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ABS'~Rl-tC'J: 

ri'he metabolism of cortisol in -che normal Romney ewe 

i/Jas investigated by an:::~.lyeis. of the radioac liive 

J0_etabolites excreted in the urine following intravenous 

(I. V.) e.di-Jinistratic,n of 4-c 14cortieol. '!:he metabolite 

glucuronides ~·rere hy-~lr~lYf>ed ~!ith b-glucuronicU'lse &'1d 

extracted fro1r, tho aqu_eouc; mec>._ium \·:ith etLyl acetate. 

Eh.e neutral fraction 'Has divided into c--'19 2.nct. c-21 

metabolites by sequential elution fro~ a florisil 

colu:cnn. Extensive use vms made of ·~.J.J.C. for ·che 

separai.Jion a.Yld analysis of each fraction before the 

quanti tat ion of ind.ividual components. 

iii 

A series of experiments was perfor~ed with sur~icnlly 

mocl.ified sheep invol'irin.-: collec cion of bile ancl urine 
,, !J 

b~th e.f ~~er I. 1/, irqec tion of 4-c 1 -cortisol, and af c(::r 

intraduodenal infusion of r~dioactive biliary rnet~boli~es 

'bt • d f T --- l . • t t . " 1 14 t . 1 Tlb o -alne rom ~.v. acm1n1s ra lon oi ~-c· cor-lso • ~ e 

metabolites c0llected at each stage were analysed both 

qualitatively and quantitatiYely. 

I'he urine collected each ':lour for 18 consecutive 

days from a normal sheep, was subjected to colorimetric 

de-termination for a-ketol and 17-ketogenic steroid 

content. I'he data obtained was analysed for diurnal 

variation in chromogen output, and the daily secretion 

rate of cortisol· \'Tas estimated. 
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Fig 0.1 a 

CORTISOL 

C,3 t7.c 

CORTISOL (side view) 



I~-0 ~\J~;I,T c; T.1i~ ·1'ffi~l~ 
~ .... ..---...... --~· ._ ..._ ................... , __ . 

Nor:1e:.:1clatur~·; 1;~sed t;hroughout; this script is l)a;:wd on 

tr•.at ovcl 'l;;d fr~v~· the ;::iba Con feL .. nce llJ :t~onclon ( 1·)50) 

a;:1d. is gener3.1ly in accordance '!Ti t;b_ ch<} ~~ c-.~_;provecl by ·the 

:\.Co -E'-()8 EiocheLli:coc;ry (\.·it:1sh.) §, 2227 ('19CS) o 

~.1he steroid s~celet;on is !Tumbered as ;:;hov.m in ::"if.~. 0. ~ . 

1~'or co;npr,ctne;:.;s the torm;: ADcJ.rostan- c.nd 1'rc:;n.::,n- <~re 

reducod to A-· ::'l-oci :~-)-, res:t>:.:ctively. Double bonds i:n tho 

parent ~~ructure are uositioned b~ the suffix -ene-, eg. 

P·- 1 '-:-ene~-. '':1he COJJ..Ci:~urc ·(;j_on oJ che hydrogen :~t c-5 L.~ 

Ll.dice.ted by :"i prefix 5a-· or 5b-. '1_1b.e prefi~: :,i.llo-- ·:T;lr:n 

w=;.::;c~, refers to a :Ja- conn_g'.J.r[c·sion ( fi:_-,·. 0.2). 

3ubstituents are prefixed by numerical position oncJ. 

Gret-;k letter ( v.rhen pertinent)~ t,ut nuc!c:;r;<t;ing :o;:rtic.les 

:~he same sicl e :J_f:; the G.ngular methy1 ;sroups r::d; c-1 0 c1nd 

iv 

c _..-, 3' are der;i~:;nated - ·-· :)jld rr2.1'f:O 1' 1i ·~h ;_:; he.s.v-;r line; t:;}"Jose 

f:0J levi :::he 7.Jlane cf lle rj_ng a.:ce a.·- c'X:(l clrc:.· ... ;·~- '· i :. :•. 

: ·ro1-<=><' l l. ·,1'' ( :_ .... ~._._1 -·- - \j l' :j_ :~~ 0 0.1 ) . 

.,... ··n ,. .. 
Jj.'J..i.Jo 

c ·--'19 
c-2'1 

Conjur:;ate 

C.R.:I!'o 

EtAc 
EtCm 

adrenocorticocrorhic ~ornone 

adrenal cor~ez, usu~lly c-21. 

blue tetrnzoliu8 (chloride) 

steroid with a two carbon side chain. 

formed by esterification with a small 

E10lecule eg. (_;lucuronic acid (;,lucu:r.·o _.id.e). 

corticotrophin rel?Bsing factor. 
ethyl acetate 
ethanol 

Glycerol side chain - =C, OH-CH, OH-CIL)OH 
~ 

a-::etol side chain - -CO-CH20H 

17 ketogenic - c-21 corticosteroid attacked by mild 
oxidJ..sing agents to give a 17-ketosteroid. 



17 ketosteroid - steroid vlith a ketone on carbon-17. 
Kg ;;:iesl hur 

8G silica eel 

.Gteroid .:mcleus -~ struc l::;ure b<we,"L on c:'J.e cyclopcntano­

-Dhe.nanthrene si~:ele t;on wit~h c-10 and c-13 

methyl @TOv.ps 

·~retrahyc~ro dertvo.ti ve by GOli1plete h;.{dl'Oge:o.ation of ring-A 

I'.~'i.A.H. te cral;wti:;.yl s.ramoniua hydroxide . 

.1\~)brevic.tion J:lol. fornula 

v 

cortisol 

urocortisol 

F P-4-ene-11b,17a,21-ol-3,20-one 
'TIH'F 5b ·~· A 1 "' ' /j 7 r•1 1 .~ 0 -'-··· -.t'-__,a, 10~ .·a,~ -o --::-one 

c:.llotetrahydrocortisol ello 11 58.-P-3a, 11 b, 17D., 21-ol-20-one 

cortisone E P-4-ene-17a,21-ol-3,11 5 20-one 

urocort:isone ''~HE 5b-P-3a, 17a, 2..-i -ol--;~), 20-one 

cortol 5b-P-3a, '1 'i b, 17a, 20a, 2'l-oJ. 

b-cortol 5b-P-3a,11b,17a,20b,21-ol 

cortolone 5b-P·-3o., 17a} 20a, 21-ol-11 ~one 

b-cortolone 5b-P-3a,17a,2Ch,21-ol-11-o~s 

11-0H-Androsterone 11 OEL )a·-Lc-38., ·1·1 b-ol-17-one 

11-keto-Lnd.rof:'terone 'i 1KA 5a--!\-3a-ol-11 5 17-one 

11-0H-Etiocholanolono ... \ 1 OEE 5b-A-3a, 11b-ol-17-one 

11-keto<:I:tiocholanolone 11l\E 5b-A-3a.-cl---11, 17-one 

corticoeterone B 1-'-'+--Gne-/l 1 t, ;-::1--ol--3, 20-one 

deoxycorticosterone 11DOC P-4-ene-21-ol-3,20-one 

dehyc1rocpiandrosterone DHEA A-5-ene-3a-ol-17-one 

testosterone A-4-ene-17b-ol-3-one 



Fig 0. 2 

(a) Androstane 

c d) 5J3- Androstane 
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Chllpter 1 

REVIEW OF LITERATURE 

1.1 Metabolic Effects of Cortisol 

In most mammaliQn species cortisQl is tho principal 

steroid socret.:;d by :.:;he:; ndrcno..l gland (Bush, 1953). 

It is (r.lso tho o:dronn.l steroid •·rii~h the gro:~test 

glucocorticoid activity end so provides most of tho 

effects t;hG adrcn·:l secret:;_o:;.l lL,s en c::1.rbohydrc.te and 

pro \:;Gin mctabolisr;1. Although the mc;cho.nism of ,.,c tion 

1 

of the glucocorticoids rcmclin uncle:ur ~ n. soqucnco of 

biochomic.sl :··nd metabolic c:vcnl:is J~llo··dng 2.dministrntion 

of glucocorticoids hns boon well documented. 

1.1.1 Qlucocortic?id properties of Cortisol 

Cortiscjl iF~ C\n import;J..nt rogulr tor ol' p:ro·toin ~ 

cc:crbohydr2.te, lipid, .::.nd nucL;ic ncid metabolism, c'.S 

woll as influencing infl2,mmc.tory c:.nd lyn:phc·id ti::c:suo, 

c:cnd ind0ed most tissues of tl>:: body. 

1.1.1.1 Effect of Cortisol an Prot~in 

1.1.1.1a Proteiu C1tnbolism 

Tho 2.bili·:~y of cortisol to rc store tho d.ocre.·-_ sc 

in urinary nitrogen excretion p~oduc~d by adrenalectomy 

in rats, was domonstratod by Long .£! §tl ( 194-0). 

Associated with this effect on prot8in CQtabolism ~here 

is less utilisation and greater retention of glucose, 

as liver and muscle glycogen (Thorn,1940). Cortisol 

\v-as found to increase the re:te of accumulation of 

amino nitrogen in blood or plasma of h:;;patectomised 

€tnimals, but not to the same extent in tho l'Tho1o animal 
(Bondy et al,1954). 

-~ ' 

Tho administration of cortisol to nophrcctomised 
rats resulted in an increase of pla.sma urea of 0.5 -
1.0 mgin/ K Gm body weight pef hour, qfter 3~ ho~s 

-----~ .. ~ 



(Engel, 1950). 

Furthur indications of cortisol induced protein 

cntGbolism nrc thinning of tho s~in, fall in nntibody 

titer and involuti8n of the thymus. 

'I .'1 .1.1 b !Ul_~~l:S' ll..<;_i'Lll.P.t.£kc ~ -~~he Liver 
Vithin two hours of Ed~ini~tr~tion nf cortisol t2 

is incrcwcd (duu to incrv:".sud purn1cr.bility of the liver 

cell D'(:c'1brJnc to n:'1ino o.ci~~~s), vrith o. concurrn1t incrc;l.sc 

in hopo.tic urcn producti:m (Riggs,196'l-). Chc increc-1.se 

of 0.1"!ino ni tr~.1 (jUD c::tn< ·ot b.:_~ cLr;t0l1Strr-·_tcd in tho isolated 

liver confirming the view that c0rtis0l tunds to incranse 

protcL1 cr-!l:;o..bolism in cxtrnh•.;pr'.tic. tissues :-lnd the c.Hino 
,Jc ids ,'.rc tr.::.nsportcd to i:;h.c li vur. fhc; ll vccr .s~ppco.rs 

to -,et:J.boli~.::;c the. ,_;xtr<:\ ~;T<i:on ncidB in t;},_c usur:~l oc.nnor, 

cont~cibuting tc) nr0c: ~·-ucl r·)lur:-~c~-o,_ pr._;c1nction~ but; IJong 

-,t :'l- ("JCL'O) h·-'~''' ·-·l-.s ·I'll-""! 1}1-:. l':--·).r··i·l·C ,: .. lucr-.c-,-, r~,....l'l"'·ncn ..:::..__ ..::':...-. ~ 7 ' J.. t.:. ~ v I__; \.) v "-' c \,..- ~ -· t;; .1. -....• _!_ . 1.. .J (_) .J "'-.) "-' v Q .l: I..;- "-' ._.. 

is ind.cpcnQ_.;nt of t 1K liv.;r. 

1.1.1.1c 

111 troscn bD.l':'~'c'-" uncL:r t;h"~ L:flu.:..;nc.:,:: of c c;rl~i[.:;ol .. , in 

c ontrc-st t,:-- :oos·t.; cxtr:~h0~~::: tic tissues :./2lich show 2. nett 

dq)lction of' protnin ( Clnrt:: ,1953). An i.ncroasc of total 

protoin ccmte:...~t 01. oth.-:.:r tissues h<:·s bc-.::n shovvn 

(KochGkain Robertson, 1951). ..rhcsc LJ.cludo the 

gastrointestinal tract, urogenital organs ~nd plasma 

albumin (Silber 2-nd Portor,19:)3), 'Vvhilo a n.cr~t docroaso 

has boon domonGtrated in the; c::-so of rat diaphrn.gm 
(Wool and ~leinshelbaum, 1959). 

ThG observed increase in tho activity of liver RNA­
nucleotidyl transferase, 30 h1.inutes after cortisol 

ad.rn.inistration, is follmtcd by n.n incrot,se in the 

biosyntl::wsis of messong~r RNA .s.ftcr 2 - 3 hours o.nd 
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an increAse in prGtcir synthesis by cytuplasillic 

1.1.'1.1cl NucL::ic " ' ttClQS 

IT1r•mnologic(l t:::ch;Jiouor: hnvc dcmonstretc:d cortisol 

sti:.'1uln.tL::n uf n~.:~·cific ~nzy;;:.:.; prcitC:i:LJ. syntl:wsis 

Kenny,1962) ':Jhich ll1&y 

~)~; bl-)dC(:;d. by <~c tJ.lh)c;Iyc i~1 · ~1d pur(;n;.ycin ~ sug;::::<: stine; 

auclcic ,c':.cid r.~<'Tticinxt;i·.n (Jc.~vell,1963). Co:rt;isol 

h,~s t.::--:.n fcunc:_ tn inhibi-~:; nucL::ic r:.c:i.d 2y::1thesis il~! 

nost ti,~sw~:::\ L1cluctL1g lvapho.tic tissue (JodeikL1 aPd 
1.Jhi·t;;_:·, 19:::·6) bvt liv '--'r RnL is incrcclSOd vli thcut o.ny 

"h • I rr p I- . ( .--, • 1'--- " r· -'-- /1 9- . ., ) c .... o.ng•J ln ) ·w_ C·)ll"CC':_l c' :_--:l uvr s.:JQ ~-'c·r /__,cr' I ~?-

It i::c: cvicknt t;lL,rcforc, th'lt cortlSc">l stimulc:c ticn 

FJGd.ir~t·::d tt>rcJu:~h Llcrt.::clsvc. ucsscngcr RNA production 

in th:: livc:r. 

1.1.1.2 Effect of Cc~tisol oa Linids ------·-- "'---··""' 

Cortisol s~w~s t~ ~-necessary for full nobilisntion 
,.1 f'·Hy ,., .. ;(lc -·:·-.-~r-~ .~rl·:·oorc· -l'--l·r .. ~,,- ('tT~~r·-1 ~-·1d- G---·ldfr.-in --' . ·- •. v , c.\J-'- .o ~- .L .)_1 l .. u.'-.~ 0 -_; • .~-- ,;:, '-· .. ~ - lc.q •,; ._ .. ·"·. . -.; --1. ~ 

~959) indc0d, tn2 f~tty qcid Bobilising Gffocts of 
cstn.chol-r,Linos c~ 'C~ .:.thcr 1ip.)lytic rwri-,loncs require 

th~. pn;s'-;ncc ''f c·.~-r:~.j_~-;:.-:1 fo:c th.u:Lr cc~·xir.mm lipid 

mubilising r::ction ( Gu,·:G.rF:.n ~::nd. -•<ncbil, 19o1). trhc 

ninorn.locorticoid, 1-'! DCC 1 cCUl ropL•.cc cortiS\'l in 

Lhis respect but its action is considerably weaker. 
'l'h0 effect :)f ~t;lucoc.)rticoids upon ncncsturificd f~:ttty 

9.cid release from ndiposc ci.3suo lg ~, vms c,mfirnl.)d 

by Scmr1 co-workers in r'-1.ts, and Gillman _?t al(1958) 

in baboons, o.nd ostc~blishod tho adrenocortical off0cts 

upon lipid r;1obilisation 8nd k0togenosis. 

1.1.1.3 Effect of Cortisol on Carbohydra~e~ 

1.1.1.3o. Glucose·;Qroduction 
The administration of cortisol to rats causes nJ:) 



--------

elevation of blooQ ~lncos2 level (B.G.L.) (Ashmore 

et a}?196"1) eviclent·a.fter 2 to 4 hcur::o (Lshmore ~t .~_!, 

"l c_::•_:.,:.~) a:r..d IDD.y ref)•,,h 8. level Of L~ () - 50 E1[Ft/l 00 llll. Of 

bl,•ocl 1 ;~j1C'- c<3D be ~31.1stainerl for n;"') to L~B hct:rs. 

(;onversely o.dre: :s.l0c l-;on".:y 1.-Jill dec:r::ease the B. G. L. as 

'J.c•;nonstrTIJed 1Jy v}o.;7lc- c;,_;d Ashmo::·e ( 1 S6'1), '•I he r ot;ed U::e 

The increase ir J.G.£. duo to cortisol asy ~a 

06-uc<::Ct by u deere .Je L: perifer2,l [~luco'~·.e u.·t;ilh!ation, 

nr ''-'1 increase in :•::r.e})Gtic ;;lucose produc t~_on (Glenn 

(; L _8):., 196'1) (A seven-fold increase :u~ Tats hHs been 

ubr:;crvod ( .l~aDs ~.:t. ~.1. ~ /1 Sb3)), or both. 'rhe 1ncree.se 

in '!;lucose production :)y t·::_le liver ie derivt;d i::.:. •)e,rt 

1rom lactate and alanine 

firc.t observed G::=> 1:1. functio~-::. of cvl' Lic_;ol by J:;:oepf ::.! ul 

( 1941) usL1;:_: liv.zr sl:i.ees frn;:n ad.rc.~·aln·::' GOFlised. rats 

LLver slice.s vitro treatGent with cnrticnl 

e::~trn.c :: h:1ve failed, l>robc;.bl;y C•l.(::; ::o t;ho -.,.-,,_ ry rc::Jid 

Jeac~ivation of cor~isol by h0patic onzy~e~ (Glenn 

e·~ _al, '1 S~)7) . ·J:his d.e a.c t~L'lation h< ,'j ;Jeen ovcr.-c omc by 

using synthetic ;luco-corticoidc 1 sucl~ us triamcinolone 

by t;}],e llver. (Eisen.stein et al, 1:J6u). ' .. 'h·c-se syr-tlJ.ctics 

·,·:i.ll accelerate the convl"r::;;ion of' a number of precursors 

(e.g. 8.lanine and pyruvc.te) :L11l~o glucose or ~:lycogeD 

(Uete and i'..shmors, '1963 ~' as vrelJ. 8E> increase fixation 

of c'l4-o2 both in yi vo e,nd in ~itro (AslL'1JOre ~ 9.1, '1961 ) • 

~idney ~issue is also capable of gl1wo~eoGenesis 

and less glucose 1vas found from pyruvate ir:. l_i.dne:;r 

slices fro~ adrenalectomised ani~~ls (Teng,1954). 
Chronic treatment of rats with cortisone resulted in 

·tissue slices frm:1 ~:idney having grer:::.ter ability to 

incorporate pyruvate c2.rbon into glucose (La.-'1.do.u, 1960). 

1 .1 .1. 3b _QJycogen ~~ormation 

-~---. ----:-~ 
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Following administration of cortisol to 
adrenalectomised rats there is an increase in liver 
gl;;~coe_:en content <:•iter 3 to 2L~ b.ours (lagging beh,ind 
tho cle.Jation of D.G.IJ.) Hhich me.;:r reach 150 - 200 mgm 
per '/ C~<) Gr11 bociy \'ITeizht; B.~.J.d. is D1Ciin-Gainecl a·t tl1is level 
.• L~Or t ... 1:.e '1_1PX· t· r,}LJ, r_'rvUrr-". ( !<'·1"' "l 19C::Q\ . J.J • - ... ~ L - .wl t'> ,_: ' 7 I • l'hc:re is G.lso a 
slight incre?Se iu m~scle zl~CO~OD 18Vels 0Ver 8 ~0 24 

conte.nG v!as observed (:E'roesch ~!. £.,1 7 '(·,j.S). The 

;:;nl:::~rgeme::nt of liv,;r c;lyc,;;r~:·: ~ <~'··6 tc:-;:.:1 1.J:Jfiy sarhohydrate 
are L::novm ~o p3rCJ.llel tb.e e:;c:re cion of .:.~ •. e. N. -,rJ:J.ich 

.::wre Lhc.n <:,ccotl:tlb.~ fox: t}J.e carboh;ydr:d:;e :foi'(·:ecl ~.,aiJOlXt 

60 - ~/,_·._:, of ami:c.:.o :?.cidF rele.~sed arc C0l1'/er :~sd 1;~; 

ce.rbol:.;tdrate) (~one; ~t a~. J '1 C)SO). It 1::as found. <ho.t 
isol8 ted rat liver t;J.scmc of adre;1.al in :~;c ton:i. r-.c;,:~ rr:t;::; 1 

rats (Li9sett an,::. -~oore,1'/)'1)o 

Ali:Jhvu;_.h G.lycc[~cn depo;3ition is evide:(r1
: • •. : - Lt. hourE; 

(c::.reengE:.rd .E;;-~ ~~., .... 1963j o:c e.ctinonyc]_n. (Ec:w et 8:.~~-1SC:·4), 

ex~ibib up to 64~: re6ilctlOG in glycogen ~8nosition, 

Glucose Utili~~tion 

Upto.Le of ~~}!).coso b;j" skin mK lyn~.)hatic t:'cssuc. 

( Jedeikin and -.. hi tc, 'i 958) is clecreased uit> b.ic:,h p1Rf>it12 

cortisol levels. A reduction in the amount of glucose 
utilised by adipo,::e ti.ssuc is evident within 30 minutes 
of both in yivo and in vitro addi·cion of cortisol, 
corticosterone or dexamethasone. (f.llunck, 1SG2 ). 

Glucose utilisation by the liver is little, if at; 
all, affected by cortisol concentrations. ~he 

phosphorylation of glucose may be 11nder the control ·of 
glucocorticoids. Glucose phosphorylation is reduced 
in the diabetic r,3.t liver but adrenalectomy has :no 
effect, nor does chronic treatment with cortisone 
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(Ashmore, 1958). 

Liver cell membranes arc freely perceable to :;lucose~ 

and gluco::e utilisation in the liver is 2, n;flection 

of hepatic ~:l"l.JCokinase a.cti vi ty, This e:;:>zyme LJ 

influen~ed by insulin but cortisol has no effect on 

its ac ti vi ty (Shari~ a? '1 ~::63), 

1.1.1.3d Role of the Liver 
1rr1.e fact th8.t 8. (-'ieficiency or C:Y:C8SS o:f' 

t::lucocorticoid horla0nt;s in.fh:ences ~J:1e pai-t.::;rn of heg"tic 

carbohyclr::;_te rJetat..-:;lJ_s:-,1 L3 indisputable. 'l'he insulin 

F>ensitiv·j_<:y of adr,)nalector--·L-,ed e.~li:;Jl'.:.i Has .:~ot; present 

after .i.~epatosec tomy (I.evi.ne ~-~~ §:l, 19LH) "'.nd tl1e caxil:'.L.1.lTI 

c2pacity of p8rifer~l tissue for the utilisation of 

r' Iuco -:e under the action of i:asulin c.c.L::o LeQl.LL:r:·ec~ :he 

ure~Gnce of ~he intec~ liver. 

Tho sy~thcsis o~ f~~ty ~ci~s i~' diabetic liver is 

conversely trsatmcn::; of ....:G.r,').t'lalccto;Jissci cl1.abct:ics 1.rith 

cortisol i:n.hibi<:;s fatty e:\.cid syn.1::hesis (Ashmore et p.l:, 

195~-). Lll1is i>:thibi tion is evideE t in 2 to 6 hours and 

is co:J.current uith ELl. increased conver:,~:.on 0f pyruvete 

to glucose. 

Incorporation of slucose c2rbon into fatty acids 

in ac.ipose tissue of diabetic ani1!1al.s l;3 D.ot restored 

oy ndre:1alecto· :'y (Fs.ir ;196L!-) but appears -:~o be regulatecl. 

by glucose utilisation. The reduction in glucose 

utilisation in adipose tic.?.ue brouc;ht about by cortisol 

is abolished in the presence of i:·:3ulil1. 

~.1.1.4 Effects of Cortisol on Enzymes 
Changes in enzymic activity occurs slo'\tll~·, varying 

form hours to days, under the influence of glucoge11ic 
hormone. Cortisol induced changes in enzyme Hctivity 
are blocked by puromycin and actinomycin) supporting 
the hypothesis o:f a correlation between cortisol 
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action and. the E:.ynthesis of :EI.~TA and urotein. 

1.1.1.4a Gl~~~~y~ic ~nz~t~ 

Of the glycolyl_;ic cnzyn( ,~ ctudied, ;~lye ogen 

synthetase; hep~tic phos9hatases, p~osnhoenolpyruvate 

carboxykinase, · !hosphohexose-isomcr·;::~~w ;:j_Ucl 2ldoluse 
~:;ho'J ir::.crec:.ses of tho or·der of .COO: ovF.~r :~hat in. coni:;rol 

systems, only ~ftor 3 to 6 d~ys. The lncrease in 

~wpc=..;,tic glucose production is indepencent of c.n increc:..sc 

o/ any of dwse nx:'-'1 thGir productlo~:; may be due to 

secondery Gffact~. 

Ihosphoglyceral1ehyde dehydrogenase reaches a 

:co.~:c1onsa of '.:~JO';{ over controls in 4 to S ~lours -,rllile 

pyruv.::~te cc.u·boxylase incre::·.ses to th·~ sar.:c; extent 
• C 1 f "T • L l /} C ., ) 1 < ' • f 1 f 
~n o l1ours \;E;nnlnr; <::.~ ~~' 1 }--<' ._~y ·c.nc· lcJ .LUGnce o 

cortisol. HmrE.~vor ·0yruvc:.te ce.rboxyl2.se i.~ .:o.l~::;o 

s '.:;irr.ulat:::rJ_ by ciCf.3 t.yl-Co.A and t::1.is ap:~;a::cent horr;~onc:.tl 

I'GS-"~O'lSG --1~"'' tc-. O.c ' "'8C 0 n'-, 'r-- I,,.J-u-~c.· (-T"-+-~r ·:.+ a~ -10 ;<; 1 • J: f. · ll -~.; ''-' .'. ;_;, .:::> • v __ ,_lc, / ~d. L . .L "-' lJ -~ ''" '-·-':' ... ,::!-_' ,··- /) • 

....., ......, ..., L• ,o 1· m-ino 'lC l. c··t ·',) C\ ---' · ,.., 1D o' -~ ·"::" ,I., r:.., 0 ~""l ~ ,r,·~~ r.·· t--' • I • I • I ..:.. ...L. c:_ .L.,.,j Lr.-:.1.. J_..t..u...L. .t.(._-;;. ~o:.;J...!./-1 1_/ ·--J..<...- ,_> 

rryptophan pyrrolaso and tyrosine transarinase were 

found 1;0 increi:'.Se 9GO.: .,_:,_-:,c:l '7·-~0cs over controlc; vri+;hin 

-'12 ]:wurs, vrllile .:1lanine "-.ra::..sar,1inase nnd serine:; 

dehy1rase requ.ired 'k· hours to :reach 3()0:' ard 500% 

increases ove:r· concro]J\. In ·t;lle cc-;,se of tryptophc.m 

p:;-rrolase, incree.sec i:n. o.ct;j_~rity· of this cn7..yme have 

been found to pnrallel th-::: incrensc in synthesis of 

en.zyme proteLJ. (Kenny, ... 1062). 

1 .1. 2 .Nincralocorticoi?:_J?..ro:pc;r,.ii?.§.__<?f __ Co:ctisol 

Cortisol c.ontribu tion to ;.Jin-:;ro.l ractabolis:a is 

\veak in relation to that of 11-DOC or uldosterone 

(8% of 11-DOC an<l 0.1~~ of aldosterone activity in rats) 

(;l'ait ~ i'-1,1952) and are probably of a secondary 

nature. In prolonged usage, cortisol ceuses sodium 

and l'llater retention and renal loss of potassium in 

7 

numans. In dogs _the renal response to 11- DOC and cortisol 

is essentially the sam~ (Roberts and Randa11,1955). 



In large doses cortisol is a potent nabriuretic a~ent, 

enhancing sodium excretion sevcral-fol~.J a~c can 

antq;u~1i~:· c Lhe Oi:YDO 3ite act; J.o:::;. o.f 11-.0(lC ::md aldosterone.,: 

a~:; see;l in the ret·:; snd maa (Le.i<'ilRV·T ~-~- aJ.:.,195~)). I1::. 

gener:-::tl ~ ~ortisol tc:cds to onhance potassircm excretion 

and is 1;l1e mo;c; t 00tent of' :~hr; ne. tur·al c o:eticoids in 
.... +- ~ 1 /!

1
- c~ :). ,";:. ) 

t:_... IJ -~<~ ~ _.'. --- . 0 

Pl:3.~?ma vohue ;':lY be I'estorecl b:Y' cor :L.:ol ~-'!:lt;or 

c1~e:pletion (iu(.: i.o adrGlFi.l L!.'.::uffLc.ie.ncy. •r.uis t-3.~-::pears 

t;o res1.1l;_; fr.rn.l clcci:ec:.~sed dif~tt.:l f::nb"ul,c;r epi"tll.eli8l 

:pe:t. ;·1e ::t;:;Lli·:::;y t; o '":at er (i, le e;:;:·.:c .~! f!:.-1, ·1 ()65) . Doc ·.:·e :.~sed 

ood.lur:: conc:;I:;._, t:Lon l.11 <i.!o J':.:.pillar3' inter,scitj_1Jr:, 

' ' . - •. "l - ' ( ~. • , ' l /1 0 . ) correcceCL by closes Ol 2_,_•...;·;s·ceronr:; olg.Ler £__.:;_ .'-:': __ , 1 ;;o;; • 
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An incre<:·se i:n t";lo,lc: ruiur j' _i ltr-~, Lion :::ate 'j ', rhic.h ie 

im:lepenr1 ent o: C~l~:<Jl~~:e~o i1-;_ ,)·.)0J.u.•r L•.::l:~Dc:, (J,line:rr:•.lo'~ ;i·i;ic:oid 

f f'::,r>+·' e _._c~.. ... ··J;~ 

o br:-:erve ~·~ ( G0rroc1 (') -:--
\.-' \.J 

1. 2 .1 C:'~oT::ist~:sz. . ..?-.::::~' _;,J~f'.~~~".:~:;z~~?.:L~12..~. Ac1re2~.'2:l 
I'l1o C' :-ll'~..~:tlEJ.J i ~-~ -_;.O s i ;·) l O:ilt~(~ ir1. c ~L o 2 e J;r~- o~~ i ... l:1 __ t:_y ·t; o 

the kidney. It co . .J .::r .. s·c:~ of C' o 1:::;.e;:i.ons ·- t>>r; i:tl.l'J..::r 

biosy~;.-tLe~-:i;:, 

·The wan!.:1<.:clian ;3.J.renal '~·;l<rt~<.l is cle iDec1 i;o t:.c:~ve the 

highest blood flo-~r of e.ny 0n2;e.n in :;he boo7. t:'he tlooCl 

flow 'i:hrou: .. h tt.e adrennl :!.'2 L1crc<:'.se<1 1..1.pon st;j_r~rL~lation 

vrith AC 1rH (in vivo) D.D.d. <Jlso -uhej1 subjected to a 

stressful envtronment (HichardG .8:J.d I'ruil:it, 1..:)57). 

This increase in bloo~ flow may be associated with 

stimuL:d;ion of tll·? ad.r0n.s..l or mo.y be of a secondary 

nature such as an adrenaline respo:nso. Increases in 

blood flow itself h:-.... ve been sho•;m to effect the release 

of cortisol (Urqho..rt,1965). Only traces of steroid 

h;ormono.s and their precursors a.re found in the adrenal. 

Hu:Ja.n ·adrenals normally conte.in 5. 5 mga tote.l reducing 
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steroid/100 G:Ti adrenal ti::.:sue, and in rat adrenals 

the level is some1:rhat hi?:her - '(0 mgrn/'1 00 Gm tissue. 

•_Che relative pt::rcenl:;ags of four horr1ones in tlJ.r' gland 

~re cortisol 81~, corticosterone 13%, al~osterone 4~, 

cortisone 2'/-~. 

:J!he t;L:uJ.d hP.S a higb. lipid (! 5',::, \vet \rJeight;) conter.:.t 

consisting mainly of cholesterol esters~ (25 - 50~ of 

tot-:-ll) quanti ijies of ascorbic acid; 2.nc1 enzymes required 

for s;yrnt~hesis of the sr;eroid. hormones. Cholesterol 

concentration varies considerably, depending on diot, 

o..ge and stress of tho anir,Ial aT; trw time of sampling. 

Ascorbic o.cid. appears to be localined in all mar,~::::mlian 

steroid secro t;inr-5 cells. '-~ho loss of ascorbic acid. 
-"'rom -t-', a"·-pnal l."s 1.. ,...·r,-~~t'h 1 '"-1--l:; -'-1--r; a·, rr..e -·r .L 11 .Le QJ::, n c,y.J;,hA l•-Y .·,lu•- Ld.l-~ _-.,g ,, o_ 

st;irrJ_Uli1tj_on of th.: r)_P_J.cL _'i multirlic 1. t3 or enzyme E 

are .found in t_i•.o e.cLreuol, v.rhich hr:.-J-e ~>een clivided L.l_to 

three clas:;cs: 

(1) Those directly involved in the biosynthesis of 

steroid hormones 

(2) 'J:lhose generally +_'o-;:_nd in active cells 

(j) :rllOf"e i'ounJ vario.c1y in adi'C:L'_a.l <uc'i_ ot_;her sortE. 

of cells. 

'l'he 1veight G.nd cor:l:)osition ol" tl·H~ .::tdrenDl cortex 

is dependent on the level of AC'I'H in t-;~·8 blood. flouin[!, 

th:r oush the adrenal (the weclulL>. is little affec-i.;(~cl), 

Rnd of the species so far studied only the S.American 

toad shows no ;_~;:::.'ass adrenal cd:::rophy upon hypo:~.hysectOl!lY. 

However the xesulting atrophy may il.lsu be due, in part, 

·to o lacl>: of ;;rowth hormone 2.nc1 thyroid hormone. ·l'he 

normal function of the o.drenol ma.y also be reg·ulatecl 

by nutritional and environmental factors either directly 

or through control of AcreH release. 'I'he immediate 

(minutes) \"feight gain following treatment \'lith ACTH 

is due to increase in \>'ater 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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soeretion of AC'.T.'H. 

AGTH lJ.8.S heen .sho'rn to produce a ::1ett :L:10rease in 

transfer enzymes (Scriba ::'nc<_ Roddy, 1965) and. RNA 

(Branso:m anc1 Chargaf1) 1961+)? r: .. lthou~:;ll Ac tinom.;yoin D 

cru1not prevonb the steroidogenic respon0o of the adrenal 

:~:i_ssuE~ to _1lGf2TI, \vt~ich involves <:m incret'-.sec_ m.'pply 

h()"'":TC\V8J.."' r'0llCll1~~rl ·~rO-" -,-1-.--lr o-:rr'c.;J:'..;._.l,.~"lt--:' +·1~·-~c ·,w•'l)lYr:.T ·'··- 'n:.• --·· ,_ ,_._\...,_ l. · c:! c•.c!.CJ. · c~'J:-'"' ..J..li ''"- o'• •n.!.c;. "'···'--' ---~.L2 

con i.:;cnc of ·i:;he adrenal ·is not :Lnv-ol ved in the rec;~·-lo tJion 

of steroidogenesls, v:heres.s o·:~hcr invest~-r:;ators lJnve. 

rrh<Jt tho site of 8.ction of AC;_2H is at a biosynthetic 

poinc before chole.?t(~rol wa.s sho;.-n.1. by !3are.rcl a:ncL Casc;y 

(19o4) althoush other investigators h~ve sho~~ that 

cholesterol is 8.D obligatory inter~erti&te in tho Co~ 
and that AC 1rH act:\ at a ~;oint bc:t·dee:n c;::.ole.c:.·tErol 

and !)T8Gl'Wnolone (;(rum £J7. _al, '! S6L~). 

'1,2.2 -~_IlY._CSti_g_?.tion __ of the l'Ta:.;ure of the .:~_()_r0DOCOr-!.;ice::..l 

Secretion 

Until recently, a study of adrenocortical sccre~ion 

h('·S beetl indirectly due to a l2-ck of sa.t:i.sfs.ctory dethocls 

for detecting -::;he actual pro,_1ucts of 3ecrotion of (;:·.r.:; 

adrenal. Houever, that :~hr-? :::~drc;jJ_s.l secreL:ed t~ro 

differen~ types of hormones under sep~rate control, 

was hypothesised, and has since been confir:J.ed. Forms 

of assay are listed: 
(1) Survival of ::;he animal after ctdrenalectomy \·ms 

a general, non specific test but was apparently more 

effective ::1.s a mineralocorticoid assay. 
(2) Assay for glucocorticoids involved measuring 

increments in protein ca.tf.l.bolism, glycogen deposition 

in the liver, etc. follo~ing adrenal secretion. 

(3) Assay fox mineralocorticoids V.Jas dependent on 

measurement of the increase i:1 the ~a /K ratio in the 

blood. 

More specifiQ inforra;3.tion can be gained_from the 
' ' 

use of metuods for detection of ind:l:v:,i.dual steroids 
in the adrenal e;ffluent. The advent of chromatography 



11 

allmied the an2.ly;;;-:is of lndividual corl~ico:::tcroids 

from ~~ho <-v1r2nnl v:::n<>t-~s blood o __ <::_ s:i.n;le anirnal (Busb., 

con,~enic·ncly divided _Lntc, ~;J'r.ee sectic-:::tJ.s: 

(1) };_g 'Li..Y2. - G.D lysis of c'-:lre:nal-·vcnou:~', or J..•.::o:ciferc:.l 

blood 

(2) In ~i~ analysis ol adrenal perfuse.tc::-; 

(3) In vitro lncubution msdi~ 

i:;lood 

.L\;c1::_;_-Jir::ue s ] 0~{' 1•ij_ thdrc:n ring s s.r,ple E-: o? b J. 0')(1 from 

the adrenal vei.i.~ ;)y _··)err:E::.~'le:a:~l;:;r ilir-.L~nt-2d catheto:r: 

cl.p:~Joar "i:;u tJc: tb.e uoE;t saJ;ipf:::-:.cto:cy. Us5.n;; ot:b.er t;:c [·'wd,::;; 

the C;peration a..:.;.d. 0ven tb.c anerot1:c;tic i>s<.:J.f '"a7 :·_'orve 

t i 1·-· :o. ( -: •• _, -, ~ G D -- .LH...... •. , ._ ..,J....,) J ~ ReJuction in blood volume 

is ctlso ca:p0blG of lncreasing r,2.ucoccr•:;iccL~ ):_ri;:nrc 

9.8 \-118 ll 8.S ::cld03't:.t;-rorw (:z.~rr::o· ll ~~- al, 1 •:_;)6). 'l'~_::; rc;•JS :__. 

refined ~nd le~st stressful m2thods yet devised ~ivc 

values for cort~sol secretion of less than h&lf ~hat 

obtaii.led by cZ:~_n,mJ.::o.ti.:n under anesthesia (l~!elso -, ~! _c::~.~' 

'1956). B:-·.s<l levels of secn?·~~ion cc--,j·_Dot; be C'bh:~ined 

fror.-: per:i.:t'eral :_;looci ane.lysir;; a.s the concentr::·>;ion 

here is a functio~ of the metabolism aLd excretion rRte 

excretion levels after e.dminis·lJration of r::;.dioacti•.re 

·tr..,c··r l1aC! l.,.·,·nv ~..::~v,.,"·!-a~ .. -.s "'nt' 1.' s no...,• the --..---ef"'r""~d > u 1:.: o ·-<.::c-.._,. ..: .. l.L o ... : ._,, b'-' ,·.c.-'-- • --- vv - _::.L · ._, .L.v 

nethod (Van cler 3trLeten e·~- .§1:_1_,1953). By 1955 
approximately 30 steroids he.d been isolated from the 

adrenal cortex. Some are biosy:n-t;hetic intermediates 

but many appear in the adrenal secretion. HovTOver by 

this time it had becamE< increHsingly evident that t1·ro 

of these, corticosterone and cortisol, could account 
for 60 - 1000,6 of ·i.ihe total corticosteroid secretion in 

all species of' animals studied, and under widely 
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varyin~ conditions. 

'11ho r,:-;_t;io of these ~;irw r.Ja,4or glucocorticoids 

no::cmally rou11d in mamme,ls i.s cb.aT·o..ctoristic of the 

species (Bush,1)5~1). 'J:fb.e re,t u.nd rabbit socre(;c 

cortices L;orono as the prect.ominc:tnt t;hJ.c occ:n:· cicoid 1 wt;_ile 

clo€, shc.3p, :--nd humm1.s ;;~.:;;crete cortisol as th-:: principc.l 

glucoco:rticoid. 'I'lle o::- h::u:; <-'- F /B r;,;.-t.iio :.lose ·to 1.mi ty 

(see te.rJle 1 .1). Cc~:1pound B ana_ F <=<.re plE:rEmcologically 

simiJ.o.r in mo;J l; res:·,sct.::-; although }' is fa.r more active 

in bio·assRys. No ootabolic or haema~ological response 

to .stress or AClli he.s been_ sb.ovn s.L; tri1n.1ta-D1o !~o these 

diffc-:;rences in type of secrc:::;ion (Sc~_yers,'1950). 

animal 2.ccordi:~g ~o c~.c-sc, or degree 2.nd. duration of 

stim1.1lus by .P.c·rH (Eik-Nes and Hc.•ll,1S:65). In rabbits 

t;hc .F/B r<ltio cbecn~;cd _;:r:.m C. 05 in control anirL:.lc to 

·+ c_:_ftc::;r ch:onic :_,res.tmenc 1rith .t3cC 1J:E over 3 -· !+ ~t!ccl-:s, 

v.rith the cor·cicosteron;; secretion dropping to c.r;;out 

half tho.t ·.Yf -:;he c on.Jcrol anj_;::.·~_lr;. In huvo.ns t.J:).C li' /B 

ratio l!C::.s lJ.i,.,her af cer AC'J.1H :·1.d;·inis-~ration for· 3 days 

'1)rior i~o c·"'u~,-l"~·io·J. (,.,_'~""'-!- ec al1°:-)7). --..\ ,,\.l 1._~-'--~u l. \..~_j_,_ ..•. J.V _ ............................ ' ..1., 

Cther stc::;roid\3 rn.ay ~)(:; ;··.n;sent in t.he o.drel18.1 vE;nou~.:; 

blood such as progestcron<::, ·1?-·0E--:!_;rogest·:::rone, 11b-OH 

and 11-:l\.t>to--i~rogosterone, ;~1r gnenolono, and 17-CH­

~oregncnolone. Cl:hcso hr:wc been shown to have a venous/ 

by i~cidontal diffusion fro~ cells activ~ in t~e 

biosynthesis of cc:c\;icostoroids" Other, often unidentifiec-:., 

com:':Ounc1s oi' unk:nm.':l ::net .:::.bolic r~ir.;nificance '::.re .::~.lso 

~resent. Cortiso~~ is present as are other netabolites 

f,-:lund in poriferal blood, but the venous/arteric;.l 

ratio hns not been shown to be significantly sre2ter 

thaJ:!. unity for these compounds. The shDep has be; on 

found ·tio secrete considerable qw . .:::.ntities of A-4-ene-

11b-ol-3,17-one (1?-KS of cortisol). In the adre~la.l 

venous blood of an anesthet~sed sheep the predominant 

seer(} tory product '\'Jas F, be;l.ng 10 to 15 times grea.ter 

than corticosterone orA4-ene-11b-ol-~;17-one. 

'. ,.,. 



All three of those a, b-unsat"tiratod-3-k:::tosteroids are 

Decreted at a higher rate after stimulation by AC;I'H. 

1.2.2.2 Jn vitro pe_~fusion of -~tt..£--.?:SJ.ro~~l 

The adrenals of c&c~3, dogs ai.1d cattle havt.::: been 

used for this method, usually with the gland isolated, 

but l2ft ~B ~-~tu (Vogt,1951). Hilton ct ~1(1958) 
. . 

found as little as 1milliU. of .AC'I'H/litro 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. ACI'H). 

