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FREFÀCE

Although the pråsrna ktnlns (e.9. bradykinfn) occur wfdely

fn body fluidgr thofr funetlon and sigrnlfl.cance as phyøtologtcal

on pathologrical mcdistors renaln to bc e¡tabi-fshtd. lhe phanna-

cologrfcal actlon¡ and poteney of theaa ondogenouery occurrlng

poLypepttdes , pætlculanly thetr va¡odllaton actfons ärc ¡uch

aE to lndlcats a poeelblE noLe for the¡n tn both phyafologLcal

and pathologfcal p:îocGases.

Íhla theels deEcribes lnveettgatlons dealgrned to throw

furthc¡r Ltght on the nore of bradyktntn 1n man þ study of lt¡
occurrGnce and ¡rctaboLien fn blood and 1t¡ pêrticipatlon fn a

nunber of vaaodfLator phenørcna.
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GENERAIJ ST¡M!,TARY

PART ]. prê$entg a hfstonlcal Bunv€y of the advancee f.n

the eLucidatlon of the plasma kintn syctenn fncludfng the feolatlon
and synthesls of the i"mpætant menbcrs of thís sroup of polypep-

tldes. A neview 1s p¡r€Eented of the accunulating evldence for the
possible partictpatLon of these eubetanccs Ln no¡nal and dLseaee

p¡locê88e9.

PAFT 2. describes a method for thê €stÍnatfon of peripheral

brood bradykfnfn levcLs, ualng a mcthod of extractÍon and bfo-

logrical a88ay. t^¡fth thfs tt fs posslble to neasune levels {n the

blood of all nornal aubjects so far exanlned. The avêrag€ brady-

klntn leveL fn brachfal a¡terfal bLood is found to be 0,25 ng/mi.

( t o .23 ng/ml). lhese leveLs are lower than othe:rs r,eported but

the avenage rêcove:ry of lnter'¡rar standand of g7% suggests that
these figunes ane not row due to loeseg fn the procedur€.

rn P4RT 3 atteûnpts are nade to r€late blood bradyklnin

levEls to pertpheral cinculatory changes. DJ.rect hêatfng of the
hand causes the expected lncreaee fn blood flow and nesults in an

Lncrease tn bnadyktntn leveLs in the venous blood drafn{ng thðt
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pa¡rt by up to 53Í. In reactlve hyperae¡nla and coLd vasodllatatÍon

a fall in th€ venous bradykf-nfn revel LE observed. rt ls shov¡n

that there 1s an anterfo-venous dffference ln bradyklnin levele

across an ertrcunlty sueh as the handrwlth arterfaL Levels usuall.y

higher than thc venoue. ltre occasional obsetrvatlon of hfgher venoug

levels and the reaulta of venous brr.adyktnfn agsays durlng intra
brachial artelry bradykfnín lnfueionc, suggeats that periphanal

sites are abre to pnoduce bradyklnLn. rt {r also noted fn this
section that a genËrallsed syrnpathètic dfscharge causes a lowenÍng

of endogenous art€rlal bradykinin IeveIo, whe:reas sympathetle block-
ade pnoduces an fnc¡rease. The fa].ling blood bradykinin leve1s ob-

eerved fn cold vasodl.latatl.on and reactive hypenacuria could be

related to th€ pafuful natune otffxperÍinents ðr¡d th€ nesultant syîn-

pathetíc nervous eystem overactivity.

ïn PART 4 ft 1s ehown thtt lnfuslons of adnenallne

result ln farls of brood bnadyktnln Levels and this seemg to be

achleved by an acceleratlon of the destruction of the pêpttde by

kfnLnase. Sfnce the adnenerEle blocklng agent phenoxybenzanine can

bloek thts enzy¡¡e actlvatlon, the posslblllty ts dlscussed that
cateehoranlnee act on a eirculatlng n recepton n which ean be

bl-ocked by small concentratfons ( I0-7 M) of a apecific adrenergic

bJ.ocking agent. Conelusl.ons ane dnaurn that catecholamfnee ene

powe¡rfu1 noduLators of klninase actlvity and nay be neeponslble for
settingrthe half-l1fe of bradyktnln fn blood ( and fn interstftfal
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flutd) withfn the large rîange encountered 1n no¡mal blood vlz.
3 sec )t¡ (40 sec n änd thus regrulatlng the actÍvity of barady-

kfnin in regf.ons whsr.e it fs pooeibly åctLng ås a phyaioJ.ogieaL

( or pathologrlcaL ) agent.

In qÃRT 5. the flueh{ng and other eardLovascular changes fn

the canctnoid syndrone, nhich have been reLated to the appeðlance

of Large arnounts of bradyk{nfn ln thc hepatic vefn blood b5r other

workere r ¿uts herc related mor'ê dfirectly with bnadykinin changee ln

the peripheraL circulatl,on. The cancf.nold bLood bradykfnln levelr åre

evaluated ln terÍns of Levels found 1n no¡nal people and E comparfson

fs dnaÍ¡n betwaen the effects of fntnavenouE adnenalfne lnfueione 1n

nor.nal and earctnoid sSrndnone subJeets.

A snall group of patfents wtth cl¡n hoeLs and anothe¡r of meno-

pauaal wsnen, Euffetfng fron Beverë flushtng attacks , have becn

etudied to detcr¡nlne whether bradykfnln wae involved fn their ab-

nor¡nar vascuLan ¡nanlfeetatfons, tlelng thi.e pnesent method r rro

dfnect evldenca of thts could be obtained, but Lntenectlng facets

of theee conditiong , and the expertmental findÍngs ane dlscuesed

that suggest thðt a monê refind or dtffenently directed approach

rnay yet frnpl{cate the pJ.asma kfnlns.
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Part 1 TN1RODUCTTON

a. THE PLACE OF ACTWE POIYPEPTTÐES IN BIOTOGY

b. THE PT,ASMA KTNTNS

c. PI,ASMA KININS IN PIÏYSIOLOGY AI{D PATHOTOGY

d. THE SCCPE FOR STUÐY
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6. PIJICE OF ACTIVE MTTTAPTIDES IN BTOTOGY

Hany pclypeptidc¡ with a tqtdc tpGctruno cf biolcgical actlvity
occu¡ fn naturc. $src have t€1t dcfintd rcleu in tht ân{$ðr bcdy

as endccrine hcrvncneg e.g. A.e,T.H. r Þt.S.H. ¡ A.Ð,ll. roxytccin and

tlie iess h¡cli undcrstoord fat-ncbilisÍng pclypsptidc (Fractåcn H)

alsc frcrn the pltultary gland.

ilntther group cf polyl:êå)ttdes has a râcr€ t-.:cal a:rea cf actlv-

ity -- thc gð¡trcintr¡ti¡al hcrrnonte¡ vir. gastrinreccrltinrpanc-

recryrnin and chol.clyatoklnlnrwhtch rogulatc tht nooÈlllty snd ris-
retery actlvity cf the glands and crgana cf tire upper gastrcfntcs-

t-inal trsct.
å grcup of pslypcptider prrduced by sofl þacts¡rla hav¡ rnti-

bittic ¡:rcpertf.ee and the pclynrixinsocollstinrthe bacJ.tracins and

tpncthricin hevr a valuable plact ln enti¡eicrsbåst thcrapy.

F:Lnatlyra hct*ogrnÐus group of pcLypcptides cf dtvcrrr arlginr,
having i¡ cornmon a snaLl mciecuì.an weight and eharing â ccrmrcn prr-
pcrty sf raarkrd sction on ãmooth nu¡cl¡ c¡ttarinclud* nåny ¡ubc-

tancea of lc¡l rrL3" undtrst*cd slgmlftcrner,gt?Lleturr ard phyrfol-

ogical rclc. An lmpcrtant p*lypepttdc 1n thia flnal Srrcup 1s angi-

Ëtslsir¿rtn aettp.ptlds shiclr fa l1þcrrtrd frcra en atpha2 glcÞu.l.i.n

in tha plarne by thr tctlon of nnXn. thf lntsl¡o vËËseonftrlctcr
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end prearo¡p prcpc¡rtitc cf angloturrtn hrvr playrd a kry rorc ln
{.ts hfrtorlcel rrrsctrtian clth hyprrrtrnrfw dt¡raæ¡rrd thr qm-

thôttc octrp.ptidr h¡r brcrr lntroducsd ar å thorüpcr¡t{e rgant.

ångicüÊru1n rlro hr¡ a stfnr¡ltting rffect sr¡ ¡æa a¡cbrrvmcul¡r

tffih surcl.tfrfd lt hrr ¡ pææful, ttln¡¡trttryr tffrct æ thr
sccrctlon of aldortetonr -- Lt¡ propGlty cn rxtrüvagcr¡Lar anooth

musclc tc probably of rn{nsr í.n!¡s¡trnce. fn eontradtrtlnct{on tc
arqiatorldn thr othor pol¡ryrptldm tn thtr l¡ft grroup ôo n* hevr

vasocctlttrfction a¡ thclr chlef propütyrin frct thty arc rrtlodil-
atcr m mcrt va¡cul* b¡ds. gonsrltkr anglotcnolnraro llbs¡tcd
by thr ¡ctl.on of m4pü sr a pIâmt ¡ubttrrtr -- rgfrtn rn etphr,

glcbuLfnr fitd arc eelLsd plaana ki.ntn¡. 1T¡G pta¡m kfnin¡ rlt€ å

gEyrup of vsrodll,¡tor pelypcptldce and pæËêr8 e& rxtlrordlnarlly
hrgh dogrrc. of Þha¡n¡ecLogrlcal aettvlty. rn tæ do¡rs thry cru¡e

vasodlletatlonrlncrrare eapltlary pÊrr!ÊåbfLtty end producc oedena ¡

cvokc pafn by rmr åetLûn ø¡ nGav3 rndfngr and csrtrrct or mlrx
a valleùy of ¡xtnrvr¡eul¡r egoüh üurell. rtrrcr plaane kln{nr,
bradyklntn, kållldtn (ryayr-bradyklntn) and nuth{onyl-Lyryl brady-

kfnln (Flg. l)' havc ncnr bcsr idrntfffuá and thatr a¡lno rcld ¡r-
qucno. rlueldrtrd¡ elL thrr¡ h¡vr b|ü $rntharlEtd. alt th3ür

havc \lery clrûfl|r propertlçs ard dfffsr Ln thcir actlonr oa¡ly err-
ntitatfvrly. oth¡n pl¿r¡nr kinÍ.ns c¡n ar¡o p*obably br ltbrrat¡d
fræ thr ¡rnr lubütntar tht{r stn¡etr¡¡¡-r l.¡ uncortafnr but thry ¡¡-
a¡abl¡ thr fünrtlflrd kfntnr tn thËtr phrrnreologlcaL rctùomt ¡nd
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thËi" gencral structure fc Probabfy ¡fnf.lar.

Othæ klntn¡ arc f,sund tn anf¡n¡I tttEu.t. fhry rctrnbl.c ttr¡

plar.ma klntns {n sone of their pharmeccloglcal, p"opcrtlclrbnrt ¡6-

esucs of {neqrnpletc ch¡raetcrizatton arc ldenttflcd rðtho¡ by

thr{r ¡1t¡ of oøeurrærel. Ilrrer lneLude $up kln{nr¡ubrtencc Ft

cclortrunr k{nin and neuroklnln. Another vÊry åctLtüa pol"ypeptida

qledol¡in¡an endecapcpti.dcrloolated frsn the pcst¡rlo¡r rallvary

glandr sf, El¡dsnrr å nolluae brlørglnE to octopod crphrlopodrrhu

been studlcd ard {n Bd¡c prtpåråtlona has bccn found to ba about

flfty tLrur a motrG åetlvr dtl¡tor than the pla¡n¡ klnln¡. Phy-

¡¡l¡sin, Lroleted f"cn thc ¡kln of Phyrelrmur Fu¡etruculatur

ai.gc potËegrês t po{ñtrful vr¡odftaten* leti.on.

tTre kinln pcpttdca lrr thc l.eact w}l undlrstood sf ¡lt bfr:L-

ogtcaLly retl.vs pollrytptidcr, but breauar of th.1r w{dsrflrurd nrt.r

urål occr¡¡Îrence and bccauce of thctn narked pncpertlcr, have gtlt-

ul¿tcd nueh study ln an ettcrÉpt to cluelds.te thrlr eæ¡rlex nct¡b-

ct{sn and thclr prtefre rolr fn th¡ orgenian t¡n hæl.th ¡nd dl¡c¡tl.
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b. ÎTTE PI,As}IA ¡GilII{S

tïc phannceologleal rctfon¡ of theee ¡ub*t¿near {n thl nrn-

nallan body w€r¡ notlcd ls,Ur b¡fo¡e thci.! mtufa slt ¡pprcelat¡d.

Soon aftcr tho dsrronrtr{tton of thc prt¡ror rffrctr of rupnarcn¡],

extr¿ctc by Oltvc¡r and Schafer tn 1,895 aruü before thc establishncnt

of th¡ nåtur¡l gecurrc¡ree of ht¡t¡n1ne Ln tha body Þy Bectr Ðale¡

Dudley a¡d Tl¡srpc ln 1927, Fþcnch wornkcre Abelou¡ and D¡rdfor ln

L909 dcserlbecl a cubrtance elctrrtcted frsr urtnr of normal hu¡nan¡

whldr h¡d nrrksd hypoüsr¡fve propcrtlea. T'Jhm Lnjret¡d lntrav¡n-

or.lrly fnto dogs lt cau¡d ¿ mrkcd f41"1 tn the carotld årtcry

blood pres¡urc, they ccllsd thl¡ ¡r¡botrnec fn thc url,n¡ lturohypö-

tcn¡ine * Itr¡y ruggætcd thåt thfa eub¡trnc€ rdat a prctcln aru:l

h¿d pæotÊål€ propcrticl. fhry shor¡d th¡t tn th¡ pnrtonco cf. Ec-

n¡n thfr sub¡tencG wtr ablc to cðuEC a ccntraetlon of ¡mooÈh

nu¡cle ûid thËt thr hypotcntisr producd on lntra-vtrrou¡ lnjcet-
icn trsr penipheral tn orfgin due to a vr¡odllatc¡r actlon on the

pariphcr.ûl blood verrel.s and not due to thó ncåkânlng cf the heart.

L,argre lnt¡3l-vmsul tnjæ.tlærr of thlr ¡ub¡trner lntg mln l¡ eaulrd

torpor and ¡cnrrolsrce ard oftrn dmth, rhtch Tnt aserlbrd to ths

ccúrpreaslon of thc bæain whtch oecurrrd du¡ to th. lntonæ våro-

üllatatlocr. It rar auggnltcd thst thta ¡ubrtancr whleh 1¡ norn-

a3.ly oxcrrtld by the ktdnayr nay pley r prrt ln produelngr cornc of
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th¡ ec¡chral rynptølt uaoctatrd rith ur¡sf,¡.
ftrc atudy of the hypotenrl.ve materlal fn tho urlnc ue¡ tåkrn

sp ag¿ln Þy Gormrn rerktra Þry ¡nd l(¡¿ut fn L928. Sernlrqrly un-

är¡aro of thc ftndfngrr of åbclouo and Slrrllsrr thry lrc-dLscwcrodl

a hypæGn¡lve n¡totl.l rxcrcted 1n th¡ urtnc. Tha caltcd 1t a

ncirculrtoly hornoncn bçeau¡¡ {t lLao oceurrcd fn th¡ blood ln

thc forn of a rcvcralÞly lnactive e*rplexwtth an ln¡ctlvetor. The

activc gubetanec eðE cxcretd ln thc urlnc aftlr thc {nact{vetor

had brs¡ rpllt oft by thr kldnry. ltrry re¡r. rblt to dtttlngul¡h
üh{c aubct¡neo from hlst.r$lne and acctylchollnr ard aleo sugrgr.at-

ad thst 1t *¡c ån ensyæ. FrGyr l$aut and Schuttl ln 1950, 1n

tcarch of orgrnr rtd tltoua¡ ln thc body thrt wt produelng thlr
çubrtance and parafng lt on to tho brÐod rtr¡åsr obarrvd thet thr
fluld fn a pancr¡atlc cyrt found at opËratfon pncduecd thc canr

eardlova¡culan eff¡ct¡ sn lntrå-vrnour tnJrctlon ar thctr urtnrry

subgtance. Falrhg to ffuìd thc ¡ub¡trncr 1n any othcr ¡ody fluida,
they aa¡und thr pencn¡se tc bc thr nrJor tourcc sf thL¡ mtcrt¡l
rnd cal}id lt k¡1l1krrtn (¡(rL.L1kncrt r ¡rurerrret).

Wcrlo' Gôtze and Kcpplær tn l9l7 fcund th¡t katllkrctn had ¡n

lndircet actlon, rnd¡ bchavfng ðr rn rtrlynaraplft aff r phrrmacoL-

ogleally aettvr rubctancc frm ¡me f,nretfvr pnicurrffi psrrrnt in
tha sarun. thf¡ tuÞttancr rrhlch ecnt¡racted iaolatcd ¡mocth nuecLc
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they called DK (darmkontnahierende substanz) to fndlcate its
pharnacological p:ropenty .

In L948 lrienle and Berek ne-named thfs actfve substance tkal-

I..i.dinl and lts precursor, a plasma l::roteinrtkallidinogenr.
About thl.s tlmer another line of study by Brazllian workers wag

being ca:rrÍed onrurhich initÍalJ-y had no bearing on pLasma kinins,
but whichras was subsequently seenr$ras the starting point of wcrk

that gave much of the early info::mation about these substances. In
1948, Rccha e silva and his group were investlgating whether the

venom of the snake Bothrops janaraca libenated histarnine fron dogs

livenras tnypsln had been show¡r to dor(Roeha e silvarBenaldo ê

Rosenfeld, L949; Rocha e sÍlvar1g55). TLrê liven was perfused with
defibrinated blood and the perfusate corlected. sj¡ce dogrs blood

contäins pnactically no ]ristarnine nor any other substance whlch

sti¡nulates the Ísolated guÍnea-pigr gutrthe appearancê of a strong

stj¡nulating materlal ln the effluent blood when the venom was in-
tnoduced in the perfusing blood created rnuch j¡tereet. The factcr
whieh jmnediately dfstinguished it fnom histamlne viras the nature of
the contraction it pnoduced. Furthervnorerits action was not antagon-

ised by histamine nor atropine.hlhen the venor¡ was put direetly
into the blood eamples, it resulted in the production of a substance

whlch had the sane effect on the gut. rt was obvíous that the pre-
cunson of thls substance was in the b100d ltseLf and not ln the
líver.
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tlræc ro¡kcrr cl¡o rhu*cd thst thc prrcurtrf sa ln thc globulln

fractlcn cf thc plalraa. $f,o terrru worc ncw cofned, ilbaradyklnlnn

fsr thr new phann¡cologieally actlvr ¡ubrtånee (rbrrdyr -- bcceuüG

cf 1t¡ tlrw ontrt of aetlst on thè r¡nooth nurelG prrpr!ðtlon), rnd

Hbnadyklnlncgcnr wås th6 te¡ra givcn to the Elcbuf{n f¡acticn cf
ptarma from çhtch bradykfnin ¡rac relee¡cd. Trypain wag ¡horn to

bohavr fn thr raaì. Büy ås thc vencxn 1n lfberatlng bradykfntn fræ
8êrum.

å drçrrro cf purlffcatf.on wes achlevrd Þy pnsctp:i.tattng out tht
nftregrnous eentåtslnünt! wlth 8CI - gflÍ alcahcl firm the re¡rude

hadykfnlnt ¡nd whtn Èhc tpurlftedr gub¡tanc€ !rå! fnjeeted lntra-
vencusly lnto r¡bbttr and eats a rharp fåtl 1n antçr1¿l blocd prf-
tgurå fcLlotrd. thil Garly wcrk altÐ chonrd that bradyklnin war

prcbably a polypcptidr cr at lcaõt tt had I peptidc tlnkrthc in-
trqtrfry of ¡ihtch i¡ nccl¡säry for ft¡ pharnaeotogrf,cat actlvtty.
Bradykfnfn nas found tc bG th€rnortable and dial"yeablc. 0n thc

guÍnoa-pig gut 1t had an cff¡ct måny tLnec ¡nore potørt than htst-
E¡¡fnr gr åectylchollna .

Bncausl of thc dfffærnt ¡aathcd¡ of pr.peratlon of tha kinln
p€ptid.a (bnadykfnin) Þy Rceha e sitva ¡nd (katt1dü) þ !ûærrr\

the pha¡nacolqileally actlva psptfdr prnpm¡d þ tnaafnrnt of ii
türttn gI.obul1n fr¡cticns ctlth tryprln cr ¡n¡ko venona conttnuldl ,

to br crlld bradyktnln ttrrr,crc thüt prrprrcd þ thc acticn of 
I
;

kåtttkrcln rrr crllrd k¡fltdfn. the rrrllr¡t{on of tht¿r n¿rtrd
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¡lnltarl.ty grwn Hold¡tcekr I'tathtat and Schcehtc! t¡ 1957 faftd
to dietingul¡h betwrrn ktllLdln and Þr¡adyktnln cn pharraacologlcrl

and chrmlcrl ba¡l.arrhcnrat srtp kfnfnrrhleh hd kr idsrt{fi¡d
aB å polypcpËlür wlth slniLa¡ pharnaeologdeal p"opûrt1.t by

sch¡chtt¡r ard thafn ln 1954, waE ca¡1ly dfrtfnguichablc, In spltr
of, t}¡tr¡Ftgetvåtionr ¡bout thrir lderrtlty m,rf fortmd bre¡u¡r

tryprtn and kalltkrrin g¡¡lne oftsn aho¡rn to rolcear dlffcrcnt
amounts of thr åctlva nat¡rtal fron th. s¡G. aubrtnatê pscplrr-

tisn (Holdrtack lt ¡1. 1957)¡ and kllllkrrln ¡s¡r'tl¡lrcr fatLcd to
r¡lca¡c kallldfn undtr eordit{cns tn whtch tryprlrr nradlly ¡olerl-
ee Þr'edyktnfn ( schaehtrn 3.960), Th{¡ dlærcpaney hae nor bccn

Eccou¡ttd fsr Ð thr rrarl¡atior¡ of thr grltr.tæ aptclflclty of

kslllkrain fcr thc ¡r¡htrato, Ê.9. cåt calfvazy k-atllkreln wftl
nct ralaage kalltdln frsm ho¡sç $erup ( Bhcola, Horiley, schachtctr

t snaJc, 1965). ålls drr¡¡t¡¡raticûr of thr ktnlnogrn aolreutc by

botLtng rsrdæt it lorc ouacaptlbls to âttack þ kallikrcln tshcra-

ås ttyptf.e activ{ty nay br favour¡¡d by thc unfoldíng cf thc pro-

trln uolceul¡ (hhrlr t 1ïautechold, 1963).

Stueldatloar of thc rrletionahfp betmm boradykLntn ðr¡d kat.
ttdin hsd to ualt unt{l thrir furthæ pur{flcaticn. A}ttrcugh Flo-

Erctt ra¡ mdr tn thr pur{flettlm of Þedykrnln (årdr¡drr Din!¡,

t Roelra r g1lva, 1955; Andrrade õ Reehü e sllvar}956), it wal nd
Iwttt¡. ¡.960 thåt Elllottrtæf.¡ crd Hcrrton ffn¡tly pu{ffcd bradyj
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kfnfn pr€perad by ts.ltfng ox tst& stth trypclnrard sær rbïl

ts elucldåte 1tr gtruetur¡. S{multrnccurly pÈptfdr ehcr¡ntrt¡ ln

Barlrrswitrgtrnd s n attrnptfng to .yntha¡fEo thl polyprptid.

accordlng to thr strueturG put fcrw¿rd by Etllðüt cnd htr Er¡Oup.

lt¡e ncrult cf thl¡ ¡¡ta thåt Þnadyktnlnra nonapcptfdEr mt tfnth-

ceircd by Sof,raonðt, Cuttnenn and .Iaqurnoud tn :.980. IJt 1.960 thr

Þæadyktnfn rrlcasd by the actlon of ¡nake vsncfs ¡¡rr lçolatd bt/

Zuber a¡d rlaquea; and ln 1961 pu¡riflod nçn¡ke vt.rûnn bnnadyktninñ¡

ntnyprfn .bradykininn ant tha synth¡tic non¡$cpttdr snrr ¡horrn

to be ldentteal (H¡nblrgr &mpuc S Pagr' 196J.).

PÍcrc: ard ttrb¡ter ln 1961 urlng humsn ptasna aa ¡ubctrttr

and incubatlng ft wtth hu¡nnn r.ufnary k¡Ilfkrcin lrolatd trþ kal-

lld1na. On3 of Èhe¡e tla¡ tdcntlcet wlth bradyk{nin ard tht are-

omd scg a dceapcptidO contalning thr. a$qo sâqutncc of anfno acldl

aa lmadyktnin h¡t witlr an addltlcnrl s'r¡ldu¡ of tyainc jotnd to
thG H-trilulnal rr¡lduc of crgrintnr (Ftg. I ). The ncnaP.pt{da

fram ttrc nnixturr raa thc flr¡t to be elutrd firæ tho carboxymeth-

yt erlluto¡t colum in th¡ purtf,lcrtfanr ar¡ü r¡s¡ callrd k¡Illd1n

1. 1?rr drcapcptidc ïat thtn rlasd kallldln II.
Wtth thc knsrtcdgc of.,thr affueturr of ksl1ldin l.lrHteclaldle ,

Dstrlald an¿ ltcCrnthy rt Ar¡n Ârbc'r Hlchlgan ïrro ablr tc eynthr¡lsl

the dtcaÞüptldt 1n 1961. fht çynthltte dccapepÈtde did notrholr-

€vürråxl¡Lbtt thc full bictcgieal actlvtty cf naturat kalltdln IIt



PLASMA KININS

BRAOYKIIIIII

H-ARG- PRo - PRo-GLY - PHE - SER-PRO-PHE-ARG-O H

Lysyl - BBADYKllllll ( ratl:Oin-tO )

H - tYS - ARG - PRo - PRo-GLY - PHE - sER-PRo- PHE-¡nc-0H

MethionYl -lYsYl - BRADYKllllll

H-MET-IYS-enc -PRo - PRo-GLY- PHE- sER-PRo-PHE-¡nc-0H

Fig.]-(a).Theaminoacidsequenceofthethreemajor
plasma kinlns. Bradykinin (nonapeptide) ¡tysyl-brady-
kinin(kattidin-l0,decapeptide)andrnethionyt*Lysyl-
bradykinin (endecaPePtide) .

..1 EU (" r - M E T- tYS - BRADYK lN lN - sER -vAL-GLU NH2-vAL-MEI (')''' ALA-LEU

Fig. 1 (b). The kinin-yielding sequence of the kinin-

ogen molecule of bovine serún origin (Habermann å Hel--

bigr1966). Pierce and \nTebster (1966) postulate also

anotherkininogrenmoleculewhe¡ethekininmoietyis
at the C terminus.
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and thls wae belleved to be due to the extensÍve nacern{satlon

occunrfng durlng the coupltng reactlon of the dtpeptide wfth the

octapeptfde ln the synthetle pnocedura.However, when the syn-

thetlc decapeptide waE tneated by canboxJãnêthyl ceLlulose chro-

natogmaphyr a smðlL fractLon appeared tohich had the fuLt blologieal

activlty of kallldin fI ( Nlcolaides et a1. L961). Llslng thie
synthetÍc - chromatogrraphed deeapeptfde , Webster and Plence ( 1963)

eornpared lts bl.ologfcal actÍvlty wlth Bynthetie bradykfnin and

found that the decapeptlde was turlce ås aetfve ae a vasod{Iator
j¡¡ the dog as the non¿Pepttde. Dfffereneea ln the cardiovaeculan

effects of these two substancee have been found and have been stu-

died (Fannatfrl964 ; Kjellner E oderram, 196s; chou, Fnohtich E Tex-

terl 1965¡ Lochner E Parratt, L966). on many isolated smooth mus-

clee the synthatic decapeptide aets rlke bradyklnln, but ls less

pstent ( t{ebster 6 PLerceo 1963). ft seens that plasma can neleaee

other klnfne apart fnsn bradykfnln and kaltfdln ( Arnrstnong E Ml1ls,

1963). ELLiott, LewLe and smyth ( L963 ) have ieoLated an eLeven

anlno acld pepttde frsn acidiffed, dialysed and incubated bovfne

plasma f¡actLon and have ehanaetenfsed lt as methionyJ.lysylb'radykfnfn

( Ffg 1 ). The pharnracologlcal actions of the endeeapeptide are

qualltatlvely s{mÍIan to bæadyklnfn and ithas novr also been syn-

thesized ( Schrodcn, 1964).

The prevLous methods of pept{de syntheois havê nÕ$r been ùnpnov-
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ed ðrd r n.y Êrthod tntnodue.d b', ll¡mlf lrld (f9e1). th. Ërtrt-
flcld ilrÈhcd lü tüßd rolXd phacr prptfdr rynthratr ¡rd Lr had
o¡r thc tdea of aÈteehtng thr protectrd e-tcr.rtin¡I snfno ee{d Þy g

eo*aLürt þffid to ån inaolublrr;oll.drtuppætlng pütlela and thi
pËpt{ða c}útn ctn th.n be aEn¡t¡uctcd and fGr€rt'hcnod fn a steprrfrr

proctlÊ. tlìü p€ptld. ch¡tn eån thcn Þû f ÍbG¡afid fn ths fc¡râ cf r
firet ptpttdo rftæ th. dGltrtd ßöqu*reG ha¡ boen ar¡¡mþled. Wlth

thc avellablltty of rltiæ and morc rophlrttcatcd mthcd¡ of pcp-

tfdt Ëynthrtlcrd.ntcrrût htü ba.n rxtürdd tc the rtudy ef ttruetur"?

actlv{.ty rct¡tfanrh{pr of prptidrr ard 1n part{eular to thc klnln
analogulc. lodanarky, Ondrttl, gh..hrn ¡rú l¿ruür (196I) polnted

out tht lnportence cf thr tc¡ratnat arginlnr nol.rtlo¡¡thr lrngrth of

tha paptldo chaln and the dlr¡ctlcn of tht urLno acfd ¡cqu¡¡rcc fæ
blolcgtert activlty. Prcparattsr by Hteclr{dos, }fec"thy and pct-

ts¡ (1965) of a bredykfr¡1n anal,.:gur ecntelning alEln{nr¡ ln thc D-

eonflgur¡tfon nlrtch hed ncEtlg{.bl,c v¡¡cdlletcr eetlvity lrd{eat¡d

that thô two terafnel argrlntnce of bradyktnin ¡surt br sf thc L-con-

flgu:ratlær, tn o¡rtæ fqr tha nolreulr to rxh{b{t tta chmact.rlstlc
blcl,ogtcel" lf,frctr. tîr* ncglfglblr aetlvlty sf thr D-argfntnr snt-

loguca drmonrt¡ttGt tht tterro¡pcclftelty of thc H- rrüå C- trrafnrl
ünfno ¡efd* of thr brrdyk,lnln molceulc rruü thst tho ecrmct rp{tlrl
eørflgrrrrrat{oüt of thr tarralnåt ¡ndr of thü prpttdr chain {r ¡n lndll*
pcrr¡fÞlr f¡¡t¡¡¡r.¡ of thc molçculs.
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tls{ng th¡ l{rrrtf trld rätthod ef pcpt1dr ryrËhrsf¡, St¡rar$ ülll

trloolrcy (1965) hevr lnwrttgntd th. chrngu f.n btoïoglerl tetfont

of Mylrfndn dæ{vattwe rcrultlng frø th. eddttlon of ealnc

aeldc to thc anfno ard carbocyl rnndc cf thc mlæulr. Tlrty tho¡t*

ld thrt thi LlttthmtrEr of thc uoolccult tt tht anfno a,td hac only

a rnall rffæt ær potsrcyr et lst¡t lf thr lã€rthaning tr not

graôtæ thün onr or trË lrcüfduaü. In eontratt to ttrt¡ i¡ thc

marlc¡d lffrct of Lmgtlnnfng fræ¡ thc carboryl" üdi ï&rcn Jurt a

atnglc anfno acld rc¡tdur tt addd ts thr carboryl urd of thc

brdyklnln, thr pctincy i¡ mrrkdfy nduerd. lfhig flaport¡ncl cf

tht earboxyt *d ln bfoLaglaal aettvf,ty rxtqrds tc othltl blolcgrfc-

ai.ly setlu! prptfdc¡ I,g. angloÈ*rrln, gütrin, rldolltn rrut oxy-

tocfnn g¡rd ¡m¡ bfologtealLl"y aeûlvr prctrln¡ G.gr. ptnöt\¡åtte rlÞ-

muella¿r and lnrulln.
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c. PI,ASMA KTNINS IN P}IYSTOTOGY AI\IÐ PAîTIOTOGY

Speculations on the involvenent of the kallÍkrein-kinlno-

gen-kÍnin system (Ffg. 2) in physlological and pathologÍcal

phenornena began frorn the ti.rne that Frey and lGaut ln L928 pos-

tulatecl -?hat kallikrefn was a circutratory hormone with potent-

ial vasodilator and vasodep:ressor propentJ.es. fhey Ì¡/ere able

to show that kailikreÍn was liberated f:rom Íts complex wÍth the

inactivator at a lcw pH, and would then be able to e¡ihibtt its
vasculan effects. On the basis of the fall in pH which occurs

wÍth íeehaenia, they postulated that kalllkrein rnay be lnvolved

in produclng the circulatory changes of reactive hyperaemia.

Because both the substrate and the releaslng enzyme åre en-

dogenoue substances and the kinin that fs released has been shown

to have sueh powenful pharmacological properties in in-vit¡.o ex*

'perinents on igolated smooth muscle prepanations and on the card-

lovascular system in Laboratory anlmals, it has been a challeng-

lng rfddle for lnvestfgators to irnplicate thÍs system ln physiol-

ogical and pathological. situatlons. Ttrls lnterest intenslfied

as morê and mone inforrnation emerged about the nature and dis-

t¡ributlon of the kallikrein 1n the body. Kall-iknein has now

been demonstnated in the panereas, in the salfvary glande, l,n
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Fig.2 A simplified representation of the kal-Iikrein-
kininogen-kinin-kininase system in blood. Brad¡zkinin

Ís the representative kinin and its generation invcl-
ves the action of the activated Ha'¡eman Fact,-'r. Its
rapid degradation to inactive fragrments is achieved

by carbcxypeptidase N (kininase).
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glårdulâr ¡lGcentE cf the tongruo, throughout the intañln¡t
tract a¡rd ln r¡¡rlnr¡sellva, trüåt, felcrt, ln lachrirr[ål ¡eêtrtt-

åsns ard probabty in thr cerrbrosplnaf fhdd. !ølltkroin tr
fcund tn tha frar actlve fc¡ç Ín urlnr, twtat¡ aalfva and far-
caor hfidrvûF, fn g¡¡ndul"år tlgsu¡r;¡d ln tho pla¡m¿ lt cxl¡t¡
ao l¡racÈlvr gncu¡îssr ( Imtr, 1960¡ hlrbctæ tg65).

ûf th. nåny {nftrs¡crs thåt havt b.rn nadc about thr partl,c-

ipation of klnlnr ln phyriologfcal arld pathological changerrnost

havt bÊrn nld¡ fron aþccrr¡atlcnE of changcr fn s¡c or nml cf

thr ræetantr tfi th. k lllkrGln - klnlnogrlBn - k{r¡fn ¡yrt@. onry

{n very frw tnrtånctt haa ft bren poralblr tr Grtðbtlah f, cmvl.n-

cl$g corrrl¡tLon brtncn changa¡ ln Ïocal crp gsrtrål euregrtær-

tlona of pl¡¡nr ktntn ard fha o¡çretrd funetisral. charqrr, th.
rv{dsrcr fol thr åctlvôtfcn of t}r.r k¡lttkr¡f,n - kåtlidfn - kl.nfn

systæ hal Ea¡ frø msunæÐn'b¡ of lneFrr3e8 in k¡Iltkr¡fn or

kallfkrrln .ctr,vËtûsr dccrca¡t {n tclltk¡..ín f¡}ribltor lrwtrn
d{rsln{rh¡ð ktntnogæ lrwts¡ lnct"rlr¡ ln brdyklnln or krllidln,
Lncrea¡r æ dæ¡r¡r 1n kfnlnaro oap th. rrprcdusttø¡ sf Èhc

tlmptÕßr or ¡f{mr rfth kfnlil æ krl.ll}sclnt,
Tl¡. pr{rt.ricl ef katLl}<srtn ln thr rrllv*ry grr*ü pronlrcd

an etçlrnatfm of thr vesdlårtetloa thrt oecuFr rfr¡n thr chondr

t!¡mpsnd 1t ttlnulttGd. Ehir hr¡ bmlr dlfftcult to rceount rt
bçtng dur to vrrodi.l¡tpr nc¡vl f{brar tn th¡ chsrdsr btcrslr tf
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they ars choLlncrglcr thÊy eould noü þr cffætlvcly bloek.d ry

atroplnc, whcrcac thc sccrrtcrl, fibrn csuld ( Hstdânhaüûr:.8?2).

Htltcn ard l¡slr (1955 a, b; 1956) td, up tht ttudy of the

c{ins. of f,r¡netlonat hygcrarrais {n tht eetr¡ snMxil}.ary Eland.

Thc llqrurl rrt.ry of thl cêt wsü ca¡urulrttd ¡o that thc gland

eould stÍll þr pæf,urd Þy n¡tu¡n¡l clrculEtlon or rrttf 1cially

r¡lth cxygenet¡d Lcokrrs solution. l.ltrrn thc gland rrr ¡tfnulstrd

through th¡ cho¡.då t¡mpanf. a ¡uþstrnea appc¡rcd tn thr Loekors

solutlsn whfeh whqr fncuþEtd Efth plrrn¡ prcducd ä tnooth

m¡¡selr rtlnul¡tXng rubctancrrard tnjretd fnt?a-ârtæd,r11y into

thÊ IüEru¡ôL trtfry produc¡d a vs¡odllatatien, Th€ ¡aldva aleo

had thfs propæty üÌd thly cøteirdcd th¡t the agrrrtt prr¡ßrt ln

callva ard ln thr pæfuaat¡ co}lrct¡d frm the ¡Ellvary gland on

cho¡dc atLautåtfm rro onc a¡¡il thr ¡¡nsr ê¡td that bmedyklnl$r or

roß¡a eloæly rrl¡¡t¡d polyprpttde 1r fdñad t*ql¡vcr thty cc:æ fn

cry¡tact wtth pl¡¡n¡ protsin. Ílhly .)Ê.ndd th€ pe¡ttÞ1ltty of

thia ncahanln to othrrr c¡rganr üd t¿r3ut¡ to açcount f,or th¡

tñEn6 of, edJuatrmrt of tocal þf6od f lqr to tocal natdt.

In L955, lltltm üd l¿trft ü¡rrcün'e the obj.ctlcn thet could

be nal¡¡d to thalr ¡¡¡r of plama åt r tou:peê of gubûts*tr fæ thr

glardular lcrtrlI,kr¡ilr --dncr plaena ttrlf esrtatru kt1}ll<r.tnogrn

flhXeh mulå br asttfvrt.d by dtluttor¡ ( Sehrohtur 1996). fttll
tfec thly u¡rd dog mrudoglobul"ln ¡¡ rubrtrtt€ ffd thç trot¡trd
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rat ute:¡us as as6ay tiseue¡ to achleve gu'eater sensitlvity.

ftrey w€re able to show an fncneased output of bradyktnin for-

mfng enzyrne on chorda etlmulationo lnfuslon of acetylcholíne

änd durlng the post dllatation which occurred with fnjectfons

of adrenallne or noradrenaljne. They re-ernphasised thefr pre-

vious eonclusfone by statíng that no matter hov¡ the gland 1s

activated, by chorda on sympathetÍc stimulatíon on by lnfusione

of acetylchollne or s]¡mpathonimetlc anines, a bradykintn-forrnlng

enzyme is released frøn the gland celIs, and that the vaeodilat-

atlon acconpanying the glandulatr actlv{ty is prcduced by the

bnadyklnln which j.s for.r¡red.

The observat{on of Bhoolä et al. (L965), however, did not

substantiate Hilton and tewis t concluslons about bradykinin be-

ing the cause of the functional vasodllator in the catfs suboax-

illary sallvary gland. They observed that the vaeodllatatlon pro-

duced by the fntra-arterfal ínjectfon of cat salivary kalllkr.ein

dfd not nlmlc the deenease Ín resistance caused by stirnulatlon of

the chorda tpnpanl. the vasodilatation produeed by the lnjection

of dialysed cat ealíva was slovrer in onset, not as gnreat¡genêral-

ly more prolonged, ancl becarne smaller with successfve lnjectiona

of sal-Íva. Stimulatfon of the nerve sttLl produeed vasodflata-

tdon when the gland was perfused wfth honee serum (for three hours)

-- a eubstnate frcrn whtch cat kalLfkr.eln does not release kal-Lfdln.
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Ðesan¡ltlaatlcn of thc grand tc bnadyktnln þ clorc årt.úl,al

inJactlon al¡c lËd ttttlr cffoct sr functlo'r¡al vaeodl.htatlon.

ltreae sorkær aLso obacrvsd thc aft*-df.latatlcn fsl1cryl¡g vâto-

csr¡trlctlon upon pncgrangllcnic ¡yrûpathctle ne¡rvc atfnulat{cn¡

thls vrtc-J1låtetfcn algo eccr¡rnd durtng ¡tl¡nulatlcn whcr¡ elpha-

blcck{ng druga ruch ar phcncrybcnzenl,nt ãr tol¿sinr hrd bren

u"sêd. tlcc of ty"Âptth¡tlc bcta-blccking agcnta, houtvcr, rduccd

er bloekld tha ryßpathçtlc afte¡rdilat¡tlon. îhclr cc'nclutLocra

uphold tht otd vLcw thåt pårasyrûpåthtttc veçodfl¡tor ffbrr¡ ln-

nt¡Fvûtê thr vct¡elc of thc glðnd ard that thr a¡mpathrtlc aftc -
dilåttm fr dur to adrane¡¡,gle actlonr but due to vaaeul¡r þrta-

rrucsptar otLEulåtlsl.

Althcnrgrh Hllton ard ûwis havs a¡roclatod vaeodt.åtåtion tn

ths subaaxtllary glårid nritlr t¡cre¡r¡d alrtput of kallfkrcln whrn

the gl¿r¡d l"r ¡tfmulatcd Þy aeetylcholtnrr ldrenaltne Er no¡ad-

r¡Enallr¡e lnJrettonE qr cho¡rùa tynpanl stlnulåtion, Sehachtlr,

(1966) fö ¡llluctant to nrlatc thf¡ cauralty fn any rifnlfleant
$rsy. Sæ¡ of Schqcht¡rtc oppotltlør 1¡ probably bluntd Èry tlll-
tont¡ (1966) eontrntisn that tht åetlvr p¡ptidc f¡ p¡obrbly fo¡m-

.d fn thr lnt.rrtlttâl flutd of tt¡r gLård er$ not tn thr blcod

aad that conelu¡1oût froÍB fntra-artcrfrt râl{va and lntra-¡¡tcrtrl
dsrcn¡tt{stng Þrrdykfnln tnjcctlcn¡ ala not valld argunmtl lglln-
rü tr*Ét nlgrht bc happaning fn a !n*rr fntÍn¡tc ¡Ð.trtc.lLular fluld-
üttr{o}t tfturtlcn.
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The contrcverEy that axtstc bct¡recn tht prcpsn¡nt¡ of v¡so-

dilatcrr fibree ¡nd ktnin dfatcd va¡odllatation l¡ furthtÍ cona-

pcqinded þ oÞrarvatlene thåt ¡sdny glandular orgent of thc guinra

pfg de not contaln an actlva klnin-rclearlng enrlnnÊ (Bhoofr, HaÍ

!{ay Ylr Hcrley E Schcchtsrn 1962} ard th{t 1n th. rabbittt auþ-

r*axlllary gland bqth thc scerctlon and vaccdllatatfon bihlch fel*
lstr ch$rda Lfngrual nævc stlmuLatLoar arç raadlly blcckcd þy at-

rcpinË ( l.iorlry, Sehaehter E Søaje, L965).

the funettsral vaacdllatatlcn of tho psnerÊag haa al¡o bcrn

studled wlth thc vlcr of lnpltcating a kfntn peptidl as thr e.u¡..

IJetuig â sl-sllâr ãpprcåch to thrt cf Hlltm ard Iscla (1955 b) ln

rtudylng va¡od1latstlûn ln the sulmrndtbulrn glanrúr Hiltsr ard

rlm¡e (1963) lnvertigatcd the functlonal vaaodilåtôtiøt 1n th.
pancûBaa. fhe output of kfntn fcrmlng Gnryrît of thg pcrfurcd

gÅaruå (Loctcts eolutlcn) wae urqåLl at rttt, Acttylcholln¡ anl

pimcrÊoalmlnrhourvGr, w€rÊ both ablr to Þrtng abut a c{gmiflcant

clen¡atfm, ths¡a ffrdingc lrcvc nct yrt becn ctrallrryrú.

