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epSoMMt"'G

nk studie \ urm deel \ an 'n ondersoek \ un die sindroom hill \ erlcngdc rlrdgligh..:id in skape

en kontrasepsic ill roue. veroorsaak deur die ;\al11ibi..:,~· hos. Sa:\II/cI II/hl/'lil/(/lit'l/mil

B\llSch. Ik,,) s~· ,\ .IS \\:rkr~ \ .lI1al· stlllJie~ met ..... tubcrcu'utilonni» ek sirakte. llHH1 dal

\ crbindings in dl''; rollS udrcnale st, r<licJgl..n..:~..: in die rot vcrsteur en die hinding \ an ure

natuurlike suhstraut. I.kllkslkor:iL" ...tcroon, .ian sk.iap adrenale suochroom !'-l.50c II \ ...-rhocd

S\\<I" h:<;kr! t die i..,olasH: '<In ecu \.111 drc : !..lie\\ ...• vcrbindinus ill die bos. wat ;';2 genoem

word Daar I'> ge\ inJ dat die Sl I'mksie uit 'II mcngwl van 'n hn\)g~ labiele vcrbuulmg plu ...

een ol meer stabiele komponente, \I.un an inclricn ":":11 is. best.ian 111'n waterige medium is

sin .. !' ,,'II 'n athraa], produk \ ,\11 die S2 Iruk ie, Dcnv ariserings studies hel \\)\)~!:!":'iI..'1 J;'Jl dil:

aktiewe ",lilipnnent in S2 '11 labiele ludrokxic-Icnic! aziridicn Ill' die 11()1't~":llslemll1..:nde Ill'P

keuing voorloper mag \\ ces 'n Meer stahiele asetok sic-nzindien voorloper analoog. 2-(-1-

as":IIll-''iicli.:nici )_2_l:hlllll,_;-":_metkl_elld,1I111l1l'Ililimchlori~'d (Verbinding A) b gcsmteti ...eer.

en hel kontruscpticf gCIlll:IS \ il' roue l:11 het adrenale (>450c II gell1hihcl:r. SOIl>; S2 'n

l-tanolicse ekstrak van die plant, Uil': aktiewe fraksic \.111 die plant. S2. en Verhinding \. 'Il

analoog. is voorberei CII getoets 111die huidige studie.

!lierdie studie he ..kl') 1':

(a) die isolasie v.in die S2 ti•..IKsIC lIil.\ //d,,'/'l'lIlul//ol'llli, \,'11 dl": k.lIu"ten"cring \ ,111 dre

chemiese struktuur van die hoolï';Plllpnn..:.\t(e\ ip die:-;2 [raksic. Drie molekulêre ione. "al al

ludrllJ..sie-Uliridlcl1. norsalsolino! ell sincfncn, underskci,'. lik. [)aarh). is 'n 1111\\":molekulêre

ioon h) 11/1; 258 waargeneem en tentatief gcïdentilbccr as die a/iridlcn voorloper \ an die

hidroksic-aziridicn (fil ; 150).

(hl die cftck van \ crbiuding A. cumolckstruk en ~ 1'1' udrcnale sriochroom 1'4501:! 1 Die

hIC;'" mun ...ter hel die I ipe I dcukstkortikn ...k'nl\ln-1!":lI1dll"l.~..:ru..: verskilspektrum gClnhiheel

_11'.\ 'I Ipe II nl-straat vcrskilspe! ..trum ontlok. verbmding i\ If,d'I\CCI gemengde inhibisie "an

1.1\: I ,Ij(·-bellldll",~'cld ..., verskilspektrum van ~illlChr\H)I\\ 1'450.:1 L met 'n ster], kompeter 'nu

clcmco

--------------------------_ ...••••'~~;)~
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(d) die toepassing \ an clektrosproci massapcknumetric (Jill die \ erskillende taktore \\ al die

sikliscring van Verhinding A U.I UH: aziridicn I->el\ locd I.: bestudeer, Hierdie het mge ...luit die

effek van versnellings energie. 1L'lllpL'l111 till 1 en rll..:n Jil.' teenwoordigherd van (he P-blklt

ensiem. Studies hel getoon dal die sikliscring \'0.111 Vcrbmding A na drc ooreenstemmende

aziridicn in bufler en skaap serurn IS teruperatuur c.!11pil afhanklik en dal daar 'n balans lussen

kortikosteroied bindings globulm hind mg. wat pIL~IS\ ind a~ gC\lJI\! \ an die tccm\ oordigheid

van skaapscrum. en xiklisering Hill Verbinding \ bestaan Die aziridien voorloper,

Vcrbinding .\. sikliseer na die ooreenstemmende lahtclc maar meer aktiewe .vlridlen h)

fisiologiese pil. I.,kaapscrum hel die tempo \.111 siklisL.'rin~ vcrtraag lem} I die P450c lt

ensiem die siklisern.g \ an Verbinding r\ na die oorccnstcmrncndc a/iridicn katalities

bevorder het,

(c) die effe], \ an Verbinding A. ct.molek strak ':11 "2. lIP Jl,' \ ervpreidi Ilg \ an endogene

steroide. kortisol en progestcroon. in skaapserum. Die toch n:\)I1s11·r-.het kortisol \ erpluas \ an

kortikostcroied bindmus globulin met dit: gcvulglike 'crhllglllg in die persenta-ac \r~ e

"termed in skaapscrum. Progestcroon \ erspreiding i:- egter nic .:ltcmC!h\\ .lanhg bcïv lncd deur

die toets monsters nie.
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StI:\l;\lAR'

Ihi study iorms part ot .UI ongotng mvcsugauon mlo the s~ndrome ill prolonged gestation in

sneep und coniraccpuon In rats, caused h) the Narnihian shrub ..... ulsolu tubcrculatlformts

Horsch I \ idenc c' \\.1 obtained from studies wnh ''- tabere ,,11111/0,.,,1/\ extracts, that

compounds lo the shrub pertui bed adrenal sterordegene i 111 the ra t and mierfcred \\ lth the

hmdmg of the natural ubstratc, deoxrconico ierone. til hcep adrenal cytochrome P450cll

Swart described the isolation of one ot the acuv c compounds from the shrub, named ::-;2. I he

S~ fracuon was Iovnd to consist III a mixture ol an extremely labile compound pili line or

more- stable components, one of which I" S) nephnnc In an aqueous ruedrum S) ncphrine i...d

breakduw n product of ,'" S2 fm lion Ikm inzauon studie sugge ted that the uctiv c

component III \2 \\ as .1 labric h) droxy pheny l-aziridinc or the corresponding open chain

precursor. A more stable ucctoxy -aziridinc precursor analogue. 2-(~-acetu,) phcny 1)-2-dlloro

-:--:-meth) l-cthy lammoniumchioridc t< 'ompound \) \\.lS S)nthesiscd. and found to be

contraceptiv c III rats .ind 10 inhibit adrenal 1'.t50d I. hk ...' S2 \n cthanolic extract trom th e

plant. the active fraction from the plant. S2. and Compound \. the chemical analogue, were

prepared and I\! led III the present study

(a I the isolation of the Sl fraction Irom ó tube rculatilot I'm :U1d the elucid uron (It the

chemical structure of the main component; ) III the ....~ fraction I hrcc prc\ wu,l) de cribed

molecular ion" were observed ut lit: I'll. 16(1, 161\ and identified as .1 hydroxy-azindme.

norsalsolinol and synephrine. rcspc ctivcly. In addition. 0 new mole ular ron at In: :!5S \\:IS

observed und tentatively identified :.1' the azmdinc precursor ot' the hydroxy-uziridmc (nL:

150)

(h) the effect of Compound \, ethanol extract and S2. 011 a lrcnal 1.:) tochrome JI.t5(kll. I he

test vamples inhibited the I ~pe I dcoviconicostcrone-mduccd difference spectrum and

elicited II Iype II <ub ..tratc induced difference spectrum. l \lIllP<1UIIU \ induced mixed

inhibition of the DOC-induced ditlerenee spectrum \)1 C) tochrome P450cll. \\ ith a ,tfllng

competiuv c element.
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(cj the effect of Compound \. ethanol evtract and ":!. on till' drstnbuuon of endogenous

steroids. cortisol and progesterone. III sheep scrum 11H: I~.,I samples displaced, ecrusol trom

corncostcroul hinding globulm \\ IIh .1 resulting increase III the percentage free terold 10

hccp erum Progc ,I c-ronc distribuuon, howev cr. was not affected to a great ext cnl h~ the I\.:.t

samples.

(dl the applicauon of clcctrospray mass spectrometry lo mvc ..ugatc different laetors which

intlucnee the c~elization of Compound \ to azrridinc Ihe c included the cfleet of cone

voltage, temperature and pil. and the pr csen ..c of the 1'450 I I en/) mc. Studies show cd that

C) elization of l 'ompound r\ lo the corr csponding azmdme in buff cr and ...beep "c rum is

temperature and pil dependant and Ih,1I there is a balance between conico ierold billding

globulin binding. \\ hich l'....cur due to the pre ence of the sheep crum, and e) chzauon of

Compound 1\. I he aziridin c precursor, Compound \. C) chscs 10 the corrc ...ponding labile bUI

more activ e azlrldinc at ph) ...iological pil. Sheep serum was show li to rc turd the rate nl'

cyclization whil .....the P:l50cll enzyme catalytically promoted cyclization of( 'ompound A to

produce the corresponding aziridine
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ln an attempt til reproduce the '» ndromc or prolonged gcsunion in rats. the shrub \\.l~ ted In

pregnant temale rats, hut in most cases it led III toetal resorption rather than proh1llgl:d

gestati,m. [r the plant wa ...howev cr. ted til non-pregnant temale ral!'. the csiru c~ dc~ ot'thcse

unimals were blocked [21. I he ubov lo' re-ults suggest thai ..... Il/hen ulutijnrmis etlllt,lill'

contraccptiv c compounds I he comraccpti \ I.' ucuon 1)1 the ...hruh \\ as how 1.'\ er nol observ ed in

sheep [31·

CHAPTER I

I~ 1ROIH (TIO~

Big lamb disca c i" ti rare ~) nelrome ot prolonged gestation which Ol.'ClIfS sporadically umong

karakul hecp in the Keetmanshoop area III ~.lmihi,1 III I he S) ndrome .5 characterised h)

foetal po ...t-rnaturuy and prolonged gc'tallon which results 111 the fur ot affected new-born

lambs being 0\ ergro» n al birth and leads :0 economically worthless pelts II. 21 I he

Namibian ..hrub . .)(//HJ/" tubcrculatltortnis Bots h .. has been cstabli hcd as the causactiv lo'

ugcnt of this "~ ndn me and prolonged ge:>tulion can nc e\f'\!nmen!all) reproduced h) feeding

th ... shrub til pregnant merino sheep 1'1. \l11rgenIIMI conducted nil extensive study on the

effects or feeding :..; tubcrculutltormis Botch. to pregnant C\\C:- I" I· l lc concluded that the

h) poadrcnoconicali ...m and h~pothy roidism oh crv cd in the toctu es Ill' C\\1:5 ingcsung

.....·/lIhcrcli/all/o/'m;\ supp ins the theory thai prolonged gc,;t:ttiun is C,IU I:J h~ a ...uprcssion of

the foetul h~rl)thukllnus or higher brain cc. .:s.Onl\ two direct effects III' the shrub on the

ewe were identified namely. ,I marked under-development of the udder und also the

dcv elopmcnt of u non-hernoly tic anaemic condition

lhe propertics Ill' plants belonging to the genu' Salsola (Family: Chcnopodiaccac) was first

described n) Ploss ill 11)(12 lol). lie til cribed the use, In \Igiers, of an \llfusulI1 1)1' the II:U\es

of the shrub ns a contraccpuv e. San folklore also deseribc the u c nl S IlIh(/'CII/,,'i/o/'/II/\ OT

"gannabos" for contracerniv I.' purpos es f51
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(A) 4-hydroxy-aretophenone (B) 4-hyruox-y 3·metbo~y-aretophenone

V.1Il del .\1I:1\\e c' ut.....xploitcd the estrus blocking .Icti\ it) or th c shrub in rats and \\ nh the

aid ol vaginu] stu cars and standard ~t.tinillg tcchruques ...ucccedcd in isolating acuv c extracts

und partlv -puri tied fractions from .\' IlI/WlclI/(/II/n,.,,"1 I(li. 13: u ...ing this hill-liSSlI) as li

monitoring sy st c m the extremely labile character ur till' c xtracts and tracrior.s from the shrub

wus discovered Specifically. their sensitrvir, towards pl l. oxidation and direct light which

rc sult ill autocatalyuc degradation and polymerization. I hc) isolated (\\0 less active. hUL

more stable compounds \\ Iw.:11 wer c identified by mass sp cctrometry (\1"\) and nucle.rr

magnetic resonance spectrometry ('\ \ 1R). as -i-hy droxy -ucctophcnonc and -l-hydroxy - l-

methov, -ncctophenone. rcspccti, d) (I· ig. I II. lhis indicated that the uctiv e compounds Ill.""
tuherculattlornns \\ ...-r.: probably. small aromatic compounds containmg phenolic hydroxy I

groups.

HOVe-CH)
I'o

H '0

H[l~~-CHJ

figure 1.1 Ihe chemical structures ol L\) ~-h) dn,,) -acciophenone und (B)
-l-hydroxy -3-I1)..:tho:\) -ucctophcnone.

Due to the considerable amount of active material needed per Ic:-.tand the long time required

lo complete the hlo-assa) il be curne ncces~al ~ to dcv clop biochemical micro-assays. I he

micro-assays would be more ...cnsuive. and Jm .. to the shorter time required to complete the

assays would reduce decomposition (If the labile compound ... h idcnce was obtained from

studies with S tnbercnlatiformis extracts. and with the two acetophcnoncs mentioned above.

that at least pari of the prolonged gestunon II) ewes as \\ ....11il...the coruraceptiv I! acuon in rats

may be related Il} change ... In glucocorucunl hormone levds. (rllIC,l<.:OrlICllld hormones arc

actively produced in the adrenal glands and studies with fat adrenal tissue .... showed thar

active extracts inhibncd (he S) nthesis or corticosterone from dl'o:>') corticosterone (DOC) 161
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This assumption was \ cri lied b; studies w ith mcty rapone . .I know n inhibitor nl cortisol and

corticosterone brosyruhesis :7]. Feeding of rut-, with metyrapone resulted in ihc hlocking ul

the estrus cvclc. in a manner similor to that observed wuh the shrub and led to the idea that

active compounds in the plant affect adrenal stcroidogcncxi» [(lI·

The biogenesis of steroid hormones arc camly zed 1':: LI gnlllp of c: tochrome 1'-l50 dependent

rnono-oxygenascs. C: tochrome P-l50 dependent enl: mes arc heme-proteins \\ ith unique

spectroscopic properties due to the presence or LI heme moiety 111 the ucuv c centre. I he

interactton bctwc ....n the cn/) me and its natural substrate. or mhihitor, can he monitored h:-

I IV difference spectra l'his teature enabled "\\<Irt Il) develop twu <pcrtruscopic micro-assay S

with which the bobtion of" the active compounds from .\ tuberculutilonni> could bl.'

11':- .ntorcd 18 J. 1he first one measured the direct interaction ot' an inhibitor \', ith the

C) tochrome {'-l50c I I enl) me. \\ hik the second monitors the interference \11' an inhibitor \\ ith

the binding or the natural substrate . DOt'. tn the enzyme \ third micro-assay. added at LI

later stage. measured the effect of an inhibitor on thl! converston or DOC LI) corticosterone h)

a reconstituted c: tochrome P450c 11 enzyme SYStl'111 181,

The above u-savs were subsequently used to monitor the cvtroetion and isolation of three

extremely labile fractions from ,I, IlIhCrclI/"rilol'lll/l. namely -;I(J). SHh) and "12. which

inhibits the hydrox , latinn of DOt' to corucostcrone IX, 91 or the three compounds on I; ....2

has sn far ~jCCI1 investigated further "'\\<11'1 observed that '-;2 stabilized the In\\ spm statl' of the

hemoprotein \\.,!ch results in a '1:-pc II difference spectrum and inhibited th c hinding or the

natural substrate lo the active Sill: or c: tochrome P4:'i(k 11

The elucidation of the chemical structure "I' ,,2 preserned man) problem .. ~:-'lR studies ot'

S2. dissolved in deutenurn O ....ide (1) O) or deutcrured dimethyl sulphoxidc (()\1"\Od6).

revealed the presence or ,I IA-thsuhstilUled benzene ring. ~;\lR spectra abn indicated that "2

dissolved in a mixture nr Dell) Cl j.., readily converted to I+l·h)drn\.)rhcllyll-2-

(methy lurnino jethanol. cormnonly know n <.IS ~:- nephrinc S) nephrine is a stable compound

and showed onlj sliulu • ctrv It) relative III the ucuv il) dl~pla) cd b) "2 \\ ith regurd to the

P450-based spectral assays. It abt' does not sho« the 'ubile char.rctcri-ucs ur contraceptive

action normally observed \\ uh S2 1 hese results indicated that ") ncphrine could p\)s~ibl~ be
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regarded as a stable breakdown PWdUd ol'u highly uctive hut more luhile compound in the ~1

traction (6).

When ')~ \\u., subjected to electron impact mass speerrometry 11-1-\1\) und last atom

bombardment mass xpcctrornetry (I \B-\lS) the spectra showed nil truc molecular ion ha

instead an abundance ot" high molecular peak ~ 110]. l'his ;-,uggc-..tcd that p,11~rncnzauon ot' ....~

has taken place vcetylntion of S:2 h~ van der \km e )-iclded an un ...table monoacetate \\ hill'

<led) luted s) neplinne ) ielded a stable triacetate (( 19 :2 Il I:I-;\IS (lI' the accty 1;111..d ..,2

indicates a molecular mass of 191 111 addition til fragment ions From the \1\ data and other

information it mb deduced that the unacety lated compound might be a hydroxyphenyl

aziridine,

Although S2 shares many (It" the labile characteri ...tics exhibited h) .,~ ntlictic aziridincs, a

study was undertaken h) de Kock. to obtain chemical proof that u compound containing an

azindme moiety existed in the ..,:; traction 1111. Ihe aziridine ring. and its protor-ared 10rl11.

the aziridinium ion. arc reactive compounds \\ hich readily react \\ ith nucleoplulcs to limn

alkylated. ring opened products, De "lick ut.!\ eloped a chemical probe, ~-(2A.6-

trinitropheny Il-mcrcaptoethanolaminc (,- 1'\ P- \lrA-SI I I. \\ hich reacted under mild

conditions with each of the model aziridines studied, but not \\ ith synephrine. \\ hen thb

probe was used to inv cstigatc the S2 fraction, the results clearly Indicated that ~2 contained a

compound which reacted \\ ith the pro he I hi ... result \\,IS taken a:-; proof that an uzindine. or

its precursor IS present III "., During attempts til isolate this product h: thin Ia~er

chromatography <TI.C) on silica gel plates. it \\US discovered that the nl:" product is unstable

ami rapidly decomposed to : ield the origmal probe and ,I new compound. identified as

2-( 4-hydrox) phcny I j-l-taminomerhvl iethene.

From these results IJl: Kock deduced that the active component in the hilliogically active <.;2

fraction may he :.J highly reactive hy JrO\.) phcny I .viriJine. or it's precursor. . \/Iridincs :1I c

extremely labile and their precursors. \.\hich cyclrsc li) the corrc-ponding azindine /11 ,·n·o. are

normalf used in phurrnacological studies, In a separate study. dl. Kock ": nthcsrzcd a sertes

or structurally related phcny I uziridinc precursor- contaming ,I 2-)\-l11cth: 1- l:th) lumrnonium

structure. in which X represents a good lcuvmg group (I"ig. 1.2) [1:21. I hese precut ...or
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molecules all C) di ...c tIl their corn,;:-,pllnJing uziridiucs at ph~ siological pil. I he

2- '\-mdh) kth) lummonium phenv I a/iridme precursors could all be classi tied us

mono-functional nitrogen mustards ba-cd on the resemblance of their chemical structures to

these mustards. Interestingly enough nitrogen mustards ure know n to cause 1111..'same t} pe of

anaemia prcv inusl) observed \\ ilh the shrub In pregnant ....wes rl' I

x
I
CH-- CH2 -NH- CH3

Figure 1.2 Chemical structure otopen-cham u/iridine prt.!cUT'';I)TS '\ good leaving group
R-Il. Ol [or ..\cO.

One of the uziridine precursors S~nthcsizcd was 2-H-aCChJ'\) phenv I)-2-chloro-'J-methyl-

ethylammoniumchloride (Compound Al. "here R acdOX) and \: chloride and which

cyclises to the corresponding uziridine at ph) siological pIl. In another stud) I nu" er al found

that this compound. when administered orally and mtrapcritoneally. had a cuntraccpuv C

effect on female Wistar rats \\ iih a concomitant decrease in total body. uterus. and 0\ ar)

mass and an increase in adrenal mass ll-l] Specuophotomctric studies indicated that

Compound A inhibited the I: Pl' I [)( l('-inJlIct.!J difference spectra or sheep adrenal

cytochrome P450c11 and elicited a I) pe II difference spectrum in a 111~U111er similar to that or
S2. Inhibition or the 1) pe I difference spectrum \"I~attenuated with time in butler but not in

native sheep plasma l leated sheep plasma also showed aucnuauon or inhibition with time in

a manner similar to that of Compound .', in buffer,

ES-MS (elcctrospray mass spectrometry studies indicated lhat in buffer the azindine

precursor (Compound Al cyclisise-, full) to the uzmdine within I hour. while in sheep serurn

the cyclisizauon IS retarded. It \\,~S lound that il is the uziridine precursor, ruther than the

aziridine. which IS the inhibiung ugent in the c~ tochrome P-I50c 1 I system and that two high

affinity steroid-bindmg proteins in serum . .." Jl3(j be, hormone hinding globulin land CBG
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(corticosterord hinding globulm) m,l) hind and stahilizc the azrridinc precursor In sheep

serurn 1141

Binding of the biologically acuvc azirrdmc precursor tll the steroid bnuhng globulins m,l)

sill1pl~ be il transport ml!":hanism , in which e,I~C the adrenal would be the primary site III

action. or the binding itself, \\ ith eeueurmtant displacement <d endogenous steroids. 111.1) he

part or the biological effect. vnoihcr 'IUd) h) I OU\\ ct II/ was under taken til c-tahhsh \\ hich

mechanism would predominate ill "n'o during contraccpuvc experiments In female rats \\ uh

\ tuherculutiformis and the chemical analogue. Compound ,\ II" J. I Will the results Il \\ .I~

UI.:JuccJ that the contrnccptivc effect (If till.' test compounds llIa~ l'e mediared h~ displacement

ot' corticosterone trom Cmi .1.., indicated h) .1Il incrca c In the perecruage free conico terone

and il deercase in the percentage eBn hound steroid. ,\1,,1. li decrease in adrenocorticotrophic

hormone (Aelll). lutl!nllin~ hormone (1.111 and CB<i levels were observed, which ma~ be

due to the increase in bio-avuilabte corticosterone Ie' ds. It "ill .115" I'll!"I' interest to examine

\\ hether the test compounds hav e an uddiiional direct d teet on hepatic ('IHi s~ nthcsis .IIlU

A('TII and LI r secretion h~ the pituitary or. II hether the d kCI .... pri'l1.lril: due 1.1 increased

bio-a \ ai lable con icosten Inl.'.

Ihe main objective of this stUU) wus to test the 117 vuro biological enects of Compound A.

the cthanolic plant extract und the S2 fraction. Spccif c;III~ the micra rion ol these samples

\\ ith the steroid binding protCII1S, adr c n.11 \.') tochrome P4501.:! I and plasma C IHj, \I.IS

investigated as well as the effect of the I! proteins on the cyclizatinn of the test compound til

a/iridines. Chapter 2 deals \\ ith the methods applicable hI the preparation III Compound A.

till.' ethanol extract und the S~ traenon ,111,1 the tentative identification Ill' the chemical

structure ot' the major component In "2, the Jeti\ 0.: component In the ...hruh. I he I!rtel't or the
test samples on sheep adrenal nutochondrinl I''':S(k Il I' described in Chaptc: J. I he

influence of t "ompound \. the ethanol extract .II1U the ...,'" traction on the [)()(. '-inuuLed

difference spectra and the ahiht) (lt Compound A, the ethanol extract und ti c \2 ~ractioll III

elicit a I) pe 11 ditterenee spectrum were tested in buller. heated und nuriv c ...hccp plasm».

r he ahiill) of Compound A. plant c \traci and !:'2. to displae c 'he ..tcroids. cortisol and

progesterone. (mm ( Il<, \I.1S ulso 1I1\1.'....rigared (Chapter 4 I. III Chapter 'i I ....- \ ,..., -tudics arc

described that im e"'lig.lIo.: the equilibria between the open chain precursor (( ompound A I and
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the aziridinc in PB'" ,II ei sheep erum. I he influence ,,1 different laetors. namely (,,1I1e

\ oltagc, temperature and pil. und the pre cncc nl the 1'4 "k II ':1I7~me (In the e) elization ot'

Compound 1\ tn the u/iridinc are also discussed I hese ...iudles ure aimed at elucidating the

intcruerion Ill' the ~p':\.Ili.:d lest samples \\ itll the plasma steroid bindimt proterns. ('Il( J. IIJ,I

the adrenal suhstratc binding protem, e~ tochrome 1'4S0c II.

_______________ ~ ..a. _
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Further investigation ... showed that the S2 frncuon consisred ot .1 nuxture lit an extremely

labile compound plus one Ill' more stable components. one ot' \\ hich IS ...~ nephrinc. Ihe S2

fraction w ill dccompo e to ...~ncphrinc (I ill l rg 2 I) lil an aqueous medium. Dcriv itisation

studies, however, ...hewed that the s1 traction is not sy ncphrinc, as accty lation of the S2

fraction ~ield ...the acctylatcd aziridine structure III lillig 2.1. \\ hile aCd~ lation nl" ,,) ncphrine

} ield ......yncphrine triacetate (II III lig. 1 I) 1101 I1lC~above studies uggestcd that the activ c

component in the S2 fraction rrught be 2-H-h~ dro'\) -phcny lj-I-mcthy l-aziridinc (V in Fig.

2.2) or the corn: ...ponding open chain piecursor (f V III l-rg 2.11 111.(1).171 Ik Kock obtained

chemical proof of the presence ot an uzindmc a" u component of the S2 fraction l'hc

uziridine ring. and us proion.ned limn the azuidinium ion, arc reactive compounds wluch

readily react \\ ith nucleuphilcs til form nl!..) latcd. ling-opened products \ 'lIllh) dry I group

comnining the aziridiuc probe, N-I ~P-\II' \-S \. was ,) nthesizcd. lhis probe would react

with synthetic model uziridinc .... but not with synephrine, \\ hen N-I :-\P-\1I \-0..,11 \.1'"

applied to the -.,~ fraction. it could be ,ho\\ Il h) I! C th.u a IlC\\ product had formed III ,I \\ I~

similar to what \\:IS ubscrv cd \\ IIh S) nthcuc uzrridmcs IIII

CHAPTER2

PREP \RATIO~ OF TEST SA;\lPL[~

1.1 Introduction

I he stud) or labile nat IIrJ I products depends on quid. and reliable methods h) \\ hich these

compounds can he extracted and purified. Swart developed such n method tor the isolation (lI

lahilc active compounds from ....'.mbercukuitomus PiJ. I he method consi ted ol ethanol

cxtruction. ultrafiltration. ion-exchange separation and finally high performance hquid

chiornatography li IPU. ',. I ing this method cverul compounds were isolated from S

tuberculutlfin mis ol'which the most activ c fraction \\<1...called S2.

Phenolic uziridines arc extremely labile und therelore not Ide,I1 test compounds, thu ... their

open chain precursors. which cyclizc to the a/iridinc tn 1"/1"11. ure normally used III

pharmacologrcal studie ... 1171. Ik K'II.:I- S) nthcsiscd .1 runge (lt phenolic u/iridinc precursor ...
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and used h\B-~'~ to stud) these phenolic aziridme prccur or and their cyclization til the

corresponding azirichncs [121 I he sub tituem on the plwn) I ring uppcarcd III he important ns

a dctermlrvuu ot the rate or ~'~elization (I, the 4-acetophell) I prccur or, could he detected ,,)

r:\B-\'''' "ut not the hydroxyphcnyl precursors II I \Ii-:\IS spectra showed the peaks \II'

the corresponding 4-h) droxy pheny I azindinc ,l J I hese results suggested that the

4-h) droxy rhen) I precursor" were \ cr: labile and 1:)di ...i cd quickly 10 the corresponding

aziridinc '0 that only the aziridine \\:1S ob en cd b) I AB-\ l"

1111 II

ilO-0-'11-111 -!-IIIJ

I

, .... LllJon,,, .. 1iI,0 n

(II,

I

-0- r>:
\cH (II -(II,

"IJ 'd)

-0-1 I'li' I II-I II,-'-I II,

II
III

Figure 2, J Re.ietion scheme lor tik' torrnanon oh) neplinne (I I, s) ncphrine trialetate III) <Inti
acety lated x ....(III I,

These results prompted the large calc ) nthcsis of the mure stable acetoxy phcny I uziridinc

precur ...or. Compound A (2-(·klCcwx) rhcll) 1)-2-chlofl)-N-melh) l-cthy lammoniumchloride:

\'1 in Fig. 2,2 I. w hich C) eli/cs to the corresponding acctoxy phcny I methy lazrridine (\'11 III

Fig, 2.21 at physiological pil. hI he used as <Ichemical analogue (.'empound \. the chemical

analogue, was subscqucuily u-ed t,) I.:'t the h) pothcsls ih,u the biulogrcully active component

of ,<..,' tuberculutiformls i., u rhen~ I u/iridmc IIr it" corresponding open chain precursor

I.';ludle!> by Louw {" al established th,u Compound \ ha... the same erteet eh ,

111/1(,/,(,/1101;/0/,111/\ III ,'/1'0 in that it i...c-uuraccptivc III rats 11/ vuro, Compound \ inhihucd

adrenal cytochrome P~5()c.:11 a" doc '" wlnch was I elated lrom the shrub [I~I, l'akcn

together the abov c rcsultx was seen u" indicating that phcnolrc 3I1nJIIK". or their precursors,
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an: the activ e agents lo the shrub and that Compound \ could be li ed .IS.1 more stable

analogue III 'lUd~ the effects of the shrub

« II

II(,-o-lil-cil _!-CIIJ

1\

CI II

\<0-O-} II_ (II:-!-Clij
\I \11

Figure 2.2 Chemical structures of azindinc precursors and their correspondmg aziridines.
~-(4-h) llw'\) phcny n-I-rnelh) laziridinc 1\) and Its open cham precursor (I \ ):
~ ·(4-accto'\) phcny 1)-I -methy luziridinc (VII) and us open chain precursor Compound \ {\ Il.
R = good lea\ ing group

1.1.~)·lItlll!\i\ of Compound ,I

De Kock . ~nthcsrscd the aziridinc prccur ...or. Compound \. (~-(..t-ncetox~ phcn~ 1)-~-chlnHl'

;'\ -meuiy l-cthy larnrnoniumchloridc, usmg the 10110\\ing method II~) DI -S~ nephrinc

hydrochloride I JO g) was di" ...olvcd 111 glacial aceuc acid (27 ml) and cooled to 10 C 111 an ice

waterbath Accty I chloride 127 ml) \\iJS added shl\\!) while stirring thoroughly. and the

reaction temperature was kept below JOec. A whuc precipitate formed from the resulting

clear soluuon within 12 hour. lhe line white precipitate, Compound" \\JS collected bj

filtration under nitrogen. \\.1 hed \\ ith cold anhy drous ether, 1'0110\\':.1 h) cold anh, drous

acetone, and kept in a vacuum de ...iernor over ilica gd I~)r 12 hours betore ...torage at ·ROeC

lhe ) ield of the reaction wa-, 1,1.2 I g or X'.bO 0 ol Compound A. 1he compound wa:. high I)

lt) groscopic and decomposed utter the ubsorption Ill' moi ture or \\ hen lelt "pen .lI room

temperature The structure and pLlrit~ ot' Compound \ were verified b) 111·:\\IR and

FAB-\lS. which gave the expected molecular ions nl 22S 230
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2.3 Isolation oj active compuund« from S. luhercU/tlli[ormi\

2.J.1 Preparation of ethanul evtraet

Active compound" :rom SIlIhcrclilall!orlll/\ were extracted accordmg to the method of Swan

[RI· A schematic rcprescmauon III the entire isolarion procevs ,II :tCl!\ c compound- from

,\' tuberculutitormis can bé seen in I 19. 2. ~

Dried. ground plant material (50!) g) \\ ;IS placed in ,I "CI\hICI extraction apparuiu ...fitted \\ ith n

double wall condeneer. All gla ......ware were cm ercd \\ IIh aluminium foil to hield the pl,ct

material and the extract from light. A preliminary cxtracuon \\;h made with chloroform lor

20 hrs to remove most of the non-polar componerus and a 1.lrg.: Iracuon of the plant

pigments. Ihc chloroform extract. \\ hich "US only ...Iighti~ acuv e. \'.,1'" rentov cd und replaced

h~ ethanol. After 20 hrs, extraction \\ ith ethanol wus terminated. the cxtrac: removed and

dried under reduced pressure on a rotary C\ aporuier at room temperature. Ihe resulting

residue \\<1:-. laken up :!1 de-ionized water and filtered through fine tilter paper. r he: pil ol the

solution was normally between 35 and 4.0.