;.l'his is of the se..mo order of' se:nsitivity as that fennel 

in vivo. 
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1.2.2.3 In_y_itro incubc:.tion of adro~al gland J?reparat~_?::l.§_ 

'E'he slices of adrenal gland s.re incubated in a 

suitable oxygenated medium for the required length of 

time, a.."'ld then the r.wdium is analysed for released 

steroid. Inclusion of ACI'H in ~he ~odium vas found 

to enhance formation ot' a-l<.8tolic corticosteroids. The 

activation sensitivity is rather loss than that obtained 

by in vivo or in vi t~ <:'.:J.B.lysis o:f venous blood or 

perfusate. A concentration of 50 - 100 ~illiU. of 

.A.C:rH/6 ml. of nedium was roqui:r;'ec~ for observable ef'foct. 

The ·cechnique ~~~ay be, applied to e.clreual;::-, from a"JJY source 

and the products found compare with t~ose obtained by 

the other methods. 

1 .2. 3 g~e of Ad.renocorticc.:.l Hormone SGc.~~tion 

Variation in the rate of c::cdre:i.<al hormone secretion . 
has b•Jen determ:i.ned by D.nalysis of urinary metabolite 

changes in porifcral blooci lGvels of corticosteroids, 

renal and: adrenal venoun/artcrial differences,. as \vell 

a0 1£ ~~ procedures. Difficulties arise from the 

releasE? in vivo.of adrenocorticotrophic hormone (ACTH), ...,..._..., __ ,__ 

as a,· result of the various manipul;.ations duri~g the 

measurement. Dorfman (1954) has estimated that basal 

corticosteroid prod~ction in the human was approximately 
'. ,i 

': ,, -, 



20 mg,~l por do.y (in both ::...::ex~'S) o This value was red.ucod 

somewhat vith ase; bho cortisol secretion of 60 - ?0 

yoar old r:wn bE::Lig .J.b(Xl}t 75,.~ tho.t of 20 - .30 ;year olcl 

men (Romanof:f e·~ al, 'I ;~:/i). In general, mo:c-ot a.nlmctls 

seer::, i:e bot\vecn '1 ancl. 10 msm of cortic octoroid:: per 

r:~; boc'.y weight;~ ·:_>. r 5.3.y (Busl-'. ::-.nd Fercuso11, 1953). 
In humo.r1B a reductioa in tho S8c:cecion of . 

corticosteroids !ro~ the ~drenal has b0cn observed RS 

e, result of hy:?cYchyroid.isr.1 ( 65 -•· of normc:cl), 
'1 ">T""'0-"'J.' '-ll.J... ·t "'rl· <=''i1 ( ;)',) 1 (i (l J.. cOD IS d· l 0 ._,"' c (' ( 2";, l L..;.I_J .!J l.J • CJ. C>l!1 _,v '--···•· 0 .C --••~CJ.,), ,./, .::tnd 

cor i;icoid inhibiJcion Conditione producin~ an 

incr2asc in cortisol ~roduc~ion rate are obesity 

(1 c:o · of· .,-,o.,..-1°1\ C1 1° 1'""-·L'l·"··s ;,) _;J ~~ .L !1 c;. / ' ..1 c . ...,.)._,_ ... ' .. •' S - (2'. o· · \ .... yndrome .J ;.·) 
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hypc,rt;hyroidj_sr·J ( '1 jCr:) and AC'rH (ma,ximum response - 900~{). 

Control of tha secretion of tb~ adrenal cortex is 

principally l")y L1e action of ACTH, although the 

responsivc~1GSS of the c:.:.drcna.l tissue to stimulation 

by AC':i::H lS also a variaolo fc-c tor (~ infra). Release 

of AC'11H from t:he h7pothal:ti:ms and initiation of AC':I'H 

sy~thcsis, is effected by corticotrophin releasin~ 

fc.c·sor (CRF), prescn\~ mGinly in tho ;:nedis.n m:1inencc 

nc1jacGnl: ·:;o 'che infundibular process of -:jhe hypothalamus. 

r.rhis action of CRF' OTl the L.C:r:fi _orod1}_cing tissue is 

not infl'.lenecd by L:hc circul2.ting levels of corticosteroids. 

Two forms of neu:.cal stiauli I:Jay cause ACTH release 

(1) Class 1 - s-Gin.ule.tion insensitive to 

corticosteroid hormono feedback 

(2) Class 2 - stimulation sensitive to corticosteroid 

hormone f8edbacl:-

Class 1 impulses arc conveyed to the site of CRF release, 

in the r.10dia.n eminence of the tuber cinerium, and in 

the infundibular process, through corticos·teroid 

insensitive neurons. Tho corticosteroid sensitive 

and insensitive neurons lie in close proximity to each 

other and impulses may arise from corticosteroid 

sensitive neurons, which themselves do not contain 

CRF. Neural inhibition of corticosteroid insensitive 
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CRF releasing neurons, is suppliod by clemGnts from the 

b.iPpoce.n.-pus. Cc'.lls tll<~~ do contain CRF cannot rece:ive 

.inhi.bitory :.-oigrwls from L;hesc elt.:nents. ·i1hat stimulation 

o:f :~b.c ;;·est h.ypothal:::m:Lur: DDY activat~ r;r il1hibit ACTH 

rele,;.se lS :c.j::oba.bly tb.o result of extensive intor­

connections bet~acn the fore-brain and mid-brain. 

qosoprossion c~.n also c~uso tho release of ACTH 
( V ; "' ''"'Dl:i') 8 ··1·-l ..J-1..;.~ Vl.L£ c_l -.. h~s b2on shown also tc 1 " L nave a alrocu 

Cu1dersen and 

b:y negative feecLb::~.c:·._ 0ct:.on 0n the brain or pituitary 

1 • ~-=~. L~ .:i3iosyn·t:;b.esiR o:[' Oorticost(:;roids 

The 3:£ :ri '!..2. bio;::yntheP.is of ')o+:h labelled cb.ol0 sterol 

and corticosteroid hormones from l~bolled acetate is 

','ell cste.blis1!.ed. However \JerbL:. -:-:.nd Chaikoff( 196"1) 

.r ;:ytm0. 0ha:c cholc;.;terol for tho immediate synthesis of 

c')rtisol, L:: .::be ACJ.'E t:ce0.ted guiEea pig \•l2.s dra':·m. 

from a s~all cholcstnrol pool with a rapid turnov~r. 

()<~her o_;recurs'.:•J':') can ~c used, these include O.G8~J103't8rol~ 

tr.:.c i:<lm::;d ie.tc :;r.::;cur-sor of cholesterol j Nh:.ch in rat 

c.dre:;.1u.ls i~3 conv(;rted ·L;o cor:::isol at a~)O'.lt th:::: S8::1Jc 

rote as c~olesterol. 

1 .2. 5 QY-_~.f-.?-..E.. S~cre;bi_9!1 o:C Corticosteroic~E:_f_ro;:,,_ t11~£ 

Adrenal 

S]Jontancous circadi.an (a·oout a d.ay), or more 

correctly diurnal (12 hours) veriutions in adrenocortical 

activity was der:10:1str-:::·:tod indirGctly :Ln man by 

Elmadj ian and J?incus ( 19L!-o), throv.gh changes in the level 

of circulatory lyi.ll.phocytes. The diurnal vs.riB.tion 

"~rTas sho\<Tn L:tore diroctly by 1?0HC.G concentration changes 

in blood ('J.yler gt al,495'- 1 ).and urine (Laidlaw~- al,1954). 

Such changes reflect a change in secretion of the 

adrenal cortex, .rather thB.ll ch~ges in metabolism. 
~ho diu.rnal variation appears to be the basic 

excretory rhyt'ihm on \·Jhich variations due to other 
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factors are lUpossd ( ·J:hor·n, 1955). ·i:he prewmce of a 

rhythm in the 170HCS secr8tion in smimals is p~cobably 

phylo:;anic with the monkey having a s:unilar rb.ythm, 
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but it is not so c..p}JB.rE:nt in ths dog ( BGrson and Yalow, 

l952). ·Jlhe D.1ccha:ni,~m iH not affected by imtscle activity, 

foe(\ inl~:.:cl':::::- or urine voh1:11e ;utput; but the cycle is 

not ao well dsfincd in blind 3Ubjacts. Light 

synchronisation appc;ars to bo important but is not t;ha 

only controlling f~ctor. 

l'he char~.ctaristic chc:tll08S in 170HCS metabolite 

.sccr·:>i:iion i:t.1 ';hE: nrin2 r::>s·ult in the lcn,rcst lav,:ls 

durin,_., the Li;sht bt:!.d ths highsst during ·~he LJOl,ni:1g; 

Rn~ in this respact resemble the well ~ocum£nted 17KS 

plP.sma s.nd urinary rh;yt:;h:l.s (Forsham et al,1955). Tyler 

c.~ al (! '}:)L;) /oun.d a 6 3. m. ~talue for blood plc:.smo. 

V?OHCS level of v; ug/100 ml. j cornpo.red to 6 ug/100 ml. 

s.t noon; Fhile Doc et a1(19j4) found fl. me.ximum ;=:,t; -->.111., 
wibh the relo.tiv~ urine concantration following plasma 

c cnc cntration very clo.~ely 'Jut 1.ri'Ch grc-,ater amplitude. 

Jomdbcrg _-:;t_ _0.1(1953) hc:v . ..: ~:·o"L'.J1'- a 2 hour cel2.y in tho 

urinary corticosteroid metabolite respons0 to v2riation 

in plasm,':'. concentr:d~ion.s .J.f tho sar;Ie. I~ contre.s-t; to 

thh3, ~Iigeon et .al ( 1956) found the urinary excr0tion 

of 170HCS w2s almost the invE:rse of plasma level in 

four night workers studied. 

Ungar and Halbcrg(1962) found that maximum response 

of the adrenal to exogenous ACTE.occurs in the mouse 

when the plasma concentration of corticosterone is 

lovrest. Nichols 8t a~ ( 1965) found dexamethasone 

given at the ·:naximum point of cortisol output would 

suppr€ss this secretion for a short poriod, whereas 

the same synthetic hormone given at a minimum would 

suppress cortisol secretion for the whole folloviing 

24 hours. 

This suggests that the basis of diurnal variations 

in corticosteroid secretion is one of varying sensitivity 

of the adrenal to AC'l1H rather than fluctuations in 

ACTH secretion Eer ~· 



In addition ::;o the larg~· diurnal variation, the 

adrenal secretion also sbows a biphasic response 

17 

(Henkin c:.nu Kn.J.sf::e 1 1963) which seems :jo be ~haracteristic 

of r;oatinuous str.:;sses. Jlho biphasic response found 

in the sh0ap io further ~iscussed in chapt0r 4. 

1.::5 Qh,: I~i~ i::;ry oi' the Co~ tic os l~oroidr:; 

1.3.1 Derivation of the corticost~roid structure 

·rhc e.bolition of the 'old 1 c.holic acid struc tur~; 

of ~viele .. l1d <:md t 1indn:u.s., e:'JH1 subs,;quent c on.firma.tion 

of' lihc structure proposed b;y :R.osenheim and Kin2; in 1932, 

opened tho way for chemical characterisation of tho 

m&ny compounds related to choloE;t2rol. 'J:lhc ·i;crm 1 steroid 1 

vms proposed b;y Cc).llot; a::J.r3_ Young(l 936) to cover c omDoun.:.ls 

uniqu0ly chare..cterised b;y conversion t;o Dicls 

hydrocarbon by sellenium or pa.llac: hun - n2.mcly; stvrols, 

bile acids, cardiac aglyconos, toad poisont 1 saponins, 

some o.lk<:.loi(Ls and -:~b3 se::c hormones. J:lhe first steroid 

hor':10no \~o bo ie.ola'tr_;d_ uzJ.s c~.Jtronc, in '19~?9. 

~i.ttompts to uwlat~,-; the 11 adrono.l hornone 11 ,~nd 

0lucidato its structure came in the pcrlod from 1932 
to 193~ loQ by tho schools of Kend~ll (r~nyo Clinic,U.S.A.), 

2eichstoin (~illric~ 2nd Basel, Switzcrl~nd/, Pfiffner 

o.nd \'lin·ccrsteinor (Squibb, U.S.A.)} a:ncl CartL:: .. nc1 and 
-- · c··J h u ,... A \ _,::..ulzonga L p .o n . 0. • -'. During th~ )Cried 1936 to 

19:·-2, c:~.bout 30 Ciifforont steroids ,,rcre inol.: .. t . .:;d, including 

6 biologically activ~ ones. Reichstoin isol~t d 

corticosterone (Roichstoin's-H) in 1936 in almost pure 

form, to be closely folloved by Kendall. In 1S~7 

Reichstein sho'--'od hie compound-H had cortical activity 

(De Fro' mery ct. ~1, 1937). J:lhG school of Kendall 

isolated the adrG:c.?,l hormone cort;isone and demOllstrD.tod 

the presence of an a, b-unsaturated ketonG (spectra-~ 

scopically) and the loss of c2H4o2 upon oxidation. 

Although Roichstein found cortisone to be physiologically 

inactivt; (probably clue to insufficient dosage), I'~endall 

reported physiological activity for both E and 1~i 

dehydrocorticosterone (Kendall et ~,193?). 



18 

Initially, inactive (by biological assay) 

crystalline substances t·Jcro isolated from adrenocortical 

.:·xtracts. rhcy ~·rerc; sho~_·m to hav::: \:ho general formulae 

C-. 1H 0,. (n=2i3 to 'k)) •,·Jith oxygen functions on the 
~ n ? -

:pregnane ::1.uclou2 at; por:i'Gfon::: 3, '17, ~::o :md 2'1. At 

a lat.3r st3.ge all groups had obte.inod non-crys·c.::·lline 

frnctio~.B r~t lco.st ten times more potent than the- purQ 

c omponnd;3 \:Jhus far iso Lo.ted, c.l3o cont~- ir1i:1g a 
..., • .--.. r'1 r~ d pr·eclom1n2.nc•: o:L ~.~ 21 -u5 c0mpoun .s. 

Of tho oxygenatbd c21 series, only the c21 o5 and 

c2'i OL~ COI:lf'OUUcL'3 had be on inv :;stigated by 1937. 1J.liJC 

brilliant ch:;mica.1 analysis of thcso compounds by 

Reichs·L;oin v:as to .:.lJ.Otl str<wturc <i;:::tormLl,]tion of 

L~c:ny of the steroids isolated. His rrwtb.ods invol VGd 

oxidation with chl·or~ium. trioxide to a 17-ketono-c19-o3 
(sacurated)I-t)6 or (unsC'I.turatod)H2 Li compounds which were 

C. r 

compared with a.uthent;ic cm~1pound.s. Loss drastic 

oxidation twing lo2..d totrn.acc:;ate and porioc.ic acid 

~.ras a.lso used. 

Al 1~houC';h o,~y;j:.;~G i1.~;1ctioE,; had been ·oositioncd 

~t carbons 3 1 17, 20 an1 21, the position of the fifth 

irlort no:cur0, Chcmice.l determination 'Jf the J,os:Ltion 

on ~ho nucleus of this oxygen is attributed to Kendall, 

1:!ha Gharac-!:;cr.:.~~e:d the 2°---11b-hydroxyl and 2°-11-

carbonyl ::;rou!:)S. Hm·wvcr the inE.::rt neture of th.:; 

1 '1-oxye:;en c;roup, ,:"-nJ \'Ji -r.h the ODBGrVed physiologic:tl 

activity of 11 dcoxycor·ticosteron8, it \Jas consi(icrcd that 

this was not a requirem~nt for biological activi~y. 

Furthermore, KorLda~'.l found that reduction of the 

unsa·turation between cc:.rbons 4- and 5 d.estroyed tr10 

biological activit;y of tho molecule (has on et al, '1937; 

followed ~Y others - Wintcrstainer and Ffiffner,1936; 

Kuizenga and Cartlnnd, 1939). Cortisone \Jas isolated 

and descrtbod in 1936 by I~ason ~ al(1')36 & 1936a), 

Heichstein, Pfiffner a~d \ihi"benstc.iner and also by 

Kuizenga and Cartland in 1939. The absolute structure 

,lvas determined by Reichstein(1936) and the now 



accepted formuls. vias also e.dopted by Kendall O"nson 
et .J.l '1938). By 1949 Ke~1dall' s group had noted ·:;he --- ·--' 
ef:i_\ c·c of c•Jrtisone on Rcute rheumatic fc;ver and chronic 

rhcum.:.1.toi.d arthritis folloHing the availability of 

e:·::;;r.;isrmc b;y cherrd.cal synthesis, due :·;o the work of 

Sar·0·et ( 191: .. :;). 
3oth H<:::ichs·:,;ein :::u1J. I(o:c.ldall reported th(: correct 

iorm'L~la o:~· cortisol, ha.ving a C--·1"'1-ox7gen .;.t::.td P.eichstciD 

0otcd SOQ3 trace 0f biolo;ical activity. (It is 

impcn~trJ.n'ti to D.ot·~~ L:hat jiological assays for 

ndronocortic:J.l s.cti"'ri ty viere tho so of survival ,. fter 

~·-<-'lrcn2.luc t~Yl(/, or l<.tor; electrolyte lovol a.i.1alysis ),. 

IJ:.1hc :Lcrmula ·)f cortisol (Roichstcin' s compound-f:I 2.nd 

~{.::.ndall' s-1") vm.s c orLfirmed l.c:,tor b;y Has on ct .a1J 1933 "' 
1938a). 

As a result of the Chrom2.tographic techniques of 
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:Gush (Bush 7 :953) and Zaffaroni (Zaffaroni and Bur·con, 

1953) ~he nature of the principal steroids of the adrenal 

gland has becnvu cle&r. 

"'I. 3. ;~ §t~:l:l_c-~~21 fe;:.turc:s oJ -:_;he lidrenocor·1,;ic<:•.l 2-·t~.~roids 

L\11 cortisol mc:ce:._,olit;c:,s have oxy0en f'...mctions in 

f0Sition 3' •11 ' a:nd 17 in ',:he And.rostane serie 8 a:oll 

on carbons 3, 11, '17, 20 ~~d 21 in thG P~ecnsn~ sreies. 

Additional hydroxyl groups may e.lso b.::: preser,·i.:;. 

of Steroid 

;.rho 1?-carbon;yl gr0up ::.12,y be: produced from 17~' ,20-ol 

or 17a-ol-20-one steroids by a 17a,2o-c21 -Desmolese 
enzyme (Lynn and Brmvn, 1958) or nvn.enzy~P.ica.lly by mild 

oxidising £-.gents. ·.Che '17-ketonc (jroup is ret;ognised 

by formation of a purple colour v:ith the Zir:rncrm~.ns 

reagent (Zim;nerl~lHD., 1935), uhile other carbonyl groups 
(-3· and -20) givo colours unstable in alkali (~mrlow, 

1950). :Phe 17-ketone which absorbs in the IR region 

171~2-1749 cm~1 , can be distinguished from .lretones 
at;tach::;d to 6 member carbon rings (1705-1720 cm..,.1 ) 

' . 
I 



and c-20-ones (1705-1710 cm-1 ). The L!-ene-3-one ~sroup 
is easily recognisable b;y ita unique propsrty amo1:g ·::;he 

adrcm2l steroids of s.bF:;orptio:.J. at 240 IJU., in i:,ho U. V. 

l"'cgion. 

SaturHtcd 3-k,:)-tones ;:~re r.1ost rcnctiv:: to':mrd.s 

hydrazone; formation wi:_;h ~2,4-dNP~ and Girards reagents, 

bt..:.t -~~-ono-~~-k0toncs r,nd 17 or 20 kC;tones ru.ther less 

so. Th~ ~1-ketone is inert towards ~hese reagents for 
:re;o.sons of' steric b.inc.rancc. 

Reduction of 3--J:::,_d;oncs ''ith NaBH4 siv'2S ::;he; 3a-OH 
in the c2so of ~ 5b corifiguration, and ~he ~b-OH with 
the 5a configurc;d:;i0n (Gc:,_ylord,1S)6). Bo~h tr1e \:r..;tone 

and the double bond of the 4-enc-3-ono function arc 

susceptible ·::;o NoJ3Hfi. rcc:cluc tion (Sondhc imc;r .£! al, 1954) 

~icldinc a ~-ene-3b-ol as the rnnjor product. In the 

presG:..Y::; L'1.vcstie;ation rod'~'.ction of the t~--ene-3-ono group 

.f:0.3SUlted in i::.he forr1ation of i:;VJO o.orivai:;iVCS. 'l'hc me:~.jor 

product was the loss nclar -4-eue-3b-ol wi~h loss of 

the fully so.:cui·ated 5·::'.-H-3b-ol (see cha~)tor 3). 
Hect.uction of 11 hetones is ro~;ortod to be:. slo~-1 C~lyne, 

19>::5) 2nd [sivea '·lJ:.-:. axial /i1b-r.:t.lcohol (Oliveto e.nd 
~::;_c1.~shbe1.'g,1Sj):'. JI,;,r::;vcr, in the p-r-osent L1vestigation, 

tho reduc·cion with :~·r .. DE4 i;1 80; 1
' aq. t~~t. -butc:.nol of 

11-ketoue-c-19 storoi~s, oxygenated at c-3 nn~ c-17, 

p:cocoeded r;:·-pidly c-lt room t·2~·:1p.c.:raturc:, in good yield 
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(:2 hours, ... !l..L1prox. _)Q·j reduction in 10 r.1inut8s). Reduc·cion 

0 f' 17 J··r..·i-Ol"')··,s 1··'1. ~~h NaB)i:T ·i""' 'r"o'ril ·J-n ")ro·c·.=.~.d .~.-.1 . .---.o,· ·:n· lY -· :\...V J _,.,.. i'J v .... _4 -0 .r~l.L \. vv ..i. ...... c.; I.JJ.l ...._, - - t,/ 

to GiVe 17b--hydroxylatioll exclusively (:(;:m."ymb-.;rski J,_ 

\Joods, 1955). ·rhc direct .form~tio::.1 of a 17a-ol from 

a 17-ketonc has not boon achicv2d by chemical moans. 
Hotrover, with reduction of tho 1Sa,17a oxide, the 

17a-ol is formed in good yield (Heusser o~ al) 1950b). 

Reduction of 20-ketonos with complex motz.l hydrides yields 
mainly 1;he 20b-ol (Klyno,1953). 

1.3.2.2 Reactivity of the corticoster,oid alcohol sz:oups 
Compounds represcn.tative of all four l.$omcric 

3-alcohols are t·ound n.mong ·t;he adrenal and ur:i.J1e.ry 



steroids. S0paration of 3a and 3b-ols, in either c-5-H 
series may he achieved by formation of the insolublG 
d.i1~·;i-+::onides v.rith the; st.:-·roicl (:Butt,19L'8) containing a 

free 3b-ol group - tro..ns to ::.ltc c-10 methyl group 
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(1'rane, 1S;IJ..4; lieser and Fieser, 19l! 9). Hov1ever 5a-H-3b-ols 

are precipip~ted uorc compl0tely than those of tho 
5b-H sc::ries (Haslam o.nd Klyne, 1953). Norcover, some 

3b-ols are 110t precipitated :,nd some 3a-ols can fore 
insoluble c1_i;itonid.es. Therefore d.e.ta obtained from 

this reE,ction c:-on :;.wt he giv:.m as conclusive evidence. 

Other steroid2l alcohols do not react with this saponin. 
'.l:he hc:t2. orL.:ntcd 11-hydroxyl is su.b,jec t to :1. cnuch 

greater steric inturferenco than the 11a-confi~uration 

c..nd is almost completely inert to ace t;ylation ret:.g0nts 
u:omp £i .§1_,1954-), ';lhercas otbor ;:,tc;roidc:.l alcohols, 

vxcept most 3° ones, are easily acctylatod. Boca"lJ.SO 

of the steric intcractio:::Js involv·:::d, 1::;ho -1~lb·-hydroxyl 

is the oost easily oxidised of &11 the 2° steroid 

alcohols, when using chromic 8nhydridc (Schreiber & 
i"."'SCh8Uffi0S8r -'~9C: C::) "'na' ·I··.,., 1-'~ b "'1 c·· .. , '~ ·1 o·r')U'' ll~ R ...!~ · - ... ' I :J .,./ C:l .1. t -'-~~........ I -~c ... ___ . ·,_,J.r.U C..> ', ~}-- C'~.._ 

been found to b!J cJxidised by atmor:;ph-;;ric ·:::~~·ys'"n if 

lt:ft to f::Jtsnd at L.J-5°C (Bu;:}h ;o,n( Fc.,rguson,19~.:)). L'hc 

-21-ol-20-one (a-ketol) group is responsible for ~he 

reaction of corticost2roids h2ving th.:; dib.ydroxyacctone 

side chain moi0ty, wi~h blue tetr~zolium salts. 
In biological syst0~2 the predomin2n"t triol is the 

17r', 20b, 2'1-i:ii'ioJ.. 'L'his triol may be prepared almost 

pure by a complex metal hydride reduction (Norymberski, 

195<::.). Inv.:::rsion of c onfigura:tion c..t c-20 by an 

acetylation and tosylation displacement reaction, 

affords a pathv.r8.y for tihc synthesis of the 20a-ol 
(.E'ukushima £1 al,1956). NorHal 8.cetyle.tion condi"l.;ions 
applied to ·0he triol side chain gives t;ho 20,21-

diacetateo 

1.3.3. Stereochemistr;y; and biolor;icul activity 
The steroid. nucleus is a -rigid structure, stable 

both ch~mically an<l biochemically •. ·.[the stability of 



1LL 
tho nucl.eus is (er.!onstrstod by she abscmco of c ·o2 in 

cxhE·.led gases .::;_flJ3r <Jdministro.tion to the higher animals 

of steroid labelled in the nucleus carbon. However 

steroids do not accumulEto ir1 the soil and E,p:pear to 

be dogre.dcd by tho orccmisms present to smaller c.:...U>bon 

compounds. Tho she.pe cf the :nucleus is relatively 

unc.ff<::ctc-;d by subf;ti t1J.e;nts. Bulky groups substituted 

in axial positions, ratb0r than equator·is.l ~ ldcl.J 

considerably influence the reactivity of regions of 

~he nucleu~ remote from the substituent - probsbly 

through minute ch2.nges in shc:.pe of the molecule. 

As functional sroups arc loc2.ted at opposite ends cf 

the molecule it must lie flat ulong thu steroid recaptor 

unit me-king cont,;act alonG its almost planar b-faco, 

Substitution of 3.~1 11a-hydroxyl group for chc /i'lb, 

vJill inac ti vo.te the steroid. Axial positions o..re ot 

right anglc:s to the moluculr.:r plane an-5 l::J.rge b1..~llcy 

groups horc co..n reduce or abolish activi~y espocially 

if .::~ttaclJ.rn·:mt is L;o the b-face. Some intcrac 'Cion 1.·•i. l;h 

groups attached to ~he 'sido' of .ho steroid molecule 
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h~s been noted in ~hG cnse of estradiol end ~ostost~ronc. 

Fvidence therefore, ::)cinl~s to1.Jards c.:. s·ccroid. receptor. 

site i~ tho tarset tissue requiring a specifically 

shaped molccul:..- fc:r activa·\Jiot..1. rrhis conforms \·'lith the 

lock and key hypo<::hosis of Ehrlich J'or druc;;s ::;tJ1r_1 thoir 

recGptors, whou applied to storoid hormone biocheListry. 

'1 .11, Th.:.; Metabolism of Cortisol 

Dws to the ill.J..ny chemically reactive axeas of the 

cortisol molecule there arc a multiplicity of p:)ssiblc 

modifications that may occuF. 'J:h::.; presently e.vailabls 
f . 

information pertaining to t;he catabolism of cortisol . . 
indicates a sequential reduction of the vrholc moL)culo 

a;:1d oxidative removal of tho two - carbon side chain. 

Furthermore, the . substituonts in oth.:;r par·ts ~f the 

molecule may have considerable effect on ·tho 

stereochemistry o.f the metabolites produced. 



R '=·Cillr· ·1· 0'1 Cf :-}-lP 4' 5-·l·J'l'(">l·:·. ~~___;:;..._~: ... :.IJ J. .._1 --• '---~ tv 

For prc:.ccj.c2.l purposes the r,:;<tucti<):"l of tlw c4-5 

doublz.: ~:.ond is eJ, 'irrc;versiblc' roHction c:mcl may b-:: 
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:.:· .. principal dcd:;srmL--;ont of the secretion rate of cnr-Gi.sol 

·Che reduction of this coublc bond 

rcsul ts ire los::; of the charc:.ctcriE·.: ic biolocical 

o.ctivity of C')rtisol ~- alth01J~~h the 5a nnd 5b reduced 

s :_~uroid;::: do lb.Ve pharmalogical oct ions, although tl1ey 

ore dis~lilct from t~ose of their unsaturated parent 

com:-:>ound:::. .Sy:t.".~hctic stm.--oicis i·d.th higl: biologic&l 

cc t;ivi l;~I hc:wc :::rc)ups attachuci to the stercid llUClcus 

in f'.ucll. <::c. •:;ay C.C:' ;o impede th-: 4-5 reduction and 

subsoq"L,:::nt dc.ac-::;i vc:.tion. 'J:hc L~, 5-d.ih:ydro re(1.uc tio.n 

products of cor~iool aro rapiCly ccnvertcd to the 

Jvicknco ·,_;h.'.~.-c. .he cl\;ublc bon'--: elimination in :cintj-A, 

px.'ccocds t;h": reduction of th(; >.::tor:o on cGrbon tb.rco. 

~OLe mtan eitc of: r(cLuction is t~:::: livor c.)ntnining 

th.,.: t\-ro t;ypes of :Jnz;ymc~ (1) 5a.-4-,5c.nc:-h;-;rdrogor:J3.f'.c 

(r21uctRso) (5a-R) 
(2) 5b-L\-, Sc:ne-hydrogena:JG 

(n:;duct;::.su) (jb-R). In thc Gs.tabDlism ·:j.f cortisol tb.o 

5b--li. L; \•rc;ctm;:Llc.nc in humans 1;ith tlw IH'..jor products 

b.:-j_ng cort;ols., cortoloner;, ·.rHF and l'HE (Axelrod and 
Gold?.-iehcr,1960; Eauli.:::n c.nd Dray,1963). ~Phe ;.a-R 

pro,tt.J.CC0S n smo.ll out con;:it::mt fraction of t:1o tvtal 

~rhs 5b-£1HF may undergo furthor reduction to cort,;ls 

and i.jhcn excretion as a conjug::d:;e, uhile tho 5a-~.-CHF 

(allo-·.rHF) is conjugatod t:u:o_ excietod without further 

reduction to allocortols, otc. However allocortols 
.J.nd smaller amounts of allocortolones have beun isolated 
:from human urine (Fulrushima .£! ~' 1960) but mD.y be 
derived from compounds initially reduced in the c-20 

keton0, be fora reduction of ring-A. 'l'he conc~ntration 

of tetrahydro derivatives in the circulation as 

unconjugc<:Led plasma steroid is lou. 



Both in vivo (Ulrich,195b) and _in :y:itro perfusion 

of rat liver (Capsi an<J I~ech·t;er,19::;6) :cesulted in 

detection of conEiderable CJ1lanti·L~ies of ello-I'HF and 

allo-b-cortolr; while liver psrfusion of the dor; liver 
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~.Q :V:itro p.roduced qus.ntities of ':.:1HF, Ji'EIE, and b cortolone 

u.xe lrod ;:;.nd iiillor' 1956) • 

Distinct ~icrosomal 5a-Reduc~ases, and soluble 

)b-Rec1uci:ia.ses are found in liver tissue (Forchelli 

and Dorfm<:m, 1 '05G·). Boi::h lequire NI.D,.'H~~ Oili.DH2 being 

ineffective) as co·-f3.ctor, and tra:nsfer of h;ydrogen 

appears ~o be direct and :irreversible 1
• Supernatant 

of ra.t liveT honoc~enate Has founcl to reduce 8. wide 

ran3:e u:f c-"19 and c-21 ,:;i;eroids. .f\1 ;~hough -:~his sug:-'ests 

a lnck of specificity of these enzyu2s the on~osite 

appears to be the case. ·J:omki.ns ( 1977) noted thc.1.t e. 

purified cortisol-.5b-4ene-hydroge.tlase -.-ms 'JGable i~o 

cJ t;al;'rse ·che reduction of cortisone or adrenostero:ae. 

Fr~ction~tion of t~c soluble cell contents by different 

1.,1ethods c:;.".vc different re,t;j_os of activity betw(:;en 

various steroids. In hepatic cirrhosis the activity 

of the cor~isol specific reductase is affected but that 

of the cortiso~e sr)ecific reductase i~::> unch2,nc;ed 

suggesting in~ependence betvoen the re~uctases. 

Toml:::in.s ( '19j7) isolc-:tec-1 a specif'ic corti:.--;one-5b-R ::J.nci 

by 1S50 had detected five specifie 5a-Jieuvct8.ses 

C'iicGEire and '.J:lcllnkins,'l960). ~~:i.mile:-..r specificity was 

describc~d for liver ·,1icrosones (>cGuire an(L 'l'or.1kins, 

'1959). 

It was originally reported that femcle r~t liver 

contained only ~nicrosomal 5a-Reductase (Yates ~-~- ~):? '195::,) 
while the male rat liver contains both t2e 5a-Rectuctase 

and the 5b-T-I.eductase enzymes (Forchelli and DorfmD.J.J., 

1956). Later hoNever, the 5b-Reductase was detected 

in female rat liver but with very lm1 activity except 

during certain periods of the rats life (Forchelli 

~ al,1963). 
·rn~ganeral both microsomal and soluble enzymes 

redu..ced 11b-alcoholic steroids to a lesser extent than 
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those with the ~i 1-ketone, in guinea pi;:::, mouse ~tnd 

rabbiJc livc:r;:;. I:~1 rat and hc:~mster microsomal preparatio:as, 

cortisone and cort:h1ol are eq1wlly recl.uced. Furthermore, 

i2.1 g:.liiJ.ea ~?ib tl1e ~/1e .. j or lJroportion of ring-A red11cect 

c-2'1's ::::_re ·1/lb-alcohols 1Ihile ring-A :'educed c-19's 

are 11-deoxy or 11-~etone. 
'ihe in.f'luenc e of ·~hyroziEc is to increase the 

availsblo NADPH ::::.ll.CL >l'lith ehronic treat~ncnt gives an 

increase in the ~icrosomsl enzyme concentration only. 

l'his ,,ms found to be sufficient to influence the 
:)a/5b ratio (Brodlo 1:: .ct _§1, 19)6). 

1. ':-.1. ~ ped~:~ tion of t;b.e 3-l;:etone 

In llUiil8J.1S the major product of reduction of tb.e 
3-ketone is the 3a-alcohol, but both 3a and 3b, 3-
hydroxysteroid del!;yclrogena::-:;es hHve been 1lescribed 

('rcmkins,19)6; Tiurloc~:: :_m·:i •rc:lala.t;,1959). Combined 
action of these two types, accounts for t~e hepatic 

epimerisation of the alcohol o.n c-3 (Rep~;;:e and Bw:mel, 

•1961~.). 

It has been ass~med by l~ck of evidence that the 

r=')d.uc tion of i~he L~, 5-doubl8 bond in rin[;-A r;receec'Ls the 
reduction of the c-3 ketone. fhe presence of A-4-ene-

3a,11b-ol-17one as well as A-4-ene-11b-ol-3,17-one 
has been noted in hc;~l_lthy humans and -;:,o a larger extent 
• '1 • 'h d ,. C'l h • ' ' 1 _.., 0,.. • \ mh, li.J. <.: 1ose w1.·c myxe ema \IJ aunv1 1.we ~ ~' 1 )oiJ·;. j_ J.s 
Guggests that reduction of th8 3-keto group cen occur 
in the unse_turated s ceroid (see 1. 1' .1. 3). On the other 
hand 3R~h;)rdroxysteroid dehydrogenase (3a-OH-DHase) does 
combine more readily with the saturated dihydro cortisol 
metabolite, rather than the unsaturated form, a.lthough 
the enzyme appears to be non-specific as -'Jo other 
structures attached to l:ihe steroid molecule, having 
about the same affinity for cortisone as for 
adrenostero;ne (Tomkins,1956). The enzyme syst~m is 
freely reversible in purified form, but in-vivo the 
rapid conjugation of·the 3-alcohol with either . 
glucuronic or sulphuric acids shifts the equilibrium 



almost completely t;ovards the .formation of t;he alcohol. 

In this respect it is of :Lnt,~rest ·Ghat the 4,5-dihydro­

.3-kc~tono mot2bolits of cortisone Fas isclc.d:;ed. from 
·rhat ·I;his compound 

~0y have been furm0d from the o~idation of the 3-alcohol 

\'!8.~: SUfj)Ol' ced by t;l:Je ic~eD.tification Of dihydrocortisol 
.-,,.. "' •r·e·i·c--,··- ,..-Ll . . '.-r, CI' •nir? (<:' ''J')ro" ~,l.'d r'ol:lf':lde!l F1C5LI l C.Ci.:>O.ll vc.U.'. v..;' ·'-~"·l' UveA .. C.J.. v': \.. c, ''7 .-,. 

;)Ease from "· Eeudor:w~l8.S t~s LiosteroiJ.i reve2.le6 ::.-'~. disti:::!ct -------
p:r·e:i:.'erence of chis enz.y.me t'or the NLDH cofactor ('11alal2g 

':he rat liver has both r;crttcul8te and 

soluble el<zymc;s cap:sJ)le of reaction vvisb :Joth )c'. and 5b 

steroids (Ur:_ga.r, 196C). Jlh·? 3a-OH--'JHase v:as found in 

the soluble fraction of r r.·l­
o.v LLver, kidney 9-nd r2.b~it: 

liver 2nd kiC~ey, but not in ~he lunG, spl~en or ~.'scle 
( .U11"'"'"' ,···r,.c. ''orf'·.··l'"-· .---1 ,_,(.:' 11 ., I·l- l .• ~. ·ichou;~b.-:.J-- ~~'h_at a .. sl· UJ,·le (j\ · . .L c,..._J.,_._ _L,... ---~-CU . .l J :J _/'-.~ i • u ... v ... J • l.,..lJ _ _ __ 

enzyme co.ta1y;:>.~;s the oxiclatio7:/reduction o:L both c-21 's 

c'.nd c-1 '9 'f.> l:m-t; the o.ffini cios of the enzyme towards 
'./a.:r-i.ous sub·:trates mc.y var] ( ~omi;:ins and Isselbacher ~ 

1 ~:)LJ-) s.l i.~hough ~1o reaction with acetone OI' cyclohexanone 

>;.;as oh:::.erved. '.i:he close physical a.ssoci:·.tion bE~t·~reen 

these enzymes is shovm by the inabili +;y oi v.rorL:crs to 

satisfactorily sepe.ra.te tl:c :aam.nalie.n (rc:,t; liver) 

ja-OH-DHase from the 3b-OH-:rJH::'.se (Hurlocl: 8. ~(::. I'al,:;;l:-'S ~ 

1.:;/)S) or' l;he separati0n of the 3b-OF-DHase from the 

3 r·--- D. --r (R b. " ""t ., -'~ OG l ' H '-h a-\.:li-· hase u E'l anu ,:; rec.c:er, 1 ./ ·' j. .. m·rcver ·v e 
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specificity of each enzyn(:~ is such tha:-; mouse 3b-OH-DHase 
lilOuld not react with the )9., )u-1!---ene, 3b-5-ene, 11b 
or 17b alcohols. Similar s~ecificity was obtained 
with horse liver preparations (Ungar,1960). 

Small amounts of 3b-OH-DHase is found in humans 

and somewhat larger amounts in the dog, but in general, 
3b-OH-DH~se activity is confined to animals of the 
lower zoological orders. In man and sheep the principal 

3-0H steroids have the 3a configuration. A sex difference 
in L:he 3a/3b ratio has been observed in re.ts, rabbits 



27 

and mice but not guines pigs (Rubin,1957). The ratio 

~J2.s fou...11d to be influe:!ccd considerably? by the circulatin13 

level of teetostGron2. 

1. lJ .• 1.) Formation of 3-:.Ql-~-_9-~e-steroid.s 

The other than norno.1 route invol'~.ring initial 

:ceduction o:~· the 3-k:~tonc before saturation of the 

L: , ·)-cio·uble bond ha.s been 0r:;monstrated by Thomas and 

Gorfman(1964). They were able to use rabbit skeletal 

:nuscle L~o tra}J.sform A-·L'--ene-~) ~ 17-one to the 3b-al~o1·"0:t .• 

The rcv~rse reaction was demonstr0ted in rat liver 

tissue 'Ungar et i~, 19}7). The 17-ketosteroid of 

cortisol was also found to be a suitable substrate for 
~hJ.."n rea-c+~~- '~QG-~~n °1~ ~I ~060) lJ ;.:) V-!..'.... . .Ll \~w1fV Jl~...-.~- ~ .:::..~' I./ • fho enzyme a~pe~rs 

to have dual nucleotide specificity and is found ia the 

soluble fraction of the liver. 

1. L! .• 2 _?ic.::_:; Che.in Clt:;.nvc:.g~ 

Eenoval o::: the lc=::bile two carbon sic:.e· clla.Ln of 

cortisol metabolites he.s been ::-;tuc1iec1. in vivo :i_n hunan 

subjects, and ir~ 'Jitr_£ in the rc.~.t, clog, a_nc bovine 

species using , ,-~:sclo, li.ver ·.1.ncl ~~:.:i.dncy tissu,;s. .Ab~houc;h 

conversion of c-2'i ~Ylieroicls to c-19-ketosteroids is of 

varying imports.nce :L:1 nost, if not 8.11 hie)1er o.ni1:1o.ls 

e.:!d :...1. cs.pB.bili:;y of na.ny "nicro org2.nisms, little ::i.s 

kn01.m of the lllechani:-::~:11 or tho enzymes required. l 1he 

significance of this transformation for che ecnnomy 

of h.i;:::;her ani:11als is unknown. 

The substrntes are &lmost exclusively the 5b-tetra­

hydro metabolites anC:. most commonly the cortols and 

cortolones ( SavQ.rd CJ.nd Goldfaden, 195L!.). This trD.ns­

formation requires that there is no conjugation at 

c-21-0H before cleavage. The 17-l:etosteroids of 

cortisol and cortisone yield little of the 5b-metabolite 

and mainly the 5aA-3a-ol compounds from reduction of 

ring-A. This eliminates side chain cleavage of cortisol 

and cortisone as a major path\·ray to the production of 

the ring-A reduced, l;:etosteroid metabolites found in 



the human, althou:;h tho 17-:':~s of cortisol and cortisone 

~ave been found (Fukw3hima £! 2.1,1960). 

Lynn and Brown(-1958) he:-;ve i:nvor:;tigc:~ted enzymatic 

aspect;s of the ::>ide cha.in degradation of 17a-hydroxy­

progesterone. 'rhe enzyme res~_1onsible, a liver ·17a,20-

c21-desmolase, required Fi:..DF'H2 s.nd oxygen, and 1.w .. s 

inhibited by r11stal ch~lating agents, and nay be sinJ.ilar 

to ~he cortisol des~olase. 