Th¡ oceurwrcr of tncread va¡odllrtdtlm Ín thc for¡a¡a of

lnår¡ ât th* srr¡t of r*eat{ng produccd Þ body hættng, har agrfn

¡ugrgrcst.d ¡ rolo fæ hadykfnln¡ rr}¡lch ntgrht bo l1blFüt¡dr¡ a

$tsuLt of ernat glard actlvlty. Bradyktntn-fo¡nlng actlvlty rcr
ghqnrr to bc prÊ!¡nt ln smct eollretd fom hå&d a¡rd færaxn Þy

Fox ard lli.Itsr (1956). th€ ttr¡dlat of Roddttu $haphrrd a¡ld lÊrrlrn
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(1957) *1 thü rffçet of atrcplnt ur thc trrurt{rgr ¡¡d varodfl¡t-

åtton tn t}rr hr¡¡mn fæc¡*æ uhsn thf Fü!'tqr {.s EuÞJrct.d to body

ho,sting, tr¡glgr.tt.d t}ut thtl sl.tuåtlon fn thr fmra¡n rkfn w¡
ane3-cgrous to th¡t tn th. oubmaxlllrr"y gtend nhæ th¡t Elrrd 1r

trreated wLth ðtll'cpln ard tha chæda lingusl n*rvG {.4 ¡tl¡ul¡trd.
tlrs najor vrsodllrtrtltn in thc færa¡n ïhieh follm th. omrt

of s!Éatfng can br trrapcr',ar5.Ly aboll¡hrd by atropinl¡rtlm of

tha fo:r¡errs ttüBu.r. llc*lcvcr, dlrpfËr rtroplnisati,sr tht fsm-

arra blood flole rvGntu¡11y lnenearca r¡d atraplna whrn {nJretcd

åt thc helgùt cf hcatlngr vasodf.lrtttton, üorq not nduer tlrt
flær, r\¡Hr thaugrh th¡ actls¡ of a rub*cquant dset of acctylehö-

lfne la c*nplrtoly bloekcd. Atthough tnt¡ttrtorial tt?ðFlna

ecrnplctø).y aboLlrhc¡ tsGåtfng, 1t doar ncü cæplrtcly Brownt

the Sr*eat{ngd eæpãlsrt cf forcara varoülhtation.

Trr 1958 Fox e¡d llf.ltoar, uclng a ta€hnLqu¡ of Frfuslon of

guberitaneour tl.rrua rprcc wtth ttæi,le $L1n¡, ¡horud that rhcn

the snbjact wrr eaol the pæfuaatr ahcrnd ¡saLL &Bountr of bcüy-

klntn-llk rctlvlty, h¡t dtd noü esrtafn rny badykln{n-færatng

Ectlvlty. !{han thr rubjlet $sa hratrôrho*trrtrr, and üsfrtl,ng dr-

valopdn thl badyklntn-llkË acttvtty of thr pæfutlær flul.d {n-

craâscd up te ftrrr tfrûts thc rcstlng Lrvrl. fho br¡dyklnfn-ltkr

äcttvfty of thr pæfu¡Etc drnrtng thG conþol pæ{.od wa¡ attrlb*
rutd to thr dtlutlon of th¡ lntcratttlrl pr*cln. Ho,rilrrærllner
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tha prctcln contrnt cf thc f¡¡íd dtd not ehangr al Eht fsn¡a¡n

varcdfletrtlon drvrtüp€d' tht lnerr¡¡l ln þrsdykinln-tÍke açt-

lvity cou¡d nct þr ¡ttriÞ¡¡td tc en lncrcela in Patsågr of prc-

trln rcrt$r tho eepÍtlary wðIIs n but sa¡ dut to ll'lat gland ået-

i,vtty. thcy concludrd th.t thc activr vrroditatåt¿cüN in th. humn

força¡rq rkin tcctrlprnylng body hcating lc p¡cdllcrd in thr natnrby

ÞredykÍnln rr¡ulttng f¡rm s$æt glrnd aetlvlty,

Itrcrc l¡ nueh cvtdcnet whlch pointr to platså kinÍn playing

s pårit in lnf lamatlwr. Tht atrfktng f¡¡turcs found ln carly

at¡gar cf infl¡matlor¡ ar¡ painn lccal va¡od{tatatlonrlnercaacd

capf .Llary pr¡mc¡birtty ard th¡ Eccunul¡tlcn ef ltucÊeytës. It
haa Þrrn ¡horm thåt bredyk,lnin ic cno of the most pctcnt ågent¡

able tc produc€ thcs. ovcntt.

Eradyktnln ar t vrry rÍ.wr1lar Bolypoptfdr g.¡ ¡relrectd frm
bli¡tcr f luid, hunan tnflrwrato*y rxudatlc ðnd piaan¡' lf thr

tattçr if ftrst attcmd cçntact with gtart. lhi¡ aubetanec

caurar paln whcn appt{rd to a catht"tdin blistrn br¡r and ha¡

bam calld Pe{n Producl.ng subateñcr (FP8), It lr vory tlkçty

tÐ br Þradyklnln, tt nlgrht bt cn¡ of the phyriologlcet t¡rantmLt*

tcrg cf påtn and 1¡ rikcly tc Þc å contrl,butf,ng faeto,n ln caurlng

t'hç pain cf fnfl¡rm¡tlsn ( Arra¡trry¡Sr, D¡y, Kcrlr t !{arkhsn¡ l95l¡

Arltrttrcrrgn .Iepron, Xlelt õ St¡nrår+tr .¡.957), Íha abiråty cf hðdy-
i

klnXn and k¡lLlkrrtn to cåula {nerc¡¡¡d caplliary pæncablHtyl,
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wlth a lnore rtpid on¡st thån htttilnln?, ãnd to pnoducc Eccr¡aul-

qtlon of leucocyt€t hat ¡I¡o bsrn derqcnatratrd ( Bhoola, CaLIe

E Sch¡eht¡r, L960; Elliott, H{xrton å tæ1¡, 196fl; Lcwt¡ 196i1).

Chnpruno Renoa, Gcdrll ård t\tolff (1963) have pæfuard the

Euþsut¡nroua tlr¡ue u¡der thc rfl¡ner (prcducad by noxlcur

atlrnulatlør of th€ sktn) t+tth Lcctonle Eatinr. Thê perfuaate

collrctrd drrring the on¡et of flera increa¡d in it¡ abltlty
to rclrx the Lsclatod rst duodarrun and contrast the rat utcrul,

futdteatlng lncrea¡ed ktnin fomatlcn,

Rcehr c Silva and åntcnlo (1.960) prcduced fthc¡mic ccdcmat

in th¡ rttrr paw by lnunsrslcûr 1n watc¡ ¡t 44 * 45o C ar¡d by cc-

axLal ptrfurlon of thc aubcutanscu¡ rprce, found that at tht¡
tüûparrtun thæc wer a suddsr appeårånec cf bmdyktnln 1n the

pcrfucatc. Ihr cc¡tûttlonE af th¡ cxperl¡nrnt næi auch thåt thc

pðrttclpütlüt of ht¡tanlnr fornatton war prècludrd. thur a eon-

dlttür of {nframatlan and ocdrma war produced slt}rcut the re-

lca¡a of ht¡nfne and thc rc¡prytse of the tiasuca tc thls nl}d
'thær¡il¡I inJu¡y could bc cnttrcly dur to b'rdyktnln rrlrðrr,

fthæ rvldrnco by Rccha r $llv¡ ar¡¡l Ro¡enthal (1951) lndicat-

cd thlt baradykinln, hicta¡efnr and poaaüfy othtr er¡bttêncrs Erðy

þc rlrlrsaed fn thc skln yhsn thc thæmel tnJury ie $crê 8evêtrE.

Elrry and lcrlr (196t) ecnetr¡d¡d thrt thr lnercðie ln klnin-
fcrmfng actfvlty ln thc iyaph dref,nfng:bogre hind ilmb ¡ytrich
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frccurrcd whcn the Lf¡ab nar tnjursd þy taver¡ rcaldtngr laehacm{et

urechanleal prelturË clr frfcøtng war dur to å apcciflc tetlvttfcû

cf the klnjn-fcrnÍng ryctæ in th¡ íntcrütlttål f fuid, brought

rbout by thc rtleå3c cf h{gtanåne.

the mcehantsm cf the activ¡tlon of the kållil<r:fn-klnln

syster* upon lnJury l¡ not cr tain. Thc f{ndtnge of kinln-folçn'

i.ng activlty ln the tympn frm lnjurcd ltlrbt by Edcry and l¡ryla

(1,963)n havr been crlt{cte¡d by oth"r warkcls prcfarmfng ¡1nilar

expglnerts (rlacobacn E Waeler L965; Jaccbacn 1966; .Iaecþ6rn 5 
',.

Waalcr 1965). rlaeob¡s¡ a¡rd llaalæ cor¡firørd that plarrna klnln¡

$er¡ formod on lncubatim of dry btnptt wlth paadogfcb¡l1nrþut

tlrq¡ aec¡ribad thls to thc P¡rctcnc€ of klntn-fcrning activity fn

the psêudoglcbulfn ¡nd sf substratr fo¡r thla enaynatlc aetlvlty

in the fyaph. On realdlng an lncrcarc {n Lymph flæ oceurl ¡nd

fy¡npn e65rtsrt of tctal prcttin alrc l.neraåEaç. fhcir fntgpnrt-

ati,.Ð sf th¡ epparcnt lncrcaec Ín kfntn-fcrnlng aetivity fn th.

lyopt¡ sf ths lnjurcd fi¡Êb ie thet ft It due tc Íncrcaard cgnt.nt

of ¡ubct¡råtG 1n thr fynptr fcr th¡ kattlknctn wtrtch 1¡ prc¡stt i.n

the p¡rudogtobutin. It 1r pcerlble thtt hlrtðninr llbæatfcn pltyl

a nslc 1n thr ehangr l¡r bfcod v¡srcl pcrnnorbfllty upcn thtr typr

cf lnjury.

Ïn a vülrty of cryditf.onr of ¡hockr R¡rtY pctcntiatty tox{c

euÞrtencc¡ haw bren ruggettd ar pcrrtbla mrdlttür3. îhat prÐ'
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teol3frlc €¡tl]tntr r¡r rctLvatd fn atatcr cf ahock har þrcn Ëug-

gcðt.d fcr a long tinc (Rsch r 5{1va' 1956) it 1* ps¡clbrt thet

a klnln-fomlng grslrgr {r æongr thm. Xt li plobablo thåt th.
p¡oÈaolytLc reÈlvtty occrrrE tpmt¡mourty fn gcao et¡tct of

ohock ðr ¡uggütrd þ llacFerl¡neand Blgçra (1946) ¡ or ft nlght

bc du¡ to thc rritly lnto thr ægantrrs of potsnt ¡ubttanct¡ tt
n{grht occur in ¡hock st¡tes d*e to cr¡¡lotoxfnr plptcmr anrphyl-

ax{¡, åcutc panenrtltfs, ha¡reorrhsgr, tovt!¡ h¡¡n¡ crd benblt-

unått polsonlngr.

Bcrctdo (f95t) r¡ttgütd thÊ anqunt of ptaame ktnfn tn thr
blcod of dogr brfcr¡ and durlng tnåphylactie snd pcptsnr thock.

Ðurlng ahock, thr plarma kintn lncru¡rdr drcreard æ rrm¡lnod

tlr¡ ¡¡sr, .nd Bæaldo conclr.drd thåt plr¡n¡ ktntü aettvlty bort

no rrl¡ticnrhlp to thr rrcrrrity of th¡ rhock. illr*e 1r nmr

ev{d*rer hærvæ of r csu¡al relattonrhtp anrphylaxLr

end plnrm kln{n¡ fu6 Broeklrhurtt rrui Inhiri (L962). Tt¡ly

travr ¡hcnr¡r thüt Þnrdyktnh "ppr"rt ln th. blood of rrt¡ gulnce

p!.9 ard rrbþft rtrr¡ th. rcrftttsrd rnf"u¡lr ¡rr eh¡Itrngrd uith

¡r¡tl.gün, 3hr ponfuretr frm gutnm p{g lungn sr rkln durtng

anaphyfaxl¡ tn¡ ¡horør to hrt¡o k{nln-f,crntt}g astlvlty¡ hmr'wlrt

H*rsr frcrhly drlwr þl.ood frm ¡rnrltlrod gutnra pigt nar ln-

aubatrd wtth tnttg.n thtra $Nt no lncrqrre ln btradyklnln. ft
Håä thU¡ rhoun thst the åctlvatlon ôf, thG kall{kmln was oeeur*
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rtng tn a ttnur tltrr poraibLy thr ¡ltr cf antlgtut ' entflodlr

rcåûtion. Iha racÐttrty of hraáyktnln-forçtng enzynn f*om Inr-
fuld luryf tn tho gutnca plg fu lntæutf.ngr breåu¡c {t hre büûl

¡hslrr thNt bdykfnln ta ã pot.nt brsrchoconsfrlctor åg.nt tn thr

gul¡na ptg (Collforr Holgatr, $chrcht.f t thorleyr 1960). Frs
th¡ro ftnûlngr 1t rugçnato thtt hedyktntn nsy havc a roll {n thr

brcüchoeslttrlcttær of anaplylaxl¡ a*d perhepr åtthmr tlncl ÞradXr-

kÍnln ln ¡æorol fom haa Þrcvr ¡hoxr to ¡tducc thc vltrl erpae{ty

of chror¡lc r¡thaaticr (l¡ær.hrl¡næ Ê Stn¡snsnnr 1961; Colllæt

1965).

Ilmvur, rnother ¡ubt¡nc¡ wïrtch tt qultc dlotinet froa bnrdy-

kinln, rorotsrf,n antl suhtåncc P bar baGn l¡olatcd fra anrphy!-

actic $rlnlr pig lung ard haE brm c¡llrd SRS..A (rleltr-rractlbg

rubstaner dn üüphyltxt¡) by lræklrhurlt (lroeklrhu$t 1953r

1955, 1960). thi ¡stfone of 8RS-A and bæ¡dykJ,nln h¿vr brur cffi-

peru'd ør th¡ gul,noa ptg trachrobronchlal nurelr Þy lcrry cnd

Cclllor (196,{) ard tt ¡r.Ens thtt thmc arc dlatinct and r.pår¡tü

rcarptar¡ for thotr trlo rub¡tåncat *r thr bcnchtal nurcl.¡. Xt

¡elerrtlrrn, thrt thr pulmor¡åty mnlfutctls¡r of anaphyl¡ette

chcck l*ay h dur tc oftt or both of thr¡r rnlooth nugcll rtlnulat-

ing ¡ubrtGncüü.

Fr¡rth¡r rvid¡nce ûupllcatfng bradyklnÍn {n thð wgcu}ar cv.ntt

of anapþl*xi.r eætt fr*¿ thc rcrk of C{r¡tær Suhaelu ard Butcul'
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€acu (1966). Tlrasc woa¡korc haw ahorør that a algrntf i.cant df,rn-

lnutlm of plarna badyklnlnog.n l¡ found ln rabbits blood sub-

.jçctd to L¡th¡1 rfiåphylactlc ahock, snd sarociaÈcd wlth Thtr¡

dctcctçbl.¡ l¡vrl,r of bradyktnln app¡ar ln thr blood.

lhs relatlonrhtp befirour ¡r¡doùoxtnr th. rcl¡a¡l cf brady-

ktntn and thr frrtuma of shock i¡ ts¡uoua ln Ecrrcldof¡ (1950)

€firn cürell¡llmt. fhtro is }lttlr lvLdenec avåilåblo at pretant

to fr¡¡rtha¡r the pcss{blo mtaticnrhtpnthough l$baLdr Lucar and

l11¿t (Lg64) lrrport thåt lncubatlor. of rndotoxin wtth blood and

va¡.{out tlrrua haaogmatce rrl¡atta tl\lcrel vago-aqti.vr ¡ubotancl¡

includf.ng Plama, kinln.

Vogt (1964) har put fo'rrrard lnteirratfng poattivt ¡n¡1d.neG

abont pLarnln hing ablc te ttþæ¡t. brûdykir¡1n urd:r crrEaln

crydltlo*ra, Hunån plecmin sltl" IlÞcmte plaana klnin fnon nor-

m} dog pl¡ma gl"oh.rlfn, bnrt th. ltberatlør of thc kånin 1r dr-

psndcnt wr thr eonv.:rrfsr of, kaLllk¡rclnog¡n to kalllk3¡tn þ pl¡¡-

sltn l.t. p}¡¡nln lib¡rates kfntn anty by thta lndl¡,æt nrchrnim.

l?rc tnt¡rsr¡df¡ry lnvolvæsË of k¡lflkp1n f¡ fr¡¡thtr supptrrtod

by thr obc¡1tr¡tlon thrt aftg {r¡e¡ùrrtlon sf gloh¡l{n rtth plaa-

, th6r ta ¡ eomtd6ablr dgcrC.'r tn the cûncütt"mtlryt of

kåIlflrrGlnogrrn. Llk¡ katllkrrinr Pl¡æln i¡ aLsc a protaol'ytlc

Apfmfr dfrtvrd frcrr t prüculsag:¡ p}ranlnogm¡ wh{ch lc carrled

in th* gtobuttn f¡raetlon of tho pla¡n¡ t
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So far there arè no repo:rts of plasminogen actlvation Ín

vÍvo associated wlth produetlon of bradykinln. However, act-

lvation of plasminogen hae been described in a wfde varfety of

conditions, through the lntermediary of actLvatons of tfesuet

body fluid c bacterLal origin or even from psychlc responses to

nêntal or physlcal disturbanees such as ln perscns avùaiting

Surgery or even 1n normal people du:ring alr-rafds (Macparlane

6 Biggs, 1946).

tiluch speculatíon continuee rega:rdlng the precise patho-phys-

iolcgy of acute pancreatitis. Both the cause and the rnechanism

of the changes which take place nernain,: unknown. ltris fs partic-

u1arly disturbing becau$e the present methods of tr'eatnent åre

not eompletely satisfactory and death rate ln acute pancreatlc

necro$is in human being rerlraLns above 50% (Nugentn Henderson,

rlonasson, .fones E Attendidot L964). A popular theory fe that

trypsin, a pancreatic enzymer is activated within the panereas

and precipltates a vicÍous eycle of autodigestÍon of the gland.

Good evj.dence that trypsin is present in plaorna ín increased con-

eentration in acute pancreatitis is given by Nandi and Leesr(L958)

by theír sinple method of blood trypsin êstimation. lrlith the

pnes€nce of actlve ü"5tpsln it Ís generally argued that trypsln

further activates kallÍkrein firon pancreatle and ptasma kalll-
kreÍnogen and that the kinlns $thich ¡eeult from the actlon of
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k¡11tlclotn sn pl¡¡ma k{nl¡ogsr contrlbr¡te tc thc vasculEr eallaptc.

Hollrarb¡rgrr l(oboldr Pruttt r¡d s¡rL (1962) llP*t¡d dcttctlm of r

vanoacÈlvt tr tætrt ln tf¡f bfood frm pltlsltt wtth acutr pürcrltt-

ltir, ftìalt pþed rhol¡ bfoüd aa .n unrpcetfttd ¡mÕoùh Rutclr

prrrpålurttm e¡d l¡aau¡.¡d tfic rtrpry¡¡l ln trrm¡ of thr tg:trlsr

dal¡lopd. $tt evld¡¡rcr fsr thtr tubltrncr brfng Þaadykfnh {¡

fncorplr¡rlvr ftm thrlr cxplrlssrtr.

À&lntü¡r.tlsr of f¡reay1ct, a pdant trypstn lr¡håÞdtoæ erd

kåIllk¡lttn ln¡ctfvrto'rr riltpåctd ff6 bsv{nr Frrort{d glårdl to

p{ñfGr¡tr rtth eeutt pxrcnrat{tlt h¡. mt rtth vrylng r¡ountr of

ür¡ccrtc, Cotltlot rtrrdlff qri thr u¡fuln*lr of !ïarylel ln th!.r

eard{tls¡ b¡w rl¡a mI prrfowd In dogr t*}æt thr p¡nerc¡tfe

ntorost¡ her brtt l¡¡duerd chæieally, t3rr rffect of, Sne*ylol on

thr hræodynrnlc a¡ntr h¡¡ ne't br6 ttriktrg, thEugh thl otrg-

clt mrtrltty tr urrratty rrducrd {n thr grrflrÞ rhich rrelrvrt 11F!-

tylol 1n thr tïrrtdgrt (Fortll,r 195t¡ Hugmt rt åL L964¡ Bostngcrl

årtEr Eollfr $ t*uronf 19e$¡ $¡1g E ltræp¡æ' 1964).

Onr of thr þrlt dæry,r¡tr¡rtton¡ of thr Plfrteipattst of a

ptraa*a ktnln ln ¡ dl¡.t¡. ¡tatl h¡r br.|:¡ thåt of hndyk{nf'n tn

thr carc{notd ryndrcm, thf mt dtrtl¡rotfr¡r arrd oftlt the l¡r1*

t*¡t ¡lmptm of th¡ e¡rclnotd ryrdrær tr thr acutl, roddt¡h

cutsnaout flurh È{eh ttartü sith thc fac: rnd neck and ary rx-
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tgd to thr che¡tr .rñBt a¡d lrgr¡. Colourü rangn fræ brtght rcü

to vtol¡Ðor¡l. IttQ ffut}t uruslly lastú trtly a f¡nr ¡nlr¡utt¡r bqt

&ry pætlrt langnr and rrer.æ Eñry ttËa¡ üt¡¡d4g thr day, Pml-

srÞ{tal oçüaa, hypæs¡rlcrr tacþeerûh, abdcmfmf þN{nr dl¡¡r-
hæ årld r{hssfng of,tm åecüspa¡t}f thr fLu¡hlng. Rtgtìt rt{d
card{åc fnVolr+a¡nÈ nry spPltl l¡Uc fn tha d{t¡al¡. ths c¡rc-

lnofd ryndrær Lr ulllty a rlmly rdvrnetry dl¡rcæ rnd a Plt-
tæt rhc ha¡ drvtlsP¡d thr full cøpLærE of flæ{d ltgrnr ard

s)'üptffi nty turrrttæ fw Etriy )¡cürr. lht pusarbg array of

sa¡¡lfütrtloüt tn thr Nyrdrer ard th¿ pcÊraetú mt¡¡¡rr cf thr

dlsca¡e rnr tæt of thc rûatcno rrûry thll eetdlttan hm Þrsr thr

focuc ef nr¡ch phr¡o¡eologrf.c¡], rrd crtntcal {nwatlgat[on fof

ncxm than a dleadl.

Pcsnor ¡nd ì{a]dln¡trom (193*} fÍ.rtt drmsrrtratrd thåt ÞNtt$Ttl

stth thr c¡æùrotd ËyrÉræa eouLê hrvr rlrt¡¡t¡d bfcod lrvrl¡ of

rrtroümln üid hirtsllnü. thr¡l tr.c phårnìrcolcgicalty retf,tn lub-

ctanet¿ eould aceot¡¡rt for nrny of thc mnlfr¡t¡tlfftt of thr tlrîd-

açn¡t, Hovlvtr, tha obcrvatlon thrt th¡ lnnl¡ cf ræotoßfn in

h¡prtic vgüßaur þlood fat} to tristm¡a ln ncÐt Pattmtl rftæ ln'
ðuctlsr of typieql ftu¡h¡r bry {njretlærr of norrdrst¡llnr Çr üd-

rcr¡a:.fnr Ld to tþ gurct{onlngr of, thr rslr of srnotqtin ln flulh

p:rsductloa (Robrrtlon, Peart t åndrrry¡r 196t). Btcåutt eåtrehol-

a¡aån¡a aetlvatc thü f,luEh nceh¡nlrn fn carelnsld pðtidrtsr thc
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olp¡lq/ãtlcnr of Hllts¡ and l*¡ia (f956) thrt catçc!¡ol¡¡nin¡¡ wlll
rclea¡t r klnln ps?tidt f,rqe thr pæfurd nltvary gLsnd ruggilrt-

ed that rueh prptf.dGt nfgÛrt pLsy I rolr ln carelnsid fl.srhct.

Oatt¡, McJ.nßt, Sjo¡¡dæan 8f11e¡Þtr a¡rd lle¡ør ln 1964 dæøtttrat'

d thåt hcpetle \rtrcüa blood shünd rlcvatcü tewl-¡ sf a kfntn

pspttdc durtng thr fj.u¡hi.ngr attack¡r thtr Dtfngr êu¡ to th8 rtLr¡3r

of aetivc krLlLk¡rr¡ fn thc hrI¡gtlc rtln ficn cancl¡told a¡tr¡tlrrl
fn thr llvs* I¡ttr O¡tc¡, Pütttngiçr rrd Ðoctqn (196€) uttrÐ nærr

thçg.sugh pr¡:fftcåtf,ryt prccdurts üh€fl¡ê thst thås kfntn plptldr

rçr¡ lrdtatlrqruirhrbL¡ frm hrrdykfndn.

Recrnttyr U.ttltn ärd tu{th (1,966) hrvr ol¡o Loptie¡td plåmå

klndru 1n th3 4æptæc ¿¡ecclated wl,th thr du¡npt¡Ur cyndrær and

repcæt tht tpptt¡laner of h¿gh l¡vrl¡ of fpr ktntn tn tþ¡ for.-

årn¡ v31our blood of p¡tier¡f,¡ durtng thl dtapf$g püåk. lhl }üt-

rls notrü !y thær workr¡'s ¡tta rxerrdtn¡rly high ( 2'6 nl'euryr'an/

nt ln <¡¡il eâ3.), P¡rtlcularly tn cøprnf.¡ryt T¡lth tht Lrì¡.t¡ of

hepotåc ytLn blosd kfnh rcpo:tcd þ Octæ rt al (1964). OåtGÛ

¡nd hlr grroup ¡itpoú.t thfiÈ thr htghl¡t llwl of L'27g/nl ra¡

fct¡nd ln h¡petf.c rerln blosd dwf.ng ¿drrr¡¡lfnC B{Bcvocåtlql 1n a

påÈ{a,nt rÉ¡o r1¡o tr*t rfght ¡tdrd hr¡¡t dlæacr -- ïhteh 1r ¡nob*

ably an {ruürx of thr ævtellty of thr dl'¡crl¡,

II13 fltdtngt of Erttlin and &ntth th|01 vpuLd sugge¡t that

durinçr tÌ¡¡ dlmpl$d lttsck th¡re au¡t oceur ån glomÔlrrly rccet-
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æåtd SnoducÈttrt of pI¿tE¡ ktnån in thr prnlphrry. It {r dlf-
flcutt to ealculate ðcsura3y wf¡åt tha totål vtnou¡ klntn êor1-

tør! rrculd br tn a ctrü Ëhåt thqff¡ ¡ estcrntretlæ of, 2'6VI/
ml 1n tht foß¡å¡m vcln blüodr þ¡t tt lr knosr firm thr rtudlc¡

of tntra-vsrcut hrdyk{nLn lnfu¡¡lonr (Foxr Qotd¡mntthr Xldd ¡r¡d

tresrlg 196f) thàt lnf,urlon åt thê ¡rte ct Lyff/Yúlb;fn ln m¡n l¡
er¡ough to producr m¡rkccl carddsv¿lcul¡r aynpta*r ' tlha lpplðF-

ar¡ee of 2.6 ,acglo.l of brcdyklnln fn a f,or.tm v¡1n rould cstrrlt{
,/

pond to nany fotd htghm tntr¡venou¡ lnf,u¡tø¡ tlr¡n LyUße/x,ln.

1S¡¡ argrrwrt egefnrt th¡ v¿i.{dlty of ¡uch hfgh blood l¡vrl¡ of

bradykinl¡ ls t¡ktri up egnf,n låtcr fn thÙ thltl¡.
th¡ ïsrr cardåtioût of hæd1tery engrtonrurottc odrnr lr

atnæct$tr¡d Ð rceur-rsrt åttaçkr of, cfro¡s¡cribrd ncr-{nflå,m-

nstorlr orém¡ stth dnth fmqusrtty oceurrlrg fnm ¡cutr ltrlm-

gstl o¡ds¡* trt hs¡ nw þ¡ar¡ ¡hry¡ th¡t tþ {nþos¡ b{ochrnterl

lc¡l,qr ir llkcly to bt r¡r Í¡¡llrrttrd def,{etrney Ef ¡urr.u ,,nhtb-

ltor of plrmr kf,lltksain (Iandænrnr tfrbetær Ecckæ f Xrteltffr
196e), Ihr incrmrcd oaplflcy pr¡arrbllfty lr prnhrp¡ adl¡tcd
thrçugh tht produetÍm of pl¡rm¡ kln¿nt,
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d. TI|E SCOFE Fç. SÎ¡DT

Ir¡ rç¿{orfng thr rr¡Idcncc thåt hr¡ rmrgrrd ft¡r t}tr rolc of

pìarnr klnln¡ in phyrLofogy arrd prthologyrtrn frct¡ Sllgtt.

1. Xhr pj¡sn¡ ktnfnr hsve h.GrI X.nPllcðtd fn a wid¡ vmlrty of

Bltuåticrns r¡ngf¡¡gr f,rcu pur¡ly phy¡lofogilcal roL¡r ar f,unctlon-

a1 vn¡sdll¡to¡r¡ fn g¡¡rdulsr tltsutr to p.ttlcfÞ,rtfanr wlth

varying¡ ürymtt¡ Ef tnportå¡æe rån emdltlail of fnllm¡ttor¡ and

ßtötr¡ of, grræal rhæk. Uuch of th¡ rvldsrcc h¡.r cæ¡ urdrr

critlet¡n¡ 80 f,u.€h ¡o that pæhap¡ only tñ th. c¡reinofd ryrdrmr

1s thr cvf.dry¡er rufffcls¡tty conpl¡tr to gfv. thr pìarmr kfntn¡

a ôcf{n{tr st¡rdln¡r ar egrntr thãt san brlng about strtking fun-

etiry¡al aLt¡rationr ard pae}rep¡ csntfih¡tt t¡ ðrtl.ologrleel rgrntr

1n a då¡r¿ro proûi¡t.

2. Ihr contr$rarty thtrt tns oft¡n arfuür aþout ctrldryter lnplf"c-

¿tjag thr pl¡¡ns k&¡fm ln ¡ær rolc har b¡cl r¡¡ocl¡t¡d wtth

poor r¡¡d*¡trndtng of th¡ rtrueturtl rrd frsrcttoûìat drtal.tr çf

tln tilI.li¡{nln - klnfnogrrn - kLntn . kfnln¡lc syttõ. lfiny tlt*

pcrümnt¡ hrvr Þrær pe¡¡'fornd tn artfftelrl tytt€Bt trhcrt thc

fd¡nttty erd rtgmlflcrnc¡ of thr r{Ectrntr }ur not þ.ã urd¡F-
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stcqd. Cmclu¡fon¡ havc boen drstfii ard rxtrapclAted fræ ln-

ddrect evLdGnes.

EÌúGn 8o, nuch of th* cvidencl la striklngr årtd my ¡vtüttualLy

þ6 suþ6tantiåtrd whm Botne pncclee trcl¡¡rfqucg allcr å üoat Etrtt*

ic¿t study fn lrss d1¡tqtt¡d $yÊtüt. Íh3 6ðJæ dtffíeulty th¡t
p?€sçrrta ltsrlf ¿n th¡ st¡¡dy of th¡ rolr of ktnfnô tn lnqllvo

sltr¡åtLons tr thöt pts¡úaå kinÍn lw¡lr 1n btcod sß {n tlslu. rltr
ere probabJ.y thr ¡rcrulta¡¡t of pnsc.rttt of ¡tmultsnüêul Þæsduet-

lon ard rapfd dr¡t¡rust*snr åny açæi"urttrl proccdunc Lr væy

I-fkaly to favour or¡. or þÈh of thr t¡rdrnclr¡r rlth thr ruuLt

thåt t3rur ln-¡itu ¡ltu¡tlon nay brcm ar¡fficfontly dt$to¡ttd by

the tür¡e thr rcactôntt anc analyctd. tttilr eouplrd wttlr tln nl,n*

ute levcls of, kfnln thêt e¿r¡ bo cg¡).ctrd tÕ þt ablr to produce

aigniftcant functtsnl changr¡s, l¡a8 ûtood fn th6 *ay' to r largo

extent, of thô co¡rrolatlon of k*nfn lcvct cr¡å functi$at chmgol,

tha hopc for nsrc frulËfut tttdy tn kfnin {nvolvs,wtt dcpfndr

heavlly 6¡ th. avetl¡bift$ cf a aprctfle Plso¡n* kfnln årtrgrun-

tet. $chachtm (1954) heç rxp¡¡r¡rd thf"r in â Flolnt rrvlçr¡
üthe dl¡covrr)r sf ¡ ¡protftc åritafrqrltt rculd bc th¡ nott v¡Lu¡b1r

ånalytlcEL tæL in ppor¡ldÍng a $ÐËl dlffnttr aaalcmryÊ of ttr
(kln1n) rolrjtr

ttre efn cf tlro ¡tudy r*portcd ln thtr thssts rçss ts fnvt¡t-
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lgatr ona Þpdy eøprrtmgrtr vLr. blood 1n the huaanr to th¡rw

roünc l!.ght m thr ilturt and slgmif{eancr of ktnfn tætaboll.¡n

ffi thlü ¡r!r. [t thr llsc of casmgnmtnt of, thr atulfu¡ thr

ocü¡n¡rtûcr of pþsnr kin{ns i,n ht¡n¡n bfood ln ns¡ç¿L hcaLthy

CubJæÈr r¡¡c uncrrteln, and fn fact ln ¡mr eurnsrt rçdlc¡l

l.l.terrratr¡rG ttatüqantt l'lkt rÌ<fnine. ..,å!!ìt not nogìüülly Prrt$lt
tn blood, btrt ean br rcLcaed fn vlvon could bc found (ûanong¡

19&3). thls ¡r¡ncd a tlttlc ext:mrnc b¡cau¡l thâ kinln p¡reur-

ror a¡tcl thr I'n¡cttvr kålrit<r€ln arc both prçgslt fn bl"eod and

blgod ls co¡rtlnuelly petrfuatng t:læt Éuggtütcd ar atter of pLacar

k{¡iln tutrrtðtfl¡r,

tlr: flr¡t rln wal to cstabltth thl p¡rltcrieç of actlw Plåùnt

kl¡r{n¡ ln ctrcu}rtfng b:.ood ln hts¡n¡, Ho rçncttdvt mthod tor

noamal pt"rær ktntn ittfsct{dl xüsr avaLlablc a¡ld a La4n Part

of thc tlnc yar ürrtrfürd to ¡mdffy{¡tg thc wthed sf Oatrt ct al

(f 964) | to tr to b. aÞls to cpec{flea].ly Etasun¡ thG måll 13,tc1r

of clæulating kln{n ln htsm bLood. þlLth thfc æthsd ft rlu abLr

tc eatablfth t rrrlgnt ôf ltrtal¡ i¡¡ thr bLood of nsilâL htm¡n rub-

Jcetr. fË w¡t rTct pocalb}e btt th3 wthod ug€d tc dtettngutrh

b.rftrÊm th. näì¡p¡ptida (lr,¿dykfnfn) ård thü dseåpGptldü (kstltü-

fn) r ht rf¡cr thc ¡tr¡dlca of f$¡bltr:r cÍd Fltrec (1965) had in-

dLectcd tf"lat any keLl.Jdfn thåt Gntlrs blod ta sst(d an by an

åetl!4 aslnoprptl.d¡¡c ¡eÈ¡fch cosrvffit tha ksll{d{n tc lctaffklntnt
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It rñ,sE aasuxûld thåt ths ktnl,n sctåvity fou¡rd 1n bfaúd wae duç

to brnadykfntn arul araaya of tlro plarna kinfn sËn¡ nadt þ bfof-

ogicaf cmparlam wtth thc eynthetlc nffrôIÐpt{d.. ftrr pot¡lbll'
Ity cf th¡ c¡rdrcapcptidr ard othar pL¡¡na lclnin¡ cærtrfbutir4r tc
thü klntn ðctivlty atr¡dld me S.gncrrd ln thcsa lnvrrtlgatf.ong.

thoLr ¡nod¡ cf rcla¿s¡ f¡rm pleona ¡ubrtratt fe uneæEain *rd rug*

ga6ts thåt thtl¡ releese undar nc¡r¡rl phyatctogical" csdltlon¡
nay not bo aignlftcant ård in faet extrm eondåt1ørrr nst ulu,al-

ty encûuntcrd 1n thc body, my bt p*¡nrqul¡l"tca fæ thrtr rtl¡rrl
(tüabE}¡r 1966),

Fsî th¡¡r re¿tanE thr plamE klntn ctudlad ln tlrlr tt[rLs h.t
be€n tðktn to bc b¡qdykinj,n (B¡() arld rrfr¡rod to Þsr thrt nårstr

À study cf, ¡rtarlo-vsu¡u¡ dtffæa¡rcar fÍr 3¡( lcrnl¡ ln r ¡ltn-

fph¡ral regtcnr w¡a E¡dor aãt tht¡ lrd to ¡n ugnl¡¡ttwr of chengnr

tn blæd tsK lÉr¡r1¡ a¡¡oc1êtod t{ith loc¡l vetcdfi¡tor Þhmomna

¡uch at roåctlv¡ hypcca¡nla, *old valodllaÈâtio¡r a¡rd v¡rodll¡tat-
iqr groducd þ dlrrct hGrtl¡g,

Stì¡d¿cs of BK lsvclE fn p*rtphmaL Þlood ¡rt åtso n¿dc l,n

patiürtt rlÈh cirrhorlrr tht e¿rcLnold rynfucrm md oth¡r non-

carcfnold flmhtnø ütrtrå. 8rLæ¡t of AK in th. h.p¡tie vrln

blocd dunlng eereln*ld flu¡lu¡ had þr¡rr ñport d Þy ûetet .t rL;
(19Ê4)r b¡t thmr wå8 nÐ ¡vid¡r¡cr åt that ttn thrt th.t ehrngct
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¡Iao e¡ttrrrd¡d to the Pæiphg¡l ef.reulðtl.fft. Íhc hyprrrå¡'nrnte

efreulÂttm fn rffir rrürcrs ct¡ls of cirrhorl¡ su$gËtttd t pof-

¡fblr rcle fm hrdyhtnlnr åtd thß sldr vrrtcty sf eut.atou¡

fluehing ph¡rlwnr (l*9. rû¡¡rsp¡ur¡I) r&l,ch havr no r¡tlolcgfcal

rxpl¡n¿tlørrnælt¡d ånv*rtfgrtXon fræ thr Polnt çf vlar of klntn

lnvolvcnlnt 
"

Slner or¡¡ of tht lrrçataet ab¡trelcs fn tht lnwctlgatlcn of

plaoma kinln¡ har elway¡ Þorn thr ubtqur.tout ÞrÊtcncâ of ¡xtrm-

rly aetivr kinlnarot {ta ectlvfty ln tdroh bfcod r¿a favrltlglt-
d. trhû Lttc¡ 3tudy Id to an lnvcttlglttm of th* rf,frct of

Eatacholrmln¡c m klnin¿o. retlvtty anû furthær tht rffrct of

¡dr¡n¿Un¡ bloakada on thto systæ.

lhc afnc of atlrdy a3ç prtrætcd in nort detait 1n th. tnt¡o-

üuctory pårtr cf thr roüpactlv3 saetåõnt.
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a. I}TßûDI¡SIIM{

-

rn pl¡nntrg e guitrÞ].¡ ffihod fæ thr rsttnätf ot of ns¡n¡l
brood ffi, Lernl¡ ln nan eogrrløancc t¡ed to be tö¡{m of t*:r n¿tter

sf tlro kållflúaf¡t - klnf$ogrn - kí,nl,n - kf¡rj.¡æüe s,rrt6ß aa tt
occur8 tn th3 cl,reul¡bÍæF bloø. rt 19 l1ke1y thüt wtttr ths

FrærncG of all thc¡€ rlacÈ¡nt-a the Is¡cl. of tlp actlw kl¡-
fn ns¡rnt rpt¡ld br thr rcarlt of tlre brlancc Btruck b¡ùrìËert

csrcunnsmt productlar,srd dtatrt¡ctlqr. To br ablc to ertf-nate

tlt€ t¡ua lsvrL Bmcrutlcsrs r€cd to be tåkån to cn¡rrc th¡t sihat-

srtr tlgr¡ovtr fn ths ktnln syatcm La occuælær ln blood la Lm-

ncdtataly a¡rgaffi t*ran the bLcod tr aaçlcd, ê¡td furthrrrnore,

that the col.lcctlm srd caH¡natlon pocadu:r'er do not :tntloduee

any gppçlrtunltiec farr ættficlaL actlvatton of the syrtm.
Iltl mpo¡t of, Fraclolo (196¡$) tffi ktntn contrnt of hr¡¡nr¡r

blood nlght br l¡ t*rc nangn cf 0 to 2 ng¡klr ird{eated that
mslL lü¡êls r¡æa to ba elçG(ted. Decaure of suelr mall lwcl¡,
the pnroccdrna of ¡xtrrctfÍg hnadykintn tTæ bloqt should glva

hrgïr lrocd¡çr:y v¡lucc to e¡rsble ðü nueh ar poastblc of the snaLl

rnüogrmou åml5ltr to ¡r.sv1rFl. ål¡o bæfi,¡rc of t¡r¡ mú]. m[rri
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of, g( trfiþXvrdr ¡ búologrtol ¿gsr! pæocdær h¡c to bc r¡rd
tÊrl.etl tr rüfftclantly tãls{tivlr to S¡rntltate therc ma1L

&euntr h¡t rl¡û rgccíftc ærgrh to cublr cÛrmffi.æd¡rttsl

of thr a{rü{r¡¡ ruÈctsær fi@ ar üK.

frm pr@trtrur p¡tHs fæ þ]sod tX attùüttcn rcr avtl,l"-

abLc fa thc Bubf¿¡fu¿ Ltt{$füure, fårt oú Br¡rr, Fr¡elolo r¡ul

Cs'lr,ærro (196¡l) .rd thåt of Oat¡u st aL. (X964), Iht Blnr

r¡sÈÏrüd tl¡¡ b¡aed dr ths p¡cctpttatlon of blood DrotGl,ns ln a1-

csùol snd h¡tstol, .rËEr¡etlqr sf tl¡r ktsrfur¡ the bfologricat ecr4r

Snepg¡¡sglc¡r m¡ tho h{t!åIl¡b of a dog perf,ueed at cqr¡tant flo¡r

t¡tr'or¡gh thc frnolral- ætary þy a D¡L.-#chu¡tlr $mp tn t*¡tctr tl¡r
nca¡uod rltPot¡¡rr sas tllg fall fn x¡æf,u¡lcgt prcEsuü¡lt. ftrcy re-
pfiltGd *Êeowry of 5t.7S t 16% fræ drys blædr hlt r*æt r¡fi-

aÞlc to detæt srdÐEürous B¡t fn nno¡t ariLealr. Íhr mcühod of

ûates et a1, d.porrdad sr tho prGe¿pftåtl.sr of blsod fn aleolrolr

cthæ exüeactlør ar¡d adeorptlon of thå kfu¿n cf the aqueor¡E

phaoa slto *aakly scldlc catlon-exclurçrc rÊBtn { IRC-Sû, 1CI0-

?0û nrah). ftrr f lna]. aesay ln thla mrthod waa perforçnd on

ttro cegtrtrË rat utcrus, Ihe lde¡rtf.ty of tha ext¡aetd BK rraa

fulth€ß suppürtd þ tha ebfLfty of chymotr^:t¡psln to lnactlvðtc

lt, snd þ thr abtllty of the elrtractGd ¡ubatance to prroduee a

e!¡æaetrlrtde ¡1-pþarde blood pÉr¡st#a t¡lrpsÌßo m th¡ ilFûrf:c-
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tmrls€d, vagotcrnlced, pènttLfuilun-tretted rats. EhË tmcdiata

appeai- of thtt nathod cf extraetlæ wäs that ft prcmlecd htgh

ratea of recovery cf BK ( 8C| * L00Í ). Ao ortgtnal-3"y dcac:rlbd

lt was to deiect and estirîåte the hlgh endogenous l"çveLs tn thc

hepatle'vsln bl"ood fn fluehing carcinold påtisrtei it t*aa hard

to predlct whether thls ntethcd cf e¡ctrectlon cculd algc be ueed

fcr the nuch srÍaller nor,r*al- endcgenoua levelg. Àg urill Þe re-

ecu¡rted hLa*, scrue lmporÈant ncdiflcatÍone had to h lneorp,Jr-

ated tn the Oateat rnethd before lt could bc eucaaafully uced

¿n the pretent etudy, lhis rmdifld nethod enables the nea¡uro-

mw¡t of blood BK ler¡ela J,n all normal" subJects axanfncd and l¡
the Kthcd uaed for BK esttÍrstl*ns ln thts 'loor1",. The valldtty
of theee l,evels found is suppcrted by reeotrerv regults and þ
the eoll¡teral evldenee frsn other studiee on BX netåbcllgm ln

rnan rcported in thts thesis,

lt¡e methods cf blocci collection and subcequgrt extraetlon

and båoassay are de¡erLbsd ¡¡ detall and lnpo¡tant Foints of

procedure a¡e further anpllfiGd in appcndlees. Sorne of the ex-

perLaental rsrk which led to the dcvelopent of tha f{nal fcnra

of the nathod of extraetton 1s descrlb€d iJ¡ ct-rroarotogical o'¡'detr.
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b. BIjþD COLT.ECIIOil

Co}l¡ct{qlt of bl.ood fuü ån üt€ry o wfn $trc ardr througrh

an alL poLlth.nr * nyloñ ryatæ into nylwr ayrfngrce . Any eontrct

of blmd rtth rXætrør.cgatirrt ¡t¡rfrer¡ 1ü avoldrd to pr.lront

actåvatlsn of tho llagæan Factor uhteh f¡ a knoryn aatlvrtæ of

tha p1¡am k¡ll{krcfn ( !{¡rgolter 1961 }. 1o rudrrcc thr ttnr
f,o¡r. collrctdon to e udnlnrm, thc largcrt cr¡suLa ccmp.ttblr wlth

the eløa of thr blood w¡aal. $a8 u8¡rr11y urcd. üra sf thnr
Wprs of Föthada of c¿r¿nulatlsr urr uæd dcrudfng sr thr ¡{t*
or nstun of, thr bld vrsEols { Flg. I }.

