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ABSTRACT

The metabolism of cortiscl in The normal Romney ewe
was investigated by analysis of the radiocaciive
metabolites excreted in the urine following intravenous

4 . .
L cortizol., 'The metbabolite

(I.V.) sdninistraticn of 4-c
glucuronides were hydrolysed with b-glucuronidase and

extracted frowm the agueous medium with ethyl acetate.

e neubtral Traction was divided into ¢-19 and c-27

metabolites by scqueatial elution from a florisil

coluim, Extensive use was nade of T.L.C. for the

separatvion and analysis of each fraction before the

quantitation of individual components.

A series of ex¥periments was performed with surgically

modified sheep involvins collection of bile and urine

-~
'

_ L _ b . \
hoth afbter I.V., injection of 4-c ‘cortiseol, and afber

intraduodenal infusion of radiocactive biliary metabcliftes

14 .
cortisol., The

obtained from I.V. administration of 4-c
metabolites cnllected at each stage were analysed both
qualitatively and quantitatively.

e urine collected each hour for 18 consecutive
days from a normal sheep, was subjected to colorimetric
determination for a-ketol and 17-ketogenic steroid
content., The data obtained was analysed for diurnsal
variation in chromogen output, and the daily secretion

rate of cortisol was estimated.
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Nomenclature used vhroughoub this script is
that evelved frowm the {jiba Confercnce in Leonden (1950)

and i1s generally in accordance with Tthat anproved by the

Totervational Union of Pure aud Anmlied Chendistry (1.U.P.
A.l,=sce Bioohemiﬁtry (Wash.,) 8, 2227 (19¢9).

“Jhe sterold skeleton is numbered asg shown in Tig.O.
tness the Terms Androstan- oud Pregnan-— are

o

C
reduced to A~ and P-, respoectively. Deuvble bonds in the
parent svructure are vositioned by the suffix -ene-, eg.
P-lt—=ene-. ‘'he confilzur:tion of vthe hydrogen =t ¢-5 is
indicated by a prefix 5a- or 5b-. the orefir allo- when
ussd, refers to a ba- configuration ( fiz, 0.2).

substituents are prefixed by numerical oosibtion and
Greek letter (when pertvinent), but numnerating norvicles
are onmnlited, Substituents atibached to the rucleus on
the samne side s The sngular methyl zroups ab ¢~10 and
c-1%, are desiznated L- aind drswe with o heavy lince; bthose

-

y P O e E oy ey R NI PO
relow the nlane of ithe are a-~ ond drawns uwithoa

T
proien line ( fize. 0.7 ).

T2 THOLOGY ¢

AU TH adrenocorticosrorhic horione

Adrenocorvical ateroid, cortilcostoroid - steroid Jron
adrenal coriex, usually = ¢-21.

B.T.G. blue tesvrazocliuva {(chloride)

c-19 steroid with no side chain at vositzon 17.

c-21 steroid with a two carbon side chain.

Conjugate formed by esterification with a small
‘melecule eg. glucuronic acid (:lucuro.ide).

C.R.F.  corticotrophin relzssing factor.

Etic ethyl acetate

EtOH ethanol

Glycerol side chain ~ =C,0H-CH,OH-C 120H

a=retol side chain - —CO-CH2OH

17 ketogenic - c-21 cortlooster01d attacked by mild
oxidising agents to give a 17-ketosteroid.



17 kebosteroid - stercid with a ketone on carbon-17.

Kg kwiesl:hur
5G silica gel

Steroid nucleus - strucbure based on the cyclopentario-
~vhenanthrene skeleboin with ¢-10 and c-13
methyl groups
Tetrahydro derivative by complelte hydrogenation of ring-A
o)

L.L.C. thin layer chronabvo:raphy.
I Y AVH, tecrametinyl samonium hydroxide.

irivial Tame Abbreviation Hol, formula
cortisol F  P-d-ene-11b,172,21-01--5,20-0ne
urocortisol THF 5b~-F-%2,11b,17a,21-0l1-20~0ne
allotetrahydrocortisol ailo" 5Sa-P-2%2a,11b,17a,291-01-~20-0ne
cortisone E P-ld-ene-172,21-01-3,11,20~-0ne
urocortisone THE Sb-i-Za,17a,21-cl-5,20~0ne
corcol - 5b-P-3a,11b,17a,202,219~01
b-cortol - 5b~P-33,11b,17a,20b,21-01
cortolone ~  S5bh=P-32,178,20a,21~01~11~0ne
b-cortolone ~ 5b-P-33,177,2Ch,21~-01~11~00e
11-0H-Androsterone 110HL Sa-i=3a,11b=-0l-~1"/~0ne
1M-keto-Androsterone 11MKA Sa--A~3a-01-11,17~0ne

11-0OH-Etiocholanolone 110HE 5b-A-38,110-01~1/~0ne
1M~keto~Iitiocholanolone M1XE Sb-A-~%2~cl-"1,17-0ne
cortilcosterone B P-fimzne-i1b,2Z21-01--3,20-0ne
geoxycorticosterone 1180C P-b-ene-21-~01-3,20-0ne
dehydroepiandrosterone DHEA A-5-ene-3%a-0l-17-0ne
testosterone ~ A-f-ene-17b-0l-3-cne
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Chapter 1

REVIEW OF LITERATURE

1.1 Metebolic Effcets of Cortisol

In most mammalion specics cortissl is the principel
steroid secreted by the adrenal gland (Bush,1953).
It is also the adrenal steroid with the greatest
glucocorticold activity ond so provides most of the

e¢ffeects the adrcn=l secretion his on carbohydrate and
procein metabolism. Although the moechanism of action
of the glucocorticoids remain unclcecar, 2 sequencce of

biochemical »nd mctaboelic cvenbts following administration

of zlucocorticoids has been well documented.

1.1.1 Glucocorticoid propcecrtics of Ceortisol

Cortisol is an important regulator of protein,
carbohydrete, lipid, 2nd nuclcic acid mctabolism, as
well as influcncing inflammotory ond lympheld tissuc,
and indced most tissucs of tho body.

T

Effcct of Cortisol on Protein

1.1.1
1.7.1.72 FProtvedan Thbabolign

The ebility of cortiscl to restore the decrense

in urinary nitrogen cxcretion produced by adrenalectomy
in rats, was demonstratcd by Long ¢t al(1940).
Associated with this effcoet on protein cebtabolism there
is less utilisation and greatcr rotention of glucose,
as liver and musclc glycogen (Thorn,1940). Cortisol

as found to increase the rate of accumulation of
enino nitrogen in blood or plesma of hcpatectomised
animals, but not to the samec extent in the whole animal
(Bondy et al »1954).,

The adminlstrutlon of cortlsol to nophrectomlscd

rats resulted in an increase -of plﬁsma urea of O. 5 -
1.0 mgm/'K Gm body weight per hOur, after 3—6 hours



(Engel,1950).

Further indications of cortisol induccd protein
catabolism arc thinning of the skin, fa2ll in antibody
titer and involution of the thymue.

Te11.1b Amince Acid Uptake by the Liver

Within two hours of sdriniatraotion of corbtisol
a wholc animal the uptaele of avine aclds by the liver
is increnscd (Aue o increascd permecbility of the liver
ccll membrone bto amino a2cids), with o concurrant incrensec
in hepatic urca production (Riggs,19€4). The incrense
of amino nitrogen cancot be domonstroted in the isolated

liver confirming bthoe vicw that cortisnl tends Ho increas

[

protel tabolism in cxtrahepotic tissucs and the amino
aclilds are transportca to the liver. Thoe liver appeors

to metabolise the oxtra 2nino acids in the ususl nenner,
contributing to urer wnd slusose production, but Long
¢t al(1540) have obscrved the hopnbic zlucose responso
50 cortiscl prococdes choanges 1n nitrogen netabolism

(Bondy 21,1950, It is clear therefore, that cortisol

G
incrensces in

induc;& arine acidiconcontrationg

is indcependent of thoe

1.1.7.1¢c Frotein Bynthesis

The livoer hes beon sbowa B exhibit o pogitive
nivrogen balnnce under the influcnce of corbisol, in
controst to mosy cxtrrhenstic tissues which show & netht
depletion of »protein (Clark,1953%3). An incrcasc of total
protein content o, othir tissucs hes beon shown
(Kochckain Robertson,1951). These include the
gastrointestinal tract, urogenital crgans ond plasma
albumin (Silber and Porter,1953%), while a nott decrcasc
has been demonstrated in the crsc of rat diaphraogm
(Wool and Weinshelbaum,1959).

The observed increase in the activity of liver RNA-
nucleotidyltransferase, 30 winutes after cortisol
adninistration, is followed by sn inercase in the
biosynthesis of messcngcr RNA after 2 - 3 bours and



an increase in proteir synthesis by cytoplasuic
vinoses afber 4 - 10 hours. Maximum BFA concenbration

scecurs afbter 16 hours, and moximum probtein concentration
tor 20 hours. (Feigelson and Feigelson,1963%)

17,113 Nucleic acids

Tmmunological tochnigues have demonstrabed cortbisol
stimulation of specific cozywsoc protein synthesis
(Gre grrd ~nd Toiso lson, 19625 Fenny,1962) which way
be bloclked by \ctwlu'gr“" ~nd pureomycin, suggoesting
aucleic acid porticipaticon (Jouvell,1963%). Cortisol
has boon fourd to inhibit nuecleic acid cyvathesis in
nost tissucs lucluding lviuphatic tissuc (Jedeikin ard
Whive,1958) but liver RNA is increoased without any
chonge in DNA contens., (Silber sad Porber,1953)

it is cvident bhcrcforc, that cortisocl stimuletbtion
synthesis »f s-cceific hepotic proteins is

C
mediated trtrouzh iancrcasced messcenger RNA production

1.11.2 Eifcet of Cortisol on ILinids

Cortiscl scoms to L. ncecocssary Ior full mobilisation
of folity ecids from ~dipose tissu: (Havel cnd Goldfein,
1952) indeed, the £rtoy acid wobilising offects of

4 l

cetachol-riines 2oid other lipolytic horwoncs require

Al "

the prescnce of cortiscl for thelir mroxinum lipid
wobllising sction (Guodnan and “nebil,191).  The
mineralocorticoid, 11 HDCC, can replzce cortisol in

this respcect but ils action is considersably weaker.

The ceffcet of zlucocorticoilds upon ncncesterified fatty
acid releasc from adiposc tissve in vive, was confirmed
by Scow co-workcrs in rots, and Gillman cb g;(1958)

in baboons, 2nd csbablished the adrenocortical cffects
upon lipid wmobilisation and ketogencsis.

1¢1.1.3 Effect of Cortisol on Carbohz@rates
1.1.1.3a  Glucose production '
- The adrinistration of cortisol to rats causes an




elavation of blood zlvcoss level (B.G.L.) (ishmor

et al,1961) evident -after 2 to 4 hours (4shmore et al,
1G552) and may reach a level of 20 -~ 50 mom/100 ml. of
blood, #no can be susbained for un to 48 hovra.

vonversely adrenzlie cbogy 111 decrease the B.G.L., as
demonatrated by Wagle aud Ashmore(1S61), whe roted the
c

-l
V

RO P . - - ES
Ginhebic rats, irag returned to

':'v— 3 - IREEEA
1increass 1 i.‘.na.’. 4

{

nermel ith adreaalectony.
The incresse in 8.G.0, due o cortizol may Lo
nrotuced Dy a decresse in periferal glucoze ubilisation,
AT aa increase in hkenatic zlucose production (Glenn
©6 2l,1961) (4 seven—fold incrcase in rats has been
observed (Hass et 2l,19:3)), or both. The increase
in zlucose production by the liver
irom lactate and alanine (lewis gﬁ

€ .
CH0) and was
firast cbserved s & function of cor 1

b woepf =t al

e sm———

cbonised rats

(1941 ) using liver slices from adroon
end adrenalectomisgzd rats Ltreatad with o coriical

~

extroct. Attemnits Lo denocnsbrabe vhe same 2fect 1n

Liver slices by in KEEEE trectment witlh corvical
extract have failed, probably cue %o the very repid
deachivation of corbisel by hepatic cnzyues (Glenn

et al,’ 1G57Y.  This deactivation hns been overcome by

1
——

5

using synthetic zluco-corticoide, such. as triszmcinclone
and dexamcthasone, whiclh ~re lesg prone Ho deactivation
by the liver. (Bisenstein et al,1364). lhese gynthctics
will eccelerate the conversion of a number of precursors
(e.z. alanine and pyruvete) into glucose or slvecogen
(Uete and ishmore,196%) as well as increase Tixation
of C,MO2 both in vive and in vitro (Ashmore eu al,1961).
Aidney “tissue is also capable of gliuconeoyenesis
and less glucose was found from pyruvate in lidney
slices from adrenalectomised animale (Teng,19)4;.
Chronic treatment of rats with cortiscane resulted in
tissue slices from idney having greater ability to
incorporate pyruvvate cerbon into glucose (Landsu,1960).

1.1.1.3b Glycogen Wormation




Following administration of cortisol to
adrenalectomised rats there is an increase ia liver
glycogen content aofter 3 to 24 hours (lagging behind
the elevation of RB.G.L.) which mev reach 150 ~ 200
per 100 Gm body welzht and is maintained at this level
for the next 24 hours (Engel,1950). There is also a
slight incresse in muscle zlvengen leovels over 8 to 24
hours, but no apvarenv change in the kiﬁnev mlveogen
content was obzserved (Froesch.gﬁ al, 1958 ).  The

o
¥

snleorgement of liver nlyoopss and total bhody

are inown oo parallel the excretion of H.r.N. which
more then zccounts for the carbohydrnbe fovmed (about
50 ~ Voo of amino acids relessed are coaveroed to

o o)
carbohydrate) (Long ei al,1940), It was found that

o}
O
ot

isolatbed rat liver Tissuc adrenal in esctonised rats,
n

formed less glycosen from its precursocrs then in iatact
rats (Lipsett and “oore,14951
Althourh ziycesen deposivion is evideah o -~ 4 hours

fter carinistration of covtizol, most of she corvisol

o

de o

iz excreied beiore 1ihte aflact

i

s are cviGeanbt., Tyridoxine

&
eiicicent ravs (Bicenetein,T12:0; anu rets given Duromyoiﬁ

Q

(Greengard el al,1962) or actinomycin (Ray et al,1G¢4),

exulbit up bto ol red actioa in glycopen Jenozition,

sugeebling indirecth actiocn.

1.1.9.5¢ Glucose Utilisution

Uptale of zlucose by skin and lymphatic tissuc
(Jedeikin and “hite,1358) is decreased with hich plasaa
cortisel levels. 4 recduebion in the amount of glucose
utilised by adipo;e tissue ig evident within %30 wminutes
of both in vivo and in vitro additvion of cortisol,
corticosterone or dexamethasone. (Munck,1S62).

Clucose utilisation by the liver is little, if at
all, affected by cortisol concentrations. 'The
phosphorylation of glucose may be under the control of
glucocorticoids. Glucose phosphorylation is reduced
in the diabetic rat liver but adrenalectomy has n
effect, nor doeskchron;c treatment with cortisone




(Ashmore,1G58).

Liver cell membranes are freely perrvesable to glucose,
and glucocze ubtilisation in the liver is a reflection
of hepatic zlucokinase ectivity. This eunzyme ig

7,

inflvenced by insulin but cortisol has nco offect on

its activity (Sharma,1963).

T.7.1.54 Rolc of the ILiver

The fact that o deficlency or excess of

glucocorticoid hermonee inflvences the pathorn of henavic
carbohydrate metatnlian is indisputable. The insulin
sensitivivy of adrenalectormized aainals was not present
after vepatosectomy {(ILevine et 21,194%) ~nd The maximum
cepacity of nerifercl tissuve for the utilisation of
lucoze under the action of insulin al:so required The

oracence of vhe intech liver.

1.1.%.5e  Insulin-Cortisol Aniogonism

)

The syavhesis of fatity rcdias i diabetic liver is

restored by odrenalectomy (Brady eb al,1451), end
conversely treatment of ~u¢\¢aloo s0nised diabetics with

cortisol ichibiss fatty sacid synthesis (Ashmore st al,
195¢.), this inhibition is evident in 2 %¢ 6 hours and
concurrent with aa increased coaversion oI pyruvate

oF b
o w

glucose,

Incorporation of gzlucose carbon into fotdy acids
in acdipose tissue of diabetic animals 1s pot restored
by adrenalectory (Fair,1964) bub appears %o be regulated
by glucose utilisation. The reduction in zlucose
utilisation in adipose ticsue brought about by cortisol
is abolished in the presence of i:szulin,

1.1.1.4 EBffects of Cortisol on fnzymes

Changes in enzymic activity occurs glowly, varying
form hours to days, under thée influence of glucogenic
hormone. Cortisol induced changes in enzyme activity
are blocked by puromycin and actinomycin, supporting
the hypothesis of a correlation between cortisol



action and the synthesis of RHYNA and protein.

1.1.7.4a Clycolytic enzymzs

Cf the glycolyiic enzymues studied, lycogen
synthetasc, hepatic phosvhatases, phosphoenolpyruvate
carboxykinasze, ~hosphohexose-isomerase and =21dolase
shos iucreases of the order of 200Y over that in control

systems, only afcer 5 to & dsys. The Lancresase in

nepatic glucose production is indepencent of an increasc
of any of these and thelr production may be due to ‘
secondery =flfects,

thosphoglyceraliehyde cdehydrogenase reaches a

resnonse of Z00% over contro g in 4 to & nours while
pyruvete carboxylase increzases o tih: sance extent

in © hours (fenning et al,19¢3) by the iafluence of
coritisol. However pyruvete carboxylase i zlso

stimulated by scebtyl-Col znd this apnarent hormonal

esponse mey be of a secondary nature (Uster et al,1¢.3).

1.71.1.40  fminc acld wmetiabolising enayacs
rya

fryptophan pyrrolase snd tyrosine transaminase vere
found vo increcse 900 ~nd 7507 over controls within
12 noure, while alenlne ‘ransaminase and serine
dehydrase required 4& hours to reach 3007 and 500%
increases over conbtrols. 1In the case of tryptophean
pyrrelase, increases in octivity of this enzyme have
incresse in synbthesis of

been Tound Lo parallel the
:)6 ).

enzyue protein (Henny,1

1.1.2 Mineraslocorticoid propartics of Cortisol

Cortisol contribution to minsral metaboliswm is
weak in relation to bthat of 11-DOC or aldosterone
(8% of 1M-DOC and. C.1% of aldosterone activity in rats)
(Tait et al,1952) and are probably of a secondary
nature. In prolonged usage, cortisol causes sodium
and water retention and renal logs of potassium in
humans. In dogs the renal response to 11~ DOC and cortisol
is essentially the same (Roberts and Randall,1955).



In large doses cortisol is a poteat natriuretic agent,
enhancing sodium excretion sevoral-fold, snc can
antagonise the opnositce actiocn of 11-D0C and aldosterone

5 seen in the ra®t and man (Laidlaw et al,1955). In

O

general, corbtisol tends to cnhance potd381um excretion
and is bthe most rotent of the natural corticoids in

/‘, N

Chart of 21,1956).

wn
N

stinvlating wacer diurcels
Plagmna volune may be vestor

depletion

to resuli from decrezsed distol hubuler eplthelial

‘ed by coriticol =mister
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due Lo adrenal insufficiesncy. This anpears

peruenbility to water (hLleemun et al,19¢5). Decvenscd

sodiur concaenius in tue papilliary interstitiun,

sirenal iuﬁufficiencyg is not
corrected by doses of ollinsbterons (Sigler
An increacse in gloaesrunlaer filbraition rate
independent o cuanzes in sodium Lolanco

n
o 4N £ T vy o ~ - R e I o AT - -1 ) i o
effect ), follovwing administraticon of cortiscl, has becn

1.2 The Adrenel

4D 1y A o 5 AT Fha AR P
Pea Cheuwlstry atony of the Adrenal

Tne odrensl io wcgibioned 1n close proxiuli
the kidney. It conuists of o rIzionsg -~ the 1nner
necalle, vichnly enplled with syvumathetic nerve fibres;
she outer corivex irvolved in corvicosteroid
biosyntrneais.

The nanaalian adrenal ¢ lard is cleained Lo nave the
highest blood flow of any orgen in *“he body. ‘The bhlood
flow throuzh tie adrensl 12 increased upon siimulation
with ACTH (in v1vo) and «lso when subjected to a
stressful environment (Bichards and Pruitt,18557).

This increase in bloord flow may be associatied with
stimulation of the adrenal or may be of a secondary
nature such as an adrenaline responsce. Increases in
blood flow itself have been shovm to effect the release
of cortisol  (Urghart,1965). Cnly traces of steroid
hornones and their precursors are found in the adrernal.
Huaan adrenals normally contain 5.5 mgn total reducing




steroid/100 Gu adrenal tizsue, and in rat adrenals
the level is somewhat higher - 70 mgm/100 Gm tissue.
'he relative mercentage of four hormones in the gland
are cortisol 81%, corticosterone 13%, aldosterone 44,
cortisone 2.

The gland has a high lipid (197 wet weight) content
consisting mainly of cholesterol esters; (25 - 50% of
total) quantities of ascorbic acid; =nd engymes required
for synthesis of the steroid hormones. Cholssterol
concentration varies considerably, depending on diet,
age and stress of the animal at the time of sampling.
Ascorbic scid appears to be localised in all mammalian

€

steroid secreting cells. The loss of ascorbic acid

from the adrenal is in sympathy with thz degrce of

stimulation of ths gland. & ulePlWC1f} ol enzymes

|

are found in the adrennl, which have

5
i

een divided inco
three classes:
{1) Those directly involved in the biosynthesis of
steroid hormones
(2) Those generally found in active cells
(%) Those found varicbly in adrenal and other sor
of cells.
The weight and comnosition of the adrenal cortex

denendent on the level of ACTH in the blood flowing

through the adrensl (the medulls is little affecied),

P

and. of the species so far studied only the T.limerican

toad shows no gross adrenal atrophy upon hyporhysectony.
However the wesulting atrophy may 2lso he dve, in part,
o a lack of growth hormone and thyroid hormone. The
normal function of the adrencl may also be regulated

by nutritional and environmental factors either directly
or through control of ACTH release. The immediate
(minutes) weight gein following treatment with ACTH

is due to increase in water in the gland (Brodish and
Long,1960). Subsequently (hours) the increase in

weight is indicative of a positive nitrogen balance.

In general the growth maintenance and responsiveness

of adrenocortical tissue is dependent on the continued
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has been shown to produde a nett increase in
transfer enzymes (Scriba and Reddy,1965) and RNA
(Bransom and Chargafi,1964), slthough Acbtihomycin D
cannol prevent the steroidogenic responsc of the adrenal
Gissue to ACTIH, which involves an increansed supnly

Ka b e ) o =T o \ T . 2 - —es o1 ST
of ﬂAﬂPhg (Ferguson,1652 ). Harding and ilslson (1%64)

however ¢oncluded from thelr experiancents thet NADFH,
content of +the adrenal is not involved in the vesulablion
of steroidogenesis, whereas ovher investigators have.

That the site of action of ACTH is at a bilosyathetic
point before cholesterol was shown by Searard and Casey
(14} althoursh other investigators have shovn thatb

cholesterol is an obligatorwy internediste in the cog
and that ACTH acts al a »noint botween cholesterol

and vregnenolone (irum et al,1964).

il

1.2.2 Investigotion of the fabture of the Adrenocorticeal

uecre L:lO"l

Until recently, a study of adrenocortical secretion
has been indircctly due ©o a leck of satisfactory methods
for detecting Tthe actual products of secretion oif Ll
adrenal. However, that the wdrenzl secreted tvo
different Uypes ol hormones under separate control,
wae hypothecised, and has since been confirmec. Forms
of assay are listed:

(1) Survival of the animal after adrenalectomy was
a general, non specific test but was apparently more
effective as a mineralocorticoid assay.

(2) Assay for glucocorticoids involved measuring
increments in protein catsbolism, glycogen deposition
in the liver, etc. following adrenal secretion.

(3) Assay for mineralocorticoids was dependent on
measurement of the increase in the Na /K ratio in the
blood. , ‘\ |

More specific information can be gained from the
use of methbds‘for detgction of“individual steroids
'in the adrenal effluent. The advent of chromatography



-

allowed the analyzi individual coxticonteroids

6]
o
b

from “the adrenal vencus blood o. & single animal (Rush,

The direct v:ig of the adrenal cortex JCCfOt“Gﬂ,
in both aquentitaltive and gualicative uspuche, nay bde

conveniently divided into chree sections:

11

(1) In vivo - annlysis of adrenal~vecnous or pariferal
Blood

In vitro - analysis ol adrensl periusetes

(2)
(3) In vitro - analyeis of incubution medis

ood

Sechnlques Tor withdraving samples 0F bloond from

the adrenal vein by cermanenvly lmnlanted cathetex

7,

In vivo analysils of adrenal-venous o:x perifercl

appear oo be the nost satieflactory. Using other wotheds

the operation and ecven the anegsthetic itseli way werve
to produce 2 rise 1in secretion from The adrcnal with
time (Uelson ol ;1,4555). Reduction in bloeod volume

is also canable of increasing glucoccriiccid oaubzub
1

as well es cldozteronc (Jarrﬁll €5 al,1956) . Tho mosi
refined =nd lecst strecssiul thods yet devised rive

volues for corticol secretion of less than helf that

o

l._)

obtained by cann
/lf)')u). 3=sa
from periteral lood analysis as the concentroiion

tion under anesthesia (ilelsos et =al,

}._l
I“'

levels of secrevion carnnot be obtained

\

(

here is & function cof the metabolism and excretion rate
as vell ag thelr secretiny rate. The ~rcasurement of
excretion levels aiter administration of radioactive
tracer has wany advanbages and is now the preferre
method (Van der Btrezeten et al,1963). By 1955
approximately 30 steroids had been isolated from the
adrenal cortex. Some are biosynthetic intermediates
but many appear in the adrenal secretion. However by
this time it had become increeasingly evident that two
of these, corticosterone and cortisol, could account
for 60 - 100% of the total corticosteroid secretion in
all species of animals studied, and under widely
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varying conditions.
The ratio of thege two najor glucocorticolds

norimally iound in nax

]

mele is8 characteristic oi tThe

species (Bush,1355)., ‘fhe rat and rabbit scercie

corticosterone as the predominant glucocoribicceid, while

dog, sheap, wnd huvmens secrete cortisol as the principal

glucocorticoid. The o hag o F/B ratic zlosge to unity
(see tahle 1.1), Ocmpound B and I are phzrmacologically

Al

similaer in nosé resoects although I is far more active

U".)

in tio-asseays. o metabolic or hagmaiological response
to stress or LACIH hes bcen shovn atiributable to These
differences in type of secrciion (Sayers,1950).

The ratio may cvern vary %o some extent in the sans
animal according Ho agze, or dcgree and auration of
stimvlus by L0TH (Fik-Nes and Hall,1965). In rsbbits

_

the F/B rutio cheanzed ifrom C.0% in control aninsls %o

#

4 zfter chronic ireatment with ACTH over 5 ~ 4 wecks,
with +the cortic erona secrebion dropping to about
half that o7 vhe control animals., In huwans the #/B
ratio wss hijher afbter ACTH ndiinistraticn for 3 days
prior to caanulation (Clremt et al,19257).

Cther steroids may vwe ~resent 1n the adrenal venous
blood such as progesterone, 17/-0H-progesteronc, 11b-0H
and 11-keto-nrogesterone, »r gnenolone, and 17-CH-
oregnenolone. These have been shown o have a venous/
arterial ratio greater than unity, bubt ney ve nreseab
by incidental dirfusion from celle active in fue
biosynthesis of corticosteroids. Other, often unidentified,
commounds of unknovn metabolic cignificance are also
nresent. Cortisonc 1s present as are other netabolites
found in periferal blood, but the venous/arterial
retio has not been shown Go be significantly grecter
thar unity for these compounds. The sheoep has been
found to secrete considerable guantities of A-f-cne-
11b=-0l-%,17-one (17-KS of cortisol). In the adrensl
venous blood of an enesthetised sheep the predominant
secretory product was F, being 10 to 15 times greater
than corticosterone or. A—#—ene~1ﬂb—ol—5 17-one.
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A1l three of these a,b-unsaturated-3-kctosteroids are
secreted at a highcecr rate after stimulation by ACTH,

1.2.2.2 In vitro perfusion of the adrenal

The adrenals of cats, doge and cattle have becn
used for +this method, uvsually with the gland isolzated,
but left in situ (Vogt,1951). Hilton ¢t al(1958)
found as little as 1milliU. of AGTH/litre of perfusate
induced a sharp rise above the basal secretory rate of
cortisol (some glucocorticoid is secreted by both
isolated canine and bovine glands without added ACTH).
This is of the szmc order of scnsitivibty as that found

1.2.2.3 In vitro incubation of adrcnal gland preparations

‘‘The slices of adrenal gland are incubated in a
suitablc oxygenated medium for the required lcength of
time, and then the medium is analysed for relcased
steroid. Inclusion of ACTH in c¢he medium was found
to enhance formation of a-kstolic corticosteroids. The
activatvion sensitivity is rathcer less than that obtained
by in vivo or in vitro analysis of venous blood or
perfusate., A concentration of 50 - 100 milliU. of
ACTH/6 ml. of redium was required for cbservable effcct.,
The technique may be applied to adreansls from any source
and the products found compare with tlhose obtaincd dby
the other methods.