A traction containing compounds ith a molecular weight lower than :'00 was prepared h~

ultrafiltration of the redissolv cd dhaJ11)1 extract through a series of uhrafiltrution mcrnbranes

\\ ith molecular mass cut l\lIs of 25 non. I!) (IOU. 1000 and 500 re~rcctih:l: \ ltrafiluuuon

\\ as carried out at 4"(' In il standard ultrafiltrauon cell prcssuriscd \\ ith nitrogen. Illi..

procedure separated inactive higher molecular mas .. ;U1d pigments from the active uwer

molecular mass compounds in the extract. lltrafiltranon was preferred to gd liltrnti 111 to

avoid unwanted dilution or the active compounds. Alter ultrafihruuon the ethanol extract \\a.'i

freeze dried (A in Fig. 2 I) and kept lw/en at -20"C \\ ithout loxt 1)1nctiv it:. l'hc y icld \\iJ',

39.06 g ethanol extract from SOOg shrub. Ihis sample i~called the ethanol extract and i~used

in further studies.

Van der Merwe 1'/ ,,/1(lund that a considerable amount or uctivir, \\,1:. lo ...t on I.'XJ'lI\SUre ell' the

extract to light and care was therefore taken til shield the extract. <1'" well a... the tiltrare. trom

light during the entire filtration pf0CCS-'; r61. Activ it~ was also 10...1 utter the extract wa-,
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exposed 1<1an alkaline pl l I he aLti, it~ Ill' the extract \\;.IS tC...tL'J during Jii Ierent :-.tagcs lil' the

extrc 'lion Pll\CCS~ lI~lllg .1 c~ tochrome 1'450 based spectral ,I:-,,,a~ (SCl' ( hapter \).

soo g shrub,
chloroform extraction (5 Lj,
ernanol extraction (5 L)

"1I~d "nt,ln ~\apennor

di ...,o" cJiu ·U'O ml \lQ II P
ulu.urluauon (\lr 'j(IIIJ

.'JM' 011f.tOIi extract

\ treczc ,Ir icd
«11.11

B: l.,tllgll0St trcnuncnt
ncez c ducd
rcdl~sl,h cJ 111\\ .ucr
I) 4'i u\ll11lICrcd
.z 'I~)

IIPI.('

ICI\ 1511ui rtOIlI.'\tral'j,
'2 lr:h:IIIIIl ( I(I mil

, ",111'lit> I lie umcut (l \ I)

"'2 Irucrion (hn 1111,

, trccze dried (:. 1 I)

,\,7! I! J (1(, 1111~l

I iJ,(un !. 1 Schcman ; 1~'H~ ...CIlI.ltIUl ,I the I t·l.lIlilll III u.nvc compoundx trom
, Illbel cnratstornu»
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:! ~.7. Fractionation of activ l' compound, \\ ith a liquid ion exchanger

\ .,," '''LO\..:r: that the active compounds in the cxirac; were caiion-. a liquid ion exchanger

sorhum tetr 1pllCn) lborate th.aliglw"t) In hCIlI: I alcohol. \\,I~ employed tn separate the cation ...

trom the mixture [8 J lhc plant cvttact. cuntnirnng compound-, \\ lth .I molecului mess of k~"

than son. \\ as "h,II\';11 up in a scp.iraung tunnel contuining the kalignost solutinn 'B in lig

2.3 J. lhe aqueous and orgarue pin..,.:.; \\ ere all. ,\, ed to separate .lIIJ the inacti ve aqueous

phase discarded. lhe organic phase \\:.IS wash eJ three tirnes with equal volumes nl' I ~IIJ("I

solution \\ hich resulted in lt 'x dilution. lhe ucuv e e:lUP;IS in the extract .1\11\': 1r.1111 th ....

organic phase III the aqueous ph:lse due to tIK' excess uI' ...allons l'fI'\ iJ..:J h) the I rCI \\ hrch

compel": with the curious ol'rhc extract. 1he 11<'I lracuous were pooled. washed \, ilh an equal

volunie IlrdichlllrOlllcthan..: III remove the b':ll/~ I alcohol. and freeze dned j he "..Jmph: \\,10,

redissolved In de-ionized wuter. filtered through u (j"''' p1\! membrane tiller lind then

subjected hI further ,cparatHll) on IlPI t ',

2.3,3 lsnlatiun of~2 utiliLinJ,! IIPL{

In a prev IIIUS xtudy. Swart described the scparanon ot the canome traction oi the plant extract

<111all mal} tical C 8 rev CN: phase t RP HII'I C column PIJ '\\.If( isolated IIIr\.'<.: extremely

labile fraction., trom ....; tubcn.ulatuormiv, namely SI(a), SI(h) and -';:. which inhibits the'

hydroxvlenon III D( II' III corticosterone 18, "J ()f the three compounds or I) ~:! lus SI! lar

heen investigated further ns S: "1'1''',11'':.1 III he a more homoccucous Iracuon .md nut as

complex a mixture ,I" SI. S\\.lrt obsct \ t'd th.u S2 stabilized the 10\\ "Pill s t.uc III the

hcmoprotem which results IIl.1 r) I'" II duferenee spectrum .md mlubucd the binding ol the

natural substutte to the acuve 'IiI' (If l) IO...tUIIIllC 1'-l"Otll

lp this study, Sill, III scale scparanons ot the ncuvc compounds III , tubercukuttornus were

achieved 1111 .111 C reversed phase st.nnlcss steel column (li mm )( ~'i() mm), 1l~I'lg th ....same

method .1S S\\,lrt P'I 1111'elution butler ,,'ll~lstcd ,'1 the fllllp\\lIH! S"lh'lIl \ (I I ~I

trichloroacetic acid mchloroacctatc buffer. ril" .111.1 solvent Il methanol com.nmnu 1°0

glacral acctic .I~'IJ \ luicar gr.lul ....nl was run trom )nu"u \ III ;:;(J°o '\ and "0°0 Il III lil nun at

,111,)\\ r.uc III 2.0 Ill! nun I he column effluent ".IS monuorcd UI :S(lllrn wuh .1 pbotodrode

~.Ifl,l> ("DA) dct.:~'hl1 I Ill' dlf,"n,lllIgr:1I111Ib:aincd is shown 1I11Ig:!..f 1111'. chromatouram

confirmed 11t.11 the ~2 Ir.I..:1IP!l ol-t.uncd in the p ... cnt vtudv wluch c luted ultc: IS: 1II1l1111e<;
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\\J~ the same J~ that prev lou~l} isolated h~ vw.m .II1J Scnuh> [~.I S I. On line speetrul

analysis ot this peak revealed :l l 'V ubsorpuon band unnximunn al ~84 11111Cllg :.5).

Fractions were collected ant! the pil or the collected Iructions were udiustcd lo 4 \\ ith

aqueous SOUIUI11 h~drnxidc to. I ;\1) I he sodium trichloroacctatc from the mobile phase \\as

removed with the liquid ioncvehange system .1' \\111 be discussed in the next section.

"I20

= 15
e
C- i o...e
1:. 05
;'

) 0 ....

-0 c; 1

10 ,-~-~
10 ,~ .'0 25 30

Figure 2A l ll'Lï,' .eparunon o l the cuuon Iracnon 011 at' k rev l r"l phase column ll~lIlg ,I

grudient elution method t\ linear gradient \\.b run trom 1110"" A tt, "nQo Il III ,(j min al ,I
I1m\ or 2.0 ml min \111 a ( IS column (lw einnon helter., consi-ted Cl! the lolll'\\JI1g Sllhelll
A: 0.1 [\1 trichloroucctic acid rnchloroacctaic hlll:\'r. pil \ lind volvent It methanol
containing 1°" gl.lclal aceuc add I he column effluent \\ .. monuorcd wirh il ultra violet
detector xct UI 2S0 11m. 1he sample \I,IUIlI\: \\;JS I 'On pi I he "2 traerinn \\.1' collected .IS
indicated ,lI1 the cbronuuoarum

100

075

,
:S 050

025

O~.
260 :Z80 300 320 34 360

Figure 2.5 I he I \' absorption speerrum of IIll' S2 Ir,I~'II"n .:-\,,,( lillig .1:1 dh,orptll."
maximum ,tl ~X4 nm
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2.3.4 Preparation 1)1' S2 free of T( A buffer ,aU,

~:: .ractions obtained h) 111'1 l '1I11 ClIJ1I,lIJ1 considerable amouru-. til' n~ stalline sodium

trichloroaccuuc ( I CA) which ~labdi/c the \2 traction again" autoI.'Jt.lI) tic degradation. Ihe

fC,\ hufter ~alt:-. was removed and replaced with sodium h)JIlI\IJl' buffer x;lIh because it

would truerfcrc \\ ith biological a'sa,s used In t~st the "'2 tr >,tilll} \chultl applied two

different methods Il) obtain 1<.'/\ free ~2 prcparauons II li I. I hé lirvt 111\ Ilh '.:d ,II) i-ocrauc

IIPLe purification ot' the \2 traction. I he S2 lrncuon-, contairung ,\IJII1I11 trichloro.icctatc

were IÏ"I:c/c dncd and then redl.,,,\lhl:'t! ill de-ionized \\atel. the pil ,Idiu~l~'d tn ~ \\:t!':: [ucous

sodium hvdroxidc (0 I :-'0. filtered through ,UI (1.4" micron lilter und applied tll the same Cl

RP-IIPI.C column that wa- prev l\lu"l) used In the i,pclatic xcparauon ,I water methanol

nuxture (4; Il was used as the CIU:.Ullui J 1111\\ rate (Ir 7 mlmin. I hi ... ": stem eluted "'2 ,tliet :;

min. I he .1I:II\e fraction \\;1.., collected. lyophilized overnight ,lI1J again subicctcd h> the ..,aml·

isocrutic l ll'l C scpnrauon to ) icld pure. hut more 1IIlSI,lhk. ,~, ,\ serious drawback III this

method is the hm ) kid \It pure S2. I Ill' thl'" rcavm ,I ...econd method thing the liquid ion

exchanger kalignost \\as later employed tor the removal lit ...odium tnchloro.icctatc from S2

"..imples Iollowin]; the "'.11111.' proccdure ,I' described prc\ hI us I) 10 2 j 2. I he ccond method

was used 111thiS "tud) because Il produces " lugher ) icld III ....2 lig.:' (I .,a101\~ the 111'1 (

chronuuogram ofthe S2 Irnction di ......olvcd 111 w.ue: aucr trc.umcnt wuh kahcuosi

c

-001.j-
O

-r
~ 10 15 :>0 25 ,)0

t lOll tmilll

"ï~ure 2,(, ('hrlllll,lhll:tt.!1lI illS: dltl'l 11....lllllCllt \\llh ",Iltgnost \ II11C.lf gu.drcm \\,h run
Irom lilt)"" \ til SI)"" H ill ,Jl mill .11 II I1m\ ot 211 till III III 1111 ,I ( '\.(llul1lll I he cluuou
hutl~·r.., cIHl"i..,to.:d lit till' 11I1I1I\\ing ....olvent \ (I I \1 tnlhl'HII.1CclIC acid 111,'h1OlP u:ctal~'
butler. pil' .md ...lIhcn! II' Illl'th,llllli Clllll.tllllllg 1°" gl.lli .. 1 ,tCCII~ ucrd I he column '11111,'111
wu-, monitored "nh ,I() ultra \ Inkt dct eet II I !o.d at 'SO!ll1l I he sample \ olume \\,h I(I ui
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'-'pl.'clral analy si-, llflhis peak revealed al \' absorption band (maximum) at ~84 11m (I'ig 2.7).

Ihese result ... suggest that S2 was nol affected by the kalignost treatment vfter use of the

liquid ion exchanger, kalignost. to remove the sodium trichloroacctate from <.,2samples, the

IICI contaimng fractions were pooled und washed with all cqu.rl \OIUlllC .11 drchlorumethanc

lo rC1110\l:.' an~ residual benzyl alcohol. and freeze dncd. I he 1113...." of lyophili ...cd material <.;2

was 3.7:! g from I 5 ml ethanol extract J hi~ yield is !!rc.lle:l than the amount of ethanol

extract added (0.16 g) and could be: attributed III the :\aCI salt-,

003

002

=0
ë.
lo- 0010
~
~

000

"ï~urc 2.7 I hl.' lj\, absorption spectrum ot S2 utter (I,',llllll.'llt with j...llIglIll<;1 I.'\hlbtlrllg an
absorption maximum at 28-1 nm,

2.3.5 E~·'l~ anah 'b nf ~2

r he mild nature lit dcclrll"pra~ ionization makes I ~·\I" 1.1('.111) suited :"1 the Sill.!) 1'1

natural products and lahile molecules 1111'. tcchniqu ...· \\.1' upph ...-d Itl rc-inve ...lIglltl.' the

components present in the: c.uiomc ::-;2 traerion ohtuined trom " 1";'<1'( ,d(/[/lol'llll\ 111( h,lpte:1

5 the technique III' I '-.-:\1" i" di"dl~""'d 111 deuul l hc s:! frnction "'" II.·dlsSlll\l.'d III

de-ionized water and diluted 50.50 witl: .t~1.'I(\11I1ltic and .1's.I) cd IIlIItIClh.lld) f ornuc .11.'1.1

was noi lidded as the ....irnplc \\U" alte:,ld~ very .I~ilhc I he Ville \I,Il,I!:': wus sci at HI \ •• md

the source rernpcruture \\,1' I\.:pl ,Il 7)·( 'he I S-\IS spccuum lit ilus sample Is ...hll\\11 in

l'ig.2X ""ullll.lln.,nhl!l.'t.:ularll)llsHlIl1:nI2'X.IIlX.I("J,llld 1'\0
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150

• *. • ~, UI .. •• • 'It
, t'ê=..... ===

Figure 2.8 I·S.\IS vpectra lIt the ~2 traction Ji~~ohed III water und diluted 50:50 with

acctomtrilc,

lhe I:S.\I'-. spectrum showed ih.n ~2 contumcd ;l molecular 1Ill1 (~I+II) ,II Ill:': !(lX which

t:(lUIJ be aunbu.ed tt) ~) ncphrinc. lln-, \\ rs confirmed h) eompMill1.! IragIllcm, obtained from

16M (Fig. 2.1 (I B) to thovc obtained from pure ~) nepurine f lig. :. II C I. In I able 2 I. a

IhK) arc presented. [i.,th the molevulnr ron .u 1/1:': IhS nr s2 and pure vncpluinc (1/1:': !fl!i)

contain identlcul lragmcnts, lrom these result, \\1.' can conclude that the molecular ion ,II III:

IhX is synephrine. I his agrees with !HC\II)\!" 1!·"~1R studie III S'2 samples which. 011

occasion • ..,h\1\\I.'d considerable urnount» lIt" synephrine t,) be pre ...ent III s~ '-,Impies. I his

observenon eventually led 1\) the di..,co\I.'r: ol the 1(';1.1: CI)lI\Cr ..IOIl Ill' S2. under tnmg

ulkulinc conditions. III ,,) nephrinc

~bntl. ill :t PII.'\J\IU<; ,Iud). Ills" w'I.'.! I S-\I'\ to ~tud~ thc 1'<11101111.. (radll)!t from .\

tuberculutitonm» IllII. l'hc spectrum III the ....2 1t ..ldioJll mdicutcd the presence "f three muior

peaks at /11: IIIX, JM, and 150 l he peak ... 111//: Ih~ .uul 1"11weie ,Illllhukd to the 1.\1.. 11)

11111,,1 'i)oephfllw ,Illd Ih o..:h:dr.11I011 prlldlld Il<;pl.'di\d,!' I he internrctaunu ol "\If{
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HO

IS

Table 2.1 Comparison of the fragments ol lhc molecular ion ui 11/;;: I (JX ol ">2 and pure
synephrine obtained from spectra in hg. 2 10 (Bl and hg. 2.11 (C) rc-pectively

m/; S2 Pl RE 1
\IOLFCl L\R "1\ '\FJ>lIlll:\E

I()"i (ml: 168) I
1511 .\ X -I
135 X x I
121 x .\

i

1211 :\ \
I

IIt) \ \

107 x x
91 7\ '\

·n X X

.'1 x x

spectra resulung from the peak Jl fil z I (lil ~lIggo.:sl~d lts LhCll1IC.t1 ...tructure III 1->.. : th,u III

Ó.7-dihydro,~ -1.2. \.4-IClr<lh) drorsoqumolinc. commonly know Il .1'" nors.ilsolinol li 19. 2 tj)

lhe S2 fraction in rlus tudv also cout.nned ,I tnolee ul:n 11111 .11111 z I (,h. like the '-'2 tracuon "j

:'-.larilZ 1191 fhi ... """ Lonlirnh:d h) companng tr.igmcnts III 16(, III~ .: III ('I wuh those dl

pure norsalsolinnl (I'lg 2.11 [) und I"hk: 11. f he molecular 11111.u m.: IhI! 'I! ,.: UI.J pun:

norxalsolinol (III: Ihh) contain-, ...nnilal Ir,lgmcllI,.1l m : 1411 1,7 1';2.121.10'. (IJ. 77 {'~.

44 and lO l-rom these results lt can he concluded rh,u the molecular 1'"1 at 1/1 z I (lil in s:: IS

HO
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The components chemically idcnti lieu III the cationic lr.rcuon b~ ~ luritz all appeared lo hl'

stable compounds. I he labile componcnus). con-istemly observed in pre\ ious ~2 samples, of'

which the EI-.\I'i and I ,\R-\l~ spectra showed no truc molecular ion hut instead an

abundance ol high molccul,u peaks, appear'> In be absent. Jn this sluJ: the 'i2 Iracnon abo

contained the peals at nu: I (IS. IMl and 150 obscrv cd h., \ lantI Il()J, In addiuon, il rea" al

m.: 258 was also observed. which ma: he a labile component In ""2, De Kock showed that S2

contained an aziridine moiety 112) None nl' the peaks trom \Iarill's study. hn\\c\ cr.

conratned such a moiety r12J. 1hus. the S2 io.;,ll.lIcd III our study, and "I'.:cilkall; the

molecular ion at 25S. appears to be the 11111',1 1tl..l'I: candidate lo erther conwin the azindme

moiety or to be the precursor lor an azmdmc component. I Il invesugatc Ihls. tragmcnt.uion

of the molecular 1(II1Sol "2 (11/::: 2,"S and 1"01 \\a .. don e. and compared with the fraglll.:nh of

pure synephrine (m::: IMe). Compound \ (1/1::: 22X 2,1)) und the u/indinc formed 1111111

Compound A (m::: 1921 (Table 2.\ and lig 2.10 \ and J) and lig .2" \. H .uid ('

respectively) Compound r\ ha ...two chlorine i'i.)(l)ró at III :. 2::S und :: \0

Table 2.2 Comparison or the Irilgmenh Ill' the mole, ulur 11111 .11'Il: l{lh of S2 und pure
norsalsofmol obtained from spectra 1111 ig :: In (e.) and 2.11 (I» respccuvely

I/V';. '2 \JOU'('l L \1< j:1 "("r
IO~ (m/'; 1(6) R" \t ....01.1 ....01._.-

1-19 \ \

U7 \ \

LH \ \

111 x \

1It~ '\ \

4)1 \ X

77 '\ \ ,
(l::; \ \

·u \ \

-'II \ \
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(A) (B)

.":
,.

I
IJ'

lj' .,

~
-: ..

I':

"' 1:'

Jl

-~_----.

J'. ,..
11)1

(C)

",..
IJ<

6.111 "I .. II,) ".

Figure 2.11 ES-~l:-' 'p.:..:tr,1 ol thc tragrucuts (Jf( \) Compound \ 1/1/: 22X 2-:J)l.IBI the .iziridmc trom t 'lT11I'Ound \ (Ill: 1"21. IC) purl'
synepluin c tmr: )(IX) (D) pure norsulsolinol (III: IM,I

I....
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11/)';. ....2 '2 ,~ nephriuv Compound ("lIllpllund
(lit: -25M) (Itt: 1511) (lit - =1 MI) \ (nu; \ I \11 (IlL':'

""22M BUI =1'J2)

192 \:

ISO \: \. \ \ x

l35 X \ li: \ \.

(Iu,tcr x X X \. '\

IIM-120

1117 \ \ \ \ X

IJl \ \: \. \: x
1-.

76 x x \ X \

5.7 x \ x X \

~2 x X \ \ \

32 \ \ \. \. \.
-

Previou ... wor], ha ... established lhal Compound \ ~/lI:: 22li 2_io) I..~..:h"isl!" hl the

corrc ...ponding u/iridine (/II:: 192) and then dccornposc- III sy ucphnne (11/:: :hX). with time in

an a4U~1I11'"medium 1I-11. 1\ comp.irison lIt the tragment of Compound \ (/II = 22:< 230) and

the corresponding .IIi IIJII1\.! (JIl': 192 I ,1IId ") ncphrine (In = 1nR) .111exhibited a peak ut 111 =
150. I he fragments ion al III z lSI1 trom Compound A, aziridine and ": ncphrme IS similar :1....

can 1:'>..: seen trom a comparison III the tragment ions III Iuhlc 2 " Wc \\,'ull like ((I :->uggc ...t

thul this moicr, i ... li h~dnl\~.a7imhnl! (/II z ISO) which j ... formed during electro ...pr.l~

ionization from uziridinc im.: Il):!} and 'i:ncphrine im.: IM<) .1' indicated In I i!!. 2.12, The

fact that the Iragrnent ion at III z 1';;1)i...also ohservcd III the Compound \ imr: 221< 23111

trugrnentution pattern rna~ he due lo) !0I111.tl",n trom the aziridinc (I 'J2) .1" ilus daughter ion

can clcarlv bo: seen in Fig. 2.11 (,\ I vlthough \'Llril/ suggc ...ted that the IIL= 150 1l1ll1..:cu1JI

inn in ....2 ISil ddl) dranon product IIf ...~nephnnc we would like In "lIgg.: t. in the li!!ht III Ih~

above cv nienee. that this i" not likd~ 119J I'hc li-agll1..:nt..ltion patterns ol both Compor-nd A

I/JI z 22R 2~(l1 and . ziridine (Ill = IU2) contain the 111:: 1"0 fragment 1011 but IlOI the

s~ ncphrinc (1/1 : II,S I lUI. Ihus \\1..' conclude that il more likely scnano 1:->the one illustrated 111

rig. 2.12 \\ here h\llh uziridinc (m: Il).2) and "') nephn Ill: (/Il : I (IXI forms the hj droxj

uziridiuc .11 ';I z ISt).

rahle 23 Companson ot the fragments of the molecular 1011111 z .!5s trom "2. molecular 1011

III z ISO from 1..;2. pure ,,:;"IlCphfll1l'llll: IbS), Compound \ till:: 221\ 2~O) and the uziridmc
tonned f,..';i; Compound \ (III:: 1(j2) obtained trom spccira m lig .2 lO ( \' und (D) and 111,'
2,11 (I: l. Ir\) and t 111.rcspecuv (.'I~
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H f\__1
111,_ (-{)~ Ill-III

II
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_'_(lJl
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(II,

II I
II f\__ /"

111,-, _U~_III -II(

IBI

t "'t- vr-, 111,

I!0-o-./:""II

till II
II0-Q-JII-III.-!_III

I'

""..~'
,II

Figure 2.12 l ychzauon ot Con.p, Id \ (\1 III the corrc,p'lI\lhOl' .17InOIIlC (lH nul
deC

1
'll1p,)sltlOn 10 s~neplinne Il ). phh p'l""lhlc routes Ior tormanou .1 the hvdruxv azmdinc

(D) under tx-\ IS conditions

S2 I .olatcd in thl ,lu,l~nl 0 contamed till' III _ I ~() pc.ll II. 2', \Iu, Il I il li cH led III

the Iragmenl.l\ion pauern ot the ,~ In: ""iX molecular u-n II., ' I I \1 t ompan« n ot the

Ir.lgmclIlatjon }1i.1llCrn111 the fraumcnt ions li 2. III I "i1J•ind til - ' R wuh th Il ~)I Ih~ III -

ISO pi.':tb h.unJ In Cornpouud \. azmdiue (m: 1<l2) and synephru e ,hlH\ il ·lcat'II111I.lrIt\

t I able 2.1) Wc thus conclude Ih.11 thts peak 111 the'" frJlll in I ,\-.(

(l';;O) und "ugg ....st I~'t the Ill;: 2"iS IS .11\ izmdine r11.'\:U (11 ,hh.!'! I. "II c to the

h)drn'\-:lIlndm c {III: l"i()) "hi h in turn. mJ) decompo .. t yncpimne (TIl 1(. I (II):!

2 (1)

1hi.' lea\ ing ~r(lllr (X III I II.! :2 Jl1 III
.,.

fragm c ntauon paucrn III /Il - 2~~ !lIg ~ JO \ I whu h 19 -c t II I till muictv , PI III ibl

not 1'0 111\cI) \.h.lfged and .he: ...tore not ob.served In I c PIl'tI 0.; l S \1' ml !..: \\. lh.1

c(llld\ld a neg ..\I'(' modc l ,·\1" .1111)\'01'. ( TIl _':' tre ...lIh'i not II \\1\1 11\ i.,!...•Jld nol Iind

.111) gnllip Ih.11 ":1'\11.1 he aunbutc ) II) this Iw\ mg 'r,)up! \ I \1 ern 111\lo: chemical m.ilv 'il~

\\ ould thus h,1\ C h) he employ cd 1(1 ,denul\ the le.l\ mg 'r,Hlp I \ I ( {'1Il the ,," III ilccul, r 11111
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\ II

-0-1 I
ilO (11-( lf, -,- (II,

(\I

j' ''''
( u,
I

-0- »<
110 III -(If!

till

Itt; I~O I
(lil II""-0-) 11- (II;- ~- (lf,

I( I

Figl"'C 2. IJ Sugge:-.tcJ C) chzauon III S2 ( \ ) tll an Il) \hIJ'\~ -uzrridine ( Bl. .md Iku1111r' l~ilillfl
lo ~) ncphrine \C). X gnlld lcav ing group

In summary. \\ c conclude from the I ";-\i~ ,Illal) ~I" of~:! .md companson ol tlus .111,,1\ .. io;

\\ ith that \If (Ilm(lPund i\ and ,,~!1('phlll1c. thai the .1-.11\c componem in ~2 is till: molecular

inn ,It /II = 25X. Ihis molccul.u ion is pmhahl) the aziridine precursor lor the

ll\df'll'\)-lViiidlllC formed at /11:: ISO. the latter which \\111 Jl'''llfllPll''C to synephrine. I he /11::

1(,(, peak observed in the S2 trucuon is norsulsolinol. At prescru thi ... is lIlli) ,J we]l informed

hj poth.:s,,> \ ..hich would need to he Ifl\\.,qigalcd runhet 1I1111nr.:dl't.lil
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CHAPTER]

TIIF I~FLll: 'CE Of TEST ~ \ 'lPLl '" ON TJlE SPECTRAL

\CTIVITY OF ~IIEEP AnlU "AL ( \ fOCIIRO:\lE I>"~O( Il

J.l Introduction

J:...llIlgt!l1bcrg und Garfinkel independently discov ~reu the pre" 'nee (lf a pigment 10 rat II\ er

mierosomes capable III binding carbon 1I1l1110Xld.: \\ uh an l,I1H1U1! C..rlXIIl menoxide-binding

spectrum j20. 211 Ihe) observed IhL' .. ppL',llal1L1~ 01.1 broad IlltClISL' absorption hand at -lSO

nm when carbon monoxide \\a~ bubbled throuuh a duluonitc-rcduced suspensrun of li\ er

mierosomes. Investigation b~ 0Il1Ur,1 and SaW showed that the pigment had certain unique

spectral propertics and le.l tI' the concrusion that the pigment \\.I~ .1 new h-ty pe c~ tochrome

1221. The reduced \ ersus till' oxidized oif terence spectrum \11' the pigment showed il

chaructenstic absorption maximum ,It 450 nm III the presence ur carbon 1110110XIOC (hg 3.1 l

Because of this unique speetrul prllrcrt) the n.une P-l50 (pigment with .1Il ab ..orption at 450

nm) \\<1 ... given tl1 th c cytochrornc Omura :.111,1'"UIl .. lso found that treatment (II the

P450-t.:ol1l,lll1:ng mierosomes \\ ith Jctergent dij nul t()t.dl~ de ...tw) the pigment. but

converted it (0 another distinct solubilized limn I he differ c nc ... -pcctrum ot' the CPI1\ c ned

1'4S0 in the presence Ill' carbon lIh)l111~\IJt!. ~,I\ C all absorbance maximuni al 410 nm. I his

solubilized form \\:.1:-. named P420 III disunguish it trom (he membran c hound torrn. It Is

assurned that till' ..:11/)111 c IS cutalyticully a.uvc ifth c cytochrome 1'450 111 a preparation

A
B

Figure 3.1. t 'arbon mouoxide indue cd duterenee spectrum ol Cj tochrome 1'-l511( \) .md p·eo

(Bl (Rt:dl<I\\lllmmI2211
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cxlubns a difference spectrum wuh :1Il) given substrate Il the cytochrome 1'4'i(1 III the

prcparauun IS converted to C) tochrome 1'420. the l!kldl\ c lomlol the ell/~ me, nl' substrate

induced dufcrcnee peetrum C.1I1 he obtained

P4-0 cnzy mes arc found In the adrenal glands, the It\ er and the gonads I he bill.,) nthc <;1' ol

adrenal ...terold hormones take place III the: nutochondnu .1') \\1..'11.:t~ 111 the cndoplasnnc

reuculurn (lf the adrenal eone,", \lcl.lboh..: intermediates lIlOH' hack .uul forth hetween the c

two subcellular comp ••rimcuts \\ here different I)pe (lf l) tochrome 1'4'iO cn/~ mes arc

111\oh cd in the bIOS) nthcsis nl glucocorticoid , minerulocorucoids and androgens trom

cholesterol. I or example, deoxy cortisol and dcoxy corucostcrone h_.\ c to mov c hack mln the

mitochondria from the endoplasmic reticulum lor the final steps in glucocorucotd and

nuncralocorucoid biOS) uthesis to take place. I ).:OX) conlol and deoxy corticosterone arc both

h) droxy latcd ut the (' l l-posiuon h) a C) tochrome 1'4 ';O-dependant en/\ me, P4 'iOc It, to

gi \ c cortisol and cornco: terone respect» cl) . Corucosteronc undergoes ol further

hydroxylation at the CIS-po iuon to yield IS-h)drox)COnICOslcnmc which I' .1 direct

precursor for aldosterone. Both ( 11- and IR-h)drux) loltion rcacuons arc l.lt.l1\ sed h) the

same I.:IlZ) me, namely cytochrome 1'-I5Ud I Cytochrome pol-Oe 11 l'i • stcroidogcnrc p..jt"(J

CI1Z) me localised in the inner mnochondnal membrane 12, I \ schem uie rcprc ...entat-on ot

the COI1\ ersion of cholesterol to different steroids hormones 111 the: d ffercnt oro.melle In the

adrenal cortex IS !!I\ en in lig. -; ~

\ anous methods are: used to wd) the: mtcract .. n \lI 114'i0.., ell/\ mes with 11.1- ~

ubstratcs ....uhstratc induced difference spectra IS one: ot the c methods \\1111..1\: li .J tI

rudy the internetion between the diltercru I) 11C'i ot adrenal ) tochrome 1'.. '>0·... and til. u

substrates, 1his method 1<; COII\ cruent. rapid and \ Cf) SCINll\ I..' to povvihle eh ..mgcs 111

specificity or afl~lIi\~ of nn) gl\ en ligand [or the hemoprotein

measuring the optical difference h('(\\CCIl the cn/) me-substrate complex In the sample CU\ elle

and the cnz) me In the relerene c' CU\ cUI..'
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DOC 11·Cl(OXYCOllllSOl

Cl! CII,

rtY.2~~rt9?~~
., PS l7J>OH PS D~EA

3BHSO eH , 31lHSD eH , 31lHSD

.'~~d~(.'~
ER

MITOCHONDRIA

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

I<i~urc 3.2 <';\"hl.:mLlll~representation of adn:II.1I ~ll.:rold(lgl;'nl.::,b I hl' solid "no\\:- iudrente
monooxygenasc reactions catalyzed b) cyiochmmc P.+"O. (SCC) cytochrome 1''+''O''cl': (l ~I)
C) tochrome P.+50c21. ( 17r~) P.+5(k 17. ( II p) c: tochrome NSO.: I I. I he don ...d .1111)\\' indie.uv
reactions catalv zed h) 311-hyJw'\y t) '- ...terold Jeh) dfl1gl.:na~l.:-ó'-i~\llllel.hl.' ('lH 1'0). I hc
metabolic inrcnncdiates mow buck and forth between the 1\\11 orgnncllc-, (Redraw n Irorn
1231).
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hydrocarbon residues on the substrate with the p~\)11!1'1 11101C!' .JI II-

C) tochrome P4S0 \' hich results ill ti slutl III the hlgh-' 'II' t~~.: I ~

IC (-1.20 nm)

ncn the amino

on the I

characicnsucs ul tl.e dillerem I) pcx ,\1 substrate 1I~t.lU"I.:J II1I<:r<..'II(\.' spectra Il! 1,.) tochrome

P-1.:>()and the change-, III the "rin states 111\ Ilh ed 1241

Titbic 3.1 Characteristic» ol substrate induced dln~rcnce pcclr,lI2..J I,

Muvlmum :\Iinimum Snin vtate

change

I 'I.} pe I JSS- 190 nm -1.1011111 1.,\\ lo lngl:

f) pe II -l.'H) nm 1901llil high lo Im\

T~pe Il (01) 4()<)-4-l.5 nm ':(15-4I!J nm high Il 1 low

Yoshida and Kumaoka proposed th: fol'o« IIlg do ~'lf, non lor C)tochrome P4,,(l-sllhstr,l!~

interactions l251 rype I spectra ure induced h~ till. • tcrucuon .,1 laru- hydrophobic

group on the substrate interacts \\ilh the heme 'jl I'j' '." • the low-spm (4~O nm) or the

high-spin eND nm J I} pe (lf C) tochrome P..J:'t: II I. L:'" I sh lt 111 the 11\\\ -sprn 1~ :'1.' 14'::1)

nm) and u Iypc Il spectrum is obtained l ypc II (rn ~r. I'd ar ..' observed when J hydroxyl

group combines with the heme iron ot the high-spin I)PC (.'(qllllli which results in u shill to

the modified low-spin t)PC ,4Hl nm). i'y pical example ....llt a Iy pc I and l ypc II dllll.l ...-nce

spectra ure shov, n in Fig, 1.'