årtcrt¡l bloEd eollectlqrr snr alweyr r¿dc fræ thr h¡e}ltal
arÈGry at thr antrcubltaL focaar u¡l¡¡gi r aedlffd Srldtngæ teeh*

niEt¡r ( $rLdfngnrr 1953 )r to eannulrtc thr vttstl. A l9-gaugn

shoæt-bm¡rl nrdl¡ {r fnrætcd into thr b¡chlal artüy aftæ

leceL tnftlt$atl*r wlth 2Í (p1¡ü) ttfmocafrÐ ( Xylocrtnt f,¡t¡r)t
a fægth of nyler fl,rhfngr i.lnr 1r tlüN thlnordd thnarylr thr
natdlr {nto thr rnrl.} arxü thr nðüll ¡uord. I col1cetlrigr

catl¡rtcr ern thur !r tntrcaucrd lnts tha wr;¡L G¡G thr nylør

gufd.. lïrt nylon gufdr 1r stthÉrqrxr rhur rn drqrtrtl lrnEth of
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tlrs eathet$ hå¡ hn thrcadd {ntq the lrmsr of thc w¡tll
(Ffg. 4). ths collrctfng cåth€ût¡t l¡ n¿dc frcnì pcrfithøre

(Infna¡¡¡dic PE - 9Al S 36) or frcm nyl*r tubtrçr of the ¡iltt

ûtn¡rr¡lsr¡. lht erthttcr t¡ nade ¿¡ ¡hæt ac pc*sfÞIlr to rl'-

Lw for aptro¡lln¡ttly 5 cs lnÈ¡alsnlnrlly ¡cd approattnatrly thr

c&rns l.logth üûrsttmlnalT"y. Xtre rxtrlalrglnal and eamlc¡ e

L,u¡r typc pcfyrÈhylærr h¡tt (Soott) ftxrd to tt rtth ü¡ rpoxy

rrsin (åraldl,t¡' Clbr)' i.rrto whtrch cån Þt ftttd a thror way

Þ1ð8È{ê t¡p (Ph¡l&ilßt). Í?råa 8yütt6 can Èhsr bt ftll€d wåth

heparintprd ral.lnc (10 unita h¡parfn prr I nl 0.9ff wlv ¡¡lXnn)

untlL tha blood eolLGctl.ofis alÌs aradr. ImldSötety prlor to collret*

1sr, al"l doad - spae. eoùttonta i¡ d{eeardðd þ allætng tha b}sed

tÐ fldil fr¡tty fnom thc catheter fo¡n 2 - t Êôccr¡dl. Xylon apringrr

( trVar¡¿srmter Vcrur Bros. Irtd.r tmdon trgltrrd ) prcvlq¡¡Iy

åutcclåvd a¡rd chflf€d ln a doep - fr*ras $lrê u¡ed for thr blood

eoLlecticr¡ ( Flg. 5 ). Ffvc ral lruæ munt ¡yrtngca wlrl urcd

unfformly. S¡ædngrrr of tlrtg eapacity r$crlrl uasd to ¡alnlnlne

the pcrlod avallsblÕ for drar$n ts occue Xn the btoûú brfsrt

thr dsttructlon of uu¡'aatle acttvfry by tha stltürot b{rt rt thr

t€rur ti.na to küD tlr n¡mbæ oS ryrtrgrel madd *lthtn nrnrglaÞIr

L{lnttr. In thtr rnay the tranEit tlûc frm bfoðd vcasol to aL-

coùrol uar {n tht rang¡r of 5 to 10 ¡cc. 8{x cyni$gcr rffiir tr|ad



Flg. I. ltr¡cr tlfprr af e¡ruruT.¡t umd fæ þ1ood eotl¡etton
(&rlrc).
Ã. I¡tErrr¡etfi ( Êaldl'e ).
B. þru¡,uta ( B, Brarm lh}rr¡agrgr )'
C. Cathrt¡r tr¡ad for t"trr Eodlfld Srld{'ng.r tcc}t-

ntqr¡r crnnrlåtrwr ( trû tr¡û ) '
Ð. PlrËtlc ürrrc.ryÊy tap tihleh fftr fnto h¡t-tr of

alt t*rmf ab<¡tr¡ canstulå1.
g.&s[1llardegglany!.crrryrtngrr¡srdfgpb].ood

eollrctlsr.

Flg. r*. In .ltßlil csnnut¡ttør¡ thr nmål¡ (å) f¡ f,tr¡t
fn¡rltd lnto the ve¡csl, l.t lt thür thrccdtd rtth
e ny!ær f{¡hfngr ttnr (B}. Cathrtr¡ (c} csn bc gutd-

rü lntc tha ÞlÕod w¡s¡]. 91¡Ür thl nyton 1fuil aft¡r
thr rdl¡ hü¡ Þæl ¡wvld.
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BRACH IAL ARTERY

x sec' +

ETHANOL

ooc

FÍ9.5 Method of blood coltection from the brachial artery.
Blood is withdrrawn into a 5 mI nylon syringe through

an arterial eannula and plastic tap. Rapid transfer
to nearby ethanol ( Oo C ) is achieved in X sec. ( X

is in the range of 5 - 10 sec ).
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tq collç.ct thc 5û nl of btood for each GÉttleâtton and pooled

ir¡to a f,tark cüttalnlng I20 nl of 96f ethancl ãt SÔ C. Prisr

ehåUing cf thc cyringce La eesêntl¿t to suppngss thc cettvlty

of the ktnir¡aec {n ths bfood being cçIl¡etrdr (Ahr l{atan¿bc'

lûnnagal¡ idtwa, ltsurlr Sckl, Oflia¡ra S Yolhingar 1965). that

thia m8tr"¡rer tog6tÌ¡gr wtth tho rapid tlanafor to alcoho} wa¡

adequãte ln pncvsrtfng kfninåo€ êctlv!.ty fr shorør Ð thr god m-

ea¡s:níes of lntrrnrl Atar¡ta¡dg. ÎÎre neettttty fcr fmulng Of

the syringres f,¡ ¡horm by th€ ç¡Gr{æÊly rapld de¡t¡¡r¡etlon of,

iJrt€¡înåI $töfidårdt thåt oÇc*-.s h&ôri oyrlngnr St 58s C arc u3ld

(ece Fa¡t I), tt'rr rx¿ct amunt øf brood eollcctcd 1¡ dær¡r-

ni¡tsd þ t+etghtng ttr¡ alcohol hfoæ Enl aftcr tt¡s csücctlql.

Fcrr v¡cÞus blood coltaetisls tl¡t aboqtr teclrrique of can¡rul-

âtLon esn h uat¡ h¡t r*E¡ not cmplopd f,r*quontly, A polyeth-

ylenn aathltæ (Is¡tr¡catir¡ Berrlic) t*a¡ octr.rmely u¡tfu} fon

+-hs ear¡nULåtton Of an atrttaubltal vafn, Fos' the carnUl¡tlon

of a lmr fore¡r¡n vtlrt¡ to collrct blosd drai.ntrgr tht hårdt

thc soûtftad Sr).dlngûr trohnf.q¡t eln bâ u¡¡d aftc¡ alrlvtng thr

sr{}8, but a s¡¡ch FsnÊ auccs¡gful nathod stü bfJ¡ the uao of a

Bratrnula ( B,&'äun llrl,orsrEcn ). In thtr ffilrr the ob¡trr¡etim

¡nesuntcrrd frosr v¡lsrll þ a eørtrtfug'rt ly dLrcctrd cathrtlr

*ould bc oq¡æcæ brcaur* Ëf, thc rtgrfÉfty of ttrr cathsürr üd
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tho Brstfidfng ffial tip' prrcarnt dw{ng thc fnaætlour, ll¡r
of e Þnewfi¡xå t¡ ærr tnar'æEtfc, þt¡t ln¡¡Ëh of th¡ dfte€f€t
1r avoldrd by tù¡ urr of *dær¡¡tt lðeåI" ff¡t ¿thütic rnd prtæ

Loca:. lnel.¡fs¡ of thr skln, *w tnetrlm rs¡¡ft6d La ¡o ¡mrï.j"

thåt nE ¡ubare¡rst tuttnfrEr is mcerlary. . Thc rigrld n¡tr¡ro of

the ha¡sru}a rrttÉnrtg thât tl¡e eathct€r rtlt næ eslT"åFll ür

trtûtt dur{ng thr eaLl¡cfion of bld. the rærpl{rtgr tlp f.¡

distal to any ¡ftr of, ttatna.

In drtrrntnfrq $rÊ rrcovtry of 1r-¡t¡sã¡Il stardardt of, tl( fud
bfæd n knor¡ esrcrntnatle¡r of aynttrÉte lrrdykfnln wss prcÞål[d

ln nmat ¡rltna. A $'X. ntr äsoullt of thÍ,r ¡olut{ryt ssl pl¡êd

in the coIl¡ctfng ¡1rrfnge rßår¡ ths c$ttuûeao Ít¡tl vofu¡a¡ Gül-

taùl8d ¡qlffir æounts so that thê flnå1 cüresÊTûtf,m tn thr

5 nI sf Þlood F¡r¡gnd fr€m 250 ngr/at to 0.5 aglnT. ¡rgl thc rt'
str¡æy sf 3t( frm bl.lcod couLd bs cxeafir¡d nlcr ü Fün{n of cwt*

ccrËrreti.trt. Iht mll t¡gl¡m ånd tht po*tt1øttrg of t*n ¡¿Lin*

oçlutlon t¡r thü q¡ringß st¡ürlts cæL*¡ nlxinû wtth tln blood

a¡ thr 1åttG l¡ drmr lnta tht q¡rlJrær ftl3t&ffiærÇ tfir rmrll

vol¡.ær nfnfnlnr t;}r eg¡æ of dll.utton of tht pI¡rmr.

å pofytlmn baæfr ( Sog nl crpacltry ) rrtttlctt wÉafn¡ tln
].2ç nI qf 96S rtlunol l,¡ krpt tn th. drrp f.rmso untll tlt ttffi
of, aollrctLsr. X¡n dtãtcty aft* thr cotL.erigt of thü ão n]. of
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blæd, thr n{¡Gr,¡rc l,r rhaktr f,rd tù¡t bæflr ts atorrú ag*tn f,n

tlrc dEtp frlrrü tgltll all ttç coll,lcûlor¡r of the mçurl.Faüû

hårro Þten eæl$rd.



c

51,

EXIRACTTON

tArr ftnal forrn cf 0xtraetfo,n dsptad Lnc-rudes Oatçat ct

8 1-, ( 1"9Ë'4 ) ¡nrthcd rrp t3 tht etagc rf rtuttrn of lK fucrn th.

ion-exchångn coluwr, å trchntqur t*r{.ch dtFarts fron Oatær

rflsthcd ls thrn adoptrd nhleh sr¡aåtc a erlt frff ortraet to

be cbtatnd rhlch can bs aacayed.dlrcctly ðn tht oupcrfu¡¡d

p¡reparatlotrrt. For tho ¡ako of ccntlnuity and cmpletcntstt

Oåt€st neËhod l¡ dr¡criH fÍretr thü aub¡rquer¡t eubssctlong

daacrlbe thr way tn ¡thtch tho mcd{fic¡tlon¡ avolved and trcrl ad.

?ptGd.

( a ) ll Oatcs r lLthod rr

In tht cxt?êctlonr of BK f¡am btccdr atarde¡d Qulckflt

glaarware r*¡¡ u¡cd aLsogt txcluclvcly. All glaassarc wlth tho

cxe€ptlon of chrrynatography ccli.mnl ¡laa sLllcsrl¡d ( Silcctr

SF LI4, Dots Ccrnfrrg ) prtæ tt ugl.

lh¡ nlxturr of bfã€d ard alcchel t¡ ftftæcd througrh a Buch-

nø:r ftltsr ( contêtsing a !&atman llc. 2 fittcr pâB€rr ) intc a

50il nr Suchnrr f1alk. A RL¡d lnctili¡ Þynavae 2t rotary hlgh vãc-

uure pump rar uæd tc prcvldo thg naaottðty vacuu&. fhc cucpen-
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rlun Ls üLtosrd to ftlts untd,L thr erlcr {r &y b¡t rptl cnrcft*¡

at this stggfü a llfl nI 80f ethærol $åÊh ftrffi th. polythüTr col*

lecttcn Þottl¡ La ffi to th. ro¡ldur ard ¡llmrü to flltæ
ttü.ough urlttl thc ¡caf&c fs dry arú cçacls$. Ã.LL bte6d !t&-

plæ æo f11t6ü.d frmidiat try af'Ëæ the c¡cpc¡ri-x¡dûr tfd thl
ftft¡at ü crc ttsl sto¡d btck {n tht dc¡p ftecæ untLl the &Ért

Btagra of cxtract:lqr.

ãhr sbralr oeleulnôd ftlt¡atG fa tran¡fä'r$d tc a p€tr th¡pad

1 L arrapæattrg ffa*, 10 n]. of octanol rrç addcd ( to pr*¡c¡tt

frsÈhfng ) ùrd tåe esrtsltg are thüt rcducrd to 50 - 40 nt l¡¡
a Buûhl ñü¡ry cr¡ap@ttor at € tælnrraturr of 55 - 4Oo C. ltlr
coricrrrtnsetrd ¡olutlct ts aetd{.ftrd $tt}t l, n}. of gl.aulrl aetttc

aeld a¡d trrlcr a*rccÈd vtt*¡ 2 - 3 r¡oltm* of d{-cthyl aûhæ

{n e i*parrttngr frrruatl. Íh. *}rt¡t pharæ ere dtaoa¡d¡d. lht
eqr¡çûnr ptsa¡, ecrtalnlng tflt H( l¡ f¡¡rthæ zdud to appæolt.

LCI ¡nL ù! tha $oüar}l clrapsbtt<rr. Íht pt of thte e:$rìtct i[¡ ld-

Jugtd aætmrttly to 6.0 trlth I !l Hf4t*1. Vcryfng wurÊ¡ cf

prcetpttrtr !frry Þ. fmrd in tåc offitcù at thlâ stågt ffd th¡út

anr !'¡ørnn¡d þ c'rr*rtfwËtton. th. pæl.pttãt* srd ev{pæstl¡Uf

fl¿¡k arc rnarl¡¡ú slth 0.1 ¡{ æsrl.tæ åqtûâtc þt¡ffcr ât Fl 8'0

arct thc pooled vol¡sl of, apprord,n¡trly ?5 n1 te aBpltcd to a

cotr¡mr ( Ftg. S ) ( I ccs x 5 cc* ) of ¡,ùl'].lte f.R.C. 50 ( X.00-
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2û0 m¡h) ( åppuuilx å ) G$¡flücÌatld vith tf¡r tffiri¡&r rc.t-
rtrr hrffcr ( Ap'Büdfx I ). Afte thr coltær T¡at b¡rn lard¡d

with thç æctrroür tt Ls m$ldl tlaauqh rlth IÐ mL of h¡ff,rr,

Ffve ¡nL of f il lfH40fr ( åppstÉfx I ) f¡ appllsd to tlte esX.wr

std thc dtEpl¡ecd h¡ffer dlacardrd. lhc prpûi.dc ean n*r bc

elutcd frm the co}¡wr with L0 ml. of, I !f â&40fi ard 25 u¡tr of

0'1 $ ¡tlt40lf fn aql*lrcr. If tås clu¡tr 1¡ djurtcd to n¡¡r
nautral ptl r¡lt}r ac¡Èf.e acld ( BK ls tütñab¡,. fn alkallnr el¡ )

s eal,t sotutLon ef ðMmtr¡m aettåt rttultS. If tl¡ia rluatt
coartaLns l¡rgc æotmt¡ of SI(r tt c¡n b. d1J'uËcd cuffdctrrtly

tû nðkG tlrr csra*rt¡eH,on of, awoor¡lun ac*atc s'rfftctrntly

$ûË}1 r thåt {,t cdXf not lntæferc vith thr aasry on th¡ ¡*
utgtrttE.

Ehir ln rstrmer fr tho E€tfiod of rxttactlon of Oat¡* et 41.

( fg$4) Erd tlrr axc'te¡ Éai"t fu¡ tlt¡ ürût-åst csestos no dnrubrek

tc thê btologåo¡l r*uay ff eufficlcrtly hfEh concsrtroåb{crrr of

BK atrna prrarüt {rr thc çxt:rgct. }lo$ütæ r tht neuteallald tluttr
rçlLt €suæ rt¡.üxttlon of tht ¡us{Erfur¡d r¡t duodørrm bccau*c of

thr calt alfirl, tåfr dæil¡tütlcn of, duodgnu to¡r!ç pæE{¡tr wan

whtfi thü €lriåtr tr dtlucüd 1160. illrL¡ drFr€ of, dtlutfsl le
not fr¡rÍ,blr tf næçrl bXood B( ls¡rl¡ årtt tÞ br masursd urr.

i¡€r ¡upgrfr¡¡d utæut sd dugdñr,m tt tttry tÍssuür.
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Fig. 6. Quickfit chromatog:raphy columns paeked with Amberlite
I.R.C. 50 100 - 200 mesh. Ammonium acetate buffer in
detacheable reservoir. ( See text and Appendix 2 ).
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tlsÍng Oatc¡t nsthod ag dr¡cribcd abovr good rccoulrlr¡
cculd ba cbùatnd tf largc æsuntl cf bndykinln Bsr rddd
tc thc þlgdn and thc cxtract ae¡eytd cûr thr aupæfu¡:é pr.p-

aratlcïrç afte¡ naxünunr poretblc dtlutlon. Ë3vrfal attrmptl
of aaaay of cndog.¡roql 8K shotrGd that thr rxtnect eontaincd ån

utcrus ccntracttng subotanee atthcugh thc duodinum $ava flxed

largc rclaxrtlonc that' had no relatåonøh{p to thr H ecncGn-

tratlon aB gaugcd frm the ut€aus rospÐnsg!, l3ra ncd thül
becas¡e epparent of obta{ni.ng the cxtrêet ¡ufflcientty frec cf
into¡fe¡fng salts, brfcre both theeo tiesucs c,¡utd ba aonfLden-

tåy used to catfæete thg ccncsntration of an¡alr amountc cf BK

in the €xt?rct

( b,) Decaltfncr Methcd¡

(1) Ion Retardation Resin

ron rct¡rdstlon rc¡1n åt LLAB ( Bio-Rad Labcratortr¡ ) prrn-

tscd tc be a u¡cful agrnt to explorc. Ac lrAe is pcl¡rmo¡¡iaed

acryllc acfd Ín¡tde Darex 1¡ the rGrslt Ir Etyrçnr-divinytb.n-

Etn. eroaE-llnked, rtgr{d porpacr ratticc wtth ettac}rrd quatclr-

nary amrnsnfu¡n groupt ( st¡cngly barlc anlon exchangs grrcuÞr )

wåthin shleh mâv.¿ a tmpp.d, llnrerr lrrlrtfvcty f,rrxlbLc acry-
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l-{e pol}mæ håvfng oerboryL gnoupl ( makry acf.díe eatlon ?x-

ehangc d¡oupE ) ( gfo".R¡¡dl lJåÞffiåtûFtrl Frc}rnical Br¡Ltr,.ttn

Lß $ov,, 1963 ). thr r*¡tn thut cûtrttlnr patrud cnlsr ard

catLon arclrenEn ¡lte¡. !.lhern ¡alta ær a#sd to th{,a rsrtn
fn tha aoLf-Edso¡bcd folwto the lsn¡ ano adsorbet{ tc t}ra epprsr-

prlatc groups b{¡t rrrtthout any iør cxchonge, xhe deçrrçc of ad-

aorptåon daprndfng ørt ths typa of :lsn. lhfç reafn had ¡1ro

becn ¡ho¡m 4' thc Bånufacture.re to b¿ ablo to acparute a Þr.t-

teln srsyffi frøû fta oolutLcn in (!lH4)rso4 r¡¡r^rtg ffittr ür el-
ttting agætt¡ tha tfrÐ suhtanceg appGsrtr¡g {n the atuatc êã tt'rs

dletlnct ðrd rtp¡trütt peaka.

I¡r sn attc¡pt to dc-oalt the BK e¡ctraet a eolwrtt 43 o x

5.1? æ2 of l8 llÂg 5ü - 1û0 mçah ¡¡ar Þrrp¡rd. s}¡führtte Bl(

Bûlr¡tion þ¡üs pllrpar¡d fn 0.36 H cH!Ê0oülH4 , t.s6 !,{ ilI{4ct ard

s'L8 u (Hlta)eso+ , el all tho!€ sårt foun¡s eould be csnvenlsnt-

Ly obrtaln¡d ry approprlatc neutral{tåtid'r ef the e}uate fæm

the Â¡nbcrlfto col"t¡nr¡.

Daærtlrlg of thcæ SK solutlont ra¡ rrtsd cn euch a col.r¡nrr

uotng a æall f¡ed volune and clr¡tfng tlrc ruÞstanceg wlth de-

lcnised $rtûr. 3hr offl.rsrt wus cEllcctd {n ? nI" fiFaetlons

ln a fnet!.sr cg}rretoæ. Íh€ fractlcrrg $¡ù"t analyced fsr ara-

æon{a snd B¡( e*rtont. åffiÕnlr wac dlûfctsd Þy bfss¡laælsrtlûl
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of the eåfrplea ðnd th€ conc€ntratlo¡r ectlr sted ln a thl,¡cadøu

Epeetrophûtorûeter -- alternate tubeg rse"e blcaseayed for BK

cor¡tent c'lr the rót uterus. The pcssible potentlal of the Lon-

retardaticn rsein rl¡t further erplc'md þ varying fed voltuæa¡

flo'¡ råtçs and pH of tho fed Eclutíon¡. lheee latter rnaniBul-

atlona changed the behavioun çf ths ccLr¡st only t{.ft¡,c¡ tn ølcry

cåse Fcüle degrree of Eeparatim of the paakr cf activity could

be cbtain€dr h¡t therc wae alwaya about 5t% overlap cf thé tPlåyr

of the elutlon peaks and the BK whi.ch appeared from a 5 ¡nL feed rrs

dÍEtrlbuted thror¡grh abaut l("lf-¡ ml cf eff luent. Fo:r theEe r€aaont

AG Il-48 n¡ae abandoned ae unaultabls fsr deealting in thls parttc-

u.lar altuati.o¡r.

(2 ) $EFHADEXr.-

Sephad¿x G25 ;ndiim nesh, tftich $ae the preparation wlth

the årflðiJ-eet pcr€ clac avaiiable åt the tLils¡ wå$ ¿lco trfd
to acsegs whethsr thle r¡ateriai t+ould offer any ealt r€tåttlåt-

iry¡, A colunn of acphêdex Sti crn x ,79 cm2 was loaded with I ¡¡t

of I /rnf 8K in il.ið H (ì{it*)2SUO and eluted witir d¡ioniaed wattË.

A rnl¡¡crr but ln¡tgmlftecnt dogrnee of srlt nctôrdatlen ¡sas ob€srv-

ed nhan tha ¡lu¿te¡ werc anaLysed aa fsr åO 11AB chnaaatography,

9ephadrx G25 tea¡ then alEo abandcned,
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(3) grr8¡.,3ß.Erg

åttffiptr r¡¡rß nadr tr durc th¡ ¡nowilt ,;f cErcoü*Ho tn

the 8l( - .ålt sslutfon by subfinåtlonr Þoüh by lyopholl¡atlon

årrf ry roüåqf wapcnåtlon at 40o C wlth ¿ võeurnr pr,np wLth a

etatsd capaelty of ¡ehtæfng 0'0t01 nm ffg. Th¡ proclsü r¡ås

vütry stgw and lneoryIrtc erd tlnc rcrlduc $r.n rcdieeolv.d

, st{l¿ ¡homrd gst$¡t d¡Bnct¡or effrct en thc rat du*u.m.
¡'c

5T.rçg|.drytng of ¡ oolr¡tlor¡ of, BK ln Elgastat (5 nglnl) ln

a ¡ill.ccnfsd flark gavr ¡n lrruipiblr rloi.duo at the ccmpLctlcn

of dryrntco. Rfn¡ing of thc f,l¿ek rLth dr .Ialæ¡e solutlon (Ap-

pgruåtx J") for ¡ståy sf th,a realdu¡l BK grvo åt thc best only

50* rccowry ( eften Lt nin rfnalngr ) -- fr¡rthæ îlnalng

yieldcd motrG BK aEtlvtty fren thc glara aurf,ace. I¡1 om suah

expcrlmslt wlrgr* dc r.Ialone golutfon håd bcn un{ntcntf.onally

u¡d tc pr*parr thr nd¡gturt fsr freeør-dryfngr tt¡e rceldr:rr wåt

vlstbt¡ (aalt¡ f,rom dc \tal€na soht. ) and thr aolut¿gl pf the

rss{dl.n ahg¡rd g7í recovgry ¿s calcul¿tad frm utsrus ðrd L40fl

ag ealculåtd fræ thr dusdæ¡st, fht ap¡ururt hfgh r{æff¡try

fuffi thç duoüglre sår arcrtbd to ths drprtr¡rsr af,f,ret of ths

hypstsrf,c lolutfon.

Attßptü to dGrel.t tlrr nnutr¿llßrd rfflusrt frcn th¡ ånbln-

lltr ccltsn ï¡lrr¡ un¡ueett¡fu]' þr¡t lfirttcrtd t}Êt ff a rolutlon

* Elgertat dtfon{¡d rat¡r
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of EX 1e to bc ¡dueed Èo dryncar r txürå prîcautlon¡ had to

bc takrn to prcvsrt eaJor adeorbttvc lgrca on thc gtaaä üur-

facc evGr¡ thougrh thü ¡.ettæ la el,lleonllrd. Xîe pæeæar of

a rcrfüur in thr rvüporatfng flssk ærmcd to bc dcrtrabl.r for

naxi¡arna sæovery.

( c) Flnai fæ.m of Þctracûion

ËTærtnrntr rûtnr pcrformed Èo tttt tht stabfL{ty of rynthct-

le BK 1n llll40tl at ptl Ll q¡cr e pætod of tlmc. The poolcd eff,lu-

ar¡t frm tha AEùtrl{tr eolumn comapcndr tc a }f$4oH aolutfon

of û.t6 H a¡d hr¡ r pn of 1t.. BK wa¡ mlntadnd fn euch äB

!fr40fi cslutlon ðt r.rcm teûnpcratura ürGr a prnlod of I hor¡r ard

ranplro BûrF aaeayrd o\rtr thft p*lod of ttrc tc follor åny

d¡rt¡ucttoar th¡t mtght be oceurrlng. It r$üt fourd th6t no rlg-
ntfleant dreay of BK occr¡nred ovrr thlË pertod. Thil lnd{cated

tlìat thr clutc f!æ thr åmb*r:.itt IRC 90 eolurrr could h p*1-
d arut vlthout nGutrållsatim wtportt¡d to dryncao {n a rorbary

Ëvåpæsto? . lhtt waa ¡ubrquntly dons åt 35 - 40c C. t?rr

wrLa fra{ü thr aolutlsr lc cxtractrd ln ¡ fcw ¡¡1nuÈea ard ths t5
nl of tLu¡tÈa e¿n bo rducod to drym¡r fn appæoxlnateLy 15 mln.

ltc lor¡ rl¡fch oecrnlr duc ts ad¡orpÈlon to glaas gu¡rfaec

úrür tha Ëxt!.æ lr ür{lpsrçtgd to dryncr $â! overcætc by frs-
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t¡.er t¡såttngr thr gtr¡r gì¡rfaa8 wtlft hdtdfmtfr¡{ns h¡@ldt

åfEl tht ucr of ersafn to præ'ldO åfi {rilrlt rt¡iüttt.

Ere ugc of Ìtlx¡dtmt!¡rtnc ùæcnfdr ( Þolybusrc t âbùEtt ) ¡uer

il4rgGEt d ry tþç rtudlrs af Elarn ( 1964 ). I$6¡ødt¡æthr{m hro-

pldr ir a polyn*rlc quatænary .$ø*onxrs s¡tt ard haa posltfv¡

clmzgrca on ltr quatüÉnår]¡ afmÖnfrm gfroupr ( ãrmstrmËf erul 8tür

a?t, Lg62 ) qnd ttr cffect o$ the clcctroncgetj'\¡G chsrgtl oft th¡

glass nouló ery¡trtbut¡ to the r€jcèttst of thc poa{t1w]'y ehargld

8K nolrculc frcn the glaas su:rfaca.

the 1*grrk of Pagc and B¡nrpus (196t) on argrlgtrørrln had rhowr¡

thet ns lcss by aûaorptlst occurrd wtth erude angrtotGftsl'nrpro'

bably bccauce of thr datergerrt actl'on of peptlda or Frc¡trln ln-

pr¡ríttes tn thr syrtæi ths tossGs ütlcor¡fitürsd vttlt pul¡¡ lng{.o-

toris{n could h or¡crew ùy the ssr sf 0'25f aolr¡blc era¡fn ldd*

od to ttr¡ solt¡tlü¡*

Iln: silleanls¡d Gvap$råtång flaak t¡ trcatd rtth Ìrrx¡ü{'nrth*

¡lnc bæfdr by r{natng r!|rlth e I ng/h1 ¡olr¡tlon arull drl¡fng ln rn

olrun at 4CIo C. Bcfsra tha cluate ls ccllret€d l.ri thl¡ ffark 1 sl

of 0 .25X cacrtn rolutlm ( ãpændlx I ) tr addcü Èo tlì. fl¡¡k. ftI

¡fyspæat{ærb drynct!, a realdue {s lrft on the mLls of thc flrrk

?fttctr corËlst¡ Of, caatln, $( ar¡d a su¡LL æowrt of p'roüdn¡e¡ouf

naftlr rihfeh hr¡ sug Lr¡cd the pr¡r{f{'entlær procÜd¡¡tr'ü' tÌrt rct-
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idue rapidly dlssolves on agltatlon 1n L0 ml de çIalons solut-

ion, r,¡hÍch now contains 0.025|/. easein. A solution of 0'025S

easein in de rlalons, when apptied tc the superfused uterus

and duodenwn, has no effect on eithe:r of these preparatlons.

[",hen a solution of BK in Elgastat'l is evapo::ated to d:ryness

r^¡ithout casein Ín a flask which has been p'retreated with hexad-

írneth:rine b:rcmide, the recovery is variabl"e but 1n such a pure

systera may only be 70 ' }Ai;/u. Addftion of casein increases re-

ccvery by 2O%. The usefulness of casein is nct quite so evident

rvhen ::ecoveries of BK f::om whole blood are performed, because

the btcod extraet ltself ccntributes $ome amounts of prcteln

materÍal to the extract whÍch acts Ín the same v¡ay as caeein.

Hcwever, the amounË of protein that appears 1n the extraet is

variable. During the course of the work it became evident that

if some recovery ext:racts htere rernarkable for thei:r pu:rltyras

judged by colou:r and lacl< of turbldity, recoveries v¡ere often

poo!, if , however, casein tvas added routinely, pe:rsistently

good recovery values h,ere obtained. The use of casein has ône

other advantage, it forrns an easily visible residue on the glase

surface in the evaporating f1asl<., and if evaporaticn is stopped

as soon as the¡re is macrosccpic evidence of Crynessr the res-

Ídue is very easily redissolved in de lJalona. CornpJ-ete taking

*
BLgåstdt delonlaed water



61

up ef thc rrrtdur tn dr .Islm¡ l¡ thur rrrdtly vlrlbl* - thfl
t¡ an r¡¡eful gUldr to thr C¡Êrrrt ühtt rtr*l.ltg !üt tö b¡ emtln-

rld srd ål¡il¡rt lüd* to good larro\t{Éy sf K fir'G thr $rtpært'

tngr fJ.ark.

Alr fiml aÐü$rct, ln secrxatrly mmru¡d LÛ nl. of dr rlalmf

aolr¡tl*r 1r n6r xedy for sæsy. lf tht üÊl$acü tg rp¡t to br

assqd tlnt dey, tt ü plsecd ln a 50 EJ. pofythær bæËlr

*rtch has at¡o b¡6r¡ t!üat d wtth hæt¡dlmrtlml¡¡t batsmldrr Erd

{s etssüd in tlÐ d.rp frt¡aa.
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Iha un{quc advantâg3, ûf uslng rat utcru¡ and rat duodenut

folr assay of p,laemå ktntns haE bean dl¡euasGd by Hontoar (X959).

fha uteru¡ ectttlìtctt and Èhê duüdentm rclaxrs tc süûtlar (mno-

grê$r) csncanttratlgrú of the plaer,ra letnlne. Other blslogtcali.y

actfve substancss å1Êo have an effcct cfn thtse tlseutsr but tht

fctlorl¡tng eonrtdoratl.frrs r¡¡fll derc¡trr¡Þâtê thåt these tigsuGr r¡t¡fn

ueed fn pa¡allcl provlde a reliablc and opoctflc nethcd f<v¡ kfntn

a86ðy.

Both vå3optslstfn ard oxlÊæfn cåust å adrtractfsn CIf, tha

ute¡rua ård ln vcúy htgh eryteqttrat{anr a rclaxatlon Of thr duo'

denrm. !?rfs dffføanee in doges of thc trpo olytoelc polypcp-

tides ncceÊst¡1p to produca equla*1vO $rspflrses on tho tnm tlt-

Buça, maklâ thcn {srlgdletely dtottnct fræ plasma kttttnü, 6ad'

dr¡¡a (1955) ha¡ tntroûuced the terl,o Ffndex of dtaerl¡rtnatlcntr

and {n thts sltr¡¡tlon tha Í¡rdex of dt¡crlntnsttcn of thr tx}ûü-

c{c poLypcptddar frm the pi.aama ktnlna la vcry htgh. Anglotryl-

¡ln tn htgh doac¡ wltl also causo a contr¡ctlcn of thc uttrua

and fn ðt1l.L f¡ttrt¡ docsg a reLa:trtlsû of thc dudetr¡rn' but
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thc doges rtqutrrd and the hlgh Lrdcx of d1¡crlnf¡¡tion 1gt}l

eaeily distinEuf¡h bttr$csñ natrrally occurlrçr sngfûtæln

årtll th€ plËtûå kfntnt. 8uþstanc€ Pf scf,tylehol{ner 5-hydno¡f-

tr5rytanLne and hfataraine, aI1 cause a cont¡actlcn of tha du¿-

der¡urs. fhc catçcholamlnes wi]L cë¡tlgc lr¡hlbitícgt of th€ dìro-

denum and uterus, but only i¡r coneer¡trðtioülo of L{)-6 -- å

eoncentîatio¡r that LA not encounteæed fn nÛ!Fltr3! plaæa,

Tlre teehnlqr:e of euparfuslon ln assåy of actlve e'ubStsncc¡

cn ieclated plaln nuscle hae bgen desc1¡.lbpd by Gudduul (1953) '
ll're na{n advantags of auperfueion ovcr pcrfuslon {s that tho

acËive.pubstancc to bc terted, can bc appltcd directly to thr

eurfac6 of thc ¡øuscL ry gtÐpping thc fl6rç of the supæfuaatl.

ths tcat Bubttanqs n¡¡d not be dllut¡d ln c vcLr¡te of peæfus-

lcn fLuid in thc ægan baËhr enabLing ry1l ä¡ûÐuntc of lsl corl'

centratlcn of aetLva substance tc be asaaycd. Foar thC¡ê 1ttåt*

sns the tcchnlque of euperfuglon la vcty oultable for thc atlåy

of the elrtttlL cørcentraticna cf BK to be axpcct¡d in hman b}ood.

lhe rats usrd ntrla cf WLrta¡ stratn of L50 G cr rfiolfc, traat-

ed 1S hor.mt b#src w{t-h 0'1 mE stlLbosstrol eubct¡tånÊouc1y (alr

Apprndtx 5). thc rat !e ktllcd þ a blor cn th€ head ä¡ thÊ

abdor¡sr {a lffssdlattLy ôpenad and the ho¡rr¡ of the utËa.ua snd
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the duodc¡ìrm ¡rmetr¡d and placcd in dr *Isloûs solutíon. fhs

mesentery i¡ cancfully diesccted from thr orgar¡a ard æly thr
prcxtæal 5 cn of ttrc d¡¡qdenurn u¡ad. fcr¡grth* of cotton an f,1x-

ad to eqsh cnd of tht tiesuce þ arrr stltchruef,ngr a na¡dl¡.

thesa nanlgulatíor¡s are casried out with the tisanas i¡r a PcÈrf

diEhro guhcrgçd Ín thc de ,]alons rolutior¡ ar¡l unduc atr.atchtng

ancl Srand}1ng of the tissues with fingert 1a avcÍdcd. The tLa-

cu€s are th¡n plaeed in doul'le walldr glaas crg¿n baths ( Figr,

7, û, I ). Xtre boütæ tfe ie anehord in thG Ðrgan bathr th.
tcp tle ie fåxd to tl¡e end of a fror¡tal ræåtlng levên¡ thue

euspending thr titÊue elear of thr walls. the wetght on thc

butt cf the næl,tingr l¡t¡Er can. ba convinlgntly adjuoted wlth

plaøtfcener anl th¡ tt¡¡uÊs ånÊ sffielrd by morlenatc tg¡al,*¡.

Bcth levere h¿v* a nnagrnLffcation of I in t0. tho orïian bathe

are adjeecnt ard tlr¡ recording Lcvæs frsm both tieeurt r¡co¡d

excr¡¡slsta du¡ to ehangres ü tieeuç tasn on the Båfi¡a ¡nokryl kytl-

ogmaph påpGrr ft¡¡ rrttlng palnts ¿ilt Lsrcrs ar€ 80 arrangcd

tlrat neeonll,ngrr of ut.sr¡s are *mndtatrLy tbove tha reeætdirgra

f¡'æ the d¡¡odllnußr sÇ thgt f¡mdlatç cq¡arisons of rasFcr¡eee

are readfly mds. Xht $ater jackcrtr çf, tlr¡ or$an baths ar'r l-:l-

rigatnd rtth $åttr frsn an adJaesrt t¡mpæ¡t¡¡re controll¡d rãatæ

Þtfr at 5t'o C ( Ihrrwixr B, Þnaun¡ llaLrurgnn).
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Flg. 7. Ongmn ehambrn:r nhør{ng døurþle glase

wtll- wÏ.w"reby the ?vs].l of the chmþcn: ean be

frnlg*t#. ryJ.th w.äter at a mgn*J.aÈs"d tery'erat*
umË. mE f¡úûnedisÞe envlr'ur.-M.#It of tÏls tfssu&
eø¡r M þpt Ç:ffistðnt af f,@ desfrsd twpçrat*
Hr6+ l&* eup,crfusa e (d* ügLo{rs eulutfon) ds*
lfvcred fo fh€ t p thrcdd fn a ¿rapwfså nün*
msJr¡. Mthes ths ti.esu* srd ls thçn lost tn
ths lsilsu.ã.



Fig " I,

Flg, 9,

Biologtcal aseay ãppsxatua. I th!ümÐatatlcal"-

fy hratrd (þaun plwp) rffiñ bÈtñ pro.rldea ctl-
ûtânt tspæ¡tìae f,on aeaay tepfsrsp{ral ryêr-

fsüìg eof,ls (for da tJalqîs eupæfu¡ctc) and tha

tlasue chæbe¡ss. Scpanatr atpi.ratc¡ bcttl'ce

for Gâch t{eeua csrtain thr eupæfuoate. DE-

l{vcs}r of, dc rlalone tc ths ttsst¡s ean h req-

ulated by acparata taps arld flnr adjuettÊênt

sq$Êw e1iPa.

Þecuratsro of the tl'ssuca anc rccordtd by

frsltal rættfr,rg la¡r¡rr on cnd{rd klmsgraph

põtr)s,

Ct o¡¡ up vlrn cf {xrülån drgBbüû. IEolat¡d
¡'st ðuod¡rr¡e õt l-aÉt sd irolstcd rst utt¡r-
ug at rf.ght " Ea{.ng djacont ægãll bat}Ñ 6¡-
ablca rreomd¡ f¡crn bÕth to þG mæe ard pt'ec-

cd clo*rïy ær thc gæ kyaogilPsph traclnE,
gm F1g. l0 fcp üttrus end duodsrr-m reccsd-

ingt.
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ths tuporfullng¡ fluid cmtalnrd ln r¡plratæ bgttlt! Eup-

pll¡s ds .IaLonr ¡çh¡tlst tr*pg¡¿rntly to thG tTË t{¡¡t¡tt bþt

grarritlr paerlng ff.$t tlrrorryh a sa¡ni¡rg eoil" (!1o e) a¡d ftt-

tæ (gl¡tt *06l.) ¡nd tttiût thrcr¡gh a g1.¡r tuþç {?roç ttp.cd

ttp $¡ttc agaÍ.rut thr t?rread auprtldtngr thr tftül¡t. St¡ ¡trpÛl'-

fusatG f¡ daU.rrçr¡d tt spgroX:tfiatt1y 3CI d.Þ.m.r aufflctrrûly

hfgh abmro thl tt¡¡ul 6c thåt on f,alI{ngr lt brcaks årrd btth.'

aLL sldt¡ of, thr tltltp rn6Ly. th. drtlwry of tht supæf,tra-

ata car¡ bc lntrrtr¡ptüd Þ5,t ã tåP ül Èht l't¡a tÐ Gtch pl'aÞl¡Ëtfon.

&fth tletr¡tt !¡cqlrltlr tf-ffi to ståb1l.t¡¡ (usu,åLLy I ha¡r) and

dr.rrfng thfe tll6 ptogrcsslw relaxrttsûr of thc r.rttrua and taktngr

up of tons of thc duod¿num oscur, t$c drut6 1a al}c¡¡5d to ¡to-

tåtc at å slor tp|td, so thst th.ü. G1¡¡ûtt rlll bc dtapuycd

arKl aLso an)r tpsrrtantou8 aetiv{ty of rfthæ ti3cuc g'{1l h elcar-

}y nantfosted. Lftct an ådegìråte Pcrtod Of êtablltaatfont thC

pc6ttim of the wrtttrg l¡r¡era fe approprfatoly adju¡trd ard

ccuntcr balencs åppL{ad ss that staxLn¡En ætrsltlvfry ( ff 1t t¡

3tq¡1rcd ) ean ba obtaind. Íhe t1¡¡uaa ärlÊ now rwdy for aaaay.