Reduction of the 20-ketone . ---~--~-----
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T'he reduc"i:;J.on o .. ;' the ~~c cone c-:1 carbon-20 of c-21 

_;teroidG to five c·i"i:h.er the .20a- or 20:J-alcohol is for 

prac tic.a.l pu:cpcs:.J~·· 'irrev:::rsiljle' in that; the equilibrium 

t;r-:rwrall;y lier:; 1·rell in f:.:,'rour of the reduced f'ormf' .• 

However Ungar end Dorf-rr1an have observed the conversion 

of pregnenediol (20~-0H) to pregnannlone (20-keto) in 

hUfl)].IlS • 

Direct conversion of the c-20-ketone to cr2.e isoneric 

alcohols uichou::; prior r2:ductJ..on of ring-A, it-:; con~~iciersd 

to be a '.~.linor pathi'D.Y (Bradl01.r .. et al,1962) 2lthon~~h 

the production of .:t'-1L--.:;ne-1/lb,17a~2:~~~21-ol-")-one from 

cortisol hns ,oe0:1. observed in vi t;ro in bovi:.1e kidney(20b) 

( GaniE~ _§t .?-1, "1 C•.Js) arc~ in r:o:t connective ti·'. ;ue (20a) 

(Berliner and Dougherty,1958). Considerable quantities 

of both the 20a. vnd 20b, ring-A-unsaturated cortisol 

derivatives were founU. in the ;5uinea pig (Burstein ancl 

:oorfman, 1955), vhich is in keeping vlith the general 

cortisol metabolism of this anime.l. 

'J:he supernatant of rat liver homogenate ';JaS found. 

to produce both the 20a and 20b isomers (Hubener et al, 

1956) '.;lhile mainly 20b cortols and allocortols vrere 

isolated from the rat, after 1£ ~ administration 

of cortisol (Ulrich,1958). Hubener et al(1950) found 

that me·tabolism of rL'HF and cortisol in vivo gave mainly --
the 20b-OH isomer 1.vhile l'HE and 11 DOCortisol resulted 

in quantities of the 20a-OH-isomer. A difference 

bet~reen female and male rat livers, with respect to 

the concentration of ·the c-20-Dehyd.rogenase has been 



found by I~roop( 1959). In young rs..ts the presence of 

•:;strogens ctecroclSed., and Hnd.rogens increased, the 

reduction rate. J'Tale ro.ts) ~.,here fore, have e. greater 

c-20-one rcducin6 po1:f<:~r than f.;;;roale rats although the 

administration of cortisone decre~sod this activity 

in both sexes (iiagen :.1.nd ·I'roop ;1900). 

I'hcJ c-20-Dehydrogeno.s8s arc widespread t:b.roushou·c 
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-•~he tissues, being found in corpus lul";oum; ovP,ry placenta 

ad.r:.:.nal, periferc:;.J_ tism..1es 9.nd the liver. Tho 20b-OH-

Deh;ydroger~n.se from h8po?.tic microsomes was foun0 to use 

i·:·_i'.Dl'Hr) preferentially but can use U.:1.DH,...J at one sixtb. 
~ L 

of lhe race cf I~.BJ)PH2 (Recknagel,1957). A s_;:ot.~cific 

20a-OH-Debydrogenas8 from rat ovary has a spscific 
. ' f ~- · D'"'H . ' h '"'1 DPH /I'"" 'H res_u1remenc ·or J ... ::.. r 2 \ilG no ~! ·•. 2 'J'c.u 2 

transhydrogene<.se ac ti vi ty. J~he equilibrium ratio of 

20a-OH to 20=0, was 1.7 (Wies~ and Wilcox,19G1). 

1.4.4 ~ydroxyl~yio~ 

In gencrs.l i:.hu hydroxyl<.:ses do not pla.y such ,:'.t~. 

J.mportant; role ir. steroid mc;tabolism as CLO the 

dehydrogenase s. dov-;m.ror fror.1 ::he isolation of hydroxy­

l a ted. urinary .:10 \~aoolites 1 hydroxylation has bae:n 

.sho\·rn to occur in positions 2,6,7,15 and 16 (Axelrod 

0t al,1956; Gold,1962). 

Eydroxylc..tion is recognL:·ed as 1)einc-; im_oortRnt; in 

biosynthetic recctions (e.g. '11b-hydroxylation) in 

steroid forming tissue, but although demonstrated both 

in vivo and .1.11 yitr_9, the function of these in hepatic 

catabolic re&.c !.;ions remains unclear. .As yet, the 

enzymes i:L1.volved ha-ve not been characterised but appear 

to require FADPH2 and atmospheric oxygen. 

A 2~-hydroxylase is present in g~inea pig liver, 

and 2a-hydroxy-cortisol has been isolated in gu~nea 

pig urine (Burstein,1956; Peron and Dorfman,1956). 

Since 6b-hydroxylation of a c-19-steroid was 

reported by Meyer(1955) and 6b-hydroxylation of F 

l...fas recognised in the human (Burstein et ~,1954) 

and in the guinea pig (Burstein and Dor~man,1955), 



6b-hydroxylases :for both c-21 and c-19 steroids have 

been described in many ci:::sues. The prir.!.cipal site 

of formation is the lJ.7or (Cohn et al_,1961) but 

h;ydroxylase activity ha,s also be on der:1onc.; crated in y~o 

in the ldci.ney and skelete.l r.mscle (Lipl:1C.2l e i:; al, 1962). . --
Although in a normal hurmn 6b-OH-cort;isol rep::::2sents 

only a very minor product of cortisol met~bolism, in 

inL:mts :J.nd the ·•:other cluring prcp12.ncy, eo1wiO.ere.ble 

q~antities of Eb-OH-cortisol i~ presen~ in the urine. 

Introductio~'".l of ;;he 6b-OH :~roup into the corti:3ol 

~olocule prevents further netnbolisu of ring-~, tho 

produc·L~s resembling ::::,orne synt~J.(Y~ic corticosteroids 

in chis respr:ct. However, probably the r:1ost :; n1~:>ortant 

aspect of 6b hydroxyl~tion is the incro~se in aaueous 

solubility confe:r:Ted on :::J.e cort:Lsol :nolcc\J.l-2 by this 

reaction. rrho 6b-OH-cortisol if' suffL~iently '.m.ter 

soluble to p::.:.3s ~:l:xouGh th:-; Jdclney 11itho1.Jt prior 

conjugation nnd appoars in the urine almost oxcluaively 

in the free form. 0his &ffordc 2 ~~chanism ~h0roby 

:;xccss cortisol in ·cLe pl:.sr,12. car;_ ·:x~ clco.rccJ r:,~.p:i.cl~ly 

vd .. tho-_lt ro(luction O:L' c or.jugation, ;:mel l;~Jis appoD.rs to 

be the c~so. It has b~on observed that ~n increase in 
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the half life ol cortisol will ]roduco m0ro 6b-OH-cortisol, 

wibh a concomito.nt decrease of ·~2trahydro DGtabclites 

in the urine (Bl.x\.soo ~.2~ _sl,'1S64). 

A 6a.-h;;rd.roxyh:tion r_as b~~c;n '-'~e·i;cctod, but is of 

lesser consoane:nce than thG Gb-forr.1 (Vrantz _gt .~J, 1961). 

·1. 1
' • .5 _;_'l~~--Cor·c_=i:£?~~-----9o:i.:ti:i....§...<?EO :,~q_ui;libri~E 

J..'he reduction of administered cortisonG, co cortisol, 

'.~as observed by Burstein t:t al(1953) s.nd Bu:cton ~! a~ 

(1953); and the reverse reaction, oxidation of cortisol 

i:q :YlY£, \vas observed about the same time by Burstein 

e~ ~ ( 1953)... Similar oxidation a..11d reduction reactions 

v.Jerc observed in the synoYium of arthritic humans 

(Wilson et al, 1954). Tho in vitro reduction of !~he -- -----
11-lcetone group of cortisone ho.s been de.:nonstratcd 
in porcine, bovine an.<.~. ra-G, whole liver tissues 



.,., .. ..,.' 

(Fish ot al 1953) and in bovine kio.noy mince ( Ganis - _, ' 
et al, 1956). 

Co;_· cis one, the 11-1:.:--:tone deriv;~t:ive of cortisol 

is biologically i~activo in the absence o! the 11b-OH­

dehydrose;na~:o, o.nd is incap.s,bL: of conl;ronllint£ i~ho AC'l1E 

secretion. Howaver as a result of this dehyC=oconase 

irds 

O f' ~-br' '~l· o' o-~'l. C'-"1 ·:;r>·i-J·,,.J·····y of' cor·l-i ·=-ol l.T ·.rl··-.ro 
- t; -·-' U -1- b (-'- ._.-v.; -" .. \J. _ IJ_..._) ..t.. --~ _v_v_, 

the stoe.dy stote; condition sli:.htly fc:vourine; corti•3onc 

lormrri:;ion ( Bc.1.sh and \HllOU(jhby, 1977). 'Jl.i.1j_:,~ ·l!eC!J.C::.:<.1ism 

c:.f:c ords on'-~ of t}lc princ.l.p:.::.l doterminm:.ts of t~J.E: level 

of circul8ting cortisol - the biological half lifo of 

cor!;isol is SO ·t.;o '!15 Elinutcs (I'otcrso~l and. i!ynganrdcm, 

1956) 1.vhich is co:..npa.rod to cortisone, nnder ·i,;ho se.•:e 

conditions, of 30 minutes CFE:terson e~ e..~,19;.7). 

·J:'he ~?nzy:nG 11 b-hyclroxys tcroid del:y(lrogenc.1.ss 

(11b-OH-DHasi3) ho.s been fo"l.'.nd. in he:p2tic J:·icrosome[~ 

(Reclmase 1 1 '1957) c:~1-~d iD. rc"C ::.ddney ho,;l02,d1B.to ( _; C~l:..c; slJ 
·n-- cl Ul rl· c'-, -"~ '·' ::· c ·., '· .. l _ _ L. , , ;; .J ./ . • 

1nc:dnly ·,·:ith tlle ~luclc:::cr ?rs.ction end ·l;he :;icrosomos 

n.nd appears ;)O"lJ.ncl Lo r: cell membran.:;. I i_; :cec}'Jiied. 

l'r_,:~DP and \:FJ.E not freely rcvor:-:>iblc. 0!.1 (-:;he other h;:;.nd, 

the i-1icrosom::-.tl 11b-01I~:J)H.:-.~se from rot, gui:'J.cc: pie, e1:d 

bovine liver·, '-JJe.s s.blo to e:~change hyc~r0!~~8n revcrr:;ibly 

using ei-1;her NAD or NADI' (Hurlock 8.ad T'al2-la.g, 1959). 
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-~he 11b-OH-DHase of b.u_man plc:.ceDta also hD.d lo·,: Si.Jbstre.-lie, 

an.•:L nucleot;ido sp(::cificicy (Osinski,19::"::.0). 

'l1h0 enzyme e.c i;j.vi ty is e.ffcc ted IJy thyroid :wrmone 

levels. In hyperthyroid rt1an, this l(;e.Ci.s ~o incre8.sed 

oxida.tion (Hollman o c al, '1961) ·, Hhilo in r~.ts and -- __.. 

othor less aclvo.nced anime,ls, hypertb.yroi<:lis:"U results 

in increased reduction (:.<:oe:r:J.lor and Hellnmn, 196L~). 

Increased plasma cortisol levels also nffect enzyme 

activity. ·;,rith an elevation of plasma cortisol 

concentr~:d;ion, th0 1"1b-OH-DHase operates relatively 

ineffectively and tho major fraction is metabolised 

as cortisol ra-ther ·:;han cortisone (Holmes and Greenaway, 

1959; Liddl0 et al,1958). 
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Hubener ut a~(1956) originally re~)orted tl1e nece~,sity 

(if c, 4--ene-;5-one csrou-:ping ::_n ril1.g-A for redx.ction of 

~he 11-kotone group by r~~ liver 11b-OH-DHase. Ho~Gver 

~ -i1Ff4'/ri1L1'"fi' ""',...,.lll.ll. :~ ..... l· 1 111 ·j ··1 h 1 1m · -~ '' i" '-! '"' b '"''•"" ""'Ol"'O····l- ~- r·l d. J-1.._; ~.:..[.LI_J V':.!.·· ,..).J,.. I_.L ~-.!... .: ..... \.. .• .J.,JC ..... ~.~,.; ... ) _.l.(_,i:.:) t_..l._..l..! . .!. 1:' J_U~.:; .. __ 

(c<--"' 'l"Q., --·--1a" Gola·' <-.c• ·1' '1°::::,/,) ---1 '·'hn-J-·:·h Bur·,·• --- ·c·i \1-::lt.U.G·.- c."'..•... :r .L~' .. L'C; J.? j_.J·;· c.l-·~:J.-.~l .. ,~- 1 . .. ~c-. cc .. J .. 

(1959) have rouorted hlo~c efficient roQuction 

! ·1-l:.otos+;.;;roids ui th .:1 _c:__is ring A/ring D c.on.i'ig-'lu:atioE. 

~Turthoc:rnor.•: l,hf; e.:U'ini:::y u:L ';-;:)·-OH-Df:ksec for '11-

1:.:l.~·tof:;L~.;;roi.cL subE;titlJ.tcd i::1 tho :::<:'1. ·::;o~2i:~=-on i':; vur-:l 

.i.Ou (Bu::::h .'1.!•.C:. I-iahosh, 'l ~):) _:). 

or 17~-0H-spccific 

~ lQ~ Do-r•f'''":\"1 /l(b''i) c'lo,·· l.;IT'r c··l •"'")l' -"\"o", .. I· .-,j -"lq~:." '\ ct..:._ _ ~ 1.~.·-C..l ~ I./ '"· ' • t:-. ...L \; r -~ fl'-1 --- ·_,_ ~~~~ ~-:':.' .., ~--" t /' 

human li ve:r nnd s1:::in, an(;_ bovine~ cryi·;hrocytes. l:Xu.inca 

~)ic; livc)r and ki(i.ney c<-::-:..L:d.n ~-:-.vo 1'(:)-CH--H-nHases, ono 

being found L1 the soli..~blc coll fr-ac L;:i on an.d r<:qui:ring 

T'll. :-:.,.,cho·"d rl· ..., 1 p.,..,_, c·lcl· CJ,., ar"a·' r'"'· c,11 i -'-7> s ·n ,,\ r·1 t' 1"nd =-l1l "-,~c" ... u v ... _ J..i. ~ c~. _ .... -L. w v .•_J. J. v --1 --~ _J... v , .~,.; _..__..... \ ~.....J-~ • .._. __ •• c .... 1. .. t 

Zochal:i~m, 1962). '.L'hc pm:·j_fied. soluble .;:.• :3yme sho'.-red 

some substrate specificity, corr~rolled ty the configuration 

f . · h c-· d 1 1 r. ., ~ c -· o·' ·nh · , , · I d , · o rlng··h Ln a ~L. ~~ a.1 ~ 1 :Jb ) • ·J. e mrlc.e:clon re uc·c1on 

J:>eaction contirolJ.ed by 17b-OE-4 H-DHaso is :r.:·eversible 

and in rat t-Ji.ssues the di:roction of shift in equilibrium 

is controlled by tlJ.e pH. 

Rabbit livor (Clark a:ud Kochakian,191.!·7), bovine 

erythrocyte suspensions a.acl p.1inca pig livor 

homogenate (i~ochalian and Nall,-1953), all hD.Ve 17a-OH­

N-DHase activity. J~pitestostcronc (17a-OH) fornlation 



from A-4-Gne-3,17-one has been oh ervcd in the spermatic 

vein of you.nr.; c.:o',lvos (J.;incLn::r, 19£::•1). 

Of :U.vs ;3pccics stt:.clied by I,indn:::·r (ox, sheep, :O!.an ~ 

::.t'.;.d. sJ.wep) 1.rerc 
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found to have 17b-OH-N-£lliisG activiby. In th~ sbeep 

17a-OH-F-DH.:,p,e activi·ty exct::ed.::: the.t of the i'7b-OH-N-DHase 

activic;y- by app:r.oxinat·o~l;y ::hl't.~o times. Al~housh there 

,.,a.s n.o sex oiffr:.:re:c!cc:: in actiYiL;y of 17a-·G-I--N-DHase 
in th0 :::heep, J~iz:eo~l(1C)G::::) ~:ugge:sted the 17n-OH-F.cutrnl-

DHase was also u2ed for conv::rsio::1 of eronv.tic ;Jteroid 

17·-kG l":on·:;s. 

1.5 Steroid Conjugation 

Initially the conjug2tion of steroids with amino 

11ci<Js and hydrophilic r.:::.d~cals Has :~hought to represent 

anl1;,ncing of their phy::3ioloe;ical activity by increasing· 

l:;lw sol1.1oility oi. '.~h8 steroid in aqusou;c- sol7cnt 

.[lore roc:ontly conjugate 

con:fi:1c'c1 ~;o l;h.(· liver~ 0~1<J <:·lYSoc:Lated Fith the metabolism 

.:nd excr .. :,tion of ::3 i:Jf:roid.s; hu; lJc:LS sinco been demonstrated 

in ,:; torcid iormL-.. ::; t L=: ·u.; <:. c.>.-:.cb <• s ~:uinee:~ r~ig -)l.:".~cnnta 

(I ~r·-'-- .,,_ 1 1c\ .. n\ .. 'T''·l-1 ·,,., ···n .,=J .,-, '"'1 ('-"11·- ;., ' ..J8 'J l.G',:, ..:::.::· . .§:__' ")'.....· --· / ~ .I,,,)_. L.' L LCD.l•.:l__ ccCcr.c.nu ,~\.l lng,,r 

~J.l!cl :3ololoO.rl ~ 196>) c-t.Tl(l bO\iiJ.J.C. ~.-.:id.rt~-;~l t;i~~.;sucG (L-1olcc£lberg 

::•.nd Hose: c.~ '1 ')0j). S :~~:;reid c :JJ.1jugc::>.tes arc knov.,'n to E:JltGr 

cLirc~ct J:l'"-t1nTay~3 o:,' steroid biosynthesis (Calvin cmd 

Lie ber;-:lF~n, 106'+-) c:16. tr--x.1r:'.fonnation by the 8.drenal gla.nd. 

ehe least -;)olar cortico:T~eroicl rnr;taboli tcs (; ctos t croiclc) 

~.,ru n:uch more soluble in urir:.e thc:u1 the concol1tr;;..tion 

produced by their cu;ily ::;.-:;crotion (Jacobsohn and 

J~evc;nborc;,1965). N0vortheless the majority of neutral 

ketosteroid is excreted in conjugated form as hemiacetals 

of b-D glucopyranosiduronic acid and as mono-Gsters 

of sulphuric.· acid., oug~~osting conjugation may be 

necessary for the: trnnsfor of steroid across a biological 

membrane or to control ·t~he availability of free steroid. 
;J~he conjugated steroid. material in plasma (Crspy 



of b-slucuronidos~ but arc also bound par~ially ~s ihe 

s;_::l!_)h; _ _; t•.::. In (l_ddj_ I-: ion co :.:;ltlcuronid,:; ,,.,y:; m•lph.:\te 

co~1Jugates .some tnm''1lW.l ::0rms h·Yve bc'r,u obser\.~nd '- ·S· 
eaffcdnc--stcroid cornpl(;X of human vriih; (Uish:Lz'-11:!.";-~ 

'190 :5) 1 corticm:teroid-:-:tr:J:l.r"o e;.cicl-conp12xes (:Sa.des SL~g- s.l, 

-'~954)" pho;::;1)ht3.tcs (Oertel r}Yld Bi>..:-Fc:<'~--'~95['>) o.ncl 

conjugat3s r-Jith H--acet;ylc;lucosamine (:~asqunl:ini,1967), 

an.d OThors not iden l;ified ( J?e. i.::er~3on ~0. ~1.1} 1 SS_.,l; 

Lie b2rrnan ~! st.~' 195L~-) • 
Steroid struc~ure An inf1ll-JYlCC 

of c onjuge.".te fon.wcl. r.rhz.; c··/1; 1:0\.llll c ·-21 D ~croi(L-:; · ·ith 

tl•.o ?-:.:.ne-.?b--ol s cruc ture arc nor;;F--lly (-;X ere ted as 

sulphates. (Licbcrmecn et a~, 1~5~~-) vhiL. ~:lw saturai:cd 

:)b--H-:Ja-ol-c-19' s anc'l c-~:1 's :;rn cxcrc ced n.s t:;h,::: 

blu.curonid·.} (.':;·~son, 1 ':):)!~ ) ~ 8.8 are t~1e estrop;cns (I c-.tz••mn, 

steroids occur os 

generE.l ~ulcs ~re -;_~he 'l '7 
0HCS excreted :~~ftcr oral adulinistra.l;ion of co:ccison.:; 
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c:: .. ce ca. te h·ore c on,jugz .. ted to ~-,lphuric ac :Lei, .:3.l·1;ho:.F;h 

initi2lly ths SlUClXOnid· forM prcdoillinatod (Hory2b~rski, 

Cortisone 1 cor~l~ol :nd Gb-OH-cor~isol, are 
umu~;.lly p:r:·G sent in ~::L"il·J 0 ·:n'cdor·Li.n~.::n '~ly .c~s the fro.:; e stcro i..I • 

. i1y)5 .. cc-lly, 1t:cir1e.ry cor:~isol ~h,·t:ribt'Liion in hulilans i:::::­

Erec st8roid 1 ··<:-0/; c-··2'1 .su.lphst•3, -35j.'; -~l·t,curonidE:, -5,:0 

(PasqualL! -=:Gd Jaylo, 1951), and some: m:Lxc;d corJ.jugation 

of cortisone also occurs. 

~he role of the liver in the formation of steroid 

conjug~tes is clearly established, but cirrhosis of 

hum<:m liver lJas not found to rc:Eml t in the accumulation 

of free 17KS'8 in plasma or ur1.ne ( 1:Jest ut a1,1951) 

although in this condition the ability of the liver 

to synthesise glucuronides (Bongiovanni and Eisenmenger, 

1951) and sulphates (Birke and Plantin,195LJ-) is 

seriously impaired. In hcpatectomised animals little 

conjugation occurs (Berline:r and \!iest, 1956; Berliner 

;:;t al 19:.;>8) indicating i.--:he liver to be the major - -··' 



conjugation site in mos·t specios. Conjugate formation 

is decreased durins 

G1JCL ir.:.cJ~cascd 

in bypcrth;;rroidism. 

iictabolism ocl stGroidF.; as a :.rholE.: leG,ds to a nore 

hydroyb.ilic moleC"\.cle ~ :)ut not t:;o such ~'l.n exton!.; as to 

be; easily di;:;placed fr-o1-r~ ;:.:.ssoclGtod protein (Bik--:,l.c.:.s 
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et c::~ 1 195Ll-) ~ and filt ... :rod from [;he plasma by Uw l:;:j_(!_n.c;y. 

ntcroid c on,jug<" tc s arc pre se:n t; in :·.~·l;c,s.:na as th-:: sodiu~n 

or :t_)Ot~,ssj_um ::al i:;s, bu 'c evun so~ some: bind1nr::; ;,vith 

s-:.;rum nliYumin doc.;s occur (;31F:unuln i~e :_, 1.cl ~BlK'i..bcrf.;, 1958). 

~xcrction of steroid conjugates by the kidney is 

Sl····oilar ·'·o "'rea'c;-·i .,l."1' (i·l"·'··ho11'- r· a'~<·or·)·t~ on\ l·~ , __ .1"1 "' h. J..l.. __ . ~' (.., --c.; •-..:..1 l L '·I_ .• , u l.;! ~)10 }_ ·~l' ..t..:) · .. t. L; ~c 

co.se of glucuronide;s (West i._;t al,1951) but cL;Slr,J.nce 

of sulpha.tes from the plasma is much slo•1cr (Kallio, '1 ~)57). 

Cori.Jicosl,,::;ronc:· i~; conji.1[~8tec1 Doro r2-fli.n.y chan cortisol 

but: excrotc:l slo~.,'er. ·rh.:; ratio of free.: to c CI:Jjt1 (':'"-CCd 

corticosteroid excreted 1n thu bile i3 ~he same as that 

excreted int~o the urine, ::-,D<i prob:::~bly drain the same 

metabolic pool (1<if',;eon c t .§:}:, 19::.:)6). 

'Jlhe b-c;lucuTonide of tl::trnh.J~.JrGcorti::c;ol is i"ornh~d 

l·r '"lli11··" DJ·'::- 1-iv·"'r n1_·('ro'"'o--n··c; .r·-jacn}\--··"r''Cr ~-.L 0 ~-- \. .. -..J.. J..: - 1--.:J ---- ·.._.. -"·- _.. 0 } ... _ ,_ \.--J...-'"--'\..J- -.J ..• vL-

Ax~lrod,1955) by the trsusfar of clvcuronic . ' 8.(', l_(! from 

uridi.cJ.8 diphosphate: -a-r;1ucu:cm!ic ac1d (UDPGA) r,o i;he 

steroid alcohol wi~h ~he lib~rntion oi Uiidinc Ciphosphatu 
(ul)~T') (T~'<"'c,l-b·' h. "CC::._ \ .r \J.u .... ~..- dCccr, i,<)~J• :che tren:::;fcr iE:> catc:.lysed 

by ~he o~zyme glucuronosyl tr0rsforase, present in 

liver microsomes. 

The proposed presence of a steroid sulphate 

sy:nthcEising syst::ms in the .t.1icro~:>omc: free suncrnr.J;ant 

of rabbit liver homogcn.S\.to, r8quiring ATP ~ hg :4-+ and 

so4 -- (Schneider and LoHb::.trt, '195L>), led to the isolation 
of the sulph<:--te dorior, cldenosi.no -3 '--phosphate -5 '­
phosphosulphDte (PAPS) (Robbins and Lipillan,19?G). 

The enzyme catalysing this reaction, sulphokinase,_ 
appears in two forms in the·soluble fraction of 

rabbit liver extracts - ono for estrogens and one for 

3b-OH-steroids (Gregory and Nose,1957); with no 



3a-OH-steroid-sulphokin2se Dresent in ~his sys~3m. 

'1 • 6 [~~9.:I..?i_(~l)-:pJ~~-.in .£J..s..:.~.~.S~L":£?n j;_~_);:)._()~~;~ 
Ill tere.C t;ion of steroids \'Jj_ :::b r-L: ,·;:,•r· protein ;:; Gems 

o.L storolcic. in aqueous iilcd:Lo. <1'1\i in d.eter1Girdnc this 

di~; s:cibutiorl. 

Early reportG o~ steroid 

( 1';;::56), \·rpre lnller subs lJRntL: ccd ])o(~h :i.r1 :12n c~n.d o+,her 

,-, T1 :·. c ic• ·~ ( ·: z "''-"'O c.'' ~-,'t' ·::{nb ,-:: .. ,, (;c-: /j q 1.:;; ·s) (; o:·:·t_; _;_ ,, ,..., :,: r. ero_"'J.d 
...... ·' ·___, ,_,J.J -' :..J'--'.;._:: -- .• \..... ... - .... ~ ·-' • ..,..,..,.,.... • ...., __ v...._ . .., , 

~:l.obulin.s for 

1-:hilc -~rJ vi'JO c.lbu;11in 1xLn~ling occnrrec.i_ onJ.:;' Eliter 

1::L;d more cori_:isol "'ncJ corticosterone ~~lla•.' could ~)e 

scc~untcd ·-.,r l~y alt1,._,-~--l ·lo-~-~ (c•~,·,r·''!c·~r- -:- ~1 '1·:''-=i'?) J_, __ .J._ c_ • .• ' •..• t.l •: ... _ ll';:, ,:::>cl.-'--··'· .L<::C ::.2_.:::_ ~'> ..I/ 

lsd l:;o the c:_isco>.rcry oi CJ.noth(:;r c t:eroi.<.} bindintj ,_- J.a.sma 

:::.-j.:otcin. Fnrther isol ~. s ion r:hovcd. 1Jj_·;,_6_i nc-:_ oi L; -c·1 L~---

a-clobulin t'rr;ction. ;}hiD c-.·~~:lo'J 'lin \Jas JEur::cJ 

corticostE~coi.::;_ !Jind:Lng !;lobulin (C.T>.G.) b~y Dc'-1L:,hac~ay 

( 19::3·2) m1d I t;ra.nscortin' by SL".l.J.D\•Jlli be r-:ru5_ i3anc\b~}I'? 

Kinetic data poin~s to only two 0lasma proteins 

capable of bincl.iD.g corti:3ol; viz, alb•unin, and C.I~.G. 

(Nills, 1902). Serun al~ur;lj_n has n. hir::h CR.pacicy for 

steroid hiY.tdJ.n3, ;:Jith a steroid bindL1g co~1sta.."flt that 

decreases ~1i th a:c in.cree.se in the hydrophilic groups 

on the steroid molectl.le (Eik-Nes ~~- al, 19.)-4-). In 

contrast C.B.G. has by far the greatest e.ffinity for 
cortisol but is easily saturated. 

Changes in protein binding influence not only the 

plasma cortisol level but also its distribution 
throughout the tissues. During pregnancy (Ge!'lzel-1, 
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1953) or experimental production of an elevated est:cog·en 



I 

level in the blo~;d ~ cc rise~ in tots.1 l>las!Jla cortisol 

fhi~~ rise uas not nccompc:-\:t1ioc1 by <.Ul 

·lter<-1. GlO:tt J.n tbe U~L'innry eJC:CetiOr: 'H rJ:1UCO:O:~e, 

i:ndic<:Jting D •~IBchn:'lL:->1;1 ior ;r1e su-p;.>re::.,cion of tl1€' 

physiological e:ffect o.: <-liJ increELSed blood cort:i.3cl 

concentr.~_tion.. i1lthou:_:.h -GL.·? cortisol secr,:;tio::.1 Tn.te 

fro.J the ndrer~l is reduce~ in these con~ition~, the 

concen~ra~ion o; nanbo~nd cortisol in tho blood re~~ins 

of 

,:<)r ciso.l. -L:o C .l-_:. G-. t1;_~r·o1J.f~;l). D . .-ro~.lJ7i.o1.~ .. i:r.1cJ.:esse ill 

'uincl::.n: :·;ite.c; o·.1 the C.:f' .. C.) (iiil.l·. i':.:-~ §:).,19:;0). !Tro!i! 

31 ~ ch 0 1J s c T'V ~ .. ~~ :~ :)]1.::: j_ !_; v;·c1 :_~ c 0.11C l.l.1CJ.e cl. L·-~l.a ·c -t~}~_ e c: • ]~/. c~. -?, 

c GJ:>.qlex l;:1 inac t:i.-·rt:: phy::~:.Lolor;ice.llJ ( Sh~um·;llite .::md 

8~Ddberg,1959). ?~rtherqoro, a large ~ose of corti2ol 

a r~te proportion~! 
\;Ji.~: ile 8. n trace rl 

~:_oae of cor:~::u:::cl ~-.s 'Yl·~tabolL::ed at e. more t'D.pic~ r::::te 

( o.. ~.:_:>ro:z. '10);j bound) ( 8&Ddberg _<? t ~1, 1 S';;?). 'L'!w 

cclculations of ~~it 2nd Eurstein(1964), ~evealed thab 

IJ:COtein-cor cisol C O>l~)lC{ ctU:Cing pJ.SSHt£8 t;hrouc;h rb.O 

l ' -~lver. Indeed, of the 1 ~? ug of c ,')r\Ji,sol met,:;.boli.sed 

dissociated pro~e:Ln---cortisol complox e.rh'L ·i;wo U'.ir<l:::; 

fron ,;lJ,_, 1.:.nbound cortisol pool. 

·~e bindinG of cortisol by G.B.G. exerts a major 

influence on -~;he 0(1Uilibriu.'11 concentration of cortisol 
across capillary br:.rriers (Florini and Buyske, 1961). 

lienee the lo~.r levels of (;'.I~. G. in cerebrospinz.l fluicl 

explains the lm,Ter concentrations of unconjugated 

17-0I-lCS in this fluid (Sandberg~ al,195L~). Only 
unbound cortisol is available for glomerular filtration, 
although the major portion is reabsorbed (Beisel et a~, 
1964). 

Steroids other than cortisol are bound to C.B.G., 
but to a lesser extent (Daughaday,1958). Those 



~1he (.~~~--~~rilJ"L1."C:LDl'l o~~ -~;o-cc~l ·.~1:~-;_:-::-.:~\ col~ GJ_sol in tJ'J.c 
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~.-.· j_ 1.1 ;_~ -~ .. -: ,_; ~7 0 ( 
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t Doe e i; 8.1 ( 1SJ6L~). 

A Chen et al ( 1961) 
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competing r.J.ost vigorously vii th corijisol are expressed 

as a percentage of the ability of cortisol to displace 
L 14 -.~ ~ ,, D G ., ' 1 ~ - ' ' • 1 I 
~-c --~~· J:row. t__: .D. . uncLer c·canci_arrJ. condl.clons - / 

deoxycortiool 9Q!, corticosterone 8~~. Cortisone has 

a VGry lo·:1 aii'inity tor C. B. G. bin(Ling i:::ites c:mcl ce .. n 

of that of cortisol. 

L1tesrity ·of . _(l('; l'-f).~•e~~:J·-·one .::onjug:':t;._:c1 _;y~3t2E1 in 

ring··-/c, and the c~~O-·i:etone s.re oc,"er;·i~ial for f'ull 

binding. 'i:hc 'i '1b, /1 '?e. and ~~1 hrdro·:':'yl::. el;:oo add to 

c-11 oxygen is i~port2nt - re~laco~ent of tho 11b-CH 

by c:, l;:e cont::~ or 'i ~1 ;;;.-(YT ;rov .. 9 dec:.?.:'e '~1e s bin.,:::t.ne; Edfinity 

considerably. Evidence has been presGnted by Jcstphal 

a.nd i·Ghle~{( 19 )9) that ·.;h::; bj_nc.lir<;; ':; ;-;~,.es :~·\lucc b.-::-i:;'JE'len 

the alcost J:'lan8.r alpho surfec~~ of the r-:>ter1)id s_n(l. the 

C.B.G., per:r11itting :Jccess to the ''~cme-~)-onc function 

and the c-20-ketone. Some lateral interaction j11UGt i::::ecl:.:e 

place for 
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Unc~(::r l-:ol··:wl ~ ,J::.7Giclo~;:i.c:- 1 c oD.cen l:rE,tiOlE in nerifere.l 

plasmn t'!cre i::.~ ~10 compo Git;ion b~.;t'-reen ~" n.r:o :S or 

o.lclosterone' for bincl j_nr; ;'ii.i::e s of ~; .ls. cc_. ( ,\ntonia<lc s' 
-195r \ --·r i ·i ·· · 1"-l- • .(.:" c"'·\ C.: ->n 

I () 7 ,_, __ 1Cc -·-UJ G ·~ ulOll OJ. I~ • j '.•" 

2here va3 no qualitative &ificrence 

~ , /1 C' ·- -~ \ 
L•Oll.Cl)', I FJi.J) , an~ sberoid-protain formation is considered 

to be JYi.lrel~:r e. :.:>h;ysic:::~l proce.sn no·(j requirinc.; celJ.ulc=:tr 

activity of any tis.·:::ue other than blood . ('i)c=n .. 1zhc:tc'la;y~, 1956). 

Formerlv it was believe~ that intervention of the liver ,,. 

ue .. s necessary for stero:i_cl-protoin forra·ction (l"toberts 

8.nd Szego, 'l ':J53) • 
Corticosterone \•ras found to associate lfJith serum 

albu.'llin mainly, and also with o.- and b-globulins; t.:rhile 

F associc.tcs ln,::inly with b and a globulins, and very 

little \•lith albumin. Hm1ever some individual ve,riation 

vJi·IJh respect to plasma binding capacity of corticosteroids 

was observed in both humans and sheep UiacDonald and 

Riech,1959). 

:Blood erythrocytes (R.B.C.) may also bind with 



ple .. sma steroid~3 (Bischoff ancl Yatherman,19LL8) althou-:.~h 

the:/ hc'tYe 2;redter e:d'i'init~.r for estros~:as than cor~isol 

or corticosterone ( f-3:=mdberc; et p l "'!'·'<-:,''!'I .":::.::: ~ ,// ' / . Recently 

corticocteroids l':tDVO !)ec;n shown to }:'rotect R. 3. C. 

a~ninst h~e~olytic acents r:,>.r1•7 1 C,(-.1! .. \J _ '· . ' ,_,...; '1 ,/ _, 

..:\ffi:ni t;y of }i. D. 0. for r:; ceroid;:; decren.sc:3 ;-ich increase 
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preo .. lb1}LJ.in h,>_ve ~L ver·:f lo•·i b5.nd.i:ng affinity for cort:i.sol 

sheep lEve '' -GIJ.8 

lowest, and hu~an sera the hi;hest (x 1C) capacity fnr 

Cor·l·l·cost;erol·d .,_l·-,r"-i-~r::r ·'--cJ -~l-,on"' ·•:r:·otE-~ ..... r-. ...,l·ecl·l AO<--(l'. u _, _ 'J J ... ..l.-L.llc~ l Y-~·--•·"'-'-v.. -~-. ')..!.L 1_.'-l ' 1 ::;>...•- / 

(see, table,1-2). fhe total concen~ration of cortisol 

in periferul )lasma of the sheep lo~ (Lind~er,1S59). 

-:~he cle3-r .1.~1ce of .: lasr;w_ cortisol in the shec:) is •wl"'e 

of' 

cortisol-20 :.;o 3·~· ;1im..J.tcs iJ.J. 0he nheep; is s::.loi'i_:er 

in ::,he hJ.lf--lifG o.:. cortis~l ·.ritll ,,,_.~ ~ ' - ~ 

&S80Cl~cea 1ncre~se 

corcir,;ol levelu OD.l] '.=.tbout L!-0;', :t-c.y he bound in .sheep 

blood 1JlJ.t bi:i.Yli.ng ···-:ay i)e eonr:;i(l_e:r<::.bly t;reater ac lm;er 

pla:'Ela cortisol levels. 'J:l1.e admini~tration of ACJ:H 

causes a sharp c:ecrease in this pc:rcen'Cz:,t';e (I1ind.ner, 

196l!-). 

The concentration of albumin-bound cortisol in 

the sheep t..•ms found to be proportional co the 

concentration of unbound cortisol. The binding constant 

for a 1:iS v1/v solut;ion of albumin is 85?-0 that of 

human albumin, hov1ever the plasma albumin concentration­

in the sheep is considerably less than that of mnn,. 

so overall, -there is less albumin bound cortisol in 



the sheep (l'c::rcerson. 2,:nd Hills, '1967). 

i'he bin.ding coru-~rc;:nc for sheep C.B.C. ',ras 0.87 x 
tl_ ·r (""· -v 

10° l.J/., 1 --- ,- ~-.,-, ~ 1:-1 tb 'I -- ') ~r /1 0-0 .L:/ ~ .-. l - 1no e <:OLllp...:l.._<_.;a : ...... _ ,,.:_)<: __ ""' ,,_ mo..Le Tor lUElan 

plasl!la C.B.G., (_iills,1962) but the :Jeen concent;rotion 

ol C. B. G. bL,cU .. ng :::;i te WJ.S equi vnleni-; Lo ,::!J.- us of' 

compctred to 

cortisol in the sheep an:l_ il&.n - acconiin::; ~o 'i\:o.i·1J aud 
?;;rq·:cc~,-J,-(...,cv::,Lf_\ -i :- c-:i"'TPr' -, 1-, -:-.-,1--lp(1-··;) 
_ _) .... ~ k v . ..._ ... L I,/'\...] I) _",J t~-~\ •.J·-- .. ~ '-' ... ..) .... , ' ../ • 

~1., resvlted in a decrease in 

1.7 Ultimate Distribvtioti 

circulo.cicil ( T)Q;'~' ,:• ·i 't)l"'T ;:" .r.-:-r:>r \..l.: .- . .J.~- ._; ,_ .. .1. vv 

40 

be a~ein excreted either in tb- bila or urine, co~stitutinc 

a:n en·'::;erohepr:_tic :rocircul~:·.tion (I{'/(}e (::_r::._:;_ ·• ·i1lirJ:ls, 

1954). 

~rhe h::;J_f-life of cortisol r:Li1d it F.; i!tetaboli tes 

in the tisGues a.p:1)e2.::cs to be very short (Br;;~dlm·r 

et .al, "l95L!-). No mention of cortisol iTt -periferal 

tissues vras observed in man, even in severe inflmw:.1ation 

(Nelson et al,1951). Bome localisation of tritium 
labelled cortisone in 'l'-;lle liver has been reported in 

rats (Bro.dlovr ~t a1,195LJ-) an.d man (PJ.ager ~~ al,1954}. ~ 



Adrenalectomy has no effect on the disposal of l~-c 1 L~­
cortisol L:' the :;!ouse o:c in mr1n (Eo 11m-em :£:0. al, 195'-1-). 

Jpeci0s diffor0nces in the rnute of o~cretion of 

labelled cortisol has be::;:n dem.o:n.ctr<xted. r.rhe rtlz,_jor 

foux::.<l in tb.G feces ... ~_:rter 2 - '-~ cL:~:s follm:·ing I. iJ. 

ndl·l";fil• c•·'c:r:·<=~·1-l•0." (T-T,-,l'ln1....,.1 ,.,.-:- ~1 /19r;Lo \ ·Lr • .., rOQien· t'"" -}·:11r.'~ «:A. • .. s...,~.... ).) c .. u ..:.J.. -1."-... _ .... 1 C.\.L... ::::~~ .~.::_~ ~ 1 ./ r J • ... 1 ... 1. -..... t-:":1 v _\.,._, 

biliary G.nd focal rou.-tes 2.re im}!ortc-cnt, althou ;b. the 

route of adnini:Tcrai:iion of the lDbelled compound has 

a Cl.0::cidinc, effect on ~;he u.l-~.j_:n,: te f~-te. IntrEtmuscular, 

intrr..gastric and subcui.;:.'lDE::ous adP!j_nistration re~.:~v.l ted. 

in excretion •:ac:·.inly j_:;:·:_ the o:Lle' i.'l.!.ile j_n-f;r;_::.vonous 

adJ 1inistraticn o:L trici2.tod corci.sonc :t...,c:cmltcd in 

greater excretion o! lJbel in ~he urine ~han foces 

(Bradlm·r c;_~~- £1:,19_;4-). 

--- 1-1 ---
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Chapter 2 

I11-VPERIALS i1ND :GLESRIH:-~NTAL I•lETHODS 

2.1 Hs,teri<::tls 

Chemi.cc:1ls used throuc)wut this study Here reagent 
- .J.... • -· ,.. ..... • , .. .... .,... tel , .... grade, ob t-alnea rrom .u·cr~lsh lJrug Houses J.J_. , or Hay 

2.nd Baker Ltc.l., unless otherv.Tise specified. A collection 

of pure steroids, be t-;a-,c-_lucuronidase, phenolphthalein 

:~;lucuronide, and blue ~etrazolium, were ob co.incld from 

Nann Reseo.rch L2.boratories Inc., Nei1J York, U.S.A •• 

Solvents were distilled befo~e use unlc~s opecial 

treatment vas indicated. 

2. ~ Prepo.rEt tion and Care of :i.'~xperinwnt.:tl She_£)2 

Romney e11c s of )0 - 1.-1-0 Kg were kept j_ndoors in 

;·;ovement. Bod7 ;:: 1ln~~-:; '-'e:r:-e nsed ~o support i.:;he :.oheep 

1/Jhen loestins. ~"i'eed consisting of eqnal vsic;hts oi: chaff 

and sheen-nutc: ~Has given once e. day ac 10.00 a.m., and 

(Lrinking :rater ·;as e.vailc.tble at oll tim·:.s. For urine 

collection, the bladder was catheterised vith a N° 14 

Foley catheter left in ~ for the durE<tion of t;he 

experiment. 

In casas lJhere bile 1c·ras collected the follovling 
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surgical modifications were made under Fluorthane anaesthesia: 

(a) ligation of !;he bile duct below the bre.nch 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 throu2:,h the abdominal -vrall. 

(c) similar cannulation from the c1uodenum to the 

exterior. 

Between experiments an exterior bypass tube was used 

to allow secreted bile to flow directly into the 

duodenum. 



2. 3 Collection and Preservation of Sc-,mples 

2.3.1 Urine 

The end of the urinsry catheter 1'ras fed through the 

neck of a 2. 5 litre jar, Emd adjusted to dip under the 

surface of 1)0 ml of 95'?h ethe.nol. l'he urine \Iss stored 

at 0°C until required. 