Evidence was obtained !"W!l1 studies \\ ith ,r., tube J'( 11/<111/'11'111/\ extracts Ih'lt nl least pari \'1 the

prolonged gestation ill ewes as well us the contraceptive .icnon 111 rut-, m.l) hl' Tt lured to

changes in steroid hormone lev ds i I. 2. " 151 Steroid hIl1l11lI111: ... arc .1.:11\ d~ pr.",~,Iced in the

adrenal glands and studie» with rat adrenal tISSU':S. :-hll\\cU that active extract ... inhibited the

s: nthcsis ofcorticosterone lrorn t.i':II\) cortio rstcronc IIJ I.
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Figure 3.3 Schematic rcpreventution of I) pe und I~pe II induced Jlfkrclll:t.' spectra of
cytochrome P~'iO. (Redrawn from [2 qt

Due to the co.tstdcruhlc umuum \lI' uctiv I.: malerial needed ill.:r test und the l!lng lime required

to complete blo-as-uys (prolonged gcsunion In sheep und contraception in rats) Il became

necessary to develop biochemical nncro-ussay 'i. I he micro-assay S \\ nuld be mure ~cnsiti, c.

and due to the shone. time required to complete the a5s.l~ il \\ ould minirui ..c decomnosiuon

or the labile compounds. S\\ ,111 dcx eloped Iwo spectroscopic IlIICIll-.IS s, I~ s, I,) .,tIlJ) the

imeraction or labi lt: compounds extracted Jom .' 111111 rculutitornus \\ IIh Pol'i(Jc I I pq. I he

first measured the direct uiteraction ol the Ic<'1 samples \\ nh IlK' c~ tochrome 1'-I50\.'11

CI1Z)me. while the second monitored the .nterfcrcnce of the kst' lin pic", \\ IIh the binding of

the natural substrate. DOC, I,) t he Cl' I~ me. \ tlunl rnicro-as-ay , \\ hich was l.ucr added.

determined the effect nl the t.:,1 sample- on th.: conversren or DOC to corucosteronc h~ .1

reconstituted c~ tochrome r~'i0\.' 11 ('nz: 1111:,,~.,tcm Swart isolated an hlol\lglc.lll) uctiv e. hUL

very labile. liPLe fraction culled '-,2 trom dried plant material ('I.'; tuberculanlormt» 1);1. I he

above mentioned micro-assays were u-cd III :-.Iud) the uucrucuon 01'.111 l·th:1111'1 extract \11' the

plant and S2 on C) tochrome P~5(k 11 C11I: 1111.·s, 1le 111IInd lh.lt the pi.int extract und S2

inhibited .hc I ypl: I J)O('-inoucl:J ditlerenee spectra \If C) tochrome P~'il)cll. the ...·n/) Ill':

respon. b:..: for the lin ...! step in the synlhcsi,> \If corticosterone and cortisol. ill \ 1(1'11 In

ad.!itinr \2 elicited a ry pe Il ditterenee spectrum \\ hen reacung WIth e) tochrome 1'-~5().

mdrcaung the probuhl, .. presence Ill' an .unmo gl'llup 1I1II.'r:lC'tlilP. \\ ith th ..· heme in ihc acuv I.!

centre of the C) tochrome 1'450 \:11/) me 12" I·
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P.cv ious studies hewed that aziridines or th 'Ir precursors, lila) 1>1;.' the active components In

the hl()hlgie,t1I~ .1c11\1.' ~:! traenon 161, Specifically 0.1 hydroxyphcnyl methvl aziridine or II'>

precursor appeared lo bl' the most likely candidate lor the acuv C compouent lP ~2 DI.' Kock

') nthcsizcd a series of phcn) l-rncthy l-azmdme precursors and tound th.u the C) \. lizauon of

the h) dm,) -ph cn) l-mcthy l-aziridine pr ccursor oe curred .11 ;;. ich 0.1 1000<,t rate that on I) the

corresponding azrridine could be detected h) I \B-\b 11:!1 Replaerug the h) droxy group on

the phcn~ I ring \\ ith an acctoxy group resulted III I mon, stahl: chemical analogue.

:!-(4-.I':CIOX) phcny 1)-2-chlt)ro-~-l1lcth) l-eth, lammomumchloridc I lus compound \\.15

referred to as Compound \ Spectrophotometric studies mdrcated that Compound \ mhibucd

the () pe I [)( IC-induc.:d dilleren cc peetrum ol sheep adrenal 1;.) tochrome 1'450(' II und

elicited .1 () IJC (I differcnc c sp cctrum. I he c results corresponded \\ IIh those produced \\ ith

S2. isolated from the shrub lnhibinon (If the 1) pe I spectrum "') Compound A \\,IS

attenuated \\ IIh time in PBs hut not 111 sheep crum 1\0.111\ c sheep serurn appeared hl stahihzc

th e inhibitor) erfeet of l ompound \. while heated sheep erum ...11O\H:d ..ncnuanon ol the

inhibitory influence of Compound \\ uh time. lo a smulnr manner to Ih,1I nl l (Impound \ In

PBS. 1-::-;-l\IS studies indrcated that in PBS the a/indmc precursor cychsised lull) to the

aziridine \\ ithin one hour. while in sheep serum the cv chzauon \\.IS retarded It \\.IS found

that it is the aziridine precursor, rather th.1I1the azmdinc. that \\.1 the mhibiung agent 10 the

C) tochrome P450c I I s\ "tem and that two high uttinuy tcroid-bmdmu protem 10 crum,

~11B(j and ("BI, ma) bind and stahihve the aziridinc precursor III sheep "l.:nm11141

In ... aim of the pre ent tudy was to t~~l the /TI vuro 01010 'I Jl ~1I~1.l., ol Co 1 pound \. the

ethanol extract from the shrub and ~2 on sheep adren.il nut chondnal cvtochrome P.t~()d 1

in huller. heated and nJII\ c sheep erum I he wor] done Il) 1111,'.\ et u w nh Compound A

\\ as repeated and the same ass.1\ s used lo te ..t til ' ethanol extract and s; [141 Ihese included

the intlucnee of the test samples 011 the J)OC-lIldu ...ed difference peetra and the ublht) of the

samples to elicit a substrate mdu ed dl ffcrencc spectrum Prcv IOU re ...ulis <;'1(1\\ cd that

( ompound A inhibited the nut -mduccd difference spectra but that mhibuion \\,h abrog, tcJ

with time III buffer Nauve and heated scrum \\.h thus included III the <1".1) because native

sheep serurn app carcd tll stabilize the inhibitory effect ot ( ompound '\ whrlc heated sheep

scrum (Ill which ( B<, and -, IIHI, \\.1... destroyed) ...howcd ancnuauon of the mlubuory

intlucnee \\ uh urne III <1 manner sunilar to that ot Compound \ m bulfer 11111"conductin '

Stellenbosch University  https://scholar.sun.ac.za



005

the assays In !'BS. heated (Ir nauve heer serurn would indicate whether the I tho1101 extract

and "2 arc SIlI1lI.lrl~ stabilized h~ n nve sheep serum and whether the st. bihzauon IS ... u' to

l Bll or 'IIIHj

\.2.1 Inhihitiun ufthe nOC-indun:t1 ditterenee I'l'dra

I he spectral a sa) s to "tud) the influence ol compounds 11'1)111 ~ tubcrculaufornus In the

()OC-rndu~eJ difference spectra of'cyrochrome 1'-l50cll \\.IS developed to) ....\\.1'": ·'I·I-ce/e

dried mitochondrial powder, prepared 11) the method ot Cheng and II a ruin l~() I \\,' UO; d.IS

the source of the P-l50c 11 enL~ me In the ass.l) the rnuochondrial powder was omcatcd .It

l C in pre-cooled phosphate buffer :o..ftd omcauon the preparation was brought to room

temperature b) iucubauon at 25 l II'r 5 mill. I he eoncentranon ol the P.• "0 III the pellet \\.1

detcrrmned from the ( () induced difference spectrum (lig 3 .. ) usmg a mill molar cxuncuon

coefflcrent ofl}!. as reported 11)Omura and ....ato 127J.

-010

-0 lol
400 425 450 475 500

fï~un: .'A Carbon monoxide urdueed difference spectrum I'll \Wcl'W'IC 1'.. "0 illsheep
adr -nal mitochondrial powder reduced b) sodium duhrorurc
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lo record the l)f)('·inuu..:ed difference sP':C{I,I. equal volumes of the sonic.nc were pipetred

into ,>1', matched ":U\":I1':,> .• mJ .1 buxclmc recorded between :-tJll and ~(lll nm.

L>1.'(J\.~e(lrtICl1sh':lOn..: (DOC). dissolved III ethanol. \\.IS .iddcd 1\' the' sample cnvcues and .111

equal volurne lil' ethanol 10 the reicrcnee cuvette I he final conccnuutior. ol !J()C' \\.IS 5 uvl

and the final \ olume in 1.'.I..:h CI1\ eli,' \\,IS 1 ml I he' contents ol the cuv dh.'~ \\1.'11.'1111 eed 11Ir I

min und a spectrum recorded between 'ou and I(JO nm

DOC. the natural substrate !l,r cytochrome P-.f"OLII. dlt'l..:d .11)j1lc,1I 1!pc I JI1I~I..:m:c

(ahsorbancc ma\IIIIUm al approximately 11111nm ,1IId Uil ab orbancc minimurn .11·L~O nm)

spectrum when incubated \\ ith rnitochondnul powder prepared trom sheep .idrcnals tI :1:'. :; :' I.

The hinding or th.: substrate lI1JUCI.'''' .1 ~hiti in the "I'fCI peak (churactcri ...LJC of the C: tochrome

PoiSO heme) from approximately -.f20 to NO nm .• md thb shut can be measured b: difference

...peetra. DOC induced difference spectra recorded 111 thi-.. manner r":I11.1111I:J unchanged I'lf at

kast 60 min al room tcmpcr.uurc, "hCLh.:'1 recorded in PBS. heated or native ...hccp vcrurn.

Fj~\!rc 3.5 vchcmuuc repre-emunon III 1)PC I I)(){ -uuluc cci difference spectra ot adrenal
cvtochrome !'-.f5t)cll 11\\: absorbance mux mum I ,IJt) run) .1[1IJ muurnum (··~lIl are m.licatcd
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I he ~nl.:'Cllll the I~S( samples ,10 the I jp': I DOt ·-muu.:cd utlkrl.:'llc,: speerrum \\,1-. .J~:,.I~ cd 11:-

described in Chapter S I he tC~1 -,.1111[111.:''' included Compound .\. ethanol extract and S: .md

were IÓ(i:U in bun--':r,lh':,lleJ and nauvc sheep serurn

3.2.1.1 Complwntl .\

Compound A .:~OO p\11 \\.1" l:,,,-.oh.:J III the ,Ipplllpn.nc soluuon I PB", nuuvc nr hl.:'.l!eJ

sheep scrum), and ,IJJeu III the P450d I cnzv me preparanon ..IIlU DOl', mixed "dl and

spectra recorded every 5 minutl.:''> lor (JOnunutcs trom 3h(l-""0nlll.

I he difference 'pl.:'ctra seen 1111 ic. "\ (! ...how» that at 5 mill, t umpound A In PBS. or In native

Of heated ~hcl.:'p ..,~rum mlubited thv IH"-' ! I)()('-indtll.:.:d difference sp..:,l''': 1J1l\, c \CI • ut ()Il

min the mhibmon In P13S .md III he ••ted sheep serum was dimuushcd. ,\ tule lil n.ltl\ l' sheep

serurn the inhihrtury influence ,Jl Compound \ seems III he slLltnliA'd,

(,\) (UI

004
-IJO«(;llmc)

1.01.I. \Irll'l

Il{K .\ \ (IL'''') 2.
I_HU ...... \ ~ ... ,)

... --
000 .:00;'

o Ol ~
4

360 380 4~O 470 440 460 450 500 360

\\.\Clcncth (nnu \\;IHI,nl!lh [nm]

Fi~urc 3.6 Inhibition of DI II -IllJII~l!J \: lt \ I) dil terence spectra 1)1':111adrenal ~~ tochrome
Pool50 prcparallllll h\ (\ lInrUlll1J \ (21)() ~I\1) prepared III i'1!~. sheep ...crum l" ") ot heated
sheep serurn II'...."') Spcctru wer c 1.1"~n.lI (\):; .lIId (Ill (lO nUB .mcl arc thc . \CI.lI.!e of "i"
'pee Ira tak ...n
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nor: (alone)

--I>OC &: .\ (1'8"')

-DO( ~'.\(II""')
,. I)OC.,\:,\ (......,

Ihc time studies tlut monitored the elfeet or Compound \ prepared in PUS on the I;. pe I

DOC.inJw.:ed ditteren ...1.' spectrum 1)\\:'( .1 period III (to mill showed that Compound A

significantly inhibited (I) lUll) the I :rc I S[l...-ctrurn up to 2' nun alter ••ddition otCompound

A. Inhibition was, howcx cr. ubrogat ...J. trom ;0 min onwards (! ig. ,7) Simil.u results were

obtained \\ ith heated sheep serurn. ;-':all\C sheep scrum III vomr ...,I. appeared III tuhilizc the

inhibitory effect ofCompound \ u er (JO llllll with significant mluhition (1'< II 011 occurring

throughout the tunc period

U.UII

(;.u~ +-

"
~
III 2U JU ~II <II eo

Time (min,

.-
H\Ir. (min}

5 :w ;!:; JU ~n (lil

I'OS .* .* ** :'\S :\s i ...

SS •• .* ** ** ~. **
i"ss .* • + .. * :\s :\s

Fi::!ure J.7 I'ime :-.tlIU;.nr inhibition ol the 1)( l(··rn.lul.'cu ('i pi\I, differ ...'IKI.' spectra or ,10

adrenal cytochrome P~5() prcp.i-uuon h) Compound A (:wo fl~l) In PB". !'oi,~cr serum (S"I
and heated sheep serurn (Il ....SJ ....peetru arc the ,,\crag.: 01 three runs, each consisting llfthl'
average or six d.:I<!rill III uron-; I he IIlICIl~Il;' ,II the substrate mdu ...-cd diftercncc spectrum is
expressed as the ditlerenee Oel\\CI.'Il the maximum and minimum \ J1u"S or the sp...-cirum tAbs
~90."'20 nm) per p\! l'-l501 Stati"'lica! anuly ...1<;\\.1' done usmg .1 0I1l'-\\:!} i\:'\( )Vr\ und
Dunnett's test as po~t test. I he result- arc summ.msed III tbc 1:1"'1.'11. Stausucal .lIla!) .,1"

compared the n.:sult, with Cumpound A to the IC~lIl1s wnho. (r ompound \ (t P I) ()~.

** ~ p, () Ol ,,<., not "ig!1llic,IIlt).
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0.03

0.02~

< 0.01
~

nne (alone)

DOC &: Ethanul extract

J.2.1.2 Ethan.,1 cvtmet
lhe ethanol extract t 2 ~t11~\.1:. db ..olvcd In the appropriate -olution (PHS. nauv c or heated

....h..:cp ....erurm. added to the 1'4"0"..11 ":(1.,1\111": preparation and [)( H~. nuxed \\(.'11 Inti <pccuu

recorded. In lig.. l.S .1 t\ pical example ot the mlubruon pi the J)1l( -IIlJu,~'J dil Ierenee

spectrum h) the ethanol extract CJII b..· seen

-0.03 ....---,
360 380 400 420 440 460 480 500

Wavelength (nm)

Fi~ur(' 3.8 Inhibition ol D<l(_'-IllJuceu \5 Jl \ I) dil terence spectra ill :1lI adrenal L~ tochrome
P-l50 preparanou h~ ethanol extract (2 ul) prepared lt! PB x .11 tunc (,O 1I1'n

luue ....tudics that 11)0,1111)1''':11the 1:11"C(\ ol till: ethanol L" tract prepared III PBS. nativ c "I' in

heated ~h.:.:p .....-rurn 1111till,' I) pe I I)()( -IIlJu..:o.:J di!I ....-rcncc spectrum over a pcuod ot (,I) mm

showed that II slgniticanll~ inhibited (I' n.llS) the 1)1'"..1 spectrum (I ig. '.(Jt !\II aucnuauon

ot" inhihiuon. as \\as seen \\ ith l ornpound \. \\ .1<; obtained \\ IIh the C'lll'Il1o) extract 111 I'B!-..

IlC;.Jh:J ". IMine sheep ...erum. St.ui ...tical comparison of the results in I H'" ,tli\".. .md hC::J!cU

sheep <crum shows that there t" no slgll1licJllt ditfercncc hetween these results,
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figure 3,9 Time stltd~ Ill' inhibition of th c I)()l'-indlll ed (0:; 11\11 drflercncc spectra ofan
ad rena I \..) tochrome r~'il) preparation h~ c IIW1<l1 cx tra ct \~ ui) 111 PB ..... sh cc p "crum (ss I ur
heated sheep serum «( ISS) ..,p....ctra arc the ,1\ Cl.lg c nl thrc ....1uns. each \..un"i'iling III' llw
av erage of si ... dc tenrun ..iuons. I he i!1[CIISil~ Ill' the suhstrat c urdueed dil lcr c nee -pcctrurn IS

expressed as the difference b ....twc cn thc maxirnurn and nnnirnum values of th ....sp cc trum I \hs
390-~20 runj.' per ~l\1 P~5()) \t..rustica! :tnal~ ,I-. \\.1' don c U<;lllg ,I (In c-\\a~ \ '()\.\ and
Dunnett's test as post tc st. Ihc rcsuhs ure summarised III the mscrt SI,llistilal undl) sis
compar cd the results \\ ith ethanol extract til the results \\ ithout ethanol extract (.. l' < Il ()~.
.. P: (l,O l.:-JS not slgnificam).
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DOC (alone)
DOC & ~2

:U.I.3 ~2

S2 (lO ~dl \\~L"dixsolvcd in tho: apprupriutc solution IPlIS, nanve or heated ~hO:l'P scrum).

~Itkkd til the P4S0d I L'n/) me preparanon und DOC, 1I11,cd \\1..'11and -pcctru recorded. In rig

3,10 a I~ PK,tI cvamplc Ilt' the Inhibit ion Ill' thl' 1)( l( -induced di Herenee SpL'l'fII1111 h) till' S2

traenon CHn hl! seen.

: ..... -,

_0.U2J

1
-003

-0.044----.1---,,---.,--------r-,360 380 400 420 440 460 480 500
\\:l\elength (nm)

Figure 3.1 {) Inhibition nl' DOC -induccd (5 p \ 1) dlHerenee spectra (lj .111 udrcnal l') tochrome
1'450 prepannion h) S2 12 ul: prepared ill rB~ at time (lO min,

The lime studies tha; monitored the effect or "2 In pn~, native I'I 111 he.ned sheep serum on

the J ype I DOC-muued ditlerenee spectrum over a pertod oj (lO min showed that (1111) III

PB") IS srgrnficunt inhibition (p. 0(5) nl' the I;. pe I spectrum obsc: \ L'cI (Iïg., .\.111 ,,~ III

native and heated sheep Sl'rUI11 uppcar-, not to inhibit the I;. pe I J)()C'J1ldllL~'d dillerenee

111 PBS.
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-s 211 ..til (1('
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~s 1'\S 1'\~ :'\S '!S

IISS t\~ :-.;s ;'\.s '\s

Figurl.' ':\.1 I 1 im : ~tll(j~ nl 1.1hihitillll ot' the DOt ·IIlJlIl:~J(5 tl~l) .liucrcncc Sp~'CI!a of In
udrvnal cy tochrome 1'4:-0 preparation h) S2 (10 Id I III PBS, ~hc~'p scrum (SS) ur he.ucd sheep
scrum (! ISS), SpI!Cl!:.! ,"l: the .I\cragc "I' t\\11 runs, each cunsl ...llng ut' thc avcrage lil' ~i,
determinations. 1hl.' intensity IlrIIK' S\1b't1.I1~ induced dilll'rct1l'c <pcctruru i...C\llIt·"..ed as the
dilterenee belween th ... 1lI,I'XimUIll and mlnumuu vulnes ,I( the spectrum (Ab ... I')t)--t:~() 1ll1l)1
11:\1 P4S0) Statistical allal~ si" was J,HW usinu u 011C-\\ol) A:-';O\' \ and Dunneu's iext as post
Icst, I hl! results ure sUI1lIllJri:-'I.'J 111the insert. ~"lti~li.: ti oIn,tl~,i" compared th ...n:'iulh \\ilh S2
to the results \\ ithout S:!. (* P ().OS,·.. I' IUd. '\0..; 1111\~ignilie,lIll)

3.2.2 Subvtrute induced difference vpectr«

All natural substrates lor cytochrom, 1'..t"O induce .Iitlcrcncc "pcdrd, l lo-vcver. there .11'1.:

compounds that arc 1101subxtr.ucs III C) tor.:.ll\l.l~e (l450. wluch C.111 :d ...n induce difference

'pl.'dnt I hese spectra arc still relerred to .1:-' substrate induced dilterenee spccuu COlllround,

fil,ll an: i.ut substrates, for example ( urnpourul 1\. 11l:t~ .11,,0 bmd III the crl/) 1111.' und induce il

dlCklt nc.: spectrum. a I ~pl.' Il difference spccuum il: 11ll' :,:",,' .11 Compound ,\. wuh

<llnhsl lo :"",.:" maximurn at 4 lO n111 and ,I ,lb~'l1 h.IJKI.' 1lI11\111l11111 .u 41 () IIIll ti 19 1.12 I,
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Figure ].t2 Schonunie representation 0(',1 I ypc II difference "pet'lra elicited bv l .unpound \
Irom adrenal P-i"()ell. l hc absorbance mavirnum (41() 11111) and minimum ,ilO nm) ure
;nJicateu.

Substrate induced di Itcrcncc spectra ol P45(k'1 I \H'I~' oht.li IK'L! III the same m.mncr and \\ uh

the same rnitochnndn.tl preparation a, Illl the dco\) corticosterone Induced dilfcrcncc spectra,

except for the DOC solution wluch \\.1., replaced 11) le.,t ....unple. I Ill' t~'~t ...ample wux added

lo the sample cnvcues und an equal urnnuut ol' solvent !II the reference CU\ cite I he tina]

volume in the cnvcues were I ml. Ihe contents lit' thv cnvcues \\CIC surrcd Ill! I 111111und a

speetrun r~,'tlrde{' l)et\\\"l'l1 son and ](10 111ll.,\ I) picul substr.ue Induced dilterenee SpCl'IIUIll

is obtained b) measuring the optical difference between the enzym,' sub-tunc complex in the

sarnph ..' cuvette and the en/)I11': alone in the reference cuvette,

J.2.2.1 Compound \

Compound <\ induced a I ypc II dirlerenee spectrum when il illklae ~'d \\ ith mitochondriul

rem der trom sheep adrenals (Fig. "\ I ~). all indrcauon \11' the Pl'l'\:..'IW .. lit an am inn group that

reacts wuh the hC1Il1! IWIl o l the C) tochrome 1251 ,\ tunc .,IUlI;" ,: the intcracnon of

Compound \ C:~()() p1\1) \\ ith an adrenal l: tochrome jl..j50 sl!!'fl~'n~iol1 111111\\. n.uiv c or
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111:;111:.1 sheep serum showed significant dlll'llll.lIl1lll (i' fUJI) of tne binding nr Compound i\

\\ nh urne (I' ig. ~,I" I, vucnuation appears to be :>lgnilic,UlI at all carlier time lor heated sheep

seruni than lill PBS. and nauvc sheep serurn (lnl~ ..,illmcJ signiticuru attenuation alter 20 nun

Figure 3.13 I I III I.' study or the uucrucuon \11 Compound \ (20() ,,\1) \\ ith an adrenal
I.'} tocht -rnc 1'450 suspenston in PBS. sheep serum (""i I or heated sheep scrum (fISS).
Statisticul analysts was done USing il OIK'-\\d) \"JO\' \ und Bonterrom (Aj and Dunnell's (nl
test as post test and the results arc SIIIl1Il1J.r1SI.:'U In the insert. 'I he Bon ferron I (\) post test
compares the results III PBS. nauve and heated sheer scrum at indicated time pOlllh while the
Dunnett's (Bl post lest compares initial values at" min with with results il110. 15.20.40 und
60 minutes within each expertmental group. (+ p. () 0", +oio r I) 01 "JS not
signi ficant).
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3.2.2.2 Ethanol evtract
1he ethanol cvtract induced li I) pc " difference spectrum when lt interacted \\ ith
mitochondrial powder trom sheep a.Ircnals (l-ig. 3.14)

A time study of the interaction of the ethanol extract (2 Id) \\ ith an adrenal C;. tocln ,line P450

solution in PRS. nutiv e or heated sheep serurn showed thaI the binding lIt the ethanol extract

declines sllghll). although nol signilicantly. during till' first I () mill and IS then rnaintumcd

with time (Fig. 3.(5). 'l he binding is maintained to the ~al1ll.' degree in PBS. native and heated

sheep serurn with no signi Iicunt diflercnts bel \\ een the groups,

l1i~urc 3.14 Schematic represcntution of a I) pc II difference spectra chcitcd b;. the ethanol
extract from adrenal P450c I I. Ihe absorbance muxunum (-l.'iO 11111) and minimum H20) arc
indicated.
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Figure 3.15 I irne stud) of the interaction of ethanol extract (2 pi) with an adrenal
e) tochrome P450 suspension in PBS. sheep scrum ("';S) or heated sheep serurn (!iSS)
Statistical analysis was done using a one-way i\:-':OVt\ and Hontcrroni (,\) and Dunnell's (BI
test as post kst anti the results arc summarised in the irisert. I he Ilonfcrroni ( \) post te ...t
compares the results in PBS. native and heated sheep serurn at indicated time plli-ts while the
Dunneu's (B) post test compares initial values at 5 min with with rcsult-, .u :.\ ' and (JO
minutes within each experimental group. ('" P <: (l.OS. ** - P: 0.0 I. 1"~ :10 '.: r.ih:antl.

3.2.2.3 S2

S::! induced a 'I ype If difference speerrum "hen It interacted \\ [th nutochondrial powder from

sheep udrcnals (f·ig. 3.16). \ lime stlld~ nr the mtcrucuon o! ~.2 Ht) ul) with an adrenal

C) tochrome 1>450 soluuon In PBS. native or heated sheep serurn showed that tire hinding (If'

S2 is rnaiuuuncd \\ uh IIIllI! (hg. 3.17). The hIndIn!,,: ,,, maint.nncd In the ...urne c ....tent in PBS.
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Fi~ure 3,1(1 '-'chel11at. ... rep-cscnuuioo of a r~1'1.' 11 difference spectra elicited h~ ~:; from
adrenal P450d I I he <.h"orhancl.' maximum (,BO 11m) and minimum (4~O) ure indu.atcd
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Figure 3. J 7 I'irne xtudy of the interaction or S2 (40 pil \\ uh an adrenal C) tochrome P450
suspension in PBS. sheep serurn (<.;~) or heated sheep serum (IIS~,. Stausucal anal) sis \\ a,
done using a one-w .1) 1\'\()\' \ and Bonfcrroni ( \) and Dunnen's (11) lest as post test und the
results an: ~l'" mariscd in the insert The Bonfcrroni (A) post tl.'st compare'> the result" 111

PBS, native and heal cd sheep serurn at indicated 11m.: pomts while the Dunnett's d3) pOSI test
compares initial values al 5 mill with with results ut 20. 40 and 60 minutes within each
experimental group (. jl () 05.... P () or. 'i\ not srgruficanu
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Spectral changes ill the 1)( )('-tnduc..:u dillerenee spectrum due III the addition 111 ch.mging

,1111uUnh I)! substrate ([J()C I \\,1" measured in the presence "f diltercut concentrations 01

inhibitor (Compound Al \ couccnrration range of 2-5(1 ~I\! D()t wax usc.' with ,I r,lIlg~' of

concentrations (100 t, 251l p~l) lit the IIII11bltor, Cl111lp(1unJ A lhc spectral dau \\as then

analyzed USing three dilterent methods. 1he lirst method illustrmcd in I 19 ,.1 S. I" ,I

non-linear r":tre,~ioll plol III del crm Ill": the Km PI' ,111.1 ,'lP,IX \.dUt'. III the second method.

to d etc rill inl' the KllllJ ,IIlU Vmux . ,} drr .. ..:l linear pint was used liid ' 1'») while. III the

third method I I incwcav o.!l"-I\\11 k plor wus '.l~I.'J (I Ih 20) I:X. ~I) '\01 (II' the three rnctl IUS

used. the Lmcweavcr-Burk pllll IS probuhly the IC,H .1CCUi'Jtc .1' Il gl\e, u !;!ros ...ly 1ll1"lcJJing

impress-on Ill' the expertmental error due til lillc,.n/atilll1 or the J,Il,1 I he -i.m-Imear

regression plot is an improvement ,1\Cr IIll' I lucweuver-Hurk plot hut ''It''ler,, 1.'.\1111111.'-: .II! 1111

gin:' inaee-trate results, I he direct ;rncar plot hll\\o.!\ er. i-, : ccornmcndcd II) determine "111

and Vn1JX 'I" as It makes nil assumption about III,' nature "t' cxperimem.d error und Ih~'

gra[.hleal pmcedurc rcqurrev nil calculuu.vt . .IS iuhihnor concentration ual vubstrate

eoneenn ut.or arc pl,)tleu Il .rccily 121i] In nddr: il n lllltlil'f'; cun \ <.'1~ ea ...i I~ hl.' idcnt died and

excluded trem the anal) sis.