1.2.3 Rsate of Adrenocortical Hormone Sceretion

Variation in the rate of adreral hormone secretion
has baen determined by analysis of urinary metabolite
changes in periferal blood levels of corticosteroids,
rensal and' adrenal venous/arterial differences, as well
as in vitro proccdures. Difficulties arise from the
release in vivo of adrenocorticotrophic hormone (ACTH),
as a result of the various manipulations during the
measurement. Dorfman (1954) has estimated that basal
cofticosteroid_prodﬁctionrin the human was approximately

* ¥




14

20 mga per day (in both mex¢s). This value was reduccd
somewhat with =2gze; the cortisol seccrebion of 60 - 7C
vear old men beiug aboub 757 that of 20 -~ 30 year cld

&

1,1597%). In general, most animals

men (Romanoff et
secrzie between 1 and 10 wmgn of corticocteroids per
Iz body weighb, wor day (uusn cnd Ferguson,1953).
In humans a rveduction in the secretion of
corticosteroids “rom thoe a2drenel hae baen obgorved es
z result of hypovhyroidism (65 : of normal),
bhypopituiterism (27), Addison's diszase (2%), and
corticoid inhibiticn (207). Cenditions producinzg an
increesc i1n corbisol production rate are obesity
(150 of normal}, Cushin-s Syndrome (25C:)
hyverthyroidism (150¢) and ACTH (maximum resoponse - 9007).
Control of the scecretion of Tthe adrenal cortex is
principally by the action of ACTH, although the
responsiveness of the wodrcnal tissue to stimulation
vy ACTH is also a variable fector (vide infra). Release

of ACTH from the hypolhalzizus and initiation of ACTH
synthesls, is cffected by corticotrophin releasing
factor (CRF), presen’t mainly in the medien eminence
adjacent o the infundibular process of “he hypothalamus.
This action of CRY on the LCTH cproducing tissue 1is
not influsnced by tvhe circuleting levels of corticosteroids.
Twe forms of neural stimuvli may cause ACTH release
above that of the besal luvel.
(1) Class 1 ~ stinuletion insensitive %o
coriticosteroid hormonz feedback
(2) Class £ - stimulation sensitive to corticosbteroid
hormone feedback
Class 1 impulses arc conveyed to the site of CRF relcase,
in the wedian eminence of the tuber cinerium, and in
the infundibular prccess, through corticosteroid
insensitive neurons. The coriicosteroid sensitive
and insensitive neurons lie in close proximity to each
other and impulseS'may arise from corticosteroid
sengltive neurons, which themselves do nov cOntain
CRF. Neural inhibition of corticosteroid insensitive
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CRF releesing neurons, is supplicd by clements from the
birpocanpue. Cells theat do contain CRF cannot reccive
inhibitory signals from thesc elements. “Yhat stimulation
of vhe ncsty hypothaleniuve may activate or inhibit ACTH
release 1s trobebly thoe result of extensive intern-
connections hetween the fore-brain asnd mid-brain.
Vosoprassion con also ceusc the release of ACTH

5

vie CRF) and has baen shown also te have a aircct
.C

P

0

tion on the adrensl cortex itself (indersen and

{

Bgdahl,1954), ACN! is known to dinhibit its bun release
by negative feedvach achion on Tthe brain or pituitary

a
(sitay eb al,1952).
T.2.4 Zlosynvhesis ol Corticosteroids

The in vivo biosynthesis of Loth lebelled cholesterol
and corticosteroid hormones Trom labelled acectate is
well established. However Werbin and Chaikoff(1961)

nd that choleuterol for the immedilate synthesis of

cortiscl, in the ACIH Treeted guinea pilg wes drawn

from a small cholesterol pool with o ragid tuvraovern.
Other »recursors can be used, bthese include desmesterol,
the immzdiate precursor of cholesterol, which in ratv
cdrenals iz converted ©o corrtisol at avout the sane
rate as cholesterol.

T.2.5 Cyclic Secretion of Corticosteroids frowm the

e v

Adrena

A e rae e

Spontanecous circadian (about a day), or more

3]

correctly diurnal (12 hours) verictions in adrenocortical
activity was demonstratced indirectly in man by
Zlmadjian and Fincus{1948), through changes in the level
of circulatory lywuphocytes. The diurnal variation
was shown riore directly by 170HCS concentration changes
in blood (Pyler ¢t 8l,195") and urine (Laidlaw et al,1954).
Such changes reflect a chenge in secretion of the
adrenal cortex, rather than changes in metabolism.

 The diurnal variation appears to be the basic
excretory rhythm on which variations due to other



(o
=

i

Fig 1.1

T At i

)

S

.a
©
W
ef

.




16

factors are iwmposed {(Thorn,1955). The prescnce of a
rhyvhm in the 170HCS secretion in animals is probably
phylozenic with the monkey having a similar rhythn,

but it is not so apvarent in the dog (ncrson and Yalow,
1952). The nechanism is not affected by wmuscle activity,
ood intvallc or urine volume »ubtpubt; but the cycle is

uov 80 well defincd in blind subjects. Light
synchronisation appears to be imporbant but is not the
only controlling foctor.

The charzcteristic changes in 170HCS mctabolite
scerstion in the urine resvit in the lowest levels
durinz vhe night zsnd the highest during the morning;
apd in this respzet resemble the well Jdocumented 17ES
plesma end urinary rhythis (Forsham et al,1955). Tyler

ACSu Tound a 6 a.m. value for blood plasma
170HCS level of 1€ ug/100 ml., compared to © ug/100 ml.
et al(1954) found a meximum at “o.a.,

et al (1€

at noon; vhile Doe

(U

with the relative urine concentration following plasnma
concentration very closely butbt vith greater amplitude,
Sendberg ¢t al(1953) heve found a 2 hour celay in the
urinary corticosteroid mevobolite response o variation
in plasm~ concentrations of the same. In contrast o
this, Migeon ot al(1956) found the urinary excretion

of 170HCS was almost the inverse of plasma level in
four night workers studiecd.

Ungar and Halberg(1962) found that maximum response
of the adrenal to exogenous ACTH occurs in the mouse
when the plasma concentreation of corticosterone is
lowest. Nichols gt al(1965) found dexamethasone
given at the maximum point of cortisol output would
suppress this secretion for a short pcriod, whercas
the same synthetic hormone giver at a minimum would
suppress cortisol secretion for thc whole following
24 hours.

This suggests that the basis of diurnal varlatlons
in corticosteroid secretion is one of varying sen81t1v1ty
of the adrenal to ACTH rather than fluctuations in
ACTH secretion per sc.
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In addition 5o the large diurnal variation, the
edrenal secretion also siiows a biphasic responsc
(Honkin snd ¥nigge,1963%) which seems 4o be characteristic
of continuous strasses. The binhasic response found

in the sheep 13 further discussed in chaptor 4.

1.% Chemiscry of the Corticostceroids

Te%e71 Derivation of the corticosteroid gtructurc

The abolition of the 'old' cholic acid structur:
of wieland and Yindeus, ond subsequént confirmascionn
of the structure proposed by Rosenheim and King in 1932,
opened the way for chemical characterisation of the
meny compounds relatcd to cholesterol. . The ferm 'steroid!
was proposed by Callow and Younz(1936) to cover compounds
uniquely characterised by conversicen to Dicls
nydrocarbon by sellenium or palladium - nencly; sterols,
bile acids, cardiac aglycones, toad poisong, saponins,
some slksloids and the sex hormones. The first steroid
horaone vo be isolated was cotronce, in 1929.

abtenpts Lo isolate the "adrenal hormone! ~snd
date its structura ceme in the poriod from 1932

i
G35 1led by the schools of Kendall (Fayvo Clinic,U.8.A.),
i

in (Hurich and Basel, Switzerlend,, PLiffncer
ond Winversteiner {(Squitb, U.2.A.), and Cartlcnd and
~
P

A.). During the voriod 1936 to

Xuizenga (Up ohn U.
192, about 30 diffcrent steroide were isolated, includlng
5 bioclogically active ones. Reichstein isolat:d
certicosterone (Reichstein's~H) in 1936 in elmost pure
form, to be closely followed by Kendall. In 1S.7
Reichstein showed his compound~H had cortical activity

(De Fre'mery et 21,19%7). The school of Kendall

isolated the adrec2l hormonc cortisone and demoasbtrated
the presence of an a,b-unsaturated ketonc (spectro-
scopically) and the loss of 02H4O2 upon oxidation.
Although Reichstein found cortisone to be physiologically
inactive (probably due to insufficient dosage), Zendall
reported physiological activity for both E and 11
dehydrocorticosteroneL(Kéndall et al,1937).



18

Initially, inactive (by biclogical assay)
crystalline substances wecre isolated from sdrenocortical
cXtracts. ‘They were shown to hav: vhe general formulae

1& U (n=C3 to 38) with oxygen functions on the
pregnanb nuecleus at positions 3, 17, 20 and 21. At
a later stage all groups had obtained non-crystcalline
fractions ot least ten Limes more potent than the pure
compounds vhus far isoclated, alzo containing a

o,

predominanca oOf u21 =0s5 compounds.

0Of the oxvgcnated Cngq series, only the C 10 and
62 O comnounds had been inv:stigated by 1937. The
rllllanb chemical analysis of these compounds by
Reichstein was to clliow gtructure dectermizetion of
many of the stercids isclated. His methods invelved
oxidation with chromium trioxide to = 17~ketone~049~05
(saturated)ﬂ26 or (unsaturated)ﬂ24 compounds which were
comparced witlh authentic compounds. Less drastic
oxidation using lcad tetraacchebe and periodic acid
was also uscd.

Althoush oxypon iunctiors had been positioncd

L.

ot carbons J, 17, 20 and 21, the position of the fifth
oxygen was 0ot casily resolved due to its scemingly
inert nature. Chenical determination of the position
on the nuclcus of this oxygen is attributed to Xendall,
who characteriscd the 2°%-11b~hydroxyl and 2°-11-
carbonyl grouvs. However the inert nebture of the
1M-oxyzen group, ~nd with the cbserved physiological
activity of 11 dcoxycorticosterons, it was considcred bthat
this was not a requirement for biological activity.
Furthermore, wendall found that reduction of the
unsabturation betwecn carbons 4 and 5 destroyed the
biological activity of the molecule (Mason et al,1937;
followed by others - Wintersteiner and Ffiffner,1936;
Kuizenga and Cartland,1939). Cortisonc was.isolated
and described in 1936 by Mason gt al(13%6 & 1936a),
Reichstein, Ffiffner and ahltenotelncr and also by
Kuizenga and Cartland in 1929. The a absolute structure
 was determined by Reichstein(1936) and the now
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abcepted formula was also adopted by Kendall (lason

et al, 1938). By 1949 Kendall's group had noted vhe
efrcet of cortisone on acute rheumatic fever and chronic
rreumatoid arthritis following the availability of
cornisene by chemical synthesis, due wo the work of
Sarctt (19LG ).

Bolh Roicheitein and He

et

ndall reported tho corrccet

formula of cortisol, having e C~11-oxvygen «nd Reichstein
voted some “race of biological sctivisy. (It is
impertant to note that blological assa
adrenocortical activity were those of survival oiter
~drenalectony, or lateri olectrolyte level analysisl
The fermula of cortiscl (Reichstein's compound-M and
{endall's-F) wes confirmed later by Mason obt al(1928 -
19383g).

As a result of the Clirometographic technigues of
Bush (Bush, 195%) and Zaffaroni (Zaffaroni and Burion,
1953) +the nature of the principal steroids of the adrena
zland hos beconoe clear,

1.2.2 Structursl feaburcs of the Adrenocorbtical Ftoroids
All cortiscl metabolitos have oxygen functions in

cosition 3, 11, and 17 in the Androstane series and
on carbcus 3, 11, 17, 20 cnd £1 in vhe Pregnens sreles.

dditional hydroxyl groups may clsoc be preseni.

1.%2.2.1 rhysical and Chemical Propertics of Steroid

Ketonoes

The 17-carbonyl group nay be¢ produced from 17s,20-01
or 17a-01-20-cne steroids by a 17&,20—021~Desmclasc
enzyme (Iynn and Brown,1958) or novnenzynically by mild
oxidising egents. The 17-keton¢ group is recognised
by formation of a purple colour with the Zimnermens
resgent (Zimmerman,1935), vhile other carbonyl groups
(=% and -20) givo colours unstable in alkali (Marlow,
1950). The 17~ketone which absorbs in the IR region
- 1P42-1749 cm’q, can be distinguished from ketones
attach:d to 6 member carbon rings (1705-1?20,cm’4)
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and ¢~20--ones (1705-1710 cm"/l)° The !-ene-5-one zroup
is easlily recognisable by its unique property among she

3

b_l
]
in]

.

adrenal steroids of absorption at 240 mu., in +the ULV,
egli

Saturated 3-kotones ore nost reactive towards
hydrezons formation with 2,4—dHPE and Girards rcagents,
but -/t-cne~Z-ketones cnd 17 or 20 kctones rather less
so, The "M-ketone is inert vowerds These reagents for
rcasons oi sheric hindrance.

Reduction of Z-lrctonecs with “'l.!aBH4 sives the 3a-04
ase of = 5b configuration, and the 7b-O0H with

-

C
the 5a configuration (Gaylord,1956). PBoh the “etone
{_

and thc double boné of the d-cne-3-onc function arc
susceptible %o NaBEH, rcduction (Sondhcimer gt al,1954)
yielding = U—ene—BbQQl as the mejor product. In the
presenyv investigation reduvction of the !Y-ene-3-onc group
resulted in the formation of two derivatbives. The major
product was the loss nclar ~i-—gne-3b-ol with lcess of

the fully saburated 52~H~3b-cl (=zce cheptor 3).
Reduction of 11 ketones is reoorted to be slow (ilyne,
1833) and zZives “ho axial 11b-alcohol (Oliveto end
ficrshberg,1S,5)., iovsver, in the present iavestigation,
the reduction with Nth4
1M~-ketone~c-19¢ steroids, oxygenated at c¢-3 and c-17,

in 80% ag.tert.-butanol of

procceded ropidly et room temperature, in sood vield

(2 hours. Approx. 0% reduction in 10 minutes). Reduction
of 17 ketonecs with NaBHLL is xnown to proceed smocihly

to give 17b-hydroxylation exclusively (Norymborski &
Yo0ds,1955). 'the direct formation of a 17a-ol from

a 1P7~ketonc hos 0ot boen achicved by chemical mcans.
Hovever, with reduction of the 1ca,17a oxidec, the

17a~ol is formed in good yicld (Heusser et 21,1950b).
Reduction of 20-~ketoncs with complex metal hydrides yields
mainly the 20b-ol (Klyne,1953).

1.%5.2.2 Reactivity of thc corticosteroid alcohol groups
Compounds represcntative of all four isomeric
3~-alcohols are found among the adrenal and urinary
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steroids. Secparation c¢f %& znd 3b-ols, in either c-5-H
serics may be aschieved by formation of the insoluble
digitonides with the steroid (Butt,1948) containing a
frec %b-ol group - trans to Lhe c¢=-10 methyl group
(¥rane,19/444; Fieser and Fieser,1949). However 5a~H-3b~0ls
are precipipated nore completely than thosce of the
5b-H sories (Haslam and Klyne, 1953%). Morcover, some
3b-0ls are not precipitated snd some 3a-ols can form
ingoluble digitonides. Therefore data obtained from
this reaction con not he given as conclusive evidence.
QOther steroidel alcohols do not react with this saponin,
The beta oriented 11-hydroxyl is subject o a much
greater steric intcerference than the 11a-configuration
snd ie almost completely incrt to acetylation reagents
(Zemp ¢t al,1954), whercas othor steroidel alcohols,

¢xXecept most 30 oncs, are casily acetylatoed. Because

=

o

the steric interactions involved, She 11b-hydroxyl

iz the most easily oxidiged of 2ll the 27 steroid

n

alcohcls, when using chromic anbydride (Schreiber &
Zschenmoser,1955) and tie 1Mb-alcohol group has cven
becn found to be oxidised by atwmosphiric oxygen if

left to stand at 45°C (Bush and Ferguson,1%:5).  tThe
~-21-01-20-one¢ (a-kXctol) group is responsible for the
reaction of corticostercids having the dibydroxyacctone
side chein moicty, wibth blue betrazclium salts.

In biological systems the predominent triol is the
172,20b,21~%riol. This tricl may bc prepared alimost
pure by a complex metal bydride reduction (Norymberski,
1955). Inversion of configuration ¢t ¢-~20 by an
acetylation and tosylation displacement reaction,
affords & pathway for the synthesis of the 20a-~ol
(Fukushima at 35,1956).' Kormal ecetyletion conditions
applied %o vhe triol side chain gives the 20,21-
diacetate.

1.3.3, Stereochemistry and biological activity
The stercid nucleus is a rigid structure, stable
both chemically and biochemically.. The stability of
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: P Vo : 14
the nucleus is d{enonstrated by the absence of ¢

02 in

cxheled zases aficor ednministration to the higher animals

of sberoid labelled in the nucleus carbon. However

steroids do not accumulave 1n the soil and appear to

be degraded by thoe organisms present to smallcer carbon

compounds. The shepe of the nucleus is rclatively

unaffected by substibtucate Bulky groups substituted

in axiel positions, rather than equatorial, may - .

considerably influcnce the reactivity of regions of

the nucleus remote from The substituent -~ probebly

through minute changes in shepe of the molecule.

As functional groups arc located at oppogite ends of

the molecule it must lie flat along the steroid reccptor

unit meking confact along its almost planar b-face.

Substitution of =an 44a-hydroxyl group for the “i1b,

will inactivate the steroid. Axial positions are at

right angles o the nmolecular plane aLé large bulky

groups hore can reduce or abolish activisy especially

if ettachment is to the b-face. Some intceraction wiih

zroups attached to the 'side' of “he steroid moleculc

haos been noted in the case of cstradiol a=nd tostosberone.
Fvidence thercfore, nocints towards < stercid receptor

site in the terzet tissue reguiring a specificelly

shaped molccul:s for activatlon, This conforms with the

lock and keyv hypovthesis of Ehrlich for drugs =znd theilr

receptors, whoen spplicd to steroid hormone blocheristry.

1.4 The Metabolism of Cor'isol
Due to the wany chemically reactive areas of the
cortisol moleculc there arc a multiplicity of possiblce

modlflcatlons that may occur. The presently availlable
1nformat10n pertalnlno to the catabolism of cortisol
indicates a sequentlal reduction of the whole molucule
and oxidative removal of the two - carbon side chaiq.
Furthermore, the substitucuts in other parts ©f the
molecule may have considerable effect on the
stéreochemistry of the metabolites produced:

¥
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T.4.1 Reduction in Ring-A

e 1.1 Reduculon of the 4,5-double bond

For precvical pur oses the reduction of the c4-5

doublc Hond is an 'irrcversible' reaction snd may be

. principal determinant of the gecretion rate of cortisol
(Ungar ¢b 21,1954), ‘The reduction of this doublc bond
results in losz of the characteristic biclogical
activity of cortisol - althou;h'the 5z and 5b reduced
cihoroids do have pharmalogical cctions, although they
are aiscinct from those of their unsaturated vparent
comnounds. Synvthoetic sberoids with high biological
cetivity have oroups attached to the stercid nucleus
in such & way g 0 impnode the 4~ reductlion and
subscquent deactivetion., The 4,5~dilhydro recduction
products of corilsol are rapicly ccnverted o the
tebrahydro forms. It has becn assumed Through lack of
cvidence vhat she double bond elimination in ring-i,
preceeds the reduetion of the motone on carbon threc.

e main 2ive of reducHion dis the liver contalning
the btwo Gypes of cnzyme (1) Sa=i,3cnoc~hydrogenasoe
(reducitase) (Sa-R)

(2) 5b={,5cne~hydrogenane
reductasc) (Hb-R). In the catabolism of cortisol the
jb~R iz vredorincnt in humans with the mnajor products
being corbols, cortolones, THF and THE (4Axelrod and
Goldziehcr,1900; Laulicn ray, 1963 ) The >a-R
produces & small ovut conscant freaction of the Loetal
motabolites.,

The Sbh-THF may undcrgo further reduction to cortols
and thcn excretion as a conjugate, while the Sa--THR
(allo-0HF) is conjugated anrnd excreted withoubt further
reduction to allocoritols, c¢tc. However allocortols
and smaller amounts of allocortolonss have beun isolated
from human urine (Fukushima ¢t al,1960) but may be
derived from compounds initially reduced in the c¢-20
ketone, before reduction of ring-A. The concentration
of tetrahydro derivatives in the circulation as
unconjugated plasma steroid is lov.
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Both in vivo (Ulrich,195&) and in viiro perfusion
of rat liver (Capsi and Hechber,1956) resulted in
detection of considerable guantities of ello-THF and
allo-b-cortols while liver pcerfusion of the dog liver
in vitro produced quentities of WHF, THEHE, and b cortolone
(Axelrod cnd idller,1956).

Distinet microgomal Sa--Reductases, and soluble
Sb-Reductases are found in liver tissue (Forchelli

and Dorfmen,1925). Bovh iequire NADTH, (NADH2 being
ineffective) as co-~-factor, and transfer of hydrogen
appesrs 50 be direct and ‘irreversible’. Supernatant
of rat liver homogenate was found to reduce 2 wide
ranze oi c¢-19 and c-21 steroids. 4lthough vYhis sugnests
laock of specificity of these enzynies the onposite
pears to be the case. Tomkins(1957) noted that =
rurified cortisol-vb-~dene-nydrogenase wasg ucable to
cabalyse the reducticn of corbisone or adrenosterone.
Frzctionatlon of the soluble cell contents by aifferent
methods mave different reatios of activity between
various steroids. din hepabtic cirrhosis the activity

f the cor.isol specific reductase 1s affected bul that

@)

of the cortisone specific reductase is unchanged
sugzesting incependence between the reductases.

Tomizins (1957 ) isolated a specific cortisone-5b-R and

by 1960 had detected five specific Sa-Reduchases

(MicGuire and Toumkins,19 O) Dimiler soecificity was
describaed for liver wicrosomes (Feluire and Tomkins,
1959).

It was originally reported that female rct liver
contained only wicrosomal 5a-Reductase (Yates et al,19353)
while the male rat liver contains both the S5a-Reductase
and the >5b-Reductase enzymes (Forchelli and Decrfman,
1956). Later howvever, the Sb-Reductase was detected
in female rat iiver but with very low activity except
during certain periods of the rats life (Forchelli
et al,1963).

In general both microsomal and soluble enzymes
reduced 11b-alcoholic steroids to a lesser extenlt than
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those with the 11-ketone, in guinea pig, mouse znd
rabbit livers. ITn rat and hemster microsomal preparaticus,
cortisone and cortisol are egually reduced. Furbhermore,
in guinea vig the msjor proportion of ring-4 reduced

29's 2re 11b-alconolg while ring-A reduced c-1S's
are ‘iI1-Ceoxy or 11-zetone.

The influence of thyroxine is to increase the
available NADPH and with chronic treatmesnt gives an
increase in the aicrosomal enzyme concentration only.
This was found to be sufficient to influence the
5a/%b ratio (Bredlow et al,19%6).

1.%.17.2 Reducvion of the 3-ketone

In uwumans the major product of reduction of the

S~ketone 1is the %a-alcohol, but both 3a and 3b,

M

hydroxysteroid denydrozgenases have been described
(Tomkins, 19363 Hurlock ond Telalag,1959). Combined
action of these two types, accounts for tie hepatic
epimerisation of the alcohol on c¢-3 (Repke and Jamuel,
1954).

It has heen assumed by lack of evidence “hat the
raduction of the #4,5~double bond in ring-A preceeds the
reduction of the ¢~3 ketone. The presence of A-l—~ene-
3a,11b-01~-170ne as well zs A-4-ene-11b-~0l-%,17-one
hes been noted in healthy humans z2nd o a larger extent
in those with myxedema (Slaunwhite 2t al,19¢4)., This
suggests that reduction of the 3-keto group can occur

in the unsaturated steroid (see 1.".1.%3). On the other
hand 3a-hydroxysteroid dehydrogenase (%a-~0OH~DHase) does
combine more readily with the saturated dihydro cortisol
metabolite, rather than the unsaturated form, although
the enzyme appears to be non-specific as 50 other
structures attached %o the steroid molecule, having
about the same affinity for cortisone as for
adrenosterone (Tomklns 1956). The enzyme system is
freely reversible in purified form, but in vivo the
rapld conaugatlonyof the 3-alcohol with either
glucuronic or sulphuric acids shifts the equilibriuﬁ
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almost oompletely towards the formation of the alcohol.

In this regpect it is of inlterest that the 4,5-dihydro-
A-ketone metebholite of cortisone wags isclated from

human urine by Schneider(19%2). That this compound

mav have been formed freom the oxidation of the %~alcohol
was supporied by the identification of dihydrocortisol

as a metabolive of MR (Scvard and Goldfaden,1S54)
Bouh the 3a-0H-DHEage and ¢ Ab-0OH-DHase czn

associate wich eilcher FADY., op NADE"HD ¢s cofactor,

although atfter 50 te 150 tines purificavion of
sheroni revealed a
r the NADH cofactor (Talaleg

et al,19,2). ‘The rat liver has both pzrticulate and

Fase from _geudomonss L2gd

pref'le ce oi this enzyme I
soluble enszymes capable of reaction wifth both Sa and 5b
teroids (Ungar,196C). The 3a-O0H-DHase was found in

the soluble fraction of rat liver, kidney and rabbit

L
liver and kicdney, but no% in the lung, splcen or amuscle

e
(Unger end Dorfman,i994). It is thought that a single
alvsze the oxidation/reduction of both c¢~21's

_.),

enzyme cata
end c¢c-12's but the affinivies of the enzyme towards
various substrates mey vary (omkins and Isselbacher,
S54.) 2 1though no reacvion with acetone c¢r cyclchexanone
was chserved. The close physical associsticn bebiueen
these enzymes is shown by the inabili®ty ol workers to
satisfactorily secperate the wmammalian (rat liver)
jawOH—DHase from the %b-0H-DHase (Hurloclk and Talsls
1555) or the separation of the 3b-0F-DHase from the

0

Aa~Cii-DHase (Rubin and Strecler,1261). However the
specificity of each enzyme is such that mouse 3b-0H-DHase
would not react with the 52, »a~/<ene, Zb-5-ene, 11b
cr 17b alcohols. »Similar specificity was obtained
with horse liver preparations (Ungar,1960).

Small amounts of 3b-0OH~DHase is found in humans
and somevhat larger amounts in the dog, but in general,
3b-0OH~-DHase activity is confined to animals of the
lower zoological orders. In man and sheep the principal
3-0H steroids have the 3%a configuration. A sex difference
in the 3a/3b ratio hes been observed in rats, rabbits



and mice bubt not guinea pi ( ubin,1957).

iy

wves found to be influen
level of testosterone.

._\

d cngider

rably, by the circulat

Te8e1.5 Formation of %—-ol-b-cne-steroids

The other than normal route involving

.

The ratio

initisl

veduction of the 3-ketone before saturation of the

2 oo—~aouble bond has been demconstrated

1‘ 7
WY

Thomas and

Dorfman(1964), They were able to use rabbit skeletal

nuscle to transform A-L-ene-»,17/-one Lo the 3b-alconnl.

The roverse resction wag demonst

rabted in rat liver

tissue 'Ungar et al,19,7). The 17-ketosteroid of

cortisol was also found to be

to have dval nucleotide sreciiicity

soluble fraction of the liver.

T.4,2 Bice Chein Cleavage

Removal of the lebile two carbon side

suitable
this reactiocn (Neeman et al,1960).

eunbestrate for

The enzymz avmvears

and is found ia the

chain of

cortbisol metabolites has been studiecda in vivo in hunan

subjects, and in vitrc in the rat, deg,

species using »uscle, liver and

conversion of c-Z21 steroids %o
varying importance in nost, if
and o capability of many wicro
¥nown of the mechanism or the

orgznisms,

significance of this transformation for

of hizgher animals is unknown.

The substrates are almost exclusively the Sb-tetra-

and

Kidney tissucs.

bovine

c-1S-ketosteroids is of
not 21l hijlher animals
listle is
enzymes reguired. The
She

econnomy

nydro metabolites anc most commonly the cortols and
certolones (Savard and Goldfaden,1954),

formation requires that there is

This trsns-

no conjugation av

¢c-21-0H before cleavage. The 17-lketosteroids of
cortisol and cortisone yield little of the Sb-metabolite
and mainly the 5ald-3a-0l compounds from reduction of
ring-A., This eliminates side chain cleavage of cortisol
and cortisone as a major pathway to the production of
the ring-A reduced, ketosteroid metabolites found in

27

ing

Alvhough
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the human, althouzh the 17-%X5 of cortisol and cortiscne
have been found (Fukushina ¢t al,1960).

Lynn and Brown(1958) have iavestigeted enzymatic
aspects of the side chein degradation of 17a-hydroxy-
progesterone. The enzyme resnonsible, a liver 172,20~
021~desmolase, required HADPHz and oxygen, and was
inhibited by metal chelating agenve, and nay be similar
to The corbtisol desumolase.

1.4.5 Reduction of the 20-ketoune

~

The reduction ol the lcbhone cn carbon-20 of c¢-21
steroids to five either the 2Ca- or Z0b-alcohol is for
practical purpeses 'lirreversible' in that the eguilibrium
generally lies well in favour of the reduced forms.
However Ungar ond Dorfman have observed the conversion
of nregnsnediol (202~CH) to pregnanclone (20-keto) in
humens,

Direct conversion of the c-Z20-ketone to the isomeric
alcohiols without prior raduction of ring-i, is congidered
o be a minor pathvay (Bradlow et 31,1962) althouzh
the production of r-it--gne-11b,17a,20,21-0l-%-one from
cortisol has been observed in vibtro in bovine kidney(20b)
(Ganie zt al,1956) ard in rat connective tissue (20a)
(Berllner and Dougherty,1958). Considerable quantities
of both the 20a end 20b, ring-A-unsaturated cortisol
derivatives were found in the zuinea pig (Burstein and
Dorfman,1955), vhich is in keeping with the general
cortisol metabolism of this animal.