2.3.2 Bile 
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Bile was collected in a 1 litre bo~tle by interruption 

of the gc;.ll-bl<Jdder t;o du.odenum b;ypa2s tubG. During the 

bile collections, precollectcd bile (refrigerated) was 

pumped into the ·Juodenum at; -~he rr·ce of 10 ml./hour VJich 

a peristaltic pump. No preserve.tives V•.•ere -'C.Clded, but the 

b1le was stored at 0°C until required. 

2.4 Extraction of Steroid Conjue;ates from Sheep Urine 

'flhe urine (typically 5GO ml. for a 2-'-L ~Jour collec ClOD, 

and containi1g 150 ml. alcohol) was vashed into a lRrge 

beaker •vi th saturat,:::d UrH4 ) 2soL:. solution ( 100 ml.), c:tr:::l 

solid etrn4) 2so4 (350 Gm) dissolved by '·'Terming ·r;o 35-'.t0°C. 
ilie urine was ~hen cooled to 10-15°C and brouc~t to 

pH 1.0-1.5 ~"ith 10 .t: HCl (<:5 ml. ). .rhis solution v7a2· 

·washed into a 5 litro sepnrating funnel vri th L~50 ml. of 

peroxide free ether. ·.che mixture of solvents vras able 

to be ohc:Jcen vigorously for '1 0 minutes \vi thout the 

fo~cma cion of a stable emulsion, and 1 0-'15 minutes Has 

sufficient for the phases to separate. The a.oueous 

phase \'Jas withdravm for ext;raction with more diethyl 

ether I ethanol (3:1, 600 ml.). This second treatment 

should produce precipitation of (NH4 ) 2so4 • 

Following a third extraction with diethyl ether I ethanol 

(3:1, 600 ml.), the org~nic solutions of steroid 

conjugates \~ere pooled and the ether and ethanol removed 

.!g vacuo, belmv 35 °C. 

The first 24 hour collection of radioactive urine 

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

·The butanol was removed ~ vacuo at 35°0, and the 

conjugates were redissolved in absolute ethanol (20 ml.). 



Any (NH4 )2so4 that may have been extracted with the 

butanol is removed in this :-:; tep. ·rh2 steroid con,jug2tes 

<01.re recovered from the elcohol by eve:o.por~~ tion in vacuo, 

belm'' 35°C. 
To determine the radioactivity remaining in the urine 

rdter the ext:.::·action proc.:;durc, 20 rnl. vas r: f1u.x~:::d for 
25 minutes 1•Fi bli. 1 ml. of' 'I G N ECl. I'h8 libt=:ra !::;cd steroid 

was extracted with 5 x d volumes of CHC13 , end ~he 

radioisotope recovered from bhe co~bined extracts 
determined. 

A summary of e:.<:traction ·.o.:fficiency realised by this 

msthod is presented in t~blc, 2-1. 

2.':) Hvc'-,.·olv~ic of s-·-:·roi('. CoG-lUg"'l-;~s / :ut.::.. .. .-~1.1 ... ~ - l.J~.- _ ... ~ -;} ~~ 

2.).1 f!£'_E!_2Y of b-Glucu.E_~~ 
fhe assay for b-slucuronidaso is similar to that 

described by Levvy and Conchie(1966), using 
phcnolphthalc~n glucu~onjda as the cubstrute. 

·I'he &~::.say components coasist o C' :-

phenolphthalein clucuranile 8olution - 0.005 M 

Gild ~djusted to pH 4.5. 0.1 ml. 
Ac,:_ :~ate buffer, pH 11-.;; - '1 • 0 H 

Enz;yme g.;lution (pH 'J-. 5) 

Distilled 1,\rater 
0.1 :YJ1. 

0. '1 ml. 
For the preparation of a standard curve ths substrate 

a;:1d .-::;nzyme were re~placcd 1nth phenolpr:..thaL:::in s0lution 

giving up to 100 ug of phnnolphthalein in Q to~al volume 

of 0.5 iill. 

·~he mixture vvas incubated for 1 hour at 37.5°0, 
&nd the reaction was then stopped by tho addition of 

5.5 ml. of alkaline glycine reagent. (glycine -

16.3 Gm, NaCl - 12.65 Gm, and NaOH - 5.45 Gm in 2 
litre of distilled irrater. ·rhis buffer has 8. pH of 

10.2.) 
The liberated phenolphthalein was measured at 

550 mu., in a Hitachi 101 spectrophotometer. All 

readings \'!ere measured against a blank - without either 

substrate or enzyme .• 



l'he enzyue 8.ctivity in each assay is exp:L'essod in 

Fishman units - 1 unit is eauiv:1.lcmt to 1 ug of 

phenolphthalein liberated in 1 hour at 37.5°C. 

2. 5. 2 Optim\:lgt _ _pH of_F'aua b-glucuronidase 

The optimum pH of b-glucuronidase from the Pnua 

can be seen by reference tn fig. 2.1. Ac2tate buffers 

,,_rere used t:;hroughout and. tlw J;H verifL::d v.ri ::;h a pH 

electrometer before substrate (phenolphthalain 
.. ·1•- ' . . 1 ' ) - '~ d ~ ~ d ~ uCU~ODlCc ~~s a Q~ • 

approxir.mtely 0. 5 M 1rith respect co i=lcet2.te. 

2. j. 3 Protein Precipitc.r.·cion fro:u Pc:,_ua Stoma.ch 

liomo~nat_c, using I•fcthanol 

The homogenate was subjected to methanolic 

concentrations up to 

ne ':.:.surcd. 

protein 

rho b.ornogenc:d:;e was diluted \.rith an equal volun1c~ 

of watar &nd cenbrifuzcd for 5 minu~cs a~ 6,000 r.p.m. 

in ;.:·. i.:!ifu:~" bench ccnt:cifuge. -~ho clG<>r superne.l:;2.Dt 

l'1r:Jl e protein conc.~·ntration equivalent J.:;o 21.1 :i1. m o:f 

serum allmmill pr~r '.nl. . Aqueou.s mcn;h2.nol v.s.s acc\(;d to 

0. 5 ml. alj_a_uots of the supernc:.tant producing .~. r''-ll@:<J 

o~~ ae i.:ha11ol conc>.::ntr8.tio,1s fro ,J 0 - c.C},:~. 1:hese '!lere 
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kept at 0°C for 3 hours b0for& ceLtrifuginc at 6,000 r.p.n • 

.Cor ') minutes. 'l'h.e sup8rnE-tant wc.~s ~:.i;::c,~rdcd. :Sacb. 

prE:cipit;ato was omshod !.dth U1e appropriette concentration 

of aqueous msthanol, then c..::mt:::·i.fuged 2.t 0,000 r.p.m. 

for 10 minutes. 'l'he superne.te:mt 1:ras rejected and the 

precipitated protein refiissolved in 2 ml. of distilled 

water. Alj.quots of 20, 25, and 50 uL. wore o.ssayed 

by the Folin-Ciocalteau procedure. 

I'o each aliquot, 3 ml. of 0.0190 Cuso4 in 0.1 N 

NuOH was added, and this was stood for 10 minutes. 

Folin-Ciocalteau reagent (B.D.H. Eng.), 0.3 ml., \'las 

added t;o the mixture and after 1+5 minutes the optical 

density was measured aga.inst a blank of 700 mu. in 
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a IIi tacJ1i mod(:l 'I C/1 spoctr:)photom.:;ter. A stc::,nclarcl 

cu:rve l)_;::in::i; np i::;o 150 up; of se:rurJ albu;r,in 1.-rns prepared 

to express tho pro ~;ein rrocipi tat0d a.s :3quivr;.lent to 

ug of serum albumin per 0.1 ml. of the fin~l protein 

2.;.. 4 f'ari.:ial Fu:r·i£ ic s.tion of Pa1.u::1 S t: or.1<:1cb. 

b-GlucuronidGse 

'J1hc p!.i1W. ~ Pi thout £~hol1 aL:d foot~ i'.S c ·>11cc t0d 

d _, l'lCl. 011 ·.r•:1c~ _-· r('(\() uj'r.ll .L t,... - ' I_ C· ~--· . ) ~ .. J-.. • . •• • 

i-·1 ~ .. ···~·'1"' .. c·n 1 -o1l·t··· ··l~-"-1'"'··? (L(~,-··r~· ., .. ,;L ~"'~oncbl. · .. 10t:~r:: J' -"-.~..1 ~;.;·.).:.Ul-,..Lv.t.l .·,.~.J..._~....!.-:.:J .. •G .d· ....... v .... t,.J\.1. •JV\:J C:!!.L l...i _ .... .-1. • .)' :.)';0' 

::. method i).J.sed. CJ(~ P.lcob.ol l!rocipit.:-~t;ion. 

(a) 

volunc of :Jate:r:· G.£~:5. t;:,_e:n cc~lt:c:ifur~.-::d. ~'i.t ·1 ,.:)00 G fnr 

1 j minutos. .rhi:::; left ;·: cl .. o.r yz-:llo>:: I gro0n supern:1to.nt 

sa !Juration vJith (NH~)2so4 ~ <cn:d c-;fter alloHing co stand 

for 30 r:Ji::."1."L~l::cs nt 0 C, c·:;I!~;Tifugation c;t 1 ,;.cc G for 

15 ~•inut;es gav0< a clo:~.r po.lc' ;y-ellm1 sup;:n·;Jo.t<:mt. irl • 
.! • .1.ll8 

ua.s brotlghc co 3():-b sa:turs:tjion v1ith (NH4 ) 2so,+ and the 

temp;;raturo held s.·t; 0°C for 30 minutes. ·l'hc; sediment 

recovered from centrifugation al; 10,000 G for '15 

minutes was redia solved il"i 0. 01 H o.cotatc buffc:r 

(pH LJ .• 7), and dictlysed ag&.inst the same buffer for 

2l1 hours. ·rhe enzyme was FJtored at 0°C. 

This fractionation gave poor recovery of activity, 

and i'Tas replaced by the .follo~Ting procedure developed 
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F11ri fic:1. t:L0n. of paua r;lu~u:r.onidase 

fig 2.3 

(8) 

100 

,c 

eao 
"--'-

0 

......... c 
~60 
o::J 
0.. 

;:::.-.. 
p 
• 

j40 I 

• ,..._ /- ppt-2.. v 
rj , 

I 
c..>- I 

0 I 

20 
~ 
oJ 
? 
0 
u 
01 

~ 
00 

to 10 60 60 100 

percen·t I1eOII - finol concentration 

100 (b) 

-x 
6 
f 

c..- 80 
0 

.,...L.-
c 
1:!1 
'J 

t60 -,.,.r. 3. 

Z" ·-> 
-i40 

0 

....... 
0 

~20 
<:J 
> 
0 
u 
01 

a:: 
00 

eo 40 60. •o . 100 
percent MeOH final concentration 



during ·r;t ... : cour~e of thL:; stuC.y. 

(b) A t d '. . - s an arulscd 

p_r.:52.~.....:..::.durc J:'or i~Lc .P.rc~p~re:; tion 0_2~-~ 

b--::: Jucuronid::_:.se ·----'····--·--------
'.L'he hornoge£J.:.te: 'iiD.i3 c\.J.lutGd lv:i_ ~~ 1 1 <El G~Jv.ul voll'r-1.::: 

of rs.ter ::1ncJ. c,-::n-L:rifu;~cd. o.t 10,~)~)0 '~~ fo:c 1j m.inu-'.::cs. 

1'hc "~oliCi. reGidu:o (2C',. by volwn,;) \!E'S disce.rd.ed, and 

6.istil1\.;d me: L;lnnol ''<'i.B :;..ddecl ·i:-; o t~,c :JlJ.pcrnatant until 

the ;:,w t;hE-tnol conccni:;-r-ation "1/a;:; '1 0:/. Aft~:r c ::;ni~l·ifu0ing 
at 12,000 G for j Jin.ur;cs L:he ~u.pGriH:1.cant 1.vas adjusted 

to L;.~yj iaoth.anol be::forc ccnt;rifuging at /i 5, 000 G for 

4? 

10 minutes. I'hc supc;rnP-L.cu"J.t t·ms them carefully incr<;s.sod. 

to 62.5% mGthanol anf stood fer 12 hours at 2°C. 

r.rhc sedimontc:d CJ.zymc ~.·as c .:L.2ctcd by centrifugation 

at 18,000 G for 10 Ginutos (see fig. 2.3aj 2.3b). 

was di~solvod in GO ml. of 0.01 H acut3tc buffer, 

pH ~.7, and deep froz~n (activity obtained ~as 
L• 0 0n0 uj· ., 7- U.. '"00 l,/~1 1 v]' C,lr· ""nfra) :- ' v ~·.._J... - :;> ,.J ') '.J ~ l~--.... 7 -~ .. _:__::l_ ·~-~ • 

·J'hc b-·•._:;lucuronido.se <.~cti vi i;y of both i~h;:; st')r','d 

homos~n~to and the p~rtially purified cnzy~e was found 

to incroaso o.la;or:t L'nfold on ~::.c;eping :L'or G mo:..J.:~hs -· 

from 2, :;00 recoverable ~Tie.hmGn uni·';s I ml. of homol:z;c:n8.to, 

to 22,000 u/ml. oi' homo:; ::;"..':<tc, 

2 • ..;~.:; Partial Purification of Limpet b-Glucuronidnse 

Tbc \'!b. ole (de shelled) B.niElals, v-rcre horJosc:oniscd 

and subjected to the sane alcohol fract;ionation 

procodure as the paua homogenate. 'l'he limpet 

homogc:nnte containsd 800 uni ~~s I ml. (extrapolated to 

infinite dilution), and tho activity of ·tihe final 

preparation, in pH '-!·.5 buffer, ·was 2LJ.,000 units/mi •• 

2. 7.6 ~nzymic Hydrolysis of Steroi_d Conjugates 

·rhe action of Paua b-glucuronide.se on urinary 

corticosteroid conjugates v1as t:::sted as follows : 
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B-glucuronidase enzyme~ from bo t;h limpe ':: and paua 

were used i~ v~rious concentrations. Labelled steroid 

conjugates ~ere 2xtractcd from sheep urin~ in ~he usual 
1 Lj. 

\H.J.y ~ follovring Etdministratio:n of LL - c - cortisol, I. V. 

were r0dissolvcd in 0.5 ~ acetute buffGr~ 3ivin~ 2 
/1 

1'ins,l c. oncc~1-c;ration z::;Jui val!:;nt i_:: o 1 /:~oo of a 21L h. our 

collection, p~r ml .. 

2. 5. G .1 Ityo.r>Jbtr:is o:r Ex-Lir .~C:...!2~~ Conjue~a t:c s 1 in Buffc.r: 

;Suffici.:,nt :p<~~uc.~. ~;_;-;?,y;<~ \'~,s <}'~doc:_ co 1.:) :O:l. oi' 
., ... ..._.....,:1 -"jl~ '"l -...,.t•rr~c..,!--,"V"''o ·;:·,..... ,~,1'-y··--:·-C\r< ··1· h j-..1:•.--.~ ('· ,-..~-r:---t---
o.<llXcQ C - CO.L l.J'J'"'L,,,.LOl,.c ~Oll,t'-'0·-··'''--''' ~n .JU .. l\. .. .L ,-).Ct._: t_,c,uC; ~ 

A sinsle concentration 
(6 5 :~)00 unii;~. /ml.) was 2lso propr:~rc~d. 

ehe 0.1 '.•1. of 

chlo~oform in o glas~ sto:pp~rcd contri£ugG ~ube. Aflcr 

~haking vigorovsly Ior 30 s~conds, 0 ·>c.. G • ,-:_ _ _,~ -:u anhydrou2 

~:;odimn sulpllntc:~ 1i!_f_~ :'deled~ ar.c '~lJ.e ;:;h2kinc; c.otrcinl.l·::d 

for 8. further /1t 0 ~econds. ·J.rl:w uric;(~ chloroi'O.'~l11 \'!~lS 

cl~&red by c~n~~ifugation and transferred t0 vials 

for meR:.:.m.rom~nt of radioiE-c·ijOlY-' cxtrEcctcd. 

iJ:'his c:xt:::;~ction pr-occ:cluro 1·ms found ,~o 0:xtrc.:.ct 

n•0gligible tlmounts ot storoicL c onjv.gc~:ce from nolution, 
a.s was v0rified by performing the proce:dure ·cvJice on 
a sample of steroid conjugates in buffer. After a 

small amount of free steroid had been extracti::d with 
the first treatment, negligible radioisotope was 
extracted 1.1ri·:;h the second. 

2.5.6.2 Hydrolysis of.·Extract Conjugates, in Urine 

Preshly collected sheep urine, without preservative, 
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\.vas adjt.J.SG(>d to pii L!-.6 '.vith hydrocb.l"J:d.c ::>.eLL In 

cc..cll of two s toppercd fl::.u:;ks; 10 ::-<L. vf urin·:; vms (ilutod 

vrith 9 ml. of O.j l''I acctste buffer. The rc_;diociC i:;ivc? 

conjuga~e solution (1.0 ml.), and svfficiunt paua 
b--;:).ucuronid<:cr:;c o.1zy;n:; ;Dlu'~ion to bi'ins; the. jJl.i:· ~::urc:; s 

to (s) c:,(_.~OO u.nit.s /mL ::md (b) 600 units /'nl. vras 

<?.deled to each fl2.sl:. Both ;:;olGtion: .. \:!ere ir:..cuba ted 

at COl1v,,::1icnt intcrv:·.ls 8.3 i:r: :~.).G.1. 

phases had separat.ud, the lower lay0r was with~~awn 

and dried vJith 0. 25 Ci-.r:·t unh;_y-cl:L'OlL3 so6 :Lum sulphc·::..te. 'I1ho 

l;:~bcl1 _-~d :::rseroid pr·csc:nt; :tn '~he chloroform -.1as qu:::mtita :; .~:d 
.... 0 -~ ~-l 'J r ·o- ''1 ( ~· ·~ _-, -,-~ J. ,. c'.v ..L.c · ••• _). • ,) \.0 ·._;, - • l.). 

As a diroct result o; lhss8 preli~inary s~udi~s, 

the follm.·iD:r; hyd~colysin co:1cLt 0ionf; Hore u::;ed t:;lu:.--o',Jfshont. 

'1··11_..--::. a-}-.~ rOl~ ~ r )l. ;11 ,.. .. ,...,.~- ,..., . .-.,. .-... , "''lA:..., .l ')L' !-" .... , .. -~r C "11 - c·'·l· 0~1 l.,L, uv•..; U ~( ;_U"'~>·--··'-'---, :.J.'!nl c .. r_:_[- L!.'·''·'- ,\.1 .L•3 L .. 

v;cr-c redi3solv._;d j_-,1 'l_:~o :,11. of 0.:) :!; c--:.cctc-.tc buffer 

(pH t~ .tJ) in 2 :;_·00 f"!l. fL· c botl:;om:0 fL1s~-: .1 COll tair.i;_,g 

solution '.•:as addocl t;o ·:~iv:- n conc,cntrution of not lcs: 

·than 5, 000 Fishm,;;.n units /ul. ;_Ch:::; r!ixturc V}<:J"-~ incubFltcd 

for 8 hours at 37.)0 0 with occaslonal shaking. 

2.5.7 f~cid H;zdrolysis of Steroid Gonjuge:1.tcs 

Prclimi:c2.ry IJOrk involved ·t;he ur,c of the ecid. 

hydrolysis tecr..tllique favourec1_ for cli:i.1ical determination 

o.f urinary l>:etosteroids. ::Phis m.:;thod althouf~h rapid, 

and non selectiv:~ :for the form of con,jugs.tion, h:1s an 

undesirable destructiv.:J ac cion on the side chain of 

corticosteroids. 

'rho urine \'las brought to pH 1 by the addition of 

10% (v/v) cone. HCl. The solution was boiled for 10 

minutes and then quickly cooled. The re;teased steroids 



\'!ere ;:;xtrRcted wich 3 x Dqu:::tl volume~: of chloroform 

wichout n2utralis~tioL of the urine. 

2.6 Extrnction of Neutral 

Solu:.:-;ion 

St::roid .fran! Acm.::;ous 
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A r;ystem of extraction u:::oing tvJo solv .~nts is },;re~-::-;-;!ltud 

in i:-;llis soction. ·rh~..: fL:·[:;t: :::olv.:::nt ui:h?cll1a.s a non-·po1ar 

charoctcristic and will oxtr~ct, chi~fly tho more non­
pol:J.r s L~croids o 'fh2 recovery cf 8ortisol me l~;::.;b;)litcc: 

in this cxtr~ct 'Jill zivc some in&ication th~refor~, 
of the n · t;urs of t::hc met,:bolic.,~s p~·c:-:icnt o IIi. tll.c cc:;sc 

of ~hie pr~scnt st~Cy th~ cortisol mGtab~libcE arc in 

the moin, pol~r to v.ry uol~r, so in aubsoquent extraction 
procudur.;s :_;hi~; 

i•ras omi.tt:.;d. 

~c:tcp us in::~ lL•nz(:nc/hc;xano ( 1 :1), 

;rhc inc·ub<::ttion mixtur;~ (150 mlo, pH L~.;.:, sc:c ?.5.6.'3) 

contRlnin~ free steroid nbsorb3d in~o the kieslghur, 
was initially extracted with an eq1l3l volume of benzdne/ 

hcx;::·.no (1:1)(n). '2hE non2.qLLOUS l.=tyer \!\,S Lctain d 

and the :".qllCOUS lc.1ycr VC.S <_
1 ilUt· d uii:;h ?D .:.;qu;.?.l VOl'\.a: 

of satur&t8d 2oaium sulphate solution anJ cxtr2ct2d 
(5 ;nnut~;s) thre::c ·!~ink;~; vil;b. a.-,) c~quc_l volume ()00 ml.) 

oJ freshly du:;tillccl "::tbyl qcctr::.l:;::: (b). 

(a) 1111-; bonz2nc/h .x::u1c . .:;;n~r::::.c t (190 ml, ) ~vas -,,ro.sh0d 

w:--.ch '17 :nl. of 3 I-1 haOH in ~~o.·~ nquc our~· so6j_U1iL st.•.lphete:, 
" ll - ' r' 1 f.:; l ,, ") -~/ d • 1 • t .I o O'io''80. !JY c. x · ./ l'iLt.. o.r '- ,)/. so lUr"~. su pna e -:.;olution • 

0ho combined aqueous ~aEhin~s were bGckwa~hod with 

20 ;;11. b•.,nzr::nc/hcxnne o .·:..'he org:.nic solut:Lons "':ere: 
combine:d cmd rJricd. Aft-.::r remOV['.l of !·;ho solvent in 

vacuo tho fr8\) steroid_ ·.:as redin::-,olved :tn ethyl acetate. 

(b) Th\; thr~!c ethyl acc:ta-te solut::_ons were pooled 

and washed with 3 I"' NaOH in 20?~ sodium sulnhate 

solution (100 ml., plus jO ml.), followed by aqueous 

sodium sulph<:d:;e solution containing 0.25·% (v/v) HCl 

(2 x ~0 ml.). '.flhe combined aqueous washings vJere 

backwashBd with ethyl acetate (3 x 50 ml.). All 

organic solu.tions were :pooled nnd dried. 

'rhe ethyl acetate solutions from (a) and (b) were 



,, 

~adioac~ive cortisol ue~2bolitos (mainly free 
steroi~) in 2cctatc buffer - pE ~.5 

Ben~r<:n«.: Ht.:1-.o.n«: 
\I. t) 

Ao~r"""ou.s 
)\ Ci: j H.l" 

perccD.t r::;.dioactivity recovered 

percent rac..lioactivity lost 

1 ~ . . . h . f "]l~ ~- • 1 F.ow of raaloactivlty ln t e extractlon o c -cor~lso 
metaboli t;es fro:~-[ c;_queous solution 
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filtered be :fore ev:•pora.tion of the c chyl acetat'~' in 

vacuo. 'Chc rod, oil.? d.;:;posit contninin&-: the corticosteroid~3 

redisr-':olvecl in ot 5~'0 o Lhtmol ln chloroform 

nnd refrigerated. 

The Dlkalinc rJ.qU,-=]OUS \·m:!lingf; 7 con-G:.:1ining lht_:· 

phenolic steroids w~s di~c~rdsd. 

from a(!UC cn1:-3 so1u c~:.-')11 ~ FhidJ. c;bo1 T ~he r.:;c ov.:.~ry of 

rc.•dioactivi·i~y 2 \:i Cc'·.ch Btcp P;.:: t:he: urine cont;:-;ininc 
l,_o .. - c 1

[1 - c·•.nTtl' SOl _:.··!l•c) ,:.-;'_bOll.' ·1'-,,·.,c•, d • -. ~~ : -- . -- ~~G DrOC~GSG , lS 

outlinsJ in fi;. 2.o. 

) r. 
'-•( 

Eeparation oi th::: CDJ~ticout:::roids ~ frOJY! ;-;·ns (d;byl 

ac0tatc c~tr~ction, into c-19 ~nd c-24 fructions, w~s 

0ffac tod 1_1.sinc; florL~il ( :.::_.0/1 CO 1•:1c sh ( 1 .:::co°F) Floridin 

Co 'C1ancocL· ,:·c,c-o·'- ITJ.'rc···'nl'•o TT .-·. ~ ) r.--,'j • ) 1 .._. .,._t\.' ',. :.:> lJ V ...... 0 l C1.. "} ·~; o :') o ,.:.·.t • .:::; . ..;.._j_\, __ t.Jhc nodifiec.~_ 

lTI(? i~hod o:r Eik·-H0 '' .2! _s.l ( ---195~,) • 
•1'}1' l"'lor·L-'-'l'l (-,•,t(J"·~·-cl'l.IJ"1 C:'"ll·~-,-:--"")\ 1•f'C•C T'I,.'·C\-'.rl l·n Ll ,_ -J.- ........... - ,_. . .l, .. 0--l· r~·· -- •. _.1... '.J .L ~ V _.,. v t.._.. ,·•. c '·" J.:"''--' .L, ......... ---

un ::;iJ. d1c· c luant \•TG,.'~ no lon;~;~r mill,y. Af c _r dryi:ns, 
..... "'''~ ~--~--~·-----.-;--·b .. -·· ~-·+--, . ..,0" ,_ ·-o~-oc r 'L 1 l~· "c,,::::> ccCvl•:c:.,,;U ~~ clc.·: .... · .. J ... 0 00 v ·-' ·_or·, lOUrS 

~han souled ~nd 2tor~d at 110°0 until required. 
'l'he colum:::. .,.'c.u;: prcp~'-rcd i~cmo.cdis.tcly br:forc US\0) 

long. A : c<ao 1<='-I'r of :~inoly d.i'-.tidod. ::mhydrous 

sodium sulph3ta Gtored at 110°C, w~s d~.positad o~ t~r 
of the florisil. A8 2 r~placement of glass powd0r, 

t;ho soC:J_i-I.J_m 8'1..1.lphdte \·las found. v0ry efi\.~ctive in t-:he 

doublo function of protecting the column from both 

water s;:ld physical damage. 

The head of chloroform vms rC;:ducod to 0.5 em. 

and iihe mixture to be separD.ted, in a to-tal of about 

5 ml. of. chloroform, 1.,ras carefully run on to the top 

of the colunUl. At a flow r~te of 1 ml. per minute 

good resolut;j_on \vas ob~aincd if tho sample occupied no 



more than tho first 1 en. of tho florisil at this stage. 

For the elution of tho c-19 frnction, Eik-Nss ct &1 

(1953) used 25 ml. of 21 mcthDnol in chloroform, and 
Ely-~~ ~"OJ.l (1958) used only '10 "'l. oC 2)6 me:;;thnnol in 

chloroform. Ho~evor, i~ was foun0 that ~ven 100 ml. 

of 2% mcth2nol in chloroform was insufficialit to :::lute 
this fraction o~tisfrctorily i .. ., n\ 

l(;o Co()• 

tho 

mixtu:r:-:; oi' Yi-A·<;e:.;11b-ol-17""':'one (150 r<g), cortisol 

('100 ug) 1 <--;.nd tetrD.hydrcr~nrtif;ol (1:;:J u:,) i:n c.Lloroi'ora 

v-ms _,laced em n :9r0p. red c-:.1'<-l"m. A :c;equcncG o.f se>lvonts 

'·Tc'lC:: "r-,l:icd ·~o ·'-1-.·. 'C)lU"'lr ('".' J-,·bl~ r:> ")j .. .,.,d /lu'• r"l t. ~ o_,J~_, --'--' '·, ul1
.•· C JL,l >.J0l.· L·c'. v c-~-/ c'.u .t.o 

(b) corti::;ol ~vas c:·.ssaycd for.· ·Lho -':--cno-3-on::; :,roup 

l=•rcsent by mCJesuronv.:;nt of the optie<tl 0.:::nsity o.t ?~-1 mu. 

(in methanol) 

(c) t~tr2h~drocortisol; Gho ~lph~-kctol rr~s~nt ~n 

;_~,,_b•tr~·.ctl'on of· l--. ~-1o·J.r·l- oF r'()''"'.;-l·~·-1 ('·oleo· r·or'·l-n.-inl·n· a· ~ v - ~- - ·.' c '· ' 0 ,, l '"·"·" • . • ,, ~ .l.. v •CO ,, -- '.' '-' ·~ -· ,, C\.. (.·, 

cl::.loroform to clc:fat tho :'J~"'l.nple, follm·.r·,d by 100 ··JJ .• of 

2. j;s mcthr?.nol L:t cb.lorc:;?on!l to -:.;lv.t·-.:: t;he c-'h 2.h;roids} 

s,:nd fincl..lly 100 ml o of 25?6 nw:.1h~mol in chloroform ;:;o 

olutc the c-21 steroids (see fi~. 2.8). Hishly coloured 

urinary pigments could LOt bo separated from the c-19 
fraction, but qua.ntities of very polar non­

corticostcroidal compounds, from both bile and urinary 

extracts, "~:wro retained on the column. 

A sample of crude radioactive urinary cortisol 

metabolites in chloroform, eq_uivalent to 10/6 of a 

2L~ hour collection 'das eluted off the cvlumn and 5% 
of each 10 ml. fraction v1as retained for· counting (see 
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fig. 2.'";·). Separ.Ttion. ·ras s_pch that no cross­

conL~mination of c-19 and c-21 steroids was detectable 

by nutor2dlO,'?,rs.phy of : hin layer chTorJo.tograms o.f both 

fractions. 

In. ·;his ::.1tuc:.y uxt;:)n;:-~ive u::e W3.S ;nads of 'I'.L.C. 

53 

rhc advsnte.t;·-.: ovt::r p."'.pcr chro;TJ&tography of rapid plate 

c1ovclop:nant co1r,bined ~ori.th the high res,)lution obtainable 

''ith T.~.C. mcdc this an ~ttractivo procedure for steroid 

Thin 1. yors oi' .:hick~1oss 0.25 mm. vJore prcpi'l.reci 

n.~.cor<iin~; to St;.~,':ll u:.::inc tho spreading equipment 

m;:mufo,ctured by De saga Co., Hcidclburg, Gorms.ny. 'rhc 

glass plates, 20 x 20 or 20 x 10 co., woro spread with 

Cl. slurry of 30 Gm of silic& ::;cl-G~ silicc. gol-GF254, 

or lcieslghur; in 65 ::1. of ·,Jator: or 30 Gh1 of ccluminn 

in )0 ml. o~L' \;JcJ.tcr. Fe:::- ' he 20 x 5 c.::n. plc:'-tes, the 

1·1o.ter in ·:;llG slu:c:ry v-m_s incre :.sed by 1 ().?~. All tho chin 

l:::cyer abscrbt::.ncs e;,mt.:._incd bii1der, .J.nd \Jere prepar.:::c_ 

b"'r :S .l':ierck, D~::..rrJc.:;i; :~dt, Germany. After spreading, ·!;he 

pl .tt?S '·'ore :J.:1.lo•·:od 10-15 •:.1inutes i: o set, b0fore 

ac~tiv.:rt;ion ~J.-G '110°C ~eor /1-:-~~ r101.1rs 1 ~:tnd fi11a~lly stored 

in Ct.l1 oven cj:; .:o0 c _/ . 
Pl~tas were d~velopGd in a 22 x 8 x 23 em. glass 

0ant:j lin~:;d v.r:i th ns>. 3 111'1 Hhatman fj_lter paper, E:nd 

fi ttcd Hii;h a g1 .. ound glnss cov.:;r. Solvent Has adjusted 

to o.. depth of ·t - 1 c;;l. 3.ftor ;-c:quilibration of l~hc tc:~nk 

for up to 12 hours. 

Con-tinuous elul;ion chromatogr~\ms v..rere develo-:_::0Ct 

in a tank consisting of two ;20 :x: 20 c:·,:.. glass plates 

separated b;y two thicknesses of glass, and epoxy-resin 

bonded in position to give internal dimensions of 13 em. 

vride_ by. 18 em. de:ep and spaced 0. o c:n. This l·ras 

sufficient to acconmwdate one 20 x 10 em. qr two 

20 x 5 em. chromatoplates. Plates v1ere slid in·ijo the 

chamber, and thEm i:;he solvent was run in, throush a 

short piece of t·ef1on tube, to a depth of 2 em. As 



the sol vent :rf; ~:~hod cl!c top of -~:::h\: i:;;:i!J.k it ov'.porrrccd 

mH1 3.llo1,-·e<1 chr;_nJ.~;.tof;r::tphy co con'.-:Lnuc. 

Silic:.:;. ~~cl lc:ycrs i;o 1Y· reed for:- the prep[:rD.tion 
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of pur·.~ eow.pcund~; ~o:e Tilf'LS s:r- :ctromotry were wa::-;hcd in 

di:c.;t.il:Lccl n·v . .;i~h-: .. nc-,1 1~or 2L~ h(;Ur:-:3 ~ 1J.sing n lc:.rgc C<)U Jt:lY:]Jtl 

contim,_ous ul1..:tti,)n :~·:;··p:r.rc~tus e=-p;:•.blo o:f ~~~cJ.d:Lng t·,vo 

rc:<1ctiv<~.tion~ \•rhich -~rru:; ~·-:mn:t -:~) 1x "Llnn.c·c,;·j"-c.:.ry. 

l"or pc·'ri:;i;:io, i·;y:::.;tcms tile st::.tionr:ry plEcS•_; 110.s 

G._PIJli ,(~ by )re-running i ~1 0 chyl~nc g7lycol ( 1 o;~ or 1 :::~:~ 

3cll~tion in c-.cotonc for 3'J mi.;::,utos; or 30> snlntj_on 
·in Dl"'-:~11~-;·•ol i~o-r 0 0 •:--L· "J.tl·'-··-C') ~L (_~..:_; v ..... c ..... ;. ..L 7 ... ,!_ l U ··' t....J et Platss wore than dried 
under n streu~ of col~ ~ir leaving 2 uniform 
• 1-. r l 1 , 1 . ' • 1 r~, , J.mprcgn8·1,l011 o.,_ ;:; yeo ln tJ.o •-run ;,eyer. ~oprc-q::.ng 

pl~tes with ~lycol in sceto~~), f~llowod by woi3hing to 

a fix0d quan:;it;y i.7~Vo in:l .;rior r ~:SL1.lt2 .'lnc. :r.:edvc·:,d 

r;.;,producG.bili ty. Dipping cbo pL::.tes L:~ =:lyc<)l :c:c ..::tone· 

'\fC:cs al:3o uns<:1..tL-ofacto:cy ::.:::=: J.·i; often disturbed -<~he lry,'r, 

c.~·.:.d -~~his mc~~LoC:; L~ G11l:l c". ·1liGabL; t·:-:' cellulose lr,yor.s.) 

'I' o I! o C~ • - J)c:.rt it i cfrl ~S~)'E t ;)I!1f.-~ 
r_,. ___ . .-. ________ .. ,.._,_.. -~~--- __ __,_ ... ~~---

compoundr;. 0:L-.'<.::i.t2.:-lly u,·:c6_ bJ nut:rulc D.nd Vuc6_tkc(19b3) 

o.s a sins;lc devc:lopcl!.•:,J.lt :.::ystc;n~ i :: 1·ras noclifio<..1 during 

the course of ~hiE ~~udy to ooparato ·cho vory polar 

c-21 pontols and tctrols. ;_rwo to threu hours co:nstc=mt 

elution was sufficient to compl\:;tely sopar3.te the a­

from the b-cortalone3. 

·rhe ki•~slghui· lo.yerod :r.L.C. plntos 'dt>re developed 

in "'10% ethylene glycol in ac,:;tont: (30 minutes) or 15% 
glycol in aceto~e ('1 hour). After placins lihc steroid 

(dissolvGd in chloroform) on the pl2te, a second 

development with dichloromathane - saturated with 

ethylene glycol, as the mobile phase gave Rf values 

for ·rHE of approximately 0.35 and 0.2 respectively. 

·: .... 
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2. '?. 2. '1 h !~·g; /g~~L~.'?~_-2..9/C:. 1- bonzoge ('_J~lc::~~::Llc_j:.E}Yl~:_:~ano ( 1 :1) 

DurLv; i;h:.:: course of this s·t~tldy i' v.re.s found 

''r1."' 'oc,nz-··n--/•nc· :·'nvlc_yl'1'l _,.,.,.,c.· (·t ·-1 '\ rr_-~.-llS .. -_.,'.o.-i--,1-jOd· P,".S 'I ....... c c.; ..... ~ '--·I .!.,£. 1·/ • .., J ........ ' i._, .' ••• ...: • .)'_ •j • .Ll·...... \. . 0 • I ~ _l,. __ - ~ - • - 1- .l...__ 

f,')una. tn b·: 1css (:i;r,c ccu;.'i.F:li•~(~ ::.nd Jl!OI'· r-~-o:coduc::•z)l;:· 

.J:Ln ubc sil:iJ~i1 ;;:-: .. 1 p<~r·i;i::i-:m :-;y~~t ·m'-; o~ Ch; :t1C,( /1):::• 11 ). 

? 7 " •) ...._ •• ,::....c... 

?,4-Dinitrophcnylhydr2zon0s of k~bost~r~ids ~2 doscribod 
by 8 t ;)_riK' z~ ~ ( 1 S\i./::-) • 

C:. r.l· 2. 2b l\ lurui ll''//CCl / .. ,.'-'1-vl "C., lc···.L. :> (1 .----1) 
:_·:: .• ~- -- (A ':!.::..l~-.::'~.-'"":..__..':: .. ...:.::..:.:. ~~.S.- "• -

The produc 1:;:_ c; _ c~!.-:<F1ic ·1.:nhyd:c: ide oxicLLi_c)n ,:::f Ting-

dotermin~tion · f cortiso~0, cGrti~ol, and polar cortisol 
;J . .:t.?.bnli t.:.;~;:,, ·chis systv_;: \Ins :f',)tmcl to l;.~JVG l;l:w ch :.r·actoristic 

of rov,:rsine; -:,h.,,, o:'dor oJ '.•101..>ili t:y of c-19-6 <J.nd 

c-'19-8 rol::_tivc to tho.t L~ the; p<crtiGion .:oystJm (see 

chapter 3). 

2.7.2.2d ?ilic<:Ol. gcl-G//.;th;y_l a9et_~L_~e/.cJTclo_~~~ne (1 :1 )_ 
Extensive use \I>TaS made of this syst-::m, as a 

modification of that used by Cohn and Pancake(196LJ-), 

running continuous elution for Lr. to 5 hours. Good 

resolution and rop~·oducability vJas obtainc::d ~rhcn 

nppliod to tho sepcration. o.nd identification of the 



c-19-t:rioL~. 

~'.?.2.2e iJ_:!;.li_0< .. _f~cl-G//CHQ,l3/EtOH (94:6) ns c. fiLGt 
de;·il..:;lop:n,.:::nt, f::.llovc~d by drying ~.t 1: 0°C for 5 minut-::s 

~nd a second dovclopm~nt in thi~ systc~ usin3 CHCl~/ 
./ 
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CH2cl2 /EtOH ('-+-5:1.~5:10) in :_;he f~:e.me dlrcct;ion ".S tlJe firr;t;. 

s~--p.::,.l-:e_·t i()n 

2.7.2, 7, :~,olvi_·;r"lt !<--;c·l-r"'ct.i.on of .-_ClJ.~..J..·n Lr ... --,r 'l'vT···-:-,ri"l ./ ~-------~ _v__,""'....,.... __________ c...,~. '/ ·.~ ~=~~ 

A s~lution of 4-c 4-corti~ol in .;than0l (20 uL. 

containi,J.g 10,000 d. p.m.) HG.s spot'; cl ·:.1 to :;hin lr,y?rs 

of ):ci.:;sl: hur and :::;ilic.·:.: g',; l ( 0. c 5 ~,J·;. ·::r:.ic:::n..:: L'>·) cv-:.r 
"2 ~-:'1. ·t Cit: ::;.1 · .. -.n_~·.l~(Jc1 r.r-c; ~; C> ~( L!.. c 1: 0 ·r11.i .. -~~ ~- 'D_[~ ";c ~~-p._;Q_ of 1~ 

frcn1 sili_c.J. gul. 

~IotlJ .. :-..~:lol 1!:18 u::,:cl fc·:c ;:-ell cxt:;:c,ctionD uff l-cicslt;hur, 

.:u:::,,;r c~V-"'D:lrrtiDD. of -:~~::.o .. Iwlr;no r,;lyc,:~l ('!-5'Jc, 2h hourn). 

From silic::_ f~·; 1, , cix·t;ur::;s of :..; ._;Lyl nc,-, t, . .,t;:; in 1'lC -:~1J.c~ncl 

w0re used for c-~1 corticosteroids ~o minimise the 

occur V·Ihon ::;t'r.:- met:hc:.nol i·" u:~·,od. ·:'- 1ci;ho::nol :ll_one 1·18_:::; 

U80d for elu~ion ~f c-19 storoids lrou Gllica ~cl. 

Transfer of Steroid Kateri2l wlthout elution 
~. ---~----

.Fo:c th.:; ~~ro.n:::.;.fe:r o.f ?J. compound, <hat h.:td been 

chromatograph0d L:1 a kioslt,hur syst~m, on to a silica 

g.:;l plato, the lay.:-;r contu.ining the stGroid was Cc.tre.fully 

scraped off and replaced at the origin of the silica 

gel chromatoplc-:.te. 1fho kL;slghur v;as damp,~ncd with a 

drop O.f \'later J.f J.1.GC0£:-'3a::::'y. 'I'he silica gel }':')l;::.te 
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1:Jas prep:s:.rccl fur I'-.)Cc_t.;tion oZ t·h..: kicslc,lmr b:•.r ::>cribing 

o.. chc~ILh.;l c..ccro:::s the p1.::~tc w::~u;;Jly ;J.Ot grc:::.ter !:Jho.n 

5 JTL,<. lonF f·.DJ. G 1m,,,~:; the '.-'idth. of t;hc -~·l::,t:c. Drying 

sov~r2l hours procesded 

chromBtogr,phy in the 11:,,.- ,,:olve:nt r.::ystom. 

~. '7. 3.1 D0t0~tJ._~.L St-.::nnd~ wi tlJ :.he -4-o:nc -3-?.no r:;:;~'oup 

l\.lthnup;h -L~~<-Do-:3-onc ..:;t.:/rc:Lds fluor-:;nc in .. :tlko.li 1 

th.::; sens:i l i vi t;y of thi~~ r (_;~·c ti~;n is r .:c.Luc,;d ·.>::1 '. ilica 

l ' 1· h ( C't· hl 1 Q: ~) {l~s ~ ur 0 -~~ , ~o~ • 

l-·GF25LJ- ( r: on l~""J.ining sine 

. · .. ' -, ~--:; (; b s \_: l-:'tl ~- d. 