3.2.3 Ildl'rmination 11f the t~ pe of inhihitiun induced h~ Compound \ on the T~ pe I

DOC-induced difference '(ll'ctra

l hc type of inlubuion induced h) Compound \ on the [)\)( -induccd ditterenee ~[1cctnI1l1111

cytochrome P-I5()t:11 was in\~'~IIg.atl'd hl dctcrnu Il': It Ill'> compcuuve or nuxed inhibuion \

1I1111pct iti\ ....inhibitor would be .t 1110lCUlk' 11t,lt elo- c'" rese 1II1'ks the suhstrat,; ofthe en/: 1111.'.

and that competes \\ uh the substrale at the bllldill~ sill.'. ol the ell/) nw I he inlubitor \\ ill thus

bind Ilnl) to tIK' free etlly mt: und not hl the ~'n/: rue substrate c omplc x. I hl.' KI1I \\lluld he

ditterent (greater than without inhibitor: bul the \ 111,\'\ shnil.ir. Ir the c.nnpciition is

comperniv c. A mixed inhibitor 1111the oih c r hand, would bind to [>,)111 the en/)lI1C .uld <.'11/:111<.'

substrate comple: I'm mixed mhibition both Km und Vn1.1... can change \\ ith Km I

increasing and Vmax i' deercasing. wuh increasing inhibitor concentration 12';1·
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Figure 3.18 (/\) 'xon-: 1 'lr regression nl the effect of changing concentrations of DOC on
the amplitude ol the I.OC-mdm:ed dilterenee spectrum in the presence ol different
concentrations of Compound A (B) Comparison of Km co values obtained lor each of the
curves in A. Stati-tical analysis was done usmg one-way ;\NOVA and Dunneu's test as post
test (P' (l.OS - *. P<0.01 **1. (Cl Comparison ofVm""'1 values obtained for each of the
curves 111A. Statistical unaly sis \\:1S done using one-wa) Al\OV A and Dunnell's lest as P(I~t

lest. (Jl < I) OS +. P<(l.OI =- ... ,,).
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Fi~urc 3.19 Example 'II' direct lmcar pill! used III determme the e fleet of chunging
concentrations of D()C on the amplitude ui the DllC-l1ldllceJ di Ifercnce ~rl!ctrum ill the
presence or ditterent concentrations lil Compound \. In this example the concenrratior of
Compound A wus 0 IJ \ 1
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J.. '1 ( umpuund \
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figure 3.20 Example ol Linc\\':<l\cr-Burb: plot nr the effect of changing concernrauons or
Doe on the amplitude of the DOe-induccd difference spectrum III the presence nl different
cnnl,cntrations or Compound A
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In lublc S ~ the Km ,1I1J \'1l1.1~ values obuuncd b~ these three method- arc presenred.

I he results indrcatc Ih,lt th e \ alue-; obtamed usmg the three methods o] ,1I1:.!1)'I') correlate

rabie "\.2 (. nnpartson \II Km
obtained ~ three methods. f \ I
I.inew cav cr-Hurk ph)!

hl\!) and \'11\", (\ \ (~l)n-..f20 111111 p\1 ,,-iSO) \,Ihll.'~

:\on-llllcar n:gr~S~I(\11 and (B) Direct hne.rr plot und (I.. )

Vm~l\.pp "Km.pr

~1~1 \: U: ( ': \: B: C:
Compound \

o ().()6l:i IJ 06.+ (106, 2.(J()() I ~6() 0.')50

101) IUI(j(l o 1I"-t Il 05h ., .+50 z ooo 2. '";20

150 O.OS6 0.0'+1) U.OSI -: Jon 1 SSO 2.100

200 0.052 O.O-fS () o..tq 4.50U ~.'""5U ~ ,tin
2 so 00.52 U.t)·~7 U.l)..J. 7 6.·U:O .; 200 .. 620

with mercasing C()I1~~ntraIHHl~ III Compound \. indicaung mixed mhibiuon. \1" cd

inhibition h due to the tact thar til", inhibunr bmds I.) both the l'n~ me and ~n/) 1lI~'substrate

complex as shown in lig . .1.21 t \)

(A)

El ESf
K
"

l K
IU \'111:1'\ =

app
\ 0"" ",

S+E
+

,
.-_ ...ES

+

"(I ~ I "IU) . Kttu l +-1 "id

... E + P

Figure 3.21 (A I \kchani:-,m thai produces mixed inhibition und (B I the 1(lrll\1uld used til
describe this tvpc nl inhibition S substrate. [ 'r./yml.'. I inhibitor, P product,
Kie dissociation constant fill" H complex or competitive inhibit on constant and
Kiu dissocuuion constunt tor I-SI complex nr uncumpctitivc inhibition con-tant t Rcdrawn
trom [2lJ)).
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II1\.' Iormula used t\l describe this t~ pe or iuhibiuon j, ...1111\\ 11 in lig, \,211 B) .1I1U eh:..Irh

shows that both a uncompcutivc component (Kill) und a compcuuvc component (Kie) i"

involved in this t~ p~'of inhibition I~91, I he Kill m..l~ be calculated h~ plnlling I \'ma\.", \ ~

III .IS shown in Fig. 3.22. I h..: slope or th..: IJn..:•.Jr regression Iine i...equal tIl I Vmux \. Kiu,

Once Kru h.b been calculated Kie 11M) be culculined using the Inllll\\lI1g tormulu

Km (I + I/Kie)

1 + I/Kiu

I he Kiu and Kie \ alues lor the inhibition (II the ()<)( '-inulll:..:d dillcrcucc spcctru h~

Compound A arc summarized in I'able "i. From the result- wc can see th,u the Kie value

obta ned for the Lincwcox cr-Hurk plot (62 ~l\t) ut! Ier ... from the non-linear n:gn:sslIln and

direct linear plot \ alucs ( II () and 106 p:\ I. respeetis ely). Il1's ma) bl' due Il) llil,! tact that the

Lmeweaver-Burk plot is nol as accurate ~IS the other two methods. I he re ...ults ..lbo indicated

that the compethiv c clement in the present inhibition IS greater 111311 the uncornpctitiv e

del111!111. TI1U!'>inhibitor binding to the \.'n/~ me alone is ...ironger IhLIn lt, the ~Il/~ me-xuh ..urate

complex.

250

122.5
1

}. 20 0 ~r::?'
~ 175j ~.
150V
12.5l---~- ---,----

o

• A
{. B. ('

300100 200

III pM Compound A

Fi~ure 3.22 Determination (lI the Kru for Compound A usmg vuluc-, Lh deiemuned h~ ( \)
"on-linear regression and (B) Direct linear pillt and ((') l.incwcav cr-Hurk plot.
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I'ahle 3,1 ( ompanson ot Kiu and KIC values obtarncd h) three method ... 1\' Non-lmcar
rcgrcsxion am! IB) J)lrcctline.lr plot and ( j l mcweavcr-Hurk plot

Kiu (~I~1)

Kil' (~I:\I)

()(J7

I I () 10(,

J.3 Conclusion
I he ampluude ot the 1)( lt ·-llIduc.:d ditterenee spectrum (dulcrcnce hetween the m l'II11UIll

and minimum absorbance \.!IUI:"') 1,1 P4"Od I I" an mdrcauon nl ihe enzyme substrate

interaction, Inhibitor (II the I.'n/) me \\ ill reduce the .unplnude ot the spcc.trum lf th.:!

interfcrc with hinding ul substrate to the :ICIt\C site. I "11\\ Cf al mdicatcd that the resulung

spectrum \\a" the sum of a 1)pt: I I)()C-inducl.'d peetrum and a I vpc II Compound \

-lnduced peetrum. which suggests that the two ...uhstrates hind iudcpcmlcntly and th,u

Compound A docs not displace DOL «non binding 114]. II,,') IS consistent \\ ith the results

obtained h) Yoshida and Kumaokn for the simultaneous adding ut Iypc I and I)pe II

c( mpounds [251

I rom this stud) \\1.' can conclude that Compound \, the ethanol extract and ~::! inhibited the

r) pe I DOC -induccd difference spectrum of mitochondrial powder contammg 1'-150...11 from

sheep adrcnals in a manner similar observ cd h) "\\ ..rt Cl a/ \\ IIh !'::! Pil

I he limo:' studie ... rh,u monitored the cttcci ot Compound \ prepared 111 ('HS lin the

[)()C-IIlJul,;cd difference spectrum over a period ol 60 IllIlI clearly howcd that l ompouud \

inhibited the I) pe I 'I'c.:tmlll hut that inhibition "as abrogated \\ ith umc 1'1':\lIIU, I' S;-, IS

time studies indicated that C~elization ot" Com pound \ III the corresponding u/rndinc \\,1'

completed after (,0 min and this correlated with the attenuation ol inlnburon found in the

C~tochrome 1'-I50c II ~~~I':ln Ir Compound \ \\.IS prepared in PBS Our results arc thus III

complete .lgrcclllent \\ ith the pre\ iUIiS results obtained o~ I OU\\ (I ctlll ~ I·

lhc urne stUJICS, \\ ith "heer 'I.'rUJIl howcd that scrum siahihzcd the IIlhrhltnr) cttcct lit'

Compound ,\ In thc P-l50e II ") ...tem. I k'~lling ,)1 ...hccp crum, \\ hid! d ·!'tf") s CIH I und

....IIIH, hut not albunun, re ...ultcd in an mluhrtu II pancru smular to that observed hl" PBS.
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with no stahililing Ill' Compound 1\, PrL'\ rous I 'i-\lS sluJics showed tl1;lt serurn retarded the

C\ chzatiun of Ctllnpnllnd \ tIl the corrcspondiug a/mdinc and that the .1I110unt nr Compound

\ present. correlated \\lth the perecutage inhibition ot' 1111.'D()C induced ditterenee spectrum

[141, [~-I\.I'" studies confinned that t HU und SlIBt, Il\a~ bl.' mvulv ed in the !>tahtli/ation of

Compound :\ in sheep WJ'l11ll [1-11, l hu-; heating or serurn \I ith concomitant destruction ol

eBC, al 'i11B(, would not result in rcturduuon nl cycli/at run , 11'0111 these results it wa ...

deduced that Il is the uzindine precursor. Compound 1\, ralher than the a/iridruc. \Ihich is the

mhibiung agent in the CJ tochrome P45()c II ...:-...tem. Once ug.iin our studie ...Shlll\ cd ximilar

results lo those previously reported

The time studies that monitored the elfeet or the ethanol extract on the DO( -uiduced

difference spectrum in PB.., and in natrvc nr heated sheep scrum ...howcd that the ...c

compounds inhibued the 1~pe I spectrum 0\ er a period lIt' 61l min and I.hal no uucnuauon III

inhibition OCCUIl('Ó, lhis is in contrast \\ ith the time studie .. II ith ('omI101111,1 A II here

inhibition was aluogatcd IIith ti111~'in PBS and in heated sheep serurn. 11ll' S2 fraction, like

the ethanol extract, in PBS abo showed no attenuation ofinhibition ,\ith lime, In native and

heated sheep scrum. h,,\\el cr. no inhibition or the I~pl.' I D( l( induced dil lerenee spectrum

'HIS obscrv cd,

Compound A, ethanol cxuuct and S~. ,III induced a l'y pc II dllkn:nce spccuun: when

interacting with mitochondrial 1'11\\d':l trom ...Ileep ndrcnals. \\111eh indicated the presence III

lll1 amino group that reacted with the heme iron ot lite C) IIlChl'lIll": 1251 \ ~llld) III the

interaction otCompound 1\ with C) tochrome IQ;;Ocl J III PilS. nauvc .md IWilled ...hcep scrum

showed attenuation of the huiding I\f< ompound /\ with lime 1!lIl,ttiH: sheep serurn the timv

cour ...c of anenuntion ot the hinding nr Compound \ \\,1'" ...hn\ er than 11'1 PHS und :--hcl.!p

...erum. wluch suggesh that native sheep serum :--lahili/":u Compound A lo ",lIIl,' cvtent. IlK'

lesu1ts huwever arc nol a ... clear as i.i the c,l ...c \lI lite inhibition (lt' the I ~pc I I)()( -mduccd

"pe!,;lr" In wlJlr,lsl with the re!iUIIS oht.uncd with Compound A. the ethanol cvtru I und ....'

showed no significant uucnuation nl l.;ndll1g with time I his agree ... \\ itl: the results oht.uncd

Juring the mhibruon ot the DOl-lt1dul.'eJ difference xpecuu 1m the ethanol extract and

suggests that the lack 01 mhibuion ofthe I) pe I .~peeUll'l1 h\ ..,... III nauv I.' ,II1J 1I.:.IIL'J ...hel.!!)

serurn ll1a~ he an artet~lcI ,h inhibition lIas nb ...en cd in PH""
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I he t~ pe (,I mlnbnion induced b~ ( ompound \ lin the 1)1 li -induce.l dillerenee spectrum III

cytochrome l'.t50ell. '\,1' also invcsug.ncd III deternnnc lt II IS competitive III mixed

inhibition I he results indicated thlt mixed 11111Iblll"l\ occurred I he Kie ,,,III":s fi'l the

inlubirion of the 1)( lt "-mduccd lhllerem:~' vpcctru b, l ompound \ were determined .I~ IlO.

Wh,lIld (12 fl~1 1111the direct lmcar phil 1I011-lIm,'.lr Iq!.re'~llln and the I Ille\\~'.I\Cr-Il.IIK ph It,

respectively while the !..;.IUvalues \H'I~' 7,7, 1(J7 und 70(" rcvpccuvclv I hl' r.ict that the Kil'

values were lower than the Kill \.Iues IlIUI\...ltl·U t11.l11h(.'crnnpctruvc clement III the mlulnuon

IS stronger thun the uncompcuuv c element

I he c results ure uucrcsung 111 ih,u nuxcd IIIhl"IIIOII would slIggC<;1 th"t binding (lt' the

inhibitor (Compourul \1111 the enzyme lI.,CS not occur at the sub ...imte s.tc, bilt docs 1t11\\C\CI

,tlli:ct the binding of lite natural substrate \I>( JC I til the ell/~ me III addition Il' inhibuiug the

CUI.II) tic uctiv il) III the el\/) me 1111<;agrees \\ lilt the results obt,lined \\ IIh the substrate

induced dilterenee sPlCIIUlIll'1' Compound \ .1I11ll>()(' IHlt induced d lypc l-dilfcrcncc

peetrum. which uccorduig lo Yoslud.. and Kuru ..ioka, suggests hinding \lI the protein nll1ll·t)

lit Ill": enzyme 12~1 In contrast Compound \ elicited ,1 1~1}l'11 difference spectrum, wluch

suggests hinding lo. or imeracuon \\ lth the heme moiety ut the elll~ me I hus, the results ure

in l::;rl'el'lCI t with the t.ict th ..11 l (Impound \ assen, it<; allcel (Ill the 1'4"1)(' II l'nl.) me Il)

bil .,lIIg to a difti.'rellt site Ih.1I1 the substrate t DOt I butduig sue

I he inhil irion nl 1'..t"Ocll Il) Compound \ contain>; 111.111)nl the clements ulcntificd h) ()rlll

de ;\lll1ltdl,lI1o III reversible 1'4S()-el1/~ me inhibitors IJ II. I hese include binding ol Ih~'

inhibitor to the h":IIIC IIClIl und elt~itillg.1 I )pe II difference spcctnun \\lllt ,I slIlcll1l.1XIIlIUIIl

at 410 .11ll1 the lad 111,1t the IIh):'\ potent inhihuors ure 1lI\1llgell'Cl1lltnillillg aliphatic and

aromatic CIlI1lP()I.l1d~. I Ill' 1110"1 cuccuvc reversible inhibuors react "lnlOgl) \\ ith both the

protein and the prostene heme iron ,I lid then ,ICII\ II) IS thus gO\ crncd b~ hoth the

h)dl'llphohlc I.'h,If.1CI~·riimcrncuon with protemt and h) the strl'lIglh lIt' the hond \\lIh the

heme iron.
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CHAPTER ...

THE INFLUE"ICE OF Tl'.ST SAMPLES ON THE PERCf:~TAGE FREE

STEROID IN lJNlllJXTED SHEEP SEIU Yl

4.1 Introduetion

Steroids in plasma him! to S~\ cral transpou proteins. Ihc hindrug llHl~ hl' either 11m Of high

atfiruty Sheep serurn contains two 1,!l)Wpmh:lI1s that bind sh:rOlds with high affinity. 1he)

an: corticosteroid binding globulin t cnc) or iranseonin I. \\ hich binds primarii) to cortisol

and progesterone. HnJ S~\ hormone binding globulin ("iIIIH i. abo know n as

testostcrone-cstradiol-hindmg globulin (I eB< i) and steroid-binding protein (Snp\l. \\ hich

hinds to testosterone. dih) drorcstosterone and estradiol. noth occur in Itm cnnccntrauons ill

sheep serum, ubout D 07!! pl\11lH ('13(, and uhout ten [old less lor -.I!B() «().OO7!l ~I\I) l321

lhe IO\\- affinity transport protein 1:1 sheep serum is albumin. \Ithllugh the aninit) nr
albumin for steroids is 10\\ the plasma leyds are high enough to bind signiflearn amounts nr
steroid ligand. Current theory holds that plasma steroid-binding proteins transport steroid

hormones in the blood and regulate their access to turgct ussucs 1,:i31, Only the unbound

fraction of steroid hormones can enter target cells. I hus, steroid hormones cxists in t\\11 ...tate ...

in plasma. namely free .md rev erslbl) hound tn prmcins, either to the 111\\ alfinity , high

capacity hinder. albumin. or to the high uflimty , h1\\ capacit) hinders. ('B( i and SI [jH i

lt ma) he possible Ior test compounds \\ uh a high aflinit) Ii,,· steroid hinding proteins to

displace endogenous steroids from the hinding protein allel ill dl' 'lg SI). III increase the

bio-av ailablc concentmuon of the steroid Se\ eral such c'\.lll1pk, h.1\ c been described in the

literature. It ha", tor example. heen hown that some nl the extra-udrcnal ell'ccls or
metyrapone may be attributed to the displacement (lf' Ullllsni lrorn albumin 1141 In addition,

l'ugcat cf al. in an extensive stud) invc ...llgdlll1g the lI1ter,KIIOI1 nr drugs \\ ith ( IH I und

SImG, showed that prednisolone. a potent ') nthcuc gllll':lll'llrticllid. hind, ttl human CIH I

and causes il .12°/1)deercase 111 the perecruage coru-ul hound I~51.Dunn ,'f u! Iound that about

50°0 or the available ('nCi-binding sites is occupied h) ecrusol and that accounts Ill! 94.l)(,o"

ol the binding to CB(J III men and women P61. I hu .... ('BCi in the bll)\ld I...1,lrg.:l) occupied
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with steroid ligand ,mJ prov ides J lar~e Il',e[\ oir III !.dll':(lL"rti.:OIu~ thai 111.1;'he di ...placed by

ligands with a higher ,lflil1it~ 1171.

l he liver is the m.iior organ involved In tile ":l1tIH:sis Ilf< B(, l he uIIK c ntration ultBt', III

plasma. and thus s~ nthcsrs b~ the liv ....r. I~ rcgul.ued Il) the hill·;l\ ailablc steroid

concentration. It has h':I.'1I :-.11\1"\11in the rat. that adrenalectomy n.'"ult~ in increased ( B< i

levels \\ hile exogenous corticosteroids re-nl Is ill uCl.rca"'I.'J ('lH i lev I.'b !JH I.An Jl1\ cstigatloll

into the effects of high Ic\ ds (Jr I.'nUlI!!el111llS ( 'ushinu's '.' ndrornc) and exogenous (paticrus

receiving high doses ofglucocorticoids) glucocorncoiés indicated that this resulted in a down

regulation of the Circulating levels ol ClH) which may enhance glucocorticoid aeli\it: [i()J.

CSG has been shown to pla) an ucux c rok III determining the disposition of glucocorticords

levels and therefore reduced ('mj levels \\ ill enhance the bioloeicul significance of I!\lsung

glucocorticoid levels I·HIJ.

Spcctrophotnrnetnc studies indicated that Compound ,\ inhibited the I;, pI.' I DOl-lI1dllC(~d

difference spectra of sheep adrenal <.:~ tochrome P4;ïOe II and elicited ,I I) pI.' II difference

spectrum in the same ent} me. Ihc spcctrnphotrunctric I!fh~l'(,; \\ ith Compound 1\ diminished

with time in buffer hut is stabilized in serum. In contrast to native shct'p .'I.'J'UIll. henred Shl'I.'P

serum showed attenuation of the inhibitor, tntlucnee or Compound 1\ \\ ith time in a manner

similar to that of Compound A in 1'[31", suggl'sLing that ('B( i and SIIB<1 (\\ hich \\oldu I'll!

destroyed 11) heating] pla} an important mie lnthi, ,tahili/atilln. I he lol e oj'CB<j und SI m(,
in stabilizing Compound A LInd retarding cvclization to the corresponding azindinc \\,IS

COil firmed 11) FS-1\ ts ...tudles 114 J The above results posed the question ,II \\ hether the

binding of Compound \ to en<, and SIIl3(, \\Lh silllpl~ ~I transport mechanism or \\ hether

the binding, w ith possible drsplucement III' endogenous steroids. could he part nr the

biological effect of Compound \

Oral ami intraperitoneal udministrauon (lI ('OIllIW nd \ and ....,' II/hert 1I/II{J/rJ/,IIIJ\ hav c a

contruccpuvc effect (lil lcmale \\ rstar rats ,1I1d cause .. deercu-e III tllt,t1 hody, uterus. und

ovary mass and an increa ...e 111 ad rena I masx l hc ...1.' rcsult-, suggl'st a pcrturbunce ill till'

glucocorticoid profile or the rats. In addition l ouw Cl ,ti demonsuutcd that the contraccpuv c

acuon in female Wistar rats. nl the ...hruh and Compound \. is associated \\ till all mereuse in
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the percentage tree conicoxtcronc in pl.l" 1.1, I he meren-cd tree <tcroid results tt1 :1Il increase

in the percentage III' albunun hound steroid as bin., 'lg to albunun i, prupurtionul 10 free

steroid concentration 11.51, I he rise III lh..: percentage tree .md ulhunnn hound steroid is

concurrent \\ itl, (1 deercase in the ('B(j bound C(lrtll.!o,klllllC and this IIlJ; be due to the

displacement ot curticosteronc Irum ( THj h~ Compound A uscl! Ill' h~ .111 active compound in

the shrub III 1111..'same ,tud: eB(j coru cntrutron-, were abo lound lo deercase lIn

administration nr Compound A und ,.., tubcrc /1/1/1//0/'111/\. I he deercase 111 ( IH i eeneentrunon.

found with the s(ud~ h~ Louw c: <I/ . ll1a~ he due to till' IIKI..:a,cd k\ cb ol bio-uv ailahle

steroid which may inhibns (JH J ... ~ nthL,.,i, in the 11\":1 ", increased endogenous and

exogenous glucocorticoids have been -hown III down regulate ( IH I S\ nthesi-; in till' liver

[15]. r hIS phenomena \\ ill resuil in a further amplification ol tl1l' elfects III' ~'\isting

glucogorticoid Ic\..:I:-;. LI)!I\\ Cl u! concluded from these results ih.u both Compound A und .\'

11I{Jt'rCIII(/li/orlIllS binds to l B( I in rat "Cl lt 1 and displaces bound corucostcronc. \\ hich

results 111 increased levcl-, ol tree steroid ill the plasma, \\ hu.h mJy contribute II' the

biological effects obseved in rats,

In the present study the influence of the test samples, tumpound \, III.: ethanol extract from

the shrub and S2. on the distribution 1,1 cortisol und pro:!csl..:r(lne In sheep serurn \\.IS

invcsngated. Previous work done h) I OLl\\ et ti! showed that Compound A binds lo ('lH i and

SIIB(j in sheer serum 111 vitro. und disphll'es cndogcnou« steroids from CH( j in rats III nm

[14.15], The present stuJ~ wus thus undertaken lo determine ifall the 11.',1samples binds LlI

l'B(j in sheep serurn and it' hinding nl' the lesl '.Impi..:" to the -tcroid bindmg glohulins in

sheep serum arc simply .. transport mechanism. or il the hll1Jing results 111 a concomitant

displacement of endogenous steroid v, \\ hich 111.1~(1.: pan oj' the hi(1lnlP~," l'lkct as seen in

rats with Compound \. l'he 1\\0 steroids, cortisol und progesterone. which bind primaril, III

CB(i. were monitored 111 sheep serum In determine the ctfcct lil' tlu, lest samples on their

binding to CHlT.

The distribution of ,ICIOlds In undiluted scrum \\ "" determined h~ the ulu afiltration-dr.i}, "j ...

method of I hunmond 1'1 (/1 I~II. 111l~method has several alh "malles over other cxrvtinu

methods. Opinion holds that (lnl) Ircc -tcroid hormones can enter tal gel cells. ,IIlJ quanutave

estimations nr free steroid concentration in serurn apPl',lr til pn1\ ulc .1 more accurate
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C\ .111I.lliOI! ot their biological .1':11\ lt) tiKIII 111(,'.1" trement ot their total eoncentranon ,""ml.' of

the conventional mcihod« ot measunng stcrords are sensun c enough to conv cnicntly

quantitate tree steroid III blood samples "ktlll,ds dev 1.'I"I1(·d tor scp.II.1l101! of bound .md tree

steroids, include equilibrium dl.II~SI", ulunfiltruuon through .1 dl,II)!>IS membrnnc. zonal

chrornatogruphy und ~..re.ld) state rd filtranon \Ithollgh sev ~·r.11 III th ....se methods grvc

sunilur rc-ults. each one has one or mor c drawbacks. including 1.lrgt' <ample rcqurremeru,

correction li.r \ unable mercases III sample olumc \\ hrch occur during the course of dialy Sb,

ur the collection und measurement ot radioactiv II~ III numcrou traenous tor each sample

1he method used in this f>llld) IS rapid und com cruent for the csnmauon ot the percentage of

various tree steroids in ::;111,111volunies of' undiluted scrum under condition which mimic the

//I \'1\'(, xituation.

I 'ndilutcd serurn samples \\CI': incubated \\ ith l l-stcroid and (-gillco"c. I he Il -gluco C

Jol.', not bind til .111) COIllJ111llCllb In serurn. can freely equilibrate ,IlIOSS the membrane. and is

used .h internal standard til monitor the mov cmcnt ut unbound components across the

Ji['l~ sis membrane Cortisol and progcsteren c hmd to plasma steroid lnnding proteins lem mg

on I) the free cortisol und progesterone til equilibrate aero ,s the membrane .IS the protein

molecules cannot P,ISS through the membrane Cortisol and proge terone hind primarii) to

eBG hut al (l 1\) SliBt; with high allinll) and to scrum albumin wuh hl\\ affinity III human

serurn [361 I he percentage nl' free cortisol and progc terone can theretore nc estimated b)

comparing the ratio lIt 'l l-stcroid to If('_ glucose III the ultrafiltrutc \\ ith the corresponding

ratio in the serurn retained n~the dl,ll) ')15 membrane ,IS IIllIrC.IICU ill the toll )\\ mg formula

(Yo Free steroid -
('II-,teruid/"C-~hH.'()SC) ultrufiltrutr

('II-<.;teroid/IlC-glucosc) serurn
X 100

I he distnbution III' 'l l-coru-ol und 'II-rr'lgc,tcrl'nc between tree, ( B(. b.iund and albumin

hound 1:."., lsc calculated as de ertbed h~ SIlI~1I ct ,,/ 1421, Stcrords occur erthet tree or bound

II' albumin, eB(. or SIIIH', ill crum I lcaung sheep scrum, at IIU (' tllr I hour. d.:sl"')'" both

(.,,~i mil SIIB( i hut not albumin and rhus h c, ired sheep serurn contains Illll~ tree und albumin

J"" ml steroid I·n I,

Stellenbosch University  https://scholar.sun.ac.za



56

Heated serum.

Yative serum:

100"" "" lrec steroid + "0 Albumin bound steroid

100"" ""hecsternid ...0" \lhul1linh\lUnd'ileroid-°'ÓCBtJ I'l'HlI1d

steroid

I he percentage albumin bound cortisul und progesterone 111 heated serum can thus he

obt.uned hy subtracting the percentage tree steroid in heated serurn trom I (10"o. ï he ratio lil'

albumin bound to free cortisol 'progesterone ill heat ....J and nativ c serurn is assurned to he the

same. thw, lrorn pereenrage free steroid in native serum, percentage tree steroid in heated

serum and the percentage albumin hound steroid In heated serurn the percentage albumm

bound steroid in nativ cserum can be determined. The percentage l B() bound

cortisol progesterone in native serum C.lI1 then be calculated from the perc ....ntage free and

percentage albumin bound cortisol progesterone.

lhe concentration range \lj' test sample" were choo-en to include the concentrations used in

the in rim contruccptiv e studic-, \\ ith female Wistar rats conducted h~ ( Olm cf (Il [15 J. l.ouw
administered 0.9 mg or Compound A d.J~ (4:; mg kg body \\ eighl!Ja} ) and 40°;' of total Iced

of S fllnc/'cu/ulI!'JI"II1I\(Ja,! for 16 days. \'sullling a volurne of 1\.6 ml of blood 200 g body

weight of'rat and using a molecular mass or 2C14 III I' Compound t\ this converst In 3.l)6 X lO 4

1\1 Compound A day and ()..J4'\ lO ~1l'l)ll1p(llinJ 1\ cumulatively over 16 d,,~s 144). In this

study a concentration or X.JJx 10' ~1 Compound A \\as used as indicanng ph~ siclogreal

relevance. F rom the study h) I OU\\ \, c know that the rats consumed an avcrage 14 g of

feed/day (70 gJkg bod) wc ight, Ja) ) thus. il 40° Cl replacement or Salsola would result in 5.6 g

Sal sola being ingested per day Ihe isolation result:" presented III Chapter 2 conv erts this

amount of Salsola to 111 ~d ethanol extract (2.17 g/10 ml, per 450 pi serum and 0.0174 g

f;2'450 ,..tl scrum.

4.2 Results

-1.2.1Cortisol

The distribution of cortisol in sheep serum was determined h) the uluufilrration-diulysis

method of Hammond cl a/ as discussed abo, c [411. lhe results showed that in nanv c sheep
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[he effect or Cum pound \ (83 35 - Ióó70 ~lM),ethanol extract (50-21 I ~ I 451) P I scrum] and

S2 (0.0012 - () 0"9 ~lg 450 ~t1 serum) on the distribution of progesterone 111 sheep serurn \\.1 ...

determined (hg. 4.2 H,C.D) With an increase in the eoncentranon nl' {.ompound \ and S2 .1

very slight, hut not sigrnficant (P>0.05). increase In the percentage frl.'c progesterone \\as

observed. A decrease in the percentage albumin bound progesterone \\JS ohscrv ed w iui both

compounds. With Compond A this decrease was nol signrticant (I Il.05l hut with '\2 ut the

highest concentration the decrease was signiflearn CP>().OI). The percentage CBti bound

stayed the same in the presence of Compound A. but \\ ith increasing concentrations of S2

appeared to increase significantly (P·-O.O I). \\ Ith an increase in \ olumc of the ethanol extract

a significant (l'<..0.0 I) increase In the percentage free progesterone was observ ed. I he rise in

the percentage free progesterone wus concurrent with il signilkant (P<O.OI) deercase in the

57

serum. (,2°t) ol corti-ol is bound to ('Btl. 22"0 is hound to albumin und IX"" is free (hg.-LI

J\) Ihus. we can conclude that the lar~ ")' nun of cortisol i...bound to CB(;

The effect of Compound A (X} 35 - I ()ó70 ~1\1).ethanol extract (5(\-211 ~tI/45() ~d scrum) and

~2 (().OOI2 - ().OS9 ~g 4S0 ~d <cnun) (In the distribuuon ol cortisol in sheep serurn was

determined (Fig. 4 I fH .D). With .111 increase in the concernration of Compound A (Fig ..U

BJ and 0;;;' (Fir 4 I C\ ilnll also an increase in volume of ethanol extract (Fig 4.1 D) a

significant (P<O,OI) increase In the percentage free cortisol \\as observed. l'hc increased free

cortisol resulted III ti significant (P' 0.01) increase III the pereentage of albunnn hound steroid

us binding to albumin IS proportional to free steroid concentration [42J. l he rise in the

percentage tree ami albumin hound steroid wa-, concurrent \\ itb a signi ticani (p.-O.O])

decrease in the eB" hound cortisol. \\ hich could be attributed to the displacement of cortisol

from eBU by Compound \. ethanol extract and S2.

".2.2 Progesterone

The distribution or progesterone In sheep serum was also determined according to the

ultrafiltration-dialysis method of Hammond el al. as discussed 111 4.1 [4 I J. I he results showed

that in native sheep serum 24~o of progesterone is hound to eBG. 6()°1) is bound III albumin

und 21% is irce. Thus. we can conclude that largest proportion or progesterone is bound LO

albumin (Fig, 4.2 Al.
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Figure ".1 I he di ...tribution of the percentage tr c 1." coni ...ol. elKi bound and albumin bound
cortisol III sheep serum when (A' no competitor. (In Compound A. (C) ethanol extract. und
(Dl ~2 were udd.:d ..uusrica! analysis \\,h done comparing the results when 11\1 competitor
is present with "hen X14 and 16670 p:'\1 Compound r\. 10(1 and 211 ~d 4511 ul ethanol extract
and 0.0165 und Il 0591 l,g/4:;(, pi S2 is present One-way A~OVA \\.I~ u ...ed with Dunneu's
test as a post test. (. = P < ().(l5." P (J.(1I '''' not si!:!lIiticalll),
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, lil li...cd 1111111: mtroducnon to tlus ( hupter II1IS \\ ...iuld \111.111 the (ollll" IIlg

4,2,3 Ph.nioltJgiclll relevance

Table ",I Cumparison IIr the distribution I,r (1111 i"nl l,' I \ ". r'r(lg~ ...terone (B) i11 ...hcep sennn
111 the pre ...cnce or Compound A 0;3y5 ~l\l). ethanol extract (211 pi) and S2 (Il 0591 lig)
"1.111...111....11 'Jnal~ ...i...\\:b done using one-wa, ''>;(lV \ and l Iunncn's Ic,1 .1' post IC,>I (. I'
(l(h," I' (}.()I.~';; not ...igmficanu.