StardåId soLt¡tlsns Of H,r troparrd wtth dc rnalsr¡ aolutlcErr

ptaccd lfi t.tt tubc¡ Ytth lnd!.vtüu¡l, tsat ptpeütca ü¡trt nâln-

talned at 51o e fn a raek l¡r thl ec!ilûûn $at.r bath. Doaea art

appll¡d at t ôr 4 Efnr¡f,¡ fntæ¡al¡, Íhl tin¡ ånts¡r¡al ¿dof¡tid
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1g mslntalnrd for thr duæEt{sr cf thr tltsy. $$Ðrfuaton ta

stoppgd sCI sts. bcfom a dosr is applildr thl¡ ellctç¡ all crct¡g

sch¡tLon tc drafn aft tho tl¡suo er¡d ft p¡rtlcularly ntecrrary i,f,

dosra of 3K tg þ3 r¡ttd urc cf ¡snlt nrgmitudr. å star{ard dç¡r

of 6 dnopa pn taeh tL¡st¿S tO t¡¡sd. Suctr â rti.ativri,y langr vÐl*

rlne le crtüttlst bectu¡C althaugh rlth rupr¡fu¡lcn rcapcnüC dt'
penla nalnty on tlrr canctntråtlon, ulth vüry' small cânelrttrütis$

volur¡p doc¡ ccnÈributc and rith thttGshÐld dcseg ¿ diffæc¡-rcr cf

tÍpo drûps aåy drcf.dc hüræn rcspc¡Ëa ¡nd no raspcsrsar

å contact of 3CI scc. is a113ff.d, afttr t{hieh thr suptrfu¡isn

ts turn¿d on agråfn. AB cf,tcr¡'happuut thr rtlapoül*. of thr ut.ru¡

to a enåll doar cmtncêt after thr luFsfu¡icn Ls turnad m --

thåa ney cofittltutr å nsn-slltalftc trlggrr te thc coeÐth nu¡clt

but ln nâ ìlty hrq tt b¡an fcurd to lnvsl{d¡t¡ th¡ ncaults' ¡lnet

the giãc of thr rctpcns3 iå stttl dogC rrlatcd. l¡fon doça of

ths u$kfiq¡flr 8r,. appltsdr tt i8 ¡¡rll. to Eæ¡f,l.nn thåt tht tlttuct

are suffåcf.rntly s¡ponsiva tû rl;tet tc thl æotrnt¡ tfkrly ts bf

Cncountæd i,n thr Gxtr€ct ts bc leaayld. Slncf f,oun-polnt blo-

sgsays h¡vr brcn u¡od, tt ts nceütstry to rctabltah thr ¡btj.tty

sf, Þotl¡ tlr¡ura to rr¡Þor¡d to tts dorl¡ fn r ¡ultabl¡ ratlot

{uauatty 2¡1}r wfth raådablc rxcuref¡om rrd ruffl.clgrt 3t¡spllcal

of glogr tn thr dor¡ - &Bt¡røtrt ¡rrltttEgurhlp to gtvr teclptnbli
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preclelon 1n thc lt¡t!¡.
RsspgnlG¡ to froleted t{¡gusr æ¡ of,Ern ral'stcd ln en aPF{F6il(-

t-uately ltå¡c. frshtcr to å togr tlsf¡tf,oæm of dosr o!/rn r ttndtrd

ra$g€. Ttn ¡tardcrd dosss of BK src tåal¡fæ ehOesl to f,¡l1 fn

thl¡ rarç¡r of tho does.*rcaponSê curnta, àl'tcmåta3.y¡ the ttrlslon

o¡r the t1¡eue¡ nay br ctr¡rqsd to achlsv¡ nÊtllona.s thst f¡ll f¡t

t&c }lngæ It|rE gf tåe dçrc'regpor¡il ettT\¡3. Dosc manipuLrtlon¡

a¡re døre wlth th¡ rt¡rdands trd tha unlcrwr rFC not bc tl¡åfl¡d

out¡ untl.L a ¡uj.Ëahlr pair of, tf¡¡u¡r h¡r bC4 slr6itsr to funet-

lør r¿ttrfactorrrlY.

Src Ll¡nft of ¡sr¡ltfvfty of thr n¡thod l¡ u¡r¡nlly lnpocrd

by tlre utæur PrôpËttfm. Con¡tdæ¡blr fi¡cn*r¡ ln ¡Arcitlv-

ity of thJ,¡ prrl'ånrtlsr can bc aelrtwüd by trrôtl¡astt w¿th ehyuû-

rrï¡p¡Jn ar ruggcstd by Edry (t.98$). tht ut¡ru! t¡ ¡nfncd ¡rtth

ctrynotryprtr¡ Frlo¡t to orccy applf.cetlsr of the rtacdårdr untfl

qa¡clxun ssrNltlvtty hac h¡n 8ttaÞlt¡h.d rnd has bÊeæc lt¡blC

( Ftg. 12, aco rl¡o Àppsrdfx 3 ). É¡cn r Htt¡faetsry do;t-

reüpansG rslatdsuhlp fen thê trûo tt¡ndmd darro h¡¡ b.Gr .tt-
ûfl¡hd fsr utæt¡r ¡¡ú dr¡odæw ( rftfr s! rlthsut chpoürlfprf¡t

fcyf tla r¡Èæüt), tül¡y oJ thc t¡nknmr c6 þl undctal(s¡.

8y aptrrpPrl,¡tr dth¡ttsrr 611 doct of thc t5lkÞowt {È ffttd
to g:tv¡ a n¡rpsnæ betr¡ûtür ths t*B ttælútt{r r thl oth¡n Eoupc!1'
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tratlolr cf ths r¡nbtöm la th.n ryda W ;s th.t thc raH,E of th¡

t¡¡rlqnøsr csteurt¡:çttm¡ ta ttue gæ ar tlut of the stanáåü"{ût (Ftg"

10).

Bre appLlcstlonc durirqf aleåy Ert nadr ln e 4 x 4 låtfn

tqu.a¡$e destgrn. Etrr aeeay of onC SanplO ttkåa one holp, A ¡tr¡6-

ber of årsryt csn bl of,t¡n done on th¡ qil Pætparaticcr rnd it
tg Þü¡t{cuL¡nLy cs¡vsrlrnt ff tfta så4}1¡s etg of the ram 6'dæ

of portency. A1thou€rh ttre ua¿ of e$motrlrB¡trt ie adventagnoua

dn that tt¡ rf,fsct sr thc utsrus lncrea¡ç¡ ths nrraÞæ of, prcp-

ðrat$.cna thåt art tgnt¡lt{ve ørtougrh fæ acrey r tt ahætm¡ garl-

nfdcrabfy th¡ prtod ovü r¡hleh thr ut.ru¡ b¡tr¡vg rtl{ebly.

Scldæ eær nntt Èhãn t}gcl csr¡cçr¡ttt¡¡ fq,m pofnt aûsays !¡ Pæ-

ûoEî&É ofi å cltypot¡ypsln freat¡d r¡t¡rut ¡ &9 trfth r*pætsð ehftrc-

trypein tppltc¡timt tlrr tttaur LefG¡ ¡g¡¡Ltdvtty ard ¡$mturlly

fails tc dl.¡crLufnstr baffircqn dlffcxlstt docl¡, In rlrco$rry a¡ffiyl

r¡hera tlrr f,Ln¡I ¿€ncrntTqtl.tl of Bl( {n th. btood å¡ 10 rrg/nl r

gÉ€ôt eüt¡l,tlvity of tle ut¡¡ur tr not aûtinttar âfd tln um of

ehpotrypa{n tr¡ unrnctSsâr1rr

30LËr f"r ahcsr Rætcsl rr¡u1t früÊ ¡ 4 pint åtßÊlt of ¡n lx-
trËct of bLood' r*r.r. aecü¡sy of 1ü rrg/nl ( a tdaL sf I00 ngr

affi tc 30 nl of bl.ood) l¡ ratl¡srtod,
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F{9. 10. Roapaneca sf ut{æus (eontracttsne) in t}¡r top
ünaeo end dwd€nu¡n (rr:¡xatløra) tn thc 1snËT

tr¡or, to ( 4 ngln1 Ê I nglrnl) doaes cf Bl( ard
to blood e¡ÉTåcÈ { u ard S } úl.eh ccntalns BX..

ltrc Lcnr a¡d htsrh dooes d rttrc ¡tard,ard ard un-
kns¡rn art fn tfia ssnt :rdtic.

Fig* 1J". 1?r¡ ef,fect of sn elûrsct u¡ ?*rlch cætatnd BG-
otæfn contælnetfon¡1n ådddtf.sn to Bl(nar the
rãt utæur erd ducdenrsa. Serotsrfn ccnt¡racÈd
both ttasucs. Aüft{o¡l of, æLr'ât a ccncentra-
tlsn of X0{ ü/t in thc oupefu¡ate blccþ,ed
tl¡c alrctæl¡r cffect and r.¡¡¡¡n¡sksd thc precêncr
+f Ët. thr offeet cf ê stårldlård dcsc of ffi.
( f ryÅqf ) t*as uneltcred þ thc prcsence of
rcI¿ fur tha superfrrgater

* &L r i þqq6- tf's Iryrægmld¡ bltårt3ett
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F{9. 12. 8#r¡ltlsrtlorr of thr rüt utirur to BK bf¡ Eh}mo-

tüypsln. ltr* prspanatlon urar ptlnsd wlth a eolution of
eh¡mot4rprfn ($OWnt ) prrt$,ü to würy rpptfeatlon of s
doa* of BK ( e rçr¿1¡rl ). lüaxl¡nuør e*lgfttaatton Lr uruettry
aehl¡vd f,n sbout l0 nfn. 1.9. aftæ rbout 6 * 7 do¡ü.
hfning hau tc bç contlnucd tlrroughor.tt thc eaeay lr lütr-
Ittvfty wlll to dlellnr lf p¡t¡nlng lr onf?Ed fon
onc or Èwo dosca. fretr tln drprælfm of th¡ barc lfnc
oeemlng wtth thc dSwlopmsrt of lnenragüü rcn¡ftlvlty.
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Irisst:ixtgt aeturl r'Êsp6ncas, sÊðeurcd ir¡ m f,ræ fhe kymgrraph

tnaeirE:

tlterusre

Ctntråetiong {n rua.

Duodenurn
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26

88

82

7J"

68

B7

77

3r3

Is

22

21

L7

]'3

73

S€ts

lst
?rd

3Id

4tlr

Totals

Rslaxation ín r¡m.

u2

22

26

¡7

43

102 118

u1

25

22

25

50

82

26

55

33

41

13ç

8r

23

22

20

31

latalr 96

Sets

Ist
2nd

3¡d

4rh
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CalputsFlFL-sf. &K cgrcsr¡ËrEtlan an# tÏ¡us rcævfmt (G¿ddurarl959),

In e¡leulating tho potensy cf the urùns*¡n the ageì.&Þtion

has to be made that fsn botlr the tissues the relationEhip be-

t$eør respon$€ and log dose, of/en the nange cf doses ernBlcSred

j¡r tl¡ie agaay, is l1near. Since only tt*p d,ose leÍ¿ets are usedl

tlÉre ie no proof thõt this i.s scr but thÍs ean Ì:e ûBcsrtååned

with *€xtain s¡rount of confi.dence by parlor testing of tho tia-
su.es with vanious doses of etandard prlor to assay. It ie also

l,¡apttcft thåt to cal"culat€ the nelatlve potency of unl<nor¡n to

Stand¡rrd, the dosê-sÊsFon8€ llnes for the solutic¡rrs a¡r€ parållatr.

ÐLvergence f¡ræ pa¡allelism cen be teeted fon signifieanae by

enalyeis of, varf,ance (llppendlx 4).

FTür the assay data in ttic tabl"ee above ealeulatton of

rei¿tive potency of unknown to standatrd can be m¿d€,

AResP,(u-s)
log Relatíve Foteney = @

(Resp = response in mm)

A R$rer ca¡r be caleutatsd fles$ trire Beurcec of Lnforn¡stion

vlør' ug - sz
and

ul 'rt
ttr¿ clrurtgr 0f tl[út tæul¿ ttür þa

Vâ(uÊ - rl + ut rl)



MI
{frdltrfdurS,ly fæ

üårdu)

Â nr+o

^ 
log d*r

1og â

72

0.5û16

e2 tr. uru2

1
7

-

1og 2

åvæage esttnatsd olo¡ra = (El - gl + ug - oJ,)

0 "t010

!üsre¡ Xsg Rrlet{vc kæcy ûl) = 1/" ( r$ +2

l,12 (t, - 81 + u? ur)

!{ = 0'301,0 (oa - sg + u' -

)

tr)
(aA rl * u, - u1)

epplylrg thls fcvrmula for rog nelaË1ve peturcy, thr es¡c*&zat-

for¡ sd !u*ct thc recoremy of ha{yktntn ln t}¡o eøaple ean h
caLcr¡Lltod"
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Elg-gl¡¡n$:

!,1 t'5tlt x ( 276 - tt5 + 88 - 73)

FctencyfnS =100

= L00

= 98Í

= CI'Sol,o .(- 12)
418

( 303 - 75 +â76 - S8)

=- f '00S6

-0.0086
.:-
l'9914

x entilsgl

x antil"cg

Ocrncerrtnatfon of oZ = 0'38 x 4 ngþL

Concentratlon of exttact = û'9t x 4 x 7'5 ng/tnL

Tctal snount 1n ext¡act = û'98 x 4 x 7'5 x 10 ng

Ë Reeoveny = 0.98 x 4 x 7.5 x L0 x L00

3fiCl

=98S

le
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Frrya ducdenr¡mre

Ilstng ¡l¡nll¡¡. ealeulaticcr, frcrs the araay data

Patcncyin*(ofut)=9gS
Also rÊecvety = 9*

Thc avçråge recovcry f t'oun the¡a tirau¡ asgayr is thcn 98.5f.

Slnce tho endogcnous FK gn thc btood sanplc, tc whleh .n a!(-

cess exogenous has b6s¡ Ectrdcd fcr r¡eovczSr rtudy fcnna ¡ueh a

snall fractlon, lt can ba ig¡pned tn thå¡ cltuation. luïrcn rt-
ec'r\'ery csttn¡rtlm¡ of ¡.rsållcr an¡¡urtt arn nade e.g, 0.5 ng,/nlr

erdog'enoua DK Len¡cl v*r¡st åIse be crtln¡trd ro thÅt approprtrtr

allor*anc? côn be mdc tn th€ dcte¡mJ.natior¡ of the recoveiry of

addcd ÊK. In calculrtlng thr endog¡tnÐus BK levela in blsod tht
a¿une måthcâ¡tleål approach ie usedr exccpt that norç the ceû.rcen-

tratLoRe of ths rtardård BX eolutLon¡ ana nÊcesaarlly arEaller.
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NABT.¡E 1æ

R.ECoVRY 0F BK mgm 1Ð coÏJ,ælrobl
SYRIHGE AT ÐTFFEB"EIÍT T,A/8I,8.

S Reccvery Hean
åä3ffi*

250 nglm1

50 nglml

88

109

96, 90 ,J.06, 99 ,92 ,97 ,99 ,
96, 99, 91, 97 rICI7, 95, 80,
9*,lt5,L05 ,8û

i"0 ng/nnl

1 ng/ml lC0

0,5 ngftal 83rL10'9C,.101'L03

OVER.Eil, MEAN RECOVERY 97Í

96

9t
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E. RËSUTJT€

Recorrericg

As a teat cf thr nethod of e¡cEractlon ¡nd a¡¡ay to nÊt!u!t't

blood BK levelt, rÇcov€ry expërlroenta serc perf cr'rned coverlng

a qrlde rånge of conesrtratlçrne of, lnt¡¡çral stardatds ¿dded to

the colleetf.on syrfngc. BK s¡ae add6d to tha ccllectfng ryringar

to give a flnal coneenträtlon va:rying fnø 0.5 25r) nglnl. Ittc

recoveli€E årÇ ¡horm in fable L. The recovtrry vålu€s ltst€d

are the åvÇnrges of p¡rEllsl eetils¡tiona m ths uterug and

ducdenun ( aec Appcr¡dtx 4 ). ?trere 1s no dlfferenar tn Fceover-

ies of BK on¡er the ranga cf ccncürtratlffra uado and lt is tÐ
be noted that thå lû¡ngt ecNncentratlon uced ls of the o¡der of

BK ]svcla nåturålly oceurrlng in tha blood.

A:rterial blocd BK levcls

llhe e¡terLal bi.ood Bl( le¡ei.s fcwtd 1n i.g norr*al aubjects

arc sh*¡r¡ 1n Table 2. l?re bLood war collacted frøn scme aub-

j€ct$ speeiflcally for n'rnna'!- blocd BK estüqatÍcns. In otherst

rastlng artenlal bfood BK cetlmation¡ maû nde å¡ p.rt of an



IABåE 2

ArtenlaL BK lovcls ln J.8 aubjects. Colu¡nnE 4 and s ahow rssurts
of aseay oq îat utçnug and duodenum respccttvely. Colurnn 6 ahonre
the nçen of theso 2 leveLs.
Recove:ry values are n€an of ute:rus and duodenun assays on bloodtc v¡hich BK was added in the r¿lthdrawal syninge.I'r /trveraqes of neplicates used in caleulation óf tiie mean.
Replicates cn P.A. and c.,J. esti¡nated on dÍfferent occasions.

BK -]-evel ng/rÂt

Subject Sex Age llterus Duodenum Mean Reccvery

R.C.
mnr.r,

'] P.i\.
t't R.R.

N.P.

H.l..l,

P.S .

R.A.
L.T.
R.$ .

ti' B ,K.

B.l4cG

D.F.
¡T¡nr . f r

tt' .J.ß

uï.Y .
?'r A,B.

G.S.
ti" c..t.
frn ?

0.[]2M

M

F

M

19

19

27

20

20

45
llT̂I'

35

34

20

20

4/+

25

27

36

2L

23

44

2L

21

0.07
0.07
fr aìû

t-t 1 ll

0.rJ9

0.11
0.11
0.14
û .1-3

0,14
0,L7
o.I2
0.14
û.16
0.17
0 r2I
o,23

0.19
0.37
0.52

0.5C1

0.60
û.70
0 .70

0 .03
0 .07
0.11
0.1.1

cl .12
0.l.L
0.14

0.15
0.L4
o.J-7

0.16
rJ.15

ú.18
0.L8
0.20

0.18
û.29
0 .33
0.30
0 .36
0.65
o.77
0.90
0.90

L,2

CI .03
0. o7

0.0!l
0.1t1

0.11
0.1û

0.j-2

0.13

CI.14

0.1_5

0.15
0.16
0.15
0.16
0,1r
0.13
ü.25
0.38
0.25
0 .36
CI.59

0 .63
0 ,75
0. B0

0.95

110%

ea%

Ö1/o

96|/"

ee%

J¿ /o

e0%

(not done)

JL/O

101%

e7%

L07?4

Lo3%

ee%

e5%

B6%

e2%

80%

L05?/"

L0sx

M

F

tr
I

M

r
M

Ivj

nr

M

F

M

nr
M

M

M

l'l

l{ran
5.D. o

.?2

.19
2 nglml

nglmI
ng/mL .28n9lml
nE/nL .28 ng/ml 23

979(
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ü€crùeû. Xn ¿Ll ln¡tarsc¡, tÌ¡r coütstls¡E rËrc n¡d¡ f,rm
t'h€ Êuþjcct lylng om I cot¡ch ard aftæ a pæ{od of qr¡irt rr¡ot

fcrr asproxtmstrly 50 nln. X?tc wn l¡wl fllün 18 oubJretc 1a

0.?S rEr/nf. (8D 0.23 ng¿bL). t.l¡e rgn of thr suÞJccÈr r¡ffignd

frm 20 tt tlt ycara¡ no aEG tyr sox df.f,f¡r*ræ waa fo¡¡r¡il,

I¡ C.ü. thê lt!¡tll ðt an l¡rtem¡¡l of I nontht rstf{Ê \rary rLn-

lLer bl¡t tn rubJact P*å. ¡È¡o nåÉ I yaurqr st6en with vaüüotÉr

ln¡taþilfty, thtrr rrrs E marked dtffsrr¡er tn tl¡e tro Gotf.Eå-

tLona nadc 3 *ccke tpaft ( aæ Df¡cuasl.sr Part 5),

XIIHtICAIIE IaRIRBITTTT

Xb ecçrürtlål g¡( Gstf$Êtiæ¡ ulcrr nada on 1 gublÊctå. Four

of tï*æ $tnt rsbjætc præelrtcd tn labla 2 ß.R.¡B.K.¡rI.R. Ê

A.B.); th¡* æhÊrr $Er€ auÞJecte stLdlcd rubeequærtIy, but in shffi

dupl,{catc ogtÍ,tn¿tttgrrt t$æ{r ålso nadt, clther trl srtsrial or vêülou*Ûr

blood¡ thcas låttæ arc lnclr¡dcd tn tl¡. täbLa belw f,ar convsr{,¡rue

ard th€ pæld rt8ults ara us€d foa¡ thc tåtf¡låtlor¿ of dupllcatr

uertsblll.ty of tha núthod of e¡çtraettsr ard å!rsðy. ft 1a shcn*¡r

thåt ü,h{ñ thc avtraEc of, rstlnåttcÉrr by utcrus and duodcnwo 1s

ue€do dupLlcat¿ var{ab{}"fty ts *rly 5"5* ( t +.9Í ae g5* csr-

fXds:oc lfuÊfta),



DUPLICATE VARIABITITY

7?

5
2

R.R.

L.C.t!

B.K,

\r.R.

M.l¡.t'lt'r

¡t.8.

t.H.".

Mean
s.E.

95% confidence
lirnlts

(re = 2,45)

.t5.3%t s.s% +
.l /o

zþlJlOL2+? 57â
gt?6

I

Ls.3 ! e.zs% Lz.¡ ! s.ot% 5.5 t 4.w6

2.9?(

Ð1ff

10%
L0
l-L

0
0

o%

6,6?4

t21â

0Ë

7%

Average

BK nglm1

0.59
0 .63

L.07
1.10

0.15
0.15

0.L5
0.16

0.29
0.25

0.34
0.34

Duodenuro

BK ngln1
Diff

97;

3t%

a%

3.0%

r2?{

rgY'

Olo

0
0

Lt
12

0.J-7
0.13

0.18
0.18

0 .33
û.30

o.32
0.36

0 .65
o.77

1.07
1,CìI

üter.us

BK ngr,/rnl
Dtff

L27L

4%

3L%

L7%
0
0 ¡

2L%

LL%

fLï.

T2
T4

0.52
0.50

J-.07
L.J9

0 .09
0.10

0.13
0.17

9.23
0.19

0 .36
o.32

Patients wfth the carclnold syndnorne ( see Part 5).
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ft¡o xnpætsnt fäcta @rBrgrc frcm an f,n¡prcti$ of th¡ æ¡-

uLtt of no¡nal hlsad ten¡cl¡ aa c¡tf.nåtd by utgrus a¡d duodrntu

assrya. Ehü æaß fcrr duodtnr.m rc¡ultt f-?æ thå L8 tubjâett lt
0.28 nglnl c.f . O.tX rrglnl fcr utçrur¡ tllo tho Ecstts of thr

duodgrun ttssya f¡ gr¡¡¡ts. th6n fø utrrt¡t åtsåyt våE, 8D fæ

duodsu.m ðttåyt tü g.28 ngÁül ard for rrttruü åssãyt ta S.,L9 ¡¡gl

ra1. ltr¡an flndfngrr E¡n be aacorntd fmr þy a eøtefdcæattan af

ths bdrevf.or¡r of thr duodanrm a8 tR Etsry t{tcua. gtnse thr
el¡angrc fn Lffigth of thr duoder¡wc fr sm¡llæ than cf, the utarr¡¡

for a gtvrn do¡r of tXn atuodcnw atttyt arr charaææitßd by a

as¡aLler alopr of, thr do¡t ¡Ê¡pørËc currn. thls gtvar lec pæc-

ci¡l.m asd fnrr¡ltably gneâtar scåtttr. lt¡r duodstwin tt al,¡o

vary *¡¡r¡ltfvt to non-¡pæiflc inpurt{tiar whlc}¡ st}rff¡ tr}r\Êß€nt

fur tt¡ü tlGaåct cån eåusa tæ rÊlå¡ütlsr of the tfgaln ûldlpan-

dant cf the eüËGrt¡tÈ{m of, g¡( la that rxtfäst. llha b!,el to-
mrdç h{g8¡ar s¡så}r r¡aXu¡r frü¡ ttc d¡rodsnu¡a ls x!Ðst Ltkrly dua

to tnpurtXttrrl {n tht uctract t*¡{cfr tnw æcrpd ths Þunffieåttorr

atep8.

ËsrÊ tnf*tnrtlon cbout tl¡r dtvrrngãrct of thg retutta wE¡

obÊalnd Þy stattgtleal anûly8ts of dat¡ f,rcm l¡oesl'ßy rxgGr-

lsg¡ta anl frm endogcnous DX estt¡nttfont. llre aesaya of rç-
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cûvæy BK ( r0 rwrÁnr ) er¡d eurdogrcnouc BK are dlEtrngud.shGd þ
the fact that e nuch gilcrÊatcrr d{lutfgr of th¡ reccñ¡lry rnt¡üct
la rüôd€ prlor Èo r¡æy, lh€ dl,lut{.sn ðay be 5 - ls fo}d gsæt-
er ard hf.ghG. atan¡lard ccr¡cêntråtloÌìt ¡ßG uÊr¡ålly omlroyd. äoth

ttreae factorc *outd tüd to nnintntsc thr cffcct of any tnpur{ti¡t
pr!ôtg¡t fn thc Ëx,Èract.

3he ctatf¡tlcaL anaLyeÍ.e ( Appsrdfx A ) ahrya thåt thr¡c t¡
nc ei.Errfflcent diffrraree botw,een utüpur c¡rd duod¡nrca aaaaye ln
the tlçcqìqrrr cçtfEåtlæ¡, ard thsG Lc no rtgrrlf{cant dlvlÉgrtrcl

fræ perallellss of the stardånl vc t¡r¡knørr üosc-¿rrpmre tdncg

fo¡ botlr tlüsurü,

rho dtffgæncc brt$can adqct¡nor¡ç, ã4 þlflrts, as rstùqåt.d
by utem¡s aû.1 duodunm aasåyr aæ e{gnlflca*t at thc s* ltwr
cnd s ÍÍ&an dtffcæ¡nce of, rûÍ {e fou¡d. Thcre ls no rigmtfleant
devlatlon frs par-atf,ôllsn f,oÏ the ¡tard¿sd and untt¡rryfi dore-

nespqnte alopar fsr thc utæua, althoug*r tl¡c dwtatLon ta otg-
nf,ftcant f,* thc dr¡odgruøt f¿[F thr grqrp drta. rf cr{M thsn

tlrat tfic f,npurtt{Qa plpcscnt ù¡ tha r¡ÊFNÉ't rf,feet only the
üuodcnrsn ard grc not f,nflucnrc{ng thc ¡reayE ffi the uterus. Rü-

grcaoLon analyrfa of tha b{a¡ of thc duodsun ãßBåys ac canparrod

to tlt¡ oocr¡rapmdirgr rrterua val¡r¡ rhorn na tr€rÍl ovçr thc rangn

ûf vsl.r¡.¡ of, EX üffeütftuEl,ør a¡gryril ln narmaL n$bj¡at¡. lthlrü
*r a cm¡ra¡tt btr¡ of, + 50Í (t l0f rr 9F* emrffd,s¡cr tlattr),
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f . DISCnSSIO¡Í

-
I
I

I, l¡cev¡rf.o of lnta¡nal ¡trruilard avæagcr 97fi. Ittl¡ ordcr

of rceorrrry 1¡ nrlnt¡1md ovgr a wldc r.tì!n of tnte¡nrl ¡trnd-

a¡d¡, f,roû 2W rrg/r'L to 0'5 ngr/nJ.,

2. tlrs ftnrl :xtract cf cndogrnoua DK i¡ çuff ief.cntly purr tc

atlcrp åssay ( in ¡sa¡ caoes with L1ttle or no dlluticn cf thô

extract ) on ¡upcrfu¡cd pncparatiônt.

3. ttrc nrthcd ic acnsltfve enougih to cnablc tha catlnatlon

of 9X 1*r1¡ ln ell ncrrsêl aubJreta ao far strdild.

4. Ihe urç of utæur snd duodcnum prwldæ rnaxfn¡¡n s€nt1üfvlty

ard apc.clftetËy ard any tntcrfæing rubrttncts can Þc rradity

detectrd ( Flg, 11).

5. Uc¡ of chynotrypiln o¡r tho ruperfuctd utËrut eån tncrrage

tta Ecnrltlvlty to do¡rc of 3K ar lw tr 5 pcg/nl ln sonr prlcp-

aratlonr. !Îrll t.nfltlvfty tr sxcrpticsr¡lr but om to 50 pcglnl"

can bo frcquently obtalncd.
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1. Lårgc @ultt of btod æn,r B¡qulrrd fcr cach l¡rilvfdurl.

cttJ.wtfqr.
2. Ttrr mhod 1r creÞtrrffit sd tt¡r cçryrnlng.

5. Xh¡ nÊ¡¡ot of bl,ood coll¡ctlql rcqrÍrcr artarirl æ vütour

esffiulåtlfir.

4. æ|r fÍn¡f bfood üCÐået ttlLl efirtrlll! frpwtrtlGt tr ¡hær¡

þy ttt rf,fcct sr thr úr¡odsrrn, but thic üflrûr ü cffiftffit ard

ths &rmrbrck lr off¡rt by Ëh. gafn fn rpcElf{clþ.

the aehlææcrtt of a salt fm. rxtsact drprnËrd uptt thr
r¡al{¡atfffi thåt DX rtlå nlnåln ttåbXc fn Fn ït tü4OË for a

pcrtod of tlm cuffiet*rt to ¡rGnürr thr mslf¡ þy ræ¡r:f ürtp-
or¡¡tl.çr. th¡ clo¡æ to !,r*lty th:t ðr rlG¡rct ap¡yrcrehtt tht
gßcatæ tr thr rlrk of lorlngr ffi by rdrmgtlen to glmr lurfrerr
tn th. ftrul rtqrr of prntfl,c¡tfonr ¡rp¡ct¡lfy r*rur thr rxt¡nct
le anrponrtd to dryelr. Thú hü b..sr nlnfair.d þ ttn ure

of hr¡¡¡dfmthrLm bctdr to tr{rrt thr Erfatr surfrfi of thr rdrp-

æÊttng flnk, üd tlÐ r¡æ of æ¡11 æætûr of calrln to pmvtde

ard tnæt rer¿dr¡t.

Altltet€tt thr {lrsy ilùh€d uLLl not dtttlnæfe}r bütnll thr ¡llrt-

t
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rfrå l({nlnr, fæ rrrascxrü Ntatad tn F¡rt I tht trrj* kj,nln Flp-
tldr prr¡srt tn brood ir probrbly BX, krdogrglour BK Lttrltr
are too m¡ll to ruo¡r any chrnferl eha¡ectc¡lcetlm f¡w thr
rxt¡actr¡ tuch ar by påpar aleetrophom¡1¡ cr thfn Laycr chrry{-

atogm¿phy.

Íhc allghtty hfghor rcn¡lte glven fræ duod¡nrs årrayr do noü

pcsa a ¡lrlou¡ probl¡m. rÈ ie iropoltant tc wpha¡{g€ thr lmptf-

c€ticllt and co¡raoqurnces cf the dlrenpency Þctrcør thc utæua

ard duod.nwr ascåyg. Thr p¡i€rGnce of lnpurltles in thc €xtråcÈ

fc¡ aasay rould cffrct th€ duodrnun in trc waya!

(a) thay c¡urü thc duodtntm to ¡rrLax out of ptrr-

portim to thc BK contrnt fn thå ixt¡ect,
(b) ¡lncr tho effret cf dflutlor¡ fn th¡ tæ docr

of thc unkn*¡r fs dlffrnrürt m Bl( and inpur-

f,tl.r, thc do¡r-resptrttr ( D-f, ) ltn of th.
unknosn arlr&rs e r}opr nhlelr d+rlatrl W
parallrllm fircn¡ thl ( D-R ) tinr sf thr
It.ndrñf.

ånalyalr cf va¡kneü ïfi¡r pcrforn¡d ori rrtults ( Tabt¡ 2 )
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thål rh€fiFrd th. nort nrr*cd dlecnr¡urrcy Þltnrn vaLi[. fro
th¡ trp tf.'tuü. rt üænü th¡t þ qhr j.ldtrrldqr]. lr'rq. thr
dlvcrgrunar fræ parrllrll.rn ,,¡ n* rlgntf!.eurt .rd doaû nõF

prchfbtt ¡n rrttarttgr of a rrl¡tLvr Þ_ot*rcy çf th¡ r*tnrct þ
tha ncthod uard. lloËvæ, r*rrn crrgup dåte r3c tr¡td by r
paû^ed t tertr lt ls rhsør thåt ræ. of thr dfecmprney ( rof )
thåt rxtstr b.tmst thr ulrnur ¡srd duodrytrm årsry rtrult¡ tr
dur to a dfvcrgrurcr f¡ø parralrrtn rlthtn tfu duc&rrn
ðEüüys. Rc¡rtrr¡rlsr rnaþrfa ¡horr th¡t th. bfir pnodud þ
tha embln¡tlcn sf (r) ard (b) (eborr) tr Êçtrta¡¡t srru thr
$angû of lwttr acrayrd in nord¡l blood, üd dr¡oüarrtfir ütry¡
arÊ vqlld er løgr rr thfr þta¡ tr mcogntmd. rtr slhæ rcordr

varlatlana l$ bl"ood tK lrvrl¡ €Artr r nornal langn er¡r bl ¡t*
lf.ably r¡tf^n¡r¡d gr tht üusdüun.. tlthü¡f,û¡ th¡ Ec¡¡r bloot l¡(
Lcr¡el crl,cuLat¡d fuü dr¡sdrylln ålrry! ü hr.d¡cr þ rOf thra
thr sran x¡v¡L üttn¡trd ¡gtth tha ut mlr, no e{r¡çüe,blacr freton
can b¡ vaL{dly ur¡d to tr¡et t¡dlvf.dn¡r trüy FtÊrttr. wÍth

95Í ¿çnfldsre¡ Ltnttr any duodrnlu rrtlm¡tlo* rlll lf,o tn the

rËngn or t t0Í of r vrrut 1r0Í hr$ræ thm ttn vet"uo ptt¡fn¡d
by utrrur mtry. rtrr potnt rsây ba ral,¡td thËt ugtru¡ ettlnrt-
fma ørly ¡hor¡ld h ur.d å¡ ð truo Ëm¡un of blood ãü( lrtrr}r.
l!æmnrr¡ Er"r.tü ðçcunrcy 1r achd¡vud Þy ¡var¡gfug tht yrlr¡¡¡
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f¡'m thr utrrn¡ ¡nd duod¡n¡m. ftrl¡ tr ixapll,fl¡d þy ln¡Þ¡ct-

lrq rrcolry velu¡¡ ( faUfr AFp. i) rn¿ thr drc*ccæ ln vr¡rÍab-

tL{ty tn *equrntlel rcpl,lc¿tr¡ rùrn Èhe vaùurt frcm tttr tre ttt-
auGS ðrc avêaged.

Sme cment l¡ naded rsgradlng thr normal lcrrrlr p¡Ftrdl-

td h¡rc åt smpar.d rtth nofi!åL lcvtlr ¡rpætsd þ oÈhcr *rerk-

G(rs, åIlïood and Lrvl¡ ( 1964 ) report rn rvürrügc 8K lwcl in

v€ürûur bLood colLeetd frm thÊ forearn of 12 nglnl, rlth lfnlt-
¡r lovrl¡ ln srtcrlrl, bloodr ua{ng a nethsd cf ortractlon l¡d
äsaèy r&leh glvaa rq:arm{er rangrfng from 6 - 8G!É. Fagcl.olo

( 1964 ) urlngr thc mthod of Btnta lt å1. ( 196t ) rrport! val-

uca rangrlrtgr fræ 0 - 2 ngr,/lül. fn f¡sor¡L t¡trty rrr¡l þrltrle vrln

blcod¡ Ab. tt ä1. ( 1966 ) r¡p*"t ktntn lwrlc cf 0 - 2 ng/pl

urtngr ã ñrthod b'?rtch gtws rceormfer of addad Bl( cf rpproxi-

artrly 50f. Ihta lütlæ rangG of, levsl,r tc dlrfrrrd frcn 12 ct-
t{tsêtlor¡¡ ln clev¿n of shteh aeîo }cvrlr sor¡Ê dttectcd. OnG

n¡sË agrsm wlth the cqrcl,r¡slons of, hlrbcttr r¡d OtlloÌü ( 3.965)r

that thr htgh lcvcl¡ eneountôrd in ¡tudic¡ such ¡r thore of

ållsoa¡ü erd laÉ! ¡üüy h¡vr Þccr¡ duè to åatl,vtt{.wr of pt¡¡mr

ltallfkmfn durtng th. s1ffis¡l of bfood eanpLoc.

I¡r a !B{rr. ¡rc¡*rt $¡psst f-rsn Caræstr¡¡o, l{eajflrtti and Fac-

eloto (1965) vrlutr cf klntn fn artætrl rrd rrsìor¡¡ blsod of
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0 - 4.0 ng/nl. lur,lr b¡alr fo{¡nd, rlth üt $ilùìrgÇ of 1.1 ryrþl¡ mr

rrðfi*ür rürthü thr ûoltastlsr of þLood thrugh rctdL¡r nry hrvr

cau¡d tw grnæatlcr of BK tn thr collætton p'roeou. lcccrd-

år¡g to l{azgollr r¡d tt¡ho'p ( 1965 )r 1.ã ntclrófl}el! of lK crn

b¡ rttænd fnæ I nl of plaæa t, *r.tr*"tn shfch ?¡ar bc¡n

tcttvst¡d by thc ñrEæart Factor. ùrly a rn¡ll ffior&t of 3K rc-
I,g¡d frÉni ruch r pl¡rne lrltãqrrr eould B,roduer n¡rlcd rh¡at{on¡

of ptarnr ü( lrvrl¡, Comrtcrslr O ¡1, fLndtngr ttìat v.noug

rnil eltrlel blood üo nct d{ffe rtgntfteently tn ktnt¡ eonteirt

Is¡ds ruppoiÉ to ¡uclr posctbLlltyt for rt rf.1L bo ¡honpn 1rt;r {n
tl¡tc tlrrlr, ttræf ll nørnaIly a hLgnür trtrlf.tl ttran vürou8

EK l¡¡ct { Pa¡t t ),
It {r lnt.rüttng to dlsrìr t aæptrl'sr b;ftflcn thr lcv.lr

of, BX, t$ rrgætrl þ1ooü 0.23 ng/nl ( 8D 0.lt ng/bl ) ard thr
l¡nnLr sf, ¡drærU.Ð rrd nærd¡grrLl&t. ttt. bl.ood lcvcl¡ of

tht¡. cåtöchûl¡nf¡cr a¡ ¡¡¡pætrd þ Vl¡rËrrl,u ( 1060 ) srr adren-

¡1,{nr 0.2! ng/hl ( t 0.0? ng¡kf ) anü nolrdrrnattrc 0.!1 ng,/nl

( t 4.02 r4r/sl ). ft lt tr¡tcTûrttng tô nott thät tîÞ v3ry

pha*mreologtcrlfy aeÈf,vü cubor¿netrr ûeeur ln ¡ucl¡ r{ni.l¡¡r con-

eü,ìtauùl,ent.
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ruBTOIÐüCå¡ eBsûßs rH 8r{¡@ M MA¡{

å. I¡ruROEITEIION

Ittç c¿trblfshn¡r¡t of thg p3æ.trc-r of lradykfnln ln ar"gælct

blûd 1n al.L nomaal ruÞJecta so f,ôr fnvrctlgatod)frx¡{c¡tcd thåt
the kå1ltkmtn-krnlnqrrn-ktnln-ktnlnsr¡ cyrten ån thr body

mugt bc ln E Etåta of turnsvçrr. ft lrar¡cl or¡c tc womdcf thrn
srhat thÊ poaatble afgrntftcåncc cf thcae saåIl ccncenf,ratfcna

mlght bc.

slnce blood contaLne an fnactfve form of thE klnin formlng

cIìäyr¡le kåLLt}(r.rn 0ûætá, rg55), th8 cubrb!,ate bnadykrn{no$n

(Drn¿E 6 c¡rt¡alho, t 96s) ard an fitncnrLy rÉtlvo k{nln¿cs (Er.dot

E sloane, 1962)r thl c€rcÊnt?atfoû of the pcptidc st any ü*ü
mny bt dstarslncd by ¡w¡o phyctologd.caL eontrcl nrsel¡ant¡m actfng
s¡ ürìe or mrû of the f,or¡r rì$ctôntt ln thf.t EyrtrÞ. &r thc
oth€r harrü tlrr p¡coesree of BK r¡ay rtepiy rr.tpr,rs{rit an atnlrc¡
proecsr of gnnrræattül ard då¡tructlon, In othæ wgldr, th.
p88çsrct ånd tht l¡vri ,+f csrc¡nt?rtlon of lK fn the bl.d ruy
havc rsm pûryrfoLogr{cal ai,grnlftcsncc or tt rüry bå entfrrly for-
tultour. &rür tf, thr tu¡ngnn tn blood lr of, no ¡{gnffl,eencr,
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anethæ prEsiblc teurce of bicod 8K ie a "LGåkagG $råy frs
tissues tuhæo BK is thc*.;ht tc þ6 grncratrd a¡!ü ta funetian ea

a vassditãtor G.g. srt{vêry glancl (Hiftcn & Lfi*is, I9S5 er bi

3356) skin, (Fcx I Hl.r.Uonl 1"958) cr thc pancrçåg (HiLtcn û rlenrt

Lù63), ðrld the J-€vel cf tissuc prductfgn may be .rårgtly cr rn-

¡:ireiy r3spanoibic fcr ths Gxtent cf itc occürranca in bl,-¡od.

Ihc offlu;rrt vcnouc blaod BK ¡3vet3 fTâm th3t3 si.tos duríng

their actÍvaticn þrav¡ nct bcsr studl.d but thæe 1s g¿idcncc

thåt during Era.rtlng the¡¡e ls j¡crcaed ccncsntæation of BK

in ths intorstltiat spaces (Fcx 6 Hllton, 1958) ard alÉc in-

clea66d BI( concentratlsr in inteæ¡titXal fluld foll$ring tlraua

injury in arrLnata ßecha c Silva & Antonlo, l36i;¡ Rocha r Sllva

& Rcsex¡thal, 1961.). tf¡pn f¡.ør trdu@åttEld hl¡rd ff¡nbs cf dogr

hae alcc ehowr evidcncc ef chuçeo ln kin{n Bttåbolisr c.g, in-
cleð6d k'Ínin-i*¡strng acttvity (Edcry t l¡$ris, 1965 ar¡d i,nqÍra¡-

cd iEinjnasr activity (tlaecbccn E hlaalrrf 1966).

Thre difficurtLec in interpreting lym¡rh and iåtostitla¡. f iul{
atudies arc obvicue. tyrnph cciiçetirn ic a very ¡}ow procors

and Þy thr tirae it ia enal.ysed ror kinin csntint' a;l cf thr

lðtt€r may havr disapprsrtd, partÍeulariy if injuly ia a¡aociat-

ed wi.th tncrcasrd i;Lninagc activity. Cctiect.Lon of lntrgtitial
f Luid cntaLi¡ rho grcrsiy abrornnal ccndåtions dwr,ång pr:rfua'i.cn

ot 1;he rcgdcn ¡rÍth phyaåo,r.egicai 3âi$t"Lon¡ and jñvrivcr thr riek
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cf ìt¿llikraln aetivrtic¡r by dlluti,on. ltre a¡say Ðt bLood drsin-

ing certain rrgiono for kini.n contrntrôt tn frdcx t¡f klntn turrl-

svetr ín tlrt rer¡{onr h¡¡ cæt¡in adv¡nteggr thr c}¡fuf onr bctng

thåt bfood whlch h¡r pæfur¡d thr partåeular rrgrlon {e nredtly

avaiÀcþIr frm thc dr¡inrr-rg vrln fird tn rnsst instanear rapid col-

lectåËn of ¡doqu¡to rneunç¡ of blood c¡n bo nådl.

lhe atsdlc¡ of Allwosd ô i.csir (13æ) ¡c*nf,d to l¡rdictt. thåt

Ëtny correl¡tion Þntrnrn hypcmrnÍc ¡t¡tc¡ ar¡l BK fnvolvcmnt would

be difficult er i.üpo¡¡ibl¡ sins¡ thry for¡¡d thåt :tnfutiona of

lðrgÊ anount¡ of rynthrtic DK {nto tho Þrechiat artcry produErd

iittl¡ oa no ehrrryr in BK lweL¡ in tho rfflu¡r¡t vtn$\tr blood.

Sinc¡ sffic erttici¡B c¡R bc lcv¡Ilrd rgrin¡t thcln ncthodr of 3X

as¡ay ¡¡¡d m ths v¡lidity cf thcir tX tcvclr in hr¡nrn blood (¡r¡
Fart 2), lt r¡¡¡ n¡c.¡r¿r!¡ to r¡pat rueh lnfu¡1on. ¡t¡¡dfur to ¡rl
whrthæ thr præcrrt n thod of Bl( arrry csutd dGt.st changor {n

bLrod BK l¡vcl¡ wh¡n ¡n¡ll do¡r¡ of ånf,u¡.d BX, r.rrt prsducing

¡rodg¿tn harnodyn¡nlc clrangnr. Ilhit wlr døt¡ þ ranyXng cffiu*
ont vcnous blood for BK eørtrnt durlng thr lnfutÍon of BX tnto

th¡ bmchf.al ætmy. tlntl¡rly BX çu infurcd f.ntrrvsìou¡lyr

and chang¡r ln ¡rtar.r,.l 8K lcvrll eart ottteåtod durfng thr
ehengroc fr¡ Þfood protrur. thât oecur¡rcd aa Èhc rc¡ult cf tht
infurtoar.

Fo}lowing theoo prrli"ninrry studlo¡, thÊ h¡¡rd uc¡ chorrn ðt
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a pæiph;:rrl tltr rcaotr rhtch Etudtr¡ of rrtulo-varou¡ diffcr-
cneæ ln srdogcnou¡ lX l¡n¡cl¡ coul"d þr n¡dr, [rt psrpotc of

thtr sül to lnvcrtlgtt. trly ptrtleLpttton of a pæ1phæ¡L rttc
!n nodtfytng þfood EX Lrtr*l¡. Fhrtly þ en appralral of th¡

artmlo-vrnour (A-V) dlffergree¡ tn ËX Lcvrl¡ th¿t cxÍ¡t ln rcat-

fng eældltlon¡ rnd gceorrdly durfng hypurarnlc ÊtåtËt ln thê hånd.