· ::1~.-.n C. 5 tl· .. 

in some; c,,se;s 
1 

}-~lc c·llcmic:-"'1 e;roup cl.1<:r,~.ct<.::.:rir;.:; tion 

of Btcro:td:=; J_f-, voll cJ.ocul~wn-i~·;d :t:ca' D :h·r e:hroft1:::togrr,_phy 

2.11d corrosiv·e spr2·;:: 1. .·:c,gc:uts in ps.rt:;icuL"r ha.Vc) sp._·cLJl 

s.pplication in this fnrn ::_,f <'.:lalycis, al ~~bout.:;h tb.cy 

arc restrictod ~o tha inorgnnic layers; silica gal, 

alumina ,md h:icslc:hur. 

2.7.3.2.1 ~IO!l_:-S;Q0Cific s;pra;y: reag;'Jnts 

2. 7. 3. 2 .1 (a) Ac otic ~lllbydrJ._<io/Sulphuric acid 

(Lieberman-Burchard reugent)(Tschesche,1961) 

Sensitivity: 0. 05 ug/spot lm,., specificity 



·ro 1 L~ _rnl. D :_;s:::;lute: o t~::.<::uwl ::->.dd 2 u1l. of acetic anh.ydrid·~ 

d 2 1 f g so 't' l' a .. iJ. m • o- cone. 1~2 , 4 , '!H Jn c c;o 1.ng • 

. After spr.s.ying~ hcnti::Jg ;:ct '110°0 for 10 minutes 

L~·cve op tJLxum eel our dcv -::lopm·;n t. Lon;!:cr h<,:;.::.<~lng ( 30 
-l·:r·u~~a) ·ovc ~l:l·J.r·rl·l~ .\!1 J.~Liv~-.:>/ C';t-; ...... c~--·--Lt:,. 

Vicwius unlor long wovolC:ncth ultr2violct lisht, 

prodc.1c.::d by isorn:rs u::m --,11y ";;_if fur :TiC.TkccUy, 2n.d con 

2.'/.~' .• 2.1(b) Va9;~llin ( Sulphur·ic acid (r;atlLC:ltl."3,19C3) 

Sensitivity: o.o;.. ug/c.:lc: lO\l q)(;Cifici':,y 

ReDGGnt consists of 0.5~ v~nillin dissolv2d in 

s.bs·Jlut;.:; .:.:thc·nol t .. ; ;,rhich i2 

giving orange Gpots. 

, . .,,/7."? ::::.. • • 7. c.. 0 ~-

· ~~rd ~o-1C H ~l' ~0 ,,_,_.u_c: \_. J • ·;2k; 'Lf-' I..J 

clo1.m somG sp~cificity 

2.7.3.2.2(n) _!?lu._; rctro.zulium Hc1~gcnt (Bush and 

~-Jillou:;hby, '19';;7) 
•) 

s~nsitivity: 0~5 u~/crn~ for reducing steroids 
'J''l.-, ,. ~.',··n·t nrr'D""'r··d ,,T-i tl1 2'il.. 'o] U"' l-.~.·tr.-:. .. z·.·.' .. l1.'11ill 1.' n 3 1\T,, \veto .... ~.. ~- ---~.1. (}, l; v: .. _ . -/·./ .. '-.:... v,_, ..,._ ~ .. 

othanolic KOH Vli-"..S muru sensitive i;h<m combinCJtions 
of aqueous c;.:thnnol or mte>thanol o If stc:·rccl bolovr 

··-
0 c · · t " d · 1 f 1 th .._, Gno reagun- \•Ias ~c.oun l:io ~cep or severn. mo11' s. 

Steroids with tl16 a-kGtol side chain gcve blue 

spots in the cold, but if wRrmed (40°C) the reagent 

was l0ss specific. 

2.7.3.2.2(b) Zimmermo.n reagent (Lisboa,1964-) 
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;_) 

Sensitivity: 0.5 us/em~ f0r 17-kctost2roids 
'[!h,_; rc<:;g;:: nt •,ns prc;nrcd with 8 rJus.l pnrt ;:; of 2jS 

othc:molic :rn-c:initrobcnzcDc (ln-D. N. B. ) and 2. > N 

mothe.nolic I<OH? miX':d j_m.nc_di<:·~tel:;;· b..::i:'orc usc. 

17-kctostcroids but 

e.g. 11b-OH, ve.-::dc 1w:cplc~~ '11-~l;:ctO!lc, strong ;_:ink; o::Kl. 

Rongcnt c~nsi3t~ 

30~ HCl in methqnol. 
--occ, · warmJd t~ > . 1n o 

until thE:; .3p<:t:? ,·Tc e<;,npl, t ::ly (._~v:~lcp-:.d. 

2. -

KotoJkS gc vc 7-:.:llmr 1 ~:-'YL a, b-unE-'atur:::,tcd k.;;to.L1os 

f:~cordin~:z~~D-f.E~'--:~.sJLLl._;g_.) j . ~~ tr~Ji<:>lot_(_Q.!. V.) 

~~;.:JcL_Yh<?:J:-.1?..~ ,:_: ~§.P.~c._tre.: 
Cortic8stcrcids ~ro rich in oxygen functions. 

u1ny b~.:: pro~">cn c;:Jl ::,s p::-inw.ry, f;oco..:ld:,_ry, o.rJ.d tcrti,-:-.ry 

kotone and aJ.cJhol ~roupin~s. All arc capable of 

absorbing, with varl.JU~ degrees of inLcnsity, infre 

red r:~dia t:;ion. 

I.R. spectra VI8re recorde:d on u. Perkin-Elmer, 

Infra,cord, s·~'Jlit bGr.m spoctrophotonwtcr w::::ing cdr ns 

tho rc;ference mecli21. Pure steroids and matierL=·l for 

analysis \.Yas a plied to sodium chloride discs aG a 

solution in chloroform (speci~l for spectroscopy, 

B.D.H.) and kopt in solution during the scanning 

sequonco. Spectra 1.vere ..aligned against; the 6.24 

micron peak of polystyrene. 
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Exc,:pt for -t~ho cJJs0rption of tll'-' -L: -cnc-:)-kctonc 

(jLJup~ li ... tL: inf•)I'iJ.c.tic'n ce.n b:..: obc:dncd :from U.V. 

sp8ctrR of corticJstcroids in org~nic solut~on. However, 

protonaticn of the o~y3~n functi~ns with sulphuric 

<'cic1. giv(;S chu.rc.ctcrir;tic ;:(bs<,rpcion in ·bm~ll the U. V. 

S9cctropho~omctcr. Th~ m~tcrial ~ras dissolved in methanol 

d. • . , 11 d n ~ .l!J.Cl ;,; OI I c~lcium chloride o~ i~ ~n~l~r sulphuzic 

hour from ::.he i::;:i_;•tc r::Jf dissolving. -::11is usu:.:,ll:y rr;:>.v<.) 

t~o quite different yet cbaract0ristic spectre. 

f}Bss sp,:;c ~;rc.1 1·rc:r8 dctcrmin0d on et!' A. E. I. I1S902 

hi?):l rc:J·_·,lntion m?.ss SJicctrCJmctor c::md the sl::;r::;roid ctructurc 

rc:;,::lvcd 1;hrouc;h fr<;[';rD:.:-nt:> tion ano..lysis. 

2.8.2 Chemical ~odificntions to Corticost~roids 

BorohYdridc Hoclt.IC t ion _____ ;,; ______ ·~-- --------·-· -·"· 
Borohyc.l..rldc l'eoc!.uc cion ',·;c.s first; li!tro~tlJ.CCd by 

Chaikin(-19 1!-9) :;_r:_d cr:.n b.; usc·i ·v.rith :-3-C]UC;)us s :)lution':J ~ 

including uTi.t!:; directly ( l'knini ~ 1965). 'J:}),::; .mot hod 

followed was tha~ of Appl0by(195j), usinz an aaucous 
tc:rtin.ry butnYJ.ol r;.·;lv,-::nt. 

'l.'hc mD. t2rir:.l to b'~ rcdu.ced 1o.r2..s dir>Ewl vcd ~ or 

suspcndcd, in 0. 2 ml. c~.quoous i_?cr t-buta;10l (!?.-butanol/ 

H2o, 4:1). To this, 0.3 ml. of freshly prepared 
NE).BH4 reagent (1 ml. of 10X w/v, nquoous NaBH4 , 

adjusted to 5. 0 ml. 't·Jith ~ert-butc:mol. ) vms added, 

::md the reaction mixture loft for 12 hours at room 
temperature. The mixture-: was cooled to 0°C and the 
reagent destroyed vvith 2 ml. of cold, aqueous acetic 
acid. (5096 v/v). After addition of an equal volume 
of saturated sodium sulphate solution tho reduced 
steroid was extracted with a polar organic solvent. 



2.J.2.2 Bismuthate Oxidation 

·rhe method_ nc:ed for r::tlld oxiclatio:cJ r"\ f~ ·I- "';i r\ /!1 '7-·..1-- u. __ ,_, 

':he :•1aterial co be o:,dctised cJ.ir:;solvcd ir ofJ_1.1e0us 

tort-butanol 8:i: ; -,.:::;thanol ( 0. 5 ml. ) , ,,ras diluted "Ii th 

2 ~nl. of 50;::. v/;;- 8']'1eous ,\.cetic acid. o.nJ. 0.::?. Gm sodium 

bir:.:muthace vms a.(icJed. the suspension ;-~as s~1sLen for 

0.) hour, the excess rea~ent re~oved by centriiu~ation 

G.nd the superrvto.nt clG'-'-reJ \.'i ~h c:, fc:u drops o-~- >­

l'Ja2s2o5 a que ouE> f}n lntion. ·_:1lw o::-:idir;ed s·i: 3roid ~J-'J.s 

extracted :ith d_icLlo~c o-:;t)lr-.ne, ', i thout i:ur Llwr 

acidification o~ L~e aquGous l~ysr. 

-17a,21-ol-20-ouc sidG chain &s c~ficiently as it dcee 

r8dioactivc ~ll~G collection) 

was follm-,nd th:cou.~;h the :<L::; s i:Jops <:S a n rhythm'' 
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s<>nple (see cl:lE.pt";r 3). Before eoc'!.ilE~ bisr;-uthc·.tc 

oxidation, appro~imately ~0,000 d.p.~. of 4-c14-cortisol) 

and 1 ~gm of unlabelled cortisol ~as ad~od ~o the 

urinar~r cor::;ico~-:;teroicle. 8nraples 1-:e~cs ~;::\ken frm'l the 

oxida.tion raixture at <J:'Jpr:opriate time :i.JJ.t<~I'Vcls. 'llhe 

reaction was stopped by c2ntri£u52tion, and the adoition 

of sod. motabisulrhits t~ the separated snperna~ant 

( 30 se0 ond_,:,). On: ext rae !J ,_,i th 7 wl. o:L e<.~hyL:ne 

dichloride vms followed l)y concentration of the e:::=trc.c'i:;ed 

r~1aterie.l :~nd clu-or:lC::i.CO[;r -:phy in the system silica 

gel-G]';::5Ll-/ /CHCJ~/KbOH/H20( 174:26:2). 'I'he two -L!--ene-

3-ketone col!lpounds; l'-L:--ene-11 b, 17a, 2'1-ol-3, 20-one 

(Rf, 0.345) and its oxidation product A-4-ene-11b-ol-3, 

1?-one (Rf, 0. 635), t.-Tere easily visible under 254 mu •. 

radiation and the absorbing Rreas '"ere scraped off. 

rrhe radioiso-tope present in each spot was measured 

and i.ihe amoun·IJ of cortisol converted to the ketosteroid 

at each tlrne interval Wets recorded as a percenta,ge 

of the tote.l originally present. 



From results presented in fie. 2.10, i~ was 

concluded thc..l-; ('l) prior rod.Hctiun w.s.s not :I.E,cessary 

foi co!nplote oxida:;ion 

(2) the reaction was completed in 20 

minutes. 

? q ·) 3 .._.u.L. ~cE:t;yl;~_tio~ 

Acetyletion of steric:.llJr nnJnnde;:·ed. hydroxyl 

groups Nas carried out according to t~e p1ocedure of 

Bush( 19u1). 

·fl1e a~terial to be acetyl~ted ~as dried i~ the tip 
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of a centr1ft'gc tube. Acstic s.nhyclrid8 (2 drops) c:.nd 

pyridine ( 1 drop), vre::s 2o-J.ed to the tube 8.nd -~he mixture 

left for- 12 hour3 at :r:com tempercd~ure, or 10 - '15 minutes 
' ~ 0 a·c oO C. ''IIhis we..s found su.fXicie:r1t for completion of 

the reaction. l.1he li(luid w2.s rePovr:;d · ith a streaD of 

dry nitrogen~ leav-lng the acei~;;rl<:,ted proCiuct. 

·') c; ') !J 
(_ • ; _; • [__ • L ;· Reaction ~rith 

Steroid ~~etonc s, especL_lly conjugated 3-, anc~. 'I?~· 

ketost2roidc:<,, L'12,-y roact -,,dth 2,4--dN.:.::'.H. to :sive 

o:c yellmr crystalli:ae dr::rir:::·.·civ:. s 1 respectively. 

method follO'.Jed vJB.S that of S-;;arne G e~ -~~~ ( 1966) . 

orange 
. .11 
.c.i18 

. Che steroid l;:etone in 0.1 ml. ~ne·t:hc::nol, 1-·Jr--;s mixed 
~.-.1 l. tll 0 ~ ·_,·,11. o.l·f'' ') ,, dN D H ' . ·'- ( 0 ~a( r, L' -'11\T •c- '-'' oC L,·-"- o.c o ·• reage111.1o \. o<:v c, "-(J.~:oJ. oUo' 

1.5~~ v/v cone. :ICl, in lVIeOH- stored r."l.C 4°C). :_Chis H9.s 

incubated at S0°C for 30 minutes. Pyruvic acid (2 dro;:>B) 

and 1 (.)7!; potass:Lum c,cetate ( 1 ml.) was added~ and left 

to react with the excess 2,4-dN.P.H. for 18 hours at 

room temperature. 'l1he steroid derivative. \vas extracted 

with 5 ::111. of chloroform, 1vhich vJas Hashed vTith 2 x 1 ml. 

of 2N sodium carbonate. 

2.8.2.5 Oxidation -v1ith Chromium ·:erioxide 

Chromium trioxide can oxidise all secondary alcohol 

groups on the steroid nucleus to ketones. 

The material to be oxidised r1as treated ,.Ji th 



chromium trioxid-e; ~lo); in pyridine (0.5 ml.) for 12 

hours a i:::; room tenper;::..turo. After ·:;h~.) ad6.i tio:n of 2 ml. 

,_.,rater the steroid v-.rs.s extr;::~.cted ·,-ith 3 x ~-;. ~11. benzone­
,_.,-~·her (..,.··1). ,-,,~-,.l."''~ \-.r~s '···~sll~a·· ,.,;+h 3 nl. of 1·rat'-er •nd '-' lJ I ...... L. '·' ·v Cl. vi,;..., c: _ vi-~ v . __ ,· 1 •----- • 

dried "lvi th aJ1.ll;yd:cou.s souium sulphate. 

2.::5.2.6 G~rard.s Hydrazo.nE; Ii'?r11w.tion 

S~eroid ketones that are not sterically hindered 
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!!1EV I'B'c'C t ".dt:h Girards Realc~en t;-·r (rTH?-NH-CO-CH.,-I'T-t ( CH 7 ) 7,), 
~J '.. '-- I'_: _) ...,I 

this in esr··c:ci<Otlly f.~o ·;:>or th8 conjugated - 3 ketone, 'l1h::; 

::,wthod follovJed 'vJa:::o sinilar [;o -:jJJot of Roberts -~~ a~(196:~). 

~~he c!.ry steJ:-oid residue ':ras heated for 20 ~nhn~tes 

at 90-100°0 vi~h 100 mgm Girards Reagent-T (Lab. grade, 

frm~1 Yoch-Lit:;ht Lab. ~.) in 0.5 ml. r;:~laci,:-tl ac.2"L~ic 
e.cicl. ·Che :coaction ;y•ixl~ure ~Has coolccl_ end 20 ml. of 

iced lJe.ter ndc3_od, before ~1cutralicing wi;;h 10?;; (1.:1/v) 

NaOH solution ( approx. 3. 5 mJ.. ) • '.!~he non:-:.:etm:;.es ':Jere 

extracted with 2 x 20 ml. CR~Cl~, and the combined 
(_ c.... 

extrc:c tions 1:Kre VIashed \:·it;h 1 x 1 G ml. \.!C:.l~er. 

The steroid l:ctoncr:-. ,_..rcre recovcl~ed froP"t their G:Lr:.:l.Tcl 

from the previous scc;:p of tb.G proc,_~zJ.ure ·c1ere C..Cicli:fiecl 

wich 1. 0 ;;1l. cone. HC~_, 0-nc: left ..=~.t :ruon.t te!n-pc;:r;:cture 

for 3 hours. '(!he free ~ceton.e \:ns extracted -vri·r,h 2 x .:?o ul. 

r•H Cl 
oJ 2 2. 

2 • 8 • 2 • 7 PiE..~ on in PE_e_~i.J?.j._~.€':.:.~ i OD: 
'J:b.is method_ is that c_escrilJed by Butt .:.?.~l~ _?.l(-19l!J). 

For the specificity of the reaction see chapter 1, and 

for further com1:1ent see cpapter 4. 

•.rhe 4-c 14 labelled 3- hydroxy steroid v1i th about 

0.5 mgm of car::ier, 5b-A-3a,11b-ol-17-one, v;as dissolved 

in 0.75 m~. of digitonin solution (10 digitonin in 

v1arm 9096 aqueous ethanol, stored at 37°0) and boiled 

briefly. The st;oppered tube 1:1as refrigerated overnight. 

(a) precipitation of 3b-OH steroid 

Pero:x:ide free ether 2 x 2.5 ml., then 1 x 5 ml., 

1.-ras added llith 15 minute intervals. After a further 
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1:5 minutes t;he p:cc::cipi tL~te ·v1as colloc ted by centrifugation 1 

,:._n.d v;ashod 1-r::.th 3 x ~) m1. '\Flater, c:.r::Led over ,;.nhydrous 

sodium sulphate and then coun.ted. H>Jclio:-.:::.ctivi~:y 
• • • ' 1., ! - • .. ' --;- ()T.T 4 "1 4- . t • 'j renEJ.ll1lng ll1 ·l;He e c.b.er lS uPe co .:;a-,___LJ.·- -c ··G erolu 

(b) recovery of 3b-OH steroid 
fo hydrolyse the driod rcsijuc, 0.2~ ml. of 

·(;yrl""'l'nr' "''-lS ·~·";1 ea·· .,..,-, ~-··-• .. ...., 3 wl.I11 l+-,c· .-.t cOr< ; LL , ;: '.\ c::., c-.U.·· ... :. ' '·' elL c.. .. L .• ,J J, ! •. ~- v. u t:·. ,;:> o. '·' j V' CO')lC;cl_. 

r) r; 1 f 21\T .. , '"" f' 1-L d ' '' C.:: l ~T r) c z ~ m • o ~ h~~u4 , ·a _owe oy ~ x ~ re • h~~, 

d , , , . d :-:-r t.h ' . -' ""'-T L 14 t . l an· ~nen arle . 1no eJ er con~a2no ~o-~n-+-c · erolc. 

Quantitative colorimetric det<;;riliina.tion of 
-"· -----· 
.~2- kc:~ t;osteroid;::; 

The de::ermin.o.tion of 1? ke l;o:;;teroids ':rs..s b.?sed on 

l:;ho Zirc,merman rene tion ( Zir:!mcrman ;'1935). Investigation 

of conditions govsrning optimum perfor8Gnco of t~is 

t ( ... .,h::-,_·c·1J-c.r LL.) r-es'll ~~ci" i11 ':;he folJ".ov:i;I·
0
',· :::eac J.on see ~ ~ ..:' ~ _... ~ _ ~ _ 

~)l.'Ocedure. 

Prepc.r:'.U.on oJ tb.e s~:-~ol "t..l_t;c; ale o:1o l 'ra3 f om--:.0. l: o 

the 
c:ts belovr, 

ga.ve <;:;. negligible clo.nl;: vo:•.l\IC (less th:'.l'l 0.05 O • .T).). 

qetn-dinitrobenzenc (Sp~ciolly p~rified Ior 17-KS 

determincrc:J.ons, I3. :0. H.) \dthot't f'urthc~r purification, 

was dissolved in absolute 2lcohol to ~ivc a 2~ solution­

re;:;.gont A. Tetra.!:~ethylar:aonium hydroxidG 1:1as dilutE:d 

1:1, w~th absolute alcohol ta give apnroximately a 

125'& solution-reagent B. Equal volumes of reagent A, 

ancl reagent B, were mixed at 20°C immediately before 

use, and 0.5 ml. pipetted into a tube contnining the 

1? ketosteroid in 0.1 ml. of' absolute alcohol. The 

tubes, along wi·th a blank, and a. tube contiaining 25 ug 

of DIIEA, 111ere incubated in the dark at 30°C, for 35 
minutes. Immediately, 4 ml. of dichloromctha.ne (15°C) 



vias added to each tube, and after 5 Fd.nut-:::s &t room 

temp8r~turc, 3.j ml. of the colourGd dichloromethanc 

l0.yer 1ms pipu t:;tocl into the ccntrifug:; tubcE; containing 

about 250 r;izm. of 2nhydrou:.: sodium sulph<:.te. .t11(; t1:br::s 

'd2re sh;:1kcn, centrifuged~ r:..nd the optical densi~~y (O.D.) 

of l-.;he sulx;rnc.c2nt r0c:.:>.Ci o.t 520 wgn~ and 430 mc~m R.gc.:1..inEt 

the blanL no httor ~:~EnJ. 60 minute~_; ,~fter ;aixing reo.t;(;nts 

A 8.l~d B. 

:r:J.,: colo'-'.r correct:t..on ,:;c!Uil_t:i.on cf l'olbol; o i:; o.l 

( 
/1 ,-.L r>) l • d 

I j 1..:;::: \!D.I3 &.pp lG :-

Obscrv(:;d rc;;Jding 

0 7-;i . ~ 

mu.-0.6(0bsorved reading at 
~-30 mu.) 

= correct reading 

T:hc corrected roc=tding obtained from this equation v.~as 

applied to a 2tandard cu~ve of corrected readi~6 

against ug of DHEA. ((sensitivity:-· approx. 0.02 O.D. 

units (corrected) per ug DI-i!.=A.)) 

2. e.. 3. 2 .Q~9-E.!Ji !~~i ve Col()_ri;aotric J),: ::;c;;rr:linCJ.tion of 

a-ketols 

Steroids containing the Q-~otol side chain giv8 
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a pink colour in solution, with al~alin~ blue tctrazoliuru. 

((3,3'-dianisolc-bis 4,4'-(3,5-diphanyl) t3tr~zolium 
chloride)) 

The reagent ;ms prepared ~;::L tll blu.::: to·l~raz.olium 

(B.~.Z.) solution (0.2% in absolute 0~hanol) 0.2 ml., 

mixed uith r·;. n ~111. of H cthanolic l'~OH~ immeclia-t;el;y 

before use. L'hc absoluto e than.ol '.vas clistilli:')d off 

NaBH4 (1 Gm/litro), and then distilled a further 2 

times, rejecting the first c1.D.cl last 5i'~. 

'l'he a-ketol in o. 3 ml. absolute alcohol was diluted 

to 1.5 ml. with B. i 1.Z. reagent. After 15 minutes at 

room temperature, 2 ml. of m .• ~thanol (distilled off 

CaC12 ) was added to each tube, and tho O.D. measured 

at 525 mu. ((Sensitivity - approx. 0.5 O.D. unit 
per ug THF.)) 
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2.9 Radiochemical Proc0d.ure.s 

;.:::.9.'1 RadioDctivc) i)atcrials 

The. 4-c 14 -c:ortL3ol ~ a;-;;btains<i from the RadiocheE1iC<..• 1 

C<c:ntr2 1 Amorslle:cm, En[SLHJd. 'l'i.1e ;=:;pcci:ric o.ctivity v!as 

'150 uCi/mG0 (9'1% 4-c14-cortisol). O~her radioactive 

derivativ\o:-: of cortisol H'CC L' this wJrk >vcre J)i.'ep::::.recl 

frO!TJ :~his ·,-·k-.tcri :'.1 usint:; c;. :_·and.a.rd lubo:r·e·t;or;y p:::·ococturn£: .• 

( C")•- c•ect·l· Q'' ') C' 2 rd~ C ~ 'I 
....._. 'C> \_""'! •·., V \ J.L '- • :.....) a .~.. ~~ r., / 

·rhe purity of tho :c :_dil):~c ti vo cortj_sol v;as oetcrHlined 

by· 'l'.L.C. nsin: silica ;~;ol//CHCl-/E-t;OR/Hr-0 ("J7L~:2C:2). 
,_ - ') -~~ ' ' 

follo~,'8d hy autoradiogr.~·.:.phy and. f',cintill<::.tion comT~~ing 

of r;:.~dioactive ·7 • .reas. C'nly cme impuri t:;y vJas de tee tod ~ 

a:;1oun tii.1g (;o less than 0. 5/ of bh£lt applied t;o t~1c pl2te. 

'J:lhis compound ~'!as less r1ol.'C.r t:lE.n 5a-;--A~·3c..t-ol-11 ~ 1 '?..,.one, 

FJJ.d of--unknmim ch..:!Jr..ica.l composition. 

2.9.2 Quantitetivc Dcd:;erEli:r_lc~tion of Radioche:mice.ls 

2. 9.2 .1 ~~adioisotopc scintillation co1.~~~~.i~.J.g 

Sci11tillo.t;ion solu-Gions u;::;:,_;c1 'del~(~ cl1o::;un to ~~.11.1it; 

the nature of ::;ho soh•,:nt cc:crryinc thee: :rn.diocompou:nd.~ 

or tho solubility in :_;l1c scj_:;-~!;:LJ.l::· t;:l_on coe:}:~cil ~ of 

t;hc other solid. ;:, '- t:;c;ri:':_ nrcse:n t. 
rhe ur1nc, bil8, anu o~h~r 2gu~ous or V8ry polar 

san··le:s ',<n'8 cr;unte:cl :i.':" :c-,ithor Bro.ys scintj_lL-1.t:l.on 

flL-'id-Napb.:_;hc:,lcno :)0 Ga:, :FPO (2, 5-cJ.iphcnyl ox8.zole) 

4 Gm, POFOIJ ((1 ,LL-bis(2-(5 phc-n~TloxG.zolyl))-hcnze·,lc)) 

200 mc-_::n, .::thylcno slycol 2() ml.' ;:n3thanol 1.)() ·•11.' 

d . ( "J l I • (,.., B " T td. ···a . b h .J.oxano .r~uc ear cncerp:rlsc,s ':r •• ) .w----~-, -~ _ln ur.:; , 

:Scotland.) to '1 li tro; or tritorphcnol ~~. 5 Gm, l)OPOP 

0.25 G;n~ :_;riton x-100 1.;25 litre toluene 2,) litre. 
1rhe latter fluid. can absorb up to '1 Q;{, \t!atcr. Hate rial 

that is soluble in tolnsne was countod in a. toluone 

scintillation fluid containing FPO 3 Gn: and POPOP 

100 mgm, per litre o.f toluon.~. 

In all cases the radioisotope, in 10 nl. of 

scintillation .fl•::.id, vTas counted in a· Packard Tricarb 

Liquid Scintillation Spccci'Om-3ter, model 3375, using 

the c14 channel. Each vial was counted for s~fficient 
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t:LIJc to five a pe:rcont stancU:1.i.'d devi.,tj_on -· .5ener2lly 

1.flhc c::YUtltinc; efficL:nc~r of' oach smn.plo ;,·v.s corrected, 

1:1hsn l>,jc.ac:;sary, from the A8S (autOElatic c,:;;t::rnstl 

str·ndardisation) re': . .'.clout by L;h.e SJYC::C trom.:· t'";r. 'l'.;:-·_ 

counti:o.5'; ef.ficiene~7- of eaeb vic-.1 VJc;,s computod i:c-om 

an A.>;. :S. v-.s perc-:m.t o.ffichmcy curve, for the q1~211ching 

obu ~ in.cd !rom varyine; :,raounts of que~1clling c?.Q;cmtr.; 

faun~. in ~he organic extr~cts of neutral urinary 

st,;roidr~ (bo<~h \;he pink c--1 S, :c:.nd trw yello'.; c-21 

fractions g~ve simil8r curves). 

'·lith hoc.vily quenched. vir ls ~ such <:u; ·:_):CJse 2:.wounterec!. 

with crude urine c~.nd bile m<tl~crie.l, 81:1 -~nt;::rn8.l stand.:..rd 

of 

Aliquots of l\;·:;s Uu1n ::,)0 uJ-:,. 2~n·.j_ Ghose used for 

in.t:~rn;,:~l 't:;:::.nderdisation., '·ere I.wusured Fitb a H&inill::on 
S' 1 UT ~,- ... }·)]~,. (T-f.~~,.:lt;oy· 1-,0 ~~-~,-~-·---:-c··o ('1.,1-'·'.--,·· .. ·i·- \ 
, 'J . .Uo .::J)' .l _ -~6,; ,_,_._,;d. J l '-' • ' !..-~- v ,~·._._ ? .~<:c .L.L •J.L n._, • ) 

•') .-. _,_, r (~'c'~'""''" ··l· ll'" of· r:) :r.--'1 ]. och~o··)~.-~--orJ•rr-~·--~..-. 
Co '}or:. • C.:: .?.~- .D . .Llo.U.. . .L ''•·"- '-' l,:r c.'!l~cO 

A Tc::l_c:~srd RadiochroLlC~ i~oc;r<:<. ·1 scc::_J.1nor, :~;oCl e 1 '(,~()0, 

vtas uF:cd for bo .~b thln lnyc:J~- :-,_nd ·· . .1.::-.pe:r chromo.togrGJJ. 

S C ·· _,l-1l. '1"" A~ -....-~ J. -.:~--~-. 11' ·· r J.-
0 /,, 70/ l. ('~ ob·· 1-;-- <r"·n·--- l. 'l l1·· ] l_. '1 r·1· r-r· -~ 0 

"'" .. L l b o J,J • .h '' 1 .. , t.o .) . • .,/,/J __ ::?_ ~- v c• .. c -·'- .. <.;.. c..< ;·~c .. -o 

allowad ionisation ~n the o~cn giecar tuba at 1.1 KV. 
Ge.s flo'.: v;as 110 cc/':hmte _::or thin J;::_yf.:;rs end 150 cc/ 

minute :for pe.per. C'ho slit 1-Jic.~~h \'J~U3 adjus tod -co 

a fu.nction of tll0 r:cs.nning sp<-:~(;d, bull :E or t:L;c ~·:ost p:::crt 

the time constant \·vas 30 second::: at ::. sp~:E.d of 12 em/ 

hour, with ~ full scale deflection o~ 300 c.D.m• 
Radioactive nreas were usually scraped off for 

scintillation counting. l'1leasur6ment from +,;b.e chart 

recorder of peak area by planimeter, \'leighing, or· 

triangulation when possiblo, gave comparable results. 

(within 5% or be i;ter) Peak areas could be related ·to· 
1~- . l d.p.m. by spotting a knmrJn amount of 4-c -cort~so 

on the thin layer _plate as a marker. 



2. 9. 2. 3 ?-:llt_~.!'I~q.j-ogre.phJL..C?..f H.ac;_iocL'EomatOfircJns 

'Jlhe thin l;::;_yc~r 1;L·.tc s ~·I erG l:-,;pt:; ·t.-u:lcL: r Xrsy film 

(Osray D· tlus o::.:se -- Agf':l z:::~e,ncrt - B'::lghJ_m) ln Et 

cool d:;:_r-L pl::~cu for pcrio(1 :J of from 4 rJ3ys -::;,'~ 6 uoe~':S, 

depending on the coTh~~~trction of r&dioisotopu pr8scnt. 

Th.::: fiL:L ':TEi.S dcvolo-r.·c;c!. for 4 ::ij_n<Jtos at: 21:.:;
00 '.Iil-;h a 

Tl r--" .. tci.. 1' l- \ ___ o_cu Jr---, _ _,one OJ.l.. / 

acid 1 an(~ fixed. '·:i_-~h soci.ium thiosulphF~te 20C; Gm 1 

potassium netabisulphi t::e 12.5 G::.1, pe:;::· li :;r;';, i'or 10-20 

min,,_tes. Cl'hc fiJy ' as 1.:ashud itl runnin0 ~·rater :::or on;:.: 

hour, th0n dried.. 

For quantitRtion of ~he s~ots ~he film wns placed 

over the plata a~d the arc2s marked for scraping off 

:~m,J.. count in;::;. :J~hc film -r,-r2,s e.lso scanned with a 

68 

dsnsi tonctcr (i';~·-d:: by Photovolt Corpcr ·ciorl). The outpu:-:: 

(Vnricord) :Littscl -:J:d:h c.n integrator \/hicl1 gave e. 

--- /-1 
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Chapter 3 

EXPERil\fENTAL AND }fSSUL':l'S 

'J:he radioactive urinary cortisol rnotabolites obts.incd 
from the I. V. adrninistra tion o.f '-1·-c 14 -cortisol to the 
sheep, were dissolved in ethanol-free chloroform and 
se:parated into c-19 3nd c-21 fractions by column 
chromatcgraphy using florisil. I'he elution of c-19 
steroids rem:l ted in recovery of 5'+. 8}/; of the tot<'-1 
recoverable radioactivity fro~ tho column. At this 
stage the c-21 steroids remained on the column. 

·:::he c-19 st:;eroids ·,·rerc chromntographcd in the system 

Kg//glycol (150)/CH2cl2 , ~hich allowed sop~ration into 
three distinct 3roup.s. ·rhe: position of these groups 
'I;Jas determined by radioci1T'O~c-t:ogram -=.!canning. J~ft..-:;r 

evaporation of the 3lycol, zones were scraped off the 
plate as follows and steroid was recov0red by olubion:-

(1) From_ the position of 1'1{8 t.o RE/F 0.33, which 
contains the five c-19,-3,11,17-triols detected. 
(NomE:mc.lature R,~;-r:~ refsrs to t~Jc po::,ition of the cor•1ponent 

~ ~ . 

between tho mobility of cortisol (F), and thet 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 .for any VQriation in Rf values 
that may occur due to c1issimil.3.r chronatographic 
conditions.) 

(2) From RE/F 0.33 to the position of cortisone, 
,,,rhich contains the four c-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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of the corticosteroid metabolites present. Chc 

components of sach group that ·were isolated, are list.gd 

in tabls, 3~1, along v.ri th tbe code numbc:cs ~nd quantity 

70 

of aach expre2sed as a DGrcsnta~e o~ the tot&l r~dioactivc 
~ ·- "'4 ----

metabolites obtained ~rom the 4-c 1 -cortisol. fhe code 

number lS..'\Y appee.r as c 14-19-, whicb. indicates -~;he 
st8roid rofarr8d to corrtains isotopic c~rbon und should 

b<; con pared v: i_ tt. c-1 C:)~- ,, or1c~Jcl2.turc rc" served tor 

u:::~lab<:llcd ::>teroicl il1 \;hiP chapter. 

3.1 ~~c -3,17-ol-11-on8 ~~u<JD 

1hc tvo distinct ro~~2 showing on the 

r:_~_di ochronw tf;;~;rD m :;re.ce ( f i,_:;. 3. '1 ) , (l_ft cr 

·che ::_~g//gl;-;rcol (""!55j)/CR)Cl~) pl8.te (;:;yr~tor:1,2.7.~~.-1c.), 
{_ ,_ 

v.rero cJcra:pcd off S2l''lratoly. -,-·:o.ch vas ;hroma'cot:;;rf'.phcd 
. ' l ' . ''f" ('"''.'54 /j("U('l ;··'tQ-T( 0 ' r) I '-,~-Cl / ll1 G1C~ sysGClJI ()\_To L0:::.. I ,J.c 1./ 3 b- ,:"1,;;'-l-:c- rrGl:l -3 
CH?CL,/::::;tOH ('~-5:1!-5:'10) (s:y;-3L~cm,2.?.~~.2e:). In 1.:;1~-Lr:: 

·- ~- ")L~ "jlj 
:::;ystcn c --19-6 <.:iJ:l( c ·-1 ~-G both hc,_v-::: an Rf of 0. :;;(;, 

~.dl.ilc c '1 
1~ -'! 9-7 \ro.::; easily :=::cJ)?:rablc ·vi th s.n Rf of C. 5). 

l. '1 ·'l- 1" ,· c (-. "i:T,..., -;- -~)·-n ( ·-= ··"1-#··C'l y ... ) 7 :; ·) r-_- ;."~ \ b n--,-
.L _r.L.l--0 ::Jt.-y 0 Jl:,L •. \. .":)_::_.~.l..t;.t.. ' .":_, •, • / o '- o c_'-:·) e .•.LJ.!.,.~· cr·.)GB 

C Onta·''.;: ~..,-~ + i o···· rc-""lC'·l' nl• ~ 'J" 1
'' -:--, r-·, • n c 14 10 c:· ·, lit .... #_,.._c..-.. •J _ .. L.1. . c.·l. ~.:A. .!...:. ~:::. !_, \..! v :''J t·,..: ,._; -.. ,./ ....... ) 

/l'' 

and c · --"1'')-.S 

'!;as 1x st ru:r10vod by rcchro:ae.tosrc._;:.h;y- :L_~ i·;ho :'' .. g/ /L;lycol 

( 15~S) /CH2Cl2 .sys ~ern. 

3.1.1 ChLr;:~ctcri~;<.:.ltion of c'14-'19-S_ e..nc}_g_....-14-~!..2.::-8 
3.1 .1. '1 _:!;!?:!£e.-r&d abso:::l?t -~on .sharacto:cL~:;tic s 

The I .R. spectra of c-19-6 and c-19-8 vJorc 

essentially identical except for the fingerprint 

region. Both consist;ed o:f a broad -OH stretching -~eak 

bat\..,reen. 2.8 and 3.3 microns, a small bro2il pe;ak. from 

4.'-l to 5 microns, and a large single peak at 6. CJ microns. 

·rhe absence of absorption at 6.2 and 5.8 m_icrons 

eliminates the -Lt--ene-3-ono, a11d the -'17-one functions 

respectively (Klync,1957 and mv-n observations;- the 



compounds 1;Jere :cccordod. !_rhose chosen conta:i.lL:d tho 
c o-~~lF:on I .H. absorbing croup£:., .li!,u:;ly to bo encount~. rod 

in this ~ork.) A strong~ broad absorption fro~ S to 

tt sh::'l.rp pceJ:: at 9.3 mic:eons, '-'iCLS 

spec trun1 of c-19--d but ccbsont i:c i;het.; cr c-1<:)-b. 

Ultra-violet absorntion characteristics •. ., . ____________ __,_ _ ___;_._.;;____;;...;;....;;__~ 
:co:_:h c-·19-6 and c-19-.C:.S .st,mwd no c;::xoorr>·l.;ion in thG 

241 mu. rFgion, c-•.ud. only r:;li;:;ht; :ClbSOI'!);_;:ton i::.1 tho 280-

290 mu. region, vJhich :n~·;y be :Lldic~-·cive of th.e 1·1-1::~~tonC;; 

function (T::lynu, '195?). 
The sp~ctro. in r-:r2soLJ 1.-rerc inconc1Hr3J.V\~ 1 vrith both 

c-19-6 anc.l c-19-8 ohO\Tll1g broc:H5. r:l<:::.ximo. ut :.!05 mu. all.d a 

slight inflcx].on ':l.t li-00 mu. , consistent 1!li th a 3-0H-1 ·1-
-_!-<·~ton<='-. c;-·• f'". . -1°'-0) -~- ~ z,a.~ l cJ_ronl, . J) 

Both c···'i S-6 G.~lcl c.-19-8 ].U'.d a;J empiraco.1 f'o:nnu.J.c_•.G 

of c19H30o3 . Fresmon~~~iou indic2ted ~n 11 k~tcnc) 
c.no. hyclr·ogc:o. :r.-epl.s.ccKnt :.:ho1;na the .:::ce:.::cncc of hJO 

b.yclroxyl ~rour_.::.. rc r,c:-·.y b..: concluded tlwrefore, ·::;h: ... t 

c-19-6 ::-md c-19-S 2.re :Jt:.:reoisom.:;:cs Ctbout t~ho h;>7droxyl 
t~roups on cc.~;;bn:nro 3 or 1? o 

).1.1.4- Oxic1ntion 

O:xiclt:,~;lo:.--1 of c 14 -19-·6 ,-:;nd c 1 L~ -19-8 'di'Ch ~~ho Cr03/ 
pyridinrc: rec:..gm1t, c.<.~Jd sub:"J;;;qu::)nt; co-chrOJMJ.togrnph~y- wi :_;h 

5a-.il..-3,11,1?-one; o.nd jb-A-3?11,17-ono in t;;_.e 

Al//CC14/EtAc (1:1) system (systE:lm, 2.?.2.2b) ('Jprn.y, 
2.7.3.2.2b), indicated e. 5b-Androst::Jne nucleus for 
bo-th c14-19-6 and c14-19-8. (Standards used in this 
system vlere 5a-A-3a,11b-ol-17-one (Rf 0.2),5b-A-3a,11b­
ol-1?-one(Rf 0.15), and their complete oxidation 
products; 5a-A-3,11,1?..oone(Rf 0.52) and 5b-A-3,11,17-
one(Rf 0.52) and 5b-A-3,11,17-one(Rf 0.38)). 

?1 



3.1. '1. 5 ill-&itonin Procipi~~p.~i:;.ion 

Dl'C:rl"to·nl·n hr,c• :--..-.,::; P''OT _--,·c·y of' 
..1,... l_i J • .t. 0.. Q (~ .Li ..__., . ··~ _.j .. ,., ..L v t. _;_ :l." 0 :CJ:1. }_Ilg c:tql.:tCQUS 

insoluble addition products Wlth 3-alcohol groups trans 

to the 19-mc ·L;hyl l';:r-oup i. C:'. 5b-i'~-3b·-ol--c onfif~urt:t r~ions. 

Both c-14--19-6 >.lnd c "\L~--":9-2 ·derc tr,)atod ,,_,it:;h t]ls 

cligitJonL1. rcr-t,-;:m.t (se~,2J;.2.7). As a control, r 

?2 

mixtur:: of CHE (3a-OH,0.~25 m(;m) c.:·1rl DH'SA (3b-OH,0.25 ::-:1c;m) 

the mixture was 2lso added to oach of the r~diosctivc 

steroid solutiorrs. 

clw _proc.ipi ts. te 

and chat ram•iaing in L;hc supcrn~ta~t was assayed by 

tL:; blue. ·tetrcc zol}.um l'C'c,:->~:Lon ( Si.;;;; ~ 2. C.::; .• 2); o_,~,d 

simi 1 r:.r ly mmA 
(SGCJ,2.t_3.3.1)o ~'h- ;,;._, :-1nc·i 3b _, __ ,.~......... ./' r.;: .• '-'• - - frnction::-; v:cT~. court0ed 

( . '. t ·-n -r~nr"l .,_,,~ 0vr:·r"r ,., ~ ·~-~ "' .... ~ "'-' ·-· J of th0 )a-alcohol as 

and t;he r:L:cwunt oX .r:,ciioiso1~:')·::.1e p~c-c-r:->GDt d~~tcrmined. 