( \)

~ïl'OI "~"
.. .. ,

n " ..
.IU I { i«. \, B,

\\G ~F'I Il ,\ (. :-.[:\1 Il " \ r: SDI n-:\w.;! IX 21 7 112 ! 7 7 ,,,, I II 7--
(O"I'OII"n '. 2')+ .. '"l , . 2':;** 7 ï

,
~Il+· 7 , ;" , , ,

r ,'II \"01 , \ rR \C T h::!** 5 I ~ 2*· 0:: 2 ~h** -1 '/ .,-
'2 -t 7"'* I :' ::! 2"* 1(, , ':;1** 04 "- -

I.-.,

II" (0\'1'01 '", Ol. .'" .
"}IU I ( Jj(, .vi.u

\ \ (; ~J:\I Il \\'(, St:\l n \\(; SI"1 Il

"'" I
, 1 I 7 7 24 II ') 7 (l!) l.S 7

c O'"'lll , .. \ "·1 - " , " , I 2 '''0.1 S (I 2) x .;, --
·1 , q ,.-

I I" '''0l I Xlit \( , 4,·· ~ OH 0 , 4 , ,
...~ "IJ I <) " 4-1·· ,4 .. ;lI * 1 , ~.

1he prevrou ICS JIt \\JII 111l\\ be JI"l..u ..."eJ relauvc III the ", , III concentratronx 1,1 the te ...l

compoumh... I II l:J h\ IIIU\\ I 1./ h 'lu.,u'lI· IhJ ph\ ulo 'IL Ilh 1 IlIIÏUIIII res "I~ were

c.mccnuuuo I t ompound \ (l\ Ii" ~I\\II. ethanol cxtrax; (.~I 1 ul 4 'Hl III rum) and -,~

(II ()'\'ll lIg .1<;0 Ill ...crum)

Ih~ .IHII re pcn enta 'l tree LI)JU "I helm" rdmuustr.nton III the II.: I compounds \\,1" IS '0

( t ablc ..t I \) \ftel ll!III1I1I.,II.llllll' 1'lh,'I',( compounds the pdLenl.I't: trc "tllll>;ol rosv

"Ill Il,1II1 \ tI' I) O'} III 'H) 0 tor t .'lllpOUlHl '(1'1 101 IlK CIII,1[1I\) e'llll.:l .md t~Oo I\H ....~

leer .. "I. III ( B(, hI III lid \:\111 ol IWIIl " to '" IIld ' I) lor lonlp. 'lind \ t:th.1II1l1
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c: 1-"; and '-'.'. r":~l'l·~t1\d). 111 \.1'Il'ra~1. the percentage albumr.: bound corti-.ol uner

alhn1rll~,' • . 11Ill' th ... I":~I compound ... mimicked th~' r...sults III th c percentage tree cortisol 111

Ih::' the percentage incr ...a seJ ...igniticanil. (p 0 II I) from 22° u [I) -l()O n, \()"" and 51" Il for

Compound A. c th.mol extract und S2, rcspccuv l'1) 'lIt!gl·:;t1n~ that the mereux c cl frcc coni ...nl

\\ a ...hound tI) albunun

lf the se re ...ults ure cump ..ired \\ uh rho...c ol progesteton c 111 l ahle ,1.1 (II). th c ,I\CW!!":

percentage rre c progcstcron c bclor c udmuu-anuion of the h,"'1 compounds \\ a...210 o, \\ 11Ich "

...irnilar 10 the percentage tree coruscl Alter adnunistration lil th c 1......1 compounds, li ...light .

but 111'1sigruficum (p.() OS). increase 111thc per, .e nl.lgl' 1',ee prog es 'c II>l1e\\.JS IIh"'l'I\":" ill I",)

CJS":S. 2_~U() rill ('Pl1Iplllllld ,\ and 26<)0 fin S2. while ,I -ignificunt (i' Il Ol) Inn ....t'>c of 4;"0

for the ethanol cxtract \' as ,111...crv cd. \ signi ficant (I' () (I Il deercase III Ilw perc e nt.lgc

albumin hound pregesterou e to ~Oo,. hu ....2 \\"JO; oh-erved. \\ lull' \\ uh the Clh.II)111 c xtra c1 and

Compound i\ the pc reentage albumin bound progest e nm ..... lid not dllOgl ~lgntfiC.II11I:

(P"'O.05) On I; 2-t°o pr the progest c rune \\.1' hound to ( Hl •• md u 1101 SII!IIltiC<lllll) (I' I) 0'1

decrease III 21"1) IIIr Compound \ \\ .1' ob"'T\ ed, \\ hil ... \\ uh the ethanol extract .111 th c

progesterone round III (IH, \\,IS di ...placed. Wuh S2 .I sigmficunt (I' 0 (Jl) mercase lo 4"'°0

in the percentage ( IH i hound \\.IS obsct cd Ihl' I LI pU7.llIn).! result 111 the hgh; (Jl the 1,11I

th,u S~ uppc.us hj displace l orusol 110111 I IICI and would rhus .IPI',,'.lf '" he unlik c h to

accumulate excess tree progesterone bound to ( HI I

I rom the abov c fI'SUltS. lt 1.'.111 he conclud cd Ih.11 the test ,.II11pl c , ("IllPOll'ld \. ethanol

C\Ird.:1 and ::-;2. drsplncc cortisol mOI(.' rcadrlv trom ('lil I th.1I1 progc terunc, wuh the

cx cc prion ol tik' I!lh.1I1111extra c I, \\ hic', <l1...plnccv hoth C,lIlI~'JI and pru '\.·,ICf[lIlC lrum I B( I

IIII\\"'\CI. th ... rise III It~'1! cortisul 1<;.llnHl~t trrpplc 'II,' 11111.11p .. rccnta 'e corri-,ol. while th c

Prog c sterone ri" c " ,ml: double the 1111lal value I Ill' albunun hound sterords "I'pc-.m:J n\)111)

bc "'~hil~ displaced h) the rest cum pounds. wnh th ...cvccpuon III .lIhuITIIIl hound pr"gl'''lcn'nc

which Ilpp':'II.:J III b c displueed h) S2 I Ill' ulbunun bound ...tcnllli rather Ippe,lIl'" til be

influ c need r.: th c perc ....I1I.lgc Ircc steroid. with mer .....iscs ill ulhuunn hound steroid occnnne

coucouuuamlv \\ i.h 1Il\;rC.I'''~III Iicc stclOhl
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I"'H II.'
\ ] It R~

'X. FlU:": % ('uc '" \I.U! 'i" FlU ( % ('IJ(; u \LH'lO "'

..heel) IX 62 ' , 21 2~ hO I "rt''''11l 'IUlI\--
sheep 14 11(1 2n #.I~--
hum lil ..j ilO ( .:. ~ IX 7') #.1.

f-- jhuman lO ...~ J:~ I i
II.\~- --

4.3 Conclusion

In thi- .. study. the results ..howcd lh.1I ill nauvc sheep ..crum, IXI)~ (II cortisol IS Ircc, (l~fl.)

bourul to Cfit, and 22°" hound to albumin. \\II.:r.:", 21Uo of progesterone I'> tree. lllll~ ~-I"o

of cortisol is fre e. (,hU" hOUllc: Hl tTH; und 211'~ III ul'turuin ! ';1. I 1I11)[lIl11l1el). no results

referring lO the rel.niv c: distnbutiou ol rlOg~,,,to.:ronc lil ,heel' scrum could he obtained lrom

the hteruture. J lowever .• 1comparison \\ IIh result .. from human <'~'IUI1l,hl1\\., that most ol the

progesterone is hound to albumin ( !ahk -+ 2) \ comparison ol th c pen:elll.lg.: Ircc l'Orthlll

\ ulues in humans in the Dunn .II ... tla) rurd s.udics "llggC.,lS th,11 there rs .111underestimation

of the percentage free steroid Hl the I)UIlII 'llId~ und theretore. the \ cr:- 1.)\\ (2.10 uI tree

compar _' .....,:11\' .th III.' (t •• ults III humaus \\ hen l Il(, bunling IS. howevet cunsidcrcd (24""

huruuns

I'able ".2 Companson of the drstnhuuon pI cortrsol u-d pili -cstcron c III uiltercru spc, IC~ .. nd
in di flcrcnt studies 1 \) cortisol and (B I progesterone

I he lower Jl<.:rt.:':I1I::g~' binduu; ," I orus II td ('II<, I I ...h~·l.p 1'1.'1.111\1: III "0'11.111 ~\,;rUJ1l 1",1: be

explained h~ (Il the "ml.'l Cllnl,'lItJ.lIh11l1l1' dIl III ,I'.·cp r l ahlc I,) 1"1 til.: IIII\cl

couccmrauon III corusol iu ,hel'jl .lIHI 1~).I suu.l.rr IIfU':1 ' .tlllIlIt\ !.II cortisol 111 ..!I~·qlund

hlll11,111 ('lH , .• 1<;,tlllhe,c l.tdllis intlucnee hlntltug III COIII~III til' ,il I I",

l IH; II, the blood I' I,ugl'l.\ 111.1..11(111:<1w nh 'i1('tOld ligand d1h1IUP\h!C., ,I I Cl.' IC'~l\lllr (I'
ghl('(ll:lllltCllld, tht' 1'11) be dhpl.kl.J l'\ "ë.I!Hl \\llh I lughc: .Jllinll\ Inl Ihl'1I1011l

Stellenbosch University  https://scholar.sun.ac.za



"'PHIES \ Il I{ef,
p:\1 (_8(; "'li (n'1) 11'I Kd (n~l) n:"1

rat 2A VUl II~~ ~(,

(female)

human tUH .\1) un II.}.!

human ti," IJ ·mll .. 2 II,(J~ 11.1(,

,heep (UIH 'J.2 SO 11... 7 1I.1~.tt,r

found that about 50" I) "I' the .1\ .1I1.lh!..: ( IH I-binding sues i-, tlcl'lIf1ll'd h~ cortisol und that

ave ounts lor '}4-()6''., lil' the hinding III (_Bt; in men .IIlJ worncu, \I hik progcstcrunc occupies

less than I"" nl' the available ('B(.-hlildillg silL'S Phi. l hi ... IS due In IhL' dutcrcnee in

concentration lil' these steroid-, IT) human plasma. (4(JO nx: f"1 l"'lti'l'! .md (l65 n vl IIII'

progcsrernncj and the ditlerenee III ,tlfillll) bciwc ....n th ....I\\(, 'il~rnld.., (KJ nl' I hlOH \1 lor

cortisol and 4.2\1()~ vl Ior prpg\.·sll'l"I1ll\.·) Buulmg ol <,1L'IPIJs I" (,lH, is IIHI ... .Ifkcl ....d h) IIIl'

steroid COIK c nuuuun. the concentration ol IhL' ('IH i, the :Illinll} til I!ll' steroid lo' ('BI I.• md

Table ".3 ( OIllf1:11i..,oll nt' dilterenee ill eoncentranon (11\t) ol l·onl..,"! und progcsll'l'I)lll' and
their uffiniucs (Kd) t\1I" CIHi as \\.:11 as Ilk' ('B<j eoncentranon Ip:"-I) III drtlercm Srl.'L'I"'·S and
In differen: studies. (AI ':01'11..,01 und 11\) prt'gl",ll'rollc

or ~'1l111~ol und progesterone 1f1,h~'('p scrum \\.IS ,t1~,) detcruuucd 1111111'; "11Id) (111111'Plllld \,

Ihl' ethanol cxtrac: and !'.:: ...auscd ,I SI~lllfi~.t111 (I' (11\ I J 1f1(IC.l'~' 111 IIrL' pcrccnt.ipc tree

cortisol. I he 1I1CJ<..'.I......J IIL't.' curt I'll ! I ....sulred III .111 'ilgl1lll",I111 II' 111)1 J 1I1\.'ll'.l'....· III the

f1~'I( cnu.gc III albumin bound corusol, ,IS hindIlIg lo .ilbunun \\.I'S proplllII"".11 lo lrce ..kulld

conccnuution I·I.~I l hc Ii..,.: ill the IK'!(L'IlI.I!!l' free and .rlbuuun I t1l1lJd tcr.u.l wu ...cone lil Icut

with u signlficanl (I' (UIl, deercase III the ( lIC. hound lI)ltl~'11 I hl" IISl' 111." be duc III the

displucement Ilf cortisol I]lIIn ( IHJ h\ ( ompound \ lill' eth.mo! .:,11.1 c1 ,lIhl s2 l nblc I I

...ho\\ ... that 1111"L'lkLl \\111 al ..o occiu with I'h\~I'''II)!ll.t1l\)Il\.':IlII,t1l<)I1S \11 the It''1 lllIpl,s

l'ugc.u ,'i "I in an "(lId~ 111\t.'...II~llllIIg the uucracuon "I druus 1\ .ih ('JH. and SIIiH ' howcd

IIr.11prednisolone. ,I J1llll'J11 xy nthcti, gllll"'llllll'l,id. hInd .. lo' hum.m ( IH. .md <:.I\I..,l'," ~2"o

dl'Cll\ISl' In the perecutage corusol bound 1";'1 I il.ls IJ C\1<1I1" "III,ltl'S Ir 1\"" hown th.u coiuso!

n1.l: he lh"pl.I~l:d 110111( IH., ... \\1' h.I\I· Ip""d 1111110 picscm st Id\
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Compound A and "i2 did not cause li slglllJicam II' (J,OS) niercase III lil,' percentage tree

progesterone (lig 4,2 B.C.!)} I he rise in the percentage frl'e xtcund 111 Ihe l'ilSl' lil the

ethanol extract \\<ls.I,,'\\e\er signilican: (I' 11.01L and concurrent wuh LI significant (p- 0 Ol)

deercase in the ( IH I bound progesierone. 1111'. ri-c nhl) he due ttl the displacement \It"

progesterone trom (,Bt, h) the ethanol cxnuct. \ ,igllllieanl Il' ().Ill) dccreuse III the

albumin bound progesterone \\dS ..een \\1111S2, \,hldl mdic.ucd rh.u u dl'pl.tl\~J cortisol trom

albumin, I he change In albumin hound prugcstcronc "n..crv ed \\ uh Compound \ und Ilk'

cthunol extract IS not significum (p () 0" I "ludi,'''' wuh l11et) runone h.1\ c ~ho\\ n Ih.11

drsplacement or ..teroi.ls trom albumill 1..'.111 occur I~-II 1I'1\\':\':r. II \\c compare the ctlcct Ill'

the physiologic«! Ie\el, III the tesl compounds on the distribution ,II plOgc,leron\.' 111 sheep

serurn ( l'ublc 4.1) \\e Sl'l' that both, t 'ompound \ und '12. had \er) 1111Il' ,'1'11.'1.'1 Pil ihi ...

distribution. I he ethanol extract appear ... lo drllcr. III Ih,11 tree prll!.!c'll'rollc increased

signifi,.II11I) (I' () Ol) 1he Iact th,u Compound ,\ und S2 h.ul 11111.:-elfeet 1111 the progesterone

dismbuuou \\ hlle greatl~ alli:c.:ting the cortisol distribution III sheep ~CIIII\I ..111,1) 1C explained

11\ \.x.murung I able ..j I \\ I.: 1,;.111 sec Ih.tt the concentmuon ,,1" progesterone III sheep serurn

".1'> much lowerthan conisol und thus, wc would expect \el) lel\ "llhl' ~Icr"ld hilldill/:! sncx

on ( IH i III hl' occupied h) progcSII.'I'IIIlC I iunn ,'I li! clc.ulv 1II!I'II.lICd 11m lor IlIm.1Il scnun

1';(11, 1hu .... displucement III progest.:nllll' 1[11111( IH I bmdmg sues \\lIl1ld be expected III be

much Ie.,,, than that ot cortisol

\\\: can conclude trom this ~l\Id~ tb:u t'lIll(l"IIll.l \, the elh.llhll exu.n t eind ....2 .hsplacc

cndogenou-, ...IC1111ds, pnl1l.IIJ1~ c,'I'1I""!. 1111111 ( IH I wuh u Il'Slrlllll/:! uu rcase III the pl'reCI11.1gl'

tree "'IClllid ill "heef' scrum I hl' increase 111 tree 'ill'r"ld would k.ld Il) .j deercase 111 CIH I

"')lIlh":'1I:-' 0) ihc liver which 111,t) ,1I11phl~ and enhance tho: hll)l')':II...II .:Ik,h 111 l'lldllg,'llIllls

steroid 1c\I.:" I lXI 1he rcxults "hl,lllled lellllll.:l1l' Ihl' (.1\." Ill.!1 n.uural pl.m: pnxhu t-, ,,11Il'h

arc highl~ rcactiv c und unstable /11 \ 11/,11, c.ui hl' bi, ,logie.lll) .llll\ c 11/ \ 1\ (I dill' 1\' ~1,lhrlil.11 1<111

h) huiding hl ...crum prI1l<:111 .... In uddiuon. hllldlllg 111;1\ result 111 dlspl.ll.'llll'1l1 "I endl\t·cnClU.'"

sll.'lllid., lrom serurn hinding pnucin-, wluch 1l1.J\ contribute t .. the blullll!h.:.d l'lIl'do.; ol IIK'''~'

compounds
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FACTORS WHICH INFLl'E"CE TilE ('YCLIZATIO!\ OF

CHAPTER 5

COMPOllND \. TO rut CORI~F~PONI)I"(; .\ZIJUnlNE

5./ Introduction

Prev ious studie ... have indicated that serurn retard ... the C) clizauon ot tumpound \ io the

corresponding uzindine 1141 I ~-\h I" currently the Il'1I~ method that ...all he used to ...wd)

the rate or cychvauon ot Compound \ II 19, 5,1), I S-\IS i" the mrldcxt lor m Ill' mass

spcctrometr, and is ideally suiled III the ~ll1d! of n.uural products and lubilc molecules.

Il II

-0-1 I
'dl (II-I II,-'-I II)

1 u,
I

-0- /'""tl I II - { II

( umpuunu \:
2-(4 .u:dU'~I,huH I)-!-,- htu, 11-'
IHrlln I rth, Iii III ruumum l hitH nh.

lit": - 2l~ 2JH

( f1I11I'Hunti \', ,llIr .. Io",':
:. (.t ih(Iu\ \ "btll' 11·1 111flh\ LtllfuJlIIr

III I'rl

hlln~'r and ill th c presene c ol serum, which C<lIlI.1II1" t 'lH j t<l wluch (1llllPlllllld \ hind" l he

elfeet ... III' con c voltage. temperature .tntl 1'11. und 1'4'i0 ...11 ...·111:) me c.mccnuution .111 the rate

\11'Cj cli/alitlll \' c 1c "llIdil'd h) I"'"L! I ,-.:\ IS

minimurn trugrncntuuon

Second I;. . the o:tlo.:~h lit temperature .111.1 pil \\ ell' 111\ ':~lIg.lted 'Ill the mie ,II '~llt/.111I111 III

Compound t\. hoth III hlllki and ~hel'p serurn l cmpcunurc has been 'ih,mn In Iuvc ,I
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dramatic elfeet on the hinding of curt isol and prng.::-.h:r(lll~' to luurian Cl Hi, Scatchard

anal~ SIS showed that the association constant decreased about -lO-fokt trom -l til :;7 C, while

the numher of binding Sl!l.'~ remained tik' same l-tlll. Sl.runwhite and Sundberg III LldJiUOI1.

lound greater dixsociunon of' the 11lIlll.1I1(ïH,-conl"lll complex at ~7°(' than at ol (' 1-l')1 In a

numher or other 'I'~'CI~'S. the hinding .11.'11\il). a:-. measured b~ gel tiltmuon \\as alsll !'ound In

he clIn"lderahl) 10\\':1 .u ) 7°(' than at -l I 1"01 I hus, bmdin]; lind hence r~·I.tr,l.lIilll1 ol

cyclrzution ot Compound \ in serurn. lIlLI) he ,lllc(te.! h: 'l..'lllpcratlllc. In uddiuon wc would

expect increa ...cd temperature tIl increase the r,1I1.' Ill' l) dilation in but ter

It has been shown that the binding allïnll) between the various ~teJ"llld hormones und < B<, IS

dependent on the hydrogen ion eoncentranon ,\I.l\illl,t1 hjlldlll~' \\,1" gellelall~ observed at

approximately pil X III puntled human ('Bl; preparations .IS wc]] .1" dlrcltl) III scrum I:' II
('h~1I1und Slaunw hue determined a pIl optimum ut' X Ipi the bmding III comsol und I'll )\ "

Ior progesterone h~ using .1 plllil~~'d human ( IH I l'll'pardtlllll 1"21 \t I'll ~ and "'-:111\\.

irreversible denaturation III ('B< i appeared hl take place \\ ith loss III the binding ,tllinlt~, ihe

d"h.!l·t Ill' pil (1Jl the ussociation C(llhtanb 101 ( IH i hound hl c,"·ti"11 .md pl<lg~"I~'llIll': were

rcinvcstigutcd b! ~Jll:j.;l.'blln (II ul I-lSI Rdoltl\el: broad I'll profiles \\CI~' obt.uncd I'll both

steroids with maximal binding between I'll S and II r; In tuldition the cyclizauon PI'

Compound \!ll the corresponding nzindmc is I'll dcpe ndan Iwuh incrc.iscd cyclivauon h~'ing

observed at high c r pl l \ ulucs 1121

I hu, the rutlucnee ol temperature .md pl l ou ihe ~!d"l/; non ut the .11lndllk·lll('e\lI"'~11 "1111l'

;lIindinl·.lf1 butter and sheo.'l' '>1.'1\111' \\.IS 1Il'<..''illj,;,l1cd Ihc~'!c1I/.,IIlPIi ol(""I1I"'llIld \ till =
.2.2H .2~tIl In the corrcspondiug aziri.linc 1111z 19:!) \\,IS monitored h~ I <..;.:\ IS 11\ ~'I .11'':11''.1 nl'

i(llllill at 4. 22 und .....7 t,' ,md ,11,,11, t 1'1J 2 h. 4,':; II 7 7,1. dlld 7 lj

1111:111:, the erteet lIt 1'-t""~'11 ~'Ill:Ill' conccutruuon ,111 thel~\.Il/.lt"'ll (lf (11111!,'lIl1ld \ III tlw

.1/1ndinc wus earned out. 1111<;\\ ,I" promied In ,UI ,,1l,t.:1 \ .tt I. III 1111111 th c sped r. 'pIli u.unctnc

studies whtch sllggl.''otcd th.u ( ompound v s l:l'Il/.tllllll 1ll,1) be accclcrut cd 11\ the 1.'11/)me

I hIS stud) \\" .. db'l ~"lI1dIlCI~'d III PB" und "h.:,·p <crum I" ,1 .. ,ell.1I11 whcthc. ('!H, intlucneed

~') eli/atilln in the presence 111till' \.'ll/~me
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5.2 Electrosproy "WH spectrometry (ES-lIS)

,\ 111.1:-,:-.spectrometer IS an unaly tical dcv IU: th,u determine ...the molecular weight o!' chemical

compounds 11~...cparating IOIh according In their ma ......-to-chargc rauo (III: I. I leetru ...pr-.,;.

ionization (['SI) is a method used to produce g.....cou-, ionized molecule ... from .I liquid

solution 153 J, This method is mild enough In ionize macromolecule ...\\ ithuut Iragrncnt.uion

A solution of anal: le i...pa ......ed through a Il~'edk thut I' k\.!pt ut high electrical pllt,,:ulinl ,\t the

end ofthe needle, the SOlll'11l1l dl'opl'rses into ,I nu ...1ui sm.ill, highl. ch,lrgcd droplets

containing the an::I) te I he small droptets l'\ aporate r.1Pldl;. .IIlLl.h;. ,I pnll.:ess ol' either lid,1

desorption (lf residual sn" ent evaporation. proton.ned Imit!:- te molecules ure relca-cd 1Iltll the

gas phase [541 \ lyrical mass -pcctrornctcr can be separated into three J,...unct components:

ihe ion source, the mass analy Ier .md the detector, I he lIl ...trument u ...cd 1.11 I S· \ 1" \\ III

subscqucntt, he dlscu'o sed uSing the ,.:111.:1I1.IIIC rcprc cnt.uion in I It! .:; 2

~1)1I ree

().:ICUllll' III III J~ D, l,l handliu '

Sample mtroducuon
,,'

"

I lJt.l "III pili

Hgure 5.2 I hl' Ctlll1plllll.'lIh III .1mass peenomeier

5.2.1 Inlet und "Juree

I he ...ample inlet IS the intcrlucc between the ~,lI11pk IIId the II.! , "1'~'~lflIlJ1cter [luring

electro-pray lIlIli/ati!)11 .1 dilute solution 1111 ,111 .III;J!: I.: III .1 ,,:re.,111 111 .1 'llt,lhk' ",h 1.'111 (lI

<olvcru mixture IS pumped lhl"lI!!h u hlli!"" 1I,,~·t!k· .u .1 1111\\{lI beiween ,,-~1I0UIIlIlI1 I he

composition of the ...o" ent nuxturv h enne ..d 1111the t\ pe pI IUIII'i uron th.u rs Icl h~' ,,~11I':\ ~'d

Stellenbosch University  https://scholar.sun.ac.za



Ir 3 \ olatilc aCH!. like IiIrml': acid. is added the 11101,:cIIII:... tIl he ,m~lI~".:J \\ ill carr! LIpositiv«

charge. L!'>-\1\ I'> then ...uid til he conducted ill the po~iti\~' Il111J.:, II LI volatile base. like

ammonium h! droxidc is .IJJl'U to the "Ilh ent, the molecule ... lo be ,11\.11)sed "ill carr! a

negauvc charge 3nJ I'S-\!\ anal)"'I'" i- ihcn done 10 the negative mode. :'\ltrogl!1I I!U, h

pa ...sed at a high 1111\\ ral': 111a "heat II 1111the outside Ill' the ....ilv cnt stream lo IMI11 .1 ~pra~ On

till:> HClJI..: a high potential <lI up to 50tH) VI,It (\ ) IS applrcd relative It· til e dlldh l!1=- section

ot' the II1slnlJ11l!I1t. 1111', high potennul causes the spr,l\ hI lncak II}' into highl) charged

druplets ol'ubout 1 mierun in SIIC. 1lus proces ... I'" called thl.' clectrosprny 1he i'ircc rJÏn.:ip.d

stcp" or ionisation durun; I'''-\IS arc illu-mucd III I i..!., ~,;, I h ch.irgcd ,trop!.:ts .III.'

accelerated in the electric lid.! (11\\ ards the 1Il,I,S .I11:1I)',.:r which I' held in .1 \ ucuum r hrough
the combined effects nl a counter fhl\\lI1g dr~ IlIg g.l and \.11.1Il1ll1, th ... sulvcm present in the

droplets st,lrh to evaporate £1\ II1g nsc to <m.iller unstable droplets nom which surface 1I1lh

arc deliberated into \ m:UlIl11

Counter-current

, 'la"
'JlCc1rllllllll'r

•

~ .. + + ..+ + +
• + of • + l!+.. + + ++...

•+

Saml'll'
,ulUlinn

11igh ,olta~l: \.Iluum
interface

u» (I.:)

heule 53 l hc till,',' puncipa- III dl.'ctrn:-.I'I.I) IlI.ISS 'J'':drotlll:tr~ ti ~-\!"),I:i) I onuation ol
slIMII. high! charged -rroplct h: electro-unic d''''pc.;r'''ll1l1 of " solution under the 'IInU<'IIC~'Ill'

a hig" elcctr« !idd I h) II ',,If! ,i,llllli II)11S Ifllill the droplets mill the ~,I" 1'11.1c (.I",sICU h: .1

CIl"I'lcr.:l!rrcnt,' hut 1\ Lol') f"l \1"", UII.I1:"h ,It till.' 11111'>In ,I mass spectrumeter IRl.'lhd\\n
II,'PII '~I)
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5.2.1 'Ja s, :lnal~/cr

Ihe ma....s .1Jl.d; 11:1" cont.rbutcs hl the .11..-:IIr'h.;:. range .111.1 "I:IISili\ il: (It" the 1ll.IS ...

xpectromctcr. \11 mass .lIlal: zcrs distinguish ions accordmg lo their lllils ...-to-ch.irgc rauo-,

(/II :1 or .1 related property. I he in ...trument u-cd III thi ... im csug.iuon \\il" equipped with ,I

quadrupole allo.ll:-/l.'f which consrst-, lil Iour !'11."(lsd: p.lr..llid PlIIt:... pr rods In till ... dev ICI..••

mass sorting depend ... 11111011 motion re ...ulting Irom direct current (DC) und radio frequency

(RrJ electric Iiekls I h.: field (111 the quadrupolcs dctcrnuncs which 1.111'0 UIl.' ullowcd hl 1...\ICh

the detector Ihe quadrupole-, thus tunetion .1'. ,I l1lJ,>" tilter ()lIadrllpo!l: ma ......spectrometer ...

provide 10\\1:1 re ...olution, hUI are more r"'\ldd~ mtcrtaccd In \ drioll'. mlet s: ...terns

5.2.3 Ion detector

Passing through the mass unalyvcr, the lin. 1 clement III till' 111.1 ...... spectrometer, the hill

detector. is reached III the nistrument u-cd III tln stud;. ions .11': O':IL'ltI.'J b) means It .1

photomultiplier d ...·Ll'l.'li()11...) stern I he 111a\lIllUlll molecular 'll,I~S runge th.ll can J)IlIJll:.lIl:- he

measured accururcly h~ u quadrupole Ill:!.,., spectrometry I:. trom (J '" Il)tlO d.iltous II l:\.1 I.iet.

howev cr. that mnct large molecules, including hilllngleal )1(11) rncrs uch a'S proteins 11,1\ I.'

11111[1.'than one charuc under cll"('tfll~pm) m.1S' ~pédro~':llpll" conduions. \,.1 result III

Illultipl~ durging through lite cle':lIllsrra~ process molecule ...with rn.tsse-, 1111.'\,1..",> III ;n()11

Ja tons. can I'll.' detected 111the won 111 ~ dctcctiou raugc of the ma ...' spectrumeter.