The supernatant of rat liver homogenate was found
to produce both the zCa and 20b isomers (Hubener et al,
1956) while mainly 20b cortols and allocortols were
isolated from the rat, after in vivo administration
of cortisol (Ulrich,1558). Hubener et al(1950) found
that metebolism of THF and cortisol in vivo gave mainly
the 20b-OH isomer while [HE and 11 DOCortisol resulted
in quantities of the 20a-OH-isomer. A difference
between female and male rat livers, with respect to
the concentration of the c-ZO-DehydrogenaSe has been
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found by Troop(1953). In young rabs the presence of
sgtrogens decrcased, and androgens increased, the
reduction rate, HMale rats, lhercfore, have & greater
c-20-one rcducing powver than female rats although the
administration of cortisone decressed this activity
in both sexes (Hagen and ‘Iroop,19:0).

The c¢=-20-Dehydrogenases are widespread throughout
the tissues, being found in corpus lutesum; ovary placenta
adrsnal, perifersl btissues and bthe liver. The 20b~0H-
Jehydrogenase from hepatic microsomes was found to use
EADDHE preferentially bul can use RAUHf t one sixth
of the rate cf EADPHQ (Recknagel,ﬂ9b7/. A specific
20a~-0H-Dehydrogenase from rebt ovary has a specific
requirement for IaDFH, with no ’IDPH,/YT“ >
transhydrogenase activity. The oQUllLbrlum ratio of
z0a~0H to 20=0, was 1.7 {(¥iest and ¥Wilcox,19C1).

To4.4 Hydroxylabtion

In general the njdroxylﬁses do not »nlay such «u
important role irn steroid mebtsbolism as do the

dehydrogenases dowever Irom the isolation of hydroxy-
lated urinary netaboliu S, hydroxylation has been

shown to occur in positions 2,6,7,15 and 16 (Axelrod
2t 21,19586; Gold,1962).

Eydroxylation is recognised as bheing important in
biosynthebtic recctions (e.g. 1Mb-hydroxylation)

steroid forming tissuve, but although demonstrated both
in vivo and in vitro, the function of these in hepatic
catabolic resactioans remains unclear. As yet, the
enzyncs involved have not beca characterised but appear
to reaquire EADPH2 and atmospheric oxygen.

A 2a~hydroxylase is present in guinea pig liver,
and 2a-hydroxy-cortisol has been isolated in guinea
pig urine (Burstein,195G6; Peron and Dorfman,1956).

Since 6b-~hydroxylation of a c~1%-steroid was
reported by Meyer(1955) and 6b-hydroxylation of F
was recognised in the human (Burstein et 21,1954)
and in the guinea pig (Burstein and Dorfman,i955),

-
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6b~hydroxylases for bolh c~21 and c¢c~19 steroids have
been described in wmany tissues. The principel site

of formation iz the liver (Cohn et al,1961) but
hydroxylase activity has z2lso been dencnsorated in vitro

in the kidney and skeletal nuscle (Lipman ef al,1962

-y

Although in a normal human 6b-0Oli-cortisol reprcsents
only =z very minor product of cortisol mebzbolism, in
infants and the wmother during pregnancy, considerable
quantivies of ¢h-OH-cortisol ic presen. in Tthe urine.

Introduction of whe ©b=0H sroup into the cortisol
molecule prevenvs furbheor nesvabollism of ring-/, the
products resembling come synthetic corticosteroids

in this respect. However, probably the nost important

asnpect of 6b hydroxylation is the increose in agueous
solubility conferred on vhe cortisol moleculs by chis

reaction., The ¢b-OH-cortisol ig suificiently waber
scluvble to pass through thz kidney without priox
conjugation and appears in the urine almost exclusively
in the free form. Fhig aiffords a nschnanism whereby
sxcess corbisol in the plosma can be clecared rapidly
without reduction or conjugation, and (hiis appears o

Lo the cose. 1Ib has been observed vhat an lacrease in

the half 1ife ol cortvisol will »nroducc nore Hb-OH-cortiscl,

with & concomitent cecrease ol Toovrahydro metabelites
in the urine (Bladsoe cb al,1964).

r -1

A 6a~hydroxylation has becn deteeted, bubt is of

lesser consequence than the Gb-fornm (Frantz ¢t al,1961).

1.7.5 the Coruvisol - Cortisone i‘quilibriun

the reduction of administered cortisone, bto cortisol,
was observed by Burstein et al(1953) and Burton et al
(195%); and the reverse reaction, oxidaticn of cortisol
in vivo, was observed about the same time by Burstein
et al(1953). ©Similar oxidetion and reduction reactions
were observed in the synovium of arthritic humans
(Wilson et al,1954). The in vitro reduction of %the
11-ketone group of cortisonc has been demonstrated
in porcine, bovine and rat, whole liver tissues
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(Fish et al,1953), and in bovine kicdney mince (Ganis
et 21,1956).
Cortisone, the 11~lzotone derivative of cortisol
is biologicelly iazmctvive in the abscnce of the 1MMb-0OH-
ap

2
dehydrogcnaso, and is incapabls of conbtrolling the ACUH

O

csecretion. However as a recult of this dehydirozenase
reaction, cortisonce has be:n shown Lo hove fwo tiirds
of The blological activity of cortisol in vivo, with
the stecady statec condition sli-hitly favouring cortisone
formation (Bush and villouzhby,1957). Phis mechcaism
afiords ome of the principsl determinents of the level

of circulating cortisol - thce biologicsal half life of

cortisol is G0 Lo 115 minutes (Peterson and Vyngasrden,
1956) which is comiparcd to cortisone, under the sane
conditions, of %0 minutes (“ erson ¢t al,1957).

The cnzyme 11b-hydroxysteroid dohywromcnus
(1Mb-0H~-DHese ) has been found in hepetic sicrosonmes
(Recknagel,1957) and in ret kidney honogenabe (Jabesh

y

Q
.

L

[ag
[oX]

)

Na)
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{
ond Ulrich,1259)., The kidney onmyme wos ass
fraction and the wicrosome

] Tt

membrans, Ih ceguitred

[l

reinly with the nuclear
and appears nound U0 & cel]
HeDP and wag nob frecly reversible. On the other hend,
the microsomul 11b~0H--DHEase from rat, gulsce pig end
bovine liver, was zble o exchange hvcrOsOQ reversibly
using eivher NAD or NADPY (Hurlock and Talalag,1958).

The 11b-0H-DHase of human placenta also had low substrate,
and nucleobide specificivy (Osinski,1950).

The enzyme sciivity is affccted by thyroid lLiormone
levels., In hyperthyroid man, this lecads S0 increased
oxidation (Hellman ot al1,1967); while in rate and
other less advanced animels, hyperthyroidism results
in increasecd reduction (H{oerner and Hellmen,1964).
Increased plasna coritisol levels also affect enzyme
activity. ith an elevation of plasma cortisol
concentration, the 11b~0H~-DHase operates relatively
ineffectively and the major fraction is metaboliscd
as cortisol rather than cortisone (Holmes and CGreenaway,
1959; Liddle ¢t al,1958). |
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Hubener ¢t al(1956) originally reported the necessity

of 2 4-ene-%-one grouping in ring-A for vedrction of
the 11-ketone group by roas liver 11b-0H-DHase. Howgever
a THE/THE equilibrium in humens has becn reponbad
Saraerd and Goldfaden,1954) althoush Bush @id Vaheoh

reworted wore efficient reouction of the

(

3!
ogteroids with & clg ring A/ring B configuration,
furthernor: the aifinity ol 1710--OH-DHiges for 11—
ketvtoslerolds substituted in the Za nogition is wvery
iow (Bush and Mahesh,19%0).
Diffevcanzes in the 11Mb-CH-NHose activivy bebweoen

male rav liver nregnarations, =nd Lhoge

3

becn obselvod,

s ibvlec Tor this coaversion, a
17 hyvdroxy neutral-sterold dehydrogonase, may bo
17a--0H s?ecific (17e-CH~W-DHase ) or 17n-~-OH-specific
ig the ost comronly founa of the

con reporved in vebhvit liver

aSohncidor and 1lage SH2Y snd akelebel suscle (Thonns

liver (Flempion ¢b al, 1954},
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human liver and skin, and bovine erythrocybesu sinea

e

-

nig liver and kidney contaein Swo 17b-CH-ll-DHases, one

being found i the soluble cell fraction and requiring

(@)
-

her iz Tound in *the

(‘.‘

)

J4DF as cofactor, and unh

o~ '

mitrchondriasl fraction and requires

d
Xochalkian,1962). The puvified soluble anzyme shoved
h

some substratc specificity, controlled by the configuration

of ring-A (Endahl ¢t al,1960). The oxidation/reduction
reaction controlied by 17b-0H--I-DHase ig reversible
and in rat bSissues the direction of shift in equilibrium
is controlled by the pnH.

Rabbit liver (Clark and Xochakian,1547), bovine
erythrocyte suspensions aid gulnea plg liver
homogenate (iochalian and Wall,1953), all have 17a-0H-

N-DHase activibty. ILpltestosterone (17a~0H) formation
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from A~f4-rne-5,17-one has besn obrerved in The spermatic
velin of young calves (Lindnor,1551).

Cf five species studied by Lindner {ox, shecp, man,
piz, stallion) oalv She former two (ow 2ud sheep) were

Wy

o V/a-0i-i~DHase, althourh all were

[

found to poscs

fouad to have 17/b-UH-MN-SHsese activity. In the sheep

47a~OH~E~»H se activity exceeds that of the 17bh-0H-N~DHase
ctlvity by approximataly three times,., Albtnough there

was no sex difierence in activity of 17a~0H--N~DHase

in the sheep, (Hgeon(1%0:) suggested the 17a~0H~lecubtral- |

DHase was also uzed for convorsion of zrometic steroid

A7

lf ”QLODLu.

1¢S5 Steroid Coajugabtion

Initially the conjugation of steroids with amino
acids and hydrophilic radicals was “hought t0 represent
entizncing of their physiolegical achivity by iincreasing
i soludility ox the sterold in agucous zolvent

(Sobotka and Rlech,1S43%), liors recently conjugate
forpation wag considzred o be 3 catabellce reactioc
conr¥ined 4o Ghe liver, 2ad associated with the metabolism
snd excrotbion of steroids, bhus has gince bheen demonstrated
in ebtercid formicng tis~uce cuch as fuinea pig Dlacanta
(L»vi"z ot al,19e0), norw-l human adrenal {[Killinger

nd Solowmon,1955) and bovince ddnzy bissuces (Holceaberg
ad Rogen, 1985, Shercid conjugntes arc known to enter

dircet pathways oy steroid biosynthesis (Calvin and
Lieberusn,1064) ond )

tx
The least polar corticosteroid mebabolites (Letosterolds

[

.’

sformation by the adrenal gland.

are auch more soluble in urine thaen the concentration
produced by their daily sccretion (Jacobsobhn and
Levenberg,1965)., Neverbtheless the majority of neutral
ketosteroid is excreted in conjugated form azs hemiacetals
of b-D glucopyranosiduronic acid and as mono-~csters
of sulphuric- acid, sugizsting conjugation may be
necessary for the transfer of steroid across a biological
aembrane or to control the availability of free steroid.
?he conjugated steroid wmaterial in plasma (Crepy
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et 8l,1957) and urine (“ornel,1SC2) consistz mainly
of b-glucuronides, bubt are also bound paritially »s the

sulphabe. In addiﬁion vo slucurcaide anda sulphate
conjugates some unusual forms have beon obrervoed o
caffcine~-steroid complex of human uvrine (I
1 , corticosteroid-anino ccid-complexes (Tades et al,
ates (Qertel and Tik~Fes,1958) and

conjugates with Neacetylglucosamine (Tasqualini, 19¢7), |
and others not identified (FPaterson ¢t al,1551;
Licherman et al,1954).

Steroid structure hag an influcnce on the Lyne
of conjugete formed., The c¢~1% and c¢~21 socroids rith
tuo o~cne-5b-0l structure are nocmelly excreted as
sulphates. (Licberman eb al,1954) whilc bthe saburased
S5b-lH=33-cl=-c~19"'s and c-21's are excreted as tho
wlucuronide (igon,1954), as are the estrogens (Fatzman,
1954, dovover o small porbtlen of tho sabturabtcd c-27
steroids occuvr as She sulphase {(Mason,1954). ‘thesc
generel rules 2re flexiole a2nd ebout half of the 17
UHCS cxcreted after oral adwministracion of corvisonc
acebate were conjugated to ovlphuric scid, 2althouszh
nitislly the glucuronid: Torm predoaminased (Horyaboreki,
.~ . Ceortisone, corcivol o~nd ob-OH-coriviscl, are
present in vrine predeminanitly as the ifree stereld,
fyoicelly, nrinery corcisol di<wuxibution in humans is:-
reec steroid,-«0/; c¢~21 sulphate,-350; <lvcuronide,-5%
(Pasqualisn =ad Jayle,1951), and some mixed conjugation

rtisonc also occurs.

The role of the liver in the formation of steroid
conjugates is clearly establishoed, but cirrhosis of
human liver was not found to result in the accumulation
of free 17K3'5s in plasma or urine (West ¢t al,1951)
although in this condition the ability of the liver
to synthesise glucuronides (Bongiovanni and Eisenmenger,
1951) and sulphates (Birke and Plantin,?1954) is
seriously impaired. In hepatectomised animals little
conjugation occurs (Berlincr and Wiest,1956; Berliner

2t al,1958) indicating the liver %o be the major
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cnjugation site in most gpecics. Conjugate formation

(6]

decreased during pregnaacy (Mdgeon et al,1927;

Qe

ohen ¢ £1,1958) and in hypothyroidism, and increased
in hyperthyroidisn.

Mebabolism od steroids as a ivhole lecads ©o a‘more
hydronhilic molecule, but not to such an cxbont 28 o
bo easily dlsplaced from sssociated protein (LZik-ncs
et al,1954), and filtered from the plasma by the kidney.
Steroid conjugetes are prescent in slasma as the sedium
or povassium salbs, bub even so0, some biading wilbh

oes ocecur (Bleaunvhibe nnd Sendbers,1958).
wxeretion of steroid conjugates by the
similar %o creatinince (wivhoubs reabsorpbion) in bthe
cose of glucuronides (West ¢t 2l,1951) but clozrance
of sulphates from the plasma is much slover (Kellic,1957

Corticostarone

)

is conjuzeted more rapidly than corticol
but excreted slower. Tho ratio of frecec to conjugated
corticesteroid excreted in the bile 1s the same as that
excreted inbto the urine, and provably drain the same
metabolic pool (Migeon ¢t al,1920),

The b-glucurcnide of tetrahydrocortisol is Tormed
in guinca pig liver wicrosomos {(Isselbacher and
Axclrod,1955) by the transfer of slucurcnic acid from

uridine diphosphatcuauglucuronic acid (UDPGA) vo the
steroid alcohol with Uhe libcrsfion of uridince diphosp
(UDP) (Isselbacher,i95c). ‘The trensfer is catalysed
by the enzyme glucuronosyl trsrnsferase, present in
liver microsomes.

The proposed presence of a steroid sulphate
synthesising systoms in the wicrosome free supcrnabant
of rabult liver homogoenatce, requiring ATP, Mg+4 and

~ (8chneider and Lewbart,1950), led to the isolation
of the sulphate donor, sdenosince -3'-phosphate -5'~
phosphosulphate (PAPS) (Robbins and Lipman,1956).
The enzyme catalysing this reaction, sulphokinase,
appears in two forms in the soluble fraction cf
rabbit liver extracts -~ onc for estrogens and one for
3b-0H-steroids (Gregory and Wose,1957); with no
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Za~0OH-steroid~gulphokinose praesent in chig svsicn,

1.5 Bteroid/Frotein Association in Biood

Interaction of steroids with plas proteln ssens

+

- T o R N £y e L. [ R, DO R )
Co be an important ractor in incresa=ing ths golubllisy

i ) L

0L steroide in agqueodous media and in determining this

f

distyribution,

Farly venortn of steroid (eetrogen)-protein
ingeraction ir bhlood, from Drunelii(1954) and Yaunssler

-

(14%6), were later subsbanticved bobth in nan end other
cpecies (Czezo and Hober(s,1953). Coxticouteroid

binding o plasma prosein was also obsaerved (Savard

[ary

et al,1922).

Albumin appeared morz eflechtive, 1ln vitro then
slobulins for hinding stereids (Ei-les eb al,1954),
while ip vivo elbuain pinding cceurred only after
----- aburavion ¢i the lobulinzs, that whole nlusma could
bind more corvisol and corvicostercone bthaa could be
aceounted for by albunin zlone (Sandbers 26 al, s 357)
led Vo the ciscovery oif another fteroid binding rlasma
rroteiln. Further isolnbticn showved biading ol Q»anu
coritizol was confined o & noa~liponrotein n the
a~globulin fraction. iz awgloanlln was nined
corbicosteroid bindang <lebulin (C.3.G.) by Douphacay
(1952) and 'btrenscortin' by Slauawhite and Sandbery
(1959).

{inetic data points Ho only two olasma proteins
capable of binding cortisol; viz, albumin, and C,B.G.
(Mi1lls,1962). Serun 2lbumin hags & high capacity for
steroid bindinz, with a sterold binding coustant thabt
decreases with an increase in the hydrophilic groups
on the steroid molecule (Lik-Nes et al,19o4 . In
contrast C.B.G. Las by far the greatest affinity for
cortisol but is easily saturated. B '

Changes in protein binding influence not only the
‘plasma cortisol level but also its distribution
throughout the tissues. During pregnaqcy (Genzell,

1953) or experlmental production of an elevabed eqtrowen



Hence bthe lowr leveleg of C.2.G. in cerebrospinal fluid
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- level in the blond; & rise in tobtsl nlassa cortisol

was observed, This rise was not accompanied by an
nlterabilon in the uvinary excreblon n3 ~lucose,
indicating & wmechanisi Jor “he suprression of the
vhysiological effect oi an increased blocd cortiscl
concenbration., Althoush the cortisol secretion rate
froa the adrenal 1z reduced in these conditions, the
concentration oif menbouand corbisol in the hRloocd remeadine

B

almoct unchanged (as a resnlt of enbrnced hinding of

[

fouriold. increase in

ciooal,1920), Fron

1 ' A~ Ty v b

[ RN 2.1 !
Lhat the C.D.G.~F

15 inactive

o
o
o
f..
o
=

vhysiclogically (Sleunvhite and

doelggﬂﬁpﬁ)a Furthermore, & large dose of corvisol

;

(,;»NQO ngmn, L.Ve) ds mesaoollﬂed =t a rote proportional
G

o the anount bound (70-307 bound), while a "trace”

toge of corvigcl ig matabolized at & wore ranid rate

PN

(azproz. 1005 bound) (Sandberg et al,1S:7). fae
i

<
0
=
D
DJ
or
jny
jO]
ey

N
/
it and Bﬂr>te1n(1;uh,, Tev

0
the hepatic extrscevtion of vnbound cortisol was wob
1

sufficient tc account for the nebtabolic clesrsnce of
the horaone. “hey sugnesgted a dissoclation of the

protein-cortincol complex during passage Ghrourh the
liver. Indeed, of the 12 ug of cortisol metabolised
per minute in & 45 .z sheep, onc bthing is derived Irom
dissociated provein-corbisol complex and Hwo ©Thirds
from sho unbound cortiscl pool.

The bhinding of cortisol by C.B.CG. exerts a major
influence on the equilibrium concentration of cortisol
across capillary barriers (Florini and Buyske,19561).

.
explains the lower concentrations of unconjugated
17-0HCS in this fluid (Sandberg et al,1954). Only
unbound cortisol is available for glomerular filtration,
although the major portion is reabsorbed (Beisel et al,
1964). |

Steroids other than cortisol are bound to C.B.G.,
but to a lesser extent (Daughaday,1953). Those
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competing most vigorously 11tn cortlisol are expressed
ags a percenbtage of the ability oif cortisol to displace
4~cq4 -7 from C.B.G., uder standard conditions - 11
deoxycortisel S0/, corticosterone &5 Cortisone hes
a very lovw affinity forx C.B.G. biading sites and can
Gisplzce only 26 of that of cortisol.

atezrity o Uhe l-—Ene~’-one conjugated system in
rinz-4, aund the O-lietone are corential for full

binding., Toe 11b, 172 and 21 hrdroxyls 2lso add to

vhe sbtrensth of the C,1.G, bhoad., The nature of the
c~11 oxygen is imporbtsnt - renlacecnent of the 11b-CH

by & kKetone or 11a-0H groupn decrenses binding affinity

considerably. IEvidence has bheen presented by Yegtphal
and ~ohley(1959) that Tho binding tales nlace betveen
the aliost planar alphe surfzcsz of the steroid and the
C.B.G., permitting sccesgs to the l-~ene~*-one function

and the c~-20~ketone. Some lateral interaction st hLake

place for whe c~11 ox gen 5o iniluence binding affinity,

Under nornal hvsiclogicel concentraticns in periferal

ple ma there im 20 competition bhevween I and B oor
aldosberone, for binding nites of $.3.L. (‘ntorniades,

, e
) and injection of 0.5 wo G.7 mom of ¥ resuived
in complete binding. There was no gualitetive Cifie
belween exogenous and endnsenous steroid (Upton and
Dondy,1955), and sterold-probein formation iz considcered
to be purely a ohysical process notu requiring celjular
activity of any tissue other than blood (Deuzhaday,1956).
at intervention of the liver

wes necessary for sterold-protecin formntion (Roberts
and Bzego,1953).

Corticosterone was found to assoclate with serum
albumin mainly, and also with a- and b-globulins; while
¥ asgociates mainly with b and a globulins, and very
little with albumin. However some individual veriation
with respect to plasma binding capacity of corticosteroids
was observed in both humans and sheep (ilacDonald and
Riech,1959). "

Blood eryvhrocytes (R. B C.) mey also bind with
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plasna steroids (Rischoff and Xatherman,1948) althoush

they have greater affinitvy for esirogens than cortisol

or corbicosterone (Sandherg et al,1957). Recently
cortcicosteroids have hecn shown to rnrotect R.E.C.

ay

inst heoewnolybie apenve (Agarval anc Gorby, 1960 )

11 deoxycortisol belaz the o8t active i1n this respech.

sl

Affinity of H.D.C. for zveroids decreases with increase
4

e
in overall wolarity of the stercid. Fibrinogen and

prealbunin hove o very low binding aifinity for cortisol

T
ompored with that of zerum albuwain.

Ln dmvesvigation «f five =necles (gan, cog, cheen,
lowost, and hugan sera the hizhest
corticosterolid binding to wlasma nrotein (Riech,1960)
(see, table,1-2).

in periferal nlasma of the shesp iz low (Lindrer,1S59).
& . - 9

oncentration of cortisol

=
e}
o
cr
<
(\'r
m
O

The clearance of lasma cortisol in The sheen is wore
rapid than maa (rCabterson,SE3) auno the ha
cortiscl~20 to 2. ninutes 1in che nheep, 1is shorier
than th2t of non -9C o 110 minutes. lLstrozen
sdninistration in the hunen produces 500 incresse

in the half-life of cortisol ith i associcted increcse
of up Ho 70D in the Lioding of cortisol. The ewe

sixow no such changes in vhe binding choracteriscics

or holf-life of cortisol, elther by estropen

admninlisvracion or dvriny nreacncy. At hish plasma

cortisol ievels only about 40 way be bound in sheep
blood but binding wmay be cousliderably greater at lower
plasna cortisol levels. The administration of ACTH
causes a sharp decrease in this percentage (Linduer,
1964.),

e concentration of albumin-~bound cortisol in
the sheep was found to be proportional to the
concentration of unbound cortisol. The binding constant
for a 1% w/v solution of albumin is 85% that of
human albumin, however the plasma albumin concentration.
in the sheep is considerably less than that of man, .
so overall, there is less albumin bound cortisol in
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the sheep (Paterson and Hille,1967).
0 P

The binding ¢ C.B.(I, wags Q.87 x
i
pa

)
10 lJ/mole coms

red with 0,52 x 10 “/mole For human
plasma C.B.G., (il

12,1962 but the nean concentration

=]

of C.B.G, binding sibte was ecuivalent to =4 ug of
)
l

cortisol / litre vlesma (oe 2L al,19:/) compared to

o Eatel e wven  F 5 - i R 1 i~ wen e e P Yo
200 ~ 500 wg / litre nlasna, for hunens (Chen o ol,1967).

& summary of the distribution orf

cortisol in the gheep and nen - according vo Yalt and
Burstein(1964) is civen i table(1-=3%).
Arcificially induced levelsz of pl&:nﬂ cor'é;isol9

greater than % vg/100 »l., resulied in a decrcase in

wool growth (Lindner,195%) and .ebtebolic si;ns of

excess cortiszol action (5&55@%t,4@65

1,7
L

Ultimebte Digtripution

The ul®timate fabe oFf cortisol aand its .wetabolites,
aid roubes of excretion, varies forwm gnecles Lo species,
P P I Ly e S e e e —~— - .
carnivores, horbivores anc rodeats exerete Lie
1, 4 K '

G
oT nIoportion orf treir fleroia metebolites ia il

P Sy e 1 R Fa oy ey ca ey T s Ty in ey emoe s - -
e. Yrimotes, The Lorse, ond suines niss oxXereue

1
the jcjor prornortion o Uho uvelne, Although there are
v unts o sisrold wsbzrisl in the

o}
5 and Line maJorilty ol thar axerebted isg found in +the

urine, the biliarv rouse =ay suill be of considerable

lmoorsance.  Large anounts o. sterold may be gxereved
throuzgh the bile and be reabsorbed via che nortal
circulacicn (possibly after Locterizl modification)
be agein excreted elithcr in G
an enSerohepatic reeirculation (Hyde end villians,
The hzlf-~1life of cortiscl aund ils metabolites
in the *tissues sppears to be very short (Bradlow

1

et a8l,1954). Iio mention of cortisol b7 periferal
tissues was observed in man, even in severe inflamuation
(Welson et al,1951). Some localisation of tritium
labelled cortisone in the liver has been reported in

rats (Bradlov et al,1954) and man (Flager et al,1954).

vy bilae or urine, constitubis



Adrenalectomy has no effecy
cortisol in the mouse or in
Speclies diffeorences in
labelled cortisol has becn
pathvay in man is via the
found in the feces aiter z

administration (Hellman o

on vhe dispo

demonstrated.
flaney with
following I.V.

Iin rodents
althoush

abelled compound

roube of administration of the

Intramuscular,

a declding effect on the ulwimete fote.

administration r

intregastric and sucbcutuncous

in excrebtion nmeinly 1n the

lnbravenous

ceaulted

adninistration of tritiated corti

pgreater excretion o
(Bradlow et al,1954).

than feces




Chapter 2

MATERTALS AND TAPERTIMINTAL METHODE

2.1 Materiels
Chemicales uscd throushout this study were reagent

L
-~ b

'rade, obtained from British Drug Houses L7 ., or Ma
2 b & ——— 9

< d . . s
and Baker L“ +, unlegss otherwisce specified, A collection

of pure steroids, besa-glucuronidase, phenolphthalein
slucuronide, and blue vetrazolium, were obbtainsd from
Mann Research Laboratories Inc., Few Tork, U.5.A..

Sclvents were distillzd before use unleas special

treatment wes indicated.

2.2 Preporation and Care of iIxperimental Sh

o\
D

i

Romney eves of 50 - 40 Kg were kept indoors in
regtraining crates ficted with headsztocks bo restrict
rnovement., Body zlinzs rere used Lo support the cheep

yhen resting. feed consisting of ecqual weights of chaff

13

and sheen~nuts was glven once & day ac 10.00 a.m., and

drinking watber availeble at all times. For urine

0

collection, the bladder was catheberised with a NS 14
Foley catheter left iun gitu for The duration of the
experiment.

In cases where bile was cocllected tThe following
surgical modifications were made under Fluorthane anaesthegia:

(a) ligation of (he bile duct below the branch to the
gall bladder, and above the point of entrance of the
| pancreatic duct,

(b) insertion into the gall bladder of a cannula
which was passed out throunh the abdominal wall.

(¢) similar cannulation from the duodenum %o the
exterior.

Between experiments an exterior bypass Gtube was used
to allow secreted bile to flow directly into the
duodenum. ‘
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5 Collection and FPreservation of Samples
.3.1 Urine
The end of the urinary catheter was fed through the

2.
2

neck of a 2.5 litre Jar, and adjusted to dip under the

surface of 150 ml of 95% ethanol. The urine was sbhored
o} . .

at 0°C until required.

2.5.2 Bile

Bile was collected in a 1 litre bottle by interrup®tion
of the gall-bladder bto duodenum bypass tube. During the
bile collections, precollected bile (refrigerated) was
pumped into the Jduodenum at +the rave of 10 ml./hour with
a peristaltic pump. No preservetives were added, but the
bile was stored at 0°C until reqguired.

2.4 Extraction of Steroid Conjugates from Sheep Urine

‘fhe urine (typically 5350 ml. for a 24 hour collection,
and containi iz 150 ml. alcohol) was wasghed into a large
beaker with saturatad (NH4)2804 solution (100 ml.,), ard
solid (NH4)2804 (%350 Gm) dissolved by werming o 3514090,
fhe urine was then cooled to 10-15°C and brougnt to
pH 1.0-1.5 with 10 I HC1 (¢5 ml.). This sclution was
washed into a 5 litre separating funnel with 450 ml. of
peroxide free ether. 'The mixturce of solventcs was zble
to be sheken vigorocusly for 10 minutes without the
formation of a stable emulsion, and 10-15 minutes was
sufficient for the phases to separate. The aqueous
phese was withdrawn for extraction with more diethyl
ether / ethanol (3:1, 600 ml.). This second treatment
should produce precipitation of (NH4)2504.

Following a third extraction with diethyl ether / ethanol
(3:1, 60C ml.), the orgenic solutions of steroid
conjugates weré pooled and the ether and ethanol removed
in vacuo, below 35°C.

The first 24 hour collection of radiocactive urine

was subjected to a fourth extraction with butanol (130 ml)._

The butanol was removed in vacuo at 35°C, and the
conjugates were redissolved in absolute ethanol (20 ml.).



Any (NH4)2504 that may have been extracted with the
butanol is removed in this tep The steroid conjugates
are recovered from the alcohol by eveporstion in vacuo,
below 5500.