H0sults incJicr~t::d U1~:1~ :-.:-,, c 1 '+-19-6 .:1:;,1.(i c'14--'19-8 stsroirJ.s 

ar~ both 3u-alcohols. (seo ~;bl~,3-2) 

·p ( ., , .. 2 ,. ) ·_ see, c::... -~ •.• o . RccovLry of 110HE in ~~~ 'ketonic' 

. t;'l, ,. ,. ) SCl.iT l ..La·c:ton COUrl'Gl:'lf:; • ·.Chis confirms the 
.. , b \ r- ., .n "/ ~ . ·f- ··. -~ ·'- .~ "". ~ ~"'"J: .., ,. -. Ct :z . /1 7 ,_ scn~e OJ. a A\:.: vOn ... .!.'llllC IJ.Lu.n 0L.;. c(.,.,rDOt1.::o .) or I • 

·ro determine thr.-: nt;oric configurc:tion of thu 

17-hydroxyl g:r' oup of c-19-6 a:i1d c-.... 19--(:5, several 

17-hydroxyl compounds wore prcparod 'by reduction of 
tihe 1?-·ketone \,'lith NaBH4 to :::_;ivu tho 17b-alcohol 
exclusj_vcly (Go.ylord,1956). Although knO\·m to be: 

stcrically hindnred, the 11--ketono was found t;o be 
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reduc :·J)lo by · ITaBH4_, al thou~~:h not 2,2. J:T,pi\Jly as the 

17~k~,_;1.:onc. ·co ~ns.kc· usc of i;his obscrv~: t;ion ~ 5b-A-3a-ol--

11 .,~, (1·1··rE) ·· d ' "'·,~or·, +·.""mpc·\r"'+-l'r·, (')r/)c) , '!'(-one ' J.\.. · I·; as rcu.Uc1.; r:-:.; .J. _, <~1 '" .. ' ... _, u "' ·~ c:.v 

?3 

for 10 minutes and tha rosction s~oppod b~foru complctio~, 

ty t;he add.itlon of ac,,tic e>.cicl. .ehis ~n1.s fou~1d to give 

,,; mJ_xt;uro of -~;hr: . .:0 c~)mpm..1.nd.s - (1) c (:·~tall :.1E:l~u..:rc of 

(?) 5h-J\ -3n., 1 ?b-ol-11·-:.mc 

(3) ~b-~-3n,11b,17b-ol 

'l1b--JH du:civr::~~ivo::: in sevc:r.~"'l .S')lV·:...nt sy;;:;t._flE, c;rv::. 

vslues r0pori;,:d in (;c;.bJ.::: 3--3. ~he. nobilitic.·.·::; of 

c 14-19-6 2.nd NaBH11 racl.uc,d c '1L~-19-6 in !)oth Gy::c:.tePro 
T 

ir; c CdJ.c.;istcnc 1vi tb. those ol;t: '.in .. d :l.'ro:n )b··A-:.S.s., 'l7b-ol--

11-ons ~nd 5b-A-3a,11b,17b-ol rcspcctivoly. 

(/1·1·) (c-~~t·--1 ·l 7 ;::> ·:;c·') \ • - •• ::; ,_'f b 1.;,:.. ·--' c._ • • .__ • {- l • ehey ~ore co-ctromrbosrnphcd 
v:i·ch 5b-·A· -:5 1t, 11 b-~Jl-·17·-on;;; ~:_:~cot atE;, : m'~. 5b-il.-· )::1., '11 b, 

1 r-;b 1 d~,. .o.,. '· J-l ' 'jL~ ,·• , .. · (l').J.> 0 •",r\ ,- .. i '·j .. 
f -0 ~ -Li .• CC' V.:·. GO. Bo·t~b. \olll: C - : .. -·'0 c..l • ;_;c~) :··HCc t ... ,;,O 

'14 ''9 8 c··~ ~ o· r:-' - •,l •• " - .'. '"1~ .. r·b \ "! "'1' c --1 ··- J:i ·.o?) \~ere poSlt,lOn·;;o .. Ll ._. '·'~ ) -,''.-~>8. 7 i .0 1 

17b-o1-diac . .:;ts.IJ(j spot; -,;::..th 5b-A-3a, '11 b--ol-17-wn:.:-nc.~;tc. i~a 

h.!ving o. Hf of 0. 57. 
r) "1-' ~ h t;l 14 -1"' 6/ 1~' .. 11;. 1(' ''/ 
'.

1 .110. posl·clo::::t 01 .... o· .. 1 c - 1 ';-, c- )-v ::mo c - J-c, 

c-19-S acotatos, nf~or spraying with tho acGtic 

a.nhydrtd:;/sulphuric '"'-cic sp:cay (spray, 2.7.:).2.·1a),. 

was .:2oen es a pink are.s. 'tibJn vievic;d_ under U. V. ( ,:SG5 mu.) 

illumino.tion. 'I'hc '5b' -0.cotatos shou pink, r:nd '5E\'­
acetates shovJ Oj::-c·.ngc fluo:':'cscencc· l'J'ith this spray 
(own observations). 

3.1.2 Characterisation of c14-19-9 
This compound "HUS not SC:P·'lro.ble from c-1 S-8 ln 
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?4 
the Kg/ /gl;y·col/CH~,(a') p;;rtitioh syst~?El. Af tsr reduction 

,__ '--

"~c;ith Ne.BHLJ , t;bc dori Vr:·.l-;iv,:; of tLi:.·, storoid. vas T)O.rti::-llly 

t d ' "' '1l.J /1 9" ~- /1 ~ b t'FT . ' . '"7 I I , l '/1 5. ) I scpar~~ c xrom c ~ 1 -0- 1 ·1 - , .:. 1n ··~ne l,,g / r~J.yco ( , ;& 

Sv~-1--:.m (o~rr.·c;'-·>nl r) 7 2" ').~) 
u ~:.) U\:.:!1 ,--:;tj ·~ t_, l-' t.:. • • o LU_ • -~ mixtur2 of 5~-A-32,17b-ol-

11-onc and 5a-A-3a,11b,17b-ol wns prepnrcd from 
5a-A-3a-·cl-11, 17-one using <t 10 minut::; !\faBH4 reduction 

(sec, 3. ··1. ·1. 7). ·rhu nixturc vras co-chromDtographod 

~·lith c 14-19-9 and c/14--19-9-'1/lb-OH in t'LG snl"ir·::;nt; 

syst~ms civcn in toblo,3-4. The chromatogr~phic 

proportios of c-19-9 and its NaBH4 reduction pro~uc~, 

as repor~od in table,3-4, arc consistent with the 

compounds 5a-A-3at17b-ol-11-one, end 5a-A-3a,'J·1b,17b-ol 

rcspcctiv.e;ly. 

3 .1 • 3 QhaEac teris.:;:t;_:h_().!l .. of_£~ 4 
-'1 <t-'7 

·Chh> compound hss ;_::_ s:Lmilc:tr chromc:·.to2;r:::r·hic mobility 

to c-19-8 ill the I~.icslghur system (2ystem, 2.?.2.1et) 
but wa.r:; separable frori1 bo t;-:1 c-19-C:, c:.~.nd. c-"19··;· in clw 

silica gel system 2.7.2.2e, or 2.7.2.2f. 
Jotcrminatlon of the configur2tion of the c-5 

hydrogc:n ~~~-·.S dctcr~·,1in.:;d b:r chromic :::.nhyd.I'icle oxid<. tj on 

(sec,2.8.2.5) oi' c 
11

+--19·-7? <Xc"td. ch:rom:::..togrr\phy in 1:hc 

Al//CCllJ./EtAc (1 :1) ~~Yl:''tcn1 (s;ystom,2.'7.~-~.~·b; spr"ly 
11+ 2. 7. 3. 2. 2b). -~Chc oxidi:=;ed c -/19-7 Ho.s found to hav::.: 

an identical mobility tc thst; of 5a-A-3,11,17-ono 
(sec,3.1.1.4) in this system. 

L RNr values (l,Tlh~rc Rf\I:::log10 (1/Ef-1), seo chapter ~~) 

for the c0nversion of c-·19~-'? to NaBH4 reduced -c-19-7, 
obtained from chromatogrr.:phy in l:ih0 Kg//glycol/CH2cl2 
system, were compared with values for the reduction 

of c-19-6, c-19-8 and c~19-9 in tb.8 same chromatographic 

system. !J~hc Y.:'llua obtained for c-19-7 agr::cs sufficiently 

\<roll with other -11-onc; to -11b-ol conversions, to 

justify assigning a ketone group to carbon 11. (see, 

tablc,3-5). 



r:. compound 

l;,-:- c 14--t')"--3 

the SG/ /EtAc/cyclohcxt:·.nc; ( '1 :1), 5 h~·ur-.:-.) systm-:l ( sys tom, 
,, '7 " ') - ) c • • c::::.c_ct," 

rhe idontit·y of c~'19--7 is probably rcstrictccl 
~ ~ 

to one of tour pDsr;ibl'2 stcr(:oisomor::.:~, J.l<:U:l-~;ly; 

5.s.-A-3n, 17b-ol-1 'i -·one, >-'--A -;-b, /l7b-ol-~11 .. -on(:, _;D.·-A_-·)c? 

'l?a-ol-11-ono, >.c: --h-3b, 1 '? z~.--ol-11--c):::_;:;. Of the;:;,::; .)nl~-

the :former -t···!O r:H.':Y b.:; pr·.::;;")··.rod c.b;:nnicGll;y-: -· 

( 1) 5a-A-)a, 1 ?b-ol-11-<roe vras syn-:.;lL:c.i.sed -9.8 a 

Hix·0urc 'Jf tho 11-kct;on::· ~mel 11b-h;ydrox:yl com1xmnds 
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~)y bc_,rohydridc: ):'(;due tio:.J ';f the np:.T•)pri2.tC; '17-l:c-tos toroid. 

( ·- A . . 1 /1 -'1 -'1 7 ' /1 0 r -1 -,. -- ' '' -'-· .-) •"J0c ( 0 7, /1 .-1 '"" ) :;.a- -js..-o -,,,,·-one) .f,~,l~ r' ~a .. ~nuc.,:s c.·.l· c.t s, .. o,:;. r •• r 

(2) 52.·-A·-38; 17-b--ol-...-..11-:-v.no \ 1HS p:r·e~pr.r:::d fr·)m 

5a-l\.-3a, 11b-ol-'17-cne, by c.oTL3c~c.l.r~ivo c~:id<~tion ::-nd 

roduction. About 50 ug of the '1?-k~tostoro1d wns 

rf:sult;ing t:rionn '.-~s.s iEwla.t;cd from ~, b, ~lZ~..'l1G/:_1;__~x;:,_nc 

(1 :1) '--'xtr:::-·ct of t;h:.: r.c;:~ctio:l ··Lix·i_;urv by ch.r>;P')::_~tc-e;r.:;_phy 

i:r:t i_~h:: Al/ /CCl/t /2-t:Ac ( 1 : 1 ) ~JY!::' t; .:'': ( 27s L~,~·m, ;: • / • 2. Z!J :) o 

.,., ~ ..... d.. I-~ ~~ -·· . . e /. :-:~' :_",. ~ . f' "1 ..-, ~--- . -. --1- , .. , (.., .-, 1·· r_)o(J_r; C'1 ~j ... '""\ .._ 

.!.'-'-· L1Cvl0L. u.'- v~~:-; L•.LlOn~..: _,_or v ,.,J _ _,_fUv•._._, .·.·v c_, ,~ lJ __ _, __ _._l. 0 

l\TaBH1+' €/··v-2 F.• .~!ix!:::ur;__~ of ;;;:oC:.1..1.c :~s c•)n,sisting ma:i.nl7 

of jo.-L~3b, 17b--ol-'1 /l-one C~.nd )c.'.--A--3b, '1 _,.1 b, 17b-ol 

( Ga.yl ~rd., 1 S:)C) o 

•""' ... -'- • ·.-.r, 1--.-- -·-£· 'll.J /1'• 7 c,--- -, • tc• d .-'- •" d ' vlli'0'1l-3.G0t:,.L c~puy u c - I -;.- ...... uQ l h) re _uc Ltl.__-n. pro tUC ·c' 

·- R -- d D --~1 ,.., -- . ·----.·/-·.'' . -'-···bl· 3 ' l.Q .E -.l.Q .!.1.E/0HE V<l t .. vS r·epO.L -·-~'-"- lll G'---'_ \_; 1 --o 0 

(R- . f . ",. d 'T Tl·'' f·· '\7'/1_>.1:' r .~ ., --~-~ ~o· J ·E o rc comp .... un. A = £u_ o --'"- ... c1. or ccr-• ... J..;:o nc,. From 
f ' ' bl ... r.: ' l ' . "' 1 r 7 • rc ere; nee: CO ·ca . · 7 )-v ·r; J.:: S r;ruc ·c;urc JI C- '-j- lS 

sugguste<l as )a-A-·3b-'17a--ol·-11-one; the other 

5a-A-11-ono alternatives boing eliminated 

of dissimilar chrbmatogr~phic mobilities. 

<)~1 :;rounds 

3.2 T~9 __ -3,11,17-ol group 

As a preliminary nnalysis, steroids c14-19-1 

through c 14-19-5 wore chromntographed separs.tely j_n 

the system SG//EtAc/cyclohexane (1:1) against reference 
standards E,F nnd crHE (spray,2.7.3.2.2a). 'J:he 



:;h:._'>.t tho.:;~; fnur sh~roids, by t;Y\oir c::·To :;;::,togrc:.phic 

.. ::'opcrtL;s ·:;,cL :=:..bsc:nco ,jf r~duc::o_bl-~ ,;r·cmp::;, 1 T8rc 

19-c~rbon, trinl isom~rs. 

:: • 2 • 1 C ~~.: ! .1~9~:; E!'2§.~:.'~.iQ£._2f._ .S:.-
1 ~::-~?:::~~- ::._c~:;;_ .. c:.:~-~::~_--:5.:.2. 

Ph:_; :cc-r·)-'>E cont&ii"lL1g libcll,3d 2-n::oroi.:'LE c"ll~---"''. :)-2 
""''• /JI+ /10 7 · ···G 1 •ct+· .::1 • ,. ~ ·,·rrjj~-l-7 ~-1 (''" )/ ,,r_,_\..c C "'I .J"~? •ll •.... d OCc-uCU ... 1 •. -l c. :.''::J 0 ,;~u_,_ 1,)- CH2Cl2 

pl".t:::-' 

to, o:r· tro:--.nr:lL~rre:d dir'--c~l"T or• to~ o. silicc. ;:;rJl pL'-1~...:: 

and run in sh;_. ~,:tAc/cyclchcxa.ns ( 1 : 1) cys !;ct~J (system, 

2.7.2.2d) for 4 hlmr;:; agsj_ni::t unl-:::.bcllcd :5b-·A-3n,11b, 

1?b-ol e:"Cr..d )r~·-A-3c.,/11b~·17b-olo :rhcs.; '.J~·;o c··,mpound.:::: 
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VIOL~ plcpc:~red by ·:-:c.:tBHlJ-- rccLuc:tion of 5b-A·-)i;, 11 b~ol-'1 ?~-onu, 

ancl 5a--.i~--:')a) 11b-ol-'1'?-onc: r~:::;pc;c·t;ivcly :f:;r on::; hour .~t 

T") ~'1m t- :·::tp _ ~caturc ( ::ot: ::; , 3 . "l • 'I • '!) • I:'hc ~·osition of ur;lz_;_bc l2_,;d 

mnrkcrs was dc~cctcd visu~lly 2ft0r plJtc a~volop~cnt 
':ti th Bpr::-.y 2. '?. 3.?. 'In ( sc;c: t:;..blc, 3-?). 

r~· :- ~ . d- '! L!- .., ,-, 2 . ,.. -- -,, " ,.. ··-, ,_ .. y'- n -- .-. y 1 - , - Y1 ,_ ~ 
>-.. H.-_:rOl L C -t·:.--- ~;cU:-" _,,_L~O ~Lrv:t1r.v~·f-si'._.,_;_;_},,Q _Ll G· ·.; 

l\ v·;·;-, ., VC (',1 ( /1 0'/, )jr:o.:-rr:1 ~-~-)T)'C~ tc fCl ( . .L'""u·l-r·u\ ana' 1 T ·:~: .r'J i·l.'n 1 (_'j.-)"< ' -··o i....:··-<../ '-.J 1 ,.... ......... -'J 3 ·--, .._. _....._._:1 , v __ ... --~·'" v .___,._..\,_..;.. ... )_ ... \:.., / ......... .__ 1 

samo co~ditions ?s systGm 2o7.2.1a) ~gainst 7b-A-3a,11b, 

17b-ol, 52.-A-3n, 1 '\ b, 17b-ol, '~(lifO.'?) 1 P, 'J:HE o..;HJ.. I'HF 

(see te .. bL::, 3-8). Rcf;~'rc,..,cc tt_--, t:=tbl·.:-? >-7 ::-md 3--e, it 

was concluded that c-1)-2 nad c-1~-3 differ lrom both 

5b-A-3c: .. , 11b, 1 ?b-ol o.llcl 5a-A-:;a, 11b, 17b--ol. 

A- f r-- • d I ' f ']ll- 1 -. 2 ~ 14 - C.> ~ • '--} ·uor oxl <l·.-;lon o c - ':~- ana c ---1 7-~J i·;l ,.J 1 

chromic o..n.hydrido in ryric1ino (sc . ..:,2 •. 3.2.5), the trioncs 

fcJ:m.ud vJGro chromotographcd in thu sy;:-;tcm Al/ /CClL/EtAc 

(1 :1) o.gainst unlabollc6. mxthcntic 5a-A-3n,11b-ol-17-one, 

5b-A-3a,11b-ol-17-one, and also the cnmplet0 oxidation 

produc-ts o.f thcso tHo c0mpou.nds, 5a-A-3,11,17-onc 

and 5b-A-3,11,17-one rc.,spectivoly (spro.y,2.?.3.2.2b). 

From results set out in toble,3-9, it cnn be seen 

o14-19-:-2 has a 5b-Atidrosta.ne nuclvus, and c14-19-3 a 
5a-AndrostRno nucleus. 

The four steroids o14-19-2, c14-19-3, o14-17-7-11b-OH 

and c14-19-3-11b-OH (the lattor tv.ro compounds -.,,Tr;re 
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'"'' . , __ -, ,-,.~· '''d~ f~ ·1L~ ,,,, 7 "' d 11t ( .oynGJk.::>lS.: ,_ _,_·om c - 1 J- c..,a c · -'19-8 by NaBH4- see 1 

2. 8. 2.1) rcd.uc tion), 1:JC:c,_: c~Jrom:=ltO[:"raphc;d sepurP.tely 

in the s;y::: t;.;m :SG-GF2)L!-/ /EtAc/cyclohuxcms ( 1:1 1 5 hours; 

n 7ld ,-~ 0 J. ;z. ~ /1 /1 b /1 r]b n 1 "- ·1 ..:J 5· b 11 ;z. -~ 1 /1 -b /1 7b ') l '·-'·- /<A.-:.L.-_Jt.~, ' ' f ( -_., ,.,::.•.L.U .... ...:i._ja, I , i . _,."- .-

( T"~ :::·,-,?, -.,'{' ,,,,,,~ r.-•. ,-lLr.·!-:;:.c·i~nrl b-: Vl. (;l•:'l. ng 1111'1 . i' ;:>•.:;4. P1U 
--.. ~ ....... ~....... -- ' ' .J -- ._ '- '-' v- ..., ...... ........ tl . ' ,,.,._, u ..... ~- ·-- _,... -· • 

.) hour-s; sys·:.-;,:nn 2.~-.2 •. 2d), ·,Jith the 1-:~.borat•)ry synthesised 

corr(:<>undc:: )b-li.·-3a 1 "!1b;'17b-ol, ~~nd 5a-·A-3a,11b,-17b-ol 

r~dloactivc compounds and 
sa~e ~sin ~cction 3.2.1. fhc resul~s r0port~d in 
. bl " /1 /1 t . d ' . f ' ' . f' 14· /1 C I . h ~c.: e, :;- 1 1, sugg0:s Eo-: J_ (.rl'G~L ·lc:->:ClDn o .. c - 1 )-·'-1- vvlc 

-1 lj_ 

5,J.--A-·)r,,-11b,17b-ol, ::_,_Eel. c · ·--19--1 v1ich 5b·-A-·)'1,11b,17b--ol. 

C' '-- • · • -f 14 -" r. , .. 
n~rac~erlsatl00 u. c -~~-~ ___ ........_ _____________ ... _ .......... --·-...:.... 

A radio~ctive compound chrom~togrRphinz midway 
bet\-10en c-·1' i-4- c:m.d c-'1'~:-':.) in the ~:-g/ /glyc Jl/CH

2
cl

2 
1:rns unchz:c1ged upon ::;reatmont '.-Jith ii.nBH4 • J~hc high Rf 

valut:; of this trio1 '>Jould indicate a :)a=a·-3a, 11b, 1 '?n-ol 

configuration, this bC:;ing the only triol l;:;ss polar 

than c-19-4. , 'l'lle sr;mll amount present did r;ot alloF . -·· 

confirmation
1
of this structure. 

Further evidence for these structures was obtained 

by compRrison of ARrtt values of pairs of compounds 

differing only-in the configuration of the hydroxyl 

groups on carbon -17, in the system i:,g/ /glycol(15%)/CH2Cl2 • 
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'I'hese are reported i:o. ts.bl-2,3-'12. 

) • 3 '_;:'h~.-~} j --.r_~g~t;.:'J.£~~-2.£'2J:.:!.~~::.'l~£ 
L'lv:: c 1 '+_'17-KS frnc·tion vrc:ts ch:romHtogrc:._ph~d in the: 

system :i:\ g/ I e;lyc ol ( 30% )fbcnzcnc/I'Ic. c;ycloh<Jx ( '1 : 1 , 2. 7. 2 .1 b). 

'J:lhG fi.vc di:Jtinct p:;;:~_ks on tl1c treece c:dt,_::r sc::~ening 

th. r~ cl.ioc~;.romotogrem 'rc:c:.:: .•wnb.·:red in scgu-::.ntie:.l order 

-v.ftr:c.r eve::. pore- tion of L;lw glycol, ~Iith 2 Ziium-.:r~u:m 

r,:rr·:;y (s:rro.y~~~.r;.).2.2b) ~o :.c;ho• the 1wrdtion of four 

5<-'-·-!1.-3<':', 1 /l b-ol--·1 '/-onE: ( '1 ,1-0H-A), _)b-A-~ 3:--, 11 b-ol--·17-one 

( 11-0n-:'-n, ja-1\.-?'.:>-·ol-11, "I '(-one ( 1 ·1-\--A), .end 5b-A-3a-ol-11, 

1 ?-one. The lntt(;.,r uc.1s l'rt~ p:--..rcd from I'HE in b.igh yield 

:·J'i th ,'TnBiO~ o~·.-ide.ti-:m < J.:'r:~llo•.rod by isol,J. tL,n of ·th'i'} 
~ ' -

l(S ,l,::~ine:; prepar;:·tiv:~ ':C.:C.C. on 111cth~mol ''l'.:'Shc.;cl silicc~ 

--···1 ,,h., c'lV'"yl··-- U''"a' '·'!'!"" ,-,Qr'l /T.'-1-'Yl:r/q v" (-"7'' .')·:. .') 6"--: o __ .. _\.; ~o..:.>\J '~.J.. L• "-'!v .. \r':IC~r . .:: \j.J....l.\.!_,_"7, _,_rv\) .J. ··--~) \ I l....j- .. c.__·:..:; • C... 'J 
:_) L 

~. '7 • .'2. 2c ) Q 

IJer::.lc-1 ~-}r:~:J ~f·Jt-lJ_ld ·tt.) c.-J.'.1:=-;i -)e; c;i l_;\r~:.. 

nnd c~L~_,..l;-'11, l.rhilc, p;::;:.ks--~-::: to 1!- '::oro 

-1 LL 
~..=;~c:coids c' ·---19-10 

. . 1!.;. ~ 
g1vcn c -1S-1c:, 

proocrtiJs to th2t sf n ~~2co impurity fnund in the 
, , 1 l 1lJ. I . l or1g1na_ +-c -c~rc1sa 

3. 3 .1 QQ:r-,g_~ic __ rml~yclricL; ')X iclc:· t; ior~ 

Oxidrttio:n. ')f each I?6.ios.ctive po::,_~·: 1.d t;h ch:c:>mic 

~nhydriQe (seo,2.3.2.j) an~ subsGquoilt chromatography 

of the resultant trianos (2eo,~.1.1.4) with 5a-A-3,11,17-
0:..le ~.nd 5b-A-3,11 ,17--o:<.1c (propn.rod :from 1)a-A-3a-ol-11, 

17-on-e a.n.d 5b-A-3n-ol-11,1 ?-ono ro:3pectively, ,,_sing tho 

SEcmo roagGnt) on 2luxd.nR 1 in tho s<)l vent system 

EtAc/cyclohexnn8 (1:'1,2.7.2.2d)~ resulted in 8.Ssigning 

tho nuclear configurations listed in tr.ble, 3-1L~. The 

5a-A- trione in peaks 1 nnd 3 was present as a minor 

component \'Ihilc the 5b-A- configuration assigned to 

pe2Jt 2 (c 14-19-12) was only tentativ.;; as tho trione 

appeared to chromatograph at a somewhat slower rate than 
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·i:Jho 5b-A-trione. 

--,. 3 r\ ) • • c. Borohvdricle ReSi.uction 
. .. ·----"":.:!.:.!-.---·····-·-· ·-~---~-~--

Radioactive peaks 1 to 4 ware separately r2ducGd 

\'.iiCh NaBHL~ uvcr~li;::~ht c~)i;-')0,2.t:>.2.1) Etnd tho reo.ction 

prcd.uct2 run on SG-GFC:5L!. in th0 sclv,;nt s:;"stcm EcAc/ 

prcnx:-,rod 5:.:.-!L-3C:'--, 1 '1 b, 17b-·ol <?.:Lld jb-A--3n 1 11 b-----1 '?b-ol 

(J::-r.:;pc,rcd by ~·J:-1m-IL~ ruduction of 11-0H·-A :::m0. /l '1-0H-)~, 

r•:..spr~ctiv,::ly; 2.(,.2.1). ·:e.h . .:; reduced r<:"'.(:.i:.:.·c··,r:_1J::OU~J.d 

1ms :oositio:t.~·:.'d :J.ftcr dcvcl0p···1errt of -(~he : 1: .tc; by 
scn.r:ci•1g; a.nd tcntrcti•.rc or firn id.cntific<:.tion of co.cb 

proG.uc t 1_r~:;_s m •. ;lc 0.ftcr vL:ving t.mdcr TJ. V. ( 25Li iiF. ) 

illumin:-J.~~ion, c.·:nd spr:::t;ying ;;:\.th Lc 20/H2 '::.:oL~ (sprD.y, 

2.7.3.2.1o) t() l~.JCc'.tc the t.J.J~l~:·._bcllcd rcf'_,r.:::ncc compounds 

(-to.blo ~ 3-16). 

-~r, l'tro 2 1• dl."1l"·'·ronh·"-·v]'nvd-r~Q-··l·· (·~~-- -- :- .- ,-,\ UJ ,--, '-r··• . : . . v .. ,_-'-'· C"-u ... d C.,-J /l '' ,;,\_,;\.;,.::.. oGo •. o .. ) c 

':';ubse:q_LH.:nt chrcn<:-c togr::cphy of a chlc•:c·:>:fc·nn -::;x t:;r-;.'~c t · f 

l~ 1".r" r~e ,--~_-.c -,·_-J· ,_· r-·._·,1 _r•1l. Y_ -l-u. r•. .-,-.-. "', ur~l· ,, ,. l' ., '- -~. r; o·c·c• -f--, T(l +· olu. '1C·/ -.l.J~ ., ·'-'-- .. U ~ c._.l C. .. [. •H .•.•. !J. U.c~.\:_; '-'} •-"-'t;_.;,. Li vJ. 

!4'" '\ -, ( ·"' • '1 ~ 7 ;) 2 " \ ~-J -v~ .. (.; :) • 1 -- • • - • ( . ) 1 

showed several products. 

of testostern>·,,::; de:r·j_vr'tivc, ~.'hcr:e R,r~ t uf ter;tost;c,rono 
\:JS • 

=1. 0 >. V:)luc.s ·Jf the: n~.jor products fGrh::d c:-,re rc~o0rtod 

in table, :3-17 v.·itb. tr,.c ::·,;1::'-ltive; aEtCnJ.ntr:; expressed ,:.s 

an approximate }:.'\.;rc"'nt.r:tgc: of the total rndion.c tivi ty 

on the nlate. '.I'hc unL·3bolled 2,L!--dN.IJ.H. derivativGs 

of testosterone~ DHEA, 11-0H-E and 11-K-E, •..rere co­

chromatogrr.cphed vri th the radioactive m2.terial, were 

present in sufficient concentration to be easily 

detectable in doylight as yellow or orange bands. 

3 4 r -· t' ' t · f ,_, - 14 1 C' · t b l" t • ~ua.11 l "GB. J.on o_ i.J.tlG c - )-m~ a o l cs 

?9 
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s :.;<,rc)ld~::, VIC\f:> 2.c:cur.1tc. ly l::lFY\vn b.:.: fo·~ ~~ c ount:'.'."lg, by 

,~i' ~:.or Ec,<.:CE!ing '.'ith th.u rc~di~J.tion. 6c;t.c;ctor (fo:c lc:.r[:z:-0 

or by nutor::•.d i')gr :i.phy. 

0r0 ':·_nQ',.Jl1. 'i C(J thi;:-_~ in ::••iD.d, ·(:he 8.J1101n• '_: of (.:8Cl'J 

c 14 -'19 i''C: i:<'l bolit<.:, oxpr;:• ·:;ucd .:-·,s :::_ pcrc~J,·J:.;ngc ,;i: t~~,, 



succ,;.._din_;" ·),l.l::· :i.:1 T-.:,:,ovi•:1g ::;tcr:>:l.d cc,njt,:',.".tc'"'. C::Jly 

0. Y~ of th,_; r'cLi_0''C ti vi ty e::.l utcd with ;~5;:, m--: tlloncl 

84 

ii1 chlorof;n·;n I'H'H1in.(;d on the, (~ri:z,in l·!hc.-1 chrr;~·;:ct('~.r:lph8d 

in tho c-,bovc s:~"s; ~!':. 

L1itiFJ.1:r ,'::CG L; ;tG.l compL:.,1cnt Jf c--?1 's 1ri8.S 

C._]..,-,-,c,rc:c\'G.)r;!:rc.:._·:._.'h_;cl :.:n. ·· · //a-lvcr•l(10L- 'j'/0-i.T Cl .. ,l.l1r~l · ~1.- __, ._, - _: D J · ... J .'•'· ....,;.c.J.") ·-j' •'"-• 6-':..... 
c.. '--

(ic;~r:;lOp'~:_.~;nt, ''-''cl ·; h:; T._:gi m uf m;;ro _nulc.r c..·~m:::Jou:cJclC' 

fer r~-chr~g~togr~phy in the same syston f)r 3 h0urs. 

·rhcsc loss pol=~r com')ounds n;nnL1i:;::cg '::.Ji!. tho :lJ .. :'.tc: 

(Rf grc;.:..tcr tl1_;:~:.::. c-21-A-'11) vvo::·o di~.:::ig_n-'lt:;e;cl members 

of scries-B (see t;~lo,)-18). 

).5 Characterisation of the B-s~rics 

Conparison of po2itions of unl8bcllod c~rticostoroids, 

cllrvnc. togr.'lphod vrith the lc:.bellcd m~;taboli tc s, nllc:\rcd 

diruct idantific~tion of E (c-21-B-11), F (c-21-B-5), 

THE (c-21-B-4), rmd ~,11o THF (c-21-B-1). Oxidation 

of c-21-B-l!- u.nd c-21-B-1 with chromic anhydride, 

confirmed the 5b-P- structure of c-21-B-4 und the 
58.-P- structure of c-21-B-1. 

Both c-21-B-2 and -B-3, as well as -B-4 and -B-5 
\vore s·:.rongly positive to a blue tetrazolium spray 

·(spray 2.7.2.2a, room tempt;rature). Both c-21-:'B-5 
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a.;;d -B-11 \'lorn --:risible .?..s C>IE'.ng·.: b<U:J<'!s ·,n n yc·llc-:;r 

bncl::.:~:round .tttc;l~ ;::;:prr.;ring Fitb. ~:,L~--dr:.I·.H. sc,luti_o~,) 

( ,., 1)'"' '' 'T ') r(· 7 ') ') ) ~ . •d .• " .L. -' "' ". , - ·•, • • - t , l 7 j·. - -1- . ' •'-'t-·.L•-'-J ,L. ojoC-ot::.C ~ l.J.t lCi1 1d.LJ.;s .? (,· DJUg-t •.. c. ·-_)···.·L.'vOD·.:.. 

( --LJ --:, ,, 2 ··~;-on.::) (;_;t ,~r:J.;.: s _g t e .. l ~ 196 3) • D yl_;h -:P--·12 n.~r::C'c 

In sur,1.,,~ry, o;J.ly L •. of tbr..; c-2·1-B scTics c·;n f.;c 

fir;d 7 idcn~if:i.:;i..~L -· ~;l•.8E;c boing c-2'1-P·----1'1, -B-5,-B·-·:', 

'1nct ·-B-'1 • 0f th; '>1;-,j_cr s :_;c;rc=l.d;:· il1 thi;:.; ··~eric n :;l•.,; 

5b-P-17a,?1-ol-~,1'1,20-aae 

Ic is of nc>cc tb.e.t t'!e ,t.,.P..,. v.:lue:;:~ r,r 
ly_,t'\·J·.:::Gn -·B-2 ,·_.:cd --B·-o; -L-3 !.:ld • B-7 1 ;:-:,_rc 0. ~)5 :Jnd 

0.5?5 r:spoctivoly. 

~ha 11-kctonc reduction i~ 

l~ .--lttl~ 

T\'. c. r il C; C: 

+ O.j3. 

'.r~ .. ~ll1C Df Jif{t.. ..f.:;x~ 
Ltr 

~If' t .. }~J i ;::, c :} .. D. !Jr.:~ 

o:f i.L!. ttJ.c st;croicl 

carbon ~~ ~;r 6), T,,rhj_ch •vuld. pr~_,'Jidc t.[w :c1cccs;:'c::·.:.--·,c 

incronsc in !~,,)lo.ri ty ~ '"UGt not b,~ ov ;~rl,:JC·1_;:.:d 1 ;: f.i}:),;C i ".1l;y" 

to the c.l~lO"li.nc of s·0vr'oid pr0scnc. 'l1hib would il:'J.dicnto 

the c.-ketol croup is still J_:;_yt;.::Lct. 

A further possibility f~r tho structure of -B-2 
and -B-3 is the a- anu b-allocortolonoE, which would 

bu expected in this region. 
\r•Ji thout further i:nV08tigation it HlJ.S i::; be only 

con.jccturo that -B-8/9 a.nd -B-10 arc 5b-P-'11b,17a,2'1-

ol-3,20-one and the 5n-P- isomer respectively. 'i~his 

agrec?S with the proposition that c-21-B-12 is 

5b-·P-17a,21-ol .... 3, 11 ,20-one, being the only cortisol 

82 
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mctn.bolit0 of import~.nce that is less pol3r th;:m cortison~:. 

'fhc~ AR:vlr (-B-8/9 4· -B--12) is -0.58, ~\lso in :CjOOd 
agroem2nt with tho for tho 11b-OH to 11-onc 

3.6 Char2ctcrisati1n of the A-soriGs 

Jir> c~1D.blo rosolution of the lr.::sr:; activ2 br:.nc1P: 

ircsant, it was found n(cess~ry to ~utorndiosrnph 

c~ch 9latc before spraying tho edges only with [ 

corrosive spr~~y to Joc~to tJ-v:. unlab.~;llecl :r-._:fcr,;.nco 

c.;.;mpuundr-;. 'J~hc rofc.Tcnc(! col"lp.;t..md<c) w . .::;ro eu.thcDtic 

b-·c ':·:r t.:ol, a--c .n'L; ()l ~ b-·c ~T·c ·le>)10 1 a--c .:rt .. Lmc <md. ·l'HF. 

J:lhc a- E1.11d b-c.:or::;ol0?10::' 1:J~·· C CD.Sily S8JY::~re.b1(: i:'J. l;l1.iG 

syst(;m~ and Vlere fou.nd :::;o c -c~:;,;;3pc;nd Hitb the rr-.di 1)2.cti~~-,, 

ba;J.d.s -A--3 .:md -A-'-;'; rcsroc[~ivcl]·. ·rh;:; '1'1 1'.1-0H :::"turcid~: 

11-· .J.nd b-cori~.J1 ~J.l.'C ;;c·~ly p:ortir~J.ly :"'UJY.:r-c:blcc :LD. L.:}li3 

f.:lJSt:.;rn :_'~1d migr::ctcd ivitlJ });_~1d. c~~''1·- -2. :S.:·n;d c-21-J~-10 

l'·.cctyl.r ·t.;i ~;n o/ t?1~.; Ccrtol Grour) 
·---·· .~;!....--._.,__. .. ~ ....... - ... ------·-- --·----·,--· 

nnd. o..--c nr·:~ :.)l pro due v c: r 'l~h(.r difL .. :rc.::Jt ].c.t<:.cr21s c' . .f l;.::r 

chromc.to;z:raphv ll1 thD ::oyst..:;m SG/ /CHCl.,./1~tOH/H.,O 
~ . u ? L 

( 17L!-: 26:2; sprny 2. 7. 3 .. 2. ··J col). 'J'his d.if'i\:~rcnc,: 3hou1c1. 

&llow the r~tio of o-carbol to b-c0rtol to ~c NG~surcd 

aft0r acetylation. (sea tablo,}-19) 

However, when a~plied to th~ ~ndionctive cortol 

group (A-2), inconclusive rcs1'.lts 1•Tcro obtainod, probG.bl;y 

duo to othGr isomers baing present in the region. 

3.6.2 Qhromic ~l.!Y.dr~do Oxid.atio~ 

After oxidation and subsuqu.::.;nl; chronw:t;ogro..phy 

of the c14-19-trionos in th.:; system Al//CCl4 /EtAc 

(1:1; system,2.7.2.2b; spray,2.7.3.2.2b). Some b~~ds 
were found to be mixtures of 5a-P- and 5b-P- steroids. 

All the steroids \vere 5b-P-, GXcopt for .... A-11 and 
-A-3; -A-11 shm1ed a 5a-P- nucleus ~~hile the -A-3 



band ccnsisted of' GO;;; 5o.-J?- z:.:G.d L~O% 1)b-P--. The c-2'1-A-'1 

oxidotion product chromatogrRphcd as neither 5a-
or 5b-trione, with an Rf of 0.3. rhis would suggest £n 
add.i tj_onal oxygen function pro sent; in che nuclcms, 

effecting the increase in pol~rites. 

:)· • ~: •• 77 • 1 'I:h" c 2" /1 r:rr o·up .., n ., ' '
11C" J ') - ......., . t,; ·"- I &;-< ..: ... u ,_' "'J} I ~ L~ 

-. 1 1- '1 4 'J/1 1 . ' .. - . " A c owp o·vc~ c -c:_ ' 8. lquo c v.r>~_;:o oxlCi.L:>cu 

sope,ra ti,m (;l:te; 17-L<..; :.:;asteroid 1."12-S c:•·!rcLw .. to~·~rr::_phod i21 

tho kieE~lgb.ur ''nrti t:ion syste!T· f.,r 1 '?-kot;c,s ccroj_d 

areas corrcSl)Ol1din·:_; tc 5b-il-·)a, 11b-ol-17-ono; 58-J,.-:)EC, 
11b-ol-17-onc? c-19·-12, ,;)_nd )b(.7~5a)-A._-;~)2-~::l--11 ,'17-on,:;, 

i~hu ·_5b--1/1b--()l-1'7l\8 o.;~ld t.b;-_, origin \li:'..S not clcc:2ly 

C.ofin.::.;d .:·.:tlc..~ vrc..s L1cludc;d 11ith thG :JT2D. iY.:'G1!>211 ~;he 

.L1hc quc,lity of c;,::-.cb ;;r:-:;up; c:z'(Jre:nfc:r::;d c.s ,:::_ p..::rcu:._-:-c.''·U­

•Jf the l't"_(:j_(•:L:;o i_;opc; ''-P})lic(j_ ';CJ tli.C ,-,1.: l;u 1 is f").Vc:D in 

t;.::;_b lc ? 3--20. 

"1-11 ···-ll r"Y Tl. i1>J' -::.. .. ,·.~--·- ~-- \~ - a 

'.rhc· :L'in:~ m:_j(~r bo.n<i,::; L1, r\2, Xj, .AC .ud 11:10, :Jc:c·..._· 

~mbj_:c.t~.d ~o 1·.:ilc'}. '-~:;dJL::::;_!.:;i_n, invc•lvil1t; the clc:':l.-c.;.c~c 

of t:ho c-20, 21 siclc ch:·.in 1.r1ith sodiUI!i bi~nuth.::t·l~(). ln 

each cnse c. mixture or -1 '7-kc:'Cost.:.::roidr3 v:urc pro(3uc:d, 

but o::.Jly the ~;ignific:::-.nt conp,-:.u:::1ds :-r.:. reported" 

'' ' ' "' t;' h · d ' ' h r- // 1 1 0op2r&~lon ox .aoso wcs ac 1cvo 1n ~ 8 Ag g yeo 

(30~~ ),Lbonzcnc/m;-,thylcyclohoxanc. 

'l'hc major side ch~1in clue:'ilngc procLucts of A10 and 

A8 Here 11-0H-KS and 1/1-ketone-KS rcsp(;ctively. Bo.nd 

A
3 

\..ras found to give 259:J 11-0H-KS, ILO'/J 11-ketone-KS, 

nnd 30% was present in two peaks wi·ch chromo:togr2.phic 

properties similar to those of c-19-12. 
·rho cortol region (A-2) yielded 5CX>6 11-0H-KS and 

8LJ. 
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reh(: R.f VCclUGS Of t!'J•;.) four C..-L:t]~_Qntic k-.::(;.Jf:~-:;(,J:'Oids, 

c-'1 S-12 ~mel the A-1 oxid::.tio::~ p:co-2 uct; 1 _-_:JX' :3c;c i1.1 t; in 

tc,bl,:- -1 3-21, ::;~t;ctb.:.;r 1:Tt::;h ·::::rc0 R,,, c:'.lld .b.Ic,\·T v::-.luc s. 
j . .t !.1 

~he: goo(\. Ecr::;l'O onL nt b;,_; cv..r2 ,_·n .£.1.B., vrll uc ~=' \tJi-:>v lei_ i;:dic ~1 tc 
~ ~ 

the kctofster,)id cyi.' A-'1 is tb( 1·1b-OH c:.cTiv .. rcivc (/f 

(so~ ~actio~ 3.3) 
·rh._:; ::·-~:;p:_trcnt 5::rcs,_,_;c::, 0f '1'1-·kcton.~: CC1llpoun_(J::i in tllc 

r.:;gion Of 'C)2-:; ~cTtC)lS ':h•.Yt'ld 1J,,_;. Cl"L:O'>t;inn::;u, •::'b_i;~ ;"'._C·.y 

b0 rtn r'.rtif~c :.:; (\.t~.; t,o ~:1-t!~;:isp/lc:r~ic ~·:'(i(t~t.ti'JJ1 (B1.1sl1 ::-.~-~1::L 

obscrvud in ~hi~ l0borctory. 