Sampltng of r¡tcrlal blod cntcrlnE rnd wnoua bLood lcavlng thr

hånd ls rtlrttvcly elry esd rl.a¡u¡rnrntÉ of blood flcnr erc neadlly

nadc. îlrt hrnd el¡c ltpretãÊs a f¡lrly hotogcnous vtücula¡r bcd

vhlch dllrtoa ln ¡¡¡rpsrcG to varfou¡ phy¡lolog{eal stfnulÈ whieh

rÊåy potÊlbly tct th!ürgh thG Þroduetd,cn of lX (Bureh ô Dt Prrquelr

1952¡ Rocha c Ellvrr 1965), Tho hyprarrnale ttatcr tnvr¡tf.gaÈrd

¡Ëür thorc produerd by d1rrret horttngrr eoollng; and b$r 1¡ch¡crntr.

Ðrrlng th¡¡r ).att¡r ttuatlat lt w¡c ¡I¡o notad thst palnfuL prlo-

cdr¡rec, uroefttrd rfth rcflcx ryaptthrt{e d{aehargr, erugcd a

f¡11" fn ârt.Ëlrl bLood lK. ln onr luÞJcet thc cffrct of t¡¡np-

rthttle blockrdr wl.th brthanldinl on bfood l¡( t€vtLt sa¡ i.nvest-

lgatod. Ihl rraltratlsr of thr rbtllty of tha Ðlnãpüthette trGlov-

oui syütæ eælvfty to lorË! lK lcvcLÉ lüd to Ë eærpæ1çcn ef

srtcri.al rnd varout btd ln tcta¡ of kfnlnale aeÈ1vlty. (Scc

Part 4 fæ retlon of eetceholanlnu on bloðd klninrsc aetfvtty).
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b' SPECIff I'IEIIIOIÌ8

ffir nrthcdr of b1üod collcetlon and lLoÕd BX ætl¡mtlon havr

alrtedy bcan dllcrib¡d"

BK dnfu¡lcnr ffo nadr thrcugh en lntr¡v&nflrt or lntrr-¡¡t¡p*
fal cåtlratæ þ ¡ nrahrnlcaLly d¡rlvrn ryrlngc,

Bfood pratrut¡t rreordtncrr mrt nedc wlth a Statha¡r tran¡due-

æ (P 23 ÀC) and Grr¡r Pctygreaph (l{odrI 5D) firæ thc fntru-årtGf-

lal cannul¿ u¡rd for ¡¿¡cplfng,

Hqnd blood fl,wr dr"efng düreet hratl.ng e¡d ¡rtactiw hypcraln-

fa cnrc nra¡ur¡d by vrnou¡ oeeluslør plrthyüeogrraphy of ths ccn-

vrnticrÉI typr (úï,rüfilld' 1954). CoLü va¡cdllatatton wås p"o-

ducrd þ f"wnr¡1qr of thr hård 1n å rtl!trd caloæl¡catt¡¡ eontaln-

lng mtcr åt an lnlt1¡t tcp.:påtunc of 0o c (tïcenfteld g scarbo-

rough, 1949). Íhr ãlrtt of the hypnraarla rag aeaoclattd wlth

an aÞrupt lncrat¡r ln heat al{nlnatlqr.

ân rrtln¡te of klnt+ggF actÍvitv of blsod bctn sanpled wæ

obnafi$ þ tneubrt{ng a n{xtur¡ of blcod üd Etr(' fcr a knærr p.r-

i.od of tLeer thsr h¡ltÈng thr prcce¡t by thr ånjo<rtlqr of thr ndx-

turs lnto rthrnol (So C). ?hl æaount cf lK rshich h¡d gürvlr¡cd thr
csrtå* $Xth bLood Hr ErtlEstd ul{ng thr u¡ual r*thcd of lxtrlc-
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tton ütd årlty. A 90t ng år¡Klunt of ll( ln a vclun¿ of f-1.1 n1 sa¡

pl¡e.d i¡ thr coltcctlngr eyrtngr ürld the ryrtngrc ard it¡ coriÈcr¡tl

$rnB wa:m¡d to !80 c tn a rütcI. brth. Flv: ñl of broÕd rnrG thtfi

eolLcctd lnto thlr t1r"futgt f¡*r tha lt.t.ry cæ vrfn to grlw a fifi-
aL csrcsrtratton of BX of 100 ng/nl ef blood, ÞGcauar of thr

eurll volum of thr ¡ubattEtr p acd ntå:l th¡ nasøLe of thr lyn-

lngc troÐdldtc cffoctfw n{xlng cccurlrd upsn bfood earterlng thr

alrringf . In vlcr of .Èha htgh acttvfty of tha kfnlna¡¡r th¡ fn-

eubatlan pætod war rducrd to a llnimr¡nr thc lürff lfmi.t brfnE

cæ ry thr ¡prd åt uhleh 5 ml of bfood cEuld bc wlthd-ravn lnts

tht ayrlngc ard lta conÈenÈ¡ lnjçctrd fnto cthanol. A ¡cvm tle.
t¡an¡ftr tLn¡r could ba t¡nffsnsly æploycd ln all cxperùnont! ånd

asrvsd aa thc esfiãolr tneubattcn tlna for ccrnpsrlton of klnlna¡¡

act{vftl,lg. Ec lnprova åeeuråcy, four tuch collectlonE stre

n¡dc ard pecld fcr o¡ch cctÛtutton. lhc BK which had ru¡'ì/ivtd

a EGvG¡r æc. lncubrtim çrcrlod ìtriâ¡ rxpr,r¡¡rd a¡ tht par ernt

¡urvl,val. tht F¡r ernt cun¡1v41 vrlur l¡ thuc dirtlnet frsn

the por ecnt tloeûvcqfr thË fo¡mcr br{ng a ¡cttcu!. cf kfntnue

act{vi.ty rtçr¡a¡ thG lattcr Ls s grugflt of tht mcc\¡rry of an ln-

tüml rt¡rdrrd,
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c RSUTlB

(1) S{Ir,A-ÀRifI*,9!t ¡l[Ð I3flrÀV.Etrcns INFrtsIOlts

8K was tnfu¡cd lnto the brachial årtðpy in ? errbjacte, Br-rcd

f Lcw ln the forearrn wås râGasured þ vrnoue c¿'cl,us.l-cn plcthytr.Êog-

rüphy a¡d blood was eollcctod throuEh a cathetñr fnttcduccd ean-

tr{fugaLty lnto a vcln ftlcm thc antseubltat fcEsa on thr gldc of

tha lnfu¡{on, ?hf r.fultr of t}re cxperLnrntå sn the aubJ€ctE c.ü.
a¡d r.x. are rhourt ln tablc 3. rncrcsrlng doaca }d to üuceaa3-

lvtty targror lncrqnontË fn forcarm btoEd florp, fnfusf.on cf s0 ng/
atn in each cubJ;et rasult€d 1n an íncrca¡c fn venous blcod ËK

arxt th. J,00 ng/rnln do¡c lod to a furthor rlrc. F{gnrc lr ¡hw¡
diagrffit{eally thr rcaultc m the fc¡rea¡n b}cod flcrr and eff}urEtü

lt€ütoua BK lcrrcla frca the three lntn-crtrrlat doaee f.n subJoet

C.J, ålthougth ths cmal"l do*c 25 ng/ntn 1n e.ü. caus.d an {ne¡call
Ln fs¡r¡a¡n blood fIæ of ?6Ë, thêrr rü& no acecmpânylng ehens. tü

tlæ Gfflu¡nt vrnout lK levcr. rn th{¡ ¡rtrr ruÞJrct, thc s0 ng/

nln tnfuclon, *rfeh rrt thc lcrpcet lntn-âfttrlåt do¡r to'esutl
a d¡trctcblr tnerrart tn vsrour BX LrwL wrr glvcn fnto 70 nl of
bi.ood fl-ælng tû thr fsrcasq ÞË? nlnuta. Ttç¡cfcra tha saxl,qr¡n

rl¡c ln eære¡ntratlsr ¡*r{ch eould br pnsduecd çoutd bc about
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í.i.? ng/n.L¡ þut thc tcttttl lrvol 1s caltåin tc bq nuûh lltl thän

thÍ¡ bcc¡u¡t of con¡tdæaþtr daetruçtlon of 8K 1n th. blood ånd

its lôst åtong w{th thef *roåtl xtol¡eul¡r ¡olut€¡ by dff ful{on dn-

tc tho tlssrm. Tln oþoævcd ris¡ tn vmout BK lrvrl of onr trnth

pf thte sstlmåtd n¡x'Inrm mlght thül bc txprctcd. In aubjcct I.K.

a ei¡nåL¿r c¡¡euLlttm shsra an ob¡oRrrd rl¡t cf onO Clghth of the

¡3timåtcd mxinr¡*¡ rÈtrn 50 nE/nån drï lnfuæd jJtto thç þrachlal

årtêrÌy'.

In snt üpaaLüûftt DX wag :Lnfur¡d lnt¡avrnouely ln dc¡er of

5i-1, lt)O, 1CI0 and ¡iüü ng/Xßlmfn. Btfo¡l and du¡fng cach tnfualcn¡

bl-ood was col.lçct.d ftora thr lrachltl trttry for lK ðËtty. Frll

in b.Lcsd pra¡turt ln reapcnlt ts lntravrnÐu¡ BK ie varfabilrbut

thô tubjGct ttudlad (.t.Y.) lrlaa s31rltivt åf¡d poetCd tc 5û ng/

f.gánin with teehycardla srrd hypctGmfon and wi.th tht¡ {nt'r¡vcn-

eus doatgt, a rlla 1n bæachial s¡ttt:Lrt blood lcvtl flsrn 0'36 tc

{.1.45 ng/ørl r.a¡ detratcd. IncroãrlnE thr dorc l¡d tc fnercaael fn

ãrtaiFls} þIood lrvrt¡ s¡ lhtrn tn Tabtr 4 ifùC Få9. .14. Íttl snsll

incrsa¡e cb¡rrved ln the årtcrisl BX IfWl frcra fntrãvülang tñ-

fuslonr can pncbnbly bC accçuntcd for þ th. ôamc ftctorl tr thl

wncut btosil ehanglt durlng lnþÐ'lftlr{rl fuif uelsn¡.
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SIBJËI C.J. STBJæÎ I.K.
I.A
BK

dose f Inæease in
forearm bloûd

f1æ

Venous BK
ng/øL

Í lncnease 1n
fmrea¡m blood

fIm
Venous BX

nglnJ.nglÊin

ControL tû 0.55 0.74

25 76 0.55

50 100 0.62 54 0.93

L00 rt6 1.27 2Tî L.50

Changes in fsrea¡n blood flow and foneam v€nous bfood bradykinin
levels during l¡¡fusions of bradykinin lrEo the brachÍal artery in
2 subjects.
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Fiq. 13. BK was infused into the brachial artery (subj. c.J.)
in doses of 25, 50, and 100 ngi/min. Blood f Low in that fore-

arm was measured by venous occlusion plethysmogrraphy and

changes in flcW are expressed as per cent incr'ease above ccn-

trol blood flow. BK Levels estimated in effluent venous blood

from that forearm during the infusion are shown by the solid

vertical bars.
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TABLE 4.

Í faLL ln Mean
B.F. duning
infusfon

ArtcnlaL blood
BK (nsr/mL)

Control 0.37

50 7.1 0.45

1,00 LL.5 0.48

200 18.9 0.60

Changes ln blood prrersurc and bnachtal årtenfal blood
bradykinLn lcvele during lntravcnou¡ lnfuslons of DK
ín one cubJaet .1,Y.
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(2)

Sradyktnln cstLurt{ont Ë¡lo n¡år an ÞLood rtÈ}¡drann tùnu$t-

ancc*eLy frcn thc k,refrl¿l sr+totry a¡ld a wln d6afndng tlrr fç¡rt-

a¡rn d har¡ü on tha oåm ¡ldg. ÎÌrt vcnot¡r c¡rthotgr sas lntroduç-

ed csrtrtfugall.y tnto tht fæsam wln¡ so that thl tip of tho

eathctrr $ar ä¿ cl,ost to thå wr{rt ar Botrl,blc, 9{hcrt rueh a

vef.n couLd nct bo cannulated¡ bl.ood wðt taktn frffi ân tntc-euþ-

ltat w{n. îh€ blood florv through th¡ hand {a rxtrmrly }abLlc

and althor¡gh ln no¡t {natanesa adrqurË. vltlous outflw could bc

obtalnod ât tßb{ont taÍtÌpæåture of âlCI C, in tøm thç haruú had

to be rmr.nd alw1y fn th. hand pl¡thyrnoEnaph ( to 58o c 1n on

c{rrr } ta obÊafn adoquate bl"ood fIæ fæ vtroua aæplLng, fn

ono caso, hormær bIôd could elaf,ly bt eollccttd tohrn Èht

hând wðr at ff C rrd Þlood flæ mr øtly 5 n1/10CI nnt of tftüul.
Elght EGùÇ of A-V rlt{raatf.çrÌr wl?ü pcrfor*rd l¡r ¡fx nffitL ruÞ-

Jeeta ¡rÌd tht rcsultt arr chown la Flg, 15. I¡n al¡nort alL ln-

stanetü thr ætcrtal blood FK ï,4¡ htgrhcr thsn thr .r¡rnou. i vüroul

blood f,lm thr hand åt 17o e f hsril\¡rr thürd a lcrnl ehlch ï+sl

h{.ghcr than t}rc rrtcnlel,
îo cxeLdr thc poeei"blltty thrt Ìflrlout bfood Bl( catlnattmr

g¿rl/c falarly lcn¡ rc¡u1tl, ¿t ccmparlron nrr nadc of thr rrrrsclvtry

of synthrt{e ËK fT6 tltæläl ard vrtrour blood. In cigrht tueh
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BRADYKININ

& VENOUS (V)
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Fig. J-s.

BK tevets (ng/ml) in blood collected simultaneously from the

brachial artery (A) and a vein (v), (an antecubital vein (F)

or a vein draining the hand (H). Eight sets of estimations

in 6 subjects.
*Hand at 3Bo C.

+Hand at 17o C.
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TÛOI ng./lnl

næmt cf tñ rrdúS

10 nglnt

Íabtl !- lreogrry of Þaüyh,{n{.ft fi'ffi W¡¡, bXsðü' trdy-
klntn $tdül to coll,retLftg õ¡rf¡¡Sf. ll¡¡n mcoray 98É'
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sst.inatiqnr s vtnout btoadr tht fß.tn rilcovlry sa3 98Ë (Tabre

5). ltri.e eompår.s var.:/ îftt1 slth th¡ mân $lcovary of 97f frør

arttrltl b}ûod (?¡blo 1).

Kirrfna¡r actfvtty w¿¡ also ccrapercd 'ln artcrlal and vGncut

brcod in tr.o eubJcct¡ rúro ahsïtcd a hlghtr ôrtGriai than vcttsut

BK l.evcL. xt re¡ shohtn thst i¡ both ct¡lt vsnet'¡s blccd had a

çÊleåtor capecity fcr the dest?uction cf BK. Fiquro 16 ccraparca

thê diffËrtncê ln BK eonc¡intrationt in ertorial and vGnou¡ biecd

with the klninaec activity in þ.i3cd frm the såne antcry and

vein i¡r thaac two aubJcctc.

Ît¡e cff,rct of dircet hrat'lnE sf thc hand in a plcthyemograph

en the ËK irvr| ln the vtnout blcod tlaving that hend m¡ etudlrd

1n thrac subieeta. fn ålI thrGç a r'leç tn tX eccurrlld ¡than thr

t€fafrtrâtur3 yat ral¡Cd frorn l3c C to ¡tso C. Ono subJcct axpGr-

j.snced,aod3firtG paln ln tha hard at thlr t3fÊBtraturl, thc cthcrr

cxpsrlcncrd only rllght digcsnfort. Ftgruner 17 - 19 rhcÍ thê lf-

fcct on thc hand bteod flstl ar¡d hand vcnout 8K cf dinrct heatlng'

årtcrlãl biood rÉü alts aasrpled throughout rach expc¡incnt tc

foltcnp sny gtnGral ebrnEca ln eþcul¡tinE Bl(. ?|rc tünÞcr¡turc
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ln thi prGlry¡srogfrPh waa r¿j.¡cd or læærd as qu{ekLy er pot-

srþlo, and tha rreordrng of þrood fl"ory ¿rd mapLtrqg of vsroul

c¡rd artætel blood tt31qÊ crrrl.rd out af,t¡r a 10 - 15 ntn prrtod

of ataÞillsatlsr at th. n&t teûp.rËture. fn Ffg. 17 (aubJret

8.K, ), r'alclng thÊ ttmffiåtr¡rt f:æ ¡¡0 C to 45o C lncrceod thr

v€nour BK lrwL fra? 0' 12 ng/nl to 0'118 ng/m} and A llñ'|tlttl of

Ard BK ddfformea mt noÈd, lllrtn the plcthysnûogirsph t'mpcratum

$ra rGturncd to 5to e thc¡e rdas a l{ngiarfng c1er¡at{on sf Þlood ftãl

ln thi håfd açsocLrt¡d w{th a contånu¡d elwated $K }cscl' ElÛod

f 1ør contlnued to ¡etttc o'er a ptltod of twt hour¡ ' t'{h8n tt h|d

flnally rceel¡cd thc prc-heEtlng lawl of fLo¡¡, tht BK hed also

rÊtürnod to pre-heattng Levol. Durl'ng th¡ r¡*rclc txpeæi'ncnt art'

e¡1al blotd BK ¡hsd ntnl"sal changæ '
In cuÞJect c.*I. (F{S. Ls} flqr3 stsrc ¡æcsdsd and blocd wac

ga¡rpl6d at ån inte¡r¡ediatc tcrnparature cf 4OO C as v¡"l1' îtrir

wes done for twc ressonsrf1llet to sGe r¡hÉbü 1n thla lubjeet:ì

ï¡to haü ü1¡o rhowrr a h{.gh artürlål brood Ëx ls¡el on å prwlour

occaaiø¡¡ rpeedfng up of the clrculat{æ thnougrh t}¡c hand rrrould

csuaa an l¡rcr¡aac {n thc v¡¡roug 3K lewl¡ roeord, tO aæ w?¡ethrt

thG tLivåtfsr of vanous BK upsr hcatlng lrüt a gncdual a*d tæpcr-

str¡1rt d¡pqrdært p"oea¡s, Wlth thr hrnd åt 4to C Art(l a csnl{d¡rç'

able elçvEtlon tn fLor¡ ths r¡groui BK tctrol dtc¡ca¡cd froc¡ a'L? rW/
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ml to 0.15 ng./ml. Erevation cf the plethysmograph ternperature

tc 45o C pnoduced a rise Ín the BK level to 0'26 ng/ml' Return-

ing the tempGrature tc a3o C redueed the hand þlood flow withÍn

15rnj.nandbythentheBKlevelhadalsofallentcthepre-
heating value. I/,lhen this subject experlenced moderate pain at

45o C the associated syrnpathetic discharge was minffented by a

ccnstrictionofhandbloodvesse}giJtth€opposÍteccntrolside

and a decrease in arterial blood BK was noticed'

ÏnsubjectR.R.(FÍg.]-9)thearterlalbloodBKtevelrenaln-

ed constant throughout the enthe experÍment at 0'11 ng/ml' but

the venous blood level rcse f:rom 0'11 ng/mt tC 0'13 ngl'/rol'twhen

the tenperature was raised to 45o C. In this subject because of

aVerywell.drainlngvenouscatheter'VenousbloodBKtevel

could also be exanined at å very low rrate of flcw found when the

plethysmognaph temperature was at 17o C' and the hand was being

perfused at the rate of 3 rnll]O0 ml. of tÍssue/rnin' Arterlal

blood enteri.ng the hand stÍll ccntained O'Ll ng/mt BK but the

venous blood leavlng the hand showd a doubled ccneentration

of 0,2L ng/mL,

lhe rise in BK levels ln venous blood from the hand Sssociat-

ed with etevatlon of the local terflperatu1,e tc 45c C is summarised

in Table 6.

p(o.os
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hand blood frow to pre-heating rever. The change in hand brood

flow induced by heatíng to 45o C'persisted for 2 hours '
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which was maintained at a temperature of 33o C. There wAS a rise

inBKintheeffluentVenousbloodfromtheLhandwhenthetemper-
ature was raised to 45o c. T1-re occLlrrence of pain in the heafêd

handwasaccompaniedbyavasoconstrictioninthecontrolhand.A
fall in arterial BK level from 0'B ng/rnl to 0'64 ng/nL occurred

together with the syrnpathetie discharge'
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Fig;]-g.Theeffectofdirectheatingofthehandonthearterial
and hand venous BK IeVeIs (ng/mf) and hand blood flow (mf/100 mI/

min) over a ranqe of temperatures from 17o C to 45o c. There was

ahighVenousBKleveland.alowflowatthetowtemperature.A
fall in BK level occurred at 33o C followed by a rise at 45o C'

Fifteen min after reduction of temperature to 33o c, btood ftow

was approximately back to pre-heating (33o C) value' but the ef-

fluent venous BK level was still elevated'
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(4)

In tnto tubJÜct¡ h¡rd bLood f1d and chmgrer fn 8l( tar¡ls fn

r¡¡ûtoug bld f¡rw thr håId wÊÚe ttudtGd bcfæe a¡¡d d¡stng rrlðct-

tvehypcraeaf;.Íîltlwaa¡lroducdþthergloaggof,al0mlnutr
årtoirtåloec}ull*natthêwrlsttlxthacufflnflåtdto200Mtrb.
Hyperaæla lJRe fnducd th¡rs tj.6Êt ln ¡uscesElsr wtth ðdÊquåt6 plEt-

{ads of rGst bctuogr rac}r. Ðurfngr thö aoeocrd run' no flæs vtsrr¡

rçcordod br¡t vsnou¡ bLsd *lae eolLtctod gt tt¡!Ês cgrnæpsdtrig to

peniodablforc,durtngandafterthcrcEctlwhypgmaær¡'Figurl

?û ahcxea thc hafid b}ood flo*t ard lg¡o¿re EK lcn¡ela ín crro cf ttn

gr¡bjEctg(R.g.)'BK].en¡elfeltf¡cnn0.48ng/mrtct¡.35ng*¡t

ard $ae ütil} tff r*rgr th6 pcrlsd of htgh Þlotd frutr had paract

thne* mlnrtrt }att'r. In the oth¡r rubjrct (s'P') vho håd Û¡Êållã

lntttal]'3vflof0.l2ng,/nlnthateveldurtnga¡rdaf,terhypereøtr
sas û.LL nglal (f{g. 21}r

(5)

Inø¡evolrlntc¡rrthetrls€tofeotdvaeçdiletåtåânalq¡tnlnr
r¿ånutea aftæ tha fmrsscåør of tho herd ln l¡eten st Ûc c naç nü¡¿

ùytþ¡r¡bjrctllrng¡rfr¡argftt¡rt.Ñntr|rpgfnlnthlhåndu¡dnr¡
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Fig. 20, Reactive hyperaemia was induced

three ti-nes in suecession (LrZrt 3)in one

hand. Hand blood f tow râtas neasured in 1 ê

3 only and hand venous blood BK tevels were

estimated before and after the second occlu-

sion at ti¡rtes shown in above figure'
( Subject R.S. )
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Fiq. 2L, Reactlve hyperaenia was induced three

times in suceession (Ir2, t 3) in one hand.Hand

btood flow \^tas measured in l- t 3 only and hand

venous blood BK levels were estimated before and

after the second occlusion at times sho¡rn in
above figure. ( Subject N,P. )
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algr crrf.d¡nt ar an fnctEaacd e1l¡rlnatJ.on of, heat filcnr thc hard

tnto thç cal,o¡rirætor. Vsnoua þlood t*c¡ ¡r{thdreyn through a

errrtrffugaLLy d{ractcd eathcter wtth thr tlp at thc wrfetrflntt
¡ihen the hard was lg@reed iJr weter åt 28o C ðrrd agafn at thc

onset of vasodllåtrtfun bofore whtch Ëirr€nt there was vLrtually

no bl"æd flurlng ln the veln, Ff.gr:rc 2? eho?rs thc eoarslderablc

fal1 Ín vcnoua btocd FK c&tetr cccunrncd durlng the hyparacr¡tfa.

I¡rurtwa1on of the hand 1n iee wäter 1c a valy painful prccednre

and is essûclatd wtth very j.nts¡ae sympathÊt1e dlscharçrc. It
ms dstrørst¡ãt€d tn another cubjeet that durlng the snttrt pÊr-

tod of l¡rmcrelon thGnË lsas a curplcte thutdoïtn cf fLcnrt ln the

ccntrcl hand whlch wac naJntalned at 32c C.

(6)

BI¡CID ERADYKIHIN

*rr fall l¡ ältorial BK Lcvel fn aubjeet C..I. atsoclated

trtth g'åln ln thc heated hartd (45o ) arrd m¿nlfestatlcn of ln-

crtðsd tSnnpathctf.e nsn¡t¡cua aeÈfvlty ln Ëhe esrttol- hard at

53o C (Ftg, 1.8) wa¡ uncxpceted. In anoühlr aubJect ð¡¡tt!1åL

ÊK Le*¡cl wtü Gstlmåtrd bcfcrç and durlng the applteatlon of lcc

to thr Êaekr $hleh io a'lccognrtsed rÊethod of causlnE ð gmcnal-
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tsd syrÊpflthstle dLcelrargrc ( Pareka, sk'fnncr s þtttl$r 19&L)'

r,¡*tth this cttrq,ulu8 thüF€ ws vlrturl dl¡¿pPcmsnce of 3K froÞ

tha årt€rtal blood. tn t thtrd er¡bjest gsræarlg3d ¡y4tthttle

bloekads mü ca:fir{.gl out g¡tth l.nt¡avcnous bothenídlnC' Íttt¡ *r¡

aehJ,eved wlth a doge of 0'5 mg/Kg ¡&afnlstrnad ü¡æ a plod of

I nl¡. BlOekadc r|3A cstffirrÊd by thÊ abscnce of varocoei¡trnLcü*

åcn i¡ thc h¡rd Wüì aÞplteatton sf lc¡ to ths melr' æ¡d thr ¡1'

lmtnatLon of thC syatørrlc blcod p?ttüulìE ovg¡hccÊ t{hteh n¡v¡çasl'

3,y fol,Iøø tho pçrfo'rtÊå¡rc€ of the val"aalv¡ Mnoeuvrt' ã¡tctlaL

blood BK t*eE GetgRf,ted bcfore ar¡d after ths blocïüdc and rhoryrô

a ?'5 fo].d lncrcaac ln BK level. îlrc re¡U1te of slmFathcttc

stf.E¡ul.attonardbloclc¿deå3eguÍgna3{rrdlnFiE,23,
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SYMPATHETIC
STI MUL AT ION

SYMPAT HETIC

BLOCKADE

o'5

BLOOD
BK

no/ml

Flg.23.Effectof(a)sympathetiestlmulatlon,and(b)sympathet-
1c þlockade on arts:ria1 blood BK' A nod'srate faII in arterial BK

Ievel from Q'B ng/ml to p'64 occunred with psin associated with

heating of the hand in one subjeet' A faII from O'48 ng/ml to

0.03ng/mloccurredlngnothersubjectdrerrlcewasappliedto
theneek.Sympatheticblockadewasachievedwithl.V.bethan-
fdlneandarterialþIoodBKrosefrom0.04ng1rnlto0.3ng/mL.
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d. DrsgtssroN--

the åntråvênous ¡rxJ intra-arte¡rial BK {nfueion stud¿Gr ehory

thãt åt ts poaoible to d€tect changee 1n blocxt 8K levale rshen

-lnf usiong of eraål1 dcsee produce nodæate clrcutat'ory changrea.

the lcsa of the ínfu¡ed BK across a vagcular bed sueh ås the

forearn ts cf the orde of 9û3i s¡trfch åndic¡tes the langc degr€.

of clsaranc€ cf BK Þy periphEral tf.sau€.

I?¡e faet thåt euch inseases fn blood levels can be det€st€ü

sugg€Bts that with the preeent neÈhod of Ë¡ÊlractÍon ar¡t assey ûilt

ehouLd detect ehangcc 1n endcgmcusly produced blood EK ff the

latter ls Frsduclng haøaodyna¡¡íc altqratfslg. ltrts sf courac

depende on the årsr,snpticns tl¡at elthcs. BK grøæratlon occr¡rs lnttl-
vaacr¡larly or euffíe1ø$ ¿rnounts of 8K påÊe lnto the lunsn of thf
vesgel frcru tos¡ê extravagcular stte of productåæ, It 1s eoneglv-

able aLso that lf BK dsee plåy a ptrr 1n the regulatlør of vêEe-

ular eElilrc Jn responae to physlologlcal oæ pathologieal gti*¡*

u11, {t *¡¡ay do es cntirely ft}sû an fntæstl.tial, €xt?âvåreul¿r

site ¿nd no ctd.dcnce of auclr Btr, part{etpat{ør eþuld be o*alrd

þ studyirgr itt lwe1a tn thû blood,

Allr¡ood ênd Lûrr¿t (L964) wffü ¡¡n¡blc to produer dcttebable
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changos ln fcrcarn¡ \r!ßtsrls btd EK urËll tha {nfuåtoat do¡t trËo

th€ lElêcürtal anteny waa raLsd to L1/ølnln ccawrt håt srFrdy

l¡esr r¡ade (Fart 2 ) of thc e'*røæly hfgh rnåoSrsr*us blsâd tü lary-

els rcprt€d br thsæ n¡<rrkera and sra rffitdsrg t#rsÈhcr thGt!

rnethods are.to blane for the neçrative fnfuslon rEgulte,

Ítrat a dtffer€¡rce exj'sts in the €stfnat€d BK levels between

artæ1.a} arxl venous blcod (c,f . l!}Iwood E Len¡tcr 19ü+l Car¡tÈ¡eü

et al. L965) ls nct due tc different reeovæiês fa.¡¡l¡ vs¡ous ðI¡|

arterlaL bLood and must be accepted ae a true dlffe¡'srce. If

the ve¡rous bLood learrfng the hand has a htgher BK content than

the åre&rlal blcod entenlrçi itr then tt tmrst þ due to a $grl€I.tt-

icn ån th€ pLrl.FùreraL ette. The interpretatton of loue¡r vsrtu¡

let¡ele fsurd fn moet r€sting subjeets {g not cleæ cut boeaul3

cf the nurnrrous faetora affectirrg the råte of prcductlon a¡ul

disafrpearanee of BK f¡o¡n the bLcod. lf dfsappearance of tK

fron the blood ls very ¡apid this may mask any loading whteh

nrigïü be oceurting at the sarne tf¡ne, îhÊ dspleË1on of a¡tcrlaL

BX( as {t paosas through a periphenal region sueå as tht hard t¡
probably due tc two nain factor's: deat¡uctlon cf ths peptida bf

tha bl.od klnlnase åId the loas by df.ffuclon 1r¡Èc the trÊerlstlt-

ial spac6s rfi€rç tt ctould be destroyød by t1ssue kinLnases.

It þas b3€n rhgtfi1 thðt üIly alout ørr trnth of tl¡a 3K l¡fu¡-
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d, lnto the lrcchfat aaterq¿ can bc reeovæ¡d f!û¡tl the vüiolis

bloqd drafning thåt *ttrønlty. Ttris extent cf cleeråncg wå8

observed wlth a e&411 infira-arlerlal does of 5Ð ng/rn:í¡ ar¡d the

augir¡ented venous lw¡ls resu'!-t.'i.ng were st¿l1" ç,¡ittrin the phyulcl-

og:lcal rðn$€ cf blcod BK i€veÌ.s, Thc æder ef difference I'n

årter:* - vGncus BX lavels calcr¡lated frsn infusåon studiee

l¡as nct cbgervsd tn any cf the subjects ln whsn endcgancus A-V

BK differcncË6 Ìdsrne stìrdied ( hicxhest A-V rati"c r'¡as 4 ) r ard

Lndlcateg thãt the blood cc¡rteni must be replenished fucrn the

petfPhæy,

In o'no subject ( R.R. Få9, 3.9 ) r+here the rate cf blood flg¡n

through tht hår¡d nn& lcn¡ arrd rshere thÊ hand ternperature *ïts 17%

{ tn contrag.t to tht cth€r eå$es siharo hand tenrperatultå wae 21 -

38c C ) a rørnrkably hlghel BK lwel was obeq¡ved tn the venoug

blcd. Íhl.a could bc tha result of the a}*l rate of f Io*t en-

ab}fng rffifit BK tc bc plckd up frryo the pcrytpheryr a{ded by thc

dt¡ntn{.eh€d kintnacc aetiviÈy at thls tüßperature ( l\be ct a}.

1965). Thê offecûa of terqper¿$ur4€ and ratt cf Þlco<t flc'tl cr¡

the €q/sttr¡ål vanous BX le.¡el eannot be dlssocl.eted ln thcaa ax-

pellørta, tLnce tempcratu¡re and bLotd flmr ære eloeely ect¡el-

at€d vartåbloa,

þlhcn thê tüflpædttme of the hand ïtå8 råLsed to 450 C th6r€
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was ê dlltlnet rl.al ln vgt{x¡s BK lcnrel¡ abø¿c th€ &Êælal Lcrrclc

1n üñr" eubJaeta and the prductlæ of BK nl¡st have grraêtly ÕElt-

strlppcd thr drsün¡ctf.ø¡. In eubJcct C..t. ( Ffg. 1S ) en A-V

rerrereal cculd not be døcnefimted, posatbly becauge of th¡
higtr a¡t*rlal LeveL ard aLsc hcaugc cf tha f¡¡cres¡sd eympath-

etlc aetlvlty whfch ¡pu1d h¡ve cperatad agafnst BX eLwatlon. $

tersp€rattre of v€ry elose ta 45c C muat be clltlcal fçn the ac-

celcratisr of BK pæoductfür. Thla J.a euppotrt€d by th€ flrutfnga

of Rocts a sllva ( x960) {n th€ productfon of, It tt¡srnie ocdorna rr

in the t€ts pâw, Carr€t€ro et al. (L965) falld tc datGct any

lncteasc tn BK ler''¡gls tn efflue¡t vsroua blcod wl\cn thc ha¡rd w¡r

heatd to 4û - 45o C Þy fmcrcion ln a bath. Thc negeÈive trÊt-

ulte ar€ not supniclng if the actuaL terflpærtr¡le dld not rcach

4so c. Further, th€y saxrpLed venous blcod frsn the antecubital

vein tshtch would ræi¡n a gr€at dilutlon cf any vaaoåctiva gubût¡n-

ce that nay origln¡È¿ f.nous the hand, sÍncc the blcod BK levets

are of, such et$ðLL mgnltude and the largrÊ¡t lncrerncrrt on htat-
ing'ån thc precant cnp€rlssnte wao only 55Í ( ln suÞjret C.rl. )
tln wthâd of blood BK *atl¡satior¡ of Etn{e çt at. (1965) whtch

t*ag uacd nay not h¡¡w bss¡ aufficlontly rrnrltive to dctcet thr
changûâ r

XSrt f¿lf¡ j'n Ef, Lgvele of the \rrrlous þlood 1n ¡aactivc hypg.*

E/
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åsrrtå a¡rd tn cold vagodåLåtatlsr a¡rr ln rharp cor¡trast to d13æt

trcattng rs¡ulta. Pactæs contrlhrtfry to tht fall could bÊ tha

hypæarnfa tt¡cI,f r !ütr lffiFe oignffteantLyt thc ¡1glsass fn r1m'

pathetic rt8l¡vrss acÊtvtty lrhtch occl¡!8 wittt theso proedurel.

ûrc¡roasCa fn pl,å¡¡ea rgred¡enalln3 esreCnt¡¡tigrE durtng ¡i¡¡set-

tve hypæaæ1¿ havr bt€n rüP€{t€d ( åþran¡, &:rkø 6 Suttæfl¡Xd

1965), af¡d suBport oÈht'r¡ obselvatLstl of, fncreaed eynpathetlc

n€frvout actfv{ty drrlng th{g sv€fit ' Ih€ 3ê8u}t8 cf, cxpælmntl

sn neactlw hypcraæla and ccld va¡odll¿tation do noû auggÛgt

that BK tg s wdlatsr of theee hypæaæle ttatea t Þut {t lt Pof -

alble th¡t wf$tsrræ f,actcr*a ar6 Op{EPstfutg to causÇ bloo(l BK l.''

tls to falL r{tth ü}'6}8thÊtic diec}r,argc eould ceuse v€noul bfÖod

lweletobrltr'dGtpftenotT*åtor6'G¡r].g¡aüedtl.egurlñ,1].!.
Et¡e abll,lty of {ndnarsd tyråPãth3tLc nsqrgus activlty to lfiJ€r

elreulatl¡rg BK lcv¡Is and tha rfAc ln art*rtal" BK wtth gcnæal'

lcGd AleÞêthot1c blcekade euggnstt a rolt fon thc cynapathtÊlc

ncfi¡ous üy¡¡çtq ds å gcneraL æ Loû{L tnflr¡¡r¡ee sn BK tûctrÞollgillr

In a suhtquent tttætÊn of thfa th.sls lt t¡tll he shot;n thåt

eataehöl,a&t¡tü a¡S dtrectly rccpørrlÞLa, ¡etlng throtgh ¡n f¡l-

fLusrca 0n thG kinlnaac.
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a srü8IHRr

-

a

l. usfng thr Htthod of blood BK est*.ustlst deacr{H ln Fart âr,

it ,uas poeslble to dæsrstr€te thât X,V & I.4., EX l¡rfua{s¡r ¡tlrle}r'

ixoduce mod¡rate lraæodynaaie elrangng al¡o cau3e an lncrta*¿ {n

blood BK l.¡wls.

l. å¡*bemíal and Sg¡Or¡e BK ler¿els sgre ln th6 f,o¡learn.

AntæfåI tr\¡ots hËtl3 ìN$uåLLy hlghæ¡ tha ratåo of dJÉsæsec¡ le'e!"

rwngringf,r@4'1'

3, Changrec x5r blood BK l"n \¡€nous blood fn'&i the Trartd tffio atud-

led dr.æing hypcrraemf.e states ln the harså prcdueerl by warml"rqrreool'

lng ard iaelragtåa.

a. I¡orosra8 of BK up to 53* tn sffLü€ñt brood frm

thr ha$il oceurr€d ryÏ¡en tha harxl ç¡¿a warl¡sd ta 4!QB.

b. DK 1$rïcl8 fel: ln thê cffl.urnÈ hLoûd Ln arlælrû-

ton rlth ï3ûEtlr/€ hlryrnarnl¡ ard cold vâtodl,lstt-

tl"m.
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4. nn fuffirr. tn t1leprt}ltlo næ¡*r ratfvtty s¡¡ü s frlI
ln ¡ ¡tæf¡rr ¡r rrçl of âCIs tn onr Br¡ü üd vlrünlxy Gqi:.Ë¡

dt¡rppr¡*¡¡æt Ln ræot*çr, 6üurftrr{ r¡tgth*f,e b3.gckdr

tr{tt¡ Þrt}¡mldfÐ bfi*Ðtrù abor¡t t 7.3 fotd ltu:et¡ft.

5. I*r ðbtltt¡l of f¡*e,*rd llæltffiia næçqrr rûÊtvtt? to

Lcnnr bfooü *, Lsnlr my polttbty centrtÞr¡tr to ttu úælrr¡¡ü

vßroü¡ B¡( tsralr fanËd ln coLd vrrodtl¡trtfsr gtil ltuÌct1w hy*

Þsûsl/¡ rihrrr ry¡ l,æü{füÕ tn ¡læ¡futtc ffiinu¡t eüËlvtt1¡t oc-

çrsü Nt . firrutt of ürr paln grd üt¡cffifæ't Ea¡oclatrd rtth
tÌ¡so Broc¡dr¡rll,
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IH BT€OD

-
r. xxfio[nrcTIoll

b. SPæIAT ilETT{OD8

e. RESI¡ITS

l. å¡tcrt¡l blood ÐK l¡ttls durtng I,V. ldronåI1nt.

2. åltt¡tal blood klnfn¡rc ðcttrvlty durlng I'Y.
ådr¡n¿Ilna,

3. 8lood kfnlnerc âctieltys

(a) In vitro qdrüålinü,

(b) In vltrs Phrnø¿ybenEå¡nlnr.

4. Ki,ning¡o actlvity tn norrûål artcrlal bicsd.

d* DrscttSSrcH

o. gt$ünRï
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mqRÇtrtcrf1ffi

Iü åËôftl,c¡ to f¡etsrr türlch drútr¡rner tàc produsH.gt of

!¡ilðykfnù¡ fn vfvsr thr prnùfüc t¡vllü Grr ü1lo f¡¡Flrr;tc$ Þy

tl¡ rcÈ.lvlty of klnliltÉ. ftlot r¡Ìü Sloürr ( 1961 ) trrt'r

eü¡¡¡¿tæi.¡¡d thc kt¡r*rr¡* ln htar¡t Þfüúr rt ü oüÙoxfnggld¡*r

rftf€ù,¡ fr r nrtallocuynr tùñ lnæ't{vrtrl hdykfnfn by thr hy'

&ol¡rttt of, thn D.prtidr þúd þmrm thr C-trrutn¡X ægfnflr üd

FtüTy]"r].a{m fn tlrr peËfft d¡aln. l¡cnm of t*r a4lv{ty of

tlrf,r Gr,sltlr¡ tþr hr¡J-L!.ft of lK tn p]¡rnr fr thffit $Ìâ hrr b.rt

vætorrly *tln¡t¡d tl 0.t - û.4 rfn ( 8rmlL 3 Ðttrlr l$t)t
I - I nfn ( tL¡hop T üügËltr, 1963 ,t O.27 t o,ûilI nfn ( ¡fCr¡tñy,

P*tæ $ fteol¡ldær ttng )r ßTd 17 ¡rc ( fotrlrÐl g.Ë.¡ 5 Yltt,
J.[., 1966 ).

Itlræl ir *rfd;ror thrt tùår gt*ltnt P¡¡ln ü tqp€útr{t Pt*"t

fn ts,ufn¡tf,ng th. retlcr ef Dñ ln V{vo¡ ärcrtrec d!*t lt 1"r *¡t-

hfbd,trd þ rucùr cÛrl¡tfry ffürtt ra rthylâlüd.Efil trBsrærtrtr

üd dfúæcrgüopæop¡ulr thû htPoüfffw ¡ff¡rÊ of tlt. Drn¡ttd. f¡
cq¡lnnod rrÉ ÞÉofsaûd ( Erdoû ô t*clrr l9tf ). Aß. lr rlro
¡lrÍdmco t¡.t klnfnmr cct{våty fly !r cf¡üÐd fn ¡m dla¡ü¡ç

It taü ln nrn¡ d¡sr.*¡d fn rrtånrtfer ( Flcn¡trnlr Fureluþcer. 3
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ånçIrnl,, 1965 ), md tncr¡rard in prtlsttr r{th hyprrÈhyrofdtrn

rrd ltvrr dlrrue ( Srtrn¿br åblr Kunrgrlr Hourdr Srht Ê Tcrhin-

egt, 1966 )r ålthoügh dh6 solk¡r¡ elrll thåt f.t nry br drer¡¡rd

tn I{væ elrtholl¡ ( Erdc¡r tlohlrr, Irvlnr 3 filrtt¡'nrnr 19t5 )'
ltr lrtt¡¡ dfrerrpüey Ëåy þt dur to r n llt¡rrüffir'ç of r dtffçrent

carÞoxtæogtl,ú1r ( trlrtrn¡h Gü al ' 1966 ) . $rn¡n of, pr¡Em¡nt

ffiñütt¡ pertlcul,mly tn thüfr lr¡t trl"urtcrr rhomr a htgh cpboxy-

prptldtrl tatlvlw ( Endcr et sL. 1965 ).

Iht ortdcret for r r.al¡. of, erteehol¡nln¡¡ on tfi mtebollm

urûil ñÞr¡ hü rugrgrrrt ü Èhrt rd¡rnrlftn or nomdrnnallnü clull

¡n åcttvrtlon or rrX¡mr of krtllkrrln thur pnoduc!,ng loerl cr

grñßrül.tmd lncrlllGt ln Ef esru¡l|Êrrtlon.

1. IT¡r crt ruhrxfl,Ï.cry glrnd d¡ rtlm¡Lrtrü to ¡ocrstc

r¡tlvü Þy tyapathttfc rtlnuLrtlwr sf þ infurton of

nornrdturrLtfia an¡l ruch ¡.orttlsl l¡ al¡oclrtrd rlth
rrlour of klntn-fønfng .n¡}ril¡ ( Iltltnr E luci.rr1956).