To determine the radiocaclivity remaining in the urine
after the extraction proccdure, 2C ml. vas rofluxed for
25 minutes with 1 ml. of 10 N BCl. The liberated steroid

was extractsd with 5 volumes of CHCL 3 and the

.
radioisotope raecovered from the combined exsracha
determined.

A summary of exbraction cifficiency realised by this
method is presented in teble, 2-1.

. o

ivérolysis of Stcroia Conjugates

2.5.1 Agsay of b-Glucuronidose

The assay for b-zglucuronidase is similar vo that
dercribed by Levvy and CODchie(1966), using
b

henolphthalein glucuronide as the substrate.

The zasay componcnte consist of -
pvneinolphihalein olucuronide soluiion - 0,005 [

2ud sajusted to pH 4.5, C.1 ml,
Acziate buffer, pd *.5 - 1.0 M T.2 ml.
Enzyme solution (pH %.5) 0.1 ml,
Distiiled water 0.1 ml.

For the preparation of a standard curve bthe subsbrate
and enzyme were replaced wivh phenolphthalein solution
giving up to 100 ug of phenolvhthalein in a total volume
of 0.5 ml.
The mixbture was incubated for 1 hour atw 57.506,
and the reaction was then stopped by the addition of
5.5 ml. of alkaline glycine reagent. (glycine -
16.%2 Gm, NaCl - 12.65 Gm, and NaOH -~ 5.45 Gm in 2
litre of distilled water. This buffer has 2o pH of
10.2.)
The liberated phenolphthalein was measurcd at
550 mu., in a Hitachi 101 spectrophotometer. All
readings were measured against a blank - without either
substrate or enzyme. |



45

The enzyue sctiviby in each aszay is expressed in
Fishman units - 1 unit is equivalent to 1 ug of

t
phenolphthalein liberated in 1 hour at 57.500.

2.5.2 Optimum pi of Paua b-glucuronidase

The optimum pH of b-glucuronidase from the Taua
can be secn by reference to fig. 2.7, Acetete buffers
were used bthroughout and the pH verifiod with @ pH
glectrometer before substrate (phenolphthalein
glucuronide) was added. TFinal buffer strensth was
approximately 0.5 M with respccve to acetate.

2+29.5 Provein Precipitation {roa Paue Stomach

atc
fhe homogenate was subjevted to methanolic
concentrations up to 30%, and the precipitated protein
measured.
T'he homogenate was dilutcd with an egual velunc
of wabter and cenbrifuged for 5 minuvhes at 6,000 r.o.m.
in 2 Yifu,, bench ceuntrifuge. The clear supernatant
had a protein concentration equivalent Lo 24 wmm of
serun albumin per wml.. Agueous methenol wasg added ©o
0.5 ml, aliquots of the supernztant producing - range
of meihanol concentratiocas frow 0 - 257, These were
kept at 0°C for 3 hours bifore centrifuging a2t 6,000 .
foxr H minutes. The supernatant was discecrded. Tach
precipitate was washed with the appropriate concenbration
of aqueous methanol, then coentrifuged &t ©,000 r.p.m.
for 10 minutes. The supernatant was rejected and the
preceipibated protein redissolved in 2 ml. of distilled
water. Aliguots of 20, 25, and 50 uL. were assayed
by the Folin-Ciocalteau procedure.
To each aliquot, 3 ml. of 0.01% Cu80, in 0.1 N
NaOH was added, and this was stood for 10 minutes.
Folin-Ciocalteau reagent (B.D.H. Eng.), 0.3 ml., was
added vo the mixture and after 45 minubtes the optical
density was measured against a blank of 700 mu. in
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ditachl model 101 epectrophotomzter. A stendard
curve uging up to 150 ug of serun albumin was prepared
to express the protein rrecipitavted as sguivalent to
g of gserum albuiain por 0.1 ml, of the final nrotcin

solubion (Tig. 2.2).

Pava Stomach

S
o]
o

2.5.4 Parvial Puriiicatioc

b~Glucuronidase
The poue, vithout ghell and foot, was ¢2llected

fresh from a Zcod procesaing compuny and the cbtomichs

end intestine only wors retsincd., Thog: were

-t
1

homogcnlised i & ¥Yaring blovdor for o -~ 10 winubeg wiith
an cqgual quentity (v/v) of wvater. This homogenate
was stored deep frozen until reguirad. fhe cuoyne
achivity =2t this stege, when oxtonpoelated oo infinitc
dilution, was 2,700 u/nl.
™ro mevhods verce uvsed for furbther fractionation.

An gmmoniun sulphate acthod (Loevvy end Conchin,1866),

-

andl a method hased oo elcecohol precipitetion,

(a) Amwoniun sulvhote Jrocticassion

The homogunate was ivhawsd, Jdilutsc with an coual
volune of water aad tren cenvcifupred abt 1,200 G fo
15 minutes. This left o cluar vellow / grecn supernntan#

witlch was retzinca. Toe i othis sbage was D.2 =

-

5.5 and was not altered. (hie uas brouzht to 20%
saburation with (Nn%)2504, and after allowing Lo stand
for 30 minutes at 0°C, convrifugation at 1,006 G fo
15 nmianutes gave a cleor pale yellow supernctant. Fhis
was brought to 20% saturabion with (NHq)QSO and the
temparature held at O °¢ for 50 minutes. Thc sediment
recovered from centrifugation at 10,000 G for 15
minutes was redissolved in 0.01 M asccetate buffer
(pH #.7), and dialysed ageinst the same buffer for
24 hours. The enzyme was stored at 0.

This fractionation gave poor recovery of activity,
and was replaced by the following procedure develope&
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during *ho cource of this stulyv.
&

(b) Alcohol (#ethunol) fractionabion - A standardiscd

proccdure for The preparstion of wvaua

b-zlucuronidase

fhe homogennito was dilubed wibth an egual volune
er and contrif iged at 10,200 = for 15 nmirnutes.
The «0lid residuc (207 by volums) wes discarded, and
aistillcd mechanol wap added o tie supcernatant until
the methanol cencentrabtion wag 10%., After centrifuging
at 12,000 G for - =minubes the supernstvanb was adjusted
to 457% wethanol beforc ceubtrifuging av 15,000 & for
10 minutes. The supernstant was then carcfully incrossed
to 62.5% mathanol and stood foir 2 hours at 2°¢.,
The sedimented cuzyme was col.iected by ccntrifugation
at 18,000 G for 10 minutes (sec fig. 2.3%a, 2.3b).

The enzyws obbtsined from 1 livre of howmogenate
was dinsolved in ©0 ml. of .01 M acctate buffer,
pH AOV, and deer frozon (sctlvity obtained was
20, u/sl. 000 w/al., vide infra).

The b-glue U“Oﬂl@ 2ge activiiy of both the stored
homogonate end the pertially purified enzyme was iound
to incrcasc almost tonfold on Xeeping for © moaths -
from 2,500 rccoverable ¥Fishman units / wml. of homogenate,

to 22,000 u/ml. of homoz:nate.

2.%.5 Partial Purification of Limpct b-Glucuronidase

The whole (deshelled) auimals, were homogenised
and subjected to the sane alcohol fractionation
procedure as the paua homogenate. The limpet
homogenate contained 800 uvniss / ml. (extrapolated tbo
infinite dilution), and the activity of the final
oreparation, in pH 4.5 buffer, was 24,000 units/ml..

2.5.60 vEnzymic Hydrolyéis of Steroid Conjugates
The action of Paua b-glucuronidase on urinary

corticosteroid conjugaves was tested as follows
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B-glucuronidase cnzyme from both 1limpe’ and paua
were used 1. virious concentrations. ITabcelled storoid
conjugates were oxbtractocd from shecr urin: in the usual
vay, folloving administration of 4 - ch ~ corbisol, I.V.

] The lahslled corticestoronid conjugates
were redlssolved in 0.5 i acotate buffer, zivine -
finzl conceoatration coulvalent to 1/200 of a 2t hour
collcetion, vevr ml..

! )

Se.u.1 Hyarolysis of Fxtructed Conjugabcs, in Buffcr

~
—
Ll

Sufficient paua ewyne vas

14

to 1.o wl. of

P -A v RN S| e = L . P K ) a1 ~ A e
@mixea ¢ - corticcstorold conjugnves in bulicer (-:ICU CEGC

z
pH 2.56) Lo bring the wsuzywe concontration to 12,000;
6,000; 2,000; end 500 unite /ml.. A single concontrabion
of limpet =nzyme (6,000 uvnite /ml.) was also prepared.
The wivtur;s, in zlasg oboppneraed tUbuS, were incubated

o o~

ot AY C with occasional shawing Ovaor 48 hovrs of
incubetion noue ot the mixtures fell bolow pH 2.7t

fad

Somples of 0.1 wl. werve talien a

|3y

t avwronriate Ilntarvels,

C')

nd oprocessed immedliately.

My A e - - e O | o et sz ] o
e C.1 w1, sample was ailuabaed wilth 2,0 nmi. of

£

chloroform in o glass sbtoppered contrifuge vube. After
chaking vigorously for 20 scconds, 0.25 Gu anbydrous
sodinum sulphate wag odded, ard “She shaliing convinucd
for a further 10 geconds. The dricd chloroform was
cluared by centrifugsesltion and transicrred o vials

for measurcnsnt of radioischope cxbracted. (3es fig. 2.4.)
This cxtroction proccedurce was found o extract
negligible amounts of steroic conjugete from solution,
a8 was verified by performing the procedure twice on
a sample of steroid cecuJugates in buffer. After a
small amount of frec steroid had been extracted with
the first treatment, negligible radioisotopec was
extracted with the second.

2.5.6.2 Hydrolysis ofﬁExtraét’Conjugates,vin Urine
Freshly collected sheep urine, without preservative,
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was adjusted to pII 4.6 with hydrochloric acid. In

each of two stoppercd flasks, 10 xl. of urine was ¢ilute
with 9 ml. of C.o M aceteate buffcer. The redioachbive
conjugate solution (1.0 ml.), and suvfficicnt pava
b-glucuronidase cazyms solutlen to bring tho mirbtures
to (2) <,200 units /ml. and (b) 600 units /ml. was

addcd te sach fleaci, PBoth golubions were incubaihed

49

rd

for 4& hours zh 57 ¢ with 1.0 al. gsenolie being witudrawn

at convoenicnt dntervels a3 in 2.5.0.7.

Tach 1.0 wl. sample was diluted with 5.0 wl. of
chloroform cnd shaken for A0 coconds. Aftzr thoe Gwo
phasces had egeparabted, the lower layer was withdrawn

%
and dricd with 0.25 Gm anhydrous codium sulphate. The

1labellad sveroid present in “he chloroform was guanbtitabts

s dn 2,5.0.7 (see Tig. 2.5).

2.2.0.32 A Svendardised Proc.cur: for dngymic Hydrolysis

As o divect result ol thesce preliminary studics,
the following hydrolysis conditvions were uzed throughout

Thoe steroid con:u:stCa Yeom oo 24 hour colloection

ore redizssolved o 150 nl. of 0.5 M oacetete buficr
pH £.,¢) in & 200 ml, flov bottomod flask,

(@]
2
=
<.‘“‘

cal I"ltﬁ"

RN “

~ 3 Gm oof finely divided kicalghur -~ovder o abaorb

procipitatad lipid mabtericl, Buificioent chgync

aolution was added Go ziv:e a concentrotion of not loso
than 5,000 Fishmen units /ul, The mixbturce wags incubated
for 8 hours #5 %7.5°C with occasional shaking.

[ I

2.5.7 Acid Hydrolysis of Steroid Conjugatcs

Preliminary work involved the use of the ecid
hydrolysis technigue favoured for clinical determination
of urinary ketosteroids. This mothod although rapid,
and non selectivz for the form of conjugation, hos an
undesirable destructive action on the side chain of
corticostcroids.

The urine was brought to pH 1 by the addition of
10% (v/v) conc. HCl. The solution was boiled for 10
minutes and then quickly cooled. The released steroids

°
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were sxbracted witch 3 x ogual volumes of chloroform

wichout neutralication of the urinc.
2.0 Extraction of Neutral Frec Storoid from Agucous

bolu\Jon

A gystem of extraction uszing two solv.nts 1s prescntoed

in this scction. The filirst colvaent used has a non-polar
ctoristic and will oxtract, chiofly the morc non-

polar eberoids. The rccovery of cortisol mebtsbolibes
in this extract will give somc indication thereforo,
of the n:turz of thc metabolites present. fn the case
of this prcscent stuly Lho cortisol matebolites arc in
the maln, polar to vory nelsr, so in subgscguent cxbtraction
procoduras this firgt step uveing bonzonc/hexane (1:1),

was omitted.

o)

The incubation mixture (150 ml., pH 4.7, soc 2.5.6.%)

containing free steroid absorbcd into the kieslghur,

)

was initially extracted with an ecual volume of benzane/

hexens (1:1)(a).  The nonegqurous layer vwas retein 4

and the acgucous layer was dilut. d with an cgual veluwm:

of saturated zodiuvm sulphate sclution and extractad

(5 minutcs) three wimes with auw cgual volume (500 ml.)
1llcd ethyl acebtatz (b).

(a) Tho be¢zenc/huxanc sxtract (190 ml.) was washed

with 15 wl. of 2 1 Kaldd in 207 aqucous sodium suvlphaie,

of freshly disti
n

followed Ly 2 15 . of 207 sodium sulphate solubion,
The eombined agueous wachings wore backwashed with
20 wl. boenzene/hoxane.  the organic solutions were
combincd and dried. Aftor removal of “he solvent in
vacuo the free steroid was redisoolved in ethyl acctate.
(b) The threc ebhyl acetate solutions were pooled
and washed with 3 M KaOH in 20% sodium sulphate
solution (100 ml., plus 30 ml.), followed by agueous
sodium sulphate solution containing 0.25% (v/v) HC1
(2 x 50 ml.). ‘The combined aqueous washings were
backwashed with ethyl acetate (% x 50 ml.). All
organic solutions were:pooled and dried.

The ethyl acetate solutions from (a) and (b) were
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filtered belore evaporation of the cithyl acetate ia
The

vag redissolved in 30 ml.

Vacuo. red, oily depoeit containing bthe corticosteroids

of 5,’9

cthanol 1n chioroform

and refrigerated.

The slkaline aquaeous washinge,
+.

phenolic steroids diccarded.

The

Wiz

scheme For extraction of free neuvbral steroid

from acvoous sclubion, which shoiv's tho rocovery of

radiocactivity at cach step 23 The urine contoining
10 . .

LA -~ cortisol meicbolitcs wasg orocessed, is

outlines in fiz. 2.o.

Steroid“$>oernu on Technigucs

Cclumn Chromatograg&z

Separation of the corticostcoro
and
L (20100 e

acctate cxtraotion, intou ¢c=19

cffected using i1

Co., fHancock, Ainia, U.3.A

method of Eik-Hes ct al (1952)

A, ) end

ids, from fne othyl
c-24
sh (1200°F) Floridin

the

froctions, wns

moadified

i P : oy e N s e e - «
the florisil (mognesivm silicave) weas packed in
nol

A J ey
AfG o drying,

a large coluun and weshod wivh distilled methe

3

until the eluant wes no longor

1t was activeted by I hours

av

then sealed and storad
The

nouring

column vae prepared 1mm@dlately hofore use

Ly florisil, slurricd 1a cthanol-frace chloroiorm,

v

HO o “h of 10 2n. in 2 1 ¢em. dianeiter < lumn, %0 cum,
long, A 1oew. levor of finely divided anhydrous

at 14006, wos doposited on tor
replace

found

sulphate stored
llOTlL‘J..l @

sodiun
of
the
double function of protecting the column from both

the AZ a2 ment ol glass powder,

sodium sulphate was very effective in the
wabter and physical damage.

The head of chloroform was recduced to 0.5 cm.
and the mixture to be separsted, in a total of about
5 ml. of chloroform, was carefully run on to the top
of the column. AL ayplow rate of 1 ml. per minute

‘good resolutlon was obtained if the qamplc occup;ed no

l



rnore than the first 1 cm. of the florieil at this stage
For the clution of thc ¢ b

(1953) used 25 nl. of 2% methonol in ¢

Ely et al (1958) used only 10 =l. of 2% methanol in

chloroform. However, i) was found that ocven 100 wl.

of 2% mcthanol in chloroform was insufficicnt to c¢lute

this fractvion ssbtisfvetorily (see fig. 2.7).

The following vprecadurce was mgsed te detormine the

cifectivoncss ol the column srystem under study. A

nixtur:s of Bh—Amja¢11b~ol—ﬂ7+one (150 ug), cortisol

(100 ug), and tetrahydrccortisol (150 uz) in chlorororn

was placed on a prepired colwm. A sequence of solvents

was applicd vwo the column (sce teble 2

froctions were collected vnd asgeyed sas follows:

(a) 5Sh-A-FaMMb=el-=1740one: . was assayed for the 17-kebone

roacnLon

[_\d
&
=
AY™)
fare
=
4]
"
P
-

present ueling the
(b) cortisol was assayed for the -l-cne-3-ons -~ I0UD
present by measurcuont of the opticul density at 281 mu.
(in mcthanol)

(¢) totrahvdrocoritiscl; the alpha-ketol prescent

Sy S 1 r @ e vrmime el Tver T s TR SR :
ezca aliguot wie deboermined by the bluce tetrozolium

¢

reaction, oad vhe guontisy of VHY wog determinoed by

te
subtroetion of ke amount of cortiscl (nlso conbtainiag
the alpha~ketol oroun) proscnt, =5 ¢ leulsted in (b)

abova.

\j

The final clution sequence concistbed of %0 ml. of
/l

cihleroform to dafat the sample, follow:d by
2.5% mevhenol in chloroform to clute the c~1y sheroids,
and finally 100 ml. of 25% mebhanol in chloroform 4o
clute the c¢-21 steroids (see fig. 2.8). Highly colourszd
urinary pigments could unot be separated from the ¢-1S
fraction, bub guantities of very polar non-
corticosteroidal compounds, from both bile and urinary
extracts, werc retained on the column,

A sample of crude radioactive urinary cortisol
metabolitecs in chloroform, equivalent to 10% of a
24 hour collection was eluted off the column and 5%
of each 10 ml. fraction was retaincd for counting_(see
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fig. 2.9). Separation was such that no cross-
coniiamination of ¢-1% and c-21 steroids was debectable
by autvoradiogzrephy of thin layer chromotograms of both
fractions.

717,

£2.7.2 Thir layer Chromatcography (T.L.C.)

In vhis study exbonzive uze was made of T.L.C,.

The advantage over noper chromatography of rapid plate
evelopiment combined with the high resolubticon obtainable

53

with T.5.C. made this an attractive procedure for steroid

lysis,

Thin l.yers of chickaess Q.25 mm. were prepared
according teo Stohl uveing the spreading equipment
manufsctured by Desgaga Co., Heidelburg, Germany. The
glass plateg, 20 x 20 or 20 x 10 cn., were svread with
2 slurry of 30 Gm of silicea gel-G, silica gel-GE254
ox kieslghur; in &5 nl. of water: or 3C Ga of clumina
in 50 ml. of water. For “he 20 x 5 cm. pletes, the
water in the slurry wee incrensed by 10%. All the chin
layer abscrbents conbsined binder, and werc preparzd
by E.tlerck, Darpstadt, Germany. After spreading, the
plites wvere allowed 10-15 minutes to set, before
activation at 110°C for 4-2 nours, and finally stored
in an oven at 50°C.

Flates werc doveloped in a 22 X 8§ x 23 cm. glass
tanl, lined with N2 3 MM Whatwan filter paper, and
fitted with a qround glass cover. BSolvent was adjusted

Lo a depth of - 1 ¢, after cquilibration of vhe tank

Y

for up to 12 hours.

Continuous clution chromatogroms were develored
in a tank consisting of two 20 % 20 cm. glass plates
separated by two thicknesses of glass, and epoXy-resin
bonded in position to give internal dimcnsions of 135 cm.
wide by 18 cm. deep and spaced Q.o cia, This was
sufficient to accommsdate one 20 x 10 cm. or two
20 x 5 cm. chromatoplates. Pletes were slid into the
chamber, and then the solvent was run in, thrdugh a
.short piece of teflon tube, to a depth of 2 cm. As
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the solvent resched bhe top of the vonk it evaporatced
and allowed chiromabtography to continue. .

Silicz nel lezyers to boe nzed for the preparation
of pure cowpeunds for Mmres stocuvrometry were washed in
distilicd methonol Jor 24 hours, using a large cowsercizl
continuous clution zpparatus capeble of nolding two
20 x 20 ¢, ologs pletes,  Thov vors used vithoub
rcactiVationa which was found ©0 be unnecossary.

r perticion sysboms tiac stationary passe was
appli;d by vre-ruaning iz céhylene glycol (10% or 15%
sclubtion in scevonc for 30 minutes; or 30 solution
in methanol for 90 minutes). Plates werc then dricd
under a stream of cold =ir lcaving ¢ vniform
impregnation of glycol in the *hin layer. (Spraying the
plotes with xlycel in acetone, followed by wcighiﬁa to
a fixed quantity gave infsrior rosults and reducad
reproducebility. Dipping the plates in mlycol acstone
was also unsatisfactory =z it often disturbed the layer,

arnd this mevhod is only o »licable to cellulose loyers. )

2e7ez2s1 T L.C. = Parbtibtion Systome
7.2 Eg// l*(;l # CHLCL,

¢

Mhis syebtom was used for the seprrabion of all the

)

- - -~ 1 L, L Pl -
nolar metsbelites, including

¢ vhe more polar ¢-19
compounds Ov.ninslly used by DButruk and Vaedtke(1603)
a5 a gingle developmount systen, 10 was nodified during
the course of this situdy to separate the very polar
c-21 pentols and tetrols. Two o three hours constant
elution was sufficicnt ©o ”Oﬂblxt“lv separite the a-~
from Lhe b-corbclemne

The Xicslghur 1:Vprﬁd T.L.C. plates were developed
in 10% ethylene glycol in acetone (30 minutes) or 15%
glycol in acetone (1 hour). After placing vhe steroid
(dissolved in chloroform) on the nlate, a second
development with dichloromethane - saturated with
ethylens glycol, as the mobile phase gave Rf values
for THE of approximately 0.35 and 0.2 respectivcly.
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2.7.2.10  Eg//olvcol 305 £ benzene / Methyleyclohexane(1:1)
During Hhs coursce of vthis shtudy 17 was found

neccessary Lo develop & nwethod Ior scparation of bthe
17~katorsteroid mevtabolites of corvipsel. The sysbon
arrived b allsowed complote scparcticon ol the four

principal 7-~kovosteroid s with o ol

1

Mhe kiesleghure Loyer was inprognoted with 500

ethylone zlycol im wmerhsnol, aod the wobils phasse used
vag benzsnc/;cthylcylohgxana {(:1)., This uwothod vas
found tvo bo less Gilwe coasunins -nd more roprodveznlo
‘hon vhe silice gol porhition systome of Ghang(ﬂ%@“).
2.7.2,2 1.5L.C. ~ Adsorprion sysbens

ZePe2e2a Alumina//toluensfeihyl acetate (5:1)

R g 4 4, Al e ~ i o - .
swgtoen was uaed for the chromatosraphy of

3

ol
.e

¢

2y 4~Dinitrophenylhydrazonss of Isbostoroids ng describod
by 2torncs, (190%).

2ol 2 Aluaing //CCIA/JUﬂvl acebute (1:1)

The produchts o+ chromic anhyicido owidation of ring-
A reduc:d corcisol metabolites, Sa~ ~nd Lo-A=2,11,17~0n2,
were chromatogr hcd in vhie systom as outlincd by

Lisboa(19el).

2.,7.2.,2c Bilica gsl—@//0ﬂ01 / 50H/H,.0 (176:26:2)
As used by Balley (lotiz “end C1- rn,ﬂQqﬁ) for the

dotermination «f corticone, cortisol, and polar cortiscl

<

pehabolites, Snls system was found to haove the chiracteristice
-19-6 and
c-16=8 reolative to that in the partivion systom (sce

chapter 3).

’]

of reversing the order of woblility

O
)

2.7.2.24 Silica gel-~G//cthyl acetate/cyclohexane (1:1)
Extensive use was madc of this system, as a
modification of that used by Cohn and Panczke(1964),
running continuous elution for 4 to 5 hours. Good
resolution and reproducability was obtained when

applied to the seporation and identification of the
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c-10-triolz,

2.7.2.2e Silica mel-G//CHCL. /“*OH (9416) as 2 iirst
. , R O . )
development, folloved by uI/lﬂZ =5 20°C for 9 minuboes

and a second developmant in thic system using CHCl-/

2

H,01,5/E40H (45:45:10) in +“he ceme dircchion =g ulo firsts.

2.7.2.28 3ilica Qel—G//EtAq/CHOlaéggo (9C:10:1)

Bo"h the above systems, 2.7.2.2¢ and £, as described
by Kreicin ot 81(1969), were ¢ffective for the separetion

ic
of =19~ and ¢c-16-8 Iros c-19=7 (see chophber 3).

2.7.2.% Solvent Iixtraction of Thin Layoer Maborinal

, T4 . . , -
A golution of 4-¢ ~corbicol in othanol (20 ul.

containiag 10,000 d.p.m.) was spottod =2 To thin layar
of kicelrhur and cilica gol (C.25 mm, whicknest) over

0
and ocxbracoed twico with & owml. of the four 1listed

e e T T T [T, W, B
Cxbrachion 1o chown o btablo

inToricr ciwblon propcrilcs

e
[
-~
P
N
[N
N

from silico gel.

kieslghur,

n
tion of +he othylsne clycol (457°C, 24 hours).
From silicn gol, ndxturces of ¢shiyl acctate in methancl
were uscd for c-z21 corbicosteroids o minimise the
destruction of che wore suscopbible ccompounds thot eon
oceur whoen nurs methanol i~ used. WMethonol n~lone weas

soed for ¢lusion 26 ¢-19 steroids froen oilica szl

2,724 'Mransfer of Steroid Materisl without elution
ansfer of a compound, that had been

chromatographed in a kieslphur system, on to a silica

gel plate, the laysr containing the steroid was'carefully

scraped off and réplaced at the origin of the silica

gel chromatoplate. The kisslghur was dampencd with a

drop cof water if necessary. The silica gel nlate
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was prepasrced for reccption of the kicslohur by scribing
a channel ceross the plove usunlly oot greater chan
5 mia. long snd olweost the width of the olate, Drying
at o low bomperaturs (40°C) for several hours nrocecded
chromatography in fthe noew solvent systom

Resolubion was in o way impoired, -nd chis nathod
vaes found to boe esnocially suvited oo trongfor of small
amounts o7 matcrial widthout clution.

2s7.5 Debecitron of Corticosteroids on Thin Leyer Tlabosg
=1
/

ST Detection of Bteroide with Lhe =4-one=3-0n0 giroup

O

Although ~#-—one~3-onc storoias fluoresc.: in 2lkali,
the sgensicivity of thiz rewehion 1g ruoduced »n cilica
gol and ~lumira, bub de unaffocted with ccllulose zad
kicslohur (Stahl,1955). PThis metbhod Tor the detuetlon
oif the -fA-~cnc-%-0ac group vas revloced in this worl,
with “he use of silico #0l-GF254 (conbaining zinc

silicate &g o fluox cnt indicator). Steroids vith

vhe =~4-cno-2-—-0nce gooup apw:nrod “3 Asrh Bpots on oo

prisht yellow-grocn Lioclizround under short wowvolongth
ultroviolet illumination (ccensitiviity org obsorved

N

E LI S S R PO ST e L.
SOONS DUETe AN e U / o ).

«) "l =z
o/n

The use of svray roogents for Hhoe locat-on nd
in gsome cuscs, Thoe chemicel group characterissbion
ot steroids is well deocunented for ooper cnromatogranhy
(Bush,1961). Many hove been avplied to thin loyer work
and corrosive sprey recgoents in particular have spocial
application in this form of mnalycis, alchough they
are restricted to the inorgonic layers; silice gel,
alumina and kicslchur,

1 DNon-spocific spray reagents
2e7.%.2.1(a) Acctic anhydride/Sulphuric acid
(Iieberman-Burchard reagent)(Tschesche,1961)
ensitivity: 0.05 ug/spot low specificity

143]
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To 16 ml. absclutc ctiiancl add 2 wml. of acctic anhydrid.
and 2 ml. of conc. M£SO,, with cooling.

Aftcxr sprsying, heating =% 110°¢ for 10 minutes
gave opbinwn cclour dovelopment. Longer heating (30
minutes) gave charriag.

Vicewing undor long wavelsn

>th ultravielet lisht,
ran notural light, resulsocd in greabter
riby and uveually different colours. £fhe colours

\%
produccd by isomcrs usunlly differ markedly, ond can

i
be usncd for tentavtive identificeation.

27002 () Vanillin / Sulphuric acid (Mathcows,19C3)

Sensitivity: 0.00 ug/c&c low epccificivy

Resgent congis of 0.5 vonillin diszolved in
avgsolute othonel €0 which ig added conc. quoq, to
Lo% (v/v). Trcetmont <ffer soroying iz the some ng
B2 A (a).

Unleczs the plate was conple tely free of salvend

(AW}

o~

widely different colours for the same cowpound were

QOGO

L. - T N St o - _ e ¢ e . g
AT cer and Yozlowski(1957) cloilm some SpuOlilClLy
ior this rozction with Pregusnc—--17-01-20-one shoeroilds

. 2.2 opecific spray reagents
2.7.3.2.2(a) Bluc Tctrazolium Reegent (Bush and
Willour hb ,1957)
Scnsitivity: 0.5 qm/cr for reducing steroids

Reagont preparcd with 2% blue tetrazolium in 3 N
ethanolic XOH was moere sensitive than combinations
of aquecus ethanol or methancl. If stored below
¢%C the reageat was found te keep for seversal months.