•1/1 n ~- -r _, '- -~ , - . . n . .., -" . I -,- . .., ..-J 
3.u_.Ylv---L L- .. ·.0l~-~~- •--·~. c. -·-=-- 1 

EK-tJ;_;,_boli t-: prcscmt in , '1.0 :lr"'.:; .s >Jr·:)id oxcr::.c c 1 th, 

tn -:---:-.1 c 14 2·'1 .rr,"'c'-l- ,,--. ,, .... ~, "'l1'c----~~.l· ;' (0 1)"- · ' 1 t.,~vc:~~ - 1 -~. (,.!, u ulJ :.;c;::; ·.:>~·-·\ ... t.~.'-· .l.l._,_t '-./ CL'r01TI<J:Co~;I';_-~_p1.?. 

inr~o -e;·,;o fr:-..cci :--..s (c~_;rL.:=o .:,, :'e;3ic::,r;). Fu:c!;J'lc:r 
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su.bcUvisi-;~1 'J-78 :!..n ~-,cc,.,r(l_.'JlC~- 1.-1i Gh fig. 3. j-~ rLi.E1iLlr 

proccduro ·";e.s f~_J.]__,,_,__;cl :__;.) t:l·_i:. ::;";, '~h'-' c~19 dcturElin::--.tion 

loco.tion ·Ji' tllc bc~nCl.s ,c; ftc:r chrom::. tor:,r.·:phy. J:L f.:nlts 

c;xproPsc.:d as n porct:n0:'.f_';i0 o·c the :~otr_,_l frco storr;id 

3.8 l~E:_ Inv0s~;tg_atJ.:£. i:nt9 ... :l?!?-th.:: .. :g;;z,~~- of Cortisol 
l"1etabolito Excretion in tho Shcc,.E 

R:J.dioactive cortisol mctv.bolitcs \<Vere colloctod 

from the urine nnd bil0 in the case of surgically 
modified sl;leep, or from the urine only in the ca.sc of 
normal \'/hole sheop. 

In Gxpcrim~nt -1 a normal sheep was injected 
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intr'cVc:mously (I. V. ) 1•rith 4-~-c 14 -c:)rtisol <'.l"d ra.diosc tive 
Hl-::;t;,-~b:.,litu-: cuJ.lLctcd i~·; t:1-.:.: urr:k c-~·l:y·. In exp.::::cim.-Jnts 

3 " 1 • u. 

in the Whole Shocu 

8. strean cf d:cy ') :::.110. l"CJ.iss:;b.:c:d in 1 .'l. of 1v8.n:1 
[_ 

e;tho.ncl. ''Chis 1•.'2.S dilutJl to ··10 ml. \iith si:;.;r1lc s::'.lLJO 

and approprL_· t:.; ::-.1 ic~uot ::;; rcrr,;".lvoc:~ :f )I' ~~cc, urc:.t c !:JG .~<fnJrCii!,)ll [: 

-Jf the r2.dioisott)p•.; :o~~Ol:l·~ nl--;. rh.:: r:o.diciS•:)tC>OG in s~-·.li:no 

(-'tO ul. ); ·r·c; in,j~c,;od j_ . .,_:;o ·::he· ,lU{3'ulr·r v~in of ~;he; 

3.8~1.2 Data collGction 

c_-._:,_lcl tho C'!ll.;cti-YL1 bc!ttl~ '---'G.S chc:~:1scc~ .:.ftcr :;uch ~24-

hours. The rr:uiioisotcpc c:Ycrctod in •:~G.cb_ 2L~- h;urs 

vms dcteruin~_,cl by cou:-1ting of n:::proprj_Cli:;-:: nrin--:-.J:y 

aliquots in Brays scintilla~ion fluid. ~he degro8 ~f 

scintillntion q~onching by tho urine compon0nts was 

assossod after the e.ddition of 2. moe.surod quanti(jy of 
1l!-4-c -F to the counting vial. Result8 arc presented 

in table,3-22. Only tho first 24 hour collection vras 
retained for mctaboli to arw.lysis, tho results of 'ltlhich 
appear in section 3.1 to 3.7. 



3. C\. 2 ~~pt. -2_ E~Ie; ti~m of __ 4·~-= -iCe:tosto.F;'~_cl __ il~--t1l;~ 
Bile a~d Urine cf tho ShccD 
~- ··------~~.~ ~-~-.. .. ----...... --~ ............................ ~__.. ... _......_...._ 

diffcronco exists botwcen the pathway of excretion of 

ketosteroid (and possibly c-19 mutabalitos in ~0~cral) 

ill l~he S}i.~OfJ. 

1\.bout 3 uCi of .'f.-C 
14-F VJ<J.S i·cJ.UC0cl ,.,j_th l'TCc3:;J.

4 
fer 

12 hours :~ t r :>CGl -:~ Clii)"JC:rc~. cur 0, _.,,j_1d the;l· the uiclc c}:1.C' in 

by ]X'.ssing tho mi:-;:t~rc t;}:r :mgh :". l'lcciL'dl colu,:n., and. 
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rcc::>ining UK: c-1Sl :fr:ccL!:;,. ;1hc ;yi::ld ,Jf c-19 e:c>i11p0w1ds 

V>/.:18 7596. 
:rhrc-.:: ·oroduc t 3 -A-L! -cl-h·-:5 b, 11 b-e 1-'17·-JlW (.'.!0/, 

Hf 0. s;·1), 

'.-.:c:.s C<;lL:ctcd for 24 hr;urr~. L.f ;~\:;r l~he r~~_dionctivi t:;y 

being c:xcrc:tod. in t;hc urilE l12..Ci. d.:coppccl t,:; ,~ nc;gligiblc.: 

af!lCmnt ( 3 days), 1 uCi of c;hc KS 1·ms infused int'") the 

duodenum, nnd the urine cblloctcd for 24 hours. 
Rec :)vory of rad.ioisryi.;opc i .. s shm,m in to.blc, 3-23. 

A briEd quo.li tc.tiv '-' invustigation w:J.s mz.:.dc cf the 

radio-compounds pre:sont in tho bile and urine~ collected. 
l'hc I.V.Dilc t.-'/8.8 shm.,rn to contain corapc)unds 1T1.ore 

polar than cortisol (t;riols) in tho kiCJslghur partition 
syntom, ( systom 2. 7. 2.1 a) with the; mo.j ori ty ( 7(f)o) of 

tho radioactivity containod between cortisol and 
cortisone in the sane system (11-kctone-diols). (rvlain 

peak RfE/F of 0.3) 



JYABLE )-.22 

Urinary excretion of rndioiso~opo followins the I.V. 
' . . ' ' . ~ ·''. -·~ 1 '1-_,.., ()_ ~·--' :~ -i,·:-: 0 l, .(_~;,·llill;.:,:.:;rc_:_-c]_0:.1 o~~- -'-.../ "-./'-._ V..l..._.-
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l\ro triols •Jcro d·::;t:!G·cc;d iiJ. ~~he I. V. Urine cxtr2.ct 

11ith virtually all tho r8dioGctivi~y lyi~s bctw~en 
~ 'I '/ \..., o I • 
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compounds iucluCins tricls an& 3-hydroxyl~tcd kcto~tsroid~, 
v!it.b. t;)~.o :;Jc.jo::i~;y of radi:;-_~c·fJivity c:;ntRLJ..0d ill ... ~h, 

11-k~to~e-diol rc~ion. 

Chrcm~togro9hy of each cxtr~c~ in the systGm 

3 Q 7 /] 
• ~ ,i • .... ) • ! 

.. ; '•l ., . . ·'- ,. ~ ( -.- v \ 
-·-.L.,j _ _.. C LJ d\..L J_ • • ) 

1.!-8 hour.s (;~ X 2L~ ]-. ,-,,1',..,'' \ 
-'· j 1.. ....... ,:_-; j ? prccoll~ctcd bile 

ol bile ( storec1_ :::-.t 0 ·C) 1 · .·.s r'nmrc;d int n tL.:; \~.u.oJ.cm_L, 

(::o~;- ·1] /"Jc' 1r) 
,// " -· 1. ·l ... 

Both the bil0 o.ncl. Priw,;; wore c-.Jlluctc;d f~.n~ ''C. ~:.-Jurs 

( r:> X ''4 1 lu··-,-.~) ''roJ'-, ,_,, <- • ,::_ l ~'.L.. -:o ·'- '·" !Jl.•.v t::·t;~·-.I~·t of j_j_1J.'l}Sir)n.o 

urine, forms p~rt A of tubl~,3-24. 

Expt .... 3B Urin2.ry and. l3ilio.ry Excretion of 
-I u .4 14 F-R t 
.. ·-~ .!.. ~-· -c -_::. ~ll_ 

This oxpcriraont \•ras a rop0at of oxpt. 3A except for 

thG following modificc:~tions. Ap~0roximc.toly 10 uCi of 

4-c14:-F was injected I.V. into the sheep and bilo o.nd 

urine \'laS collected for only 21~ hours. .8imilarly, 

two thirds of the 2LJ.. hour bile collection (also about 

300 ml.) \VEts pumped into tho duodenum and n 24 hour 



radioisotope cxcrLt~d i~ ~~ch ~h~sc of 

.. , :::. :<, 3 ? • ···' • ../ • 

I!-l'!. o _s_i ;.~:~:J~. j_ · ::~1_...:.. ~f:. .. ; ~ :: ~2:P ·~1-J~~~~~.....:!~?.: .. cs:::~t.-~-~J...~J:-J?:_,} i 1 ~ 

S~~--~:L_\L£ i::::.: ---~-.:~:.~.l-.. ..-~::.:.-~2:L:. ... T-. • .Y... • ~ . .::2~ _LJ.-I'.~:I~~·: _ _I~~.:'~~\:: 
/i D. 

_c-1-~J-,_ ·--~;: •j_: -~ .. ~- __ ]_ .. ~~ ~~.£~~ ~_ .. ::[~~-~~.?:_ ~:?-., ~_:;r:;{ ~ ·=-~-~~--~:-~ ~l_,:_; ~ ."1_~:.~.-~2-Q 

I~o~ch of' tllo J?. ~1.rr e c-J_]_ ~--" c t; 5_ Ol1S ~c .)J:r'tii1:S p,,_r·t ~> of CJfl) t-: o 

:::;. 1 ( IViJ, 

Du,- to tlJ•:; .LJ':lturo r:? tJ1.ii:o r3e;ct:Lcn u:nly l_:;hG structur,;s 

Gf the l:L<~.jor 'i,::;t.-->y,J..i!::;tC:;F. 1 OT t'IOSG Cf Sl_JC'Ci;-:-:1 intcrc;st ~ 

by tsblc,3-25. 

fo~~ur~, s iil the rcl~tiva ~bscnco cf 17 b~droxylatad 

c.bs...;:::lcv in IVB, is I·Jtlrth~· c1.f nc·cc. 

'l'h'" c-1 :·--d:'.. :·,J.::: ·,·,r.: ro rd1 Uce:6. 'I~_dl 5:\c:,:Sl-Tl~ z:',:::J.\': 

chromator;ra:)hc·:d L:_ ·::;}';,; :-;C-Gi?2:JL~/ /I::tF~c! c;rclc:·lt::Xrmo 

same c :)bpounc!. 1-.ras r.lutcctod i:c. -_ ()i.:;h cctses, :t:c1d 1:ms 

ido!ll:iificC!. ns 5b-A-3a;i1b,17b-ol, by it.s chromatogro,phic 

properties in this syBtam. 

IFB 'I'hc; nw_,jor r:1ctabolitoc; oi F in. this o:.ccrction 1.cJuro 

c-19-diols, and triols. 
Chromato~;raphy of tho triols in the SG-GF254/ I 

:EtAc/cyclohoxEme syster:1 ( 1:1, 5 hours; 2. 7.2 .2d) 

resulted in isolation of tho 5b-A-3a, 11 b, 17a-triol t-Ii-Gh 

a sme.ll amount of the 5a-A-3a,11b,17a-triol (0..4?.1 of 

total metabolites) also present. No 5b-A-3a,11b,17b-ol 
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Fig 3.6 a 

IVB 

Scan of IVB collection follovdn~; ·r. L. C. in the 

system Kg/ glycol/ cn2c12 
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Fig 3.6c{ 
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Scan of IFU collection foJ.~_o,:ril1[; r. L. C. in ·che 

sy~tem Kg/ glycol/ cn2c12 



w2s observed. Reduction of tho c-19-diolA g2vo 

prGdo;_:1in::m i_;ljr 5b-·.A··~\o., '11 b, ... l ('a-ol 'j ~:.rith c.:. trC'-co 

of toto.l motabolites) of the -17b-isouar. 

in this cxcreti0n. Af~cr reduction 0f the 11-kotonc-

C -~'19-r'1l_. .-)}:-· l··1- -~·'"c' o.··,.--,n ·'-!-;.-,·:- ~-,o·'-11 ] +1J"' ~"'1'1-..,.,_ ::·,-.;; .....L. '- ~oo._, ..1 V<..-~ ... J .... ....._\_,..(.-. . ..~.,.~-"""""_) """,!_ .. v_ .. -.; t •• '.- •. .:..1\...L 

thu greut~r canstituant. 
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Partiel frsctionatio~ of oach collection snd quan0itnti~n 

of in~ividual com~~noD~s, resulted i~ values ~oported 

in tc1b]_c, 3-25·. 

3 c . ./ /\'.1 Invcsl~ign0i(2_n of th~_.Oiur,:Qo.1 Vc-ri-''lti: .. ms j_n 
'[T ·i ;•-,r ('r • .. .; r• l ·;••; --;- .. , l • ,_ -, "]7 ·•t • .. ' • .' .. 1 (' 0lJ • .. ·· .. !' :.~~·::~Y._:~.E.E~ . .'?..£ __ L"..'L~·~':.'2.<::.: ... ~.':'.:::-~....:..::'!:.S:':J:.~ .. 2:.9~?:--~~- .. G~}.':!.. .. .:?....:<..; ·J?. 

Thu urin0 w~s colluctod csntinuously from a 

tho nc_x:-t bot·::;lo 1 w:::l_~_,;-o; o.. fr:-ctioJ1 cc1J::c :;c:-:r c•ct,·ch,: . .,.,_t. 
Bottles '.'oro (:;:::'}-Gi_::;d t;Iic.; d:~.ily int,_; ._-, .:c(.;fri;:·,c1. ,-_ i.J·_;d 

st ockbo ;t lc le.O·; lL·d iJi t~· .. tJ.i·_; c~;''Jrop~cisrc,; ~u:J"t}r, 

rcsultint; in :..1. sGt o~· 21.~ };J'::>ol.:;J. s~~:i:;c:i .. ·~~·:;ns 7 vnu f':Jr 

urine c.r·-..lur;lo in eoch ;f the 24- bottles moc'.surGd, 

(fig. 3.G) Cor~isol-4-c1 L,71,500 d.p.rn., ~n 10 ml. 
of 9596 EtOH, vms ad..dcd to cnch bottle o.nd il'.ixcd 

thorouc;hly. 
In the processing th2t followed the numorical 

sequence of the pooL~d Salilplcs , .. ,as cb.o.ng,.::d ifoii~~h each 

trcatm0nt step, to reduce dew to drw inconsistoncic)s. 

Each sample was treated a.s follows:-
Ammonium sulphate (300 Gm/litro urine) wns dissolved 

by vmrming (30°0), e.:nd with tho tumperaturo nc;B.in 

lowered to less than 10°C tho pH \vas slovly 2.dcjusted 
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to 1.5 with cone. HCl (u3uully 30-~J Dl./litro u~inc). 

of EtOET/Et')O ( 1 : 3), :;_ad tho c:.quc :,us lc:wc;r cc;:,J.trifurr,oC. 
c.. -· - ~-

if nn e;mulsion persisted. 'J:lb.c; }XK L;d urg:;;_nic sol VCiYi.: 

·)f 0.:) H o.cci~2.to buf.fe;r (pH L~.6) and brouc;'1t to c. 

fins.l -volulilE; of ·1 00 nl. vri th buffer \'!Cl.Shlnc::s. Xi(:sl,s:·•.ur 

:,JG\Jcl\)r (.3 Cm), .'J.:ctd b-::;1uc~uronio.eso c:·z,~rJ~K; (570,000 ,_,_), 

\·tcrc ;:·ddC;d b(:fcr·~; i2.".1cub:..'. :~inv /or 24 hc.~urs :-- t~ ~)7°C, 
with occasional 8h~king. 

1 litre; sopcrating funnel with 50 ~1. of srturatcd 

sr;dium sulphs.to solvtion :::u.cL tl:l.-.; free ot,~roid.:::. c:ccru.ctcd 

p1olod organic solv2nt w~s tashcd with 50 ml. of 

3 M NaOH, followed by jO ml. of distill.d J~tcr, an~ 

cf 0th~n~l free chlnroform. 

ihc c-21 corticosteroids 

wo:cc then. r,:;c;w.:;re::d \'it'f1 .fur·cl:L:r elution fr·~lf:G the 
c olurrm. Af l:ic:r J:enGvc:-.1 of tho CHCl .. , /1 •e:Oli EV)l vent, i_;h0 ...,. 

~' 

storoidD wore dissolvud in '10 ml. of' c.t.l:):ri)forrn ~or 

q_unnti tstion. 

3. 9.1 gunncitation of Blue 'l'o:trnzolium Chrc;mogons 

A:oproprio.tc nliquots (0.~1 - 0.5 nl. ), of' -::~ach 

samplo, ':vcrc used for scintillation counting of 

radioisotope present. Suitable volumes (0.05- 0.2 ml.) 
vmre nssayed for a-lwtols, 3.;.1d qua.nti tics v,roro expressed 

r:',s ugm of Blue T0trazolium ChrorD.ogen equivalent to 

THF, per 1000 <Lp.m. (see fig.3.7). 
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3.9.2 i~~rrtitnti~~_Qf~~!_@£~~Ch£00og~E£ 
'l'h,.:: stcroicl fr.Jm .c,~lf (5 ml.) of -t::hc chlor:;font1 

s~lution of c-21 corticGstoroids was recovered and 
rodiss~lvud in 50~ nqucous 2c~tic ccid f;r oxi&ation 
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;,·;ith sodiun bismutl:J.~t~:" ·.OhG ~cvt·.::::>toroids 'Jcro c:xtr;:1ct.-'d. 

·,·.Ji tb. bcnzc;n.r;/hexc.~-::.o ( 1 : 1 1 2 x 1 0 ml. ) 1 r:n.c:l r.f·tc::r drying 

snd romoval of solvent, ware radissclvcd in 15 ml. 0f 
,..., 5'/ . : ou - ('""-r<l c._ • . ., i·:~e ll lll vl-1\_, -· 0 

") 

n 4 c~ x 1 cs florisil cJlumn followed by 10 vl. cf 
2.50 MeOH in CHC13 . Suitable volumes of the eluant 

VIC::lo ·l~alwn for ·i~he L~.tc;ct,.:;ruid ::>.ssay dlCl rc:.diooctivit":~ 

dvtcrr:1ino.. tion. i..'l:.: dcc;r ~c c:L c ~il01Jr q_u(:nching in tL1o 

Qt'.c"!ntiti:::s wert.. :...Xj)I'e:::c;scd ::-.·--; ug;-_~ of ZLm.tc.l'll,.'n chrom~~gcn 

,_;qui,.ralsnt to :1)HJ<:A, p.:..r 10UO d.p.m. (sec :f.i~~-3.8). 

---- I -I -·--
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Chapter 4 

4-.1 1iY..:1r:?.1.zsiE: £% Steroid_ ConjUJi:l.te s 

J-t_ 1 .1 Acid H'Y. drol;vsiF_, -- - -~-
~-1he most; conrnonly em~)loyed procedure for complete 

hydrolysis of steroid conjugates (iJotb zlucuroni(Le a.cd 

sulphate) involves treatment with mineral acid at an 

elevated ter:lflerat;ure. Destruction or alteration of 

some steroids can occur along v'lit;h the production of 

pigments from urinary material •:hich are difficult to 

remove anc~ 1.-:hich inter:fr;rtj vrii;h subsequent colorimel;ric 

est ir.n.o.. t; i ·Jns. J'r£:n3forma·cion=; o.rc co be avoic:_ed if 

estimations alteration o :::· ::,he molecule remote .::rom ·l:,lle 

chromog.<::.1L; ::;roup rao.~·;,r ulfltFnce i~he ._;~b;:;orp:~:Lon ::Tectra 

~;nc1 e:::.tlnc i~lon cocdflcien cs. 

Hydrochloric and sulph,n-ic :.:cids -~:cc u;:;e,c·_ .:.'lmo---t 

exclusivel;y 1.1it;h n.djustmcnt to ur::t·. ecn 'i <".JJ( 3 F ~ 

although up to 7.2 N has been u3ea for c0rrtinuous 

extraction at room te~noraturc. The ~im~ of hydrolycis, 

final tempeLl"bUre S.Yh.:. \'--'he bher the: Gaf1}:)l:3 i? C"'.CidifiGd 

cold or D.t the final temperc-_ture are G_ll vnrio.blef; 

which have received much attention. fhG conditions 

used for })reli.Tliiw.ry 1_;rork in thiu investig::',tion ap:~'e::1r 

G0 he optimum c:.nrl '.:iere sirn.ilar to tho}3e usee. by Bro.y 

and f!Ieri vale ( 195 3). 
For the hydrolysis of nonfragile 17-KS-glucuroniclec, 

acid hydrolysis is quite satisfactory and rapid, but 
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for the nore d.elic2te corticosteroid. metabolites being 

investigated in the urine of the sheep, enzyme hydrolysis 

was oreferred. 

4.1.2 EnzJme Hydrolysis 

The enzyme hydrolysis of steroid conjugate was 



fin.::;t observed -t~hrouch the action of ba.cteri:c on u:r'inar;y 

escrou;en conj,lr:;u·ces (Cohen,19)1J.), and tb.e e:nz;;nne '.JaE 

lD.ter extracted ::::·rom E .,_Q_9_1i 0 rhe b~-r.(l_ucuroDiclc'88 

responsible h2s since been isolated from rat liver 

and calf spleen (Cohen,1Sj1). 

E:x tr~'cc ts of uni vc:.l ve nnollfir:;h e.re k-~o•:m. to hc,ve 

considerable quantities of both 2ryl sulphutase and 

b-<;lucuro:!1idasc in their viscPr81 -- r~:G (Orzel,1<Y:-?). 

>Uthouc.;h the limpet 112.;::> twice: l~he activity of b--

e':t.se o:f collection s.nd LT£::e bull\. 1-\..l Ghow::;h aryl 
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h.:: .. s yec been (U.scovered Vihich ~Hill co.taly"::e ~:he l:=r(_L:r:olysis 

of the sulph<J:l;e.s of .non·-·bcnzenoid stero:i.c.E> • 

. Phs en?.yme trom the .; -,~l· . ., 
=~' 

'1as very ~ctive toward3 clucurono~ides o~ ~he cor~iRol 

no ~'-".bolites found in ch•: r3heep urine ~:n.d. tlw rele2.se 

with 12,00C u/ml. ~nd G hours with 6000 u~nl. Eo 

inhibi ~ion. o:C -~~ 

hydrol:ysi,s was perfoLned in untre;::-·:~?.::1 u:rino. 

loss of activity frog frActionRting a~ roo~ ~cmoerature 

compared t:o fcllo';:in~~ th.e :=:<HJ.e proced.1.1.:':'e ::.! (:; 0°C. 

Storage for lon3 periods nt 4°C in pH 4.5 buffer resulted 

in no loss of &c~ivity. 

enzyme to·,mrd.s phe:.l01phthalei:n glucuro.tl.i0.<:; '.Ic.s 4. 5 'ThieL 

is in l;:eeping with the orri.:;i(;"um of L~.2 - 4.7 .fOl.' limp2t, 

5.2 for snail, and 1+.5 for preput].e.l gland prepc~re.tions 

assayed at 37°C. Bacteric•.l enzyme has c:.n optinu.r!a 

activity close t;o neutrality. 
As far as is known at the present; time the 

enzymatic hydrolysis of steroid glycosiduronic acids 
leads to the release of the free steroid without 
concomitant formation of transformation pro6.ucts, a:nd 

is therefore particule.rly sui ted to the present stncly. 



Ll-. 2 Extraction of CmJ.jU_E_?c~d S~tf:.E .. ~~-~ds 
'I'he polarity of a ;:.teroict c.oa,ju:;a te (!,epr:mds D:n_ the 

Yorm of conjug&tion, tho na~ure of the steroid, and 

position of the glucuronic or sulphuric acid ettac~nont. 

I'he;y are very 1.vater solu~JlG o.nd specLtl ·1;eclm.ic2ue.s 

Conjugates hRva been extracted from neutral 

solutio:a u'::L1g :u-<:o.lcoholr:; uil;h 3 ~ 8 cc:.rbonn (Colv::n 

~~ ol;19::k.) c.:.lchoug:h the addition of :.~alt us1.~slly 

favours -:;x trc.ction, l~ow pF ulso f a.vonrs e:xtractio:n. of 

conjugate but say also lead to tho ex~raction of 

:3igni:tican"c a.;nou.nts of imr:·l.J.riti;:;s. 

Cpth1um conciitio~J..·::: 1.12re foancl to bE simile.r to 

those used by :Sd'.-inrds ~t _0-l( 1 S53) ~-.;herto:by the ;:;t~n·oid 

conjugate was extracted frcm aqueous solution after the 

d 3 • t ' - f .::,or:/ f' -,.T-~T ) C< 0 3 " • ' 4 t ~T /1 l a Ctl lOil 0 --' ;.1 \_i;.d4 2 ,_) 4 <:LllQ BOJUS c;men . .J -o p.ti I, >y 

alcohol-ether (1:3). Further extraction using but~nol 

solv•Jnt for the extr.:".C i.Jion nf v2ry polar conjugates 2.nd 

clicon,jt1gates (I':ornol,1963) \Iar-: found unr~(3C2f·,se.ry in 

tho present investi~:tion when preceode~ by lhe alcohol­

other extraction. 

More recently systems using Sephadex (Hanel,1qC5) 
:mel ion OXCha.nr_:;e resins (:C1.1.Shtnsl\:~y Zll1cl ;1\ang,-196_3) have 

r;:'r.. ven the s:-Jmc' order of ex-cr;_:_c t;ion from ~J..rin_o 8.c the 

rr,ethod of Edvr.:::rds 

4.3 Extraction of Free Steroid 

Extraction of the free steroid from e..c]ueous 

solution u::;v.<--=-..ll;;r involves the use of solvents 1 tailored 1 

to suit the steroid being extracted. For the extraction 

of the polar steroids encountered in sheep urine a 
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system \vas develope(1 using ethyl acetate as the extracting 

solvent with the addition of sodium sulphate to tlle 

aqueous solution of steroid v-rhile retaining the pH 

o{ about 4.5. 'l'he extraction procedure outlined in 

fig.2-6 gave a recovery of about 8Cfl6 and little vras 

lost in the alkali wash used to remove estrogen and 

some acidic chromogenic material. The main loss of 



redioactivity was ~hrou~h re~cntion of steroid lTI the 

anueous incubation miYtur2 due to either:-

(h) pres3ncc of s~eroid sulphateG or other for~s 

of conjugation 

(c) L!comple cc' ex tro.c·~j_on - ;:-,1 thou;,(h the ;:;::;d:;I·c,::: tion 

::->rocedure ')as shovm to e;i ve c on:o::L:~ i:;ontly almo:> t 

cc:::nplete recovery of 'J1HF fro:-'1 aqtleOlJ,'J sol~J.tion. 

Fukushima et al ( 1960) hEtve found tb.o.t DillY 7T' of 

::;he urinary '~--~--Tl+~~ortif:iOl DF~ i:;e.boli t;es \Jeru r:leased. 

as aglye;o~F; \::i·ch b---glucuro:nidase hydrolybis, ::n.Ci ~hLJ 

COW~3.res \}i;ll ':.rith ·0he GO;_; in trw sheep, 2-h;houc;h Ho1n 

c::.:nd Firc!.l(1955) found the propor~ion o:t' :_;lucFronide 

bound steroid in bovine u:cine is vnri~::1.bl::; o.nd gc:acr--<:t.lly 
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less thc.n that ·Cound in :rL>..n. As the c·orm of conjue;e.tion 

of the urii~~-'ry cortisol :mct.:'.boli tos of '~ho zheep i':::, 

one me cl1od iohat ccn. :).'v'G ~:;e_tisf<1.c L o:cy }:;yclroly:::;is of all 

urin2ry conjug~tes. 

of Corticostercids 

In this in':<?;::. l; ig," ~~i "JL1 -~-l\c s t croid_::~ or poJ..rcd. ::.lrnost 

exclusively i~ ~: irs diff0rinc only in ~he c_l Gf!Tec- Of 
c-

reduction at c-11 or 2s a- and b-i~~mers. 3atc-Smith 

and \'Jestall('l950) r.'i.eveloped a rolat:! onship b-::;twecn 

pairs of compounds ~crnsd ,A.H. 1 ,~ values \'Jl~w:cc.. T:u is ~,~iveE 

as log10(1/Rf -1). 'i:ho function (Rf -1) i'.c dircccly 

pi'oportional to t.he part;ition coefficient l:Je:·ct.Tecn 

the sta-Givnnry <:md uobile phcses in a ch:;:>omato0r :;.pl'J_:i.c; 

system. of the solute, and the ch~mical poten~ial of 

a solute is related to lihe log2rithm o:L' this ve.lue. 

In this investig;:-,tion, ,AR.,.rr values w2re obtnined 
1' 

for a variety of relevant structural chan2:es, from the 

authentic compounds available. The values obtained 
from the glycol parti·ti0n 11ere remarkably consis·i.Jent, 

and could be confidently applic.~d to singlr) group 

differences between the r~lativcly unusual steroids 



er1C01.t8.tercd 

'-!. 5 Rou·~-~_2.:):' DiS£0SC:~-- o.-~:. __ Co..:l2_tJ~c;c-~.l. _.=1::9~--~~~.Q.... Sh0--.:~~ 
fhe principal route of ultimate 0isposal of 

"!l+ exogenous 4-c -cortisol in ~he nnrmal ~hee~ is bv the 

urine (831 recovery over 3 days). However an 

entorohepatic recirculation is present i~ the sheep 

(Lindner,"l965), vrhich o.lt;bcuch apparently not G.ftecting 

~he ultimabe disposal of cortisol to any great extent, 
bas considerable importance in deterGlni~g the nature 

of cortisol metabolite excre~ion in ~he urine. 
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rnh ' ' • ~ . ' L 'I Lj. ' . 1 ~-e maJor propor~1on OI ~ae ~-c -cor~1so administered 
I. V. to the sheep ~-:as excreted in the bile, ·,rith th·:: 
remainder appearing in the urine. From the first 24 

hour collection the bile/urine excretion ratio was 2 
and subsequent collections showed little variation froill 

thL-> .C8. cio. go dents ba.vo R. pro dominant ur inarr rou t;e 
f , I 14 >.-1 , • , • ·, l • • t • f l"' '-' . _or -~-c -c-.c, corGlcosccrola e l:OlllE'. 1on 0 ..LO'.rlng 

• • . ' . • • . • . ,, '] L~ . I. ~1. or 1n·cra-per1. tonea.l lnJec·:.~lon o:t 4-c -cort1sol, 

but the major route is vi? ~he bile following I.V. 
ad111inistcration ( Dradlm; .2~ al, '195Lfo). Bili2.ry 
excretion of corticosteroids in ruminc:mt;s ha.s been 

re?orted. VIynne(19:A) found only '15 ug of cortisol 

psr litre o~ bile in ~ norual sheep but thi3 wao incre2s0d 
~o 600 ug/litre in sheep dying from inanition (lack 

of nutrition). A similar 0ffect has been observed in 

humans (r-Iason,'1950) ~:There adrenal h~rperactivity, or 
artificially induced hi_;her levels of plasma AC·rH than 

normal, may cause up to 5 mgm oi' cortisol/24 hov.rs to 

be excreted by way of the bile. Under these conditions, 
the bile appears to be the princip2.l route of cortisol 

excretion. 

The recovery of radioactivit~r in the bile and 

urine, following an I.V. injection of 3 uCi of 4-c14-
cortisol was 93% over 2 days in one experimente.l sheep, 

and 95% in first 24 hours in a second sheep given 
10 uCi of 4-c 14-cortisol, I. V. ;rhis high recovery can 

be compared \vith the 83~:? of radioactivity accounted 



for in the urine of an intact normal sheep over 3 da.ys 

although this implies a loss of 10 - 2076 in the fuccs, 
' l f' ' 1-1 t , 0 I " 6 2- 1 f ' h d • t • • ' • ' h c 1e .... ac-e; -'-' 1a. b /J ana. >~ o·_· ·c, e ra .loac lVlGY ln vJ G 
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tv,ro shc:;ep respectively \vas excreted through the bile, 

confirms that a considerable reabsorption of radioactivity 

from the r::;ut must have occurred. 

closol;y- ·wj_ ch rukur:Jhimc. c [-; al ( 1960) 
~ 1-J d' t • • ' n·-·- --: 1l~ P o:c ·c 1e ra lOC:1C ;lVl""G;y, J:rom <-l--c ~·.!! 

human, in the fir~.::t 2L~ hours. 

These values agree 

vrho recovered 559G 
injection in the 

Enterohepatic rscirculution of cortisol m~tabolites 

htcJ.S been re)orted in rodent;=; (H;yde o.l!d ~.:illL1ms,195'-+), 

c,_n the guj_nec:~ pig ( Vlyngaarden ~-~ al, 1955), and in the 

sheep (Lin<l.ner,19b5). In the sheep .studied, ()0/o Eilld 

2l4>; of the bili2.ry cortisol metabolitos respectively, 

b b d · h · " 1 - • , so~' ~ h · -v'iere rea so.r e ovur ·c: c pc;rlOCL s·cuei.lCQ, .c) OI VLJ.l_cn 

is again excretGd in the bile. It follows that with 

a 10~ loss per cycle, Gnd 60. of that absorbed being 

recycled., this would L~ne:1.ll;y c~ivc a urino::r;y cxcro U.on 

oi (,) - GO% of any (~xog::D.ous or c:mdosc;l!O"IJ.s corti~:;ol 

observa.tion of .lynne ( ·i 951.L) i_:,·ho -vras un~ble co :" in(J_ ~;,ny 

corticosteroid ic ~he fGce3 of a ~ormcl sheep. 

Ho 1·rever, androc-;cnic f .c. ci vi~~ y lw::3 be ::;n I'eported L1 

the feces of cc:rt. tle. :·:..:L /~il:l_.::,r (;t ::;1(-1956) found the:i:; . -·- ··-···-· . 

exogonous progesterone was eliminated almost 

quantito..tively ir: the fe12ef:. _ A simil;:;_r s~_tuation 1:ras 

found in the rat, i·Ti th C(J;~ c limLl-::'-ticn of l':Cogesterono 

in the feces as 17-ketostcroid (Bloch S!. E:.l,1954). 
'.rho distribv.ti0l1 of 17--l;:etosteroid in the sheC:p 

1.Tas investigated through bo·i.~h I. V. and duodenal 

administration of 4-c 14 -17-l\:etosteroid. Follmling 

I. V. dosage vri i:ih ketosteroid 69',~ 1r1as excreted in the 

bile in the first 24 hours \·Jich only 18$b in the urine 

over the same period. l'his gives a biliary urinery 

ratio of almost 4. This is twice; that obtained from 

4-c14-cortisol under the sa~c conditions, indicating 

a possible selective excretion of cortisol metabolites 



-
!li.C"Cc.bolites 1 or n;ore ~">:·c.:C,_ic.e.l1,y~ the c--~~i compounds. 

In ap9erent contrGCiction of ~hese re~ult3 i 0 bhe 
observed 8XCP:J ::;ion of ~~;o:j o:~ the 1 ?-Lc tosteroid L1 

:;he tTin2, foLlo;t:ing duoc: __ mnl injectior:.. 

however be vio~uct in the li\ht of th~ very rapid 

further uet&bolism of 17-~stostaroid2 in the shoup to 
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sheep. Further 1 there i~ no indication that c-19 steroids 

~-.re more l)l"O::Je to _:. eC'-:'.1 :.;xcre t;:Lon i ;'lan ~Te the c-~2·1 

co:cticostcroid:-::. It rem::dn:,' to be established 1·rho chor 

-::;his is a result of ,.17·-hydro:rylation in the cut v.ritL 

tho production of a mere uolsr s~rjeG o; cofinounds 

which are more re~dily rc~bsorbod. 

In Vivo 1~ctaboli c,n of Cortisol in : he Fo:rEL l? 

'.Thole Shee:g 

L'l :,h<·: sheep involvor~' I'ec1uc :~ion o::::· ring-_!', n·st<ltj_nc; in 

a to·:;, 1 psrcente.~~0 of cor-lJisol r_:-,lus co:ctisonc of OJ.'lly 

37~ oi ·.;:~c -t-;otD.l urinary cortisol Fletabolj_tc: ( cf /1-2,/ 

in huFw..ns). 'I'his reduc :~ion is c on~:dstent ui th :~h:: lJ 

'l:b.c lc:.rge pcrccn-c"tgc o:t' cortols t:.'lld cor~olones 

preS<.::lYC m<:ty imply o.. prior rec'iuc cion of i~b_o c-~20 J·;vliono, 

\vitl:.. ·(,he :Ln'UL.L~ion of the :cine;-A tlnsa.tur.:J.ted ;:;lycols 

found in human urine (cle Courey g-c _a~,-1953a). However 

if ttese intcrmedintcs &re present i~ sheep urine they 

cs.n:•JOt account for iuore thG.n a fev-.r purcent. 

Of tho c-21 fraction reduced completely in ring-A, 

about 50;:, has the dihydro:ryacc:d;one side-chain, the 

remainder being reduced at c-20 (glycols). ·.rho major 

c-21 tetrahyclro metabolite is THF (1'1X) uith only 3j) 

of the -11-ketone Cl'HE). (It is only rarely that the 

urinary excretion of 1.rEE oxcseds that of THF). It 
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proportion of tctrahydro-dihyclroxya.c(:tn:c c steroids is 

in con-~r.::;s t; 'Jith !~he 1,:.; fou.n:J i;.! bovine uTirlc I'hc 

s;-:.12.11 amount of allo-:CHF found (1.G_j) :Ls in Lc:cping 

'.Jith the ;:-;r,mll frc:.cti.on of ~l;'-1- com:polmch3 found in sheep 

uriuo ( c~·::;out ·1596 of ~he to ca.l n·.:::ut;ru.l c~xt;re.ct h2_c.; ·i:Jhe 
;:;"''- cc·,·;'l·i'i c:·urn·G' -! o-,., \ .1JU :; l- ,c.; "'011'1"'-'Jll>· :-..,;c..... -~----~::> ···~ -- J...'.) I _, , __ . ._; .,..&.\._..;;\:• • .AU 

of allo-I'EF fo"J.nd in ·::;he l:n;.mc:m. 

fhe c-20 alcohols (cortols and cortolonos) 

cort:Lsol 

proportion o.t glycolr-> fou:n,~L :Ln the bc,vine urino. ·}he: 

r.::.tio of '1·1..:~-cct:o to .... l'lb-ll;ydroxy1 conroounds (cortolonc: 

cox· t:ols) l,_; very n,;arly 0. 5 j_n the she ;p wh:Lch contr;e_,sts 

tb.e re.tio of 

(20)b:-cortolono ::;o (20);,:>-cortolonu in !;;1e c_;_[;oc:p is 

7 to 1 i··.'l:,icb. i;::; 211 con;rc::,.si.; i:,~; :~he :L"'c.:::io o:~ 'i~1 .L'ot.md 

in h-ur;:,:ms. 

l . btl ' . 1 s l[;.~.. y Dl6Wr 

the cortols 1 j_s consi;:_crc:d to 

amounts of cortisol 00tabolitc with this configur~tion 

c:uJ'Jca..:-·~3 in ce.nino urin-2 (Gold,/1961). 

\'ho allo-cortols e.nd allo-cortolonos o.rc olwi01..wl:r 

present but clue to the sm2.ll amounts preseni:i wore not 

individue.lly chr,ractcriEcd, nevc:.rtheless -!·hoy con~.oribute 

significantly to the totc:.\.1 glycol metc<.boli te of the 

sheep. RelativGly large r..mounts of 5a-isomcr 1.:as found 

in the cortol fraction, but whether this is represented 

as 3b- or 3a-hydroxysteroid vias not clucidEd:;od. 

f:>mall c..mounts of other c-21 motaboli t0 s vrere 

tentatively identifisd (chapter 2) but; due to the small 
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separation of c-19 

the tobal mctabGlitcs ~oro c-21's. 

'.rhis contro.s t.s v:ith t::b.e si ClJr·_-t;j on in h1:r:nc.'n::\ :'horc ·;:;he 

c-: '1 m::: i:;aboli te.s me.kc; up '70 - SO. J o: t:h::; :.;otal cor ti:30 l 

metabolite 0.;.1cL in <.~to COi'! ( 1.1c.~trc'nabe,·1965) <::.ncl dog 

(Gold, '1 ;~.6'1) 

cxclucivcl:y .--,,/1 

c--..:::: 1. 

the corti.':'.ol ,··./:;.:~boJite 

This may however be ex~lainod 

the enteroJ:w~x:. tic rec:Lrc11la i:;or;y uocba~·,_i:::;;,l :::-1cti ve in 

:~he sheep. 

~~:e~her en7J~~s oi tho sheep or microbes of ths gu~ 

the str~cturo of c-15-5 and c-19-3 throush infra-red 

a.L:;cr<:.tion "'.no. 2cnc:~.lysis, ;·io...s ::L.e br: :::is for ch::.r:).cterisal:ion 

of the other :3ovcn 'I '1-Jc:::·cone~cd')l::; · nd i::;r_;_ols prcsor:rs 

in ·~he urinary rwutr2.l ,_::xtr.:•.ct. 

·:'he principo.l c -'19-r•lic.. c<:.bolite foun<J ".ri::. fc\ 5b-A~-3a, 17a­

ol-11-one being 143': of l.;lw ·!;otal me:tabolites excreted, 

with the '17b-OH isomer nccounting for 1 05':· of -Ghe :~otal. 

This is in agrec~ont with Lindner(19G5) who found the 

neutrsl steroid 17a-ol-DHase activity in the sheep was 

3 times that of the 17b-ol-DHase activity. Also in 

accordance uith this finding is the ratio of 5b-A--'17a­

triol to -17b-triol of 5, in the romney ov1e. Any 

discrepancy in the absolute ratio from that found by 

Lindner, is probably due to· species differences. 

The structure of c-19-7, given as 5a-A-3b,17a-ol-11-one 



102 

bj.osynU:1c. tic sy:.i. i:h,. s j_ s C'J:: :~~.l o c O;E~=·Ol'Y.:.d. :l_'ror:1 :.: lc:;:10i_;:":;. 

st<?,rtinc r,l,·\-::.:::riDl. 'Jlhc'rG L; c.J.so :<. c-:-ms:,_)icuorts ~:.hi38!.·lc-:: 

of som":: isor•tur~3 ;~~nd. t}1c::;o arc almoEt: certainly 

insepc:.rablo ::rom othor meto.boli to::.; in tlle chro.:;:~ ·cof::r::::cb.ic 

,.,...., na'l ' 1 0 ~l _,;_., --n r:,-,1.~-~-l·~o····· l'."j-.-..o·nl ... ·- /!,.-, :~~..-·lL . ·c:n .):. !i; rc 1J• ... _ar v.t1<.c..l ,.-v 'J .. , .u'..) ,, ........ l .. 1 ,y 1 ;-

k0tostoroid~ i~ lTI close 2greeclent with tho 10 - 15~ 

Houevor :Ln 

:__;lle :"JuE1s.n i·he "! 1-~=,; -::ion0 r::xJl 11 b-hydr017 otior..:hclanolones 

o.ccounl;cd for o:nly ;~ ~- 1~:~;;, compc:~rcd to 12 (i.e. 

t;,::o ::~1jrds of :_.he ·1?-1-::•:::Gos'Cc:)roid fJ.:·.~c':;ion) in '.:b:; .:.:hoc;::~. 

lj.. 7 !r':-~Y .. ~ Y.?._~~::c '?.:;:~~ l i a :-'=-.. ~); ___ q!:)~_:l~J::~·:,.e?1_ __ ~:-:2._ ~.':lfi'~P~_s;..§:~l .. 1:r--
-~ Io_:._ifL.Jt_~!h~.:::_£ 

! . '7 /1 +.' • 1 

of a surgic~lly-soCified. sheep was vary diffor2nt from 

~rH1:;1 ( -1 _, \ uc re .r! ? ,, .. ' , 

::;roup ( ;_~·}· ·). A 

tho cortols (21;~) and the 47-ketost£roid 

considerable ~iff6rence in the perce~tsge 
c.~f ·_PHF excre·co<i in the bile ( 31<,) t0 ~1-::a c Zoun<l J.n I:; he:; 

urine (150) suggests soma for~ of selective excretion 

or an unequal distribu·cion of t:;h.o catabolic enzymes 
involved in the reduction of ring-A. l'he 1<.--.t·ter seems 
more likely if tho main site o£ ring-A reduction is 

located in the livor. .A sj_milar ratio for bili-ary/ 
urinary distribution uns o.lso noted .for c-21-A11, 
although che large <::.nounli of !Jha vory polar c-21-A 1 

(8;:;) found in the urinary excretion \vas not duplicnted 



in the bile. :1~ho ~?erccnt;:.gc of cortolrc3 1>lus cortolonos 

similar in both e;xcr-..;·1~ ion path-.J<;ys. 