2, In th. eæcfnof.d rynd¡qrr thr infr¡alqr of rdrsr¡lfjìl

üy elurl arlrrrr sf ltrtlflqreln fîæ mtttrtlttc dcpor'

Itr ( ortl. tt tl*r l9Êl ).
!. Rochr r Sllve ( 195! ) ruggn¡t¡ thrt oat¡eholrnlnil

rrXtrttd ður ngr ttrrrnef sr oüh.r locrr tnjuqf my lct'
lvetc prc'tr¿r.e fsr fntærtltl|l ¡pacci tthteh in turn

rrlcrlc 3X, f¡ø thl pracurtoa pnÑG{,n.
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llomlæ11n eontr¡¡t to thder lt htt btån ðaasçtbd ln Part

t of thlr thæ1¡ thlt th.rqf lr s frll fn .rtlr!.ål 8K ].n¡olr

rtroclatd rtth ineru¡rd ¡ynpathrtlç dtreh.rgt, and rhur tottl
r¡anpathrttc bloekrdr 1r achtcr¡rd rlth f.V. bûEhanfdtn I 7,5

fold lncr*rr fn ll( lrwl tn tht rltælal bLoüd tr oþrerv¡ür

Iri Fålt t rr¡ult¡ vtll bo prc¡rr¡trd thrt fLurhtng produerd tn

pôttont3 r{th thr crrefnotd ry*fl. þDr th. ad¡rn¡l"fnr provÞet-

tlffi ttrt ( Prrrt' Rgbrtt*on 0 Ardrrrtf 1959 ) ls a¡¡oclrtrd

utth rn 'Incms¡r ln prrlph¡rrl srt¡rfrt bLood Ël( l¡r¡¡Ll. Hor-

srcrr chrn rqulvr}ørt doeca of adr*rrltn¡ wçrc glvru to no¡lnrl

¡r¡bjrctr r o$rrtüt lffiíng of, *r.tortaL lK lörrel æeurrd ¡

Roet¡r r 8tlva, Co¡rrdo a¡rü Ranor ( 1960) ¡1ro n¡dc obrtrtra-

tltrlr ln r¡æÜrtnürtt ûn eett rrùfelr augrgcttd thåt c¡trehoLenlner

nay lnfluüner th¡ ßtfvlty of {nJrct¡d DK, Fr¡vlour tnJretfon

of, phmorybon¡ralnr, apl¡rollnc, cürløÞrm¡¡lne and rmcrplne

strcngLy dcleycd thc rrcowry fræ hypotrnelon protrokcd þ e

rtand¡rd mrll do¡c of int¡rr¡rnou¡ BX. Coc¡lns håd thü opporftc

¡ftect of, rhortørfrq tho tLna of moowry. Tt¡r lntræurcul¡r

lnJsöttür of coarlnc to a clt, 30 aLn brfom tn I.V. lnJccttur

of !tr, prodr¡erd a qufekan $acoqrury to norul 1ütü18, tf thlr
teuË e¿t ü.r further f¡-mtcd rith phrnoxybcnr*nl¡?Ë å f¡rrthcr

dosr of !K lhtrrd thåt tht cocalnr cffrct hed not urly tac¡r al-

{nüÉt|d, but thrt thürc nm agnfn t ütr*rg potsrtt*t{6n of thr
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hypstü[lon produe¡ü by þrrdyklnln. ft lr now known that cocalnr

rpralfieaLly prwrntf thß uptrk. of nomdr¡na3.fnc by ttrtual ¡thur

fne*cartryr thü errunt of nor¡dmul,tnc av¡llrÞlr fcm cæÞln¡tlor

wlth tc ncoptær ( ltu¡cl¡olL' 1961 ).

Glnrhaa ¡rlrl Xrttþ ( f 96'6 ) h¡vr glvur svlå¡nce hrysru r thtt

tht fn-Vttro pgt¡rûlltlon of SK cr mooth nu¡cLe þ hrlogrutoal'

I(yl"sninü ( e.g. phgroxybsrsæünc) l,r due to ân ¡th¡nol¡ntnc

d€x.fv¡d frm tht ¡l¡rafit cmpewrd. fulhrnot¡trtnû l¡ l¡acttvr

agalnrt nor¡drsr¡Iln and on thtr br¡lr tho Pttttbfllty tþt
halOgrroalkylanlno lnlrtbtt t klni¡¡rrr through sffit adrrngglc

blaekfng mcl¡¡nf.¡n 8oæ to be dimlsrod by thtil rcrkcta.

S{næ thorîr rrt p¡rllatnrly ¡rrldcnce thet catcEholanfnrr do

lnflrrnet c{reul¡t{$g äK l#to}¡¡ EoÚl dttütrad f$ttctttglt{onË

sæ¡ undrrtrkrn to rlue{dett to t*rtch phs!ülcologf.eaL cctl'm of

cat¡chol¡nfmr tht¡ offrct m thr kfntn ¡yütü could be ¡fEnlb-

ut.d. It has bcr¡r dlaer¡rccd pãwloulfy ( Par|t 3 ) thåt thr lcvrl

of 8il( foqmd {n Þ1ood .t my tt¡ü lr Prob¡bfy tht r.çult nt of

¡LmuLtEmou¡ Proccst.t of podr¡ctf.sr ¡r¡ü dretructtry¡ ( Flg' â )

ao thrt r f¡11" tn tX lwrl, *uclr tl thl mr obrætrd wtth ådnn-

allrn lnfurlof eould rc¡ult Ë¡m cftl¡¡* a drcrO¡rc ln fmantton

or ån incrcgr In drlt¡rt¡ttE16r, It se¡ ücetdcd tE l"ook st tha

låttæ pottlblltty ftrrt, becrl¡tt lt tr df,fffaE}t to dwl¡r a

$ay to txtülnr thr lþûttbtltty pf dreror¡.d f,orr¡et{sn r¡d thr
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offiilti,c¡l of fsdlr r SLlrrr lt ü1' ( XfËû ) ht¡Êd thrt thü

ffilu* of a*tæhoXlnf!ffi a¡ú tJr*{r bfoahtngr üÍru{tr *tght þ.

to tnflt¡ßrcr tft. xrvivrl d &.
Ct¡rapr fü þlood klnt¡*æ ¡s|lvtry ï3üt ¡trrlird ftt- .drut-

rtfna *r lnfut.ü I"V. ¡rd ffi* rdrcrrllne nr rdrÉ to *ralr

bfoçü tn vltæ. Evfd¡rsl ü ¡nlümtrd thrt r{¡¡çtrLf.m lccll-
rûrurr lÌ, ÞrrrkÉm rrrt tlut thr ¡ftrct ü þloclsrd !f t}

r¡æûrr..@1a Þlock!ry rsß|ç plutoxybærrufnr. lfr rpprrürr

t¡ rt¡e ¡¡d. of får perr{Þl¡ }¡*lf-Llfr of lX, fn nonn¡l Srolr

Þr.d.
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¡{gtwDg

- Ihr ftrrt 3 fgÞ&g$¡. tn nhæ thc cff¡et of X.ll. ldtrstllfno

an årtta¡ttl tf, lcrnlr H¡ ün ¡nfn.d ïtrìl ¡urprstrd to bt luff,cr-

tng frü th¡ cæctnofd ¡y¡dræ' Al.:. næl uh¡l¡nt rr¡l mgrgrd

tn thrtr nô¡lr¡L oceufrtf.on¡, rltr htd tn eogltoll htrtætr¡ of

cpmadte fluehlng rnnolrtrd to any rpætftc rtt¡¡¡,¡tt. Ílr;y ¡L¡s

shå¡çd tø¡¡ otr rll of u¡eh ruar sp.ctfte rppt$n¡ t. cptrrodfc

gnk¡cfü, mrrtl¡rgt, r¡onl.t{ngr ard th"oÞblng lnnsåtfonr ln vml'our

püts of th. !ody, ALx h¡d rm d¡grcc of ættorùrI tn¡tlþlltty
ånd ln ¿Ll tho prorrlrlm¡:. dt¡grior!,r of thl srctttotd lyndræc

t ås .üürtrretly dl¡nir¡¿d ( ora hrd r l¡pmotæy to ftn¡Ily tx-

c1r¡dr thr ðfrgrnorl.¡). Sr¡ r:rt of the grou$ holtþ
¡dls¿t rttdmtt. thl auldrgt¡ fæ rl1. oùtffi upæimrsrtl dlt-

ertbrd ln tÌ¡tr seetfcn ¡Ër¡ hralthy n¡dferl tttrdürt!.

thc nrbhod¡ for blqt4,cpl.lcatlsn¡ !Lll¡lv. f.t. .lrrfl¡rlm¡,

arrl blod orT¡Ptuq,rrce¡ödl¡rq. lrEvc bcin t¡¡cri.hd prrntlourly.

Erss¿¡

nårrrütttÐ hydnoctrtorldt ( D.Il'l. )
!*sraüfonallna ( tcvoplrrd¡ $fnthroP )

årcorÞla acld ( la¡ctrr )
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I¡ - oÞln¡phrlnr bftertrctt ( erytttllfns gtgfrå) )
Phrn*ybrernnfnü ( Irtbalylenc ¡ Sntth l(l{n¡ E Frurch )

8oLtd ¡dnenarrne ( t - rpln¡ph¡ntnå Þ1t¡ffirte ) nur r¡¡cd ln ln
vttro gxptüLnffiNt¡ drür ltertlfty str not ¡r¡rlËll.

th. E ühod for ¡¡t{.ußtt{rfi .&lqrlmt! ðct{vtty drnlng I ¡rvçn

ræord lncubrtfsr ha¡ almady ÈÉü dl¡crlH ( PEr"È I ). In

thc Brrt.nt .xp.rtn¡ntr thc ffihod rü t)Êrnd.d to rtrdy thr
d¡grrcc of tx dc¡trqctlqr or¡æ lgtf,r.r pælodl of t{.æ v:[l.nurtf-
pl..t of, 7 æc ( oæ for cmvenlcsrcr ef 7.5 oNc ) f .o. ovtr 15,

t0, 45, rrd 60 rtcr drprrsiltng on trulivldurl rxp¡rts¡rrt. tûhrrr

tlrr ul¡rtr¡rr of braod ¡rid BK lracl to br fneubattd tæ lærgm thän

l5 acc, thr cyrtngc cmûttnüry thr nixturc str r*urnld to th.
ffitF büth ( ISo e ) üd ltrpt thtrr qnttt thr ¡tt tLtrc hrd olap-

td.
lltr dsæ of rdrsnaltna lnfu¡¡d nr¡ O.lpgrlkglnin. 8uc?¡ r

doæ fr uru¡lly Jurt rufftcfsrt to ptoducc rtf,gbt trelrycaldfa

srd utdædrql cf th. pulcl pritrùust. ãdËÍrtL1ru w*¡ dllr.¡td tn
taltnG ( CI.gf v/v ) ccüclntng e¡eorþic aeid ( I ¡ 501000 ).

Tlhan ktnfn¡re rctlvlry Har ¡trdfd flr th¡ særrülso of, ldmn-
r11¡Ë ertd phrnoxyb.nsüfnlr thr fotlorl,nEr rractenfs$F. pt¡ctd

tn thr 5 nI coll,rct{ngr ¡y*tnln ( fn r volnnr of t.l ntr ¡rlfnc
rnd cdjt¡¡tüd üü{fanLy tE ptt ¿1.95 ) to g{vc a ftn¡r cmrerntratlon
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fn 5 nL of blood ofI

Phs¡o¡rybcn¡aniru
(båæ)

50 ngþr -(L.6 X lo'/ lt)

It¡ts urrblrd e eüIrr"lron of ktntnr$ ret{vlry fn bload $rrn thr
only dtffcmnce t¡r tho tnoubrtot rtr thr pre¡rncr æ ¿btsrcr of

oatrchol¡ntnr r¡d thr al,pl,¡a-aúrrnorgrte btocktngr agrr¡t¡ püanoxy-

Þsnanfn¡.

+

ld¡¡s¡ailno (bucì¡
5 ng/n}(z,8 X l0 - lil)

qr
Nor¡adrenarln¡ (ba¡el
4.€ng¡1a1 (2.8 i lo-hl)

+

+

ArcoeÞfe
aeld

I ÆlB1

+

+

+

B¡(
10Onglß1

+

+

+

a

b

s
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RESf;,rtlBæ

1' åIlÎtrtt[If B'IJ€D pü( I¡F¡{,EIrq-AglTS [rV.. ålRFü[Lqrq

T?rú affret of I.V. sdnrtrltnr øl ¡rtürf¡f blood lI( Iu¡rlr

mer masuÍ.á Ln rlr er¡ÞJGeüt, Frlpr to thr Þfsod collsctlocrr

thû auþJtet¡ lrsr.r Xyl$g quf.tly o$ å couch rr1d ¡¡src rrcrlvfng .n

I.V. fnfu¡{qr ef rnlfâ. ( 0.96 e/v ) throtrgh a cannula Ln an üntt

eublÈat vrll|r tt â rrtr of 2 nl/nln. Aft|rl a perfod of atablltr*

atlm of approx t0 nln a egEtt!'ol cot lrctim of åltürlt1 blood

t*ag nadl tåIlot¡gh ût fntrt-lrÈmlål eanrul¡ tn tht b¡i¡chttl

ôrtct5¡ cn the oppot{tl sld¡. Sdnrnallne n¡a th¡sr rub¡tdtutcd

fæ th¡ ilLr¡r. üd ùtfl¡Std at tþr rðs r.ta ln ä doæ of t ,tpV/
?ç¡ktn. A collccttwr of åltoli.al bLood mr nadt agaln tlFt.n

nsæøVnanic r6p*rr.l to adnsr¡l.tn¡ occl¡Êrad¡ utually durtng

tlrC thfrd sr f,orrrth alnute of t}¡s td¡.arültn¡ lnfUafor¡. thr

faLtr fn å!ütrf¡L þ],ood Bñ i-rvcLü nr¡ulttng fræ tha adrr¡rrLfno

fnfu¡lsr stlr¡ ¡hoütr ln lablo ?, Ítra lmn faLl of 6L.4f srl htghly

rtgml,ftcerrt ( p.<û.0S1 )r



&Hü,J

E( swtcrntrrtfar rglnl
e¡il¡lg¡ lnfur1s¡ &l,fiææerPrs-1nfur1ür

*ç.lg
*0.15
*û.â5

û.0¡
û.0?
t.16

0.rt
0.t8
0.05
0.0r
0.ft3
B.o5

tbrn t ÊE

Pf

0.05
0.0?
0,âe
0.02
0.04
ö.tr1

{ 0.001

Í Patt

6l[.{

8t
¡l?

8€

67

57

81

Ia

t.0gg t 0.0071

t Frf¡..ü t.ttlt
t þrnotq rubjretr rtlo h*l vrrilFtËr r$¡tr}Ltlw g¡ü {ã tñú
thr dl,agmorlr of cæet¡oåd *!f*u fitl .¡(Gli¡dtdr
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!. åIffiilftr ,N#|E,'ãIF¡üFFB i[ç-ln4mr Ë[8#¡, ,+v! ls¡Fc&Ëq

l¡üFå{L Þlood g¡r eElJ.æH Þ¡f6¡ .¡| üEdÍS tn$. tütÌ'

¡I{¡-Ð f¡rfurtær ¡¡ d.rcrtürtl tDunr r¡¡| hfnfna*r æüivtry ül

$rori þloo.l ðÈtnrüdt ffitsllm. oú pæ cüÏÈ ü' n¡¡n¡lval tn

þIoot rülrüü. th. tta c.odttlçnr Ër rrdt dI tht hælr cf 7 æe

t¡EüÞrtfæ g.*rloff and ¡¡ulür frr ttüÉ ruÞJretr 1u¡ rhsm fn

fiþl.t 8, &l¡c,arrrd ¡dñlnrrc ¡Ñtvlty nr drssrrEçtrd ln rLL

1{xç¡¡ cü¡¡l rfÈh I mm frXt sf 20,8 tn pG sÜ*f rr¡¡qrLWl of

gl("

&ffie't}llffituÞJ'ætrtmr¡bÊlan¡otb]ôod**lf.¡(-
ü8lF rffilr t¡¡r cGü{ffid f,æ r nrn rl|ú t rtå |rc t;þ DlÚ¡ eürt

üffirivr} of U( ¡¡tfi¡t'rd ln ur rtEãDü tE ¡¡trÞll|h t|¡r nloetty

¡rrd eltsr¡øE*Írtlcr sf ñt rt+¡n¡tfe röÈlar f$ltol\nü. ÞOorrn.

of Ð( to blood fæ i eta rüpn¡ü ttrt fr¡rr tÈ¡Et f* oú t*n mn¡nt

ffi sr pffiütt tn tÐ fnsub*Er, 8ucù ü |qo|¡nt poÞrbly

Ër8üær r ¡ftr¡rtfnr tm tår ¡uËrürrcr had Þ.ür gibrli*trü

rt rfrf f¡d¡¡cd¡rtr tt¡r Hær thr S Eült. 8tüûr €O r*e låÊt¡Þü-

trÆr tü tt¡¡. tæ ¡rys{¡lrtr¡ rt{}I ¡hoïrü ÐPpqEdsÊrly â#

¡tær¡!,vrXr lt ilr üældtÊ ü¡{B tü. ümt rpgruf¡ttm of tft¡

tffl - €öl¡sL of FX. ffirr¡sltlæ mr¡fd cff fTæ fncubfütqr ptFfoú¡

ørffnü to tln¡ ¡l¡st3l t*ra¡ or* BÍfi¡t . I¡t å tlttJpé ¡ubjrst
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( R.S. ) Flg. 24, a cøPar{eæ¡ of klnlna¡c sstfvity wa¡ nrdc

þcfær ard durtngr ådraraLtne lnfurlon whst lmvfval3 Tltltrrl Tâ-

tlp¡tgd tn tneubatcs ¡t ?f lS ard l0 tæffid¡. Xh3 f ¡r¡rrrlval

va }gg ttn¡ plot for thc cçntfol s¡Ðp13t ln thl¡ eat6 $<trapol-

atcs qultc rell. througth 10Û$ and ¡uch å R.tult puLd l¡dfeate

thåt klnlnr¡C rcttvity tn cr adr¡naLlnr poæ systc! a¡rpæorclnr-

ôtåB e ftrat ordrn atå{Û{ân.

Ígrr Þrcr*rß. of ¡drcrr¡ltne whtê!¡ håd becrt t¡tfurd qr ul¡fch

lråd be6 ådd¡d f¡ .v{ttg to r nLrctr¡m tnerrbet¡d tn a ctæd syttli
chå$goi tha tr¡rlttval - J.og tfffi pLot fn rueh å rlan*r thåt oñ¡ lx-

¡l.agol.ttlcr tt rhær e rr¡rylr¡al of emltdcrrrbly tær thsn f00f

at Elrer tlû.. Pæ ogrt üutrìtlve l" vr 1ð{r tl*r plot¡ fgr ? rnd

68 sec*rd fncubrtrt tn thr prccdf&f ? ruÞl¡*r lho¡md thc

aåffi FüÈÈatr{r *r fn tlr¡ oa6 of rubJcct R.9. ( Ftg. 24 )' 1}t.

poc¡tbl.ltty 9|t1 bs dl*c¿r¡€d låtc¡r thrt thr appra¡aner of thr

plot of hlntn¡r ¡cÈfvlty ¡*lm adrrnrlfnc ås PfÛilnt ln thc

ty¡ttÉ Ëåy br t¡çlðtnrd bY f.cd b¡ck lnhLÞlÈlm.
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EF;q,nç,T çs HRFF¡dEüE runtsIoil

Pne-fnf,ucJ.on
(A)

46.t

54.5

56.5

Ðurdnçr fnfwf,on
(B)

S Farr

$xroo

1I"

I¡[

L7

30.8

FaLL

(a-B)

4I.0

36.0

47.A

5.0

18.5

9.5

Hr,an ll.0



Fi.g. 24. thf t$ûe eotrtt of Bl( drltruetlsr fn artæial btood

fn vlt¡o. I nlxture cf BI( .rd bl'Ðod (100 rglnl ) r¡¡

ineubrtcd f,cr 7, L5 a¡rd 5Û ceen thc pür etnt BK rrn¡tntng |n

thr {neubat. nas ætlnrtrd b1t Ëht u¡ual ncùhod ef rxtrrctlon

and aaaay, ar6t expl¡¡¡Cd a¡ S ¡r¡¡rlval. fhc ptot for Bl( dlt-

tructf.g fn thê cqtral lneuÞrtcÊ tpp¡luxln¡trc an cxpcnCntlal

ttrn¡ cour¡t, rlncc {t dott not diffcr algrniflcantly frm a

ctnatght ltnc b¡tçcen 100* ¡uy¿{val (datun pc{nt fo¡r mrs

tfpc) and prr eütt lu¡vlvtï tt t0 !ac' In thç tneubatlqt¡ of

btood ard BX rhst lxry¡¡lous adnanrlln¡ ïrt p¡lsont, thge l¡

r ngrkad dovirtlon fna¡ a st!åfght l{ne, üd thr tntætuptrd

ltnüs fcn theac lncub¡Èla indicatc thc ¡rlnLnun accclorattsn

thåt raay havr occutr¡ld.
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Ih. df*t of r&¡¡rl,tm or ktntnur roülvtty tn vltro
rû ¡t¡t¿trd sr blood ürüm fiFcn rlgrht no¡r¡I ¡t¡bjrsÈ¡. Pafrrrü

f¡s¡þr'tfqtr Er nrdr fn aË€f¡ üíFtrfffiit, &. l¡æubrtr emtlln-

fry hXooü' t[ md rteæble rû:[dr thr otlræ fn t&fÈlæ, contlfn-

f¡g .(ffirltni. tt l,¡r¡t thilr tncsbrûlmr ætl pæfgrn¡ð tn

cscûr r¡Oælmrt ourr dfffGüt prætoür of tf.æ, tlrf¡qr nìo
tla c¡ drtru Dêl$tr fEræ pofafr ern tltn Þr ebt¡tn¡d fæ thr

¡tm¡lv¡I - tltr pf.*. tht rhoryü¡rt üæubrtløt pætod ¡ùleh nr¡

uedf*'a1y pomlbl¡ lx rtl u¡bjrctr un ¡üttr gffidt. tfr pa

cglt ¡rsvlvrlr ef 3t aftu ? rrc sqrtrcü rtth brood mr rltom tn

trþ].r 9. In ¡lx out oú tå¡ algtrt spæfmt¡ ürcrü¡d nræfyrl

af lt ur¡ obrrrvrd ln tbc *ncubatr¡ ¡ñfeh Ìül tdüd üru¡lLnnl
{r¡ m thül Fl no c}rangt. ldnrr¡flnr cruld r B¡fin frll of

2$.lr t 6.g9lr rn È.ùr Þ.Ûl s!¡rrt ¿urrrlvrl, PLøÈr of ffi, üstrlvrl.

günrt i,ncuàüffir ttË üFG FrrrûfiËeü for rcvn of t*rc rtgñt

oçsisrtr ( Ftgr 34 - 58 ). trlr fsrs of ttte ffit lneubrt{srr
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PERCEI'IT FI¡RV-WÀI¡ OF BK A,FTER 7 Sæ. C0IIIACT Tüf[lI ËIOOD.
ffi

EFF$T oF 5 nslnl ADRE$IAI¡INE ADÐED ÐLJ:!gBg.

lüithout adnenallne
(A)

târith adrenallnE
(B)

Dlffarence
(a-n)

S oif,fe¡rence
&:E

A
x 100

)

,J.H.

Ir.K.

R.H.

G,F.

B.K.

c.ü.

A.B.

R'9.

53.5

26.0

46.0

6r.0

51.0

64.CI

41.0

56. 5

35.0

26,0

42.0

43.0

5L.o

37.0

27.0

29,5

20 .5

0

4.0

18.0

0

27.A

14.0

27,0

38.3

0

8.7

29.5

0

42,2

54.1"

47,9

Mean t sn L3.g t 3,gg

,02 ) p) .01

?5.1 t 6.99

.C2)p\.0XpT

t Fatrcd t-tcEt
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(F{F. *¡ 3ff t6r fS } tht SXot of rtsìÉËf *çrfnrt t{n
¡holrrd ¡n r¡qnutttrl rpp¡æmac. Sri d*rt¡Ftcnr f$ tll. pløtr

6û th. otfiü! mnürsl iln$rt{crr ær urllfæly fn üt ¡an üt-
rre${oer (mtc*pt t.l(.r ttl bafer). tht ddltt.ætrl pl¡lrcr of

*çrlfnr Gær pûodusl t*ah r dn¡l¡tls¡ æ ü¡g,ScqÉl rR i¡l,tt*
fngi crt. It tr üGr thtã ïü¡Ft ¡d¡çlrllnr ¡Ëoitugr *r lêc.I,æ-

*ler of thr úotn¡ct*æ of, Ft(r r¡rch æertolglæ f* üott rr{dtrt
$fth tl¡r rñætot tnggårtf¡m tfrn, td in ffi ß¡t û tln d{f,fæ*

rlot hrr ütnnp¡nrd t*tür t*il 5t ræ tncub¡trr G. mFr¡d.
tlr rt¡bJr¿t J.¡(. tûrær ¡&rt¡:L[nr C{d n€ù rffreÈ trrvlvrl¡

.t ? rcc rf.nrdy 741 at thr Ëtr tdlLrt hrd t ¡il ffiqür tht
15 üd I0 me lncr¡àrÈc shfiilû no drcn¡ur ln f rr¡¡nrd.rnt ¡

8uÞjfrst L-X.
7ræ ls *r¡ l0 e

* *t¡¡vlvrl
CocFrel

åexrrltn

&f,r t$rlrlH,tn rùfeh lr r¡retrû fr roü ln crm ltrñ.r tft.
tn¿ttrl vrfocfry of ktn{rrrn tr ccerlmtd by rdraultnr (ru$rür
.f.E.r C.ü,r l.l.r 1.8.r l.t(.r &tË to r lãrG üülf¡U |¡ì O.F.r

rld R.A.). b ruÞt.¿tt 1.8. ürû t.f. ¡fiæ r Þælod oú tqrlJ.-

t6

¿5

ât

2S

gõ

et
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fbr.i.usr a n6tt destructi.:.n tf BX i.* ageån GvLdült. ft i.8 llkely

thåt sr¡eh 6qu{11brlr¡n whieh fcl.toryc ¡rn accGlG?at¡d ph¡¡e of

actlvf.tyr pr¡üentâ ôn ¿¡g-prOduct Lntrtb{.ttqr of thc ü¡ü}ttrGÕ

It fr not duê to a balance rtruek bGtHn å¡(ogßlloLrs þK dr¡truct-

ùon ard erdogenous BK p¡odgct{on, becauce 1t can bc thgt'n thåt

tncubsttcn of t¡Ûrolc ¡1sqd ln nylon ayrlngee at 58o C fæ a porlod

of up tô 5 nfn producÊa ns r€¿€grnfr¡þlc amuntg of DK ln thc

Lncubate,

li¡r rr¡ult¡ of sXpCrLæntt Cn rubJecta R,¡1,¡ Ê,K.r üfyl C..t.

núcd å.ddlttffirl cmÐlt.
In ¡ub{ect R.ll. tht apparørt tneffacttvc¡re¡E of ad¡snallno

to acerlcrate 8X dc¡tructton tn th¿ 7 tae fuieuÞtlEc lf probrbly

dus to an ln¡dcquåtc ¡mor¡nt cf tleorbic reld in thC lncubüte '
Xn thl¡ exportg¡nt ¡ csncsürt¡lÊtlçrl of 1lI00r0Q0 tttt u¡g{ lt

tugrscútcd þ Craddrm et al. ( 1.949 ), ad ¡ueh a esncclltrttlon

iesas too ¡6lL to pt¡want th* oxldatlor¡ of adrer¡sltnG tn ths

ttor*<, aolutton. Sthatt alcorbfc acfd consÊnæattæ of I'¡L00CI

t Ltlglhl ) ua¡ urod ln auþccq$nt expcrfncnta adsqu¡tt prtta¡ny-

atlan of, rdr*r¡ltn st! syldtnt.

Eqbåcct år$¡ slE 3tuå1$d ül tïo tcpåråtc occaalonsr on the

flr¿t ogeütlot¡ ( Ffg. 28 a,) the pfü of, lurl.'fväl vl tLæ urr

tstuturL tn thtt Lt ahanuü a l.tg in th. ottttt of BX drrtruetløtt

tr¡grgrütfnÍr rn fr¡l¡fbltlwr of thg dtltructlon proesat¡ ül I !ub-
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taqtr¡rit oscâsion ( Ftg. 28 b ) the centrol lneuþttgr produerd

¡ dlffrnrrrt plrt rùteh nar f.dsrtLe¡I to thr s¡r rtth adrsraltne.

It Lt lfkrly thrt oat thlr ¡rc*rd oecr¡tcn thr ãtstEt hrd þ¡rn

fully aetlvrtrd Þy .ldogurBlrs àdt¡msltno tt sr.qçnrtrå by th.
abtl{.ty of phuroxybæ¿æi.n. tÐ block thlr aeüivatl.an,

SgÞTcct_C.J. (F{9. 26 ) $ag of ¡peclcl f¡û¡r¡¡t bscautt qn

tlsa p"Gvlouc ocaaslor¡ ärtædðl bLood BN, lertoLa hsd br.n 0.8 ngþl
ard 0.95 rlf¡bl ( frbtr 2 ) ' thc¡r lcvclt pûËürttd thc htghut

eancartr¡tlon¡ rhlch hf,d ÞÇüt øtea¡¡t¡rrd ln nstu¡l rubJretr.

Sro BK dcrtructlon rrtt 1n thfc ¡ubjoct ra¡ fn aoeæd rfth
Gxpr(tätlon¡r lt can bt cc¡n frm Flg, ?6 thtt ð Egf dsrtruet-

Lon çar ¿drlcn¿cd onty aftæ 40 acc ït¡tch Ítpr$æntt tht letgæt

t rlfr of BK ln all ¡ubJects ¡tudlcd.

In ¡uÞJact 'J.H, ( Flg. 25 ) thG effçd of rqulnoLar cqtccÍt-

tratlor¡8 of adrcnal-l.nq and noradr¡¡s¡¡],fne oa klnln¡tê setfvlty

nas csnllared. Xn thc dosra ured ( 5 nglhl adrrn¿rttß åtd +.6

nglal ngra*rüt¡rtlns ) the tuo c¿toehol.ån{noü Broûucrd an fdrnt'

lcal dqroe of aecel.eratiqr.

Etra ¡cl¡tterrhlp Þetrnan drcnrldns cstctttråttan eld klnfn-

rtr ðËtfvlty waa not c¡rplortdr h¡t f.n auåJreÈ R.8, ( Flgr. 2¡[ )

thr sff.* sr kdntn¡¡e aetlvfty af en aü¡tr¡xtnc lnfurlon (10ong/

kg&fn ) ir cap¡md etth thc rnqrm t¿.tld.ty ¡ûrür l¡rgnr Ç€ñ€ttr-
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IN VITRO DESTRUCTION OF BK BY BLOOD

Fig. 25. The time course of BK destructÍon in arterial
blocd in vitro. (See also legend for Fig. 24). The BK in
the control incubate undergoes an exponential decay. There

is an equalty marked acceleration produced by the presence

of eqlli-Molar (2,8 X 10 ") concentrations of adrenaline

and noradrenaline.
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IN VITRO DESTRUCTION OF BK BY BLOO D

Fiq. 26. The time course of BK destruction in arterial blood

in vitro. (See a}so }egend for Fig, 24). A marked accelera-

tion occurred in the incubate which contAined adrenaline ' The

additional presence of phenoxybenzamine, prevented the accel-

eration and slowed the destruction rate beyond that observed

in the control incubate. The half life of BK in the control

btood of this subject was Longer (40 sec) than that found in

btood of any other subject studied'
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Fig. 27. The time course of BK destruction in arterial blood

in vitro. (See al-so legend for Fig. 24). The plot from the
control incubations deviates from an exponential course and

the deviation is increased by the presence of exogenous adren-
aline. The presence of phenoxybenzamine abolishes the accel--
eration and the deviation in the control incubate.
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Ffg, 28. fn rubJæÈ D.l(. th. klntn¡æ ectfvlty at
ætar{rt blood f.R vtfilo nr; rtudid æ trÍo osemlsnr
(trc norrth l¡tBmnl).
(r). ttrr rurrriv¡}-tfnr Plct rhcr¡ ln appfi¡¡*rt drf.ay fn

tha osrt* of BX dllÈ¡'r¡et1*r. (8ü tatcÈ for dllcur-
¡ion).

(b) Ihr csrtrol ¿rd adr¡rnaltn -cqltlini¡¡g {¡tcub¡t¡r
rhc¡¡ tn tccoLlcåtlon slrlah eculd Þr blockrd
rtth phøtorybrnrutnr. lt¡r run¡lv¡l'tlna plêÈ

for th¡ lncubrttm! eortal'nlng p!¡mouqfbm¡rn{nr

1r fdrntleal to th¡ Þlot for (a).
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Ffg. 19. fim Efi¡s!.l of tK drutruetisr Þy ætartrl
þ:Leod lrr vXtro. (8r .tro tlgüid f,æ Flgr.' !¡$). lft¡tr
¡n lnttlrl reerlarrtlm of kln{nrrr ectlvtty fn th.
fncubrtu contrfnXñ$ rdrßlrlfnü ( 7 ryd 15 ¡cc)r thc
dr¡truetlsr nrt¡ appnoxfn¡t.d thåt of tlrc sffitto}
{ncub¡tlon¡ ( l0 ¡¡d 45 ¡ec).

Flg. 50, îlnû courn of lK dutructtæ by âÉmilI
blood ln vttro, (Sto allc frgrnd fæ Ftg. 24), lÎtt
p¡ûrüre¡ of &ttaLlna prroduord vGV ltgÈlr accül.tr-
Itfwr, thr prabablt cru¡r of thr frtlr*rt of, rdtstrLlnc
X¡ dlrcu¡¡rd ln t!Ð t¡rËt.
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trattan¡ mrG p .i¡nt shon edrsulfnr ( 5 ng/nf ) *r¡ ¡dd¡d to

bl.Jod ln vlt¡ro.

5 (b) IH VItr'O PHE¡fl}XY8E}üal,lIHE

In thrcs ( 8.K., C.tt, 6.å.8, ) of tttc ctght rubJccta dercrf.brdt

tha effcct of phenoxybcn¿snj.ne on the ¡drcnalfne - lnduecd acerl-

eratlon r*ae detc¡çnlncd. Tha mühÐd rss e{sllar ts that uad to
dcr¡¡on¡trete the effect of adrcnalfnc 1n vttro exc¡pt that a thtrrt

lncr¡batlön rå! carried out in addttlon. thl¡ cortalned phrnoxy-

bansênine 1.6 X t0-6 U 1n addltlon to thr edrcn¡llnc, aceorblc

ecid and BX. ttrr eoncrntr¡tton of, phcnoxyb*røurlnc *re epprox-

tmtety 5 tlnss the ßo:.¡rtry of adrrn¡lfnc. In rubJcet 8.X.,

no fu¡thcr aecclc atl.on we produced utth adrcnul!.ner but prcsürct

of phørolcybn¡rninc ¡lmed tha dast¡ructlon rata and gravc ¡ ¡urvlveL

tf¡nr¡ plot ¡*¡teh ¡car ldontlcal to the ono Trhleh had þÊæ oh¡fncd ocr

a prcvLcr¡¡ occrttm tn thtt rubJeet, tl¡G unuEtsl åppG.rancs of

the pLoü ln thto oubJact h¡t bc¡n cmcntld sn.

In ¡ubj¡ctt A.B, rd C.rI. r thê phrnoxybcns¿nlnr not only bloek-

rd tht acccl-errtlon lnd¡¡cd þ exegrenoug aürenatlnc þut rlco dc-

e ¡arcd the dcttructlüt :rrt.r Þryod thËt for¡nd in th: eontrol
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bloüd. thc aet{vlty of klnl.nr¡c ln fncub¡ttr wlth phcnoxybcna-

snim ln th¡rc tubJcetr ue¡ ruel¡ thrt dcstruet{on ratr¡ follor¡çd

rn Gxpoû1.nttåL eóurrG, stth thc senl-tog plot axtnapcLatlrEr

baek thrangh 100Í ¡urvlval at stro tf.Be.

fttr po¡1lÞ{ffty th¡t edrrnaltnG Yrt hrvtng ¡ dhect ehenieat

eff¡¿t on lX ór thät tha prs¡enee of adren¡l{nc la thc Gxtrüct

( 1f eny aurvived ) wa¡ affcctlng the c¡tlnrtlon of BX rccs,cqf

oür th. t1¡ruc¡ had to br ccnnaldcrcd and exclud¡d. l:tro aolutlon¡

of BK rürÈ prrpmed ( pH 4.95 )r 6nG eêntrlnad tn ådd{tlon ¡drcn-

aLlnc in a utlo to thr EK ldentlcal to th¡t rxt!ÈÍng ln thc

bfood ineubltcs. âftcr thr plt of each rar adJu¡td to 6.0, both

aanpJ"er ffillc ehrøratogrrephd and aa¡rycd btclcgflcally cn thc rat

utcrur and duodgnunÒ ÎÌ¡e rcem¡ælca cËalned wrl¡a!

9lÍ ( wlth adreruLfru )

91X ( rylthout adrcnaltne )

In klntn¡rc åcttvtty exp{rrf¡asrtc ¡ the ¡nou¡rt of ¡drcn¡llno

added ts thr f.ncub¡to 1¡ euch that the ftnal rxtr¡et ïl¡.n d11-

utcd for a¡aay ccntain/s 0.1 - 0,1 ng/nl adrenaLlnc¡ acaunlngr

thtt aLl thåt r*rg added had r¡¡rvtvd. In th. csltrol cxperlncnt

Jutt mrtloncd it wra rho*n thet an .s3ry roluttqr eontrtnlng

thet o¡d¡r of adrcnrlfno cû$crntrìrtton hr¡ no cff¡et on the t;tro

tLtlr¡tl.
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t

ßr¡ pEüfÞåtJty th.t Dhüsrybürîfn tn tl¡r ca¡ærnrtreticr¡

uilû *r¡ p€üürtütürg ttre rcttcn of ü sr tha tt¡tur¡ rþø hrd

to ùr *rchú.d. tlrll rn¡ dorr !f rrttl¡rting tlt rl¡eoìrry of ü
fran ¡ blood .r(trlåch rihtÉlr oofitaln d phrno¡rybg¡siffif¡l3, lùl .x'
træC ru O!ùrf"tùad f¡l4 a ni¡stunt of bl66{, eaecrbie *cld ånd

plrcncxybcr¡güñlm tn tht !#¡ffiiæ utd fæ il( OctracÊtsr f¡æ blo€d.

$n ftre*rral rtrrd¡rd of lI( m¡ t*r¡n ¡tr¡d to ttrls üût¡räct bffær

asrey &É fÈr racsñut? ütdnÊtld. lrcovtrlr wal g!f"

ür thÍt rxprrtnurt ard å¡r tht Ðühæ |tltys of cl(bt¡tcû8 ctl-

tgintng plürqxyÞ¡n¡sl$ar ftO fütal emaantrått*r of tlu rd.rmfr-

gtc btoekcr fn tht r¡ryle útluttd for muy {'r of thr ord¡ur of 1'S-

5.û X l0-9 }l. 11rr gotst{atls¡ ald rntr$crlm of thr cffret¡ of

8ñ on tlrr lrol¡trü gulnce plg vea þ h*Logrnoal&ylrnfnç rncl

thslrl ôrtvrttv¡t æsurË ln cøreæt¡rrtlulr Of I0-5 U {&r¡}tm

$ XstlÞ, f$õS ) t lt ft unl.tkrty tþet phs¡oxylmEmtfir t$ th.

forrnæ eoûreü¡tF¡ttø ¡reuld l¡rtn ang dfsrctE affcee on tlre t¿Ë¡ln.

4. K$ry¡E mÏArllr,jgt #F4t ¡rygFrnl s,oq,

g¡ kfndrirË rsttr{ty ¡thfbfd by ¡ttlË{ål bl€od frm rt$}tt

rio¡arl rtrbJretr tn rûra tner¡bsttsrr mßf Br!'fæd tat 7, Is 3 ts

¡¡c prrrod¡ tr ¡hann ln Flg. !1.
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In thrt. of thc ltght tuþJ.Értl Ntrrráy æ$r teår¡ 50f ef thc

tuht3ttc hld b¡cfi hydrslyild !y th¡ 7 rlc pætod å¡1f, tn tïot

dr¡rr thr pl,ott .¡.t vry f3¡t 50if êort3uet{on rould lrrvr Lül
*cht*¡d at r ttæ væy elæt to t ro. It ù! Fßobrbl¡ th¡t 1n

eat3r ltkr tht lrttr¡r ¡€ttvrtlon of kf¡rtnrç !y stáogistotll €rt*

reholârifnrt htl bcGn rehtat td' Ho .ltlrrtl@ of, trtrn h'ff llfr

of, lK tn btood etn þË dr from th¡t..xPül,nåffFl, Þët frs th'

a¡.rbJætr ¡o fæ ttudl.dr tho lcrgrrt hrlf llfr EÞrsr¡rd srr ln

8ubJ. e..t. ( l0 ræ ), üa ahoútæt¡ lt dcdsc¡d f,r'Gn FtEr' tt tr

r.fkrly to be lmr thrn f ¿te.
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Fig. 3L. The time course of BK destruction in a:rterial blood

in vitro, in eight normal subjects.
BK was incubated in whole blocd (100 ng/mt blood) for periods
of 7 , 15 and 30 sec.

A la:rge variation in kinÍnase activity is evident. The short-
est half life of BK in whole blood is equal to and probably
less than 3 sec. The longest half life of 40 sec was found

in subject C.J. ( see Fig. 26).
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DIBCT¡SsTOH

-
ltr¡ tn vttro exp¡¡ln¡ntr shm thtt th. dær.ål¡ fn BX lcvelr

tn blood ¡trtch f,oll*¡ adren¡lÍne lnf,u¡i.on l.c noù dr¡e to cLreul-

atotrï oT txtmvl¡cul¡r nCtaboltc ehangcc rrtultfng firo the ln-

fuAed cåtachoLmln¡r but nutt bc dr¡e to sn aetlo,n of thc cat-

reholanlne on scmo dctqrnfnrnta of kinin¡¡o aetlv{ty tn bLood.

It t¡ untLkely tlut thG tdrcntltne infutfon. fn ths do¡rc uaed

pnoducr chengor ln Ftl ¡¡rd olrctrol¡rte cry¡cGntr€tlon¡ auffictcnt

to af,f,¡ct kfnlr¡rü€ ¡ctlvity ( å¿rran 5 Xgnpr 1965 ). Ît¡c cffect

of pH on dtffcrcnco3 tn kfninås€ lctlvity Ln the lncub¡te¡ f¡

sxc1uded ry th. f¿et thtt thr eubrtrat€ for control¡ adreralLnc

e¡rd ph*r¡orrybrnranlnc ltudtet $ea ln ¡olutton¡ wtth pH tutff,ormty

ãt 4.95 ¡¡rd thË 0.1 erl âliqu€ù aÈ ÞH 4.95 rculd clnngc th. pH

of, all fneubrtton n1¡üur6 ( 5 nl ) to thc sas6 d¡gno.. Rql

blood callr tm altó rtch in ¡ c*boxyprpttda¡c ( Erdol, ßurf,r¡¡,

Stornr S Hoür1cr, ¡.96t ) u*rLeh ralght be llbrr¡tcd þ rnv{rofrnsntrl

elrrngU eld thur cantrlh¡ta to thr þlå¡ar htnine¡¡ rctlvlty'

llo;wcr, ll¡rhfotd (f967) fn prctÍ¡lnnry ¡tud|¡rr tltfng r nodtftd

rmthod of åbr .¡t ll. (1965) f,or arrry of klnln¿æ actlvtty fn

btood, hr¡ ¡hgrn thrt nærdrrnrfü. elIl lçc.llrttr klninlr
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êcttÌ/1ty ln ctlL frec Plau¡a.

thç aannar fn ¡ù1ch c¡toehclrnfnet rccrlcratc lrcdyktntn

hydrolyrt¡ 1¡ ì¡ncoÍtN¿n, ht the frct thrt tht¡ acealr¡rtlour

ea¡l br block¡d by e rpecl,fle ed*oncrgtc bLocklng ôgcnt r¡iacs

th€ fntttgu1ng posetbllfty that th€ äctlon of ths eatcchoLantnc

fc bV ñ¡an¡ of a spaclffc tbcceptorn necÌ¡enLarn.