Steroids with the a-kctol side chailn gave blue
spots in the cold, bub if warmed (40°C) the recagent
was less specific. '

2.7-5.2.2(b)> Zimmermon reagent (Lisboa,1964)
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s - 2 . .
Sengitivity: 0.5 ug/cm for 17-ketosteroids

The reagent was preparcd with egqual psrts of 2%

cthanolic m~d¢initrobenzene (m=D.N.B.) and 2.5 N
methenolic XOH, mix«d imecdictely beforc use

This rcageat dg connidered to be spocliac tor
1/~-kotosteroide bulbt the ccebtunl coleour is doeboermincd
by other groups on the nuclous (Bush and villoughby,15257)
e.8. 1b=-0H, wenk pvrple; 11-kebone, strong'rink; and
the 7 kctone confors considerable blucing oo the
17=-etogteriid colour. Lisboa (1964%) hoz reported !
~H=Cne-s-0on. 8 .

[ - I " [ eI ~
teroids oiving blue o violct colours.

2.7:.5.2.2(¢c) 2 &wdinitrowhonylhydrq;inc reagent

A

Senegivivity: 2 ug /cr for Tetones

sl

Reagent consiaste of 0,17 2,0-dW. 0 H, ond 1% of
il

o HC1 in methanol. AfGir spraying the plalte is

. PN PR - ,
warmsd Gt 507C in a saturotcd atmognhere of meithanol

until the spotes are copplataly deveoloped,

vellow, ond a,b-unsatursted ketones

Keotone

red-0rangs

<3

2, Metnods of Corbicostbersid Analvsis

o

.3.1  ERgeording of Infro-hed (I.R.), Ultra Violet(U.V.)

no

gnd Vieible Spocire

Corticogtereids arce rich in oxygen functionc. fhose
may be prescnted s primary, sceoadory, and tertiary
kotone and alcoshol oroupinss.  All arce capable of
absorbving, with various degrecs of intcensity, infra
red radiation.

I.R. spectra were recorded ot a Perkin-Elmer,
Infracord, swlit beem spectrophotomster using air as
the reference media. Pure steroids and material for
analysis was a:plied to sodium chloride discs as a
solution in chloroform (specicl for spectroscopy,
B.D.H.) and kept in sclution during the scanning
sequencc. Spectra were aligned against the 6.24
micron peak of polystyrene. |
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Excoept for the absorption of the -f-cne-s-kctono
group, liutle inforwaticn can boe oboainced from T.V.
speciora of corticrstercids in orgsnic solution. However,
protonaticn of the owyzer functions with sulphuric
aclid gives charocteristic abscrption in bouvh bhe ULV,
end vigsible regions of bue opecbrum,

Spectra in the L.V, ond visible weglons were rocorded
automatically using a4 unicam, SF.800 rocordiag
spectrophotometer or weyuclly using a Bockmon DDLU,
sncetrovhotomeber.  The materisl was dissolved in methanol

~

dicwilled off colcium chloride or dia znalar sulphuric

acid =and read cgainst the purce sclvont.  Bulphurle acid
spectra of 2 gomple were recorded at 5 minutes and ono

hour from the time of dissolving. This ususnlly gove

two quite differcent yvet characteristic spectre.

liess spachtra were doterminced on an A E.I. MS90Z

hish resolution mess spectrometer and the sberoid structure

resclved Shrough fraguontaotion analysis.

Vo Chemical dModifications to Corbicoav,r01d'

2.
2.2.2.1 Borohydride Reduction

Borohydride rceduchblen wos first introducced by
Chaikin(1949) 2nd con bo uscd with agueous snlutions,
including uriss dirccetly (Menini,1965). Thc method
followed was tha®t of Apnleby(1955), using an agucous
tertinry dubtanol solvent.

The material to be rcduced was dissolved, or
suspended, in 0.2 ml. agueous beri-butanol (L-butanol/
H50, 4:1), To this, 0.% ml. of freshly prepared
NgBH, reagent (1 ml. of 10¥% w/v, agqucous NaBH,,
adjusted to 5.0 ml. with tert-butanol.) was added,
and the reaction mixture left for 12 hours at room
temperature. The mixture was cooled to 0°C and the
reagent destroyed with 2 ml. of cold, aqueous acetic
acid. (50% v/v). After addition of an cqual volume
of saturated sodium sulphate solution the reduced
steroid was extracted with a polar organic s:lvcnt
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2.3.2.2 Bismuthate Oxidation

N g ety !
5

The method Uwvi for mild owidatvion »f the /-

4

ketogenic stercils was similar to that used by Apnlebdy

e material to he owidised dissolved ir souveous
cert~-butancl ox wethanol (0.5 ml.), was diluted ith
> cevic acid end 0.2 Gm sodiun

2 ml. of 507 v/v squeous 2
o) e was added. The suspension was shaken for
O.> hour, the excess reasent reacved by cenbriruzaision

and the supern~tant cleared with = fey drops of o
i

*a?8905 aquenus solution. the oxidised steroid wes
extracted yith dichlorostismne, vithout furibher

C
acidification of ithe aqusous layer.,

The abilicy of =ociwvm bisuwuihate to clenve bhe
~17a,21-01-20~0n¢ sid: chaln as cfiiciently as 1t does
e lycol side chain, wes investigaved., A none-

radiocactive wiine caaple (7 of & <4 hour collecticn)

was followed through the =z gteps as a “rhy*nm”
somple (see chzpter 3). Before godium biswvuthote

is
oxidation, avproximatelry 5C,000 d.p.w. of 4-c "—cortiscl,
and 1 mgn of unlebelled cortisol was added Ho the

,,,,,,

urinary corsicosteroids., SHamples were taken from the

oxidation mixbture at anpropriate time intomvels The
reaction was sbtopped by contrifuzation, and the adeition

of sod. wetabisulthite tn thie separated supernasant

(30 second=). On2 extract with Y 1ul. of eithylzane
dichloride was followed by ccencentration of the extracted
material and chromatography in the system silica
gel~GF254//CHCI /quH/H20(474:26:2). The Ltwo -l-ene-
5-ketone compound., P-licene-11b,17a,21-0l~3,20~00e

(Rf, 0.345) and its oxidation product A-4-ene-11b~ol-3,
17-one (Rf, 0.635), were easily visible under 254 mu..
radiastion and the absorbing areas were scraped off.

The radioisotope present in each spot was measured

and the amount of cortisol converted to the ketosteroid
at ‘each time interval was recordnd as a percentage

of the total ozlglnally pvesent.
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From results presented in fig. 2.10, it was
concluded thet (1) prior reductbion wag not nccessary
for completve oxidation

(2

I
A

the reaction was completed in 20
minutes.

2.8.245 Acetylation

Acetylation of sgterically unhindered hydroxyl
groups was carrisd out according bto the procedure of
Push(1961).

the material to be acetyloted was dried in the

g

O

ip
of a centrifuge tube. Acebic anhydride (2 drops) and
pyridine (1 drop), was adled Lo the tube and “he mixture
left for 12 hourz at rcom Temperature, or 10 - 15 minutes
at 6OUC° This was found sufficient for completion of
the reaction. fhe liquid was removed ith a strean of
dry nitrogen, at 4500, leaving ¥vhe acebtylated procuct.

’

C.244  Remction with 2, 4-aN,P,H.

Steroid ketones, especiclly conjugated 5-, and 17-

ketosteroids, may react with Z,4-dN.7.H. to give orange
oi yellow crystailine derivativeg, respectively. The

method followved was that of Suarnes et al(1966).

the steroid ketone in 0.1 ml., methanol, was mixed
with 0.2 ml. of 2,4-dN.P.H. reagent. {(0.,2% 2,4-dV,7",H.,
1.5% v/v conc. Cl, in MeOH - stored at 4°C). This was
incubated at 60°C for 30 minutes. Pyruvic acid (2 drows)
and 10% potassium ccetate (1 ml.) was added, and left
to react with the excess 2,4-d¥.P.H. for 18 hours at
room bLemperaturc. The steroid derivative. was extracted
with 5 @ml. of chloroform, which was washed with 2 x 1 ml.
of 2N sodium carbonate.

2.8.2.5 Oxidation with Chromium Irioxide
Chromium trioxide can oxidise all secondary alcohol

groups on the steroid nucleus to ketones.
The material to be oxidised was treated with




chronium trioxid: 10 in pyridinc (0.5 ml.) for 12
hours at room tempersture. After tho addition ofi 2 ml.
water the steroid was extracted with 3 x 5 nl. benzene-
ether (1:1). 7This was washed with 3 nl. of water and
dried with anhydrous sodium sulphate.

o Bl ha

«3.2.6 Girards Hydrazonc Formation

L

Sheroid ketones that are not sbterically hindered
mey resct with Girards Reagent-T (ITH,-NH-CO-CH,-N (GH7)5),
; o %

this is especially <o for the conjugated - 3 ketone. Thsa
acthod followed was similar to thet of Roberts et al(1968).
The dry sterold residue was heated for 20 minutes

On o= . f

at 90-100"C with 100 mgn Girards Reagent-T (Lab. grade,
e . . e} . —~ . s

from Foch~Light Lab., I~=.) in 0.5 ml. glacial acetic

acid. “The reaction wixbure was cooled and 20 ml, of

licing wivh 10% (w/v)

q

a
Na0H solution (approx. 3.5 ml.). ‘The nonketones were
7

e

iced water adced, before uacut
extracted with 2 x 20 =l. CE.Cl., 2and the combined
exbtractions were washed with 1 x 1C ml. waber,
The stercid kKetones were reccvered from their Girard
hydruzzones by hydrolysis. ‘the agueous phasce «nd washing
from the previous step of the procadure were acidified

A

with 1.C wl. conc. HCL, and left at rcom Temperature

)

for » hours. ‘lfhe free ketone was extracted withh 2 = 20 ml.
e

2.8.2.7 Digitonin Precipitation

This method is that described by Bubtt ef al(1943).
For the specificity of tThe rcaction see chepter 1, snd
for further comiient sce chapter 4.

The 4—044 labelled %- hydroxy steroid with ebout
0.5 mgm of carrier, 5b-A~3%a,11b-01-17-0ne, was dissolved
in 0.75 ml. of digitonin solution (4% digitonin in
warm 90% aqueous ethanol, stored at 37°C) and boiled
briefly. The stoppered tube was refrigerated overnight.
(a) precipitation of 3b-OH steroid

Peroxide free ether 2 x 2.5 nl., then 1 x 5 ml.,
was added with 15 minute intervals. After a further




o o
P
10
0
40
q-
v
' ! L
j d05
| ™Mz
: T
/
4O
i A
1O
-
1
n + — ; —t
- o o o o o
o © © < N o
- percent of cortisol destroyed

Rate of side chain cleavage of -4—014—cortisol
' using sodium bismuthate

8




64

15 minutes the precipitate was collected by centrifugation,

i

£
and washed with x 5 ml. water, Cried over anhydrous
lphate and +then counted. Eadiozctivity
remaining in the ebher is ovue o §awOH~4—044wsteroid
(b) recovery of %b--0H steroild
fo hydrolyse the dried residue, 0.25 ml, of
oyridine wes edded, oxd aiter 3 minubtes atl QBOC, conlcd.

)

fither was aldted and the residue was washed with ether

as in (a). ‘fhe combinoed other extbtracts were washed o

2 x 5 ol. of 2N #,80,, followed by 2 x 5 ml. ng,
e ether containg %b-Cid-4-¢ cteroid.

2.6.% Colorimetiic .iethods

—
2.5.3.,71 Quantitative celorimetric deberuination of

17 kebtosteroids

The determination of 17 ketosterolds was based on
the Zimmerman reaction (Zimmerman,1935). Investigabtion
of conditicns govarning optimum performnonce of this
reactron (see chaopber &) resulted in the following
nirocedure. '

Prepercotion oi the abiolute alcohcl was found Lo
be critical. The eleohol wag disgtilled btwice off m--D
(2 Gu/libre) z2nd LOH pelicte (10 Gm/litre), Hhen

redistilled (usually 2 o 3 +imcs), rejecting the

Tirst and last 5%, until Lhe veaxent prepared as below,
sg than 0.05 0.D.).

gave a nogligible vlanlk val e
zene (Speciolly purified For 17-KS

lMeta-dinitrobenze
d
vas dissolved in absolute clcohel to give a 2% solution-

terminations, B.D.H.,) withovt further purification

ot
@

reagent A, Tetramethylanmoniuvm hydroxide was diluted
1:1, with absclute alcchol ta give apwroximately a

12% solution-reagent B. Fgual volumes of reagent A,
and reagent B, were mixcd atb QOOC immediately before
use, and 0.5 ml. pipetted into a tube conitaining the
17 xctosteroid in 0,1 ml, of ab solute alcohol. The
tubes, along with a blaunk, and a a tube containing 25 ug
of DHEA, were incubated in the dark at BOOC, for 35
minutes. Immediately, & ml. of dichloromethane (15°C)



was added to cackh tubec, and after 5 minultas st roonm

ml. of the colourcd dichloromethanc

<t
@
B
3
a
H
&
o
jams
H
o
\Jt

layer was pipetted into the centrifuge tubes containing
apvout 250 wugm of enhydrous sodium zulphate. the tubes
wore shaken, centrifuged, =nd the optical density (0.D.)

of the sunernatant reed at 520 wgrn and 430 ngn sgainst

(3]

the blank no later than 80 minubtes afbter mixing reogents
A aird B,

The colour correction cquaticon cf Talbot ¢i al
(1942) was applicd:—
Observed reading at 520 mu.-0.2{Cbserved reading at

430 mu., )

C.7%
= correct reading
The corrected f@td“ﬁg obtained from this equation was
applied to a ztandard curve of correclcd reading
against ug of DHEA. ((sensitivity:~ approx. 0.02 0.D.
units (corrected) per ug DHEA.))

2.8.%.2 Quantitative Colorimciiric Dorernination of

a-ketols

Steroids containing the eo~xebtol side chain
a pink colour ir solution, with allkalince blue tetrazolium.
((3,3'~dianisole~bis 4,4'-(3,5-divhenyl) | ezolium
chloride))

The reagent was preparcd with bluc tetrazolium
(B.7.7.) solution (0.2% in absolute sishanol) 0.2 ml.,
mixed with 1.2 ml. of N cthanolic XCH, immediately
before use. fhe absolube cthancl was distilled off
NaBH, (1 Gm/litre), and then distilled a further 2
times, rejecting the firet end last .

The a-ketol in 0.5 ml. absolubte alcohol was diluted
to 1.5 ml., with B.!.Z. reagent. Aftcr 15 minutes at
room temperature, 2 ml. of mathanol (distilled off
CaCl2) was added to each tube, and the 0.D. measured
at 525 mu. ((Bensitivity - approx. 0.5 0.D. unit
per ug THF.)) '

(RN

7

8 \n
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2.9 Radiochemical Procedures
2.9.1 Radioective ilaterials

14 . - . , . .
The bd-¢ "—cortisol vas oblainasd Ifrom the Radiochemicol

LS

]

te
ol
Centre, Amorsham, Ingland. The =specific activitv W
150 uCi/men (1% t-c

derlvatlvcﬁ of cortisol u~med in this work were buepared

-cortisol), Ofther radicactive

from this nabcrial uvsing steandarc leboratory proccdures.
(gec section 2.5.2 st scq..

|
i_:
—t

o

The purity of the radioasctive cortisol was defermined
a wel//C dul)/ GOH/H.0 (174:26:2),

N

by T.L.C. using sili

s

.)

v C
folloved by sutoradiography and mckaulllaulon counting
of rodiocactive =arcas. (nly cne iwmpurily was detected,

amounting o less than 0.57 of that anplicd bto the plete.

\(_,j

This compound was less polar than barhs3u~ol«11,7/-0one,
snd of unknown chewlcal compesition.

2.9.2 Quantitetive Determination of Radiochewicals

2.9,2.7 Radioigotope scintillation couniting

Scintillation cclutions uscd were chozen ©o suld
the nature of the solvent oarryinq the radiocompound,
or the solubility in The scinuill=z n cockitail, of
the other solid mstbericl prescntb.

e vrinc, bilc, ana other aguoous or very polar
amrles were counted du ¢ither Brays scintillation
luid-Naphthalene 30 Gm, FPO (2,5-diphenyl oxazole)
4 Gm, POPOP ((1,4~bis{(2-(:5 vhenryloxazolyl))~bcnzene))
200 mgm, othylene glycol 20 ml., methanol 120 al.,
dioxane (Nuclear cnbervriscs (&.B.) Tﬁg; Zdinburzh,
Scotland.) to 1 litre; or triterphenol 7.5 Gm, POPOP
0.25 G, triton x-100 1.25 litre toluenc 2,5 litre.

=%

~

The latter fluid can absorb up to 104 water., Material
that is soluble in toluene was countced in a toluene
scintillation fluid containing ¥YPO 3 G and POIOP
100 mgm, per litre of tolucne.

In all cases the radioisotope, in 10 ml. of
scintillation flnuid, was counted in a Packard Tricarb
Liquid Scintillation Spccqrom ter, model 3375, using

the 014 channezl. EBach vial was counted Ffor sufficient




67

time to five a percent standavd deviction - gencerally
less than 1.0%,

The counting efficicncy of cach sample was corrected,
when nocessary, from the A58 (automatic cxtzrnal
stendardisation) readcut by the gpectromoter. 1o
counting efficiency of each viel was computcd irom

an A.E.S. ve percent efficiency curve for the guenchin

zgent cncounvered. Curves were consbructed uelns a
Vs
- v 14 ;
Tiv:d amount oi 4-¢ "~cortisol, and i.15.8. values

oburined from varyiang awmounts of guenciling agoen®ts
found in the ovrganic extracts o
steroids (both vhe piank ¢-19, and bhe vellow c=-21
fractions gove similar curves).

i nevtral urinery

as Lhose encountered

¢
=y

With hceavily cquenched visls, su
with crude urine and hilec mabterisl, esn internal standard
ol about 9,000 d.m.m. was used for oificicncy correction,

Aliquots of less vaan 50 ul, #2nu chose uscd for
intornal sbundardisation, vere weasured with a Hsmilton

50 ul. z3yringe (Howmilton Co., ‘hitser, Caliiorni:.,

Sy o eme o 2 £
Cedec s Bcaonaing of it

a.d

A Taclerd PdleCQPOL&bu>LUL scanner, model 7200
wace useced Lfor boith thin layer =nd woper chromatogrsm
scanning. A mizture of 1.2% isobutanc in belium zas
allowzd donisation in the orvcen gilegor tube at 1.1 RV,

Ges £lowr was 110 ce/minube Zor thin lsvers end 150 ce/

minute for peper. fthe slit widith was adjusbtced To

2.5 wmm. for the zlcss plates. Thsz Hime constant wvas

a fuvnction of the gczuning spacd, bub for thec wost nart
the btime constant was 30 seconds at 2 spred of 12 cm/

hour, with 2 full scale deflection ol 300 c.n.m.
Radioactive areas wecre usually scraped off for
scintillation counting. NMeasurement from the chart
recorder of peak area by planimetcr, weighing, or
triangulation when possible, gave comparable results.
(within 5% or beiter) Peak areas could be related to
d.p.m. by spotting a known amount of 4—014—cortisol
on the thin layer vlate as a marker.
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Z2e9.2% Lutoradicgrephy of Radiochromatograms
T

he thin layer plates were mopb undor Xray film

S
(Osray D' bluec bose - Agfa gevacrbt - Bzlzgium) in =
ccol darii place for periods of from 4 days to © weeks,

denending on the cconennbretion of redioisotovpe oresent.

: - N . v e O s
The £ila was develoned for 4 minutes abt 26°C with a
comaercially mode develorx (Flicnidione Trev devoeloper,

V- S
R,
VISR

for Tlford L) London, )

nade by Weatson Victor,
ana after 30 scconds wacnsd with 1.5% aguoous acabic
acid, and fixcd wivth sodium thiosulphate 200 Gn,

potassium nmetabisulphite 12.5% Gm, per livre, for 10-20
minites. The filw vas washaed in runping watoer 20T onco

hour, vhen dricd.

"m

for quantitetion of the snobts “he film was placed
over the plats axd the arcos marked for scraping off
and counting., The film was also scanncd with a

densitomcter (lMiand: by Photovolt Corpor-tion). The outpus

\

Trom the densivomcter vas fed into & chart rocorder
Ve

o

(Varicord) fitved with on integrator which gai

divect nensvre ol tho peak arce.

[~/
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Chapter 3

EXPERIMENTAL AND RESULTS

;n

The radioactive urinary cortisol metabolites obt
from the .V, administration of uuch*cortisol to the
sheep, were dissolved in ethsnol-fres chloroform @ad
separated into ¢-19 and ¢-21 fractions by column
chromatcgraphy using florisil. ‘he clution of ¢-19
steroids resulted in recovery of 54.8% of the tobal
recoverable radioactbivity from the column. At this
stage the c¢-21 sbteroids rcmained on the columi,

The ¢-19 steroids were chromatographed in the system

Xg//glycol (’55)/wdﬁul«, which allowed seperation into
three distinct groups. “The position of These groups
was determined by radiochrometbogram scanning. After
cvaporation of ©the gzlycol, zones were scrapcd off the
nlate as follows and steroid was recovared by olubion:-

(1) From the position of TWE Lo Ry, 0.33, which
conteins the five ¢-19,-3,11,17~-6riols dcectected.
(Nomenclature -E/F refers to Thc position of the component
between the mobility of coritisol ('), and bthet of cortisone
(E), and is calculated from Rf data as follows:-

RE/F of X = (Bf,X) -~ (Rf, cortisol)

(Rf, cortisone) - (Rf, cortisol)

This method compensates fox any variation in Rf values

that may occur due to dissimilar chronatographic
conditions.)

(2) From RE/F 0.%% to the position of cortisone,
which contains the four ¢-19,-3,17~-diol-11-one steroids
detected.

(3) From the position of cortisone to the solvent
front, which contains the five ketosteroids detected.
Each of the above groups was subjected to chemical
and chromatographic analysis to determine the structure
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Fig_ 3.1
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of the corbticosteroid metabholites vresent. The

components of cach group that were isolated, are listed

in table, 3-1, along with the code numbers and quantivy

b
of cach rezsed as a nercentage of the Tobzl radiocactive
A1)

, . v - 1k
metabollbes obtained 7rom The 4-c ~cortisol. '[hs code
) /lLL ~ 1. 2 1 !
number nay appesr as ¢ ~19-, which indicates the
steroid rasferred to conbains isobopic czrbon «nd should
be conmp

5.1 The =5,17-0l=11-0nc Hroun
The two distinet pealls showing on the

radiochromatogram trece (fiz. 3.71), after scauning of
the Hg//glvcol (ﬂSﬂ}/OHqclq plate (systom,2.7.2.ﬂ ),
were scrapcd off Sﬁw“YuJolq. Tach vas shromatopraphed

in the system £G.GF254/7/CHCL, /EG0H{OLS)LAC ECl5/

i

CHQClg/'qi (45:05:1 O%q(sveﬁvm,2.7.2.2e). In this

T b -~ . - .

Tem ¢ =19~ and ¢ T~18-3 both haves an BE of 0.39,
Y Mmoo~ . - - o

while ¢ ~19~7 was casily =cprrable with an RE of

e widtch ot “he base of each peall was not in ercess

-
1
\

7C
Inlebelled authentic WHE, F, and I

g
A
P ) P IR, £ 81 ST N A NP
showec Rf vilues of 0,13, CT.28, and 0.00 respeetively

in this system (spzay, Z.7.5.7.22). Anv cross

o M s - e
contamination rensininz between ¢ ~18-0 and ¢ 158
was best removed by rechromatograchy 1o the ig//glycol
(45%)/CH2012 Systcm.

[
! A4

5.1.1 Characterication of c]4—19—6 and ¢ ~19-8

3.7.7%.7 Ipfra—red absorpt.on characteristics
The I.R. spectra of ¢-19-6 and c¢c-19 -8 wore
essentially identical cxcent for the fingerprint

region. Both consisted of a broad -0H svretching wnecak
between 2,8 and 3.3 microns, a small broad pvecak from

4.4 to 5 microns, and a large single peak at €.0C microns.
The absence of absorption at 6.2 and 5.8 microns
¢liminates the -4-ene-%~ong, and the ~17-one functions

respectively (Klync,1957 and own observations-— the



I.R. spectra of several pure c-21 and ¢~19 aubhentic

- By

compounds werse recorded. Those chosen contained th

]

cominon L.,R. absorbing groupe likely to be encounbered

~

in this work.) A strong, broad absorption from § to

1

14 microns, in the hydroxyl strctehiang region with
oat 9.5 micvons, was present

a sharp pce

spectrum of ¢-1S-2 but absent in that of c-1Y9-6,

5.7.1.2 Ultra~violct absorntion characterigésics

Both ¢-19-0 aad ¢~-19-3 showed no abhsorption in the

41 wmu. region, aud only slight absorwiion in the 280-
290 mu. reglion, which nwy boe iadicebive of the 11-koton

function (“lyng 57).

The spcebtra iu HPSO were lnconclusive, with both
¢-19-56 and c-1S-8 1h5"¢qg broad wnaxima at 205 mu. and &
slight inflexion at 400 mu., consistent with a 3-0H-11-

ketone. (Zaffaroni,1950)

%.1.143  lMass Speciroscopy

RERG N A

Both ¢+i9-t and c¢-~19-8 hnod an emnpiracal formulae

ol ngquOr. Freagunencatvion indicated on 11 kateone,

and hydrogoen replaceacnt chowoed Tho wrasscice

hydroxyl srours. T4 way be concluded therefore, %

c=19~6 cnd ¢-19-2 are uwvoreolsomsrs zboub the hydroxyl
4

roups on carhoens 5 or

124 14
C C

Oxidasion of -19-6 and ~16~8 with *he CrOB/
nyridine reazent, and subsasquaent co-chromatography with
a=-i=3,11,17-one¢ and 5o-A-%,11,17/-one in thLe
Al//CClq/EtAc (1:1) system (sysbtem, 2.7.2.2b) (spray,
2.7.3.2.2b), indicated a 5b-~Androstane nucleus for
both ¢1%-19-6 and ¢#-19-8. (Standerds uscd in this
system were 5a-A-3a,11b-ol-17-one (Rf 0.2),5b-A-3a,11b~
ol~17-onc(Rf 0.15), and their complete oxidation
products; 5a-A-3%,11,17-one(Rf 0.52) and 5b-A-3,11,17-
one(Rf 0.52) and 5b-~A-3,11,17-one(Rf 0.28)).

21
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541145 Digitonin FPrecipitation

Digitonin has the prov.rty of forming agucous

insoluble addition procducts with 3-zlcohol groups trans

to the 1q—luuhjl group i.e¢. Sb-i-~%b-ol--configurations.
T4 1o , \ ”
Both ¢ "=19-6 and ¢ =19~ were ftroabed wibth ths

digivonin reagont (gec0,2.5.2.7). A4s control, =

a
mixturs of fHE (%3a~0H,0.25 mgm) zad DHEA (3b-0H,0.25 mzm)

wag separately subjoectod bto idenvical trostmont, and
the mixture wos =2l1lso added (o cach of the radioactive
steroid solutions

THY recovired by nydrolysis cf the
and chat rem:lning in vhe supcrnatent was oss

the blue vebtrozolium reaction (sbu,E.L.f.E); and

similarly DHEA was awcayed by e Ziamcriman rencbion

O
o
3
&

a

(scc,2.8.%.1), Mo %a and 3b frachions were ¢
(witheut rocovery oi the sa-alcohol as Treo steroid),

Ehe amount of raaiolsotnne present deteormined.

e s . 4 . -
agulbs indicroted bthaet the ¢ T ~19-6 and ¢ -19-8 gteroids

ar both %a-alcohole. (ses toble,3-2)

3000106 Girard ydrozonc Formabion

The 17-kotosleroaid MMOHE (5hei-?a,11bh-0l- 7~onu),
10 . R
¢ -1y~ and ¢ -1

1 )

-5y were Sreab:d vitn Girncds veogent

7

T (see,2.2.2.8). Recovery of 1ICHE in b ‘'kcoonic!
froction was 974 {(hy the Zimc Re
of 014—19~Q in the 'non-ituho
recovery ox 044n10~8 in thoe 'mon-kovonic' freaction was

Thian roaction Recovery

nic! fraction was 967, and

S&% (by scintillation counting). This confirms the
sbsence of a ketono function on carbons % or 17.

2.1.1.7 Borohvdride Reduction

To determine whe steric configuretion of the
17-hydroxyl group of ¢-19-6 and ¢-19-%, scveral
17-hydroxyl compounds were preparcd by reduction of
che 17-ketone with Na BH4 to zive the 17b-alcohol
exclusively (Geylord,1956). Although known to be

sterically bindored, the 11-ketone was found to be
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reducahle by 'EkEHu, although not as rapidly as the

17~lkctone. Lo use of chis obscrvatlon, Sb-A~Fa-0l-

11,17-one (WIKE) was reduced st room btemperabturc (20°¢)

for 10 minutees and the reaction shopped bufore complebion,

ty the addition of acctic ecid., This was found Lo give

o
H

# mixture of thrse compounds

11KT,

(1) & gaall amcuat of
unalberca
(2) Bh=-i=%a,17b=-0l~-11--0ne
(3) Sbi=%n,110,17b=01

Tne 1i-alcohol and tHhe 1i-koton: worne formed i abows

2auanl guantitics undor thoso condltbtions.
!

i : 14
T AC S s VT o N T
-7 9 - and, o =i g AnC Lnolr

Chromatogravhy of o

11b--0i derivatives 1n seversl solvent systims, zave

values repcried in t2bls 3--3.  Tho nobilitics of
14 - 14

¢ ~-19-c &nd NaBH, reduc-d c ~19-G in both systens

ie congistent wibth those obtuinsd Ifrem Sb-A-se,17b-ol-

&
i1-one sad Sb~A-3a2,11b,17b~-0l rcspectively.

