against ug. of pregnerolonc-
~IMBE op 1L-0A-TNSE, stwalght lines wero cohbtained in
both capes (see £ig.27).

A series of samples conbaindng various amounits of
preguenolone~IMSE together with a fixed amount (20 pg.)
off 11-0A~-TMSE were prepaved. A graph wag then plotbed
of pg. proguenclone present in the oviginal sample against

RPA of Pregnenolone~IMSE 103

b . : (see £ig. 28).
RPA of 20 pg. L1-DAIMSE

iva, afber adding 20 pg. of 11..-.1:);; to a sanple of prege
nenolone and chromatographing the mixture as IMSEts,
| th:i,:za ggx_ag}h conld be umed ﬁ:_o debes uz:i.z_cm the ﬁ;ma;j&‘;iﬁ;y 0_'53'_
progaenolone present in the orviginal sauple.

A "5’3&"3@&: of gamples conbainiug &mﬂ‘?@%y&eggm&mim@a
(25 op 75 gxg.) ﬁiﬁ@ﬁl‘éf@d in propylene glyecol, howpe tisoue
3;;»;;1@@&1*&535.@& (nitochondpia-free supernatant - buffor) -
aad 2N Nal wepra };g"ﬁparmﬁ 2 daé—mrﬁmﬁ ::i.n Appendix IV
(p.200). The aguoous methamol raction was then

obbtalned and this was then chromabographed on thin-layer

a\J/,




df‘miii@&igél‘ﬁngethww Wiﬁh'mtaﬁdardm"A@»andbaﬁtan&w
dione and 17uOH-progesterone in solvent cystem IIIL
(pl‘zé); ' The standards weve detected by UV light
(p. 26), and the avea of ailiéavgal'b@tﬁe@n"them'whichi
¢ontained'the~[émegé]pragnenolan@,was eluted. The
"étémdard 11mﬂA“(20 pege) was then added to the dried
ﬁesiduanand‘én aligquot of the mixture taken for_@munting.
The sterolds were th@#.byanﬂﬁpmmed to the TMIE's and
‘suﬁjgm&ﬂﬁAtaugag chromabographic analysis a&,dé&svibadl
above.. .The resulits below ghow that there is good
égrgementubetweeﬂ recovery of SH,and_raceverylmf preg-
héna%éﬂa'éﬁfmeasurad by gaamiiquid chromatography (GLC).
" Sample’ - Preg., % wecov. 4 recov. of

o "“ (pee )  of QH“' prog. (GLC)
o ';, 25 61,9 63.2
Coay w0 a8 64
f; E T N 60,4
e 634 63.2
s 56 5647
e om0 ssg 55

8w 6140 627
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