J.J The influence (If emu: voltao«

(1111l.' \(lilage in the I S-:\IS dCICr1l1111~'s the .1~ï ..clcrauon ,'I the "lIlIpk p.uuclcs 111 the

ionisation ...ourcc. It lw....a proround intlucnee Oil dctccuon und Ir..gm~'llt,lIll'1l .)1 the sample

molecules. In order hl ~dl"Lt the he"l 1..0111.' \ I Itagl.' hl! sell ...lI" 11\ and lllllllllllllll

fra).!ITII."I1IJtl(ln. the cyctizarlon Ilt ( IllllflOll1ll! \ hl 11lL' \.Ilrrcsplllldlllg "/lII.hIK' \\ ",IJl ":Il.'d.lI

dillerem cone \,,!tagl.'<;. \ 2o(J !l \1 ...(IIIILIIll1.11 Cmnp,IIIl1J \ \\.1<; prcpnrc.l m I'll'..1I Ii diluted

1011tinw, with acetoniuile l,'llIdllllllg lUo hHl11lC.lud Ilk' 111)1.'1.'111'11\oh1l111.' \\,IS JO ~tIund

the moluie phase, ,II ol 111'1\ nne til 10 pi III Ill. 1\,1>; " -(1':;(1 1\.rtl.'f':.l(Clllllllllk' 1l1l'\11IIt:

\:onlaining I"" lounic a~ld Ihc rate "t l:~di/a(lllll lIt (tlrlll'lIlllhl \ (1/1 z ~2X 2'011(1 the

(tlrr~'srllndillg .vindllll: (m = 1112) ·,\.h 1111111110rl".1 .11 .:; and ItJ 1111n h:- pOSlI1\ I' mode I x. \ IS

UI1<lI~SI" I hl.' imcnsiue ... \lI the 111,I'S peaks drille twn rous were compan-d and e\prc"sed .IS
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pereenrages uf thc highest intcnsuy , .111": \olt.tg,·s (II lO \ II Ir "-lJ. 15 \ II ig. "51. 20 \'

(Fi~. :; () I. 25 v (lIg. 5 II. 30 v II il;! 'X) .1IId -lo v (I il.! "li) wc re le~l..:d,

I hL I "-\IS speerrum ar .1 .:.,,1 ...· \oh.1g..: ol 10 \ "hll\\" th.u Ihl<; cone \olta):;,' \\.1" 10 111\\

because th...-rc \\J" II() ll,: ...c ol the test compounds, l ompound \ or II <; corr ...·:.pllndlllg

aviridm c•.• 11 I .111.1 I (l min (lIg "41 l ne pe.l)..., obt.uned may bl' due III adducis .1 the bul Iers

used AI a con ...· voltace lIt 1" \ the l ompound \ (III:: 221' 2-;1)) peak .111.1the allridllll' peak

(III':: "'2) \\ crc pi ese 111 bUI the .101.111111 \\.h \ en 10\\ t li]; .:'5) Ihe others P...-aks IJl::!) hl'

udducis ofthe 1~'I':"l11p\IlInJ with the buffer, used in this studv

lhc I " \I~ -pcctru at a cone vohagcs nJ ::;,).lIld.2;; \ showed U greater .1I11Ounl ofCompound

A pr csent UI I nun tl·ig . .;;(,.'\: .:' 71 \t 101Il1ll. IIIr both u111l \llh.lgC!S • ..:)dlh1l10n 10 the

corresponding a.l1ndlllC: h.IJ occurcd although a cnnvrdcurhlc .IIlHlIIIlI ol t ompound \ \\ <

lett, Ihe spectrum .)1 the ...·olle \ nltolgc III ::;0 \' onramcd u numher of adducrs ol the I 'i:

compounds and buffers used In contrnst. the spectrum .It ,1 ...on c· voltage (Il 2<; \ \\.1" \ ·n

dear. wuh botlt Compound \ and the uzmdrnc I'H'<,CIII and with the <11111)11111III .ulducts

present reduced .s1::;nllk.1l1~ relative 111what \\. S obs ....rved ,II::!P \

J Ill' I -.;-\!s :.p ...-ctra at cone \Olldl!(.·" nl 11) and oICI \ !l tg .; li s: '19) ..howed th,u .1111ll11l .1

1.lrg..: .1I1101l!l1 ol Comround \ had alteadv ndl II li to the .tIllidIIl ...• \1 10 1l1I!1 with ti cone

\ .lltdg.: nl ;1) V. il cnnsulcr "hk amount nl Compound \ \\ ••0.; sull pre <ent bilt at .10 \ . \ "1)

little Compound \ \\.Is l..:ll \1 ,I cone volt.tue ol 4(l \ tr,I~I11~ntJlllln oj the dducts \\;IS ,ti ..."

occurnng

; ~""; thes c results II was deduced ilun ('II\' \ OIt.I!!~·~(Ij 20 and .!'i \ would hc 1.1c.Jlh xmtcd

hl ,tu"~ tbe• ~~dll,ll" Il ol the .I/lrldltl~· pr ...·...urs .. r. \ ompound \. to rhc 'Ilrr~,p(,"dlllg

aziridinc. \1 lowe: lIllk' \IIIt.lgl·!' lilt: molecular IlIII'i 111quesuun tni : "~ 2~O and /1/_ J'}21

were till! observed lit suffiercru qll,1lI1ilil·S. while II lugher i.11Il..• \.,Illg c ' t Hl II. 41) \',

In':I"".I'\:'O <.:)"'"..J1)011 .111.1 tragmetu ..non \\.IS observed (lIg "lOl \ cone \l.lt.lg ...• (II 2:; \

thL'rd{lr..: gJ\C: I!I.: Ik'''1 results .• 1<; adducts were JlIII observed \1 I c.onc \olt.lg\. ol ::;0 \ the

nddnets "r( '(lllIpouJld \ .uul the azrndmc had to he iakcn mro .I...<..flll.lt
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(\J I n"n

IIU III m,n

Figurl' 55 I S·~IS peetra nl IlK effect I,. nc
Compound A 1(1 l.(IndUlt.! C \ I ! III III IB I In III II

\ ti

Fil!un' 504 I S \1 peetra {li the cf lcct 'J 1 {

Compound \ lo azmdme ( \) I 111111( li I J(I mm
I II \ I' II ~\" / II 11 ,t

, -

, ...

. ._

hl!',rl' 5.h I s·~b peetra ut till' effect otu uu l' \,lh I" I' \ I Il th l ...11/ til 11 { I
Compound Il) azindmc ( \ I I IllIIl (B I III n II
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HI .......

FiAlln: ".7 1 ";·:\1" spccuu nl the elkelol u (11I11.' \n".'~'" III 2~ ,', Ilw cyclization pr
Compound 'li) .lIfndl'1l ( \ ) I mm (B) I (I mln

\ l..nll

,.

li 10 "UIA

I iJ.!ul'c S.1i I x \1. spec.tra ol the died ut I cone \1,11 I!... I. ~( .. 01\ the l \\. 1"J"0I1 II

L ompoun.l \ to .lllrldllll· \1 1 I'll ,(B \ 1n rn.n

I.~

111lip",

FiJ.!II'"C 5,9 I ~·:-'1" spectra <lI the dkd ol ,I l"'1111.: volt.rgc l" lO \ 1111 1111. l\lhz.1I11111 (11
L 11I11P'1l1l1d \ It' d1ttfdllll' I \ I I III III It!) in 1111'1
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Fiaure 5.10 I he intlucnee of cone \oltagl' 011 the 1.:~<..li/,'liCln nl ClImpound \ lo ,ltiritlllll' in
PBS

S.4 nil! effect of temperature and pil Oil cyrlizutio»

ES·:-"lS \\US used (II <;Iud:- the influence of temperature und pilon the cyclizarion of

Compound A III the corresponding uziridinc Compound A, at a eoncentranon (lt' l(l.; 111\1.

\\US prepared in butler (Jr sheep serum ,Il dilf Il pH \ alues It \\,l~ diluted II)!) times \\ ith "

sn 50 wutcr.acctonitrilc 1111\.Il,rl' contuininu 1°0 tormie acid. and analysed munedrately. I he

mjccuon volurne \\,1' lO ui and the mobile ph se . .II ,I 1]<1\\ nne ui 10 ui mill. \\lh a "0':-0

water acetonitrile mixture ClInlillninb I" 0 formic acid lhc perecurage I oinpound \

remaining (III:: 228 2,()) \\a~ monitored at :; min intervals rur ,0 IllIll b) posuive mode

LS·:\lS anclysis. I he cone \lllt.lg.: \\.1" set .u 20 V. and the -ource tempermure ".I~kern al

7'-°C. Compound ,\ \\,1' .. made up in ,1 range ofcurate-phosphate hullers to.O':; \11 wuh Iht:

pil runuing from 2,() to 7.1) I hl' sheep serurn \\~1'. dial) 'C'J ,1\ cnught in these butters III ,IdIlI.,!

the pil accordingly. I he reason \\ b~temperature and ril \ ,I!UI.''' other Ih,1I1 the ph:"ill logical

pil Ill' 7.-+ and temperature Ill' ,7 ( were ic-acd \\,IS hl dctcrnunc .11 which condruons

Compound A b thv most stublc und must hl.' stored and hl dtcnnmc which UdldlthJl1S arc

ideal tor U"I.' 111 biological <1!'>S.I;S I he l')tllla!HIIl ol Compound \ (11/: 22X 2~1) lo lhl'

corresponding uziridiuc (/II:: Illl) \\,1,> f111l11l111fl:d b, I "-\IS over ol period ol ,0 111111 ut 4, 22

awl 37~C and abo ,H pIl 2.6,4, "'. I). 7. 7.4. und 7 IJ
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Ihe results are presented .b the pereenrage 0' Compound \ remauung .md was calcul.ucd

using the followmg equation:

Inten~ity of peak 1111.-. 22HI2JO----Inten~ities of peuks 111/:' 192 antlllll.-. 22~/2JO
X J on

I hl' effect ul temperature and I'll on the rate of C) elization ot Compound \ lo azindrnc III

buffer IS shown In lig 'i II \" call he een trom the figures the C)dIZ.llIOIl tI' Compound

to the corresponding aziridmc In buffer \\.15 temperature and I'll dependant In 'mIter. the rate

or cyclizauon increased with mcreasmg temperature, wuh hule cyclizauon occurring Jl 4 (

for most 1'11-\ alucs, \ hile at 17 C. c\ elisanon \'as complete alter '10 111111 ut pil 7 and ,1bO\ c

(':4 (

.._.. • -.----.=e
Ol
C' t'E
:;;"'_ •<;'"- c II T... .. • • •1,
:J_ •."!. ...
E -
c
-; 2

~
lome (mlo)

« )3~(, • • • • • •., • •c
;: II • •" •~~ • •... lO..
i;;a- •f.~
ë - •0:
'-' •.. • •

• • •15 1

finn" [nu n]

(1I)2~ (.-, • I • • •" • • • •lO
ii: • •ii • •c- •E 1"4 •... c~-c':- •Ue-
e~.•

l,m<lnlln,

• JIll 2 Cl

1''' "
• JIll <
• JIll h

I'll -
• I'" -.4
• JlII - lj

Figun' 5.1 I I lice I Ilf temperature ind pilon the cychzation I,J ( mnpound
butier ( ) elization I I resente I .ISpercentage Compound \ rcrn.rmtng ( \ I"In 17 ("

to a/mdi: c III

l.IB)2.2l,md
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I hl' graph ... illu,lraling cycliz •ruun (lI t unrpound \ al pil 7 show-. thi-, \('r~ dt:arl) \Iof C

decreased t(1 about 2(j°n. "hilt: al37 C no t'1111l1)lIUJ1J \ \\,Is observed. I he rate ot C)dLl.ltl:H'

is ,tISI' incrc: ...cd with IIICT\.'u'cd pil. \t pIl .~ ami below lillie cvchz.nion occurcd even ,Il

H C. \\ hik ui I'll 7,l} C) di/allPn \\.Is completed alter lil mln al .2.2 und .,7 t , respccnvcly.

c) elization nf t 'Ol11rIlUI1J \ (Il the corre',j1f1l1dII1G MI:-idint: III ,ltl'\.'p serurn \I••S also

temperature and I'll dependant ,IS can be SL'\.'II 111 lig, 5,12 In sheep serum. the late (IJ"

cyclization also increased \\ uh incrt:a:--cd temperature and 1'1 [ \'l'r;. little c~ clizauon \\a"

observed a14"C IiIr most 1'11-\ alucs \\ ith the l'\U:rtt()l1l'!1'11 7 I) \\ hik .11 ,7 ( 'ilrnlïi\.,1111

(\14 ("

• • •
OL •.!:
e 80..;

~~ •.... c 60 •
"0-=;" ...- , 40=. ...a-
e- 20.."

0.-
0 5 15 .

IltH\· {mln.

(CJ 3; (

'00 • t-· • • • •
tt
C •;;: HO • •;; •~M •...

60 ol... c::

"'..:c"
:>-"J '0 ..Co ...~- ..
'"' :;0 •.
0' t •~--0 T

0 10 15 2') 25

bllll'lnlln)

( IlI11oC

• • , I ! ~ e• ..
~f

;; ~
~ r~- =....
~~
=~ ..~~
; ..
'"'0 .. l0 .. •

IInu: (uHn'

• I'll 1 IJ
I'll ~

• I'll .;;
• pH 11

pil ~
1111 -. I

.. pI! - lj

Figure "i,12 hflixt 1)1 temperature .lI1d pl l on the C~,II/.1I1011 011t.ompouncl \ (I) a/mdrnc III
sheep serurn. C~diz.,li\lIi I>; presented .1" percentape t orupound ,\ rem IIlllng (\) 4 ( (B)
22cC:md(C) ~7 C
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cyclization occured beiween pil 6 and 79 and ':\':11 .1t pil -t slight C)CII/i.ltllll1 \\<I'i observed

alter ~() minutes Ihe cried III pil c.m dear!) he seen .It ~7 ( (I i!!. ;5 12 (. ) \\ here C) elization

increased '" till' pl l mcrcused [hi, trend is observed to ,I le ...s..:r ':\tcnt .lt22 und -+ ( ,

. \s can be seen in lig, 5.11 the \.) cliz.uion III Compound \ tll the corrc-pondrnp .iziridrnc ill

hufkl and sheep serum was temperature and pil dependant III hulter l') elization increased

significantly lP ()Ol) with increased temperature with little cyell/,Ition occurring al -+ (

while ut :I7 l' e) clizauon \\.b completed utter 1() min al I'll 7 und abm c I his phenomena

may be 1110re dear!) illustrarcd b! companng the p: ( values at which 500" cyc lizntiou of

Compound \ «ccured ui the ditfercnt tcmpcrature \t -tcC 50"" l!ditatloll occurcd ut n pl l ;>

7.9. at 22°(' at pil (l:- und ut 37cC.tt pil 'i.2 Cyclization \\LIS also incrca-cd wuh incrcnscd

pi!. al pil -+ anJ helo\\ hule I yetization occurred at ,til temperatures. \\ lulc 'Il ril 7 'j

c;. elization was completed afier .Id mill al 22 and :l7'('

100~ • 11'-, I

'. - li'
J.

'& J
-\
\

CL so ] ~e ~
'ë ~ I Q'; il! - .. - ",0('. !'US
E .. •
" .. 0- J~( . SSt.. 60..-.: • 22 C. PBS~e 22 LSS
g_ 40 ,I • 3-'(.PB'-I
E , \
Q \ \ • Cl ~~ CSS..., \ \ U
.¢ \0:' , \

20 \

\ I
\

\ \

oL •... \ •.. ..\ 1
r -2 3 4 5 6 1 8

pil

Figure 5.13 I fl\:LI of pl ( and tcrnpcruurc on the t.:YCIt/,tll1111 lIf Compound \ lil dllrt,llll~

after lO nun III PB" a!lJ sheep serurn "l.)tl~tll:al LIllLli)SI" 1\,1...JOIlC lIS1l1g paired \:-\()V \ ,md
Bonlerroni test <IS pllsl 11:-;[ A significant (P () IJ!) ditlerenee between 4 ",d ,7 (' III PBS
and sheep scrum "a~ obtained. Abll, IIh:11 sheep S\.!IU111 \\,1' compared III PB" " -igmficau;
(p. ()O'i) ditlerenee lIas ohscr, cd rn ~2 ( .
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In sheep scrum c~clizuuon abo increased ~igllificullth (P: 0 (I IJ with increased tempcruturc.

Al ~2 C Il can however clearly hl' seen thaI e~ cl zation in sheep serurn \\.1'> "'lgnitil:ullll)

(P<II.O) retarded rclaiive It) cychzauon in bufter. l.\c1i/alillll III Compound \ 111 sheep

serurn aIs,) increased \\ IIh iner~'a:-'l'u pil Rcturdation of cyclrznrion III SCHIllI IcI nh c til

hufter appeared W he pil and temperature dependant \\ ith maxirnal rct.rrd.iuon occurring ut

pl I ï I) and 22cC.

5.5 TIll! effect of the P45{)c II enzyme Oil cyclitution

1.~.\I" was used 10 study the IIlIlUCIlCe nt'P..J.50cll Cll/)IllÓ on the cy cliz.nion \)1 Comoound

\ to ihc corresponding a/iridinc Compound A. ut .1 conccntruuon ol ., 102 Ill:". I, wus

prepared in PA~' and in nauve sheep scrur i. III ..,Iud.' IIlI.: 1•-ucct ot I'l5tlcll cnzy n Cs on

cyclization. two separate experiments were .1111le

lirstly, the enzy me and Compound A (in PB" or ..,hecp sc rum) were incubated hlget'lcr or

scparatcl) lor one hour and Compound \ dissupcarunce and nzmdiuc rormauon wus

monitored at I() min interv als b: P(\~lll": mode I ,,-:\ 1"1<lIl,ll:'il" Freeze dried rniiochond: ial

PI' vder containing the ':) tochrome 1'-I'Oc II enzvmcs \',IS prepared h~ the method 1)1 Cheng

and Hardinn a~ desertbed III " .2 I und used as the -ourcc III 1..nzymc 1261 I he mixture o]

Compound A ,IIlJ el1l: Ilk' mimicked the preparanon used In 1111..'speerrophou.metric assays

\\ ith 9S f.ll Compound \ IIn PBS nr sheep scrumj and ~ pi ethanol ,IJ,kJ to 1100 plllj e11l: me

preparanon (I mg ml) I he 0111\ cxccpnou \\,15 the eoncentratrou ot ( umpound \ which had

III to hl! increased trom 200 LL:\llll ~ I02 mvl to .111,)\\ J..:IL'tllOIl bv I "-\1:-' In the presence (li

the enzyme Before iniceuon 1111<) the J ::--\1" the Compound \ and t'I1/)Il1C (11":(1ar.1I11)11 \\.J~

diluted I () tirnes \\ ith ,I 50 51) w.uer ucctonunlc mixture (0111,1111111' I" u II)J'II1lL .lCI,I. and

,IS~a)l'J immediately I he 11111'el1<)11\ 1l1UIllL' \\,IS 100 ~II.md the mobile phase ui ,1 111)\\ rall! ol

lO ~t1mill. ",h .t "()::,tI w.uc: ucctuniirilc 1111"111': I.:lllIl,1JI1lllg 1°0 tortruc ucrd Ihe cone

\ oliagc \\,IS 'ct at 20 V, and th c source temperature wa« kept ,117" t'

I he percentage Compound \ rennumng (lIg "I"; \1 over ,I :'ellOd ol ('O n11,) \\,1"

dctcmuncd.Tl Compound \ and the (l45ll.;l ) crvvme were mcuhat c d toeether l:~cll/..lt1()n l)1

Compound A hI a/lrtduw. 111PBS and sheep serurn. \\.IS 'lgfllf:\';,1Il1h (I' () 1I'i I faxter than

when Il \\<1" incubated '.:r.1r,lIch \\ hell uu ub.ued [llj!I.',I1\.!' lil I'B~ "nt.! ,h"'~r serurn.
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cyclization of Compound A \\:1'; completed uttc r -lO mm wrth no srgmficant t P 0 (5)

difference ill c: eli/ation in PBS nr sheep scrum J I\)\\c\ Cf. \\ hCII 1.:) elization 1.1 I'BS and

sheep serurn i~compared it can ho: :'0:0:11 that :;I...Cp serurn retards cyclization 'lgllllicaml)

(P 0 III ) when the ell/) me und Compound \ ure incubated cpar,lld). III conclude. sheep

serum appeared to retard C) clizauon, while the presence ot jl-FUc II accclaratcd c: chzauon

1)1' Compound A Il) the corresponding .IIiridirw.

1
,
~••
~
1
~ '"

--PH'(I)

--"II'1l1

PBS (I) vs. PUS (2) "'
SllLLP SI Rl '\1 (I) \s. sur !I' SI ({l i\1 t2) **
PBS (I) vs. SIIFEP Sf'RII:\1 (I) :\S

PBS (2) \'. STlHP SERl ,\\ (2) t.

Figure 5. J ~ Effect of P-l50cJ 1 t.:ll/) mes on the Cj clrz.nion ol Compound \. ( l\) percentage
Compound A remaining (I) Enzvme and Compound ,\ incub.ucd touether (2) 111/~ I11l.' and
Compound ,\ incubated separately. (13) Statistical anal) sis \\.IS done uxin]; p.urcd \ \;()\ . \
and Bonferrour test as post test (* P<O 05. *'" P (I,(l] JIlJ:'\S not sigruflcaru)

In the second SCI ies nr experiments the intlucnee ,)1' an JnLre,IS': III D()( CtIIl':L'lIlr,Il!PII

(natural substrate tor P-l50c II el1/) me) and en/.~ me eoncentranon. 1)11 the cychv.mon nr
Compound ,\ to the corresponding aziridinc \\U" mvcsugated. III this exporuuent the

concentration otCompound A was lowered from 5.102 m!\lt1l2 ~S7 rnvl I hu .... lilt' prC\Il1\I'>

experiment \\:1, repeated, lo once agam c,>tahh,.,h that (he presence III the CI1/) me ,ICCcler;JICd

cyclization IFig. 5.15). Ihc f('SUItS ,lgam showed that when Compound \ and 1'-l"".:11 were
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incubated together. cyclization nl Compound \ to ll/lridlllO: III PI!" \\u:> r:t'llr than when it

\\ ..1'> incubated separately. If\\c.:.IHl\\l'\l.'r. compare the C:dl:f.lIlor, ,If l ompound A incubat J

separately. \\ ith tho: \ ...tllIl'S obscrv cd 111pre IlIlI'" cvperuncru-, c;. dl/.nl"" \\ 3~ II 101 slo\\ r.

Ibis wus JUl' to the lowcnng 111 ihc concentration ol Compound \ from Ih.! 111\1 (nr the

temperature and pil studies (hg:; II) .• md IWIll 5.llJl m\' fil! the enzyme sludÏl:-. Il ig.

5.1~) tn:! 487 111\1 u ...cd III this <tudy , Ihc lowering in till.. ClIl1 ....cntrauon of Compound A was

necessitated to corrclat c \\ ith the conccntnuion ... I r DI)(. u-ed III the 11I:~.1 part or the

Compound A III aziridinc.

Figure 5.15 I'OCCl of 1'450 c I I en!' mes on • vcliz.nion or Compound '\

In the second pan IJr this I.. I' , nent, the influence III d .. Ierent ..on ....entrauons 1)1 [ll)( . the

n•nural substrate lijf tho: P-t=,'Jc!' enzyme. on the cychzauon lt Compound \ \\,I'i

im cstigatcd, I he conduions t~lI Ihi~ expertment \\.IS the ...am e ,is ,Ibm 1:, except tor th c 2 pi

ethanol \\ hid) \\ us replae cd ,\ -jth D()t' lfl tv '00 P \ I made up III cthanoh. Ihe

spectrophouunctric result ~ In ( hapter ~ show I:U that \\ hen Compouud \ and P"+':;(Jd I were

incubated together, mixed inhibition or the I) p .... I DI1('-lnJlIcl'd dilfcrcnc e spectra was

obtained. churacteriscd b; a high cornpcutivc dement. I he resultx in lig 5.I(l 11Il\\....' c r,

showed that no change in the C) elization or Compound A \\US obtained \\ hen DOC wa-,

incubated \\ ith Compound A und the el1/) me preparation. It could be argued tlun thl'" might

b ....due to the 10'.\ DO(' eoncentranon ('00 fl:\l) rcl.uive to the (. ll!l1P\11Il1d t\ cunccnuuuun

(2.487 m~\'I) I lowever. a C0'llp:H!SOn \}I the concentration ol [)( H' dev idcd h) its KI1I \ alue

(307), wnh tbc eoncentranou ot Compound A devulcci h; lis KIlo. value (:!1). mdicaie-, that

...utficicnt DOc I' prescut lo inlubu the e)dll.HIOI1 ol Compound \, lf III tact 1)( IC had an

effect Km and KIl..' values were obtained 11'11111 the vpectrophotumctnc res.rlts 111( h.ipicr "'
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From these result .. wc. c ..11 thus conclude ih,u DI)( JI~I 11I)t inhibit the \.·~dl/,Ili(l11 of

Compound A .• ilthough t 'ompoun i \ mhibircd the I ~pe I f)( )t -induccd difference spectra (lI

P.+50c II.

11'0' I
• 0 ..'1

"~ ..

figure 5.16 HIl:cl of u meren ....: in !lOC (O-'O(l 11\1) \.I)Jl\.cnlr:llHlIL 111the presence nl

I:n/)m~.lln the cyclization nl Compound i\

Finally, the dieet 01 cn/~ lilt: concentration Ill) the rare ot cvcliz.iuou ol Compound \ \\,t~

investigated An IllClC;N: in the coneenuurion u! 1'~"'Od 1 enzyme IO-~ mg mil eau-cd .111

increase in the cyclization of Cllll1rllUnd A III the az.ridmc a~ can he seen III I I!:, 5.1 ï \ und

B. When the reaction rare IV ) for Compound \ rcmammg and .1IIriJIII': formed \\.b 1'1011':.1

agum ...1 the enzy me concentmuon a straight lmc \\u" obt.nned (! i.,'.. 5.17 (' .md D,

respectively I. !'WI11 these re ...ults il can be concluded that the cyclization {It Compound \ lo

the corresponding i mdine io; .:n/)mali\.alh accelerated h~ the P 1'0\.11 I!n/) me

\ .
1
t

,. ,
i......

I ...... .._ ... •4
r,,

--
"

_ ..
"i~lIrc 5.17 I Ikct 111.III1CH'. se In P~;'O .. ll enzvmc ':1,m.cnlr.ltllll1l'll the (,U..: ,li cychzauon
nl Compound \ (\1 pereenrage t ompouru] \ rem.ur.mg dH percentage aziridiu ... formed III

PBS IC I reaction rate tOI Cor.tpound \ \, CII ') me \.(HIl.:clllrallllll and II)} re ..iettou IdI.: filr

.I/lridltH.: \<; Clil.~ IIW concentration l hc unus ul \ arc Uh (Ohlr,ll1l1.j .. rcm.uniug 0,

.I/III,)IïC formed per minure
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5.6 Conclusiou

When the ~IILLl ill' COllI.! \ ultugc Oil the e~ ..:hl.1111J1l (If Compound \ III izrrnlin c wa-.

determined il de.trl~ showed IhJI ~t1 und ~,\ would ,,~. Id(\III) suited lOl the rn ..·.,~111~lUd).
I ower ~OI1~ \ oliagc-, did not result 1:1 the presence (lf c lear molecular )1)11:-..\\ hik higher C('I1'"

voltage-, k~ll!II' increased cyclizatton and tragmcntuuon

L:\ idcnce \\:1,> obt.uncd that cycli/ation \lI (. ompound \ to th~' corrcsp: ndlllg azindinc in

buffer am] sheep serurn \\,IS temperature and pil dcpcndam. In buffer .111.1 sheep ' .....rum the

cyclization increased signific:Jml;. (Pel) (II) with " rise In tempennure. with little cyclization

occurring at 4 C. while dl 37 C cyclrzauon \\US '::IlI1W,I .• J -ltcr ..~umill at pJI 7 and above.

Cyclization was alsl' increased with increased I'll. \t pil 4 und below little cy clizauon

occured wlule at pil 711 C) eh/at ion w.i-: completed altel JO 111111at .7 (. III sheep serurn till.'

cyclization was ,111\\er than in buffer at all tcrnpcrature-, but only slgl1llk.mll) (i) () fil) Sll al

~2ec ..The results suggested thai Compound \ bound I,) CIH i. which rct.irded c~ clizauon.

and that binding \\as rnaxim.rl at pil 7.~1and 2'"' (

From the above results il can be concluded th,u there I' eq.nhbnum between eBt i hmdr-ig.

\\ hich occured due lo tile presence ul' the sheep erum .• md \. \I: lizanon ol Compound \ \\ uh

an increase III temperature .• 1decrease III ( B( I bindin \\.1 ...IIbl ined, and thus ilt ; - C there

was little difference between l) clizauon rate 111 butler or sheep scrum I hese result

CllnCUITcJ \\ ith those ot I'rl.'\ iou-; stu ...Ires \\ inch rndicatcd ih,u l Bl r bmdmg decreased

dramaucally at .,7 C rclativ e 10 the binding at 4 ( [-IS, 491 In uddru.m, wuh an IncrC.15~'in

pI r. an in ...rcasc in C~cll/,1I!11O ot Compound \ \\.IS .11511observed \t ril ..t. where [lnl~ shght

c: elization was uhuuned. there \\.h no "'lfllllï,'unt (I' U.O") difference hetween butler .111.1

sheep serurn .. I hi, ma~ be attributed to the I.ICI that filth: C)d1lJt1111l nl (',)ml'0uml \ occured

at this pil. \\ hethel 111 buffer ur serurn. and II) the tact iha; prcv rous studrev h.1\ e ~ho\\ n ih,n

("IHj i...denatured .II pil" and hell)\\ I-IXI :\1.I'\JllI.1I binding III comsol lo l IHJ has been

sllll\\ n III occur .II pil N I blls, at 2~ (' and pil 7 <J, \\ here ( B(s binding IS maxnnal. the

difference between cyclization III miller und "h~<'p se 111111 \\.t~ most sigmfic ..11I11' Il Ol)

I ~-\1"" IJ ve nguuon uno the mflueucc pi the P-I"O I! cnzvrnc on the cvchzauon 1)1

Compound i\ W nzu idinc ) tcldcd uucrcsting rcvults I he resul: "bt.lIl1ed showed ••11IIlCrc.I~~'

III ..ulfIdin e torm.n ",n, \\ IH.'11I ompound \ uid L111.'l'n/) me were incubated togcihcr In sheep
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erum when Compound \ .mJ enzvme were incubated q\.If,ltd~. the rate ot azrndine

formation \\.IS 'ilgl1llic,lIltl~ (I' () 011 ret, .. JeJ rclauvcly to ih.n III hufter However, hule

.,lgl1lficant ti' ()(l") difference \\ S observed beiween ...hcep scrum and PW'': . 'ten Compound

\ und enzv me was incubated together I hus. the CnL) me promoted C) cJII ..iuon while hecp

serurn retarded cyclizauon 1he fuet that the presence "I the enzyme overrides the

stabilization effect ol sheep erum would sun 'est that ti C ell/) me has .1 higher atfinuy tor

Compound \ than ( IHI,

lo characterise the effect ot the {'nL) me lin Compound A cychzanon. wc examined the

inlluen I.' ot DOe (the natural substrate tor the p.rOd I enzyme) and different enzyme

concentrations. I mm the re ults lt IS clear that Due d d not interlere with the cyclization

promoting acuv Il) ui the CIli') me lncreasmu 1.'11/)me conccntranons how 1.'\ cr. clearly

mdicatcd that the 1'450d 1 en7~ me at~l) ticallv promotes C) clizauon (If Compound \ to

produce dil' corresponding azmdmc, 'Iet.lbolt'ffil ot drugs. wlnch include mctabohc

activanon or various carcinogenic compounds, h) 1'4':;() cn-vrnc I well r., cumcntcd, bbt

occurs primarily in the 11\1.'1"124J In adult marnmals the adrcn I I'> not involved fil

dctoxrficanon. although tt has I een indicated that the Iet.11 adrenal IJ' er lw detovrf anon

capabrlitie (551. Future elu idation ol the mteracuon (II Compound \ wuh the 1'4':;0 enzyme

clearly warrant attention I rrstly, til cstabh ...n the kincue parameiers "I the mtcracnon and

secondly to establi h whether bio-ncuvanor ol Compound \ to the corresr .,JlII~ rzindmc

occurs only III the adrenal or whether other 14':;0\. c pl.:cl.lll) tho C III the liver, are III\.JI\.:d
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CHAPTER 6

Bisel SSIO~
I hi, study Iorms part of an Img( II g 111\ ~ ...ugauon Il1IO the \ ndrome of prolonged gestanen In

hecp ami com raccpnon 10 ru. ,. caused 11\ the armbian shrub "'a/\(Jl" tubcrculautornuv

Horsch, I \ idencc ".IS obtained IWIll studies with .... wh, reuluufornus extracts, that

compounds 10 the shrub perturbed adrenal vteroidoucnc-rs III the rat an.! intak cd

hinding of the natural substrate. DOL. to sheep ..drenal cvtochrome 1'45th..II

described the isolanen of one ol the. cuvc fracuons from the shrub. n..med ...

two spectre ...copic nllcro·d;sa~ <; \\ uh ' .ich the I olauon of I • ad" c Ir ..

monitored [S).

Ihe clucidauon ot the chemical structure ur the Ol lin comooncm! ) lo ti c 2 Iract Il 1

presented many problems fills \\ 'i m, 1Il1~due hl Il. high" I...hlle -iaturc and the presence of

impurities 10 samples. I he ,,~ traenon \\.IS found II con .......t ot I mixture \11 an extremely

labile compound plus one or mor c table componeras 0111. ot \\ hl h I ,\ ncphrine In aqueous

medium s~n phnne IS D breakdown product ot the 2 Ir.1\.1l01l 1(,1 Ikrl\ u.izanon studies

ho" cd that 2 IS not ~nephnnc as acety I. lil n ot ~:: \ iel.Is .1 dl..:t~ I..ted uztr dine tructure

\ lule accty lation of S) ncphrine ) ielded ol s~ ncphnne tnacctate 1hese results prom ted the

suggestion that the acnv e component lo ....2 nught he 2-(4-11\droxy -phcny I)-I-l11cth) I

-aziridine or the corrc pond 109 open cham I .ccur or [('. Il. I(J. 171 Ik Kock proved that Oil

azmdine, or its precursor .\.15 present 111 s2 h~ developing .1 chcm I .11 probe,

N.I/\:I'.\II· -SII. wh re 11reacted under mild conduions wuh each ot the model azmdincs, hut

not \\ uh S)ncphrinc III1 In a separate study, de Kock 5~nthcsizcd u sene of structurally

related aziridine precursors (121 vlthough It was iggested that a h) droxy -azmdmc or Il';

precursor \\JS present 10 :-.2. <I\.' Ko I-. tound tlun th s precursor cychcrsed vcrv r.IPldl) md

could not be detected h) l \n·\I'I 1121 Thus u more stable .Ilc!OX) -uzmdmc precursor

analogue. 2-(4-acctox) pheny I) -2-(.hlnro-\.-Olcth\ I· eth~ I III I III on iumchlondc ( ompound \,.