5"?04 0{3 .:.A.C\.,tz.i W_S./]_J‘*
/L;_

1N
Both ¢ i

=G~ and ¢ =19=8 were acehyloted (seu,2.0.2.%)

=nd carometogranhed in the system SG//LtAo/CycloheX$nc

(1:1) (sysben, 2.7.2.24). ‘They were co-chromoibographed

with Sb-A-Sa,1Mb-0l~17~one-2cetate, “nd Sbh-A->a

1/b -~ol~dincobate. Both the c’bnﬂ;mb (Bf 0.88) =nd vhe
~W9«8 (g 0.65) were positionsd in thoe S5b-i-%a,11h,

17b~cl-diacctabe spob; with S5b-i-5a,11b-ol-17~tne~acotabe

having a Rf of 0.57,

i L.
C/]q' 'S s ) /} v P /

The posibion of both ~10-6/c-19-0 and ¢ =1Y-L

c-19-8 acctates, after sprayisg with the acctic

anhydrids/sulphuric acid spray (spray, 2.7.5.2.7%8),

as ceen @8 a pink aresz vhen viewsd under UV, (365 mu.)
1lumination. The '5bleacetates shovw pink, ond 'Sa'-
cetates show orengs fluorescencce with this spray

(own observations).

. s I
3¢1.2 Characterisation of 01 =19=9
This ccmpound was not geparable from ¢-19-8 in
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Lie g//vvaO!/"H,” , partition gystem. Afbcr reduction
with NaBHU, the L3r¢vmbive of this steroild was nartially
soparated from ¢ -19-8-11b-0E in the Xg//clycol (15%)/
Ciacl; systen (syston, 2.7.2.7%2), and complabely
separaved in the 8G//EvAc/cyclohexance (1:1, 5.5 houra)

syvaten (syscem, 2.7.2.2d). A nixturc of Sa-A-%2,17b-0l-
1M -one and S5a-A-%a,11b,1Yb-0cl was preparcd fronm

S5a-A-%a-cl-11,17~0ne using « 10 minute P~4 reduction
(seec, 3.1.1.7). The nixturc was co-chromabographed

. 14 - 14, -
vith ¢ =19-9 and c 19-9-11b-0H in the solvent
systems given in € 2,5=4. The chromatographic
propertics of ¢-19-9 and its NaBHA reduction product,

as reporved in table,?3-4, are consistent with the
compounds Sa-A--3%2,17b-0l-11~-onc, znd S5a-A-3%a,1ib,17b-~01

espectively.

- . , . . - 4
Z.1.3 Characterisation of ¢ "-19-7

MY

‘his compound has 2 similar chromectogrophic mobility

o ¢=19-8 in the Hicslghur cystem {(zystem, 2.7.2.7a)
1o

3

but was separab from both ¢-19%-c and c¢~1%-c in the

3
(AW

N
°
W]
°
")
L)
L)

gilica gol syvstem 2.7.1.':, or 2.7

Determination of the configurcticon of the c-5
hydrogun wus deteraninad by chromic enhydride oxidation
cq&~49m7, and chromatography in the

thAc (1:ﬂ) systen (system,2.7.2.0b; spray

7.3, 2.: ). The oxidiszed cq4»49—7 vas found to hava
an identicel mobility teo vhat of Sa-A-%,11,17-cnc
(sec,3.1.1.4) in this systom.

L Ry, valucs (where Ry=108, (ﬂYRf—ﬂ), sec chapbocr &)
for the conversion of ¢-19-7 to NaBH4 reduced -c-19-7,
obtained from chromatography in vhe Kg//glycol/CH2012
system, were comparced wibth values for the rcduction
of ¢-19-6, ¢-~19-8 and c-19-9 in the same chromatographic
system. The value obbtained for ¢-~-19-7 agrucs sufficiently
well with other -11-one to ~11b-0l conversions, to
Justify assigning a ketone group to cerbon 11. (see,

table,3-5).



e
0

\ R _ <
Reduction of ¢ "-19~7 with .

having similar chion: 107rzphic proncrtics ©

QHH gave o compound
c14~11w5 in
the SG//EtAc/cyclohoexanc (1:1), hours ) eystem (sysben,
Ze7e2.20).

‘The ildentity of

(]

¢~19--7 ie probably restricted
to cone of four possible gtercolsomers, namsly;

17a~-0l-11-one, La-—-s-2b,170<-01l~11-one, Of these only

the former two mey bo prerncred chemically:-

Sa=A=~5a,17/b=-01-11~one, Zo-A--2b,17b-cl-11~0nc, sa-A-ia,

(1) Sa~-A-3a,17b-0l-11-one was synthesised as a
mixturce of the 11-ketone znd 1Mb-hydroxyl compounds

by borchydride reduction I the aporopriete 17/-Ictosterc

Sa~-A-%a-01-11,17~0nc) for 10 minutes ab QOOC (seeaﬁ.ﬂ.ﬂ.

(2) Ba-A-3b,17b-0l=11+0onc vas prepored from
Sa~i~%a,11b~0l~17~cne, by conzecutive cxidation oad
reduction. About 50 ug ¢f the 1y-ketostoroid was
oxidiscd with chromic anhydride (sce,2.2.2.5). The
resulting trions was isolated from 2 bonzence/hoxanc
(1:1) uxbtroet of the reachion aixiure by chromabos
in the Al//CCl&/EtAc (1:1) syston (ayston,2.7.2.2b),

1

Reduetion of Ghe Grione for 10 miautecs 2t /0 Q using

NaBH4, geve & oaixbture of products consisting mainly
{ va=h~350,17b-0l~" one and SHu-A-5b,11h,1/b-0l

(Gaylord,1956).

i

,‘t I|__ B . . s

Chromatography of ¢ =15=7 and its reductilon product,

agcinat the leboratory prepared comporunds, resultea
in RE and RE/THE values reporhbed 1n tablc,5~6q

(RE of a compound X = RY of %{/Rf of cortisonc). From
reference 50 table,5-6 the sbructurc of ¢-19~7 is
suggested as Sa-A--3b~17a~0l--11-ocne; the other
S5a-A-11-one albternatives boing eliminated on Zrounds
of dissimilar chromatogr:phic mobilities.

3.2 The -3,11,17~0l group
As a preliminary analysis, steroids c14—19—1

through 044-19~5 were chromatographed separately in
the system 3G//EtAc/cyclohexane (1:1) against refercnce
standards E,F and THE (spray,2.7.3.2.2a). The
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values obbained before, and aftor reduction of the
steroid with i kbﬁi vere identicel. It was concluded
vhat theee four aterocids, by their chromatogrophic
sropertics nd abscence of reducable groups, vero

19~cerbon, tricl igomers.

02 -/i CA.. Tlf\v JC,I'lH uiOl’l ] D.l‘: g

o ion o@nuaining lebelled
noé ¢ Tw189-% waos located on

plabe, Dy sScauning. The steroid

o, or transferrced dirce!
and run in bthe tAc/cyclohe

xene (1:1) svoten (system,
2.7.2.2d4) for 4 hours agajnﬁt unlabelled 5b-A-50,11b,
s

nd Sa~h-3e,11b,17b-01l. Thes: Swo compounds

wer: prcepared by :aBﬁ reaustion of Zb-A-5:2,11b~01~17-0ng,
and Sa-iA-50,11b=-01~17- one respectively for onc hour at

room Uooapevature (ses,3.1.1.7).  The rosition of wnlabellod
markers was doiccehed visunlly after plote dovelopmoent®

with sproy 2.7.%.2.7a (scc btuble,2-7).

Staroid 014“19-2 vas 2lso chrometegrovhed in Ghe
I&g//;lycol(ﬂO?é)/C?ICl5 gystbemn (Butruk and Veodile,19cd;
same conditions se gystowm £.7.2.772) against ob-A--%3,11b,
17b~0l, 5o~A-32,11b,17b-0l, %(Rf0.7), £, THE and THF
(sce table,3-8). Reference bo table,5-7 and 3-8, it
was concludoed that c-15~2 and c¢c-19-3 aiffcer from both
5b=A-32,11b,17b-0l cid Sa-A-52,11b,17b-0l

1 T
~15=2 and ¢ ~19~3 with

Afber oxidation of ¢
chromic anhydride ia ryridine (sec,2.8.2.5), the btrioncs
fermed were chrometographed in the system 41//CCL,/Ethc
(1:1) against unlabellca avbhentic 53*A~53,14b—ol;17—one,
5b~A-33,11b-01l~17-0ne, and also the complete oxidation
products of these two compounds, 52-A-3%,11,17-one
and 5b-A-3,11,17-one recspectively (sproy,2.7.3.2.2b).
¥rom results set out in table,?3-9, it can be seen
014—4952 hss a 5b-Androstane nuclcus, and 014-19—5 a
Sa~-Androstanc nucleus.

The four steroids c ' te19-2, ¢ 1*.19-3, 16-7-41b~-0H
and ¢14~19—8-11b-0H (the latter two compounds were

14
C —
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. n N
S=7 and cq -16-8 by NaBH, (see,

2.8.2.1) reduction were caromatozravhed ubpmrately
S54//E5Ac/cyeclohexane (131, 5 hours;
i

aysbom 2.7.2.24) ageinst euthenbtic unloboelled =, F,
THE; ond bauﬁuﬁa,ﬂﬂb,17b—ol and Sbh-A~32,11b,17b~01
(B z2nd 7, werc deteebed by vicwing undor 254 nu.

&
illuminntion, others dctocted with sproy,2.7.%5.2.72).
From Gne rosuldios 306 ou T owags concluded
that ¢ =15-2 (plate,1) is the 11b-0H derivative of
o
1

mﬂ\ap (5b=ia=3a,17a~01-11-00¢) and 014~4Q—5 is the
!

S e Zz A 3
nohnble, -0 14

11b~0H derivative of ¢ '=19-7 (Sa-A-3b,17a-01~11-cne ).

o . . N RN
Z.se2 Charsctoerisation of ¢ =191 ond ¢ =19=4

The tricle c14~ﬁ9~4 and ¢ ~1S~4 were cach co-
chromatogravhed in the aystem Ii.g//glycol(’loffé)/CHEf'Jl2
(2.7.2.172), aad also in SG-GF258//Ethc/cyclohoxany (1:1,

5 hours:; sysbtoem 2.7.2.2d), with the lsaboratory synthesised
compyounds HDbh-i-3%a,110,17b~01l, and S5a-A~2a,11b, 17b-01
regpectively (see,?.1.1.7).  Authentic T, ¥, 2nd THE

were also co-cnromatogrophed to ons side of thoe

rodiocactive compounds and dotoetlon mothosds were oo

same 08 in =scetion 2.2.%. The wesults renortad in

, - . 4 e -

teble, 511, suggeste identificotion of ¢ "=1S-4 with
/ih

Sa-i-5a,1Mb,17b~0l, 2nd ¢ =191 with 5b-A~23,11b,17b-0l

- o . . 1w, .
Seten Choracterisation of ¢ =145

A rediocctive compound chfquLOﬁrﬂphwnd midway
between ¢~1"-4 and ¢~10-3 in the vg//glycol/CH, Clp
was unchanged upon treatment with Budﬂ The nigh RE

value of this triol would indicate a ;a-a~5a,11b,47a—ol
configuration, this being the only triocl less polar
than ¢~19-4. , The small amount prescat did not allow
confirmation of this structurec.

Further evidcnce for these structures was obtained
by comparison of ARMT values of pairs of compounds
differing only in the configuration of the hydroxyl
groups on carbon -17, in the systenm Eg//glycol(15%)/CH2012.
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These are rep d in t=ble,3-12.
2.5 ghs 17-fetostercid eroup

he 1+

=17-85 fracvion was chrometogrerhed in
system bﬁ//ﬂl/col()Oﬁ)%hpPafhu/Ne.C“

The five distincet pe

the rodiochrometogrem were oumbored in segquential order
fron tho origin (tablz,3-1
after cvaporation of che g
spray (spray,2.7.%.2.2b) to shos the nesition of four
unlabelled 17-07 conpounde co-chromatogrophed with

the radionecvive materi~l., ‘Jhcse wore cuthontic
Se-A-Be,1Mb~01-17~0one (11=0H~4), >Sb=A-Zc,11b=01-17-0nc
(11~OH~?), Ja=L=72-01l-11,1/=0ne{11-X-A), ond 5b~A-~3z-01-11,
The latiter vas preparcd from THE in -igh yicld

2
o
B
R
Q)
[
N
O
i

«
'-N-

‘n1lowed by isolaticn of the
eparative T.L.C. on mothanol washed silico
J'\I/J)u (MP4:25:2,

0]
-l
l..._l
<
I8

<
6]
o0
2,
-
&2,
.
N
]
G
$
}, —ad
i

\~

P

N 1R
o oeonaglss of buo gberoids ¢ =19-10

I

~ )

) . 14 -
=11, whilc ncike-2 tTo 4 werc given ¢ =16-12,

and ¢ !

D

~17%,1.  Peak-% o feound to hove similer chromntographic
propertice o that of & trace impurity found in the

- 14 . s
original 4-¢ "-corbtisol thot was usod.

5.2.1 Chromic anhydridc oxidebi

i
Oxidation oI cach redicsctive pcecall with chiromic

anhydride (sec¢,2.8.2.5) and subscqueat chrematograchy
of the resultent “rioncs (=ee,5.1.1.4) with 53-4-3,11,17~

one and 5b-A-3,11,17-onc (preparsd fron Sa-A-3a-0l-11,
17-one and Sb-A-3a~01-11,1/~0ne respectively, nsing thc
same reagent) orn zluwina, in the solvent syste
Ethe/cyclohexane (1:1,2.7.2.2d4), resulted in zssigning
the auclear configurations listed in toble §~14. The
S5a=-A~ trione in peaks 1 and 3 was present as a minor
component while the 5b-A- configuration assigned to

peak 2 (014-19-12) was only tentative as the trione
appearcd to chromatograph at a somewhat slower rate than
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the Sb-A-~trione.

3.5.2 Borohydride Reductiocn

Radioactive peaks 1 to 4 were scparately reduced

with NaBH, cveruight (gae,2.8.2,1) and bhe reaction

sclvent gystem EvAc/

f\,
\)t
=
E.
ot
o
)

products run on 56G-GRE
cyclohexane (1:1, o hours; 2ol eitac). Boch WAS Cu-
chromqtographad with authentlic T, ¥, WF8 and loborotory
cnared So~-A-32,110,17b-0l =2nd Db-4--%a,11b~17/b-01

frepk rod by ”“Bﬂb reduction of 11-0H-4 =znd 11-0H-H,

/\3

respectively; 2.0.2.1).  the reduced radiocconpound
wag positioncd aftecr developnent of the —lite, by
scancing, and tenbtative or firm identificoation cf cach
product vas mode aftur viewing under 17.V. (25L Tille )

0, (sprey,
i;remce Gompounas

illumination, end spraying with 2c,0 O/H"
2.7.5.2.%2) to locabte Ghe unlobelled 1

(table,3-16).

PN
Jis
e

3.%.% Tormation of 2,4-d3,P.H, dorivatives
T tn 2 was scooracely converte

5
Fach of the poals
to its 2,4-dinitrovhenylhydrezone (8co,l.Sello ).
Subsequent chrematography of & chloroferm sxbract of
the reacticn nixturce o1 alumins in che sysbem tolucnce/

(3:1,2.7.,2.2¢0, followcd by scanning of cach 1l to
showed several products. The Ry .. (R, valuce

Pest, Tost.
being the mobllity of cach compencnt relative Co Hhat

of testosterore derivetive, here RT

d o1
‘ cst.

=1.0;. Values of the major products Forncd are rs
in table,3-17 with thc relative amounts expressed as
an approximate pcercentage of the total radicactivity
on the nlate. The unlsbelled 2,4-~-dN.P.H., derivatives
of testosterone, DHEA, 11-0OH-E and 11-K-LE, were co-
chromatographed with the radiocactive meterial, were
present in sufficient concentration tc bec casily
detectablc in doylight as yellow or orange bands.

NE ¥ J g

3.4 Quantitetion of thc c44—19-metabolites
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The radioactive ¢-21 corti
cluted with 25% «obhanol in
column rosulving in = rsoavcry of
recoverabls radicactivity (os
column.  M¥urthor clution ueiwg RO

collection of radiocctive mo

of that aovlisd Tt the c lvwn, while rudiaﬁctivity
recovered in the ¢-24 ond ¢-19 clutions cccounb d Tor

oY 4 Fo T S - S - R T - -
S7% of tiat epplicd to the colum.

Lol

T CNE LT s e e o 4= - ~ - -t S
e 106 methansl fraction wes chrowmntbograoh.d

- + - e o
on Lu//plvecl ot clution sysbowm

with CH,CL.,
[l [

2 Y

and @ single plak-RT 0,02 (Bf corn .l -

- g N [ v wlrm e b e e e T ' Smm e gy
2luved., Rlution with motbhonol was von

Thoretors
Lt RN S e S 9

guccaecdiny Haly in removing steroid ceonjusates.  Only
0.3% of the radioscetivity cluted with 250 methanol
in chlorecfo

mn remained on the orizin whea chromotorraphed
in the above svai.m,

Initielly tue ©:bal complement of c-21's was
chromatogrenhed vn 0 //glycol (10 )/,Lq01), ainglc
derelopnent, and vhe region of more noler compounds
from the origin ©to c-21-A-11 (sorices-A) wis scroped off

for re~chromatograpny in the zame systen I 3 hour

These less polar compounds remaiaing on the plate

5 c=21=4=11) were docignabed mombors
-3 (sce table,5-18).

2.5 Characberisation of the B-scrics
ogltions of unleabclizd corticosteroids,

caromotographed with the labellcd metabolitces, allowved

dircet identificstion of £ (¢~21-B-11), ¥ (¢-21-E-5),
THE (c~21-B-4), snd =lio THF (¢~-21-B-1). Oxidatiocn
of ¢=21-B-# and c¢-21-B-1 with chromic a1aV'ridL,
confirmed the 5b-P-- structurc of c-21-B-4 and vThe
52-P- structure of c¢-21-B-1.

Both ¢-21-B-2 and ~B-3, as well as -B-4 and -B-5

were surongly positive to a blue tetrazclium spray
(spray 2.7.2.2a, room temperature). Both c-21-B-5
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and

hackground

~-3~11 wore visible as

S Y R )

(epray,2.7.2.2.2¢),
(~ltm
B8/ yero

dno
n gcunma

- . s ey o il Ly s
coue=%=-one ) (Btarncs o
e -
vieible og o
[P T - - S sy e
may be Eo ©thoe nres

“ry, only & of

o S L T TS S T
firely ddenbificd - Shoese
and ~-B-1., Of tho of S

DLCSSNCS
5b«P~1~q,vqm01-,

of 5b=-P-11h,1%7e,
11,20C-cn

ho ogou
I¢ is of

B

0.525 respectively. Ihis

hotwoen

from cﬁolc,jwﬂa, VINGTE

rbons roeducticn ic
spplicd Lo -B-Z and

of =z 11b

JORE S,
(PR eRCEA

~B-% R

~0l-D=-0ne cownHu
se--0d groupiag
Bt Ll e
polar thn the ~4-0n

L - -1 -
furthoer

0% some other UDSlti

carbon 2 or 6), which wou
increasc in nolarity
in viuew of the
to the

1Y,

LOe G-

strong B, T
anouns of
391l

4 Ffurther possibllitv
and ~B-3 is and b-

be expeocted in thig regio

ketol group is

the a-~

Without furthcr inves
conjecture that ~-B-8/9 an
0l-~3,20~one and the 5a-P-

grees with the propositi
pme~17a,21—ol~§,11,20—on

soroying
indicabi
L 2l,196% ),

cnes

nd..

rodveticon in the

sverold proeso

hands »n a

Uith o, A-diLFLH,

vellow
solution
nz 2 conjugatod ~->-kotons
Roth <k-12 nnd

dﬁfk:r vellow band,

S """”"’C}

and ©This

el Z e e i 3
of 2 3-kctone commound,

the ¢=-21=-B soxics cnn be
boing c-24-B-11,~B=5, =31,

oroids dn this cerice Lho

2he0l-5,20~0n¢

ond Lts

o~y A 4] . -~ T ] P
¢ nnd the Sa-F- isomsors mush

1. ™ -
e AR voluces
il

COMPITGS

e

s
i

) oy
J e B

ceseone (F, dn

the S-one

IO L
Shain

C oBAe)

i

molaeculs.

~ LCUOLGy DO

yoesindlity of hydooxylation

nuclows (C.g.

T nccesnary

ovorlootod,

, Gspocially
.Z. uneoction obt

Thig

cined wvelative
NG, would indicate
1 xntact.

-B-2

allocortolones, which would

for the structure cof

.

stigation it must be only

@ -B-10 arc 5b-P-11b,172,21~
isomer respuctively. ‘this

on that ¢-21-B-12 is

e, bcing the only cortisol

82
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metabolite of imporbtance that is lese polar than cortisona.
(=B-8/9 ~= ~B-12) is -0.58, =2lso in zood
agreemont with thoe AR, . value for the 11b-CH to 11-one

i
caction, for this chromubtezrrphic systom.

5.6 Charccterigatiosn of the A-gorics

4

olution of the lecss active baonds

, ound necesgssary to autoradiogranh

cecn vlate bofore spraying the edges only with o

corrosive spray to locnte the unlabolled reference

compounds.  The reference compounds were subthentilc

b-cortol, a-cortol, b-c rit-lone, a-cort. lone and JHE. ﬂ
The a= and b-cortolones wove casily seporable in Ghie

system, and were found Lo correspond wilth the radinactive

bands =A-3 and -A~Y respectively. The 1MHh-0H ztercids

a~ and b~corvel arc only prrticlly seprreble in this

-

gystoem cada migrated with band c-24-4--2, Band c¢-27-4-10

i ) o

P s - ! B T - I PN S S (L A
corresponded sxechtly with Lhot of -~uthentic THE.

-

P PR B -y e
was opsoerved tanh

e - ] o (] . Al 9, 3, |
24 hour &cctyjiblon ~t room temperoture of b-cortol |

and a--corvol producLd rothoer differaent notterns ofcer
chromato gr‘phy 1n the system SG//QH07 /TLOH/ﬂ
(M170:20:2; spray 2.7.%.2.13). This ulil yrenca should

.

allow the ratio 07 a=-cortcl o b-cortol to bo ncasured
after acetylation. (sce table,’~19)
lowever, when applisd to thc radioactive cortol

group (A-2), inconclusive results werce obtained, probably
duc to other isomers bcing prcesent in Tthe region.

3.0.2 Chromic Anhydridc Oxidabion

After oxidation and subscquent chromatography
of the ¢'*-19-triones in the system 41//CCL,/Ethc
(1:1; system,2.7.2.2b; spray,2.7.3.2.2b). Some bands
were found to be mixturcs of 5a~P-~ and S5b-P- stcroids.
All the steroids were 5b~P-, except for -A-11 and
~A-3; -A-11 showed & 5a-P~ nuclcus while the -~A-3
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band consisted of 600 Sa=P- aad 40% 5b-P-. The c¢c=-21-4-1

oxidation product chromatographed as ncelther Sa~

Ite]

or Sb-trionc, with an Rf of 0.3, This would suggest &n
additional oxygen function present in the nucleus,

c¢ffecting the increasc in polerives.

o2 Oxidaticn with Sodiuvm Bismuithatc

5404541 The c-27 group 2as & whcole

'
|

; T4 . Lo .
A complete ¢ =21 aliguot was oxidiscd with
-\
H

sodium dbisnuthabe (2.8.2.2 oad after flovieil column

-

separation thc 17-ketosteroid was chronatosraphed in

oy

the kieslghur partition sysbterm for 1Y-kictosteroid

-y -~ 3 .y ;o p; “ A IR RPN -~ e coA ~ ) - Ty
separations (Z.7.2.1b ). slter autsrodiography tho

Ui

areasg corrc¢spondin:, tc Sbh-A-5a,1Mb-0l-17-0one, Sa-i-~ia,
11b-01-17-0nc, ¢=-19-12, and 5b(iba)—i-Sa-cl-11,17~0ne,
G. A achive aren bobween

origin waz not clecrly
incd and wes included with the oresa hobwsen bho

~Totone~1748 rnd the front (tobtal of =—bhoub 5%).

2.0.3.2 Forllowving o pre

f

r
The finc madjcr bonds A1, AZ, A5, AS oad A1O

>

subJocvid o nmild oxidebicon, ilavelving the clew agce
or the ¢~20,21 sidc chein with sodinm bilsmuthabe. In
cach case ¢ mixture oif 1/~ketosteroids woerce produc.d,
but ouly the significsnt compounds ~re reported.
Separstion of thesce was achicved in the Eg//glycol
(30%)£benzene/msthyleyelohexanc.

The major aide chain cleaVage proaucts of A10 anc
A8 were 11-0OH~KS and 11-kebtone-KS rospoctively. Band
AB was found to give 25% 11-0H-K3, 0% 11-ketone-KS,
and 30% was present in two peaks with chromatographic
properties similar to those of c¢c-19-12.

The cortol region (A-2) yielded 50% 11-0H-KS and
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25% 1l=kotbone-K8 with some 157 of ¢-10-12,
Oxidntion of the mogt nolar band (A1) oroduced
207 N11M=0H-1S, 1074 M-kebono-

lees polar th=n E bubt wore polar than 11-0UH-Etiochol_nclone.

The R values of the four covhentic kovostoroids,

c~159-12 and the A-1 oxidation profuct, fro set »ut in

K

table, 221, togebther with the ﬁt and \H” volues,

e good agrecment botween AR” values wovld indicate
the kotosberoid of A-1 ig the 11b-O0OH cderivotive of
c~-19-12., (sc. soctbion 3.3)

Ty o~ er ey oy ey =~ T o A - O T JE I
The e sreseance of Wl-koetone ccompounds in tac

reglon ol the ~ortols chould bo qu ‘uluhﬁuc This noy

I PRGN I U A ey 7 -
be an artifacs dus o atnospicrid wﬁldublﬁn {Bush

~ Y D T N .
Firgusen,1353): o by bthe cctlon of sodiwm bismubthabo.
Y [V PRI, PR oy eyt T omny A s - LN | bR L .. Ty e
Cn Tre other hondag, suvcehn omwndoflions wisth sodivto vissuths

A

. - S N - T S A Y g e S N . o~
nuve not beon reportod by other dnvestligosors, or

obsorved in this lzboratory.
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i onll“ pruﬁuﬂh in e Trec soeroid exitroact, thoa

-2 fraction wes subdliviicd by chromatosraphy

into twoe fracstiono (oorics 4, sorics®).  Furbher

subdivicion wos in ccocordance with fig.3. A similor
e I3 Fatd

procodure was I ollowed wo that of fhe ¢-19 deberminotion

[
o
1

v

cxeope o b oawdoredicgrapny vas ussd oxclutively Jor

o/

=

location =i the vands aftcr chromatomranhy. Rkosults
cxpressed as a percentage of the Lotoel free stoeroid
extracted is presented i1a table,%-12.

3.6 An Investigatbion into Pathue of Cortisol
Metabolite Excretion in the Shccg
Radioactive cortiscl mctobolites were collected
from the urine ond bile in the casc of surgically
modified sheep, or from the urine only in the case of
normal whole sheep.

In experiment -1 a normal shecep was injected
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14 . 5 .
~cortizol and radiocesctive

introvencusly {(T.V.) with 4-c
metabolites collceoted in Hhc urine ovlvy. In expoerinoents
~2, =% & specp with connuice eurgically implanted

in the bile system and duodenun was uscd (sce,2.2),

and radioactvive metabolites colleeted in bile ond uvrine.

Before

wore started, fhe

: A . - 1
urinery cn injection of d-c’ T

cortinol wes check:d with an cxtereal Tube shorh
circuiting the bilc ocutilow airocctly inb> the duvodenun.
The patvern so obtoined os cagsentinlly identical o

-

thoo obtained from thc snecp usod in exrperim.nt -1,

«

- - o s /lZJ’ B
5.8.1 Bxpt.~1 Urinary Dxcrction of "-c "= Mctabolites

in the Wholec Shoev

5.8,1.1  Administration of T to thoe

(4
I S 7 : P /][4' l Bl 2 =
About 10 uCi of 4~¢ -F (dissoclved in
in benzcne) wns cvaporeted to dryncss ab 5.
a sbream of cnd redissolved in 1 91
ethancl. Th dilubt.d to 10 ml. with storile saline

>
[
S
and aDprooriaﬁu cliguots romove
2D

Y o Tor accurcte measuremohi
2L the radiloisot: orescnb,  The redicisotone in soline
(10 ml.), =g dinjocwed iato the jugulsr voin of %Hhe

sheep.

The urins waos collectea from the shezp for 2 days
2nd the calloction bobttle wras changed ofter soach 24
heours. The radioisotono crercted in <ach 24 hours
was deterwnincd by couanting of zipropriate urin-xy
aliquots in Brays scintillation fluid. 'The degrees of
scintillation guenching by the urinc componen
asscssed after the addition of o measured guantity of
4—cq4-F to the counting vial. Results ars prescnted
in table,3-22. Only the first 24 hour collection was
retained for mctabolite analysis, the results of which
appcar in section %.1 to 3.7.
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(6N
-
Co
L d
AV

) /]Ic
Expt.-2 Excrebion of 4-¢c "-Hctosberoid in the

-

Bile and Urine c¢f the Shoop

This experiment was cdesigned teo determine if any
diffcronce cxists botween the pathway of excret of
ketosterold (and possibly ¢~19 metsbolites in genaral)
and pregnene derivatives of cortisol. The cortiszol
wag reduced in ring A boforce sidoechoin clesvage to
sinmulats wmore closcely the actunl metabolibes ianvolved
in the sheep.

\bout 3 uCi of f-c'*-F was roduced with NaBi, for
12 hours ot room Scompoerabure, =@nd ther the gide chein

was remeved with sodium bisnuvhot My ketbosberoids

C‘
.

produced were separated Irom any rooalning c-Z71 compoaund

by passing the mixture tihrough o florisil coluasn, and
retaining the ¢~19 fraction.  The yiold of ¢~19 compounds
was 75%.