Íhorc ü¡:rt tevertl doer.mærtd cxanplrl of eatcg}tolintnct

mdul¡tir¡gf ênsyna let{vity. 9t¡thcrland rad Robtaon (1965)

travc dL¡eu¡¡ad the actfoar of cttoel¡ol&rlm¡ ln rtl.rttlüìship

to cyelle 3t 5r -AI{P¿" lÎrono ir cvldonc¡ th¡t ln ¿ wlds vælety

of tla¡ucg thc for.nrtlon st¡ åocunuLltloû¡ of tt 5t - l!{P f¡ ltln-
ul¿ted þ catochol¡nlncr. IltG mnonuclscttds ts fsrnngd fron

AtF by the enrynatlc åctlon of edanyl cyclcae, rhlch 1¡t tum

åg ru¡cspttble to rctfvåÈlsn by adrenat{nc. th3 actlvetion of

aderryl eyclarc þ adrcnåI¿nc, ärd thc rcrul,tant productlcn of

eyetlc 5t 5t - A!{P ¡nd actlv¡ pho¡phorylcrc, night be thc Gvclttt

ffurki.ng süronalfnr arri lts ßêtôbotte sfflct¡.

lynortnc hydroxyfarc 1¡ u htghly rpeetflc inzltßt fcr convrrt-

tng tyrorinc to dope erd thfr mÉ!'filtf.o retlon Ë¡y r.p¡tlürt s rltt
tf¡alt{nç lttp tn thü produetlsr of nEradranrLLm. ttC of thc

kno*¡r tnl¡lbdto¡a of tyrortnr hydroxytan t¡ ns¡¿&ultlfn ltr¡lf
€rd tt 1¡ an {nt¡r¡¡tlng hypcthulr thrt nËrådrÞttlnr rrl¡*rd
at å 6rult sf ryaprthrüf.c ntrvou. actLvfty nay rrtarrl furthtr
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noñüd¡l¡nålfnc p'roductlon by e ¡ncchenlun of srú prcduct fnhtblt-

[ðm ( tlrdcrrfrtütdf 1966 ).
flrr ;arly obcervatlons of $lacFarlrno and Bþgc ( 1946 ) thrt

¡cüfvatlon of flbarinolytln oceurr ae part of a general Úelalø

¡r¡rEtlsrn euggrated a rolc for thc cynpathetls ne:rvcul cyatcm

ln thc aetlvåtion of, a Praù*ofytic cnr'rurc. Íhls poaaiblllty

ÌlBË fu¡ther supportcd þ Fchara, Yen artd Slngher ( 1962 ).

Íùo etudles of Hclananc ( L965 ) hor¡srcr off¡n thç pça;tblltty

thât thc rfftet cf cåt¡eholåt¡tine¡ arul cthæ vasoactLvc drugc

to G¡hancc flbrfnolyrtl tg þy thc rcautt.nt rcadJuatncnt of

thr pcrlphcral ctreulation and thl sntry of pl¡¡minogcn €ctåv-

aÈar into tho blood ¡trorrfi frcEn tho ve¡ra} watls of ntc, eLreul-

rtqû? b€d!.

Althougrh th¡ loc¡Ilty and structuro of thc *drena:rgrle

n neaptorr ln eellr l¡ rr¡rkno',rn, thc lntæactåOn betççen cåtêehcl-

ælne¡ ard rretptoat ls recçlv1*g gircåttr ðttgntlon ôt a mol-

teUl,æ l¡wl, Proprrtlc¡ cf, catcchdtL¡ ¡Èrlch nay bo l¡¡porytant

æar ¡) ttn{r ready pårticåpsti.on 1n redox scaetlonr¡

b) thrtr rbiltty to fsç chrlattr¡
c) thclr rbtltty to ongagr tn hyüroggrr bondtng åtd

d) th¡tr nankcd rrtcttv¿ty tn the n*rosnlørle foræ ln aeyl,

clkyl and pho¡phoryr frouF trunfcr nrcttonr (ltlltcu' 1966).

ft ll probrblr tlËt thü rrtìlltrnt t¡ranrfornrtåsßr trd lonlc rr-
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ûf*¡üut{eir rhtelr nliËLt fræ crttchol - blet¡¡tæü bf,ndtng

mÃy h åt thr ba¡tr of thrdr b{ologrtcal rff,let¡. rt f3 tla¡¡t-

frql tc rprculrtr thåt rtaf.lar mchaniro *rr {nvoLrrü tn th.
adrrnaltne - çarbqrypçptld¿¡r rrcf,etlðn ar in admalj.rn - Ftefp-

tffi ütls$üctlon.

lFrcrr am rl¡o ¡rvrretr fraturc¡ of cerÈoc!¡ptptldåËo arirlmat

whi.ch årr ürtoclrtrd Ftth rrihanc¡d or dlotrnühd ecttvtty rrd
tuhich nay rrì.atc to ttr actlv¡tfqr þy crtrefrolminr¡.

(a) llrr oulortlc acttvl.ty of hr¡nsr cerÞoxypcptiü*r H lt
dopcrdant upqr Co*, ¡lncs {t t}n eob¡lt tsr {n th¡ srü¡llo-
cnslms åg çh¡l¡trd Þy rthylentdråEürr taHsüe8tåts ltr åBtlvtty

te l&htbft.d ( Erdos rt å1.11961 ). Ch.låttcn of, thr eåtrchol

rfng wtttr nagnraluu lr.ü þrsr propor.d þy ârnoh,folþana rrd

Witkop (196f) sr å n¡ctrantæ tn tha mthylåtloEr of crtcchol¡

by cat*cho1 - o - flthyl t*an¡f,**¡¡ and l.Llrâ¡¡ (1966) hE¡

e¡ctsded thfr þ aug¡mttrqr thdt ctÐlåtfs¡ aty bt ö kôy ftctor
in ¡-¡¿cülsr bctrrm eatc*holr aruü biur*etptæ¡, Xt te po¡¡lbLt

thåt thc c¡tccù¡ot uy elrelstc nftlr Co* tn thn carboncyprptld¡ar

ffd thr¡û ehrngr thr rcÊdetty of th; .Nì¡!rn ¡

Ir¡ *dþtlÈlm tlmcls crrtdsrcc thåt thË lr¡t¡Ð acld prFtcl¡Ërølrt

of crtrefio¡rnfnil ¡rrl l'fnkrl slth crr'Þoülfpttd¡¡f sctf.d¡.

(b) h¡hür th. ürüftla aulnoreld pl nyl¡lrndnr ü ftnkrd to

thc flÉbûn!Ð.pùldril üæfvd f.rü mlm kX&rryr lt¡ mnmúfc
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aettvtty l.¡ shrrærd trd tt rllrl¡.r C*rmln¡J. argrfnfnc fræ
ths ¡r.lhtratr rt r fütæ trtr ( Þúol 3 Tengr, 1966 ).

(e) ñ$efJilr rrq¡tle ffilno aeld¡ tlnorf¡Ð¡Íl ¡ü thr cet{w

oryrt:rt of bo¡fnr pr$¿trt¡ti,c carboryp*ptfdmc Ë gtd lc rarrrttrl
fæ ¡cÈlvity rfncr elkylatisr of thr t!¡ro¡tnc rts¿dua drcnac¡c

thc Grsyurtle actlv{ty Þy $tf ( PI¡¡m S l*run, 1966 ).
Â atudy qf thr pl*a of f cr¡¡'rrtval cf lñ rgaürot logr ttnr

fn a nl¡cËum of rhoXc þLood rhetru ttlrt ed¡wral1nr and nsndr¡n-

all¡e l¡rh¡erd ¡Eccl.¡ratisr f,¡ aort artdc¡rt at thr ¡hortc¡t ln-
eubst{om p.rttd ( 7 mc } srd {n Ëoú eataü ft s€ær t*ù¡t tht
daq¡¡o of drrt¡ucttsr ær at thts tim hlû Þtobably ffir aehtwrd

m¡ch cerllæ er n hrt rfth Èhc p¡ærnt nætrodr ft lr f@6rlbf¡
to rtrdy rerrtr ¡t t¡&r* Lr¡c t*:r¡r 7 r¡c raå tt 1r l{.kcfy thåt

tfra dlffærnar tn dc¡tnxttst rãttr e¡ntf*t at 7 ræ parisd

l¡ ¡n r*¡mtffirtlm of thr drgmü of, rEetLættfon th¡t ccturlly

oeëurpt r

Xf thr tnl,tfal *ctlvtty t¡as brrn rapfd û8 E€ül fn rcrt sasrt

ttlt'h ln vttro drur¡llrr üd {n rssl eørtrol, tnaubatrs 1 rn tlqul,-

}l.bæüunn püstod lr u¡r¡¿lly cvldørt ¡f sba¡t ?5ü drrtruct{ü of

AÌ. In e cloçrd lyrtñr nh{Fc t}ü üd Fædr¡ctr of th¿ r¡cotLur

¿:rt conffffd to rmvfnc¡na$È of tlrr ãmgtlen, tlrfe c$¡t3.fb-

råus lr noet LLkrly to þr opf¡f¡Cd tn tanr of focdbcck fnÌ¡fÞ-

{ttm ( Dfxffi $ thbb, 198* }, Srl,r palrfÞfrdty f¡ rtppærd by
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thG sbccw.ttan of Erdoa G96A) thrt rrgrfr¡f$r tr a Þst¡rt fnhfb-

ltc¡r sf tht .sll¡rü. hytürolyrl¡ sf Þrdyktnln, th*lng th. nm
nlrtl.vr drgn.r of tr¡htbttlon er $ìr potütt chrf¡t1nt agnnt

Ghyfa$tr+lnr t;trrrûütrtr öùlÞttr tn ¡q¡fi¡oiår eüre¡ntiru-

tf.q¡r ( I f tû-t). Blnct argtnfnr 1r th. C*tælnll rnlno aetd

rtf¡f.ch ir mlcrnd æ lX hydsolyrfr¡ a rrl¡tltnly htgût eüte{.n-

tæütim of thlr æfno retd xouLd br npidly adrûtlnd tn th.
fncub¡tlsr nl,¡<trmo.

Flrrnoxybrn¡oatn¡ 1r elorcly rrlrt¡d cùrul,eally to thr nftlogan

mleta¡dr rnd fn frrgo ðorc¡ aðy b. tgr(f.cto thr tl¡rura, horuvcr,

thr toxnctty of thr Bha¡naoologrlcal Þtockfng drugn fs rpproxl.u-

ütrly 11000 tlncr 1¡r¡ t&ra thfrt of tha n,f.trogur Eurtrrdr üxû

pharmeot ogterl dorlr a¡t a¡ftly argerrtad fsao toxle do¡rr

( fldc}<¡rasr, tr9{9 ). 8¡r rpcelfietty of th¡ adnurrngi.c btoeklng

rgtfür of phrnoxyÞ¡r¡r¡nfn¡ ta grrcrtæ thrn that of thr dher clilrüt
of aürærrgrlc þloeklng drqEn r h¡t {n cmon y¿th rthßr hrlogrrno-

rl.kytrotnu, phrnorybau¡otnr Ìnr rl,{ght effiürlrtælnte retlvtty
(Htckcrrqr E l$rmlr, I9¡[9 ] r frhæfÉ 1t tr fn¡f freüfv. egrtmt

otlnr phrmrcologlarl rgËnt¡ dr tmoth rurc}r (Itckfr*ær1919).

IÎre B'lrrss¡eploclorl þdtsvtouË of, phæo¡cybrn¡¡ulnr tü proÞrbly

due tô a¡r lrrrvrrrlblc a&yfrttm of Gr ülpht rtcaptor cæperrnt

aeempllrh¡d by thc pharnaeolagrierlly retlw Ghylcrfn!,nlrn lsr
drnûyrd fnm thr hrlogrnoerkyhntnr Gìrfgflr, 1965). Sueh rn
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alptra rçetptorr empcrtrt nry bt r tulÞhhy{fylr arlno æ earboxyl

group ( !&r¡'try T tltckæson¡ L954 ), ht ùlccu4 of thû lfnltod \

knêytrqrG of th¡ cerboryprpttd$r Eol3cr¡L no fu¡th¡r rprculatlon

cf thr Ëlta or näturo of børdlngr 1r -iu¡tiflcd'
Al.thougrh tht itudfca prr¡¡gttad hæc cln not giva e prrcLas

cmerpt cf n¡ch¡ntrnr fnvclvd, thc firylle¡tl,mr ¡rr f¡tt¡r..ltfng

crd of poü.ntlet lnpcrytanc.. Íhe ltnk of kfntn r'!ËtâbûlL¡a ulth

cðtachclåntno! ðnd the ryirpatþtt{e Bervoul ¡yttG lnpotr. I tragr-

ul"atory n¡clunlrn wr the pLasaa ktnln actlvtty s¡d addc crrûülel

tÐ mêny rpCeulrttotrr neg*rútng thr Þlaror klnlns ¡¡ f¡ctor¡ ln

thr rrgulrtfon of Fcnlphcral cr rrgiært cLreulatl.ær. th¡re

Ls alsc tr¡dtr¡et cvldg¡cs thåt tha aetivrtfon of klnf[arc dæ-

cûretratod fn thc bfûed æy alrc oc€ur tn tt¡c tl,æutt¡ for .Iacob'

aør arÉ l{a¡16 (f956} havt a}rcnm thåt l¡rqh frcn f¡tJt¡Füd trGüt

1n snfnsl¡ ha¡ tnercartd h{nlnasa actLvfty.

Furthc¡ rcc{proefty cxirts þcüt .fi bcdyktntn ala| thr ¡yap-

ath¡ûle nctctfi¡t syûtg a¡d t¡aE br¡n mLL {ocr¡nstted. Ëradykl,ndn

relætes ¡dr¡n¡llnr ry thc aûamâI n¡dull¡. guch r n¡chrntm

ts pðt¡rÊ{,eLty of phyrfologråeêI rtgrrlftcttlclr fs3 Frldþtrg ¡rd

Iûrds (1964) ortin¡to thtt src aolteuL. cf baityklntn Eåy rl-
lteß¡ t¡p tâ 50 nolcculrt of eatæhol¡nlnæ. Ehltt stlldtat hal¡r

bo€ß üÊÇrd¡d by ltrtt a$d &ütt (1966) to ahqr thtt Ëx' nry llro
rttmrrlatr ¡ycpathrtLc ga¡glla. lüüttütor llaul.lca, llutclLut
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3u.h¡lanu ¡rd 0rlætnu ê96*) fn erolr c$aul¡ttsr rtudf¡r ln

dogp, lrsw rhryn thtt BK al¡o ¡tLnulrtrl thrr ryryath*{e mrrrcur

EyrtG througù ¡ cantlsrl a¡ehanl¡n.

Ccgntaancr of tha Éåny pclntr cf t¡rtgr¡EÈiqr brtìilût thr hy-

püüGr¡lvt plam¡ klnlns ård thc rlmprthrtùe nmror¡¡ syrtü nry

off6 a noai congn¡Ùrrytrtve ufidCastrrding of thr cb¡ær¡rd Phil¡n-

acologlert ¡f,f¡ct¡ of gH, e¡ tlrc cr¡dlotiçlcula¡ ryttc. IhË

bnaûykfnln rr¡.rarrd oatret¡olæfn¡r nry thut efitrlÞutt to thr

pûrrty rr¡rÈrÍnüd alreul¡tsry rcüpo*lt.t to ü( lnfuråonr (EtahoPr

llårrti 0 srgCl, 1969¡ Coffsan ô.trwtt, 196I) by prmæfng a üoüil

r¿Ftd dr¡t¡n¡etton of, tha å&fnlütæ.d lK. It nsy ¡ïco hrlp tc

c¡cpl¡ln tlrl êccma¡tng T¡slouo blood Et lnr¡I¡ tn Èhl forra¡n

drrl¡g thr tnfu¡tsr of 3K dnto thr borûhlrL crtrmy rt dr¡sribül

þy Alxì.ood ånd ttrtt (1954).
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E. gsg&Ë[,

1. I,V. tnfur{on¡ of, adrcnaltnc Ln rrqm¡L rubjrctr ln dor¡r

ìñfch Froducr thrcrhold phr neolc$ttål rffret¡r etull r frl.l
ln ãrt rL¡l B}( l.r¡ru. In 6 rubj¡ctl ü üstn f¡IL cf 61.4Í

waa ob¡rwtd, thi fall produc¡d St I.V, ldtrttullm ir h{grhly

rlgrntffeent ( F<0,001. ).

2, lünfna4 r€tlvlty af wholr bloûd ur¡ 6tinet.d b1t drtr¡nln-

lng thc aüûr¡nt of !K drctroyrd ø¡ lncubrtf.on of bfsod and a¡m-

thrttc BK fo¡ a såt Portod of tln¡.

5. Dr¡¡tngr I.V. tdrrr¡ettnc lnfusLonr rïtæfåt blood tnerraatd lt¡
ablLf,ty te dG¡troy t¡( by f0,8*, trhan con.psnlsgnt rtßl nr.dr frm

7 c{e ineubrtfsn pçaLodt.

4. In pai,rnd lneubatro, thl aüttLon of rdrsralüF to Þtood in

vlt¡ro 1n anou¡rt¡ of 5 ng,/nr of blood, Lncrtlard h¡drotyr{r of

Bx by 25.1f t 6.99f.

5. thr rddttlorùrl plftgtcr of afutncrglc blæk{ng ågtlnt phmoxy'

bcn¡salnc tn thr tnouÞ¡tt tr cbLt tc bloek tln üoganou¡ ldrm¡l'
lnc, and probably al¡o bLpckr thr reaelæ¡tlqr exletlng frm

crdogrlnanr clt¡thol¡¡6i¡143,
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6, th¡ helf-ltfc of EK ln a¡çtsrrlal blEod fn nsn f.r v*ry rhørt

¡¡d varlablc. ftrr tææ ltaXtt eån nñ br c¡leulrtad sl,th th.
praturt mttrod. Itrc nangrc Glcou$t.rd tn th¡ra otprelmrnt¡ t¡ ¡

3 sGe ) AX t I/2 <¡tC ¡rc

7. Cetæholamfnc ncdulåt1ffii of c*rsyæatl€ tctivtry t¡ knsrn tn

tha catê cf adcnyl cyelaar and tyroefnc hldroxylãü.r thc ncd-

ul¡t{on of carÞcxyprpt{daar !f can qrly bt apcculttd sr Ln trrol
sf thr kno¡rm propstira of the c¡t¡chcLr. tltt bfocktngr ¡ffret
of phmoxybrn¡rnIn¡ n¡y bt dm to an l.rr¡vtr¡{blr alkyhtlon

of s ñrcecptort cæ¡rørrtt a¡¡ch ðt ð üulghhydqfl,n æfno or

carboxyl group.

8. *rc abtltty of e¡Èacholsml¡o¡ to aeerl¡nrtr the h¡drolyrtr

sf B( þy klnf$r¡r, plrelü ktntn mttþoltm u¡d¡r å pcûrnt gcnrtleX.

amtrolltng mehrnim.
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â. Fflffipq¡cE[eË

(A). îhc @ la a ellnlcrl .ntf.ty tclth lntcr-

ætfJHr blochutcrl and phrmeeologrlcal tnpllcatldìË '
llt¡* erurt of thr rf¡ndraßn lg r nroplmttc turcour clarcleal.ly

arlelng fræ tht m¡ll {ntCstfns. Sfnce nuaürou6 ðütêÜ of carc*

{notd trreru:t erf.rlng frrü ¡ftæ sutrfdl thc om¡Ll lntçrttns

har,l; ülüo b6n ppor"trd, Wl:.llms and 8ârdfag' (1963) l¡¡t¡c ptro-

pcOtú å Eogct t¡fitfX.d Eoll#aPt alf tuËeur grnr¡ls by rugglrtfng

thrt tharf tunôrpt ern sttsr f,rom dtffcreurt anbryonåc d{vtslonr

of thr gnrt. In th{¡ Hy, tt¡rrours or{g{nåtIñg fn Ðftrt-lnt.ttltill
ütttË ¡ueh ar Þ{le dUettr påfitlr¡Éaar ovartl!, thyrotd and brcndtt

ffiy bt em¡{dcrad tc lrer* a c@on embryontc celX ontgin.

llrc trmur arüü tÈü nËtgstaroü uðr¡åLty cxhlbtt cnly Lw grradr

naltgnåncy, hcnel tht tsr¡a iearelnofdr ( Obefldorfer, 1907 )r

ård ttÐ trnoar f,n thc dtr¡æfnatd rtagr nry allot* ar¡rvfvql fm

as lørg ¿¡ å0 yüårf ( lü*rgcf ' L966 ).
tht tunour bceant arsoei.ated wfth a cldni.cal" aytdræc fclLw-

tng thc obegvat{cnr of fhc:ro*ln ts{æek, Bjorltmsn and tlaLdenüt?ü,

(1954). tatgre qr¡rntfttee cf scrotogrfn arc fourd d¡r tht tunour

tl.¡suÊ ( tsnbeek, 1953 ) ðnd fn pcr{ph$lrl bLotd ( Prrn* I t{alû-

ü3¡¡rffir t9l4 ) fu1 tr¡r c¡rclnold r¡ndrmc slth txctst of thr
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ræÐtslln ¡gtebotttl 5 - hydroxyf.rdoL teottc aeld (5 H"I.å.å,)

1n tha rrinc ( Pagc¡ Corecr¡n¡ llndcnf,rfttd¡ SJoend¡n¡ å hlrtsp-

bach¡ 1955). Aftrr thc dælrtnttÍon Ð PagG and l{cCubbln (195t)

thgt lntrar¿çnour lnJrctlonr cf serotonln tn san could p¡roducr r
ftuah, tt ¡çanrd l{hrfy thût thr rpcnttritoui f}ushsc fJr thË

earclnold cyndronr î!a$¡ Brodue*d þy thf¡ egcrrt. Hætrtcr, rrcrnt-
ly wldæee he¡ eccrud thåt tlr¡ carcinotd ryrdrqg lr nær

cmplf,eatrd chæ{call.y than mc tnlt{rlly thought. *ltheryh thr

l¡npl-faatlon of lnerra¡rd pæqductlsr of ræotffiln tn thr ryndrw
t8 $!il. rttabLtl}ndr thr u¡¡¡utteb'Lltty of thta aut¡r¡ to txplrfn

thc çarcul¡¡r nantf*t¡tfsn¡ h¡a Þosr ror.kcd Þy n¡ny åuthêDt

( Robartton tt ¡1., lg62¡ $Jocrüme õ lblnon¡ fgôS)r &rd lntæGet

har ¡ccsrtly born tåk n {n thú po¡rLblr mlr ef, t}ç pl¡ürt kfntil
ar ¡ndtatoür af thr eæc{nold flu¡h.

oat¡c Gü rl. (1964) gt$Ë ablc to drt et kålltk¡¡l$ ¿n tht
!!Êüasttltrt fa pattsrË¡ Elth thc sy'adrmr¡ and th€ hGpatle vcnctr¡

bLood durtng flurhfng eontaüEd larXn rþurtt of a prptldr ln-
dtattngrul¡l¡aþl¡ frø bunadyklntn, û¡trü ¡t al. {L966) r¡¡tendd

thoaa ob¡ævrtlørc þ tdrntl.fylng thr kfnrn ln tho hrpatle

vgnout blood es thr nøtËpepttdo, hrdyk{nfr¡. Slncc firtrrvanout

tnjectlon¡ of Xß c¡a nl¡Elc thc ftuahfng r¡rd stlrcr e¡nllotrrteulan

ê¡r¡eritg of rBontüuÐsur ¡ruü adrcnal¿nr trdr¡cd fLu¡hcs ( Oatrl ct

rlr¡ 1S64)¡ th{r prgÈ{dr ü mf¡mtly ruttrd to plry *n isport-
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cnt !cL tn tha nsntt.ltðtlsti of th. ayldræl.

llrr rol¡ of, rmot*r{n fn flurhu cmnot br srttrtLy dlreuril-

rd ¡L$er hrr'çr åndr6 r¡d nobæt¡6 (1961) l¡n¡r drmonrÞrtd

rrl¡a¡¡ of r*stqtta d'.s'irrg fLrrhl4g {n mr pðttßrt ånd }lrlffitt
Sje¡ilû¡nr rnd llar6lr (1965) tßv¡ rhorot thrt ån fnc$t¡rr of ur{nnry

$ - ll.I.ß.4. Ðy occur ar¡oEl¡td rtth fluahfr¡g. Ol*lt rulrtrncü

nny atto bü t|.þ.frtrd fr@ tï¡r ttnoun ¡¡d eryrtrdbr¡tr to tho ftnrl
pl,ctwr, rnd túrllmlgûrt, ñorth trú Rrtd (1964) hsw rrP€rÌú

ff,rtdr,rrg ¡üfiaocortloæ¡ophle ard nelrnocytr - ¡tl¡n¡Lattng .cü-

tvtty fn rxt¡rrct of t pancr¡stle carEtnotd ttmou¡ frffi å çnÈtürt

rrho hül Curhfngrrr a,r¡ìË!ffi! rrtd ahøta1 PtgffiTtât1gl.

FoLlcrlng fþcrn thr oDrerr¡ctlonl of Ortrl * al.. (f9fl$) th¡t

kaôrkf$ln ¡pÞrrrcd tn thr hgpiltle wln ar¡oclated ryttlr fluchlngrr

tt Þnc¡nÊ f$carßr:f to üe abir to ûGhnttrltt tååt tht chrngrr fn

Bff l¡n¡rtc rhtelr gccu¡s *n thr hepetlc win oxtutår ello lrrto Èt¡r

gælBÏ¡æal otrculrtton, lf tlrr¡r ctnffil nrcnt¡ sx{r to þt etü.lly
nt3¡rl ¡ftth thr elüïfm oeeurrf.rqr pæd.phmrIly. Dwtng tltc

1lËær f?6å - 1t66 tlnr Pætmts stth th¡ cæcinotd apdrw b-
cflm avull¡blc fæ rtudy ard ttrlr æetton drecr{b*s th. clrvrtlon

' tn pGrfph¡l{} rstgl{lX blogd BK Lewlr nhle}r occr¡rrçú tn thmc

¡nt{rnr.r d¡Ffng flurhlng.

Rrcaüfy othrm hü?t ltaPq'tr{ ellrngü fn pæi"phæal bloød

ktntn l¡rrb ü$r!.þg cæef.nold ftslur. lütst ¡rd llrlnm (f966)
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hsva fourd ålêvrtiçnr of, pcriphær1 rttælal, btsod eon*ültratlsrr

of bradyktntn Fcpttd* f,¡d l6ltiksrtn dur{¡rgr flughtr. äritlln

n¡rd Snith (f966) atudtd ktnin ltl¡rls tn fæe¡¡m \fiEtolil¡ btood

ln fot¡r patl¡nts sith thn e¡relnofd ¡yr,rdrærfn ona sf th6c

they $erÇ ¡bla to show a rLea tn kfnin lovrl occumlrqi durtrqr e

f,tuch l¡rdueed by 10 lrg of X'Y, adrrn¡linr ütd êsñost*ld rtth 
.

tlrís tlrry dstectd fal,ltngr L¡n¡rls of ktnfr¡ gn.eu¡a6r¡ tn an*thrn

eubjsct no changn co¡ld ba dtt3ctrd ln s I'on*rr kln{n lcvcl. In

¿ furthar trro patfsntl f¡n¡ k{nfn lüntü 1n lg¡ous bLqod rrc

¡tated to h¿v¡ b¡sr ¡]¡vat¡d ebgt¡u ( u¡r¡pectfld ) næmat lcvc1r

durlng adrenalln€ prlovaeat{on. ÍTrc fa!l, Xn kjntno{¡qr lstnl ob-

t€:t'ved tn the onÊ patlsrt durlngr frurhlngr l¡ inter'stf¡rgr but s

closâr inspsetf,our of, thalr data rcr¡r¡ls thåt thera l¡ not thr

*F€cted corrcl¡tlon þctwt¡n trnrcrity of df¡r¡¡e¡ f,r¡c kintn

1*{rì1¡ and ltfnln prteurso", unlela om Portulat¡¡ å grütL}t lee.l-

Grtted ktnínogrn productdcn in th¡ ecvç$}y fJ"üshÜd fratLntt for

tndeed thta petlent thcrua tho hlghcst ¡¡Iå$¡t ktnf4og.n lantl.

h¡ll apP¡celrtlm of thrlr ft¡liltng¡ 1¡ hanPæGl ¡y lâsk of de-

tåtl of, their Þrcccd¡¡l'rt of blood eollret{onr th€ ilßthod of Qx-

treet{on ald mrey¡ Fårtj.<lulans ¡bout bfood ÊK :¡\ttl¡ fn nor$rl

tubSçctr r¡ fq,ad by thrl¡ nrthod, r$at tht rffcet¡ on thGtt L.tt¡1¡

frqp I,V* êdÉQlrlLns, l{a¡on ar¡{ hlgglt (f966) do not eç¡rysrt on

thr r-utu6 ef ltr Ilìnl¡ fn rrts¡trl. blood fn numl ¡trbjrctr

ctthlrr ¡ut rt¡t. thlt ¡uch lrtnlr rr'¡ rÉ rtgrrtfterr*ly rltærd
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by tdr€nålfne aünfnfrt¡*tlsr.
ttrr d¡ta on c¡ efnofd qfid¡ü¡r prtlürtr plr'æættod lr¡rc t¡

of, f¡rtcro¡t brcrulc thr kfnin lwrlr ern br ¡nluat¡d ln tcran

of no¡*rel artcrlrt lrvrla and tht r13e producsd þ edrcrra}{na

prwocatlsr 1¡ coñtrûrtod rtth the m¡lt¡d felt th¡t ocsl¡n Ln

nca'raal rubJectr ( Part 4 ). It 1ü ¡hog¡ th¡t I.V. BK carr nLnle

ths ùr$gGr produerd Þy f,V. adrütr¡.t¡lr rñû tn srr p¡tlent data

f¡ allc prugrtod ¡horyf¡ry ün effæt of I.V. ¡rd o¡rrl l*lrylæ-
gdde ø'1 thr lntertl¡¡X ård ve¡cuhr mnlf,rrt¡tlurr of thc ¡!m-

drc¡nË, l{ethyaergldc 1r srr of thr nûft pfltü¡t ertfrsü*rln
cubttåncro knorn ( þocpfrnæ S Cen¡],*t{, l9S8 } ard ttt våLui

ln th. nãn*guent of the fnte¡ttnal ryøptær of thc cæefnofd

apuillraao eslll doeuwrtcd ( ürngrcl, 1965r lhlnwr, SJoerdrnr,

O¡tea ô l¿¡ter, 1965),

(B) åftõt¡L bXood l¡( lsvcls Sm ¡¡crnfn¡d 1n thm. Þatlmtt
horp{taltr.d for n4wncrü clrFh{¡lr ?f_ thr üvæ. lTrfr rtudy

ålrogG f¡'üa Dr. t{.L. ¡üShfsfdrg i¡rtæc¡t ln ths û*ngt of t}¡¡
tq/pæúyrpula cbeu}rtor? ¡tttr thrt rærtlfü fo'rne pr¡t of thr
pict-trc of eüllr¡rcod cl¡.r*ro¡fl¡ rlrmr e htgñ-ê*¡tpu¡ rtåtr nry

pærLrt tnto trnnfnrl h¡ryottrrl.qr rrd olLgurl¡ ( ilrckcr I Shçr-

Lock, 19$61 }luhfor{, äah*r ð C}¡¡lmn, lgûâ},

Src qirrrlX hypr¡úynm{e crrdlolrlaulrr n¡rl.htrtlsr¡ tn
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el¡æû¡a¡ls hrvt bG.n dcfcrLÞâd Þy Xpwrlük{ erd Abrln¡n (1953)

cnd f$cltdc *¡la æctærmttt¡¡ cut¿nran¡r veler¡læ epfdøt, rtdr
pul¡o prrtruil and erpfål"r¡y pulaattmr tn tlp n¡tl bedr ¡ tlro
rætlrrg cardlrc ouüput dy h slg¡strd ¡nd eseoclatcd stth a

t¿rge atrokr voLr¡st ard l-æ pelrtphm¿l. u;neul¿r r¡¡tttrrrcl.
thc¡r $s¡tkæ¡ rrlerd tha ¡naatbft tty of s clreul¡tlrrg våeo-

dtlåtÐ natøl¿l (llÞl) d¡wolv¡d tn thr nrcrhanlsn prro&rclng Fs-
lplæI earodtl¡tetf.*¡. Ëost rtÊürtly Npñtosr Slrapbo, lfruck

rnd Pettæron (X96¡$) ll¡r¡c fo¡¡r¡d thæ etrrùGlc Aatlsrtr Sro

traw an lnæ¡43¡d eædfee f¡rdoc alro luvr akrætn¡l vaeodf.l¡l-

attcn tn thr rlPpæ tÍ,ÃÞt rttlm emftnrd Èo ¡k{n on nueel¡ æ

Fs3sryË tn bo'th va¡out¿r H¡. ltrly ¡al.¡r tht potrtb¿I{ty thåt

krrdyk{r¡ln or e ¡el¡t¡d va¡od{laÈtng pol¡ryr¡$ld¿ could br a
poscfble cdîd{dâtt f,æ sucü¡ a noeh¡nl,ta.

(C) llhc a¡roefåtioü of boadyklntn rfth fLuchfrqr tn tlro c¡frr-

fr¡o¿d eyndræ auggçstd t*rc posstbtl.tty tlut lnury oth'æ' e)$t

cswxt flushfngl ¡trtGr EÉry poûstÞly be E¡dlatêd t}tl't m!¡.

T¡n $ryrçsEH¡r., thr nort prmlnmt t1¡ilftcn {r tht hoù flurhr *rtcÛr

lg ærr prori¡ to occm dr¡rfnf odtwrt¡ uroûl,onal Cltttrrrbanetr,

eatlng, a¡æc{.¡a, fn narn *çathcr üd at n{ght. pluthüt måy 1¡rt
fræ e fcn* **tdr to ttlltßrl ntnuùrl ¡¡.d e¡Er chå,acatratüd by I
gtdr¡¡lJ.y tncnlrrtng rsrmr of th rhln, p¡¡tteulårly wu thr
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frs¡ üË a¡gkr råteh tr fott"onrd bf rnrrÈlngf. fTrr cru¡r lr
¡gtknffiir h¡t tlto a!,tptomt þ,'tvo btgt d,Gsçlbrtl t¡ btü?g dt¡r

to w'mææ Lr¡rtrhtHry srd tTcrt€d vltlr ilËtrogsl ¡.pl¡elFfr(rl{tt

rtdæil¡rü ¡rd trttlsllt lta{ r{Fttt¡ nodærto ruoûcaü ( BaErn S Con-

tKülyr r9Ê*). tO lgaGtfle ttl.m¡hu thtt tl'tlt l¡l¡l*er t ñø't'Ûpttlt-

¡r. ftr¡¡h t¡ knwlr but RobataEn ¡¡ rr' (196t) hatlt rmr¡*rd

ttut tñT{rì,rrnûu¡ tnjrg'tåsrc of adrsralfna rrd rs*dürmrlfnr¡ ln

doçc thåt Brovak¡ r cr*elnotd fltl¡h r rll'1, &g FlstÞttatr e

fl,ulh fa thtt! tNc'Ûül, ltxDet tHÛür ry ætæfaÉ f,or ttudy

bteau¡r of, tlrr frrquæ¿y of t}tl!) fluthrag rttack¡ r-- trvra!'ll

gtnÉy &y, but æly o[Ìr $ütl,btt.d I g¡Þfc¡l Üpcatðriloul f lueh

¡grdællÞrctor'ycend{t{mÊ.Í3tGtelbloodËfi,}a¡g].'¡UtrFÜ

.TtfËat*l tn åU. Wül ã,ftd t$ onË cmPtrf¡ot.r brùnrcn ]Ê1nl"Ë

dr,uf¡rg cðnü¡ol ütìd f luthf,rqr æü¡Û Btt i'd3.
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b.

(a) l#lFffi..å¡FlEß#AL$

ffihodr of, blood coll*cttanr ard BK ôtúty havc bfll d¡scllb¡d

(Pa!'t 2). lüüEhqd fOr bloAd prËst¡¡ ræOædf¡¡g -' tgl Part 3'

W sr thr føtln¡é rr¡ rurtst¡aad Ûy ¡ eoPPlrl-

eaûBtt$t¡n tlrr¿maouplr a¡d Efllsbt¡ol¡bæatæfæ Srnlvôngm¡tæ¡

tmpg¡satua6 $6¡rÉ mcordçd narnrally at lntr¡E5¡4l¡ of k or 1 ¡aln.

CqeË{¡c gFÈeut (eO} mr iag*¡.trd by rt¡çlc - ånj.cütct dyr

ditutlør mth€d (tlsntltsrr 196?)r ìnlth trlearbocyant¡¡ Crr€oEl

fntc a fs1.arm vtÍn. Aftlrlål blopd sr¡ ænplcd fir€m thc con-

trü.låtorãI bnrahtal ætery þ a mch¡nieally drtvcn $tthdËruaL

prqp and otrtpr¡t cu¡qllrt ¡rüF€ ubt¡f¡t¡d utdngr å euvffle d¡naltomrù'

æ ( t{at*¡ XC - 5t E ) ð¡d an tffiræ Dyn¡g}aph ( l{odrl AS).

ûLrtput euaìñl sc¡¡¡ cwrectcd fæ ræþculfrtúon wf-ng tål tdhod

of Gortst ard ttughãr ( 196'0 ).
5qtFl. pF.fÐlË$a¡., rcttctqts ( F,?8 J ¡ ffü oaiculrtrd frcnE

tt¡e fsrgn¡¡!

tFR, ( á:¡rrr - a.c - m-5 ) . 8o X FrP mr tÐft0 (1 por rßfn)

IBP ¡r tLtõ arrrælå1, Ilr!ût n 'r dl¡rtolte ÞtEod pr{lü-

ruill plur f/¡ pr¡f¡. pÍElu!û.
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lûaüþvssçfdr äf¡ûç,L$tr ( Ðcsü.fJ.r $ürúos ).
IÞtcáilÞscvrrrfn¡ crs.F ( Cardåo ùü,, t*ynlon, t&lt¿Ëtt t Dtnr-

n{ng &re. 3r3.ttlmt lld. tl.S.A, )

tWf¡e, ( $æ<¡tmfn-Hrcttfnln¡utfat m, ll4, Sardo¿).

(þ) slB¡gn8

(A) ÇFrcfnofd rvrftnn

{a¡f,+rt L. (8.Ð.} -x f{ctñLe *rF. 69, prorüd $fth dlelrhora,

¡*elgrht lost rrd fln¡htng ¿ttrckË. tlrlnary s*!Í,I,å,å. ixe¡n¡tloil

tgëBt 185 - 600 ng fn t4 lrrs ( H LA ry/2a h!lt). 6t!Ê drt¡rfo¡qr#
naptdfy ä$d dt.d 11 Mtthr aft¡r ¡hr ur¡ f trat ¡ûü1.. åutopry

rç\'taltd a en¡LL bffif srelnofdr ¡rlt*r tgtrtl.e ætaâtüiltr

Pat{"ætt 2- flr-e-} --- f,@sL ð*. ?1, t¡åd unéægronr rxc{,¡lør

of an tlraL trrsürr {n 1955, ìÈrlch ¡nt hi.rtolqrtcatly idættffÉ
as å care{r¡otd. X¡¡ l9tâ rhc bogran to hrvc dls¡çhora and f,Iu¡h-

lngf EÈt*ak¡, t¡ 1965 s-H.f .A.A. rxcûûtton *ar founð to bç 60 *

L05 sg tr¡ 24 hst. 8ûrr har csrtfnrr¿ to pnognear rJ.*ly dû$nh¿ll.

9,$F,*lÐt { Jlr.rtt.Jrar prf,¡} ett. 35¡ prusrtrd ntth rafght Lorl,

nsrt¡], daprtltfgr a¡d contt¡uroue flurlrf,ng rnd xaa fo¡¡nd to hcrrr
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ü$cuapid tgrtolfr r¡d fnscærtürçt. tsf.t1ary S-t*I.l.l. rx-
qræl,c¡ tnt 310 aS pæ â¡[ ]¡¡*!. Hl¡ ürûfft*utl.sl rar rrpfË

ard autepry rcvalfi tridä¡xlrt nrt ttrtrr frcñ s rmall bøtl
ærc{¡rofd trffiEr l*r m¡ cæÈtlr$¡outXy flrrtlrd hrt r¡oürd r h*
f¡rl*Ur in h{r fro âil üfls¡I( ctrt hlr l{væ ffi! effiDæ.ûü.d ry
ürlæfrqr or br¡rdl¡rgr Ecn¡tÍrgrÊa.

å&¡nrltnr tr¡furloc¡¡ s*r. cffæÉvü fn prq¡oktrg r flu¡h fn
g.B. atd.&.e. d rrtrnrtd bn!úí¡ sr trkor Dc:Éoq¡r f.nfurfm rnt
ducfr¡g thr f&ilh, L.H. m,r r!ffi gtvsr ¡úrrnßfffir but btæd

ræIsr Þlat t¡kü åt rtcqt fn bd üá rñåþ glrrürr¡E{ü rË¡ rFglf¡d
s¡æ ths llr¡r carrfrçr a rubJrctin fæltng of hû¡t h¡t no ob-

vls¡¡ chånga tn htr flurh¡at ¡plÐürlRcl,

(8) cfitæïprr.r

!fs'.r prtt$tt r¡ho me hgepåtrlf,raü bfeürrü of thC artræ1ty

sf t}rcfs ü1¡*rr rei ütr¡dlüd. ûe of thü. { I } h6d Hcro-
gLoåullnaenta but no ellntc¡L ¡¡ld*rcr of hlçnú¡mmfc cltrcul-

atf.*r¡ rnñ;!ffi ( rr) r¡r ln a¡r oùulqur tqæærynætc clrer¡rrt*y
åuåtå a¡d ccrr¡æ¡rrt hsato"emrt frtl,r¡il, cù"dhotft hÂd baül

cffiff¡¡üd þ ttvæ ÞÍopry. Brr t}rn¡d pattræE ( Uf ) mt ln a
tgløi¡ttl rtrtt r¡ûrfbltf¡g Jarrdie*r þqud{ngr gul"g, înrn lxtr3-
Itd¡t, flr¡gH tllr¡rr! palø¡ xal lq¡pæmrivt ard ol&nsla. Itrc
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ddagnoatl af, cf¡thortr of fj¡r l,tr¡w nrt eonff,ülad at ntcno¡ny.

(c) *¡+'qpuqilt

rtnllc smm $Fi ätr.ultrd ln fots oçæ{mrur. à11 }¡rl dc+¡r.L-

opcd ËüroÞåu'üt flühfrq ln th¡ Lårt üflÉvi aoqrthr. $moInr¡¡¡
tlra of ngtrgrt ffiæt fn trc Þ,h. rat,¡$7 å¡d ¡(.c.,ãgf.sl. ¡h
tlË t'hf¡{l ll.}t. ttü.45¡ næ¡nucr süü r ctüaqr¡gtffi of, hyttlr*
ætry ¡rd bll¡tært oeBhær¿.Ery for tã.gt ff&Eoidl, Àl¡. thr,E
hxl co'çrht m¡dto¡l åttsttlori f<v* rrllrf, o{ hEt fru¡her d¡lcù¡ n-
cu¡red ¡*væel, tfnar üaily.

tr tÏ¡r dly of tht crpæraßrt, tf¡¡ ruþJret uæ nädl eæ ¡Þtt
ül t ¿lsuatr ¡t(tl¡ er¡ f¡dtnlXlr¡g fntr,a'¡ttclrl mth¡Ërn. tn th¡ âra¡[1-

fal a¡"tgy. cwÑnol rrt*r-Íål hr,ood nr Eoll¡ctrt rfd thr ¡ubj¡ct
m¡ obulraÈ fm w ta ¿$ hrl slt*r madtmûr fæ rrcordfn0 cl¡rr,ryrc

of brood pr¡ga¡Fr rnü f{r¡cû¡¡ad ¡tc,tn trgærttrr1!. &B.ir€|' thlü
pælad adrm¡unr rfülr E¡dr to pssrseü fruü!&ìF by tn*trrg ttç
rærn and øproyrfry {Ë}rs. Êoß ¡pücf,fl,e rttmlr{ rÈ¡{ch fsæ thr f¡d-
ívlú¡ål pñmrl hfrtory mæcû ltlcly prrcfplÈürtr, ftttffir l¡]Et:n
dnclffi h* ürånlçrr elgn¡nrFtr mo&lr¡g¡ cucklng æ gatf¡€¡ Fütt-
tcula¡r fosd¡ üûü {¡rt*Togrtrffi t$uchfngr sr üemfr€ly ¡arrltlrl.
arpcctË of pærsür1 ør fm{Ly hlrtor}¡.
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ål¡ tür ürþtstr uü ffisf Ef tJÐ FüDotr oú tñr üFtrun
trfl *[ otü@rd Fovw*¿qr. Ê¡ ûu¡n rech mÐcl*bt¡ lpÛR-

trnmÐ ü,¡¡d¡lng qcctr¡rd trtc* tn n¡so*tlsl fa w ürbt6l"

tled sil¡tffirr *ln tGs$r,ttsìr Gìfflr ür¡ fød¡ed ¡¡rr ad

sl6l'l¡1 btoôû lB X3¡tlr ffinr mtruffú lrfwr d$r{¡g üú rfæ
tir. üvgrß.
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G. REilLr$=

tâ) Çnnpj4¡#,j,fl

lh I¡.C. thr m¡tfng fFE lürtl. of t.lg ¡qrlbl ln a¡t*{el blood

*tä8 vtgy slõre to thl rvclßegr nslul fæ fhr ffittiod u|sr h¡t fn
tÌ¡c othc* tî¡o rr¡bjüaËr rr"stttql e€Qcl[ilil¡ttæls sc¡t rfuñ¡rtlü. Ê1

L.U., rt¡o fl.urhad Êffitlnuoualf r thr åstlrtâI. lrltrl $äü 1.1 nglsX

r&t€h ts h$gùm dlr& trlo Þo*n fou¡d {n ury nçrütx tubJlct. Iloí-

G1ilr, ttrr l,mnl of l0 ng/a.l ü E.F. s*t by fsr tÌ¡r¡ Ìrf,ghæt thåt

!Ë$ b|ln ffi¡rrá ytth thls ¡rrthödr ,rhpttr tho cbcæm of flurhång

åt thr tf.Ð of reryIingl-

8oüh påtl.üìtr ( L,c, ã¡d E,g.) r*ro xw*vçd en a&rrnllm
fnf,urf.er brgr.ri to flurh stëdn ttÉ slnutti æd eanpl*r wl trklrr

et thr hstght of th¡ Ft3Ponûr. L,C, rccivrd a#uatl¡tc {nfusr.øt

æ ffi dg¡t :.Gvr¡.*r I ¿g'lbfn ánd t &glafn. 8oüh producrd ¡
fLuch¡ falL i.n 3.F. rnû techycardfa. srr htøhry dore of adrm¡llnt

eauård laofü trrk*l a¿rûf,$¡e¡cul¡r chnrÐrr. l[ht amsllæ ðo¡t

æu¡sú a dnrbf.hg ef the å¡tg{el blood H( lt\rúL fr'æ 0.15 tc
0.IJ. ry¡kf¡ t;ho 8t( Ia¡rI u{th tm h$hæ doll, hunvæ¡ u¡ü 1o$-

cn* ( Q.27 nglnt ) tf¡¡n *ould har¡o bGt¡ r¡ergtrd. Sht ll{ Lo¡rt
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¡çasu¡r¡d d1¡¡rlnE p1a¡¡rwS ws1r thr ltrnçr t{ül nlnutta ûftÇr tht

adilg¡tXtfË fnfurtæ nrt bnck to 0,1,6 ngþI,. lh¡lt üì¡sttr fn

ruþJcet Ir.C, ürr ürcÊt¡d¡tt ln Ft$. Il. lhr faalsl" flurh p3o*

dua¡d nn thL¡ pott¡ry¡t Þ!¡ å fu¡e of Î¡rglnf$ X.V' dæst¿It&.