".IS ,~nthesl.,('d 10he used In further tudres
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III pll!\ rous I "-\1" studie...\\ uh '<!. \1,trllI IOlll'J 1II0kl\l .rr Illt''' .It III I (,8. I "CJ and l"il)

IlIJI I he molecular rens at III_ I{,6 and I (IS were Id~'lllfil!J b) '\11' ,I~norsalsolinol and

svnephrin«, IC"'I'I!('tl\l:I~ lt \\ .... .il ..." "ug..:~·"t('d that th..: molecular 1('11 .\1 lIT: 15(1 \\,1'. .I

dchydrauon product III synephrine I" conclude. pr~'\ 1\1, 'i '\tUJICs suggcst that <ill azmduie

1111111!t~ 111;1) be ti component \11~ 1 "'P":l!lli"dh Ih,LI "2 111.1) nl'.1 h~,lrox~ phcny I-.I/lntlllll! or

Ihl! corresponding precursor, which decomposes to ') nephno in "1111..'I'U., medium 111

addition IIII.'S2 traenon m,l~ COIlI.11I1 110rs,II",11II01 and a d.:h) dranon product ol ,,\ ncphrinc,

Dunng IIll' present stu I). "2 \\Js .!gall! 1'.;,)1.11<'" "': us ng the method ... (.1 S\\"rt. 1l.1l11d) •

ethanol cvtruenon .. ultrafiltrauon und RI'-[II'I ( 1111..'isolauon process \\.IS 1!10111lon:u wuh

the ah,,\ I! mentioned ouero-us x,I)" Rcinv e ...ugauon of I!J.: 1..11I11p'IIK'I1I<' :: na, done \\ ill!

the aid ot ['-\1'. I hl' I "'-\1" ...pcctra of the "2 frucuon ~h,)\\.:J moleenlar rous at 11/:: 25S.

16X. 166 and 150. Comparison of the tragment ..nion patterns ul lh~ S2 molecular ions at /11 :

IMl LInd IMJ obtained 1110111 ~tlld~. with that ol -ynephnnc ,tIld nor.,.tI ...olmol, indicate Ih~11 tht'

molecular ions al III : !b8 and 1(,(1. re indeed ~~ncphrinc und norsalsohnol. rl..'~rl..'lth d)

~bril/. identified the ....~ molecular ion at 111:: 150 .t.., .t Jeh) druuon product III ") nephnnc

[ III J. Our studv. \\ hich compared till" II agmcm,uion !,.Iltern' III Compound \ (1/1 : 22X 230 I.

;I~ corresponding uzindinc (TII.- !1)2). .md ~) nephrinc (I/I:: I {>~:) \\ ith that of the I/I;; 1"0 and

258 ions trom S2. however. "lIggl''i1 Ihdl thi- b nol "p l'rcv IOU.., wor], lt 1-' established that

Compound :\ (111:: 22q 210) cyelis] ...es {IJ the ,,;rrt'''plllltiing .izm.hne (JIl: Ill2) and th cn

decomposes to S) ncphrine (Ill : I (lX1\\ ith IBm: 111an aqueous mcd.um [l-i I \ compari-on (II

the daughters or Compound \ and rhc currcspondrng .t/lfldllll.' and '" nephrinc .111 ,hp\\ .1

peak at 111:: 15(1 I hl' daughter ions .11m.: 150 li\JI11 ( 0l11pl)llI1,1 \ a/indinc. .md "') ncphrrne.

are simi lal as eau be seen InJIIl .1 compan-on pC 1111....1r fi·.tglll..:nl ions Wc \\ ould like to suggl..'''l

ih.n thi« ITIOld} i-, li hydroxy-azindmc un': 1'i0) whic h h formed during I S-\{S

fragmentation fWl11 nzrridiuc (111: IQ:::) .1IId synephrine (m= I(,SJ .md 11111 .1 dchydruuon

product or ~~ncphnne. like :\1:.l1I1l :-'lIgge ...ted, ,h the Iragmcmauon paucrn til ihe molecular

I()n~ allll ;: 2211 2'10 and 192 ..1(1 not indicate the presence (If ~\nephriuc

S2 also con! lin" the 111z 1"0 peak as doc: the Iragmcmauon pattern "I :--2\ III : 251\ Il .. ilccuhu

ion, Comparison \lI' the d.iuglnc: lI'Il'i nl S2's molecular 1011' at III: I '0 .md 2"X wuh th,rt nl
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the 1/1:: ISo pc.ik s 1,'UlH.l1l1 t IlllJplltlll,1 \, .izindme und svncphnnc show ,I great Sllnd,lIl1~

\\ c conclude th,u tills p~,I" in the ~2 traction I~ ,II.,\) ,I h)Jr,'\) -uviridinc I he componems

-hcmically identified in s.2 n) \I.mll were ,til ~tahl~ cornp: unds. the l.ilulc components

cunsistcntly ohscrv cd III prc\ rous S2 sample ... \\ crc, howcv er, absent In till'; stndy. the S~

traerion als" coruain-, till' peaks .111//_ !()X. Ih() ,lJld "0 like III till' \I,mtl study, but ,\ pe 1";Jt

1'1': J5X lO; ,d~ll 111"~r\<,.·tI\\ Inch ma) be the labile l imponcnt J he 1.lct th,lt the lalnlc

component \las ahsent in the \I.tritl stull) 1ll;1) be due t" exposure nl the ....2 Il KUIII to II ·hl

or ,111alkaline pil. Abu, III the present study. lI11It"~' III the "tuJ) It\ vl.int>, IlK .. I.tl ,\ .d the

1'-150 based speetrul .t"sa), \\~, 'Ugl!l.'Sl ih,u tik' III': 2--X 1\ .111"/lfIdlilC precursor \\ hll'll

C)ellScs til the h) Jm\) -azindinc. \' hich ill turn m,l) dccompove t" S\ neplinne I)c Kock

proved that an aziridme or tis precursor is present :n ...2. thus the molec ular 1'111at ni : 2')\

may be the acuve component IJ1 S2. J he leuv In!,! group '11 ~2's mulccul.n ion .it /IL z 25S I~ not

shown in the fragmentation pattern Il!' 2~X which 'i1ll:'l'l',>ts that thi ... 1l1lllCt~ IS pr()h,lhl\ not

POSili\cl) charged and therelore not observed ill the P,''illl\e I 'i-\I~ mode (lthcl chcnuc .• 1

analysis would thus have to hc Cl1lplll) ed 1,1 IdCllIJl) the 1...':1\ l!lt ':I"IIP trom till' s2 molecular

ion at IJl z 2:-X,

I Il conclude. the current ~Lud) obtained ,I nc« peak III the S2 lr.rctton, fil = :':;1', wluch 111.1\ h,'

the acuvc component III ..,~ and pron;lol) IS the uzindmc preeur-or III tilt' molecular 11111 .tt fil =
ISO, ï he molecular inn al mr: ISO j" pfllp,l~l'd tn be that lil dil hvdruxv -ozrridine and not u

dchy dratien product (lf synephrine a rrC\ 1,)11,1) suggested. ! in.tll) the Oil ... <It 11/: I hX nnd

16(1. were confirmed to hl.' S) ncphnnc and norsulsohuol, rcspccuv .:1)

Prcv rous spectrophotometric sll1dll'o; indicated ih,u Compound \ dill! "2 inlubrtc.l the I) pe I

DOe-ir.duced ditterenee spectrum nl sheep .tdrcnal cytochromc 1'-1';;(\.11 .md chcucd ,I I) pe

Il dilterenee spectrum IX, 1-11, \\ IIh Compuund \, inlubuiou \\,IS ancn.i.ucd wrth lillie in

buffer. hut not In n,II:\ c sheep plu-ma. I Icatcd xhccp plasm.: .rl..." showed .rucnu ruou III

inhiburon wuh urne III :I manner -armlar III th.u III (Dll1p1l1l11l1 \ III hull,'1 I ~-\1S studies

indicated that in butler the uzindmc precursor C)dl"'I'l'~ tuil) tp the MIJIJIJIC wuhin l hour

while in sheep scrum the c)disi/.:llllll i, rctank.l 11 \\.1\ round th.ll Il I'" the nziridine

precursor, rather than rhc a/rndmc. \I luch j,.. tlh. 1'lh·I'i!!l1g aC;l.'lIt in the c~ IlIl'I)l111111: P-ISoc II
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system Lmd Ih.u twu hun 11111111)SIl""ld-hllhll'lt!-I'I"tCIIlS I" ~':IIIIl1, ..,IIIH, ,111.1(,IHI.IlI,I)

lund and ~uhIli/l' the .t/llldlll~ precursor III ,11I:c1' scrum 114 J

In the present stlld~ the intlucnee \11 (runpouml \ till: clhanol cvun ..·1 trom \'

tuhvrculatitornus und the: ~2 trucuon, on the I) pe I ()( l( -induccd .Ill [er ...n ...e spectrum. and

the abiluy nl the le .. t .. umplc .. lo chen .1 sub ..lI:.lIC Illduce i difference spectrum ( I \ pe ll ) \\ uh

sheep ,IUI\:n:tI CJ tochrome P4"Ocll. \\'" in\c"'itlbLlt.'d \11 three te:'il ",IIIlp'CO; Inhibited Ihl'

I~p~' I difll'renl.e spectrum ,I( ]'-I5I,.:I! lhc etlcct ot the Cth,lIl111cxtruct . in !'HS und in

nanvc nr herned sheep ~.:nlll1, und S2 III PilS, on the lHJ( -induccd difference spectrum

showed that these s;tmpk, mlubncd [,IC I) pe I spccmun ,'\ er I pcnod llf (,II rmnutc .. \\ IIh

little Ol IHl attenuation ol inhibition \\ uh 111m' (Ills" II, rOIlII"I~1 \\ Ith the tune .,ludlCS \\ uh

Compound ,\. where tnlubitu.n \I.!'; I"rllgalcd \\lth tunc III PHS 111.1III hl'.tll'tI ~hl'ep scrum.

" .. 1 nol in sl1l.'\.:1) scrum. proh.lhl) due lo stahrhzation "I ('111111'\11111" \ in ~~11111l I hus, the

ac •• ~ components in the vthanol cxtracr und S2 appear 11\)1II> be ,'gllllil.,l1l~,tI(i:rted durtug

the urne studied b~ the presence nl ..hl·ep Scrum. " IS the case \\Ilh t ompound \, \11 three

test samples nulneed a (~Ik' II drftcrcncc spcctruu: II hen uueracruu; witl; nlltodH>Jldnal

powder lrorn sheep adieuals. which IIhltl"lk~ the presence "I lin anuno gl\llip in.n 11"ll'h wuh

the heme iron orth..:.:) tochrome 12':-I.

I hl.' l~ re Ill' mhihiuon induced h) Compound \ Oil the ()( lt -inuuccd dJ! lerenee spectrum "I

..:~tucluom, P-l5()cl I. \\,IS 'IK·etlllph\lI.,II1WlllcI) mvcst: i.ucd I he rl',ulh mdic.u, that nuxcd

inhibition. with il stron]; eOlllret:tlll' clement, IIl':UI" \ll\ed inhibition 'llgfe~t, that hlllding

ulthc inhibitor (( 'ompound 1\) til tile 1:'11: me ..locs IH>I occur ,lo the substnue <;111.',1'111 docs,

huwever. ulIcct the bindmg ol the ,1.lIl:r,11 s rhstnuc d)()(,'1 III the C'II:Il'l' III adduion 1<1

inluhiung the eot.ll) III.' ,11.'11\Il~ (If the ell/) I.: I hlo; ,Ik:lel''o \\llh the sl'eur,'phoh mctnc IL'S1I1t"

oht.tined with (\1II1P\1lIlHI \ which chcus u I )PC Ill:dkll'Jl('C spectrum and '"ggl,.,IS buuhnu

til, ur interaction wuh, the heme moiety pj Ih ..• ...·nl.) me, In COI1I',1 ...t, ()( l( induccx u I ~ pI.' 1_

difference xpccrrum. \\ III\.:h ...u!-!g ...·sh hllldlllg til the protctn I11piet:- >1 the (111) me 1251 (he

results ~uggl! .. ts that Compound t\ ''''lib lb l'lIeli \111 IIlI' 1'4"(11.' II l'l1/~ 1111.'h~ blllliing to ,I

dillerent Sill' than the sub-arare tl)( 1(') hiudinu ~it.'

________________________________________........_~~..~.......~~~:.a..~
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I III! inlubinon ot 1'1 '{)ell bj ( IlIlIP,)UIlJ \ cunt.uns IlIalI) I I till' clements nlcnulicd h) ()Ilil

de \111111L'lI,IIl() 111 reversible 1'.1';lkll/)l1ll' inhibuors 1~11 I hese tncludc hmdll1t' nilhl'

inhihuor III till' heme iron .md l'II~IlIllL' ,I I) 1'~ 11dilkl~Il~1' spectrum \\ 11h ,I "lIre( 111.1'111111111

.Il ~ ,0. und the Il,cI th.u the IlH."t potent inhibitor» arc uitrouen L(lIlI,II11il1~ .rhph.uic and

urnmane compounds. Ilk' !IW,I el tccuv I.: IC\ er-iblc II1h buor ... 1~~ICt "lrung" \\ uh both the

protein und the prosrctic h':l11L' rron and 11lL'11 acuv II) ,,, Iltll'\ gl)\L'rned In both the

h) dropholuc character I111IcrJctUlJ1 wuh protem) .111.1h\ the ,t.~llgllt lil' the bond with the

heme iron I hl' mcchanisn. Ilf Cumpound \ S inhibiuon "t 1111: I)(){ IlldllCl'(I-,lilfi:r~Il':l'

-pcctrum \\ ill. howev er, hav c In bl' cxnnuncd In more ,kl,1I1 11\ 1I~111' ..dduron.d tcst ~.\..terns.

such as the 1I1\II/'tl L'III1\L'ro;iOll Pt' D()( to corncosteronc

The distribution ol CIIlli..,ol .111.1prllgL~lcl'lIll' III ...hcep serurn .md 11lL' cl teet ot the IL',I

samples. Compound \ the cth.mol L",II.tL1 trom the ...hrub und S2, Pil thi ... distribution \\.1"

ulsu investigated. 1he distribution Ill' corusnl 111sheep serurn compares well \\ ith prcv hIli';

studies 1121 l'. ut 1'01 lunds 1ll.linl) til l'l H , I(,2" Ill. INil" III' I Ill' cortisol \\ .1;' 11cc, and 22"., \\.IS

bound lo albumin. \\ C could nut lind .In) re ult-, rl..'knlll!:, III 'hL' dlst! ibuliun III' prdgl..'slL'rl1ll~

in sheep S\!I'UI1l, J 11l\\~\L'r. .1 cumparisun \\lIh results lr.uu human serum ,11I1\\S rh.u nul'

results ure in ugrccmcnt 11hl l'.hlSI "I the prllgL'q~'r(lnL' in IIlII qud) \\.IS hound t,l ulbumin

((JO",,), 21"" of the pn'L!~ ...ICI\IIlC lIas tree. and 2l ,,\\.1' bo-ind til t'Btj

Compound A, ihc ~'lh.II1\11extract. und ~2 eau-co il "lJ;lllli ..'dJ1l f Jl (I (II ) dl'l'll"I'iC in 1111.'

percentage CIHi bound LOlli.,,11 \ 'lgnllk,lIlt (I' 0 Ol) II1LTCllsl,!'II the tree ..:orll,nl rc-ult-.

\\Ith .1 COIlCI1l111llIt.Jnl signitic.un (jl (I Oil 1I1.:rl'.I~l' ill the pereenrag ..' ,II albumin bound

cortisol. I he ri'il' ill till.' ]l..'rCI.'IlI.Jl!C II~l'cortisol IS proh.lbl) due 1\1 drsplocement nl cortisol

Irom "B(; b) Compound \. the ethanol exuuct. und S2 1'l\'\JOlIS studies 1:.l\C ~hl)\'ll rh.n

I.'llllb'JI ma) be displaced trom ('lH; h! high .dJinll) IIg,lIllb 13' I, Pug ..';1I LI (1/ lor cx.uuplc.

slhllh:J that prednisolone. .1poten: S)nthetic L!IULIl~orlICllIJ. bind .. to human ('Bt, .uul 1:.11lSl'S

,I .12" 11 deercu-e III till' pereenrage I.:oni."ll bound I'~[.I hese results ,lnlJlgl) -"1111'"1'1 IhL'

concept that Ilw udministrutiou ul ccrt.un drug., can ,111l.1 the 1I.1I1'1'llrl ,111(' di"p'ISllipll lIt

~nJngL'J1l1l1Ssteroid hormones h~ compcung IIII' hindll1p II • 1.1I1"P0r! prIlkin , ,,~C ('II< i,
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xx
Compound \ and '-2 c.rused (\111) .1 Ilphl but 11(11viguific.uu (I' () (5) IIKn.:a~.: 111 the

percentage Irce plIJ~I.:'ilerll·l': IlK' 1.:111,1111111.'\11,11.;1.I1I1\\e\L'r. Slgllllildllll) (P lUll) increased

the percentage free pn\gl· ...!.:fPIII.: I hl' I.ll'! thai Compound \ .Ind ~~ II,hl 1!I!k elfeet on I Ill'

(1IPg.:sh:rnnc distnbuuon whil« grc.lIl~ ,Ifll.'.:tlllg till' L'Or!I,pl di ...tributrun III sheep serurn Illd)

be because the conccmrutum ol prll!:!L'~Il'11l1l1.: Hl ...hcep serum I' much 1.1\\':1 than UIIII,ul ,lIJJ

thu v, \\1.' would l.:\p':L'I \1.'1') 11.'\\ pi the "!lrtlld bindim. 'Ill'S (\11 ( IH, III hI.: occupied b)

progl.''ill.:ll'lll', Dunn ,I <111.'(.:,1") illustrates thi ... lor hum.ui serurn I~(ll I hu-, di-placement "i

progesierone ti IIIII ('(\< I bmding SItI.''' \1ouhl l-e expected ,Il hl.' mucl: less than thm ,d'l.:llrll'il ,I

Wc c.u: conclude ('1,'11l1tlus ~lIld) rh.u the lót samples dl~JlIJLI.' ell(h~':llllll' steroid».

prilllilnI) cortisol, trom ('lH I \IUIJ ,I resuiling ruerea ......III Ilie pereentag c tree ...1':11)ld ill <;h.:1.:1'

se rum IhL' Illl:ll.''1 ~ .a trce sicr.ud could k',ld 111,1 dccrea .." III «(H, \lllh~''''I'' h\ the 1t\I.'1.

which ma) ,lmrIil\ und e nh.mee the hil)lll~Ïl',d L"fkLh lll\!lIdl)g\:Il'HI~stcr.ud levels [191 (hl.'

results ohtnincd reconcile the I~tct, th.u naturul plant products which ure hlghl~ rcacuvc and

unstubl,: 1/1 vttru, Ll'1 hl.' hillltlgl(',L1I~ ,ICIJ\L' III \ 11'(1 .Iuc til -tabilization b~ binding 10 sen.m

prot ...ins In udduion. hindmg ma) result (Il displacement nl cndogcnou-, <;t.:rlliJ" In"11 serurn

hindIlIg proteins \\ hich 111.1: contribute In the bhllllgit\tll'lli.:eb IlIIIlI.'~': CIllllplllll1t"-

Factors which lila) mllucncc the cy chz.uion otth« ,I.(Jrldllle precursor, ( ,'lllpl'lind \, II' the

corte ...p()(ldlng .iziridinc \\,IS investigated ". -sc included tilt: L1k!.:t III 1.'11111.' voltage.

tempennure and pI I and (Ill.' rll'SI.'IIL'''' ,'I the I'J"Ocil U1/)1l11.' Cone \IlI1,lgC w.i-, lound 10

have u signifleunt eflcct on the L')c1i/allollll!'('IlIllI'0lllld \ tn u/indmc .uid the 1_"1I1t~ clear!)

"hll\\.:d that 20 und 25 V \\ ould he id""tI II suucd lor the present "'llId~ I 11\\er ,Illlt: \ ()It,t!!~''''

Jo not result ill th c presence ol clear molecular 1111I~ wlulc lugher 1.'1'111.' \ 11It.tge, bid ... ro

mer eused cyclization and tragmenranon. Wuh .m increase III temperature a inCII..'.I'C III

1..') cliz.nion ol Compound ,\ to the corrcspnllllin)! .viridin« Is ohscrv cd \t ~7 C. him c\ cr.

liule difference h.:t\\CCI1 cyclivation ill hufter ,111.1...hcep serum IS observed. I his ilia) he due

to a deercase III CB(, binding .IS pre\ rous studie x have indicated that CBti binding deer ea" ed

dramaticullv at \7 ( rcluiive to the binding at -I l I'U" -I'll \\ IIh un meren ...c Jil pl l, ,111

increase in L'}ell/allllt1 or Compound ,\ IS ,llso observed \t pIl -I (\nl: ~Ii!!ht C)dl/'Ililln IS

obtained and liulc ditterenee i...observed h ctween butter und -hccp 'i.:null I his ma: he due to

the 1:K't that little cyclivatiun o! Compound ,\ IICl.:urSat tlus ril. whether in huller (\I serum.
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.md hl the I:'LI thJI prcv iou-, <;tll,III!, h.ivc Shilllil th,1l ( IH, I~ ,k'1,IlIIrl'd dl pIl" and hcfln\

14l\1 \1 pl1\~i(lI(lglC:,tI condiuon-, 1l,lInd;. I'll 7.-1 und ~~ ( , ~;.dl/"II.11I III ,heep scrum und

!'IIS occur- .11 u fast IJk' hUI their h liulc ~i~nllÏt'.1II1 d) I) OS) JIlk'I":IICl' herween I.~ chzauon

III sheep '".TUIll .md I'l!~. \1 22 ( and pil 7IJ, \\ here llH, bll'JIIl!, und (\Cll/dlloll ol

Compound \ IS 111;1'\lI1lal. (hl' d,lkll'IICl' h,·I\\I.'1.'11~hli/~IlIl)1J ill huller Ol .,h~I.'p serurn 1<;

srgnificun: II' 0 () I). 111.:0.;1..'temp c rature and pil sllIdll'''' ,IH1\I..-d Ih,1I C) cllI~ltl(l1l ol C ompound

.\ lo the C(ltl,'~pllndlllg azrridmc in buffer and ,h<.:~'r '('rIl1111~ tl'mpll"lUr<.: und pil depend.nu

.md that there Is ,I h,II,IIlI..C hl't\\I'<':1J llH, lundrng which 'l(,lU"" due til th ..' [111.·...I..·II(l' nl the

sheep serurn. and L;' eli/arion of Cum I'll lind \.

Results uhtuincd 1wIIl the I'~-\J~ studies inhl the II1IlUCIH.:l'III the 1'4.5cJ I <.:11/;'111l'nil the

...)c1i/~lti(llllll ('ompound .\ lo u/uulinc. showed ,) signnicant (j> f) (ll ) mereuse III aziudinc

formation, when Compound \ and the <.:11/)1111.'\\1..'11.'incubated tuucthcr. \\ hen IIlCllb,IIt:J

...cpumtely, the mie llfallridinl.' Ionnarion \Ias 'lgI11Iie,lIltl;. (j> II Ol) rvtnrdcd III ...h':":(1 serurn

rdati\cl) hl th,u 111bulter. I lus Jdli..,I ...-n ....c il1c~l'Ii/.llillllll1 1111..'presence III ...heep xcrum II,b

not observed \\ hell the 1.'11/;'1111.',IIlJ Compound \ \1":11..'illt:lIh"tl'd 1l)~l.'Ih":l \\ c conclude from

these rexultx that the 1.'11/;'1111.'promores C)l'li/atlllll 1\f1,!.:. sheep '1.'111111retards L~c1i/"tillll

'I he l::1d that the presence Ill' the enl) me overrides the "1.thilil.!tillt1 elfeet \lI ,hl.'l'!, scrum

would suggest that th ..' 1.'11/;'111":h.IS .1 higher allin1t;. l(lr Compound \ than ( t« J I he elfeet nr
the enzym ..' \I:.JS ru rthe I 1I1\l.''otlgalcd b~ cx.ummng the intlucnee pi DO( (the natural

suh ..Irate lor the 1'4'(k I I l.'1I/;'1111.·J and dil terent ..:n/~ Illc' conccruration-, on the l~ di/,tlHlll (lI

Compound A Jill' rL'~tllts showc.; th.Jl DO(' do ..•...Ihlt uucrtcrc with the cyclizauon (1rlllll'lling

ucriv it: ol' thc I.'tll;' me. 110,11.'\ er Illl.'fl·""IIlJ.! cn/) me conccntruuons ..k.llh i licntcd th,n the

P45C)c I I I.'n/~ lilt: ut,lh tlc,tll;. promored 1.';'1.lizatiou III Compoum \ ltl pr. «lucc the

~orre~r(lndlllg ,t/llldillt:

:\kwh'''~1l1 ofchcruical-, b:- I.;' tochrome P450 usual!) leads lo 1111.'Iormauun (lr' 111:11,'11"-'

mct.ihohtcs. however. chenucul c\n<..ÏJln),!"-l1s III prodrugx like. cyclophosnhamidc. can be

<11;(1\ atcd h) C;.tochrome J>-I50 to 1"1111 ..:Ill.'1111Call;.unstable fl.'LlCti\c intcrrncdiatc-, 1241. rill'

resulting rl.';lI;I1\I.' internu-drates 111.1;' bind Cll\."I.·I,tl~ (Il 1);\ \ uud IIIIIIdil' cane ..'r I he

aziridinc ma: bl.' considered til hl.' th..: more activo bill labile IiII'm Ill'Compound \ I hu-, \11.'

could propose (hat the adrenal 1'45C)(: I I l.'ll/~ 1111.'hilI-alti, uics (\'IllPIHlIlll \ b) pmlllllling
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cychzatron III the c(lrrc~plllldlllg azrnhne. \ lammulian I'~~()'~ l1l,l~ be cl.issrfic 1 into l\\ I)

grollp:" those lllet.lbolidnl' Cl1dlll.!I.'IH1d'" -ubstrarcs Il Yl> 7-:-l) and those '1\.', '"II/in!,'

exogenous compound ... like. xcnobioucs. drugs and carcinogens «( 'YI' I-~ J \ II It'll',i'illl fll

drug. ... occurs prinumly In the liver 1~-lJ In adult 1I1,II11I1l,tI~, IhL' adrenal I'> no 111\ olvcd III

detoxification although Il has hCL'1I,u~gc,lcd th.u the lciul adrenal has de-ox ;t;C,lthll1

capahilnics 155j l-uturc cluciduuon ol the interaction ot Compound \ \\ ith ihc I'~:.-O 1.'111: me

is required. I'in,tI~ to I.'"t rhhsh the kmetic parameters 111 the CUL)1ll,111L'uueracuon. und

~l'C()I)(.JI) lo establish whether bio-acuvution of t ompound \ til the corresponding •.ziridine,

occurs onl) in the adrenal or whether other P-l~()'S,I.'5111.'I.·i,\II)those in the liver. ure :11\(lhu!.
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CHAPTER 7

7.1 Ivnlution of IIdÏ!'t' compound .. from ......IlIhl'rC'ulqlijJ1[llIi ..

7.1.1 Preparation of ethunu] cvtract

\cti\ I..' compound ... In ." I/t/,<'I'( uknitornu» were \.:\lrac!l..'d accordrug II) the mctlu J III "" .ut

pq. 1\ schematic rcprcsentauou "l the enure l'iol.IIII)11 proe!:'>" "I .11.:11\l' compounds irorn

.....tub m ulantnnnt» can he <een III lig 2.') Dncd urnund plant material (:;(JIJ !! I \I ,1" plueed

in a st mdard gla~ ... hL'al extractor Iittcd \Ililt .1 double \\.III condenser Ill': cvtrac'ur \\.1'"

conneetee t,1 .1 round bottomed lla ...k containing chlorotorm t f I J \I1 gl.l .sw.rre IIL'IC n,1 cred

with aluminium I,lil tIl <hield the plant m.ueriul and the extract III the Ilas], lrom liuln. A

pn ..bminary extraction wu-; made \I!lh chtorolonn lor 20 hr« I he chloroform cxtruct \las

removed und replaced h;. ethanol (~ I l. \tlel 20 hrs. e\lr.11.'11I1I1 II irh ethanol \I.IS terminated.

the extract removed .1I1d dried under reduced pres-ure 1It1 ,I I I11.11) "':1apl 1l~1111l'al room

temperature. I lt .. rcsultino residue was taken ur III JI:-ItII1I/cd \\ .ucr 1·100 1111). filtered and th ...

p] I measured 1 he uctiv il~ d this Irucuon \I.IS tested wuh spectra! .Issa) ,

t\ fraction containing ,:. mpound-. \ th a molecular \\t.:lgltt lower than ':;I)f) \\.h prepared b~

ultruliltrution of the red: ,"oJ, cd c than.i, extract thvough a "crit:" ,)1' uitr.t1Ïllr.lli"11 membrane ...

(Milliporc) with molecului mass cut Ill.....III 2" unn )IJ (JOO. 10011 und '!lO respectively.

Ultrafiltration \,as carried pul nl 4 (' 111;, stand ird ultrafiltration (~'II 'so l1l1ll \ ..jo II1IllI

pressuriscd \1ith nitrogen I h, ~ vtract. as "dl .I~ the filtrate. were ...hicldcd trom light du: 'Ilg

the entire filtration process, r hl : lek! ol cxtruc' .ittcr filtr.uion -vns '(lO ml. I he ethanol

extract with Cl molecular muss ,Ir le ...s 'h 11.500 \\ilS rrl·I.'/C dried "'':1''1,11 -20 ( .uul u-cd lor

subsequent assa~ s (thi : will hl.' relerred IJ .1'" Ill:": ianol cvtruc: ill future (lSS.I~ SJ ) hl.' .\ leid of

the ethanol extract \\;1\ \l).()(J g 50C) g st,~· "
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7.1.2 lvulatiun 1)1' "'2 \, ith a li(luid ion l"\1'han~c vyxtem and II !'I.C

I he ethanol extract. containing compounds \\ 1111,I rnolcc ular lll,lSS 1)1' k'o~ than "Oil (I ilO ml).

\\ .IS shaken lip in ,\ "cp'lT ,llin~' funnel coni.unmg .1 M,lllllll'l (11)(1 1Il1, or sodium

tctrnphcny lborate (\..,t1lgllL'SlJ dissolv ....d II h('n/~ I alcohol (I ti 11112,"ml I 1\)1 ,)1)(' minute. lilt'

uqu ....\\Us und orgarue phases wc::....allowed t'l -cpamtc .md the iuacuv e ,!I.jIK'Ull'. phas c

discurd cd. I he org.lIlk phase \\,1'> wa-bed three umcs wuh I j( I (~"n 1111. I \1) I h....IJ( I

tracuons (7"11 1111,were pooled and then washed \\ ith ,111 \.'qu,1I \ \)11l111~'III drchloromcthan-

(iSO mil and freeze di ic d. Ihe ...ample \\,h then rc di ...s"h ....d In de-ioruvcd \\ IlI.!I (2 mi).

tilter cd through a OAS p~l membrane lilter (;..lIlIipor e ) and chrom.uographcd on a CR

rev c rs cd phase stainless "'1c ....I column lptll}gl'Stl h (,1)-7C ~_~1,I('h~·I~-\.,lgd.75.1\1 panicle

si/c, (,0 1\ pore size. X mm x 2"0 I11ml I he uuccuon volurne \\,)S I "0 pi and the eluuon

hulfors consisted of' the I'"lhm ing: SIIIh'nI \: (0.1 :'\1 trichlon-accuc acid trichloroacctute

buller, ril :lj. solvent B (methanol contuirune ICo glacial .l ":111.' .rcid). A linc.n grudient was

run 11'll!11100°" :\ III 5It(l,," und 50°" 13 III ~O 111m ,Jl ,I Ihm rare "I 2.(1 ml mill. I he (olUl1111

effluent \\<1:> monitored with ,UI ultra \ lokt detector 'Cl .II 2!iO nm I roll.lill'l" were colleered

and till' ril ot' II'~' collected trnctious werv .I(IIU~I,'UIII ~ \\ lib .!IIlK'IlU'> \.,'llli (0 I 'vIl. "2

eluted at 1X.5 minute ...,lI1J 'lw volurne nl tbls Ir:.1I:11011 was I (, ml. I hl' S2 fracuons III I () runs

(16 ml, were pooled for the nc ....1 step I he liqu dillII exchanger h<lll!;no~l. \\<1' auuin

employed lor the 1"\.'111\)\ ,ti ot sodium trichluroacctate frC'!11S2 s.unplcs. I"l1p\\ Il1g the 0;,11111.'

proccdure ,I'" desertbed pn.\ itlllsl) and then subicctcd Ii' the I ";-\1" for tutthe UlI,d~ ~IS 1he

volume ul' the ::-'2 traction auc ~nl!glll\SI treatment \\.b (l() ml I hi" was trccze .lned and

) idded i 72 g S2 I 5 ml cthanol cxtruci.