Threo produ<b —A=deone=3b, T1Mb-cl=17--0n¢ (4041,
Rf 0.91), A=lt~cne~iib=-0l-3,17-0onc (357, Rf 0.78), ond

5a~A«5b,11b~ﬁl—47~onc (255, Of C.e1); were detocted by
gesnning bio BG-GF254 shin loyor olote after dovelopment
in the CHCL. /ELCT/HQS (174:726:2) (Rf~test, C.00; TBf-

cortisol, 0.28).

An roximobely 1 uci of Che kebostorolid nixture wac
admioistercd IT.V. to the shcep. fhe pile and the urine

ve&s coullected for 24 hours. Afcer the rodiocactivity

being coxcreted in the urinc had dropped be o noegliginle
amount (3 days), 1 uli of the KS was infused ints the
duodcanum, and the urince callected for 24 hours.

Recovery of readicisotope is shown in table,3-23.

A brief gualitetive investigation was madce of the
radio~compounds present in the bile and urine cellected.
The I.V.Bile was shown to contein compounds more
polar than cortiscol (5riols) in the kicslghur partition
system, (system 2.7.2.1a) with the majority (70%) of

the radioaotivity'contained between cortisol and
cortisone in the same system (11-ketone-diols). (Main
peak‘RfE/F of 0.3%)
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AT

No triols werc detoeeted in the I.V.Urine cxtract
with virtually o1l the radiocctivicy lyin@ betwoen
Foaad &, The majer peak wos obscrvaed ab /L ~ Q.7
the T.F.Urdine was shown Yo have rresent o range of
1cls and 3-hydroxyletced koteosteroids

adisnehivity oontained in uh.

granhyy of cach cxtrach in the sysbtem
1, /ES0H/H HAO N74:26:2, 2.7.2.2¢) revealud

oo

N

. m . O T ~e P S ~ 4 Tyt
wnce of bovh unstiurated stcrolds (sproy,

AL

Lxcrction in thgvS};>L
5-'\?.7:‘ /‘I TP*

nE.=54  Urinary

Al
.1 . \} - /L‘-‘C/1 ' 7:‘1

ixcerction of

Approximately % ulCi of f—c "+F was inguct
int¢e the sheep. The vrine end bile were colleciucd for
48 hours (£ x 24 houvrs), vhilc oreocollected bhile wes
inte tvhe duodewnr o0 Toc norasl vobo.

[ T S S m T e A, [ I et .
fne urine wag Ifiroc o racaicncoive nonterisl

1
), two thirds of the @iwreh 24 bhour colloction
0f bile (=tored -t 0°C) w,he vumped into the duodenuwn
ot o faster thin nornel rets (35 al./hour) over J hours.
Both the bile and urine were collected for & Lou

(2 ¥ 24 hours) Srom Hho stort of iafusion.

The percentage recovoery of radicisctope ot cach step,
and the ratio of mctabulite cxeredslon between bile and
urine, forms peart A of toble,3-24.

HeBeBbe2 Lxpb.-3B Urinery ond Biliocry Excretion of
;l1,4-cqh~F -Repeat
This experimcnt was a repcat of expt.3A except for

the following modifications. Approximately 10 uCi of
~-C
urine was collected for only 24 hours. Similarly,
two thirds of the 24 hour bile collection (also about
300 ml.) was pumped into the duodenum and a 24 hour

~-F was injected I.V, into the sheep and bilc and
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bile ond urine coliccebicn made. The quantiftics of
o

radicisobone cxeretaed in cach mhase of the cxperiment

are presented in pert B of veblo, =24
pd e i L e A B T S e T S T U M
%05 Expb.-30 A Jualibobive and Juauntitative

. A i e it gy S p T ~tald g BLEE

Invegiigntion of ¥otabolites fiwerctod in 3ile

o

B T
2, (3 ;

Vi, IVB, IFU, und IFB} HeT suOJJCTVQ T a sizilar
OF annlyais o tho metebolites from oXph.e~i.

Co the oature of this scceblon only The structur

cf the wajor netobolibtes, or those of specianl intcrest,

wore confirmed.  The Tfollowiag discussion 13 gualificed

by table 5 5"25 N

VB  the lerge wwount of MHP end coxtols ls o predominant
fenvure, =8 in the relative abscnce of 17 hydroxylabod

r

VO he relovively lorg. auounte of c=271-47 and =42
found in thig cxerchion ag corpored s Lo virbual
cbsciice in IVB, 1g worthy of note.
The e~1---dinla were reduccd with i, and
4
chromatogranhed in the SC=GP2L4//Btic/cvelchexanc

(1:1, 5 ours; Z.7.2.24) The [VU-c=189-%riols
o)

were also chromate genae systen., The
sane compound was debtected in Loth cases, and was
identifica as Sb-A-3a,11b,17b-0l, by its chromatographic

properties in this systonm.

IFB The maojor mctabolites of F in this cucrcbtlon wers
¢c-19-diols, and triovls.

Chromatozraphy of the triols in the SG-GF254//
TtAc/cyclohexane system (1:1, 5 hours; 2.7.2,24)
resulted in isolation of the 5b~A-3%a,11b,17a-triol with
a smell amount of the 5a-A-3a,11b,17a~triol (0.4% of
total metabolites) also present. No 5b-A-3a,11b,17b-ol
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wzg observed. Reducticon of thoe c~19-dicls gove
predoninanitly Bb-A-3a,11b,17a-0l, with = tracce (0.5%

-17b-igoner.

T RN -~ ¢ ~7 - A0 NYETI ] AT oy oo S S m ey
IFU Th: very polar c~1C compounds weire agaln predominant

in this oxcretion. After reduction of the 1M~kebonc-
¢-19~diols it waos scon thas bo
-17b~ counounds were present in considerable guantity.
However the Sb-i-da,178~0l~11~0ne isoncr wos shill

the greater constituent.

ot
)
o
i)
i
.
l..le
ct
)
=
=
o

Fartial fractionatiocn of each collection and

of individual coumponcots, resuited 1o values reported

Z_

in table,5-2%.

2.9 An Invcsbigasion oi the Diurnal Verdiations in

ary Cortisol

o AL a2 4 A A

live Fxerction in the Shoop

O AT AN A . TR A SAAAA S~ 10 A AL L. g P10l pim e

The urine wes ccllected contlnuously from a
cacheterisced feonzle sheep. The Diow wis dirccehed dnte

onnn of 24 lebelled bottbles, =nd chenged -n “he hour to

ot
iy
l®)
e
o
g
ot
o
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}_J
-
-t
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]
]
0
[
N o
C
(o
)
<
o)
(@)
0
ot
[§
(@]
<
]
=
n
C
!
»l
-y
s
B
.
-l
¥
a

stockboitle leboliod witu tho apvropriats hour,
resulting in o set of 24 noolued specimons, one for

each hour of the day.

The celloction vas voerniactcd ~Ifter ¢ deys and the
urine volume in ecch of the 24 bottles mensured.
(fig. 2.6) Corsisol-b-c '™ 71,500 d.p.m., in 10 ml.
of 95% EtOH, was added to cach bettle and mixed
thoroughly.

In the processing that followed the numcrical
sequence of the poolcd samples was changed with cach
trcatment stcp, to reduce doy to day inconsistencices.
BDach sample was trcated as follows:~

Ammonium sulphate (300 Gm/litre urinc) was dissolved
by warming (BOOC), end with the temperature again
lowered to less than 10°C the pH was slovwly adjusted
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to 1.5 with conc. AC1 (usually 30-40 ml./litre urinc).
This was shalicn twice for D minutes with Lalf volumcs
of Oﬂ/ngO (1:3), and the aguccus layer ccubrifuged
if an cmulsion persisted.  The pocled orgouic solven
vas dricd with anhydrcus zodium sulphate, 2ad renoved
under vocuum, a2t rotm temperature.  The conjugatbtes
vere trengferrcd to an crylinmyer fleask with 25 al,

of 0.5 I accvete buficr (pH 4.6) and brought to o

final volume of 100 nl. with buffer wasbings, icslghur

vowder (3 Cm), and b-zliuveuronidase cnzync (370,000 ),

were odded boefors incubobting Jor 24 hours o :3‘700s
with occasional shnking,

The contonts of the flask were washed cub into o
1 1itre seporabting funncl with 50 ml,. o»f snturated
gndiuvn sulphate sclution wad the freoe storeids cxtracted
(5 71F7FLQ) with 2 x 200 wl., e¢bthyl ccchtate. Tho
proled organic solvent was vashed with 50 ml. ©
3 M NaOH, followed by 50 ml. of disgtill.d wobor, and

then dricd with aanhydrous zodiwn svlohate (15 Gm).

o

the ethyl acobete was removed under vacuunm vith a
rotary cvaporator ond vuc residus dlesclved in 5 ml.
of ¢thenol free chlorofarm,

The kotosbteroids prescent aad the $,.04, strongly
B.T.7,. pnositive compound, ol rcjectoq as
fractivn off a floxisil column. The c~271 corticosteroids
were then rocovorced vith fursther elubtion from the
column. After removal of the CHCL,/wicCH solvent, the
steroids werc dissolved ia 10 ml. of chloroform “or
guantitation

%.9.1 Quantitation of Blue Tetrazoliun Chromogens

Aopropriate aliquots (0.1 - C.5 ml.), of cach
sanple, were used for scintillation counting of
radioisotope present. Suitable volumes (C.05 - 0.2 nl.)
were assayed for a-kcetols, and quaatitics were cxpressad
a3 ugm of Blue Tetrazolium Chromogen equivalent to
THF, per 1000 &.p.m. (see fig.%.7).
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Citation of Zimmcrmcn Chromogens
from half (5 ml.) of the chloroform

grlution of ¢-21 corticocteroids was recovered anc
redissolved in 50% aquecus acctic scid oz oxidation
with sodiun bismubhote. The koetosberoids were extracted
with benzeanc/hexane (1:1, 2 x 10 ml.), and after drying
and removal of solvent, were redissclved in 15 nl. of

2.5% #cOH in CHCl%D This solution was ruvn throush
a 4 ecm x 1 cwm florisil column foellowed by 10 w1, of
)

P

2.5% MeOH in CH015, Suitable volumes »f the eluant
weie taken for the Lotostoroid assay and radicactivity:
deternmination., b degr.oc oi colovr quoenching in toe
ketosteorold determination was casbinated with up Lo
50 ugu DHEA addad samplc voluncs.

of Zimpcrmon chromssg

5 VP S S
Quantiti=zs were

0

cqulivalent to DHEA, pcer 1000 d.p.m. (soo ﬁig.%.c .
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DISCUSSTION

A e A i s W

4.1 Hydrolysis of Steroid Conjugates

41,1 Acid Hydrolysis

Phe most commonly emnloyved procedure for complete
hydrolysis of steroid conjugates (both glucuronide and

L.

sulphate) involves treatment with mineral acid at an

elevated temperature. Destruction or alteration of

some steroilds can occur along with the production of
pigments from urinary mabterial which are difficult to
remove and which interfers with subsequent colorimetric
estimabtions,., Jrsnsformatiocns are to be avoided if
fractionabtion is concemonlsied, and even with colorimetric
estimations alteraticn ol the molecule remote ‘rom the
chromogenis group may influcnce vhe zbsorpilon npectra

and evitincioion cocific

(P
C‘ -I
0]
.

Hydrochloric and sulphnric aclids 2re used olmont

exclusively with adjustment to Letwecn 1 and 3 I,

although up to 7.2 N has been used for continuous
extraction at room temncrature. The iime of hvdrolysis,

final ftenmperabture =nd whebhsr the sanmnls iz ccidificd
cold or at the finel temperature are =21l variables
which have rececived wmuch attention. The cenditvions
used for prelimiusry work in this investigetion apoenr
tn be optimum &nd were similar to those used Ly Bray
and lerivale(1S35%).

For the hydrolysis of nonfragile 17-KS-glucuronidec,
acid hydrolysis is quite satisfactory and rapid, but
for the nore delicate corticosteroid metabolites being
investigated in the urine of the sheep, enzyme hydrolysis

was preferred.

4.,1.2 Inzyme Hydrolysis

The enzyme hydrolysis of steroid conjugabe was
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first obgerved through fthe action of bacteria on urinary
estrogen conjugoves (Cohen,1934), and the enzyme was

later extracted from ©.Ccli. The b-glucuronid:se

responsible has since becn isolated from rat liver

aud c21f spleen (Cohen,1Y31).

Extracts of univalve shellifish zre lmiown to heve
considerable quentities of both eryl sulshetose and
b-glucuronidase in their visceral eris (Orzel,1907),
Although the limpet nes btwice Ghe acbivity of b--
“lucuronidase per gram ol tissue (webt relizht), “he
pava 18 by Ifar vne wmost saviclactory source due (0 1itg
ease of collection and lurge bulk. Alvhouszh aryl

sulphatase is present in bobth wava and limpst, no enzvme

q

hns yet besn discovered which will cataly=e the hyvdrolysis
of the sulphat 0L non-benzenold sterolds.

The enzyme from the ilew Zealeaud peus, Haliotis iris,
was very active toward:z glucuronosildes of The corvisol
meb=bolities found in ¢he sheep urine znd the relesse
of aglycone was comcleted after as little as 2 - 5 hours
with 12,000 v/ml, and © hours with €0CC u/ml, ifo
inhibition oi 1. euzyme actlvity was observed vhen Hhe
hydrolysis was performed in untresvsd urine.

The pauo enzviie was paridlcularly stable with listle
oss of activity from fractionating ai room uemperabure
compared to fcliowing the s=ane procedure zb o°c,

Stornge for long periods at 4°¢ in oH 4.5 buifer resgulbed

no less of achivity. the optimun ¢H for whe pove

encynme towards phenclphthalein glucuronlue ves 4.5 which
is in xeeping with the opbtiuwum of 4.2 -~ 4,7 for limpet,

C
N

5e2 for snail, and 4.5 for ovrepublel gland preparati‘n
assayed at 5700. Bacterial enzyme has sn optimua
activity close to neutralitvy.

Ags far as is known alb the present time ¥the
enzyuatic hydrolysis of steroid glycosiduronic acids
leads to the release of the free steroid wivhout
concomitant formation of transformation proaucts, and
is therefore particulerly sulted to the present study.



4.2 BExtraction of Conjugated Steroids

The polarity of a steroid conjusate depands on the
form of conjugation, the nsiure of the steroid, and
position of the glucuronic or sulphuric acid ettaclusent.
They are very water solublec and special bvechnlaues
using volar solvents mush be used for extrection.

Conjugates have been extracted from neutral
solution using n-alcohols with % - & czrbons (Cohen

et 8l,19%¢) zlthough the addition of walt ususlly

o——

~

favours cxSraction. Low pH slso favours exbtractilon of
conjugate but =way also lead to the exbtraction of
significant amounts of imvpuritics.

4

Cptimum conditions were found to be similar bo

e
those used by Sdwards el al

(16532 ) whereby the steroid
conjugate was extracted frem asqueous solution after the
addition cf 50% <NH4)2504 and adjustment to pH 1, by
alcohol-ether (1:3). Further extraction vsing bubanol
solvent for ths extraction of very polar conjugates and
diconjugates (Fornel,19¢3) was found unnccessary in
Gthe nresent investigobtion when vprececdel by the 2lecohol-
ether extraction,

More recently systems using Sephadex (Hanel,19¢5)
d ion exchange resins (Xushinsky and Tang,1963) have
given bthe same orvder of extraction from urine s the
thod of Edwards et al(195%).

4,5 Ixtraction of Free Steroid

Extraction of the free steroid from acueous _
solution usually involves the use of solvents 'taillored!'
50 suit the steroid being extracted. For the extraction
of the nolar steroids encountered in sheep urine a
system was developed using ethyl acetate as the extracting
solvent with the addition of sodium sulphate to the
aqueous solution of steroid while retaining the pH
of about 4.5. The extraction procedure outlined in
fig.2~6 gave a recovery of about 80% and little vas
lost in the alkali wash used to remove estrogen and
some acidic chromogenic material. The main loss of



incomplete hydrolysis of glucuronides

(a) ;
(b) prescnce of sheroid sulphabtes or other forms
of conjugabion
(¢) incomplese exbrachion - although the swtraction
wrocedure Jas shown *tc give coneistently alizost
complete recovery of THF frcm aqueous solublon.
21 &1(1960) have found that only 777 of
the urinary 4~c14~cortisol mzGabolites were released
as aglyccone with b--glucuronidase hydrolysis, ~nd chis
coupares well with the 805 in the sheep, althoush Ho
end Firci(1955) found the proporsion of jlucuronide

bound steroid in bovine uvrine is variebls and generally

96

less then that found in man. As the Torm of conjugabion

of The urinaxry cortisol metobolites of the sheep 1o

) 1.

wiimown this remains the wasis for further investigobion

rno 1t muast be accepbed chat ot present vhere ig no
one method vhat can zive szbtisfactory hydrolysis of all

urinery congjugates.,

4,4 Chrometographic inalveis of Corbicosternids

In this inveziigation the sbteroids arpeared wlmost

on

exclusively in wiirs differing only in vhe degreec of
reduction at ¢-11 or as a- and b-icomers., Date-dSrnith
and ¥Westall(1950) develoned a rclationshin batween
pairs of compounds vernmcd AR, values wherc N, is glven

!

& pans

as 1og10(1/Rf -1). The function (Rf -1) i¢ dirccily
‘proportional to the partition coefficient hotiecn
the stationary cnd nobile phases in a chromatoprinhic
system. of the solute, and the chemical potential of

a solute is related to vhe logarivhm ol This value.

In this investigation, ARmr values were obtained
for a variety of relevant structural changes, from the
authentic compounds availsble. The valucs obtained
from the glycol partition were remarkably consistent,
and could be confidently applied to single group
differences betwecn the rélatively unusual steroids
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%.5 Route of Disposel of Cortisol in the Sheep

-~

the principal route of ultimate disnozal of

T4
exogenous d4-¢

~cortisol in bthe normal sheep is bv the
urine (83%% rccovery over 5 days). Howsver an
enterohepatic recirculation 1s present in the sheep
(Lindner,1965), which althcugh apparently not affecting
the ultimate disposal of cortisol to any great extent,
has considerable impertance in determainiag the nature
of cortisol metvtabolite excretion in “the urine.

The major proportion of the #—cqqﬂcortisol adininistercd
I.V. to the sheep was excreted in the bile, with the
remainder appearing in bthe urine. From the first 24
hour collection the bile/urine excretion ratio was 2
and subsequent collections showed 1little varistion froa

thls recio. Rodents have a predominant urinary route
. 1 _ - } .
for 4-c "=c-21 coriicostercid eliminetion following

G
. - . s gr
I.1. or invra-veritornieal injection of 4-c

-cortiscl,
but the major route is via She bile following I.V.
administeration (Bradlow ot al,1954b)., Biliary
excretion of corticosteroids in ruminants hae been
rerorted. Wynne(1954) found only 15 ug of cortisol

per litre of bile in o normnal sheep but this was increcsed
co 600 ug/litre in sheev dying from inanition (lack

of nutrition). A similar «ffect has beecn observed in
humans (Mason,1950) where adreaal hyperactivity, or
artificially induced hizher levels of plasma ACTH than
normal, may cause up 50 5 mgm of cortisol/24 hours to

be excreted by way of the bile. Under these condibions,
the bile appears to be the principel route of cortisol
excretion. '

The recovery of radiocactivity in the bile and
urine, following an I.V. injection of 3 uCi of 4—014~
cortisol was 93% over 2 days in one experimental sheep,
and 95% in first 24 hours in a second sheep given
10 uCi of 4-c¢ ' *-cortisol, I.V. ihis high recovery can

be compared with the 83% of radioactivity accounted
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for in the urine of an intact normal shecp over 3 day
although this implies a loss of 10 ~ 20% in the fc

the fact that Q5 and 62% of the radioactivivy in the

two sheep respectively was excreted through the bile,
confirms that a considerable reabsorption of radiocactivity
from The #ut must have occurred. These values agree

o
)

closcly wibth Fulrushime eb al{1960) vho recovered 55%

- e - i
of the radioactivity, from 4-c

-F injection in the
human, in the first 24 hours.

Enterohepatic recirculation of cortisol mstabolites
has been reporved in rodents (Hyde ond Williams,1954),
in the guinea pig (Wyngearden et al,1955), and in the
sheep (Lindner,1965). In the sheep studied, Y0% and ‘
&84, of the biliary cortisol metabolitbtes respectively,
were reabsorbed over the period studied, 507% of whi icn
is again excreted in bthe bile. It fellows that with
a 107 loss per cycle, and 60. of that absorbed being
recycled, this would finally give a urinsry excraooion
of 70 - 80% di any exog-nous or endogenous cortisol
in the normol sheern. This resbszorrtion of c¢-21

weon, 1s consisteont with the

[

netabolites in Uhe o
observation of Jynne(1954) who was unsble teo Tind any
corticosteroid in “he feces of a normal gsheep.

However, androgenic sieclvity has becn reporved ia

the feces of cattle, wad Miller ot 21(1956) found that
exogonous progesvcrone was eliminated almost
quantltaulvely in vhe feces. A similar sisuation was
found in the rat, with 20% e¢limination of progesterone
in the feces as 17-ketosteroid (Bloch ct zl, 1954),

The distribution of 17-ketosterold in the shecp
vas investigated through both I.V. z2nd duodenal
administration of 4—014—17-ketosteroid. Following
I.V. dosage'with ketosteroid ©9% was excreted in the .
bile in the first 24 hours with only 138% in the urine
over the same period. This gives a biliary urinery
ratio of almost 4. This is twice that obtained from
4~c14—cortisol under the samec conditions, indicating
& possible selective excretion of cortisol metabolites



29

through the biliury pathuay, favouring Uhe less polar
actebolites, or nmore Speciliéally, the c¢-19% compounds,
In apverent contrsdictiocn of these T
observed excrosion of GOF of the 1/-kebostereoid in
the uvrine, following duodenal injection. Ihis musv
however be viewed in the lisht of the very
further metobolism of 17-betosteroidas 1n the shecp
17a= and 17b-0H sieroid~, Yevertheloss this firmly
reabsorption

indication Hhat c¢-1Y alberoids

r

cre more vrone to lecal zsxcrebion than zre the c--27

remains Lo be established whether

this is a rcsult of 17-hydroxylation in the gut with

bhe production of 2 more poler series 00 COmMHOUNAS
I

which are wmore reedily recbzorbed.

4,5  In Vivo .lebabollcm of Cortigol in ihe Norninl,

Jholc Sheep

Trhe major pathway ror the motabolism ol corvisol

in vho sheep involves reduccion of ring-L resulting in
a btoticl percentaze of cortviscl plus corbtlscne oi only
37 of she tobol urinary cortisol retabolite (ef 1-21
in humeas). This reduction is consistent with “hos
found in the humans #3d contrssts with That found in
the guinca »ig.
The learge perccentage of cortols oud cortolones

present may imply a prior reduction of the ¢-20 Letone,
with the formetion of Tthe ring-A unsaturated slycols
found in human urine (de Courey el §5,1955a), However
if these intormediatce are present in sheep urine they
cenaot account for more than a few percent.

Of the c¢-21 fraction reduced completely in ring-A,
about 507 has the dihydroxyacectone side-chain, the
remainder being reduced at e¢-20 (glycols). The major
¢=-21 tetrahydro metabolite is THF (11%) with only 3%
of the 11-kctone (THE). (It is only rarely that the
urinary excretion of THE cxceeds that of THF). It

LIBRARY
MASSEY UNIVERSITY
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is worthy oi nove that bthe 11b~hydroxyl mctabolites

<
are predominant (F/1F = 3, HF/THE = 4) whichk is thc
reverse of tThat found in the ¢-19 fraction. his nigh

proportion of tetrahydro-dihydroxyacebtore steroids is
in contrast with the 1,5 found in bovine urine. The
smell amount of allo~THF found (1.575) is in kecping
with the small fraction of Ha- compounds found in sheep
urine (coout 15% of the tobtal neutral extract hes the
S5a- configuration) buv 1z somewhat less than the 7 - 1574
of allo-THE found in The Luman,

The ¢-~20 alcohols (cortols and cortolones)
chromatographing with mobillties less than THF in the

partition system, accounbts for 137 of the total cortisol

ey

<

metabolite 2nd tihls is consistent rith the hi

proportion of glycols found in +vhe bovine urine, The
ratio of 11-keto to 1b~hydroxyl comnounds (cortolonec:
cortole) i very ncarly 0.5 in the chesr which contrasts
.7 to

markedly with the zame ratio in humans of frowm 1
( 0

21,1C60). Furtherwmore the rati

fj
<
. =
o <
03
[ =
e
P
7
FCh

-t
ortolone Lo (20)a-cortolone in the shccy is
to 1 wiilch is in conisrasy vo the »otio of b
in humans. The Hresence 0I o compound CAromicOrTIDILL
slightly higher Shan HDY, =nd another wmore »olsr Lhan

-

the cortols, is consicercd to bo due Ho a

vith the Sa--%b--hydroxysteroid groupiung. Yhis coniiguration
i¢ gencrally aore nolor chrouztographicelly “han Lhe
other threce combiiations (5a~sa; 5b~%a; 5b-Jb). Large

~

anounts of cortisol mevabolitc with this configur-tion
apwears in canine urine (Gold,191).

The allo-cortols and allo-corioloncs are obviously
present but due to the smell amounts pregenc were not
individuelly charactcerised, nevertheless “hey contribute
gsignificantly o the total glycol metabolite of the
sheep. Relatively large smountse of Sa-isomer vas found
in the cortol fraction, but whether this is reprcsented
as 3b- or 3a~hydroxysteroid was not elucidated.

Small smounts of other c~21 mctabolites vere
tentatively identificd (chapter 2) bubt due to the small



cuantitics present, they sust awailt furthor charccterication

n general the abunocance of hizhly zeduc:d cortisol
mevapolites found la “he sheep 19 in leeusin with that

found in bovine urine, numongs, ond Uhe doz. Whe

eparation of ¢-19 and c¢--249 corivisol nmebabolites

’

choved only 25 of the Total mctabellibes were c-21's.

[men)

This contrasts with the situstion in humncons where the
c—=1 mztabolites meke up Y0 ~ S0, ol the sotal cortiszol
metabolite and in the cow (Watznabe,1965) and dog
(Gold,15861) where ©h

exclusively c-21., This may however be srnlained ny

[©]

corticol mobobolite o alimost

the enteroheputic recirculatory mecheinism zcbive in
the sheep.

the clenvage of the side—clicin of cortisol is well

known (Bursveln ¢t 8l,195%a: Gancharg et al,1G57),
and appears to be very octive in the shecp, clthough
witether enyyu:s of the shecp or microbes o the gud

are resnonsible for This side-chein romoval vemncins o

e

ba esvablisiied. cCharecterisasion cf the ¢-1% compoinds
aponearing in the sheen vrine prezenbted consiferchlo

difiiculby i vieu oi the Jurther reduchbion oi tic

17-kctone & Ziucidotvicn of

N O
©
O
o
{
N
{
J

the strvetur and c-1%~3 throush infra-red

and mass-—gpectromeory 1ln combinatlon with chemical
alteration ~nd analvsis, was uvhe bo2is for choracterisation
of the olther scven -kcivone~dinls ~nd triocls presens
in the urinary ncutrel cxtract.
The principal c¢-19Y-nesabolite found wonz Sb-~-A-3a,17a-

ol-11-one being 1455 of the Hotal metabolites

Cu

xcrete

@
(7

?

he Lot

QJ
-
L]

C‘l'

with the 17b-CH isomer accounting for 1CH of
This is in agrecmcent with Lihdner(1965) who found the
neutrsl steroid 17a-cl-DHase activity in the sheep was
% times that of the 17/b-ol-DHase activity. Also in
accordance with this finding is the ratio of 5b~A--1i7a-
triol to ~17/b~triol of 5, in the romney cwe. Any
discrepancy in the absolute ratio from that found by
Lindner, is probably due to specics differences.

The structure of:c—19—7, given as Sa-A-3b,17a-0l-11-one




is bosed on negotive evidence and ecrnuine determination

1

NS N J - 4. N oy e
of the structurc @muct be “he regulv of

bilosynthetic syuithosis of fShe cowmvound from o knouwn
starting meterial., Thoere 1o @lzo o conspicuous absenco
of some isomers and these are almost cervainly

ingeparatle irom other mebabelites in The chromsvegraphic

)

- A Tt oy
systens usaed.

The orincipal 7Ty-kebostoroids heve whe She
configuravion, and thiz is in sresm ont with bLhe
nredomniiinnes ol S5o-tetronyiro motabolites Tound 1in The
c~21 frechtion, and ¢ha 1% of radioactive metako
found to . wore palar than corbvisomce (wmo inly 47—
ketosteroid) 1o in close agreement with the 10 -~ 154
of the votal cortisol metabolite more polor Thaon

A

the humen (Fukushime,1960). However in

5

coriisone in
vthe bhumen the 11-Zctone end 11Mb-hydroyy celhiochclanolones
accounted for only 2 - 1%, comparcd to 12. (i.c.

two “hirds of itho 17-letosteroid fraction) in “he chiecn,

-

L7 Tn Vivo fishooolisza ol Cortismel i

Surgpically-

douificd chevp

o7l Metebolites formed lron 1.V, Aadministrobtlon
et EE
of Y4=c -3

L S LA A AT L At

Ihz cortlsol metabolibe pettern found ir the bile

of a surgically-nocified shecp was very differont from

N

[

that found in the urine of 2 vhole sheep. The me
biliary mesebolites folloving T.V., 4mcqa—cortisol

vere THF (317), the cortels (219%) and the 17-ketosberoid
sroup (207). A considerable difference in the percentage
of PHF excrested in the bile (31w) te that found in bshe
urine (15%) suggests some forr of selective excreticn

or an unequal distribution of the catabolic enzymes
involved in the reduction of ring-A. The latter seems
more likely if the main gite oi ring-A reduction is
located in the liver. 4 similar ratic for biliary/
urinary distribution was also noted for c—21—A41,
althouwh the large cimouny of thie very polar c¢c-1-4i1

(8%5) found in the urlnary excretion was not duplicated
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in the bile. The percenbtage of cortcels plus cortolones
was similar in both cxerctioun vathways.