I'h:,, to cal c-19 fr~1c:tion i:Je.S onJ.y 25{,.• of tho to cal 

mctabolit~s in both th: IVB and IVU collections, 

t~c urine collcctad siuul~aucously with this b1lc w~s 

i ound <;o l1 V(; only tlJ.·.-~ ;17b·-b.ycirox;yl isot:n:;rr:, 'o!hich 

con::;ti tu ted '1 ~~:-' of :~h0 to tc..l radion.c tJ.\' i :~-y cxcr\; ted 'jY 

this route:. 

srlGG only via the c11terohc.'D .. tic circulation. 

infusion of (;llrj IV13-c .:nti sol m~:: tu.bolitoc lis ;:;ed in 

tcblo,3-25, v2s ~ho reduction in tho p~rcc~t~gc of boLh 

si:5.e-cha.in clcav<1GC; .:;f i_;}<; c-;:~1 ·,;r~ c ·.bolitc s cl1JL~.J .. 2; 

passage throu;h t;bc il'~tc.:stir.c. Ho·_;,_•r .. -r, thi~~ i-=: no! 

conclusive proof that the ronc~icn is confine~ ~o the 
lumen of the; j_nt:':·c3tLH.:: it m·y ind ico.tc c:; very ~·,ctivc 

/17~ '•n c c"·,s·1ol'"-"" lo---,-r-,.,c~ l." -!·h--. l··n+·-·" 1·l·.,·.l '"'11. I ,,,,L...J- 21- Lv, 1! · . .-.::>v -\,.;et.>v. .l :, \.~ ~u,.,::,u .• .!C<- cA ... , 
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tho li v.;-;r, OT ; 10re spc~ci:fic~1ll:r in -:.:;hG -~.:;rminal c-.ree •')f 

tho hcp~tic portal syst~m. Argument for somu side-chnin 

clcc:v3.gc in ~he liver s t.:~ms from a comparison of th0 

T\JB · IK'B · - r. IVB · IF1U -, ... t. · a ·'·', :-rlHIT- ( ~ • ·1 ___ . __ , an.-~. . r __ l.)_~ .L Jr .L -~ __,. , '7, • ·] ', 
./. / 

r,:nd the cortols (3:1, 2:1) respectively. If there 

no subseql..wn·c nltcration of mctr.bolit;.::;s en-turing the 

hepatic port~l system, tho pattern shown in the bile 
and urine would be alilCG. Howover the further catabolism 

of the cortc.."\ls shown in the biliary metsboli tes is not 

1)Viclont in the urine. Hevertheloss .:'lost of the side­

chain clc:1vage activity appears ·t;o b·.: confined to some 

location proceeding ontry to the liver. 



'?h;:- if'1!)uJ:·tDncc.- of "'ic1G-c1J.:::in clcnvc:<.g-.:. in i~i:1c sheep 

L.:o gm'.ged fro:n ~~he ])CrC(;nt · ;~;·,:; oi c-1'~;-lilctc:.bo1it ,; found 

in chc bile ( sc;;_:) ~~.nd u::ci11·3 ( 6'1 :,_). ~.1h<' hili::.r;y 

·11-J toi.Kli tes c 'Jnstlt;ute:;r~_ 1 (;c; of 1'7-·1':3, ,-._n6 50,.; 17--0H­
c -19, c:.nd ua3 further rli vidcd into ~::2:1, 1 /lb-OH--s t:~:;roid 

,J.nd 28'-.) /l1-k;_,tonc-r-3teroicl. As n rGsult of sp:-::cific 

invcstigst;ion iL~ '7o.s concJ.·u_Ct,.:cl. that only t:;hc 1?s.-UH--c·~1C) 

metabolite W8S present in ~he bile. 

·rhc urine; on L;h2 othc:r hcnd~ cont:•inod both t~}F; 

17r-OH and 17b-OH illc~ab0lites, cons~ituting 3S~ of the 
i:;ot::cl I'Elaio,:~c!;ivity found. i:n this o~v;:-crc-l_:;j_on. 

L•. '7 :~ . . . _/ 

Ths e;vorall dis~ribu~ion of radi0activity amo~s 

tho co:ctisol FJ~i~aboliceB :i.n cnch of ·t;h;~ fc;v.r collocl~j_oni3 

(j_-,,T.=< I\JTT J·nn IFU\ --,lJ~-:- b-- C0~1bl .. l'-'d ··1· ·h +·r:, D' . l.· ' .. C l.;' ' ) ;"'· .i~J v U 1: l 0 {:- v". v~.ll" infonn·:t1on 

individusl mot2bolito distrit11tion vi~ tho t~o 

arc: 1 i s t o d : ·-

conficsure.tion but -:~;he: n:c·osonc"; of :~' lo1.:s c~ctivo ()-o.) 

3b--hyc1roxystoroid d.ohydroge;na;:>c; was :i.n( ic~•.tod .• 

(2) An activo ~7a,20-c21 -dcsmolsse i~ prasent in the 

shoop as aho~n by tho 2~ c-19 contribution to ~he IVB 

nnd rr:J excretions. 

(3) Reduction at c-20 i!Jith a c-20-dohycirogono.BG 

contributes up to 25)0 of ·che total IVB and. IVU motaboli tos. 

The possibility of a ;nora activo 20b-OH-dehydrogonaso 

must bo considered in vie\v of the 7: /l rntio of b-·cortolone; 

to n-cor-colonc. 

( 4) The sheep was shm.,n to have a very active 



~owcvcr ~h~ 11-2lcnhol 

of a wholo sheep. In ccni;r:. f" ::; the ratio C; r rHii' : ·i'HE 

of 3:1 remained cDnst~nt in the collections studied 

from bot;h surr;ic :1lly·-r:1oCU.fL:.~l, ':lnd vrhol·:; ::::he:.. 1J. 

':rhis F:.iug,"'"'0SG1.'3 ,). :':'')OC j_ -:·lc c-_.i fl-'! 1 b-b.ydroxvotcroiu 
.._. .... •' - u 

dohytlrog0n~sc in the shoop c~pablo of c,~~ul~sing s 

hydros2n cxch2nso ct c 11 in ring-A reducGd steroids 
( 0. e c-. •:) '·lV n Y•d ;' "l' cl G"" l,a' ]"--, .:; . . ,.l /} (~ SLI ) ;::) v ? :. <. ( -~ - .. ,J. • '•' -· •. ,_( .. c' ~ ' I , ./ ,-

of 17~- and 17b-

h:y-droxylnt:;.:;d c---1~) cor:.~inol Ekc:::·b.Jlitcs ':.'.·ro frm_.tl' :Ln 

~.:b.o sho~:p. l"ur i;hcrmorc :_;_h,:; ::t}Y~car;'.nc-: of : Lc 1 'j;;.-~)H 
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·1 '7~ -"· ·1 ~ OJ'·1u· ·1 l_,. lA--\..1 -· 

:.•.;:.; c l "' ., , .. !. :, d hv r.Jl. 'l'ld.,.., ,-, 1""' (' .-, ' '; ,c~ ., . ·- ' .. ·:c~-·· ·._. '" .. L.L~ " ' _,,_._, /. 

~h..; p~.ysi ·2 J.or::.ic :1l r ·.-lc c)~~ l,l1c 'i 7-hydrozyLt l:;ing 

c:1zymor:l is l..<nclc:::•.r but Lindner he:,s r-:t•~'t_;o::.:rtJ0ci i:hey c"lay 

cD.nr: t·;itute £· (;_c;toxii'icc:Gion ::ccho.nisrn o.s ~- i).TLJ..:.r to 

cn~orohapatic recircul~tion of bio~osically 2c·~ivo 

c orl"ico;=;t;eroid. :rhcct these H1Ct~;.boli l;o s ~,re c onfin:.::d 
to the fraction th~t has undergone ontcroh~p~tic 
recirculation (Lind~er,1965) is a contradiction of tho 
finding in th.::: presont investigation of 5?6 and 12;.; 

17-hydroxylntcd c-19-motabolites in the IVB o.nd TITU 

collections respectively ( t.:tblo, 3-25). Tho findL1g 
by 1:Jynganrdej.1(1955), of a. 1?a-OH-N-dehydrogeno.se in 

guinea pig liver supports tho concept that 17-



hyorox;yl2_tion ~-tlF.LY be' con:Cir.:..:;d to cmimc.tlr c·xhibi:~int:; 

~1::.1 2ntorohcp'c_tic circulction oi:· cor-!_~ir; :)1 ··,w i::::J..b·::,1it;cc~. 

L~ r:..., 
1-. :_. 

CorticostGroids 

rJothods CI,mle>yc:d J'or l;}w Cl0 !;ermined; ion Ci 

cori;icos·toroids in ur:tnc z,rc b~'"'tsed on colour :;:cactlons 

wi i;h certain r:-roupE"> in !;he; ccr~;icostoroid. uoloc-~ 1 1· ..• 

Most hnv5 ~ sufficiLn~ly hi~h desroe of specificity to 
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J:: ore go r:.:_a_'l c labor::J.te :Droce;,;:_ure s for ~he L:::ol2.cion of th,-:; 

chromogon before quantitation. Ncvertholoss tho fi~2l 

:.:tccure.cy of cstinntion of '~!w chromogen in quc:J;tizm 

Tll2W p:::,r-cly do pond on tho .'"0a~1s C'f hydrolr:=ds ~ .;.;~:trc,ction 

and purification. 

Furt:her ccRplica ti:)IlS ,,_riso in th~; tro ... t:·'n.tmt Jf 

ruminant urine, from th8 presence of ionbn05 in oftGn 
cGnsi:1erablc 0uo:1titi3[~. ,.~hese c.r'.) p:co1:-:c.bly cctrvl~cnoid 

derivatives c.ncl h..c'.V') th:.:: prope:rty of bc:h .. vi.np; in c~. o:Lmil;c1 r 

lD<:cl.l!lGr tel corticostcroicls c.nc1_ ar.1: s ::.ronc;ly 1'?--Jc•..; ccste"':oid 

positive (H~)ltz,-195 1 '-). 

snectr~l d~ta tho comnound was shown to be non-staroidul, 

CU'ld 11as separable from the c-2'1 :?t;,roidc, b;y flm:·L:;il 

c-19 fro.c t:l.on .• 
In viev o:I tho presencE:: of these ·J~vw 1 ."'.D.d. proi)D.bl-y­

more, groups of interfering chromogcns, it was dGnided 
to attc;mp'ti .-:: degree of purific'J.ti\~~n of the 1?-0H-CS 

3;roup buforEJ npplication of tho colour reactions. 
'l1his '•vas achieved by usL1g mild en:::ymo b.ydrolysis of 
tho corticosteroid conjugo.te present in tho urine, 
followed by the removal of both groups of interfering 
compounds mentioned above, through applicntion of the 
neutral steroid extract to a florisil column. Tb.is 
first step was sufficient to remove the mo.jor part 
of 'reducing chromogen' interference from the c-21 



fraction for n-kJtol deterci~2~ion, and con3ider~bly 

r<.::duccd :~he ,uscolour,::;.·!~ion j_n the 17-Icotost::::roid 

d::::ccrmh1ation. 'Tho princ ipc.l interference :Ln the 17-

k;d;ostcroid do terr·~ina tion cc:uae :·:·rom o. subst ·mco i:,rhose 

ccncc.mtrc.-._tion pnr2.lellod thst of t:b.o '1; -OH--CS, and 

cc~:uscd brow-:~_ing m~d 0ccr8~-tscd S•:?;il·~.itivit:y c;f trw 
Zillli118rm.:.-:.n ::2u2.c J,;i Jn. ·:..1tlis WD.s ov,:rc or'c by 1.win~i the 

correc~ion ecuation an~ also by using c~ 'intorn~l 

atandard' of added 17-KS 1 to determine th~ decra~se 

Ilo :~hods used fer tbs ehomical _s:Jc::.y of };rc 3umcd 
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8drcnoccrticSLl lU.; Lc:.bolit(; s in rErnin:-:_nt urin::; vert:: firs;; 

b2.sed on the Zj_rJI:!ernF~.-:1 r~::·~.c;:;ion. St)r·:licd 6.ircctly to thl~ 

• ' < 
1 T1 • t' I < 0 4') ' " < 1 f < l • urlne ex Gr~~c :~. •ill ·r;en ~ -~ J ) ropor ceo. c 1c usc o . -,~rJ.lS 

reaction on the urino of pregnant e~cs, un~ on r~m urine 

(Huliffson ~:t; o..l, 1 ~/)/1). I-I::lrr.c anc:. J?irch( 1 :;:.,_;) fcund 

low anrt variatle values for 17-0H-C3 ~l c~ttle urine 
vith the Fort~r Silber rcQC~ion, £ol~ovi~~ 0nzymo 

hydrolysiE3. 
,,,.--\ s ,., ~-... 'lf·l' -.-··p .;:~ "u'"'" -; __ -:·..-.lc ·)m\-- '• ( --1 c.::-.-""~( \1 ,-, 1·!--"'!- ~)1,r··.1. ... -- -!-~-·--, ,_ , ___ -. /-1 (',;~ ~--} 
; . ..:•.~ v\..<J. -'-'-"l:-" j J.tV. •, .>.u)r_·\ 1 _:7 , ' c. u .. r. 1 . • v._.i.l 'c:lvc-,• .. ,c:..iJc.;,_, _!v/, 

found 22;'.) of corciso1 mci:J2,bo1ite;:-" i~1 l;hr: co~:· ~"'-'rc of 

t~10 cLihyd:coxyf'1COtonc C~'1Y3 ( al ::.-h:::.-u;::;21 ::ml-;'l 1. ::;·,; 'Jere 

reduced in rj_ng-A). I:i.~ t::1is C"J:;c ·t.!atane:l.b'-' 1.~sed. ~~~1o 

by sEJpr:tration of tr'.o '11·-h;ydro:;~:;r-kotor~c..::roid on rm 

o.l uminr. col urnn tuJ.d fur Lli;;r puri:L ic::. :_., icn '::riD b:y pt.rt;j_ c ic,:·1 

pap..::r chroma~osr3phy. Zc repor~sd that ~8tostoroids 

int:crfer&ncc frcm th0 ten one-.: dcrivo tivcs. Holcombe 

( 1 :;5r;) also f -.1unc1 that the 1?oryGbGrs' .i ,·1cthoc! vl10n 

applied ~o ~he urine of an adrcnrloc~omised bull, 

with ::end. without cortisone substi·:;ution ther:1py, 

gn.v.._; the greates·t ccmtro.st of 17-0H-CS. Direct assay 

of 17-KS 1t1ith the Zimmerman ro2.ction, r:.nd both the 

total oxtr:::,ct ::;nd the kot;onic fraction v.Jith the blue 

tf)trazolium reaction, go:ve high values with and 

1tdthout administered cortisone. ThiG is probably due 

to interference from ionones and reducing substnncos 



'+. :_ .. 1 _;_nuc tc;tr: .. ~-.olium r:; ·c c:J.cn 

}!T'Op,·.-rtiof3:-

(1) t 1J.c:3c t:):'.c }J..-,;.v~.., l;no c-20-J;::(.)t;on<J in·i;c..:.ct 

.· •)) 
I -
\<-. :- J:::: 1. '.;:Lon 

( 'f:lycol' ) 

l~he: ro~\ucing p:r.'oi·,~:rci·_:s cha.r-~·ct."'ri;:' :~ic c·f s.:c"J n.ll)hc-.-· 

l:ctol conii,suratiOll, .. :J!d :ce::::.ct vri·:~t blui:.; :;c l.:;razoli:_r::::. 

J
1hc r,:;lycol s:Ldc-ch::in is inc;·)l:::tb1u c;f :-u1~y- csiour 

rc0.ct:lon \,·ith blue tetrazolium in r~hc: c.;lrL 
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of other steroid. functions towards t~e blue tctrazalium 

re<:J.cer.d:;; s.nl'·. h-:·ve i;.1urHi the o.-k:~tol c;rou;) .:os·:; effective. 

'l1he -LJ--er;.c-3-one t;rnuping g:Jvc a. fo:.c···lJ;;:,.--:tJ, !)U. l;hc r,_,te 

location a:nd. confiE:;ur<•.ticY~ of ocher :Lu..::c·:_;in.n:.:.l ;:,rou:oc 

in t~1e Inoleculc.;. 

In E,1h:aline mediUi·1, red.::,cinb stc:roj_ds [iVe :,,n j_~1tense 

blue difcrmaza.n from che ye l.lm·J c1.itetrazolium chloride. 

·.t1he chaise of ci1l~a.li ;;:ust: be c OlY ide red to tc soLJ.E'1tJha t; 

dependent on the sensitivity of tho prepared reagent, 

a:1d the storage property tho.t is reqtlirod. Sodit'.m 

hydroxide is the 1110;:-~t com:,:only used alkali; "both 

a'lueous an(J 8.lcoholic (:Keclme..gel and Litteria, 1956). 

·:rhe use of aqueous all::ali h&s the advantage of better 

keeping properties but the sensitivity of the prep2red 

reagent was found to be much reduced.. ·.retramethyl­

ai:Lrnoniumhydroxicle (U•"J1.H) has been used (Hader 2nd Buck, 

1952) and was the preferred reagent in this study due 

to its superior keeping qualities, compared to those 



sodi1}:1 h;ydrc:d.de. 

only ::•. st:or~ ner·iod. (Bu:.cton et .?:.~. ~ 19>1 ) . ::io;_;ev<.;r in 

th.iE:> LJ.vef_\(;j_gstion 7 c:J;colnt:; e·~~h:--,nol •·-Rc d:Lf~tillec~ c.Cf 
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allo',ied -[~he lJrep·::red rec. s;ent to br; ;;:cp t; in the :ce:i_'ric;erc:.cm: 

for f~evcra..l r>onths. 

J1h8 -::<y})e :>:!.' cUCOhu1 l.J..--::c(;_ affec i:;e<i che c"enr::;i ';i Vi ty 

oi < .. he :re:J.[c;eiJ.t. ie;~hanol, c.:.l:.:;hm.1.c;h hG.vins less 

chromogenic 0aterial present, was Zoun~ ~o produce a 

l"ucb. le3s sensitil/'2 rec: .. gc;nt. Ultim:::..te sen;;itivit:y of 

:;he ;Jl<~~'": ·c-.::::ti;:zoliw-~1. rec:gcnt preps.reo. ~~ith e. ':h2nol ,:::n0 

·:nlt:..H was 1 - 5 ug of 'J:IHF in a 3 Dtl. c'l~ve t:to. 

1'.9.2 ::::.immerm.::m -------.. ·-·~-·--
·:rhe urine :::~"S fraction con;:-!.:i.:::t::; o<~ rH>Ll.Grol 2.wl 

d.epeno.G 011 the clevolopii1f>TIG O.t' 8 I'Gd.-pnr})lf.- c.::olour 
[::,20 --,u ) .,;.,er" ,...,+-erol·,·,, con· ·t'=~l. ---~,trf' Jt-b-, ./ 1.'. o ·' "·-'- .. L ,_-, u -.L,~ c. ~LL ... -::> • ~t;: 

-CH?-CO- sroup r·eact \;.Jith 2,ll:..:aline mD:i:UJ. BtG::.."oj_c_-;_ lcetones 

other than at the 17 por:3i'cion give much lese colour 

t·:ith the reagen-t G.nd t!J.e rdJ;Jo:.c_ption rn<:.ximum L; n.ot at 

520 mu. 

r.-zost ne-thods nave in conmon -t:;he j_ncubotion of the 

17-ZS with strongly slkaline mDNB in the dark at a 

fixed tem.perr..ture. :B,ro:m a series of incubations at 

temperatures from 15°0 to 40°0 the optimtml temperature 

\vas found to be in i-:;he region of 25° - 30°0. Higher 

temperatures gave more intenoe brmmj_ng and less colour 

at 520 mu., \lrhile at the colder· temperatures the 



colour ·; '<;.s ')l''Jne ;_~o L::cling over the :-· :tne o:l_ :L:ncub<;._tion 

r0quired (up to 2 ~ours). 

( rt fron its solubilj_ 

110 

type 2nd cancen~ration of nlk~li used h~s been ~he b2sis 

for much sxJ:rimentation. 

in :~his .study I'-"-V. been used more recontl:y. 11lH:: t'or1ner 

l);::.sc 1:1as rec om:nen-::1_eo_ b:y- Bongiovanni £~ .§d ( 19:S'?) v:lw 

compared ·.;l1h;, rec-lgen:~ '.'lith ·t;hc:· t; prepared ·f ro:i~ c:~lcoholic 

.:mel aqueous 2.51! l.:OH, _t-,dv;:::lt;J.ges v!ere lisi:;c;cl d~3 

(1) loJer reagent blm~-

( 2) 1 OC:/; 1·1ore c 0l our tb.an :Lnorg. c::.nic s.l::s.li 

(3) less colour fedin~ 

(L~) the Jichloromethane extructio~ o~ the incubation 

mixture remains clear rather i:;hcm o::)ale 'Jcen t. 
':

1hese lc.s t: b~·ro :)oj_nts bee.r :Cur l;'l1er c.x::::.:,_•J.sion. ·/hen 

u.·::ing J:liJ.\J:I in this atucLy ~h2 desroe of n-,-)elerC':)llCi:. 

(found to ~n duG to ~atcr i~ 

on the temp•:::ra.ture and le11~:;tl!. oj:· tj_•c:Jo :_;L,,Le:(• o.nc_ •:c~:> 

Tu.ore i~hcUl Of 1.~en <:!.bf~ont C:Onlp1c:_;oly. · .. '}v::u r<:Lcsenl~ :~;·•c 

clou<iinc:;;;? 1·?as cle:red by che e-e:tdii~;ion of a:-1lryrirous 
sodiuEl f.'-!l.IJ_phe:;.te nni _;his •·.ras fL:12.lly incl uc:Lc£ c,s 1-':_,.r t; 

oi' the stG.ndard pi·oceCiure. :Cc-uling 1 .'9.S :L'c~rad. t:;o c0m.;:1encc 

only after ono hour trow ~he start of th8 reaction. 

Lrine hydrolysed Hi th ·;J--Z:;l ucuronid<'.se may c ont: a in 

lGrge quantitiC::s oJ sL~erotd~::; -:.:1-i.~h c--3 1 c-·11, c- '0 l':etones. 

'f'hese along vd-:;h ·Jcher non-ketonic mc:d:;erL).l Cc"l1.::>es 

brmvning ,,,i th e.bsorption in t;he region L!-20 - LJ.L'-0 JJ.lU. 

Some allo,_·.rance can be m8.de by application of ~' cclour 

correction equation such as used by ~llen(19~0) or 

:.~hE,t proposed by Talbot :;t a~(-'; 9''2) tlhic:D. computes 

the final optical den3ity reading from readings tc.,ken 

at 520 s.:nd 430 mu. 
Further re0.uct;ion in blank value and brovming 

was achieved by distilling the alcohol used for the 



lL. '1 0 c:ortisol ij::'O(_luctj_on T; ~"'.te in i:r•c; She on 
___......,__ -~ 

Cortisol production rate U;;l_S cc.lcl~lc.<.t:ec1 froL1 ·che 

colorimetric du ';ermination o:~· ·'Jof::h a-L':, ~:oh-;, e.nd 1 ?­
ketogenic (2.11 c·"-:)'1 cc;rtisol metabolites) n-:~c;rcj_rJ;__; 

present as urinery neutral stsroid. 

(1) From R-Letol determination -
j_'lh.: addition of L;];,_(-: total a.-ketol in sach of ·ctw 

2'-' one-hol_.rl;;r collections (section,:~.':!) c; . .::'v:~ 2. total 

of '~5 mgm excreted ov·.~r :~he :q8r:i.oc1 of coll(~ct:ion 

(18 da~;rs) (fig.3.?). 'i.rhe mcT;G.bolism of· L!--c'~LJ--F in the 
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.· ~ --~' ( - ... "' ") shsep re r:oulteC:~. in the t:.r-i:·inry excretion of ::) .. ' ,_ tc: !::le, ~'- 1 (-, _ 

of ~he r~dioactivity ~s a-~etol. ADPJ.ic2~1on of ~his 

percen\;age to ·:;he G.<J:i.ly excretion of 2.~-h:: col, ~;:::.ve a 

c~~ .. ily co:::<:j_,sol e:z:cretion rate oJ 10 L;;.L1 in -:~he" shcr"r) 

,-cJ i7UC.i ".;cl • 

(2) Hro~ 17-ketogcnic sbcroid -

By c-1. s::L~11il~r calculation to :::t ;,;; in (1), tl~c to·i;3l 

1(-J.::cd;oge:nic r;t~;roid recovered Has e.:.::, r'1CD (fig.).G), 

this be:i:ng L'-5;;; of tho ·':Dtal u::cinc-1.ry cori;i.sol m:-::tD.holites. 

l11lirJ r;ives 2. d::c.ily cortJ3ol (;zcrct:Lon cf 10.5 r':l;;m in 

tho sheep studisd. 

'..fhe good C1..grCO!I.lCllu OGG ;r;en ·~hcse ·1_;\c~) CO:-cti~ol 

production valuGs ia an indic&tion of the rolinbility 

f ' b · t:l d f -' ' t · ' · ~ .-J 7 "T:r r' c · h 0 -c; ~lS ii!8" 10 - or G.LlC E; S liP8."ClOD OI t --Lm-,_.-;:_: ll1 ,3 __ eop 

urine. Further, tho v~lue obt~ined is consistPrr~ Nith 

tho r. mge of' 3 - '15 :n:?;m I day rc~rorted by C :)zhla:~l 

.§.! ~(196G) and =•:"~Jt::;rson and Hv.rrison(19C)7), ~,mt somo­

T:J'ha'G leu; than ·lJhe v<~lue of 12 ug/minuto (1B mgm/day) 

in a 45 Kg sheep given by '.r&it and Burstein(1S64) for 
the cledrance of cortisol from the plasma. 

4.11 Diurnal Variations of Corticosteroid Hetabolites 

in Sheep Urine 
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It hD.:-:.:. become :?}:;nerally nccepted ;·;h,··.!.c rhy!:;l: .. ::ui:;. excretion 

o:t steroi(t chromo::;cn;: in '~1,.:; urine ot i!i.~G1r•l8ls h· f:;. :::~ 

;:;_sxi:Jum in ·ll1ic1-r:torning ( atotci.; 8 r:1 .• ·:,.) c.nd lo•.' L v:~lr:; 

at night. But as early ~s 1~~) (Pincus,1943), 

rr :i_:nterrnediate afternoon value::: 11 1-rcre reno:1·(~c;c1 i•::. 11·:: in.:~ry 

ketoateroid excretion. With shorter coll:c~ion poriods 

(2 hourly - Vestergaard 

resolution 1 ras obto.ine\i 

:-:-.-r'a.' Te'"'re-l-t "ICl ·.:-7\ , __ i ···11· '·r ~ -- ~.1 , v c; v ' / ·' . J .LL- ... :: <, _ 

a.uJ in 200 collections, 

Vescergaard and 

~-.rare che.ruc·l:;er. 

E\. Ci.ou.ble 

'lf'J- "r·-; CJCl·~ ··,1crvl' """UI'll 1.-rL· -';1} "'17-1,..c,toC!·'-erol· Q' 8"''"'r"' ·-; o--~ l. "" <.. u ~... .l..._ .- .LJ. J. ~ ~u -• .. - l - _).. .., •- lJ ·' _ . ..t\ t; 'G ll. ·~ l.!. .L.J.. 

kept in •o.:i.nd when corr.p.:-.ring, the 01-:1plil:Jude:; o:~ ·c]J.e 

biphasic diurJ·w.l e:xcroco:r7 p":. :;terns of hL.l~1EUlS o.nd shee~;. 

~he excretion of both a-ketolic nnd 17-tetostsroid­

o;;enic mo:t;oriel in che urine of <.1. romne;y ev.'e ;;;as ::~hmn 

to fcllou a p2cttcrn 1.-Jich Ll-'L'zirl~l j_n tl.1e l;.:;,t;e :'lOFi.ling 

the obf)~;rv~:o_~ion of ,··;; -;rY) ,:or e· ;- C)]_ ( 1 C)C::,''7 ') 
. J.--'- . •'- .......,._::. .''::..:.....-..- -" I -' 

.-Q.~~F~f .. :~}-_ .EX:~.!~~c __ :h,on of ;~~t·:n~~~- chromog_q_I} in L;h;:, c.rJu 
T) d n c p . " r· l 1 1 • ( ' • n ., .. ~ree or ow .· erJ..oo. o:c' co..l..~ec·:;J_on ·clme Ol 'J.ay 

in hours) 

Guernsey 

Hnls tein 25 L~ 5 30 
(figures given as ~ of i:;otal 24 hour excretions, 

measured as ketonic chromogen) 

A simiJ.:a' observ::=,liion of ruminant steroid excrot]_on 

1,ras n19.de by Holccmbe(1957), ''rbo detected. a diurnal 

ve.rie:tion of urinary "reducing corl:iicoids" in both 

rams and bulls (see fig.4.2) using three-hourly urine 

collections over 13 ds.ys. 

The presence of t1;o ciiurnal excretion !IlG.XiEla is 

evident in the levels of both a-ketolic ancJ. 17-
ketostoroidogenic steroids in the romney e"ile urine 



(se2: ~. I 1 ~ ,~- 1 b IlC.+- ;. rlo com c prGSC!lCC 

c oncdtion.:c: c:md fed once LU:,~u_y c;, t: /1 C .- ' ~ ': 
' .• : lL • 

0n the other hand, 

( '1) if ::Le :feecd: :cL of c,:r..: i:icoids on the relec,se 

this could ho.vc the effect of '1 frequ~:mcy c~ku!:LL:n,~'' the 

norcal oscillo~ion of th0 

in reE;poncc to e;:ogenous ~·-;JT'H rw.s bet"::~o <Je;~.w:~'r-:L:rD.~:~cd • 

.i\ sharp de pre ::;ston of o,_~'H-1 ,c:e::crs ::;ion, rom:.l ~;in~~ trom 

eiilhor J.Tlhibi<:;ion of' !.C J:lH rele;,_se d:Ln:;c :::ly, or via a 

concentration and renchocl o. r1inimm0. ::tfter 6 - 12 b.ours 

(Henkin 2.n0 :(nigge, 1963). 
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1l'he urine volur.1o 01r~:put from -!::;he sheep also follovJed 

a biphasic rhy·thm in spi t5 of ·Gt: .. o sj .. :t1glc claiJ..y feed . . 

'l.'he v>~riation of urine volume in sympathy ;:Ji·ch 17-0H--CL 

excretion has be;:n rl")por<;ed (Forshartl _9t al ,-'F)55). ~Che 

ma.xima appeared at 9.30 a.m. a.nd midni.:~;ht, thus 

following the excretion pattern of corticosteroids 
reduced at; c-20 (:Y_id~ infra). 

l'he maximc:t for the urinary excretion of a-ketols 
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url2.:t.:_;_ry c1.-J.~~c i;oli.-! c._r::: [jlJ.c LUJ.;,-·.'. :ce,J.uceci. !"'..::: Cc.bcli-t:;es, 

::~_net J.n ;>,..rl;ice~L·:·r 'j}EI:'. Cor!._;_~,,).tJ.-.-., CC'I: i:--:ol ,-,~-,d other 

rin:-:.--· 'c U~ls;=:.Cllr.Jt.;;d :1c:O::•'Joli i_;,;s of c or-1
• i -oo1 ·r·2 of J'·.inor 

importune~ o2ly, in 

must be ussuucd that ' ' f ~ny ln~cr crcnce from corticostorono 

l1lt.: tc-:boliGG~:' :;}::;3\; mz~y hJ.VC; the ;:~-3tr:; COl ~..::roup into.ct is 

insi:_;nific~··,yL; 1 in vic--.. n:· :_;h:...; socret;ion iron th.e s:~wep 

adrc:nc1l o.f Gnly S!>:Jll a1:1ou::J"C;-'. o~~ t!:.ds corticos·i.,;croid 

( ·ql'C'll ~nrl ~"'or"''1'"'0Yl 1 ··. ::.~': .\ 
J...;,...{.r...;.!.. C' •. L..L .. L -' v 6"-'-'::J. .. '} /,..) .. ../) • 

.~0' 21-ol OJ. -·i 7a' 21-ol-<20-·on.c c onfii_Dl.U'i-.::. cion. ~C:his 

th8.'G con~ribuGE.:d ::y ~:c.o -..r-~r~r -~c·l·:r cor·l~icost.:,roidE~ •:ith 

che c;l~rcol ::;icie··Chi:in. Th·3 c1 :_x·ccr.·:ncc L ~;.::1o;m 

:';rc-;.phic <:-lly in f'ig .L:--'1 • -~.1hc c o::1c lusion t c be (}.!'a'i"J~l 

from this observution i::o ~~lv:J:; :~b.e cort;isol n'etabolites 

:J:inximujn some -Gi:.no o.f·cor the ;;:.x:rimu1r~ for the czcn) tion. 

delay in I'8ac~ung ·cLc miCi.--n.1or:ning mr1..:-.imum in .,l_bout 

90 :.Linutes, e.:a.c'. the c:.ol&y in the e:vonincs i,s about; 

).,) hours. 

'rhis time difference in ·::;he excretion of cortisol 

me-Gaboli tes, differing in the degree o:c raduc tion, has 

not previously been reported. 'l'ho urinary lwtoGtoroid 

levels o.re lmmm to follow closely the levels of 

lcotosteroid in the plasma (Sandberg ct ~,1953), 
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c::~.lchouc;h Doe: ct .§:_J.:("195L!-) bel.~:; rero~c"02d o .:_ hour rlclay 
in ch;· urj_JL:.ry excre ci01: ··.r::;::irmra oi.' kctos·:.:;eroid~::~, from 

in !)oth 

lmrt::n k-:JtOf3teroid and ncutra.l reDucing l:i.j_;:LcJ. in -~hE: 

urine, but found factors aff~ctins urin2ry ko~ost8roid 

in ·::he :c&te of acntr~l r8Jucing lipid oxcrocion. 

£1C'i Sjj) <::.lr.::;o re:portod ,-~Lf'.for::!nc8:~; i:. dw 

....,..._-c,ro-L''n of /1'7 l--·'--os·i-"I~ol·c' "'"J.C' "',..1 ou ("c' C .. n . ..J ·~ \J ~'.._J I -.!.}....; _ _; .._, •.. u0 . _ J.. .:.,... ..• ~ i ( -· _.l- _;0 :·· ~!.ll.C UJ..'Oni(L8 ~:; • 
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rnto of excroi:;j_on of pL.:.s .w. cori·;ico:d;,·roids ::n '~ :~<:J.:b:.ps 

n·:ucr:o.1 l:L'!Jid in gcm;:.:rc:.l, j_·-J c1Gpcr;dcLt 01-;. f'.otw 

.J~ole, so ~ffaccins i;s solubility in water. 
of conjug2tion, nature o~ tho conjug~:~od molecule or 

cli·::fer8nco3 j_n bindins r:::ffini:~y ·:rj_tlJ. ,.1,:!:-Jr;JE\. ;::>J o+.(c;in m;•~.y 

possibly contribu~u to ~h2sc observe~ di~~crencas in 

Jt '~,rr:..y b.:., r·o c 'J.l1re:-c2on~ :.:-1:: ._;o :~ cnJ .<~-; :_l•.~ ·;.:; ;;his 

v.~_rL·. i:; ion i_j1 -:~lh; rc .. :;c; o c· .: >cc.r;; l.: ion of c o:ct;i,sol j:J.c> t atJolitn s ~ 

;_: · 'l' '">r:•ll • .1.~ ( <:•, ,-., n 
·"'- ..L..V- .. I. ,• VV 

,-. 1-· , ... , ·:c.-, r /l )\ 
V.-1-.··J.· vi....- 1 • 

.Chcse <:l.V<::~HlRS of l..:;hoc.•~ht ;;'_u;.,;t LYl.&in the br~:.sLo fo:;: 

fur !:jhcr i:ny;:' F3 :~ it;c!.ti()n ~)C l;h J.n:. o ~ll.o g.,n;.cr;:.'..l ~:L; t;c.:.boliE.c-

of cortisol in ~he sheep ~nc ~he excrei:;ion c~uractcrictics 

oi the m~toboliccs so forneJ. 

--- 1-1 ---
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SUlil'-TLRY -----
1. -'~ nethod for the purifico..~ion ()f paua (IIalioti~ i:r:_:i.:_~) 

sto~:tach b-glucuronidase u.sing nuthanol "\c,r,:·s presentee_ and 

the activity of this prcperation ~awards corticosteroid 

conjugates was investigated. The Pnzyme ~ctivity towards 

conjugates dissolved i~ urine ~as found to be no different 

to the activity shown towards conjugates extracted !rom 

urine and redi:.3~wlved in bu.fi'er. 

2. A b-,_;;lucnronidase pre:9o.ration ::-~rom lj_mpet QI.~!.~-~~ 

8~ Cell£!]§) vas con:p::o,red 1.vi th the :oat.12. prcperr.tion in 

respect of affinity for the cortjcosteroid conjugate, 

under che sa;t>e con.ditions anc~ wi ~h tJ1e sall1.e concm1 t;ration 

'.L'he limpei:; 

enzyme \'ras sho,,~-n to be slightly more active but ;lot 

advantageously so. 

3. A continuous clu·:.:;i')il _parcit:;ion syston1 for the 

separation of the cortolonsa iso-1eric ~bout c-~0 and 

oi' the cortol i.soJaers, rdas developed 3.8 aa extcE.:.ion 
,. 

0 ~ B. 

system sui table for separation of coapoun~: 11EL:i' t_,1_roD.,;h i_;o 

cort;isone. 

rapid separa~ion of 17-~n~osteroi~s with a sin;le 

dovelorJmen·t 3 and ._.,;::,_::~ foun:-l to ~JE': qui l:Je s, i cable lor· -t.;he 

separation of ~he five ~.1eucr,:•.l 17-.. etoe·ceroids :l_r:=;oL,tr<~ 

from sheep urine. 

5. ~he crude extract of urinary corticosteroid after 

hydrolysis was divided into c-19 (557'~) e.:1d c-~~'1 ( 45%) 

fractions usin;_s e. florisil colmnn~ and further separation 

us ins thi1:1 layer techniaves resulted in tho de·cec cion of 

14- c-'19 rne·i:;abolite.s t:md 23 c-2'1 metaboli!:;es, or Grours 

of Eletabolites. 

6. The principal c-'19 COi1l1ounds \vere 5b-A--ja, 17c,-nl-11-

-one and 5b-A-3a,17b-ol-11-·one ~.dth :)a-A- and )b-A­

compounds isomeric about the c-3-alcohol and the c-17-0H 

also detected. A compound ideHtified as 5a-A-3b,'17a-ol­

-11-one and its -1"lb-ol-isomer, ~;.rere also described. The 

17-ketosteroid (mainly 5b-A-3a-ol-11, 17-one) was i- of ·the 
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c-'19 frac cion 7 and the '~1-·l\:etone Dteroids c nrmrised so::; of 

the c-·19 frac [~ion. 

7. 'Che rc:.tio of c-2'1 b teroicl •::i !~:h ';he .::_i}J.y6.rox~racet;one 

sid.c chc::.in ;?;roupinc;, co c-2'1 s 1.:;eroid 1;1ith t'.le ~l7cc,l 

~ido chain, was 1:1. "!r ... e principc-;.J_ a-: :e to1 \1<'.1 s 'J.'j-IJ!' Hi th 

the 11-ke~one an~ 11b-OJ glycols present in about ecuul 

Cti"·~.out1ts. J,n un1.1fm~~-lly higll r2. 1.:;io of b-ccr-c;olone to -:~he 

a-cortolone ( 7:1 ) was noted. 

8. BxporiL~ents conducted. on sur?-;ical:L;y mo()_i:f'iect slwop 

uncovered an. active r3ntr::roheD8tiic recircula·cion rnechelJi:::;:J 

(a) '' 0 .. 1. cu·v;." t' '··b T ~T ·-~-'~- ··r' ~d Li _']Lj .. _., dO 1..1. 0 0 ,o 0. IJ _e -'- • \" • lL._1l:C ,Jt: ,.-C -c.: "'.'!Cl.f'l excreted 

in the bile with a hi~h proportion of c-21 

n;::tabolites, the principal steroid bein.:; '.~:'HI' ()1)0). Tll.e 

urinary e::-~cretion pattern ~ras similar but uith only hLlf 

the percen!.:;a_ge of l:HF co that found. in the bile, ie. -:~nl;y 

:~o,;~ of the :rHJ:t' f~rmecl fro;-~ cortisol :1.e excreted :i:o ~:;b_e 

urine in the first cycle 
"'lJ 

(b) L:.-c 1 ·--F-·cneta.bolices infused irr~o ~he 

duodentwl v1ere c.--:lmost co:~1}1le·L·e13r recovered :Ln <he bile c:nd 

1.1rl"-ne rnainl~T '-'8 C-/10 C~,··,-,.rol' l ('711:.':.) -- J • ..;. ' -- ,_} (_.J, , I ../ I- LJ .,_, - c.. { 'J, - • A ~ivision of 17a-

and 17b--hyclro::7lc•tion en/:·T;}_,,.c~ is Eu·gestr.;d from. the 

virtt~al absence of 'i 7b-~1ycJroxy-·c·-'i 9-Fteroid in :~he bile • 
. -, 1,'"'e Url"nc 'I"'' c., 1 .... 0'-TY': ·~-o -o·•l·'·-.-, .. ,1 ')0+, ... "r7a ,-,-,(-~ '17b I1 lVdrox~-.lL!. -- .__; ~-.h~., ,:;J.> •' .. d '--' C· "-IJ<. ··-' l' L..i.l I ( - ::,J_,__,_ - v '"•· ,.J-

-c-/19--s ce:co:Ld. 

(c) the mechanisB of ~cr~sorption of 2teroid from ~he 

lumen ,;f +;he :Ln-t;e::>tinc · .. '--:::: found. to he CCJl.l<<.lly ,: .. ;3 ~'1.ctive 
'1L;. . .. , . I • :_;oviarcJ.s c -1(-FC cos1:;erold. c.s the bilicry .eto.bcYlites in 

general 1 .::.nd 1.Jt=t.S recovered in tl1.e urine as ·17-0:2.-.steroid. 

9. A new ~ethod for the quanti~~~ion of urinsry cnrtisol 

metabolites of che sheep •.·a;3 deve1oped, iu·volv].n~_ 2. 

prelin1inary fr~_ctiorL•.tion of l~he cortico:::;·i.:;eroicl. using 8 

florisil colunm. the cortisol proc.l1...1.ctton rate estir;l!J.ted. 

by quanti tat ion of both a-.~,~etol and 17-·ketogonic steroid 

was 10 mgm I day, in both cases. 

10. A diurnal rhythm in the urinary excretion of cortisol 

metabolites vas found to exhibit a pronounced biphasic 

character. 

11. A difference in t_he rate of excretion· oi the tv.ro 
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classes of steroid assayed was avparent. ~his difference 

dependent on the degree of reduction of the side chain 

hRs not been reported in the literature, and po~sible 

implic~tions are discussed. 

I - I ---
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