7,1.3FS-\l~ anal),j, (Jf~!

I he \.,2 [nu 11011 \\ IS .111,d~"'l..J uvinu I'S-\lS I he ...anplc \\,'S redissolved III J c-ionizcd w.nc:

and diluted 50:50 with acetomuile a.rd assayed il11nll.'dialc!~ I -urnic acid \~I~not added ,1"1

the sample IS alreudy very al.',,'lc' IlK' l"J1l' voltage \\.1"1 set al ~(J \ 1"'5 \' \\as tested hul did

not produce adequate moleenh I ions). th c earner ,>"hl'111 \\.IS 5I1,)(J ucctonitrilc.wuicr

containing 1°" formic ~.' I ,'i\l..'ro:d al <Iflowratc 1'1 10 pimilllik' und the source temperature
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h ,ll!II1Cf1h ol selected ions \\ crc produced h\ ~'l)1I1'''11. Ih induced Irugmcm.iuon. f)lIl1n~ Ihl"

process the P,IICHI WH \\ ,Is illill/I.'d ill the electro prnv '>'!llr..e u"'lI1g Idclllll,l! l;tJlldItIOI''i to that

lks.nhcJ above. except ih,u the Ilo« r.nc til the ...olvcm \\.IS (k\.rl·,l"'l;ll lp "Ullllllllllt' 11'l_"

lip,! ,Ul,t1) /1.'1 ol the iustrumcnr \\ h , c't I Ihe 1'1 - \ ah _.n! til": I':m:n' tt !' \\ Inch \\.1 passed

nuo th ...• hugmcruuuun cell \\Jth the cxt lusron of III othe: IIJ1l' In II ...' 11.I;;m ..'111.III)l1U:~11argon

wa ...introduced ,II n pressure ot ~'" I'· rnb.ir lo clfCl.'llulll"l Ilh hetween tnc parcru 1011.md the

.lrg,1Il molecules I ragmcnt.uions \\olS augmerned b~ lllcre,ISlO;;! 1'1.' 1.""I....ron energy stcpw I'~'

from )0 ltl ':::0 lo .+() cV dunng ttl, pertod In wh ...h the parent Ion \\.1 ... pre-ent in the

li'lgmenlallon cell I hl.' re ...1I1t.1l11proJlI':l 10" \\('re "hen cd b;. 'il', nn ng the "'~'U'lJd allal~ /I.'r

through the desired /1/ z range lhc Jat" produced in this \\...I~ \\015 acquircd in the \I( \ mode,

juring \\ hich process all xcquential SC.lIlS were added to produce one rcprcscntatn e scan .u
the conclusion of the anuly» ..x.

i,2 Spec tral avsay«

7.2.1 Preparation of (~t{)Chrnffil.' P~511 enriched mitochondrial pm\ lier frum \11I:l.'p

adrenal ..

I rceze dried nutochondnal powder was prepared b) till' method (II t 'hcnu .uid llardinE; [:!hj

r he entire preparation \\,1<;done in u l(IIJ mom .It ~ C. Dc 'upsulatcd ,1Jr~'n,lb trom fr~',hl)

sldughtered <heep were hOlllL'g c·I1!/I.·J \\uh a Putter Hvejhcm homeeeni/er in .I "heros e

solution ((1.25 \1. pil 7A) 1Il1ltainlllg f f) I \ (0 I \1 I... nel the rc-ulun] ornogcmuc

cl..'lllrilllg"J...Il IO(J(1g jill' '::0 nnn. I hl' ,t1I'~'m.lt,ml \\.1'; Jcc:mtcd and c ...nln!"u!!ed .u 12 ()t)O g

Ior 20 nun lo) icld the miiocondrial p...-llt:r '1c pellet \\.!s :>lIh,eqllel1ll~ \\.l~ltcd three unies

b~ resuspension and c\.'ntriftrgdtillll at 12 lIOOg lor 15 min once ill ,I sucrosc-] Il 1,\-sllluIIOIl

containing 1
0
0 BSt\. und tw iet: in the sucrose-l- DI t\·"olutil'll l hc resulting pellel \\ .10; frc I../c

dried and the powder used as u 'our .......«t c: tochrome 1'~50 In -ubscquem ,[!'-',I) S I hc

mitochondrial powder \\as ....table lor nl\llllh., \\ hen "cpt .11-20 ( .

7.2.2 Determinanon of c_\tochrome ""='11 content

Tlw 1.:: tochrome P451l content nj the muochondrial powder \\01'> dctcnumcd b: the carbon

rnunoxid« (CO) method otOmura ct al. [271, ....hccp .idrcnal mill.lLhondJi.tI powder (I mg ml)

wa-, dissolved in sodium pf;,lsphall' bulkt (0.1 :-'1, I'll 7~. ~"PI,ill:llg 11)°" (m \) ethylene
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"I!) Il

gl~ (.'011 b~ !'OI1I-:Jlln'; the 'i,11U11011 .~I\ tunes for ,'Tll I' mure dl 4 ( . with nnc-unnutc '_"lOllng

mien ab. I he sonicate \\,IS saturated wuh (. () and J il -clmc readme lId' raken between ':;00

,Il''': ~6() urn .\ k\\ granules Ijl sodium .ntluonrtc \\L'rI': J.!,kd to th .. sample and the lhlkrL'ncL'

spectrum wus monitored between 4i)(} and -1"0 IIIll 1111.')'-150 conecrumuon \\,15 then

calculated. using .1 nullimol,u cxtmction l_,ll'lTICll'l1I ol 91 lor the ..bsorpiion difference

between 450 .md -1911 nm. I he final P-+50 content lo., expres-ed <I" ~t\1 1'-150 mg protem

(protein content determined b~ Bradford)

Example ofcytochrome P45(J concentration d.:I..nninution.

nm () 0712

0.071241 X I m\f "'IC4,,11l! 111"1

(I 7X2 ~1\1

o OOll7Xl1Ull0J P-I50 III I ml

()(II) ml used /Il \1'< ural av 'Lit ~

O,OOOïlC X ')00 IOUD

7,(nx x JIJ !,1ll01

Filiale volume lIIl/.\HIl 1\ • I Il

ï .Inx" I0 I junol m I ml

0.7(1'X p~II'-I'i()

7.2.3 The Bradford metlmdfar lite determination of protei" concentration

In accordance \\ nh the Hradford methou. l oornussie Brilliant Bluv (·-250 (100 mg I \\ b

dissolved 11195"" ethanol (50 ml) [51)1. I u thts solution \\.t' added 1\5°" (\, \ 1pho-phori« Ut:IJ

(IOO ml l. Fhe solution \\.1:-. diluted III :.I final \ olume {II 1 I \\ ith distilled \\.II.:r J he colour

reagent \\<J~ filtered und stored in .1 Jurk. airtiglu conuuner. For thc protem ;J'''',I~ .1 standard

sertes (0 mg/rnl to I () mg ml) was made up trom a bovine -erurn ulhumin d1SAl "lock

solution (I mg HS,\ ml sodium phosphate bulter (0 I :\1, ('II ~A. corn .. rnir.g 10"" (Ill \)
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Ctll~ lene I~c ,I)I {. III uir reagem (2" 1'1 I \\ I" d I.:I I "I li B" \, II 1'1111eh ndnal pellet

uil Il (2 III I wet, prpcucd nl I

nucrontre plate 'i and the ab rpu n \\ • re I I lt 621 11111 'r II 1..41 t 1'1111 \ tand nl

curve was icnerutcd Inwi the ah rpnon rcadn 'i ot

eoncentranous calculated trom the tand rd curve

• I li irds • I li the I "I '\\ Il pr )t~ III

; •.:!A Speerral a"a~ ~ \\ ith sheep adrenal cytochmmc P4Slld I

lnhrbiuon (lf the DOl -mduccd difference p ctra , Id nducuon ( I dnfcrcn C peetra tl\ I~

compound, were performed h~ u mg III." Il ethod ol Swart ti II Pil \11 spectra were

recorded (In .I BI."c"m.1O Dl 6"0 spcctroph 'tl meter cuu ppcd \\ uh ,1'\.-1:1.'11 "lt chment

7 ..:!A.1 Inhihitiun nf the 1l0C-illllul'ed dilterenee spectra

1 rceze dncd muochondnal powder (I Ill' ml) \\.1 unc I.:J I 4 ( m pre-cooled phosphate

buffer (0 I M, pil 7 4. ethylene ghcnl nu Il' v ) \Ikr ..,OIIL .. uon the preparanon \\..L'

brought to room temperature b~ II ubauon al 2" ( h'r:; mm i qtu \ ilumc .. (QUO,..1) ui the

sonicate were pipelted II1to seven cuvette DOL I' ~l\l). UI 'III\l:d 10 cth •mol (2 ~dl \\.1

odded In the IX sample I:U\ cUI.: and an equal \ 0 urne ol 1:11'nil I (.": pIl to the reference

cuv cue nIC \ olume wa:...made lip to 100) ~ll \\ nh PB" I hl: reicrcnee CU\ I."UI:\\.1" used .IS

blank 1he contents of ,III samples cuv cues were nuxe I I. r I mirt and .I peerrum recorded

between 500 and ,bO nm lor I hour at :; nurture II1t\.'r\,il

1 I) te-a the intlucnee of the test compounds 1I1l the DOC -mduved difference spectra, DOl (,

p\l). dissolved 111 ethanol (2 pil, \\<15 added to the IX ample cuvcucs and an equal volurne

ol ethanol (2 uh to the reference cuvette \1I1.:U\dl': contained ')(10 ul cnzym; preparanon

II mg/ml). lhc tcst samples Compound A (2nO ~1\11.the eth mol extract (~pll. or S2 {III pIl.

were prepared III PB~. native or healed sheep serum. and imrncdi ..t.:l~ added In I able 7 1 the

amounts or all component \\ hich were added ure summarized Compound \ (0 0:!2 g) \\,"

dissolved ill 1000 pI PB ....or sheep scrum (nauve or heated) and sonicated Ol this oluuon

200 Jd \\ a, diluted 5:-. \\ uh PBS ur sheep serum iIll', solution \\.1" further dl luted Sh h)

takrug I.": pi of Compound \ prepared 111 PBs or hecp serurn and addmg Il tt) ~b pI PBS, 1

~II ethanol and 90n ~" ol the cnzv me 111the J, sa~ 1he el11.1:10Iextract (U 10 '.0; gl was

dissolved In 1000 lil PB" or sheep crurn and sonreared Of 11m elution 2 pI was diluted
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1!.lI3,lll,~JU,l.lall!P poanpu] JlCJl"q"", ,'tTL

\1.'.",,>,"1" 'lJI~J I'."'ppe ,"IJ,"I,\ ll=\!ll\\ "IU.1U\)UlUll:lllc 10 SIUlHllUC ;llp Z'L JI'lcJ,

II) P1J;l.\I1;l :'Ildllll!~ ,"'lP 01 p.",ppl~ Pill' turuos d ....)I1..;p""1\1l! J\I ,"I\!1l"~1 ''';Hd UI porcdard :'11:'1\\ (pi

ot) ~>;pur- 11'1 ;:'1 1:11!11\;l IOlll:I[l,"l .llp '(I\li OU;::I V punndtun.l ·S;lIUlllP.S 1';;'11 ,'lil \q p;'ll"1U,"IJ

"e.\\ IF'!l!\\ 1I0!lnl"';; )()(1 .'lll ,hll ld,"l:l\;' '[!JI:'l:1lh "';'IlI;'IJ;"_U!P p,"l;mplll- )(J(J ...ll! <;1:)J;lUlIUlLJ

;'Illll:S '"'lil lil poumqo ."'1:'.\\ IIJO~hl ;'IllW1lI:'Illl \.) io pl(:1:'1ds .),1u.)J;'III!P p:nnpu! ...1P-JIS'l1l....

I I'UIIUtlWO;)

pi Ol - pi Z 0 pi l: I , - - 1",1.1•

<;'ill

- (li (I I - pi ;:: 0 (d ;::1 pi ;::I pi i: ( ''is',Od

pi i:' - p1 ;:: - pi ;:- - 111 ;: - ':>00

0 pi ;:: - pi L - pi ;:: 0 pi Z Hon

pi XX pi XX [1i% pi ~)(, (d 9)j pi9H (li 9>1 pi 9X "fM

pi {Ï()(l pi 1)0(1 pi (HJ(1 (li ()Il(, piO(l() pi OOb (li ()(,() pi()()(J JW\LU:i

;\111!1J1l .... j,IM ·)IUlm,.., j·)}1 ·'IUWI ..... P~I :lIUIU"" P~I

:(1 :(1 :.) :,) :0 :9 :\ :\
!

(...,~(( ~!-. <.;\:Id
UI ,d ':.s ~) )()(J i(l) lJPJIX;'I(llUr:qP:':l1 .JOC] U) v PlfllllUIIIO.) ~ ,)0(1 {fil ,)()<J (V) \1~S"P.

1':1).1,"'0'" ,"I;JlI:'II:1U![l P,"'JI1PU!-.)(Xl 10 UIl!lIy!l(UI III 'llI,~II111.hllll:'l ((P. ,Ill 9U1I1!lIi\ ,'L Jlqcl.

','lUl!l 1"1I !d!'!

P:'lIl1!d pili: '1I1l!JrJ11I;);'Iun,1 (I~h( :'IlIlIlIlIJ('1 \"' ."l!P \lj p,'lj11\,'ll' ~l~\\ ïl~,\.I;'11Ul;'IIIlU;llI ~ \1....\."'

tn 'lUll liet' pnr (ll't lI:l;l\\I.'q ,1.lll:l.l.'IIIP Ih11o.;'-IJO"'.p1."llil ·,.,!,,!tut:s 1';;.'1 :ll(l lll! \\ S:'I!pnlS ;'lW!1

;'Iq) .h) ( 1Il1111 ! '01 '>WwJIIII ;'l11l111U1 ~ li' Wil (J\)~: Pili! ()(I~' lI;'l,"'\\I;'Iq r;'lUII'llj<l P.JI"l;'lUS pun P,'X!llI

,)1.1\\ ":'lIdUIl'" 11\ .1111\111.1,1111 JO pi Ol}!> pun !1)lIrLP,' (l1 ;:: 'SUd pi <Jl' lil )! ~II!PP" \q '00 I

1'.'111(11' <;1:\\ pi Ol uoun]« "Ilp IC) p.lll"IU<)~ pur turuas d.':'I11~ JO ";HeI pi O~ I UI r;'l\(IlSSlP

<;1:.\\ (il ~(I() (Jl :-.; .'m'nl.., ,'1(1 10 (Ii OO<! pUl' (Olll'IIP (Il l ':-'Hd pi % ti) nt;!ppl' ,\q '\()()~

'II,
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fable 7.2 \ olumcs III •.ill C:111111'01l~'IlI~ 111 suhxtratc II1dU(l!d difference sncctra: .Iss..J~ ,\ I

Compound \ (B) ethanol extract (Cl s: (* III PB-; ~S II:-'Sl

\: A: Il: IJ: ( . < :
Hef Sampi, Ref ....ample nd ....amplv

EI1}'~mc \)(l0 fLi \)O() pi 1)(I(l ~tl l)!)!) LI 1 IJO() fLi ooo pi

1'8~ !I(l ft! XII p! llf, pi IJ(, lil 'X pi ,~ ft!

EIOH :2 pi 2 ft! ~ ft! .2pi 2 pi .2pi

PB ........., II ....~ 12 ~tI - .2 ft! - .+0 pi -
• 1,,\, - !2 pi - .2 ui - .+(1 pi

compound

7.3 Determination of till! percentage free steroid ill utulilutei! \/t!'cJ' serum by

ultrafiltration-dialysis or ;5011;(/("";5

J he percentage tree sterord 111 undiluted sheep scrum \\,l~ determined .t~cl'rdinb til the

ultrafiltration-dialysis method of 11.1I11ll1ll11d cl al H II, Sheep serurn cont.uu- 11'~c, .tlhUIl1I11

bound and CBG hound steroid. Heated sheep set .I on the other hand. contains Illl!; lrce und

albumin bound steroid because heating at ()flcl I<lf I hour dC~IW:'" ( Btl and ....!IB(j hut 110t

albumin ['+31. Radioactive compounds. [1..2JJ.7- II] LOn:,,)! (,II t I nunol l. 11.2.b.7- II]

progesterone (60 Ci 111111(1) and IIICj glucose (5, ('I 1111l1(1) were obt.nncd Irom \1lll'rsh.lI11

Life Science. l'hc solvent ofthe l l-stcroid-, were evupor.ucd und the stcrord .. reconsuuucd III

I ml ethanol to give 2'0 pCi 1111 ethanol and frozen. \\ orkuu; ...elution ... \\I.'I~· 1ll.IJI! up ill

ethanol irnmcdiutely before use. Ih ...• Illl'! glucose (~lJ() ill'IIlII). ,\.1'> ...iorcd truzen a,

supplied. und working solutions were made up in dl tilled w.uc: muncdr.ucly belore lise

Native and heated serurn samples were prepared .md ..iorcd .H .+ ( unul further lise. I lcatcd

"beep serum \\~h pr .. pared h) heating tor 11Il...• hour ut (JO l .lIld then ~cnlnlugll1g 1\)1 1.5

minute al 3P(JO g. Dialysis membranes \\lOIC also prepared h! \\a"hlllg with <h"lllkd w.ucr

und stored overnrght al -lC'e vliquot« of 3:-.lIJ' dimlof' l I-stcroid icorusol p""gl.' ...ICIl'IICI III

ethanol t l O uil were added hl disposiblc gbss tubes jl ...mdrcutcd 111 l.thlc 7 , .md cvnpor.n cd

overnight ill a fum e cabinet
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'IX

(ln the 111.;'\[ da) 12\ I () dplll I I( 'I glll~'hl.' .;; ui disulled w.ucr \\01' .IJJ!.!d tll Ill,.' IIHJIl.'.lIo.:d

gl,h~ woe" f see I ahk 7 ~) I he lót ~;I111pk,Ih'I __.' made up as ~h(l\\ n III l ahle 7 -t, 111hnth

,lal1\ 0.: and heated serurn I he stud ,(lll1thlll~cousi ...kd ot fl.021l, Il IOll5 .wd f).59 g per lOOf)

1'1 tor Compound A. cth.inul extract and ~2. rl.;'spO:l.'li\L'I: Serurn sample-, (-lS\) ~d I were

pipetred into the specified tubes ( I ..hk 7 ~ J, brk·tl) nuxed on u \ nrk, mixer und rncub.ucd

under an atmosphere 1)1'9'i"u () : 5"" C<) ,t netill ()() rninutcs. I he pIl nl the scrum

sarnple-, after addition ot (llInr)lIlIlH.I \ or tho: ..:[h,II1111 extract 11.1'" (),5o .md ultcr ud.litinn III S2
1\ as (l

Table 7,3 Prepannion Ilf' ...t~U1JaIJsand sampk~ t.lr ullr.ltiltroltH1n-dl.d):;is .I...~,,~. ~S n.ui, L'
serurn. II~ heated scrum und IH~(J background.

GL\SS Tl BES JII-\tcroid II( -gluco-,c '\11\ E IIE\TF.I>

SFlU \1 SF'Rl':\-I

1. BKG - - "+50,d -
2. JII-STA~f)ARD I(} pi - -t50 "I -
3. 14( -ST \~DARJ) - " pi -tSOpi -t50 pi

.1. ~S It) pi :; pi 4"1) pi -
5. II~ 10)11 ~ "I - 450ft!-
(,. TEST CO\1J'Ol "iDS C'S) I () "I ~)" 4 ~O pi -
7. TEST CO\IPOl NUS (liS) III fd :; Id . -t"0 pi

['ltratiltraliol1 \ ruls comprised ot a gILl~~ tube uruernal diameter I IJ IIIIII I. «nc end 1\ l'l \\ 11I0:h

a single piece of wet Jial.'sis membrane was evenly stretched LmJ 11o..'IdIII place h: ,I small

elastic hand, \\as used. (ho: glass tubes \\ ith tik' JILli.' ...is mcmhrunc attached unncr Iuhex)

were blotted dr) betore being inserted into gl,ls~ SCII111Il.;ttoll \ lab (() 1111I. \\ hich 1.'l111I:II11l.'d

three filter paper disc ...(diameter: 11111111: \\ h,ltI11<111:-\1' I) lhc posuu m nJ the inner tube

inside the scintillation \ i.11 \\.h such that the luucr could he cluxcd \\ ith a pl,htie cap, III I.jg.

7.1 LI schcmauc representation nlthe ultrafiltration \ ial cun be seen
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Ill)

l'able 7--' Preparanon. III nauvc ur Ik'.l!L'J scrum, oïthc test _'nlllplHmd~ ( \ I Compound \.
(B) ethanol C\II,II,;I und (') ":2 lor ultratilrr.uu-n-dialysi; ,I"~")

I

It\1 \.iTO( K ..,1 RI ~1 ..,I()( ~ "'[IH ~1 ,t~/45(1 pi "'IO(~ "'UH i\1

(,II) (,.I) (!d) (~,I) (,til (pi)

j(),670 100 ~5{) '0 ·lOO () nn I 2 I ..Q79

~U35 50 ..wo 1011 ,'ilj o I)(l~ 15 -I.H, 'i

-1.161{ 25 -lJ, l'iO ~(II) n ()o-l 7 +-+3

1.667 lO -140 211 211) 0012 ':1 .121)

lB4 5 -145 (J.OI7 2X 422

tii 2 'i 4·-17 " (I Ol .50 400

~ 0.5 449.5 (J {).:;q 100 35 '

( \)

Duplicate uliquors (200 plIoI' the serum incub.uion-, were 111<..'11 pipcucd Oil I" 1l1L' di,iI) .,IS

membrane ut the OOIl()Jll of the inner tuhc .. ( I ill 7 I) [lw (, 1111scmtill.rnon \ 1<11 ... , vont.tining

the inner tubes, \\CfC then carped and pUL hael .. lil the incub.uor overuiuht

I

J :ierum 1200 til)

In"~rtube

Figure 7,1 Diagram of un ultrufiluuuon vial \llljllllh 1200 1Il1) III -cnun tIll'uh,lllllll" ure
ripened into the mner tubes. I he \ ial ... ,11\: cupped und kqll ov cnupht .n ')7 (' I Ill' tree
·II-:-.Iemid and ' ( -glucose p,I ......through the dl,t1) SIS membrane logethcr \\ uh the ulunfiltr.uc.
\\II1I.:h i~ absorbed [,) three tiller pJp.:r dl"l'~ beneath Ihe did" "I'; mcmbrun« 11i~' hound
[1-...II~nlIJ IS reunned h) till' dlli:~IS membrane.
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IIJO

I.Irl: the next III II III IIlg, the inner tuhc-, were 1.:.lr.:lllll: ICII1I)\l'd 111I1l!till' scinull.uion \ i,t1"

I hl' \ lal, cont.un the Iree l l-sterord and I( ··glm:oso: \\ hich p.lS~":'" through the dr.rl ..~Is

mcmbr..nc Illgelhl:l \\ ith the ultl.lliltr,t!,' and is ahsorbcd h) the filter par..: I di-.c und arc

relerred In as the hottem vials. I rom the inner tubes. ,0 III ot the serurn rcmauung msrdc \\,t~

prpcucd on III ,I liltlr paper JI~l.:withm ,11101h..:1(11111 sciutillunon \ I,ll. relerred hl .h the "'P

\ iab IlK',\..' Inr \ lal ... c.muuu the bound l l-stcnud which I~ rl'I.III1\.'" h: the di.": <is

rnemhrune ()t"tillcd w.ucr (;':;() pil \\.15 then dispensed IIlIII.dl scuuillauon vial ....which were

mixed OJl a Vortex nuxcr (5 si '1..:in:ill,lIioll Iiquid (" ruh \\,IS added to the \i.lh. which were

capped. mixed on .1 Vortl.!\ 1111\er, and counted \11\ .1 Ikd..Il1.1I1 I .... 'OOI) Id liquid scintillation

spectrophotometer udjustcd IiII' Iho.: simult.mcous measurement ol h,,111 I [ und "c. I he

.lll10U111 of II I and IJC III each dunnel 1..111 bl' determined 1,'Cordlll!; lo the I1lclhllJ III

Fricfeldcr. a example ut which i, shown III I .iblc 7 .:;1-i71 I Ill' dhtllhullOll pi counts from the

'II and 11(' standard s.unplcs 111channel I .md channel 2 indicate ... the distnhuuon pi II and

Table 7,5 Cnlculation ol I ( lit ruuo 111.1 dtllll--k labelled ....unplc, vounted in 1\\\. dt.\l1l1d~ nt
.1 scmtilluuon counter. Rudioactivir, recorded Inl(l111 [Rcchuwn Iium 571.

r SA\lJlLE : C11 \.'\;",1-'1. 1

~':XPEIU:\IENT \L +- I :)X '"

JIl-STA"IIHIW ''\,52-1 (JS

112

I I() -I

'~C-ST\NDARD L
I( ulcularions Iu/' '<i/lll,h"

1126

I, lf( in channel .2 ().(119 \ J':;X 55 ~()I

2. 'Ie in channel 2 12K5·101 125.11)

IJ, "(' in channel I

1

-+..::.', 'I I in ebennel I

, I otul I I 128,1 .:;

() 2(1 \. 12!i.5

I 'iX.\5· j,A I !25.1-1

(J. I oral "('

LIl'(_' (Uil
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,,) I

I( radiuactiv il~ in the l:\p~'ritl1l:ntdl <ample .1"'''llllllng that there IS no qucnchin]; lit the

sample \\ ith respect to the standard.

'l l-stcroid tn IC_ glll~ll'i: ill the uhrnfiltuuc \\ ith the corrc-pondin]; r,llill III the scrum

retained b) the dial) Sl~ membrane Ilk' Iollo» ing IS an ~·\.rll1rkIII such a calculnion:

jllll~(ultra fill rat c 'lillie vcrurn i~~. I'ree

NATI\'F ~ERl \1 Il 9X 7.'2 1-; ')5

JlF,\TEO SERl " 3.1 'i 7.7<> ..to 35

II '(' uluufiltratc x I(lil
II 1'( '1!IUtl1

Heated locrum (II): 1011'10; 'X. Free + 'Yo. \Ih hound

n'óAlb bound steroid in heated scrum: 100""·",, 1 (II)
I no . -10.35
59 (l'i0 u

"" \Ih (Ill
0" I ree (II I

00 \Ih"l
<) I I,',' (1\, )

c \lh 1'''1
O} I ree (Ill

'i'l()'i i.rs x 1,5':;
'211 ()1Uu

'\atÏ\e verurn ('il: 1(1()'\I" = uit, Free + ti;" \Ih hound + ( B(; hound
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;'IlL;\/11:1punVrllllndlllll.)I",1.tn1'!11I,'l!LLU11]:I,d,1.~q..;,JP"iHdlil!\\,~p.1Inl!pse,\\(11

DO;:'Ull!lllll'""!LP.l<IT,)lP,)IlIlI~pIli'11111.1;'1'; d,1,)q~10"Hdjd(J():)!li!P:'l\IO"sll1SI),\\~i1L90'O)V

PU11ildIUP.)'lllIlJ;'I~d".1qS;'IvnnuIIIpun(jP;)'1'1:111:11\IIP(\.un"(JOl:111!U!t~llIn.)'t'Llidï\:I'Ol

"fldlilp.'"IJI'l.i."IldSI1.\\ï\llI;::01~IDlI\l!II'JIU.'"I,'lhl"Il]I''VPUIlIlUlllU,)'jll.'"llllu,xlx;'lNU:llIllil.)

',1UIPIl!/I::1l1!PltnJS;'UJO,1;'IlIIOlVpUllllJwO.1JU

lI11Il;'/q,'l\;'1,1lpUlI.uu\/1..,II;'IO~rcl;'11JlJ(I1:1;'11_1.1,"lIP1";'11Olpauuojrod;'IJ;'I\\SIlI;:lu'!J;')dx;')0\\I.

UII!Jt:I!I,l(,lUilalll,\/U.lIPO~t(I,,1I,1;)U.lnuU!»uf''''i.

(,'Lpunt'L'L'\)'~'t'9'(:IIII

II'OS('!PW!L)~LtPlII'(Z'rIT'p;'lhllllllHII,1'\\IIp!WZ!I,'\,)',\Fhl!l'lllJ,l\!l'ld,11PIsn!rnolSJ~l.Illq

"";'IlJ)II!1l1;1IlI,h).\\1I")~\jl)l))SI'\\lLITl.I;,!";lb;'lIJs,'lilpui:6'LOll)'(,JIdLlhU.I:1l1li1l1PJS,1I1Jl~\lll!,\\

IJ'\~()'(llsJ,"I_unq;'I11:qdS\lqJ-,1!1'.IJ1,'III"iillr.JnIIIdn,1111;111SI!,\\VpUllodlUO,))o-:,L1111tb:-jsn.\\

.'"I.lI1)1!.I;"dlll,)l;-l:Ut10S.11PPUI)',.\oZlPl,'1Ssr.\\;'l;!t)IIII\,"lUlU,"IllI'S!S\IPLlnSJ\-~1apotu;'I,\ll!S,lJ

';lj\I!lll(lf1ll,I'In.\.I;'I1UIlIltIl~II!p;'l.ltll!U\ltli~I!,\\loi:LINë'ZzIII)rlll!lI!I!LII,~1VplInllJlllll,)

Ou.'"IllI'pl:1e;'I11UJI~!()~Iï'iU!l';t'!lhl';'I1!Jl!lI(1);'lJI!:J;'Ilr\\()~:O~'W\\U!llIpiIIIJn"1I!J\\(lUPrn
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murnck ...:d the nuxturc used in the spcctrophotomctuc .h~,I)'" II uh 'IX pi COIllPI\lIIH.I \ IÏn

PB..., or sheep serum) und 2 pI ethanol added III <)W) ft! 'I! 1.!11/~Ill": preparanon (Illig ml)

I reeve dncd nutochondrial powder contairung the cy tochrnmc 1'450cII 1.'11/)I1I1.·S Ild~

prepared h~ the method (lt" Cheng ,lIid lI"rding .IS described III X.2 1 12(1]. ('<lI11I'''lIl1d \ II .IS

incubated with or without the cnzy me for 11111.'hour ,1Il,1 ....nnples \\..:rl.· 1:11"'11 ":11.'1) II) III Iuu I.'

Ior L '-I- \1:-. ,111Lll~sis. Betore illj":':lm~ III the tS- \ IS. the Compound \ ,II1J .:) hl~hrome

1'450l:! I en/~I11": mixture wns diluted lO unies with .1 "1),50 water-ncctonunlc nuxturc

conmining 100 formic acid. and ..ssaycd 11I1I111.·,li,t1t:1~ I he injection II"U11I": I\.IS Il)l) fil und

the mobile phase at a tln\\ rate of I () plnl111 \\" .... 1 50. -\() ""tl'r'dCI.'!tlllltrrk nuxturc

conwining 1°0 forruie acid I he rate nr .l/lriJinl: (111= (112) IIIrill IIrun .uid t ,)1llj101l11d \

remaining (fil z 22X 230) \\as morurered .u 1'1 mill intcrval« 101 (lO IIl111h~ posruvc 1111'.1..:

I:S·;" IS anal~ SIS. 1he cone \ olt ..g..: \\"" "":1 .rl 20 V, .Il1J thl.' source rempvruturc \\.I~ kept .tt

75°C_

For the second experiment condinons II ere kept the "a III I.' as lor the pr.:', iou-, experiment.

with the cxcepuon olthe cnnccntrauun ol Compound A \1!1Id1 \\d~ dCU ....iscd til 2.457 mvl.

111..:first part lIt the second expertment 111\ ~'sllgJl..:d the effect ut the presence Ill' the ell/) Ill":

1)1' IlK' 1:) chzauon "t Compound .\ in !'Hs, wuh till.' 1111"'1 eoncentranon III Compound \.

Compound \" ,IS either added III th ....':Il/~ 111~ und then .1...~,I:.:d(1\ er a pertod nt urne. Ol

Compound A \\.IS prepared und ')111) .hfd~'d to the ~'!1I~me tli't belore 1 S- \ I~ allal) ~I~

During th..: ...ccond 1'.111 III the exporunent. IIlcrc.ISIIIl;! conccutruuons lit nl Il (ll.-\l)() p\1

prepared ill 2 ~t1ethanol: \\.I~ added 1(1Ihe t tllllJllllllhl \ .. lid ~'II/:rn..: 1111' iurc .uul the effect

oil the e)I:II/,;lIIOI1 OI'('IIIIIP(lLllld \ monuored I he tiual part II( the C\J)I.·fl 'WIlt c',.II!1iIWd the

dket ot' the ent) nIL' conccntnuion (Ill ihe (,,-II/,IIHlI1 of Compound \ 1)1.' ....1111': conduions

d!'l above \\as used cxccp: IIIr the cnzyrnc conccntruuon which \\uS v.mcd tmI11U--lmg inl
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