The total ¢~1S fraction was only 250 of bhe total
metabolites in both the IVE and IVU collectiong,
compared to 55% in the urine of a vhole cheep. Although
the nature of the snall quanbity (54%) of 17-hydroxylated
compounds preocnt in the bile was nob aeberninaed,
the urine collcectod sinmulianecusly with this bilc weas
found to hove ounly tho 17b-hydroxyl iscunasrs, which

p4
)

constituted 127 of she total radiocectivity cxercbed Ly

o

this route. This suzgests that 170-hyaroxyl derivatives

N

arise only via the conberohicp.tic cilrculation.

7.2 Jicoabolites formed from Du

Th . . T
J—c ' '—cortisol Biliary Metabolitcs

A siriking feature of the cortiscl mebtebolite nabtltorn
of both Tthe bile aud the urine falloving intraduodenal
infusion of the IVB~cortiscl mobabolites listed in
tablo, %25, wag the veduction in the oorcentage of both

.

the oide-choin olveols, ond cols. Thiz vog cssoclated
iy 9

VLT e exr incraesse in ¢~19-sheroid s DUEECBULAL

g
side~chain clecavags of the ¢o~21 moonbolites during

passage through

conclusive proaf confincea o the

lumen of thc intasvinc: 16 moy indicate & very cchbive
178,20~ qu—d esmolaose located in the intestiaal rall,

the liver, or more specific=lly in the torminal aren of
the hepoetic portal sysbem. Arguament for some side~chain
cleavage in she dliver sbtazms from a conparison of the

TVB : IFB and IVB : IFU rotios for THF (3:1, Z:1)

cad the cortols (3:1, 2:1) respectively. If there wos
no subzcquent alteration of metabolibes cntering the
hepatic pertal system, bthe pabtern shown in the bile

and urine would be alike. However the further cataboliam
of the cortols shown in the biliary metebolites is not
ovident in the urince. iHevertheless wost of the side-

chain clcavage activity appears to be confincd to some
location preceeding cntry Ho the liver.



‘The imnortance of side-choin cleavage in tne shecp
is guaged Trom bho norcentngc of ¢~1%-metebolite found
in the bile (897 and > (613).  dhe biliary
cabclites constibubted 19% of 17-KS5, «nd 50, 17-0H-

c=-19, and waz furthcr divided into 22% 11b-0H-storoid

28% 1i-ketone-steroid. 4As a result of gspecific
investigabtion iv was concluded that only thoe 172-0CH-c-19

metabolite wag present in the bil

@

The urine on the other hend, contoined both the
17:-0H snd 17b-0H motabelibtes, conscitubing %90 of the

-

wotal redioactivity found in this excretion,.

Le7.5  Zummery

The overall diasvribubion of radioa;tivity 2:101%
the cortisol motabolites in cach of the four colleetions
(1Iva, Ivu, JFB, IFTU) must be combined with the iniorwmstion
from teblc,s=-24, o form an ovarall picturc of tThe
individual mctaoolitc digtritution vic the two rouves

of ¢xcretion involved. However soms gencral obgervauilons

(1) The sheen conbteins a vory active 5b-4,5-cne-

[ &

c
hydrogennse (reductasc) vhich was Tound bo Lo 7 = & Glimcs

more coctbive vhan the Do~ reductasce. Jhe reduebion of
“he S-keton: resultsd in o nredominzuace of the Sh=-4o-0l
o

'~
confizuration hut the presence of 2 lcos active (Sa)
So-hyvdroxysteroid dehydrogenasc was indlcated.

(2) &n active 47&,2O—c'4 ~desmolase 15 prosent in the
5. ¢-19 contribution t¢ “hoe IVE

sheep as shown by the <
and IVYU excretions.

(3) Reduction at ¢-20 with a c¢-20-dehydrogenase
contributes up to 25% of the total IVB and IVU mectabolites.
The possibility of a more active 20b-OH-dehydrogenasc
mast be considered in view of the 7:1 ratio of b-cortolonc
to a-cortcolone.

(4) The sheep was shown to have a very active




c~10-11h~hydroxystercid dehydrosonasc. [ho ratic of
c--19-11b-0" sheroid Lo

ey T - Ty , o rry e . . . i~ 23 I .
Ve, IVU andé I7B conforms to The souilibrivm reti

/

uhie Vib-nydroxyste

: . .
dehvdrogeonase Ln obhey

(Bush and Willoughby,1057 ). Howcever the Vie-aleohoel
Gi-kctone ratio wes 1:1.% in the IFU coallecsinn ond
vns further increased to 1:%.7 in the urinsryry oxcerction
o fHE

~

of a wholc sheep. In controgh the ratio of F

.-—4

of 2:1 remained conctant in the collections st

from both surgically-modificd, and whol: ghecp
This sugsests o anecific c-19-11b~hydroxysteroid

dehytrogenase in the shecp copable of cabalvsing =

hydrormen cxchange ot c in ring-A reduccd steroids

-

(see, Savord and Goldfadin,1954)

() Telatively lorge quontbivics of <i7a- and 17b-
hydroxylatod ¢-19 cortisol metobollites wore fouawdl in
the shecp. Furchermore thoe avuearancs of the 170-0H
goerivetive ag the coxelusive isomer 1n che bille svg ogbhe
aa apsuncoe Ol o-CH-N-dc CogonNA3e 1n fhe livor:
T=dchydrogenace 1o the
oaly 17/-bydroxylofing cazvym: in the liver does nod
hrecivde tho ﬁossibilivy I uhe MWe~enzyme belng fovnd
in the ovine cryvhrecyhtes, oogethsr vith vhe 17b-enzyne
oz clarmsd by Lindnzr(ioub).

The phyesiclonical rolc of the 17-hydroxylalbing
engymes 1s unclezr but Lindner heas muggestcd chey may

consbitute o doboxiiication mcehanism ag = bHoriicr 5o

]

encorohe oaulc recirculation of biologically aciive

oxrticosteroid. That theesc mcectsbeolites ere confincd
to the fraction that aas undergonce entorohepntic
recirculation (Lindner,1965) is a conbradiction of the
finding in the prescnt ianvestigation of 5% and 120
17-hydroxylated c~1G~mectabolites in the IVB and IVU
collections respectively (table,%-25). The finding
by Wyngaarden(1955), of a 17a-OH-l-dehydrogenase in
guinea pig liver supports the concept that 17~

g
or btiac l»ss 1ikol; 5oloc+ive cxerztion of the 1/c-~alcohol
3¢
YA
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7 3

voroxylation may ba confinad to animals exhibiting

on enterohepniic circulation of cortisol mevabolitos,.

oo Hlethicds for the Colorimebric Zstimstion oFf

Corticosteroids

Methods ennloyed for whe dcberminstion of
ceribicosveroids in urinc sre based on colour weachtions
wiih certain sroups in bthe corbvicostercid nolecvla.

Mozt have A sufficicuntly hizh degrcee of speciiicity to
forego =uy claborate proceiures for Lhe igolaticn of the
chromogen before guantitaticon. Nevertheliess the Tinel
accuracy of estimntion of “he chromogen in question

nay partly depend on the neans ¢f hydrolysis, ciubraction
ond purification.

1

Purther ccmplicavions wrise in bthe trectnent of
ruminant urine, from the ocrescnce of iondbnes in often
congiderable cusnbitiss. These cre prohibly carvienoid
deorivatives cnd hove the property of behwing in o similer

aner Lo corvicosteroids and are sirongly 17/-kccosteroid
nositive (Holtz,1054).

In the checep uveine o comoonnd vith o sinuler mobialivy

to THF in vhe icslzhur system (0.7.0.7%2) was found o
e stroapgly reactive with blue teltrazoliuvw.  From moss
gspectral dota the comnound was shewn to be non-siteroidel,
and vas separable from the c-21 steroids by florisil

column fracticnabion wvicreby 10 was eluced with the

-19 fraction

In view of the presence of these Two, 2nd proovably

moire, groups of interfering chromogens, it was decided
to attempt = degree of purificaticn of the 17-0H-CS
zroup before application of the colour reactions.
This was achieved by usiang mild enzyme hydrolysis of
the corticosteroid conjugate present in the urine,
followed by the removal of both groups of interfering
compounds mcantioned above, through application of the
neutral steroid extract to a florisil column. This
first step was sufficient to remove the major part
of ‘reducing chromogen' interfercnce from the c-21
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iraction for a-kstol determinebion, and conziderasbly
reduced the discolouraition in the 17-ketosteroid
determination. The principnal interfercnce in the 17~
ketosteroid debermination cawme from a subsiince whose
cencentretion parelelled that of the 17/-0H-C3, and
caused orOW“lng and decreascd sensitivity of the
Zimmermon reaction.  this was ovaercore by using ©
correction ccouation and also by using or 'interneal
standard' of added 17-K3, to debtermine the decrcasc
in eensitivivty da coch assay.

Hevhods used fer the chemical _ssoy of nresumed

K7

N

adrcnocertical webobolites in ruminnont uring were Tirst
based on the Zimmerman renctlon =zpvlicd directly to the

[

urine exiracs. ithen(104%) roportod the use of vhis

reaction on the urine of pregnant ewes, and on roa urine

/

(Ruliffson ot al,195%). Holme and Fiveh(”

¥ 'v‘ W]

355) found
low and veriable values for 17-0H-C5 in cstble

urinc
with the Porter Silber reacilon, followiﬁs ONZYIe

hydrolysis. This sbscnce of 17-0H~C3 in rumissat urinc

B!

was confivmed by Holecombha (16575, althoush atanzbe(1955)
found 2275 of corcisol mcetabolites in Uhe cow verc of

the dihydroxyacetone urype (alvthouzh only 1.0 worc
reduced in ring-A), I this cose Vabtanabo used the
Norymberski(1956) method for gide-chain cloavage Followed
by separation of the 1i-~-hydroxy-ketostereld on an

alunine column and furthoer purificavicn was by pertition
paper chromatosr2phy.  He reporvsd that kebtosbtoerolds

wer: measurcd by the Zinworman reaction withous
interference from the icnone derivabsives. Holcombe
(1257) also found that the Horyabers' i micthod vhen
applicd Ho the urine of an adrenclectomisad bull,
with cnd without cortiscnc substituticn therapy,

gave the greatest contrast of 17-0H-CS. Direct smsay
of 17-K3 with the Zimmcrman resction, =nd both the
total extroct and the ketonic fraction with the blue
tetrazolium reaction, gove high values with and
without administered cortisonc. This is probsbly due

to interference from ionoanes and reducing substances
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3

similar toe those fcund in shoorn urine,
.9 Colorimetric lgtimnbilon of 47-0H-Co

ocblon

4,01 Blue betrs nOllUﬂ To
1.
LE0

,’]l;

divigion inhto Hwo rroups
Hropourbics: —

(1) thosc Lhnt have
(cihvidroxyacotone

FERN S,
}
Udd

u i Lo
L T T R U - I 5 A
Lo i@ [ YACEE ARSIV I 6 TS G PE DTN SLAC=-
c~2lceonol zrowve.  Thin xilove

hoaed
DOEC

T K-
S50 BN EE ARG R AR,

o c-z20=-Kuvone invact

)

(2) thosc Thot are roduced ap the ¢-20 wouoition
(tclycol')

Caly +vhe former sroup (1) has the ability Lo display
the reducing propercice charccterintie of on alpho-
lretol canllguration, and rveact with hlue Setrazclium,
the glycol side-chain iz incopable ¢f any colour
caction with blue tetrazolium in_the cold.

Tzzo et al(1927) have siudied the reducing chavacter

oFf other steroid funcitlons towards bhe blue Tesrazsiium
reagent; =nd hove found bthe a-~kztol [roun iosc eifectlve.
The -—A-ecie-3-0ne grouning gove a formazsn, M, Lhe rate
and intensity of coleour formation was evendent on the
location and configuretiocn of obher {urcvionzal [rouns

in *the moleculs.

In alkaelilne mediwn, T

blue difcrmarzan from the
‘he choise of alkali xust

a

and

ependent on vhe
the
hydroxide is

gtorage property
the most
agueous
The use
keeping
reagent was

ammoniumhydroxide (TMAH)

sengitivity of the
com:only used alkali;
and alcoholic (Reckneagel

of agueous alkali hsas

found to be much reduced.

educlng storodl give =n intense

ds
vellow ditetrazolium chloride,
be considecred to be somewhab
nrepared reagent,
Sodiuvm
both

and Litteria,1956).

that is required.

the advantage of betler

properties bub the sensitivity of the prepared

Tetramethyl-

has been used (lader and Buck,

1952 ) and was the preferred reagent in this study due

to its superior keeping gqgualities, compared to those
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of alcoholic MalH, The sensitivity obteinable from

using il was found equal Ho ol ot tolned when using
sodivn hydrcorzide,

The reagent when nrenared, is uscally sorble fowm

only = short period (Buriton et al,1951). MHowever in
this investigabilon, abeoluts ethrnol was Jistilled oif

aBH& ard subseguently rediscilicd severel ties. This
trestment combinad wilh the use of TMMAH as the allkali,
alloved the vrepared vesgsent Lo be kent in the reirigerator
for several ronths.

the type of ascohol urncea affected the =ensibivity
ol whe reagent. sevhancl, clthoush baving less

chromogenlc waterial ovresent, wasg IJound Lo produce &
ruch less sensitive reagent. Ultimebte sensitivivy of
vhe olue Tetrezoliuwm reagenl prepared vvith ethenol and

TMAE was 1 - 5 ug of THF in a 2 nl. cuvette.

4,9.2 Zimmerman reaction

The urine 8 frescition consicsts of neutral and

.Y

chenalic 17-X% and tue phenolics (estrogens) ore zenoved
Tfrowm the welnary extroct by oan ollall wash ot an early

3unge.

The colorinetric mevhod nost Uidely uzed L= nosed
on the reaction discoversd by von Bivto(1435) and
adanted 0 sleroid ofomes by 4Limrernan.  The reoction
depends on the develormens of a red-purple colour
(mcxx, ahs. 520 mu. ) when sbteroids containing the
~CH.,~CO~ group react with alkaline mbilB. Steroid ketones
othér than at the 17 position give much less colour
with tihe reagent and the
520 mu,

¥Most methods have in common *the ilacubotion of the
17-£S with strongly slkeline wDNB in the dark at a

fixed temperscture. From a series of incubations at

7

absorplbion meximum iz not at

temperatures from 1500 to 2#0°C the optimum temperature
was found to be in the region of 25° ~ 30°C. Higher
temperatures gave more intence browning and less colour
at 520 mu., while at the colder temperatures the
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colour ras vnrone Uo fading over the Time of incubation
required (up to 2 hours).

YVhereas the concentration of ~DNB is

(wpart from its solubilisy

for much esxyirimenvation,
¥0H in sbasolute alcohol while Holtor

M

¢ olizalls such

f end Jochf
i

T
uszed 4,070 YOH in 2045 alcokol. Jrgoni

a
28 benzyl vrinschyl FHA+ methoxide and the TilAH vsed
in ©this study hov . been used more recently. The Tormer
hose was recommended by Bongiovanni et al(1957) who
compared 5hiis resgent with thet prepared iroxw alcoholic
nd agueous 2,501 {H0H. Adventages were lisfted as

(1) lover reagcent blanl

(2]

4Y less colour feding

D

"~

100% more ceolour Than inorgenic =lizali
{(&4#) the dichloromethane extrocti the incubabion
amixture remains clear rather than ophalescent.

S

‘herte lest two noints beer iurihe:

“Then

H

1

A

3

[}

g
= O Q

T -

uzing THAH in this study the degree

(round to »e dus Go water ia the

on the Gtenpsrature and length ol
more tThan often absent completely. hica piesensc Hhe

red by The addivion of anbydrous
sodiunm Sulphate and Jhis was finally diucluded a3 pulG
of the gsbtandard procedure. {ading wae {ound To commencce
only efter onc bour irow Lhe start oif vas Treaction.

Urine hydrolysed with b-zlucuronidase may contain
large guantities of sbteroidds vith c¢-%, c¢-11, c-’'0 Zetones.
These along with ovher non-ketonic matericl couses
browning with ebsorphtion in the regilon 420 -« 440 mu.

Some allowance can be made by application of & cclour

correction equation such as used by 21len{1950) or

that proposed by Talbot et al(%942) which computes

the final optical density reading from readings bteken
520 snd 430 nu.

TMurther reduction in blank value and browning
wag achiecved by distilling the alcohol used for the
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reagent several tines, after refluwing wilth the recagent

?
~renicalsg, This wass found 5o Dhe

~

ooy N R al ey
more gsavisfactox

W

J
than vhe meihod of Callow &b 3&(195%) or using silver

4,10 Jorxrtiscl imroduction habte in The Sheco

Corbtisol production rate was c=lculated from the
ceclorimetric devermination of both a-lciels, znd 17-
0

.

cnic (2ll c-—21 corbisol metebolites) shercids

0

present as urinery neutral =stesroid.
(1) Trom a-lietol debverminastion -

ihe addition of the total a-ketol in each of the
2t one-hourly collections (sechion,”.v) mov: a total
of 45 mgm excreted over the vneriod of collection

4. .
—-% in the

(18 day s) (fig.%3.7). The mevabolism of L-c
v resvlved in the urinary excretion of 257 /t"“lc,/—»u
of vhe radiocactivity as e-lebnl., Avnvlicavion oif this

vercenvege to Lhe dally excretion of e~ifevol, sove a

Gzily coritisol excretion rate of 10
aoucizd,
(2) ¥rom 17-ketogenic sberoid -

Bv a similar celculation to Hhat in (1), the tobal
17-letogenic sterold recovered was 89 wmyn (fig.2.9),

i~

this being &5% of the Ytotal urinary cortisol metabholites.
0l ¢zeretion of 10,0 wmgn in

This gives a dzily corbtis
the sheep studiesd,

The good agrecment debieen Shese LTwo corbtigol
Y

production values iz zn indication of the reliabili
of this method for the e¢stimation of 17-0H-CE in sheop

urine. Turther, the volue obtalned is consisbents with
the r.age of 3 - 75 mgm / day reported by Cozhl=a

et al(196¢) and raterson and Hurrison(19G7), but some-
what less than the value of 12 ug/minute (18 mugm/day)
in a 45 Zg sheep given by Tait and Burstein(1564) for
the clearance of cortisol from the plasna.

4,11 Diurnal Variations of Corticosteroid Metabolites

in Sheep Urine
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It haz become zenerally accepbhed “head excretion
oL sveroid chromoszcns in e urine of wamm

maximum in aid-norning (about 8 a.m.) and

ot night. Bubt as early < 1942 (Pincus,”
"intermediate afternoon velues" were reported in urinsry
ketoateroid excretion. ¥With shorter collscilon periods
(2 nourly - Vestergaard snd Leverett, 19 7) hizher
resolution was obtained aind in ZOC collections,

Jestergaard and Leveret? claimad 197 showed a double

L)

are character. Halbarg(1953) slso noted & secondory

af'ternoon naximum with 17—kot0009r01u excrevion in

humans.  the seninocbturnal hebits of sheep should be

kept in wind when compcring the emplituder ol the

biphasic diurnal excrctory pabterns of humans and sheev.
The excretion of both a~ketolic aznd 17-ketogteroid-—-

ogenic materisl in vhe urine of = romney ewe was shovn

to fellow a pattern with maxims in the late morning

2nd evening (see fig.b-1), This is consistent with

the obscrvabtion of Mixmer et al(19%7) who heve wencried

ciuvrnal variasions of uvinery Ketounlc chromosons in

the covr o~ tible, Y-

sable 4-1

Diurnal excrevion of lgionic chromogen in the cov

Breed of Cow Period of collection (time of day

in hours)

T20eme~8&,7, Jo.m.~07,0n, 4p.m.-120,.00,
Guernsey 22 ng 30

30

U1
AN

Holstein 25 4
(figures given as ¥ of total 24 hour excrctionsg,
measured as ketonic chromogen}

L similor observation of ruminsnt steroid excretion

vas made by Holcembe(1957), who delbected a diurnal

varietion of urinary "reducing corticoids" in bdoth

rams and bulls (see fig.4.2) using three-hourly urine

=

collections over 1% days.

The presence of Lwo diurnal excretion maxima 1is
evident in the levels of both a-=ketolic and 17~
ketosteroidogenic steroids in the romney evwe urine
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e le.h~4,. Holcombe heg also renerted Uhe prescace

i 1 P O PN S T S Tt
0L a2 hishoeic excresvinn naitltorn in Loth

bull urinary reducliag cor

two maxims is obscure., Lo

Tise would

. e
study =as the

conaitio

T

LD

& verievy ox

0 the other
( \ if the

of ACTH from vhe nitultary were delayed for any reison,

this could have the effect of "freguency dcunliang" the

normal oscillaerion of *he adrenal corvical

giving Lhe doubls

(2) or iuv may be

adonohyrovhiceal-adrancecorsical =xig Wil

fecdbock

consrol, re such Chat ¢ sincle drils oscirulus
o coritisol scerevion reslis in o rebound Loinomonon
bo give thie ceconc moximunm,

In zuzport of this lavber view a

s

biphagic systen
in responce to exwogenous ~CTH has been denonstrased.
A sharp depression of UTH scerevion, resuliting from
eglther inhibivtion of ~C{H releasge dirvecitly, or via a
neural mechanisy, folloved the firev hich wlasma- C1H
concentration and reached 2 ninimun after © - 12 hours
(Henkin and Tnigge,1963).

‘fhe urine volume oubtpub from the sheep also followed
a biphasic rhythm in spite of the single daily feed.
‘The vrriation of urinc volume in sympathy with 17-~-0H--CO
excretion has be:n reporjed (Forsham el al,1355). The
maxima appeared at $.%0 a.m. and midnight, shug
following the excretion patitern of corticosteroids
reduced at ¢-20 (vide infrs).

The maxime for the urinary excretion of a-keltols
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arec bebwecen 7 nun, and T s.me, and babveen 7 vwe.m, and

(&Y . e~
G oeme (G-

fhe wwo maxima for 1/~ketogenic
sterclds occur between 3 c.m. and 10 o.m, and from
47 fede 1O 12 puemte (see fig.d-17

The cortisol meabsbolite a-ketols ors thoss with
the -176,21~01-20-2ne side-chnin configureti

i
include cortisons, cortisol THE, [HF snd olvher ring-*

igomers of THK and In She shecp the nredominant

urinary o-lzecols are the

reducea mctabclites,

end in ecorticuisr MHE. Corbtisonc, coriinol nnd obther
1

rinc-n wagaturatesd metebolites of cortiicol

importance only, in s shecp (sco chomoer

-

must be aszuncd that any intcerfercnce from corbicosterone
o

e
metebolitez thau wmey have tThe o~k 1 ¢roup intact 1is

T

insisnificant, in view of the sceretion Ir Tie sheep
adrenal of only srsll amounts of this corwvicosteroid
(Bush and Ferguson,1is3).

N

AL A [ . . P S T
Mhe 17--Letogenic sbcrolds arnc n0sS

20,21-01 o ~17a,21-01-20-o0ne confipur

encomuanzes all the c-21 coritisol mebab in

the sboed urine. The dllierence vneral

the diurnol uriarry excretlion pectern of a-lcoolic

steroidz, and thab of 1/-kcidogenic «lcrolds must bhe
that concribuved by vhe viry o6lar cortlcostoroids with
che plwcol gide-chein, The diffcronce ir chown
sraphicelly in fig.l-1. e conclusion te be Adrawa
from this observation is that he cortisoel metabolites
that beve been reduced at ¢-20 reach an evceretion
maximun some tlae z2fter the waximum for the excralion
of thoge steroids wilh the ¢-20 kebtoue intzetv. The
delay in reaclhing vlie mid-morning maximuwn is about

S0 ainutes, #nc the delsy in thoe cvening is about

5.5 hours. .

This time difference in +the cxcretioa of cortigol
metabolites, differing in the degree or reduction, has
not previously been reporbed. The urinary kebtosbteroid
levels sre known to follow closely the levels of

tosteroid in the plasma (Sandberg ct al,1953),
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although Doo ot al(1954) bhaz reported o 2 hour Aclay

in tho urindry exerebion naxirum of ketosbteroids, from

wlagm.. Furiher,

Tincus ©vu g.(494d) reported diurnal verietion in both

nunsn kKetosterold and ncutral reducing lipid in The

urinec, buv found factors affocting urinery kelosteroid

fluctuations werc not the care ap those svoking changes
a

in “he rate of acutral reducing Llipid

Sandberg ou al(i952) elso reportked i the
excresion of 17-ictosteroid and 17/-0H-CS ziuvcuronides,
In this light 1t ig nov difficult Ho sunncse that she

ratce of exXcredld wd o worhaps

noutr=l livid
characteristic sue

sbhole, so aifecving iTs solubility in water. 1ho cease

o

of conjugaticn, nature o the conj

.

differences in bhinding affinity

vozsibly contribute to Thezse obsc

cxeretion rabes.
Tt nmey boe rolb unressontoiz oo Zopoculihs
voriation in the rase of suergiion oI com

cependoent

- U SN e . A .y 0T [P [P Ei - Bel
o ovno Jorce OO Ieeuatlonr 0O

coul? iniiuvcncce the Tate of movabolignm of

even ite scerevion from the adrenil (see cheptoe

in the basis Tor

o
=
®
03]
o
on
<
()
‘_,
’J"
D
J’
)
[t
oy
<
£
[
=
( '
{‘)

Surbther investigation
of cortizol in the zhecp nnc vhe excreilon charscterictice

L

of the meovobolitces so formed.

e Jf e
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1. A method for the purification of paua (Haliobis iris)

stomach b-glucuronidase using methanol wss presented and
the activity of tThis prepsration cowards corticosteroid
conjugates was investigated., The engyme activity btowards
conjugates Jdiszolved in urine was found to be no diiferent
o the activiiy shown towards conjuzates extracted Zrom
urine and redisscolved in bufrer.

2 A b-zlucuronidase vpreparation from limpet (“ouoacmea
g, lelggg} wvas conpared with Tthe vaua preperation in
respecs of affinity for the corticosteroid conjugate,
under Ghe saire conditions anc with the same concentration
of enzyme »resent (assayed as Fishman units), ‘he limpetw
enzyme was shown To be slightly more aclbive but »nob
advantageously so.

N
.

A continuous clubtion partition system for Ghe
sevaration of Tthe corbtolonez isoneric ahout ¢-20 znd uany
of the cortol isomers, was developed a5 air extension ol a
system suilbable for separation of compound THF tarouwsh to
corvisone.

Cy
i
jy
(@]

4, A thin leyer vnertition svsvten was developed for
ranid separation of “7/-kedosgterolds with a sinzgle
development, and was round Hto Le quite suvitable Tor the
separation c¢f bthe Tive neuiral 17-ietosteroids isoloted
from sheep urine

5. The crude extract of urinary corticosteroid after

hydrolysis was divided into c¢-19 (E5%) and c-21 (45%)

fractions using & florisil column, and further separation

using thin layer technioues resulted in the detection of
14 ¢~-19 metabolites and 2% ¢~271 metabolites, or grours
of metabolites.

6 The principal ¢-19 compounds were 5S5bh~A-%a,17c~01-11~
~one and 5b-A-3a,17b-o0l~11-one with Sa~-A~ and Sb-A-
compounds iscmeric about the c-5-alcohol and the c¢-17-0H
also detected, A compound ideutified as 5a~-A-3b,172-0l1l-
~11-o0one and its -11b-ol-isomer, were also described. The

17-ketosteroid (mainly 5b-A-%a-01-11,17-one) was # of the




c~19 fraction, and the

the ¢
The ratio of c-27

~19 frasciHion.

side chein groupning, o

3ide chein, T1:1.

the 11-keicone and

amounts. 4Ln unusually

a--corcolone ( 7:1 ) was
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the mechanizsm of

+he

3

-4
Ll

oF nvestine

sowards

2

pact

nd

method

general,
9. A
meta

AS Iecove
new
bolites of the
preliminary
florisil column. the
by quanti
was

10,

ot
o Rl

e principal
b0l

T

GO

17“-‘ T'y'(J

AN R . . .
¢ -I7-=kcitosteroid
for the
sheev

frectionation of

tation of both a-ketol and 17-~ketogenic

117

11-ketone ercids comprised 80% of

with bGhe

sheroid with the zlveal

roid Slhydroxyacetone
~241

a=etol

gliycols

{
i

i

D‘D

noted

ratio

fas

ed. on surgically mocifli

a(
recirculation mechanigs

4
a lL—c] ’

arohenatic

‘

che

V. inje -1 as exereted

°

o hich frooom‘:on (50/) of c=21

The
holf
only

THE (51%).
similar but with only

pal steroid beins

rn vag

that found in the bile, ie.

ron cortisol ie excreted in the

e

u ‘Z)he
she bile

division of 17a=-

es infused invo

r recovered in and

(70,

iz

A
£

from the
the bile.
17b-hyvdroxy-

S~ e

&
wa|a~O”er01i 1
contsin both 17a- snd

erheorntion of =zteroid frow vhe

Yol

o3
)

iz found To be ecounlly &z active

s the etebolites in

bilisry
in the urine as 17-=0bd-steroid.

tisasion

(RS SRV

red

quan of urinary cortisol

vas developed 2

1, Liavolving

08
LA

Pl
(=

the corticosterolid using

cortisol production rate estinated

steroid

10 ngm / day, in both cases
A diurnal rhythm in the urinary excretion of cortisol

metabolites was found to exhibit a pronournced biphasic

character.
11.

difference in the rate of excretion- of the two
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classes of steroid assayed was apparent. This difference

dependent on the degrec of reduction of the side chain
has not been reported in the literature, and possible

implications are discusscd.

U / - ) s
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