{s Ehetn ln FLg. 5t.

In Ë.t* tllrrc !fit I SÛ* l¡ærgrr ln t¡ùt¡¡lêI AK frm 10.0

to 15.0 ng/bf durfirg t¡¡r ð&tntLf¡¡ trduced ffuåh ( do¡r 0.5

,ttg/ø!n l, Er* fatt ln B"F. ard treÛrtræaldfa f.lllæ such ü

dosc a3s thg¡n {.n Pf,g. 3*. In tht¡ Pütj.31t tt 95ù ft¡¡thß

pcsslblt to d¡lno¡rttîtüt tlre faf,ltgC of tr.V. ffihyaægrldl Pm'

tx.ratwg¡t to ngdlty tlt* adrc¡aftnl &d$ead flüaf¡ sr g.P. rlll'
pffiisa ( Flg. 55 )"

A1thûr¡gh næhyrægrldr rnr üffüÈ{rar tn bfockf¡rS tht tbdæf,mX

syqrtw r¡f¡ieh oecurçtd durfrg r*dsrln tnfua{ø¡ ( Flg' $6 } t

üOß^ots¡fui Jn tht dOtr t¡¡td çauü¡d ræ flufhtr¡g Ð! chacuir Ln Ë.P.

In tht¡ pattrnt lt v¡¡ alto Plrg*t thrt ên I,V. l¡rfurtm of ffi

fn a dosr of Æf6 S/nffl ( Ftg. S? ) coütû ¡rduca a f,elL fn bl'ood

t¡¡¡cssur¡Tr r ¡tl;s {n h*a¡fÈ ratÉ d a flurtr *tddh tne rubJætterly

¿¡d objcctÍ.*ly åütntlsêt to thr üìt Paoduc¡d !y 9.11, ¡drGlåIlm.

$ìÊ ¡Ëf.sË of orrl nûtl¡yærgrldc up to LB ng dalfy ovg th.

ho¡ptt¿ttg¡tlst p¡ûfcü rËs to æod¡¡c¡ a n¡rlq¡d rtductlcrr tn

bffil- f¡cqr¡urcV f¡t6 I¡ - 15 pg8ì day to I - 5 Þ¡r d¡y. Cûl'
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Fig. 32. CARCINOID SYNDROME --- suhj . L.C.

Changes in BP, skin temperature, hqart rate and arterial blood BK

Ievels oócurring during two adrenaline indueed flushes arç shourn.
Adrenaline in dóses of 1 Ag/nj:n and 2 Jþ/nín was infused into an ante-
eubital vein, arterial blood was sampled from the contralateral
brachial artery at the peak of the f1ush. Duplicate estimations of
control arteriãt BK l-eve1s were 0.15' 0.15 ng/rnI. A rise to 0.3L ng/
mI occurred with the snraller dose of adrenaline and a level of O.27
ng/ml was obtained with the larger dose ( see DISCUSSION). Manual
piess,pe over the llver produced no cardiovascular changes and the
BK level was 0.16 ng/ml
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Fig . 33. CARCTNOID SYNDROME --- sub j. L.c.

The flushing state was produced by an r.v. infusÍon of
adrenarine at the rate of 2 þg/nj:n. A typical deep r.ed facÍal
flush and conjunctival suffusion are evident. ( patient was

no! icteric ).
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Fig.35 CARCTNO]D SYNDROME --- subj. E.B.

A facial f1ush, falI in BP and a slight rise in hea:rt rate
hTere produced by I.V. ãdrenaline ( 0.5!zg/rl.L) (BEFORE)

The same response could be elicited after Deserll pre-
treatment (1 mg I.V.) (1 mg in 50 ml saline infused at
4 ml/';r.ín) (AFTER)

This dose of Deseril was effective in blocking the intest-
inal symptoms of I.V. serotonin ( see Fig. 36 ).

ADREN.

\.ã'.-

ADREN.



l.V. METHYSERGIDE l.O n9.

BEFORE AFTER

to to
rlME (mtn)

Fig. 36. CAF.C,IN.OIP åYNDtsOME --- subj' E.B.

fntravenous serotonin produced mild to mode:rate ¿bdorninal Pã1n

and a mode:rate inerease in heart ratet but no flush. (BEFoRE)

Pretreatment with I.V. Deseril ( methysergide) (see legrend

Fig. 35) effectivel.y blocked the abdoninal symptoms ( tachy-

cardia not bloeked) (AFTR.)
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Fis. 3t . clRcINO.Ip; SYlifDRplME, --- subj. E.B.

Intravenous BK 16 ¡¡g/nin produced a flush with a fall in BP and
t

tachvcardia. but NO ABDOMINAL S)aIIPTOMS. Flushing described by
/ .J

patient as identical to spontaneous flush.

FLUSH
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Fig. 38. CARC.INOTp. SXNDROI4E, --* sr¡bj' E'B'

onal the:apy with methyserqide decreased the frequency of bowel

actions "-- from L2 - 15 per day to 3 - 5 per dãy' Flushing

attaeks which had oecu:rled usuålly conconmitãntly with

bowel actj.ons, were IleduÇed to 5 - S/day. Addltlonal prednlsolon.e

therspy had no benefícial effect on the symptoms'

METHYSERGIDE
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U RINARY
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ARTERIA L BLOOD BRADYKININ

LEVEL
( ns./ mt. )

Provoc at ion
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on

LIVE R

I.V. ADREN

Flushing
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15

Rest in g

0'15

t
1 I

10

z
t¡¡

F
À

L. C.

7
?

I v fs

L.H.

{
3 5yrs

E. B.

?
ó 9yrs

*xoNMAL ARTERIAL 8K LEVEL

I eenmaNrNrlv FLUsHED

T¿b].e lft c¡\Re I3'roTÐ sY},ÐP.Ot lEæ

o'zs ngf mt ( so o'z¡ ng/ml )

å suwnary gi el{nicâ} status, urLnary s-l'i,i.A,A. Output a¡1d

changes Ín arteríal bl'¡cci SK levels duri.ng flushÍnç¡ Ín three
patients witTr fi¡e carcinsåd $yndrryr¡e
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cc@teånt rtth tåtrr th€rG ocer.md ¿ pEraS.Lel dec':reaee fri thc
frqrn¡cry of f l.urhfr¡g ( Flg. I8 ).

Itr¡ p¡t{rnt L,Sn h*d a 2ûË fncrea¡o Xn artæiaL blæû ÊK

aetoclatd ¡ll.th p¡scrtrurê ot¡Gp thc Llvül uhfch oaud an fncmca¡d

*cnsätåsn of hæt ln thc f,acç. xhc chærgt¡a fn BK le,r/ol¡ fn th¡
tÌ¡rce patlurtr tra sum!Ê,riacd ln IaÞI¡ 10.

(B) Ç{f.,rùo¡rç.

thl a¡trlriðL b}æd ãû( }cwL få th¡ tltræ pat{enta atr¡dt¡d

lsF* rfltthtn thç nst*l ralqro. !{,,¡¡utrtr i¡rË armürlad btlæ.

Cttnlcal iÈrtur

llrsçgrloþuf {r¡mta
etrtomEl I¡ F frr
Epfds r¡¡+r{.

HyPmdynaptc
efæul¡tfm.
llopato-rcn¡l fr{lr¡rc

¡t¡ærsdrrùmfc
ef¡eul¡tlsr

årt- tX

0.5 ngrr&l

0.â7 rw¡/hl

co rPa

4.5 â841

not ætlmrtd

t.3g ng¡at5.35 4?7*

3.Þ,

l8r*
160

gt
gil

60
ãð"

rI

Fåtlsrt

x

IÏT
Ihpeto-runl" frtlrm
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tFr

Cardt¡c Ðütp¡rt ( L1n1n )

btet i¡cråphsrat :res:l,etånelr ( dyçg ,"o *-5 )

*' ( ll 6cû - ã*of )

Ltvcn functåon tost

(c) lþnoÍ,q$¡r

Fatter¡t It.H, ¡fss studttü 6,¡ ttto cecs¡t6nan ffi th€ ftrat

cscesl*r, oht sxÞæfcnceé ttrg epclttûä3sus fLughçs. lhlG âl'tght

faål :i.n bîoad px'caËurg a¡rd thc rlao l¡r førtl¿oad sk{n t€mpðx"6titrC

sre tho¡*r¡ ln F1g, 59, *rers was nc lnereare Ín ertÊ¡1af b}¡gd

åK ïëvsls asteclet¡ü wf.th thc flueh *rd tha I's¡ei"e ttÈGrld vcry

îått13 0|1ßr tt¡s tËtt¿rtlt ætüttt of tt* tteüfnßü. Ott ü ruÞtlt([tlt

occarl.orr, tgt tpqtËGrt0iuç flush{fg *eer¡rd üd 6¡t$tå1 blopd BK

1¡*¡f1¡ s|Frr un&trst¡Ulr ( <S.ü[F rglnf ]. ]lo f]urhångl oocurrû

fa tlNt äû*Ìm. trtû wnþ matæ trbOnrtcrV êËnd{t{oil Nnü lß ¡tìÐtl

f$ tJ¡¡ 6"bæfnl þfgqal srerr H l.* to þr &e.ffil Ìfltà tht rrlctt-

tÈfvAtDr ôf Èhr gil*ttt s¡ûjl¡Ëü.
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Flg. 39. MENOPAU; AL SUP..JECT -- H'M'

T\uo spontAneou.s trhotlr flushes'which h¡ere accompAnied by sweating and

hyperpnoea occurred ín thls subj.ect. A slight rise in forehead skín

tempenatu::e ( 0.5 o C ) and ã fatl in systolic BP ( Maxjrnal fall in

nean SBP of 20 mm Hg) weæe recorded.
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Artenial bLood Dl( levol¡ 1n threc roonol¡âr¡sal woncn.
I

rn thnco txplrl¡ncnte lçvcls w,or. tqp,J.$f to Þ? ditêcqq!.
ïtith tho prescnt mcthod of atsay,

ArterLal blood
8ü( ngrlnnl

drsfng ffushtng

0.x2 0.Ll

Conürol. ertc:rLal
blt nE/ül

qCI,0J.5

<0.CI15

0.I:lr 0.l].t 0.11

<0.015

SubJ.

D.R.

K.C.

H.M,

H.l{.

E¡pt

I

2

3

4
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ü. ÞI8Ctt88ro[Iry

åltbor¡gh th. üt¡¡ütü qr tha ãünsprur.l ïüËr srsr nrgrrtlv.
re¡ultcr a lo1r for lx e¡$not br rxet"r¡d¡ü. rt {r rsturrtlrq
to lË. thtt ln tl¡nr of forr oçætmrtr blood BL lrvrr¡ cotrLd

not bü daüoctrd. ltrl¡ l¡ rtnf,ler to ÞLd ü¡rmr fç ¡¡lry flø
å rÌoffil rubJrct t.üto Lr rrerlvlng ür cdrürrrtæ {nf,u¡fon rrd
brd l.rt¡¡].¡ of BK la cuch ¡ slturtlær lrr üÈ tril t*r¡çrhold
of dst ctrbttfty. ttre ñuaræqtæ lnrtrhllttys {n th¡'r p.qÞtr
tr pnobrbly är,c to a lsb{.ll rlmprthe-rdrarl oyrta but !.t 1¡

r¡ot unlfkrly thrt tn rpttc of tlr¡ tæ lt( llnl¡ fn uil pæ{phrrrr
bllood' th.rFr coutd bt rfdrly fLu*urt1ry' rx hrnl¡ i¡ thü tr¡b-
er¡twcn¡¡ t1u¡¡ri. åEcrwrl¡Èl.m of tx rçuld FsüûBa ttyrmrral¡¡
a c¡mpatlr,*Le dlrctrrrgn æ fn¿tea¡d l.t'.lr of cùpouLrtlng rd-
lsr¡LLnr rould l.*d to acolcratrd dr¡tru¿ttqr of, thr p¡pùldr,
llu fluctutloru tn p¡rtptrm.ut ¡ltü nrrd noü Þr rlfrretd fn
ryrtslc ¡stcrl.åt blood. l@.* lnfom¡tlon about EK ctr¡ngar dur*
rry flurhfng co*rLå br eË¡d¡sd þ rtudytry t¡r üpror¡j¡ bt€od

ù!.rnrag thc rkfn, pmtteut*ry frm üî. fh¡rh êrlor. rhïs hor-
G¡Gr, püüct dtfftaulticc wlttr th¡ pr¡f¡cnt nthod türæc l¡rgt
eûmtr of blæd rrr n¡¡ü:d for m trd{rrtdurl allay üd th¡ crlr*
nülåt{afi of r vtfn drrfnr¡Ð thc ¡rtfin¡¡t trlt of rkÍn fn ruch
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eubjrct¡ t¡ dfff{euJ.t.

ûf thr thn¡r ÞrtLntË rrlth clrn'hogla, XI õrd III ff,t tnto

thc ettcgror? of, rr !¡ypçtanctve ollgurte cirrhsticsil ( !{¡rhford

rE a1.rr962 ). Althougrh thc BK lcrrçlr ¡rr rtthin tñ¡ nsrüål

ri¡ngiar fuús¡loåtdsr t¡ {ncdüquatc to df¡nfr¡ âK f¡cn å 
"o¡.G 

ln
eontrlb{¡t{ng to thr t¡ypêtrd!¡r¡åm¿c clrcul¡tl.s¡. It 1¡ agaln prob-

ab]¡ ÈtrEt str¡dy of pæt$hæal orcErrc'rllulr¡ flutd ard t¡¡nour lt(
Lev¿1¡ may glvr mûrG l¡rfo¡n¡t{qr. tia¡hf,ord .t å}. ( fg6a )
ob¡art¡¡d thlt thyp*øråfver elÍgurie, c{rrhcÈte pêtfffilr rhm*-

d a dcemrsrd t¡rlpgrrrr to t!¡ranlnr ard r:ryr¡rd thåt jrilprrrcd

tieeur nonadremlln ¡tffits raåy pl¡y e pæt fn tht påthagcfi-

esle of th¡ hypotsr¡tm by nithdn¡nrl of thc nsmll tonfc tctl*t
of thc aynpathctia nrr.veru åy¡t{Ð. &r¡ crn rpoeulatc furthff
on Ëh3l! ftndlnga Þy rr¡Egc.tfrigr thrt lo* t!.raul eçncørtratlonc

of næ¡drrnðuno *ould prs¡Ìo'ta th¡ ¡urvfr¡cl. of BK ro:uttlng ln
tncrrcsc.d tl¡¡ue cqrie.ntråt{ong of thfr pcpt{dc.

Th¡ flndfngr ln ths eårefuiotd subject¡ cdd ts thc acernutåt-

i,r¡g citldsnce thåt th¡ f¡.u¡h{ng attacka r¡ûrtc}r chåFrct¡rlr* tho

earclnold ryndrmc .r. astoeLstoü rydth rnd prçrnably üur to
rl.ærtrd lwel¡ af a hüykinfn-Lfkr peprtldo dn thö Þld. 1?rlr

doe¡ nst bür on thc e.uat of thç ürths cilFor¡altr of, thr ryldør
rlncr bmdlrkf$1n h¡¡ ç¡rlabl¡ ¡ff,cct¡ on Eut uoÊi1fty tn vfvo
( wr¡rk,:tæn lrum i &ul¡rx., 196s¡ l¡ulr, &Gt¡æ t tft¡rkt¡n, l96t).
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In *rr of, thc p.tf.$tr rãdtrl hr¡¡ ( 8.3, ) tt nr polrlÞtr

to trtÉßeucr the botül qraÞtürç !y tnfuler of tlr. Ënóùclfn
yÍÈhoüt any rærttcrbl¡ wreul¡¡r ¡ffret ( Ftg. 16 ) rnË on trhr

oûhar Ì¡üd to nrpæoduer t*re flurh rlthout ¡ldædn¡l dtrcræfort

Ð fnfurflw ü( ( Fig* 17 ). üts trrr of nÉhymrgrfdr êld n*
fntæfrnr fn arqf nry rith thr ¡&mrlfn - l¡rdud fl.nrhm ¡ lt
dldr hcnrmr rÞoltrh ttrr rffu of f¡rf¡¡rrd r*rotonLn rnû hat ttr
t¡¡u¡l, Þnrf,tclrl rff¡ct ln rtucfqf tlu frrqumcy of bo¡rrt rstf,oñr

( Ftg. 58 ).
tK fu þrsneÌ¡oos¡rtrletæ ( Btoo¡r, Colllæ, 8ùchùG. I

ghorlryr 196¡ ) 1n th. gul$.r pig, br¡t ttlr wLdrnc¡ fæ tht¡
¿ctlæt tn Hn lr tcruo¡¡¡ ( hath¡f.mr 3 Strr¡ærmt, ltGS) rrÉ

a¡ttur dld nþt roeq¡ilnlr tùn fXrrrhrt s! hrdyktntn fnf,urton fn

ttthtrF Frtlcrt .
8rr b]lood l¡¡rlr sf lt{ rapoût¡ü IÐm rrr lffi thrs¡ v.tr¡..

trtrtch hå!¡. b.ür ülrcrlþr¡l þ ottrær ( Erttlln T &tth, 1966¡

t{e¡sr I tlr]¡srr 1966 ). tlortr¡¡rr tlrr good ¡cca¡crl¡r of int ænrt

¡tå¡dards ( Frut 2 ) rruf thr ¡rlsr fn bfood trvil foüd dr¡rfng

tnfurúan ef lK ( Prrt 5 ) tu0g.lt thåt thfr mthod l"r gtviagr an

åccurrt* rrflrotto*r of txue ,1åvÊ1r. ltrt dr¡t¡ucûicr of il( by

bld 1r vrry mpÍd ( Part ¡* ) ürd ¡pfoxfnr.ly crly lOf of

8l( lnfur¡d lnto tl¡r hrrchlå¡. iltcy rtu*vlrn¡ te rpperr tn thr
v{Erca¡t bLoori on t}¡rt ¡tdr ( p.at t ). ltûds thtür el¡emttrncrü
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trt 1s ru!8x¡tng tlËt ¿¡ftrù 4rd &lth (19s6) fot8ut thar r/ütor¡r

bl-ood 1¡nË]'¡ rut 1n thc Fün¡Ë:p drecr{boð.

&¡¡ t¡rrrrqpXåf¡Ðd f*tr¡re åa t!Ët ln pðttffit E.B.r ylth a

rå$å1 af El( fn bL¡rod l¡rTle ìy qr ordß. of aagmttude thüi Ery othtr
s$sJcct üÈr¡d{dr thrße rta ¡}o F¡úürnarû varodf,l¡tstlcr. ISrlr

,replfüE e r¡¡dued vr¡cr¡tar rer¡ittvity to thG peptfdr, sush sx*

hlbtrtü¡ of tac.h¡rphyt¡xiE hac paratlGlr 1n oth¡sr sicr¡atlonr

$htnr tåðt er* htgh el¡cutrttrç ranl¡ af otiltr vasoactlvr ruþ
Itancff üucù rr rwr¡drfr¡¡li$ tn phmactnæcJÊcmû and prrùrape

antgtotrutn tn ¡ffi ctr¡æ tf¿$r rtrrl hyprrrtfnafs¡ ( Scroopr Ig6?).
rt¡ær tr ¿þo sæ. frrdta¿tlan thåt ths v¡roúltatðtfen fn thß

csLf ecr¡tr¿ by lnfu¡lsr of EX f¡ not sÊ¡.l n¡Intaf¡nd ( coff¡ilån

fr .trarr€ürr l96t ) r¡d ¡ cI¡atta¡¡ry trmr¿gtt r¡ü¡pslsê t¡ar ba¡n

fsurd in t}n hfid rtth håEh{år qrt€ß]r j,rÉr¡¡fsra (pcrreccìål ob¿

crru¡ttcnr).

Ihc r,{¡r fn ertæf¡t blsod gü, t6\rG}e eeu¡d þ adrmat tnl
t¡rfr¡¡lsrr {n thc cæE{noid rynd:smc i.r perttcuJanty etrlkfng
fn vlm of tht frll rr.n ln m¡lnal cubj:etc ( Fart 4 ). th{¡
fall fr d¡¡r Ëo setivütrsr of thc ÞDüdyktnln-&etrvytnE srÐdr,
klnl¡rasc 1n t}rl lrLood¡ Ër¡tdcûrm of thl¡ ¡ctLoûr la probebly arco

tô bG sær tn thr c,¡¡cl¡pfd patåcnt L.C. ( Flg. J? ) úñ thê
xargn* dore cf ¡drcrr¡rfuË rns å;üoct¡trd rrtth a sj.igrtrtl.y æal1u
It¡¡ ü ÊK ¡.ünI. R*laca* of l*¡:,lflcotn Þtr crtle,Ìrotmlnæ uay
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ÊIso occr¡r 1n rnçssl aubjccts, &Ë sugtgütt d ry th3 atrdlsc

of Hl]'tsr ¡r¡d tætc (1956) r b¡t dt acm¡ th¡t th¡ ür.úrfdf¡ry

cf,feet of carboryf*ptlde¡* a*Lvattqr dûüt rtcË aLlsr S[ tct¡¡lc

in thæ bloCId to rl.Èi. f¡¡ tås aarctnoLd eyrdrcmcn ìrittr ün t0(-

qGEs of kalltk¡oln - eontslnlng twqour tf,¡tt¡tr eufftelørtty

tå:gc ailnffirnta of ksltfkrrfn û¡ro l.i.b¡r¿td {nto the cl¡culatlør

to cåus6 a rl¡c ln blood Bf,, levol¡.

Br¡ oppo¡lng affrcte of, efur¡elfnp to bc €æüatGd sr Bt(

rstðbo1tm tn tlrr careffiold ty¡grc¡e ha¡ lrÊæcstfng lnpllo¡t*
lore f.n tho pærlÞl¡ r¡m of *trcrcrgfe bkcktng ågtltc a.g.

plrørolryhnøanfnt fn tho alintcal, mnagrffirt of tlræo patirntr.

It hsr boffi *roryl thrt o"al *¡gtorybauøfnc ean ba äffêctltrü
j¡r rcducfng thc lrrqwncy of a¡lø¡tcnrourly occure{ag flu¡hca

( I*irlm 6 8j*t€*m, l96f )' but lt fr lirtcruEHng to ffir
tl}st th{¡ üî¡g t¡ tt3ry poæl.y tolæâtúd fn thsst pat{crta.

[hrrapy 1n a dosc of onXy LÐ ng/24 hne nry har¡c to be ddseçn-

ttnü¡d bes¡r¡rr of rrvu¡r &orufnürr eorfultm rnù vlrual blur-

nLngr, Fh*roxyÞocmtr¡* {e mue}¡ Þttt¡r toLæetËd tn othgr tft-
uãtl.mü ü.9. {n thüaFy of Bætp}r*¡L vr¡eular d{eca¡r ( l,ûor*,

Prrndmf., hblawr Ë l{attttgrly, 1953 } r}rcro doaeg of 30 - 24û

ry/24 hrn ( evsr up to 400 úg da{ty ) hðrð b€.n uccd wlth onty

n{Ld tmasf.ßt aLdr lff¡et¡, ür dssrtc nrdtef thær$t fæ
plr¿æc}lnruc!Êørl ÞrælúËû ¡r¡d $Jorrdær ( 1964 ) hßil umd
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dæ of 50 - 80 ugÆ4 hil., t*re onrly üld* rffæt brf^rry an {nftÍrl
ütld mêatft¡r cffret.

8fM @ l,¡ aryccüd to nrolryçr t!¡¡ ¡ucrfval
of FK snGt tht 1âttæ ha* kr !Ëlrmtdr tlË sã¡irt ¡ldr rffæÈr
forgld fn ron Ef th¡ p.tfffiû Ëtrdtrd Þy lúrl,nß ¡nil gjoæüma

(xs63) Ery bo dus to rtr{ngr lÊì¡ttr af c{,req]¡türg lû( an th*
cütt"r]. rrãF\rûut t¡rrtrm. sdcutæl Gt rln ( lg6s ) ha\¡s ahqwr

thst rnFrtwcnc¡utLy r&efnlst!$iü ËK tn hralthy humans msp p!û-
duce mfld ltullsr, drqdtrnorg and lfghtn{ng geûtütåtå -- r}r7Äptæt

tr'hlalr ¡re ¡larll¡r to thæo producrd fn cær of $re Þatlffitr of
Ietdne ard EJocrdcna ( 1969 ) recslvfng phæto¡ybarranlrç thæåI4f.
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r. gßoeRr

1. ûü€ eå;æ ars brt ffy df.rctra¡rd tn úXch th. sfryfful#
stm4rqç. ean conf,ldsrtly be dlagrnomd. ltp of tlnrÊ had rloråtåd

rsstt¡ü 1¡r¡r¡¡ of ¿¡r'trs{rl bl€od H( rrtrû fn al]" t}rllæ tla lcrrcL

rîoec o;soelatSal rftth fncre¡Ea in v¡¡cul*r ¡!rRpt€$¡s. .Dt tr}Ð of

thc petimtú ¿drcm¡Ifna i¡rf,rrt{sr mr u¡¡d ta prdum fl¡¡rhfr€r ¡!d
tfti.a resultcd ln an ¡l.rnratLcn sf, ¡¡tætal EK lc\¡ck abosrr rartirwl

ctrtc.ntr\tttøt¡ " Ïhü æntrañe ìtftÌ¡ ff$d!¡fg¡ tn sl¡r arrbJac.tr not

ruffæf-ngr fræ ttrc c¡rlcfnctrd q¡nurmr fa shffi aûnsr¡lfm cru¡¡d

a fall ln fftæfål blad BK ( Pert 4 ].

3. îhr.r p.tlerÐ rltùr ¡ù¡¡ræ¡d efr?&ql*¡, af tår .l{vtr n rlt .xr
ai{nrd¡ ttp cloarly tsd hypsãfy.nsluto clreultt¿on arrd hrpator¡na]"

f¿i.J.tsc. Xn ¡11 thata, eft¡nlål bl"ðôd 8K lttrctg ffes6 wtthtn

næ1 lln*ta.

3. 53rrcç ffilps¡prsr HËF$ auffætng frü f¡cqusrt a¡stil flusl¡.t
s€aG gtt¡a¡tad. In tltrcs oçorlmrntü rw rpontsrêoue fl.ushfiEr ocetr-

t'.d und3r lðboü¡tcty edlått{srt ård rrtætal blocd EK ltnrGlr ¡ffi{r

too l.ort ( <0.t1$ ng/nl) to ba drtrctrd by thË pllçg3nr w.thod of
a¡4ty. eÊül ¡Pot¡tgtsus fluthfrg oecum¡d no elrangæ in attæfrl
b1ûod 3il( ln¡r}r url¡t drü.ctrd. lt!ü rtgmtflcancç sf th ts l*¡rlr
l,¡ df¡Eur¡.d.
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rttm[t å.

Itrtlng **

tttm8ñ tn
ltçÞn ¡1,

ffin*H[

ffi*erilnt
ffi:ffirlrmenË
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nrPgmrx l.

--

SOT¡¡TT$$B

a, I I

thtr h¡ffæ lolutlon f¡ pr¡p¡md rc 0.1 l{ e,træçh uith re-

gard to Htl4l. I t.l li rotutlsr of rmcrfrm åc*atr tr pmp*rd

þ df.uolvfrçr mrgont gnedr smørl¡¡a ¡ê.trtr eryaÈrlr fn drlon-

t¡d ?ntr" ( Eþmtrt ) ard t*rr pH lr e¡nrfutly âdjurt.d tä 6.0

tråth gleelal rcrtl,c ref.d urfng a dlrrct rardfng Båcluuri pH nGlr.
Ítrfr buff.8 rol¿tfon tr ¡tæad åt !o@ t6p.arturG | åt thlr tcp-
c3ðt{¡rG tt fs llkrly to bt€ðn contanl,n¡td s{th fungrl gnurth

and froh ¡olutlon¡ hrvl to br mgrulerly rrdr. Pr*¡lrvatfvrr

euctr ar thynol hrv¡ noü bmn uß.d, SÈomgn sf buf,fu rt l.ffi

tiæpæàtu?lr 1r lnrdvltrbLcr rt g.trr ïhielì dl¡¡olvr fn thr tol-
utlor¡ åt Im tGpofrtußl âsl l"tbmat¡d sr€n a l*rg pmtod of

tfea rf,frm thr b¿rff,rr tr ratustrd to råæ tãpmtüst. Sirolut-

lon of ru¡a nfnuto rmuntt of garæ durtng ehræatogrtphy wdth

I.R.C. 50 fg orr of tha ætt cüûr*r nntÊn. for f,¡1Lu¡r of thr

8lüf¡1.



166

a2 I

$tock cürernt?at*l æontunn h¡droxldr rolutfon S.O. 0.90

l? tÍ 1¡ urd for th¡ pßrpð¡r¡tlsr of thr makæ rolutLsr¡. Ítrs
stock tr kapt ln r rafr{gcratcd roæ ln a È1ghtly rcrlrd btrtle .

58 nl stock dllutcd wlth dctmlacd råtGr to I f{æc ìdlL glva

a 1 !l Eolutfan. thf¡ raluttæ l¡ n¡tnt¿ln¡d at rtrn Èrnpæ-

rturc for the s¿rne rGatoûtg ¡r thr a¡monluun re€tðta hrffctl.

SlnEr åt thla tøperrtu¡ro thc tttrmgrth of tht ¡olutlp¡r E¡y trap-

tdly clnngc, lt Ir avlublr to prcp¡rr frc¡h ¡olr¡tlsr nrcry day.

f,Îrc CI'l l{ loluttsr ts con¡¡cnlmtly prcparod f,rm th. 1 H golut-

tær Þy dllutlon *hrn¡rr¡n roqrirrd.

3. Ca¡rfn ¡olutl,on

Lfght Etrttc roLub]¡ ca¡rln (l,D.ll,) t¡ uçtd, Ftrclh ¡olut-
lorr of, 0.25f ea¡oLn tn dotonfücd srtcll 1¡ prrparrld rhtncyæ

rrqutr¡d,

4. dr ¡lrlocrr ¡olutlql
dc ,Irlm¡ ¡olutlm 1¡ thG 8¡rpæfur¡tc u¡¡d fn thr bloaaray

ard rlro for thr Bmpæatler of tho fl¡¡L rxt¡rset, It 1l aal,n-

rntly rultablr fcr thr nttrú r¡trru¡ hru¡o of ltr 1* erlelrm

êêrüæt nhtch krcpr thr tf¡¡us qul,cseont untLl stl"Ðul¡tcd.
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(Saddmr F.æt S Voqtr 1949), tho ¡e}uti,sr uaed fn th. proænù

Gn$ortffiitl, hmvrrr eonÈaLns å ltttlG nsnr cElcår"m th¡n that

of ,G¡ddt¡n lt å1, ¡ de nlalqrs colutlon of the fel:.crfngr esãpcl-

ltton Hi ufrd r

Sri/1

!{aCl

CaCl*

KCL

g$no3

GlrrcoEr

I
o.og

a.12

(1. g

0.5

A ecnventrnt ray to prepars dc üalsu le to flrrt pnrpær

trpo ctock lolutfc¡ru. Stock A ccsrt¡{nr thn chlortúr¡ ard rtoek

t ths bfcarbonatc ad glueoae to avold prsefpltðtf.m of fntoJ.-

uÞle CæûI, lhl rtock soLutlona ¡rr ptrlprrrd frsa Ecågrnt

grade rotrld¡ .xeüpt for CaCL* nhteh h¿s b¡cn pnvlcuely Þr¡-
pancd ar ð starÉ¡¡dt¡od lf¡S solutfon.

stoFlt *
l{aCI 560 gu

etÊk t.2 gc

KCÍ, 16.8 gn

mdr W to â lltrrt rlth drlontrrd rttrr
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SFofe l.

xrseo¡ to p
8l¡rcsæ t0 g¡

l¡üdr uF Èo I lltrr nlth d.tonfrrü ultæ.

tlrr ¡teek relutLflu ¡m k¡pü In ün rrfrflmrtæ Gt¿ ærr

urualLy prr}.rÐd mrkly. nÐ fxfll æLutt*r i¡ Þsrlæ¡d fTæ
l0Ê nI Etock I üd f0 El gÈcak I nrdr Ep Èo 2 lttro dn ¡uelr

r ay thlt 8tÞek I f,r ftfÜt atrrrtrly éflutrd befcrr gtoek B

t! ådd.É!. Stock å rhould Þ. e!¡rshrl for rtgmr of cr Fürelplt-
rtlærr 1f thfr lr nü ossu¡tl,¡xgr rtgel¡ rry Þr lt¡gt fæ l"*qr-
r pætoür sf tlm.
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ÀPPSTDIX 2

-
ÀI{BR.LTTE I.R.C. 50 REEI!{

år

b.

c,

d.

Prsper.tlsr sf trasl¡l.

Frcklngr of, eolræra,

Chrmrtog*aphy.

Regruræettor of rçaln,

PRtrnRAî¡rü OF EEFII

Ræfn of m¡h tl¡c :.00 - 2û0 f¡ u¡ed. A1thor¡gÉr eturætog-

raphic gr¡dc ¡lafn fr purehaacd, Xt t¡ n c.rsåt5r to f,r¡fühcr

pr,æ-fry ft aEcædlng to tår n¡thod of Hir¡r Moorr Ë Sr¡tn, (I9SI).

ûrlg lnvslvc¡ thr rss¡aL of rflnrst ry fncquert sÊ¡htng nlth
dcfon{¡rd ìrüËæ arul docentåtlq¡. l?re r*¡rhfngr of thr ¡c¡fn wtth

acatanâ can Þr cørvs¡lurtly dørr ¡ftæ tha eùatlr w¡¡h, Ihe

h$rog"¡ form 0¡ purd¡¡¡rd) le cyelcd through thr Eod{m fom,

back to tlrr h¡Ërogtr f,o¡a â¡d ffn¡lly eørv¡rd to thr ¡mantun

forn !y rXl"oufngr ft to rtarut ln a lægn vchü. of 2 U HII4OH ov.r-

nigrht,

tln f,{n¡l mm{un fo¡n h*r to lr cqu{trí¡E'üt d *tth 0.1 }l
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åñaân1l¡a rc.tåtç bt¡ffon. å ti,Er ravlngr ¡het aut to thl¡ 1r

fångt to rr¡h thr rxao¡r aæsrlrm hydraxld¡ or¡È nltlr Elgartat
atA *,cit{þåte the ¡u¡peru1sr ( ftl¡rcd rtth ¡ nrg[¡tËle ttlr-
rer ) wtth glralar rcrtdc aetd, to pll 6.0. å rtrbla pH of 6.CI

f¡ rc¡drcd g'ly al.only a¡d t{tratlon uay haw to Þ¡ earæird on

for ¡bout an ho¡r. lfTrsr a rtabLG pH 6.0 hac bræ rorehcd, thr
raa{n 1r allq¡tqt to ¡rËt1c ard aLl thc rupcnatünt tr ttccantcd.
rhc rr¡fn ls now rerueprndcd tn 0.1 l{ anuontu¡e ae*rtr bq¡ffe
(pll 6.0) and the ¡u¡psrcis¡ ls than tlt¡atd agatn wfth glre{aL
acctfe aeld to pll 6.0. Ílre Þuff¡r f¡ cæplctely replaeed agrin
.1/Êt tter r 8trbl. sf 6.0 fa reaelrrd. RrplaeoaÊ of buffæ
E¡ld tltrrtLon ¡re cqrt{nuGd untll thc ¡crurpcnalon of the r6ln
{n fnrah buffar givrc r pH of 6.CI wlthor¡t any addtttanrl g1rclel
aectlc ¡efd, tho ro¡{n la nqr mady for ucc. ttrt plf of tht¡
r¡afn haa a tcndcney to drtft sltghtty to thc alka}lne rfdc
of 6'0 or¡ar a perfod of daya and pcrlodlc chcek¡ of ptd h¡ve to
bc lg¡dr rnd thc pll cdJurüd rccsr.dlngly. Rcrln prrparrd tn
this $ay r'lnåfns frer cf mlc¡obfal eoqrtaninrnte fcm a lmg p*!-
{od of ttm and prcaævatlves h¡ve not bcsr nscas¡årrf. Tlrc

batch of rr¡ln in u¡c 1a ¡toa¡d at ro(m tæFrrturt.

PACKIilO OF COI.IIIüE

Broru¡c thr mrln {r rqull.r,bærtd Ln c rr¡k ¡att ¡olutton
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and t¡ at a al{ghtry acfd pH, rattrfrctozy packfng of thc ecl-
unn ir3qulrü petfincr ard acrt. Qulckf tt eolr.wr, ütra f trlt
rfnrd tlrrough w{th thc buffcr gclutlon rrd chcckrd f,or rat-
isf,acto.y flov through thr EtnÈer and thr tap, ånd thrn hetf
f{rrd rtth thr Þuffar ec}utlon. Rartn ülurry l.a csrvmfrntly
trqnefarr.d tc thc eolr¡mr¡ with a ttat ptptttc¡ wlth tha tap
clcrçdr thr rrlin 1r allenrd to ¡rttlc, ¡ddlt{on of rrlln l¡
continu¡d untti. thr m¡ln lçr¿rl tl 0.i to l.CI cm abov¡ tht i
cm n¿¡rk fn tha eolum. Gsntlr tapplng of thc colrryryl (hr¡vy eood-

cn rular) t¡ n¡crtmry nar, wLth tntcr¡ntttûnÈ opaningi of thr ..

t€tp. nhr rraLn c*¡tinurt tc påck for a prrtod of tû ¡¡fn. with
thfs proedurc. A colu¡nn ls egn¡Ídcrcd tc Èc adequrtcly Fåck-
ed nhsr uFcn opcnlng thr laÞ and rr¡rurlng thrcugh thr Þuffr! rct-
utton no dfrtortton of thr pac*.lng fr rvldrnt. E¡tet¡s rrefn lr
nov ptprttrd off th. tqp of thc ccLr¡nn üld a fåItü pepçr diac
(t'Itratnan Ho 2) 1r rLlmd to ættlr on top of thr r¡rln. Tlrr
filtæ papc! dlrc rhould bc u¡ctly the rür. sis. a¡ thr top
*urfacl of thr cclrmn errd prrtrcntc rtlmlng up cf thr ra¡ln Eüû*

face nfirn thc coLr¡mr lr lc¡dtd.

îo ch;ck on thc preklrEr of thr eorwn, thc ad¡qrraey of flary
thrrough lt and thc e6püt¿b111ty of thc h¡ffG ${th thc r¡c1n
prcparütlon, tt nl of th. buffür lolutfm lc åltowrd to r¡¡h
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tlrouglr tht ræln and Ëhr rf,f]¡¡srt lr dlreerd.d. îh. coLunn

1¡ vl*¡rl"ly elrcckeü a¡nlnr ff, ttÌa hrffæ rol¡rtisr hrr Þon un*

¡ultebl¡ ln rær ü{ trg. txccarlw grtaÐ¡¡r cmtrnÈn oæ Èhr otr-

tgtnal packtner of thr rr¡fn t¡u¿rqurtr, tht prckfng tn thr col-
rmr rlLl nor ¡hary dlstætlonr afu bubbtu, LÆFtrtstl,oer aÈe.

Such l co1rrut l¡ ¡¡n¡uftåbl¡ ard hr¡ te Þr ræaekd ytth tht
approp:rlrtt ådju¡ffint,

rnrdrquetr prckt¡rE¡ of tlr¡ eolrsr or dlrnrptlm of thr n¡in
b.d Þy urt of buffæ rt un¡u{tabL¡ trnFanrtu¡'l qr ptr{ are tht cæ-

asnafE ttutlt fsr tÌ¡r f¡llrnt cf thr coltrur to function prcperLy.

crm0taîDeÀffiT

-

Ftrw !rtt. tl¡roryh thr coltw¡ tr not critlêrl ¡nt thr suln¡L
fran rrta (rtnorplrælc præ¡r¡m) glver ¡rtlrfactæy ræultr. rht
flor r¡tr lr not fntæfærd sfth durf,ng th. buffrn re¡h of thr
lctdd eol¡un ncr durfrqr th. .lutlngr rlth r n td40üI. Honvtr,

wtth 0.1 ll $!oH thr flry ean br refcly aeorlæ¡t¡d and ti¡&c

ravgd. f'hil 1r esrr¡srlrrttly dcne by rpplytr¡$ pot{tlvr prìr¡turr

to thc top of thr eolr¡nn. Srlt ean bo donr nanually wlth thc

ald cf, r rubbcr tuDa frm a rphygnnmnsrtg aqueør-bulb ccn-

nrctad to thr top of thr eolrmr.
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Rmfn uüad snst t¡ poolrd üttll rufflctmt hrr bxr r€ctlr-

ultt¡d f(}r rnsthæ b$ch. Ihf¡ mtln t¡ tn tle mørfrm form

rnd har e rtgm{f,fcrnt æourlt af prdrfn¡ereur lnpur{tl.æ, lhr
ùnpurttlrr ern br rlncryrd þ a cmpLrtr rrc¡rct tng of th¡ rrrfn
( {nelu¡¡tfng thr fa+ fora Ërd thr acrtgtü *rth). If eunplrtr

rccyeltng 1¡ nd dsrr üd Èhr rttfn raærLy eyc3.rd t?rrougùr thr
hyeagG¡ føn ånd tha æ.crlrm fo¡mr thr rrultant p¡ruÞr:rettotr

ccntaln¡ rlgmlftetnt srgrrnlc lnpurttlat ¡rd fungrl grr*th 1r

¡trtdært {n r frr dryr.
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APPE}TDTX 5

-
BTOIJ]GICåI AS8åY

ar Bata -- rtttboratrol prJn{ng, -- tmpærturc in thc rtrry.
b, $lgntficåner cf c¡++ Ín tho ruperfuratl.

c¡ Rrcordtng of changes in mr¡¡clr tqna.

d, ll¡c of ch¡rnotrypsln

RATS

-
the virgfn ratr ¡houl.d b¡ at lcürt 150 grü in refght to ob-

tðln a aultrbls utatut plô¡)a¡atio¡¡, llrc bc¡t duodrr¡rs, horovcr,

io no¡rt freqnrntly obÈalnd f¡æ an¡ll rôt¡, stl"lbsc¡trol
prlnlngr ( Honvan, charlrc McDonåld ) 1¡ pæformd nith r rub-

cutan¡oue lnjrctlon 1n thr se¿lp b¡tsecn thr eara.
glt¡ ¡Bbt¡nt t¡¡Ðaa¡turß iri th. ttr¡ur eh¡¡¡b¡¡c. tr of cr{t-

lcal fnpoltenct ln drtr¡ntntng ths ¡sr¡tti.vtty of, tlc tdrrurr
üd thr utorur fn Frrtleul.¡F. Slncr nrxl¡¡un rclrltl.vtty tr ntcar-
t¡r? 1n nott Bl( aæryt n tht csrtrlbutlon fræ twtrrtr¡¡r nurt be

borne Ln nfnd. rncrcr¡r of tøpærtum l,r aocca¡nni¡d nith fn-
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s$sê6Íng senritivlty r.lntil thc pelnt of sns3t cf eFrcntôncou¡

activity. Therc ic no cne cptfmar tüapcrsture fcr atl utcrus
preparatiryls and it i6 cften prefltab.Lå tr try aruf achlcvç

the maxi¡nlsa tenp€"êtur3 at Ìchich thc uterua witi stitt bc

stabie. ?emperaturc range f:rosr 2sc c tc asg c can be explcred.

$-TGNIFICAHCE Oq çå 
+"F,,rN $¡E s.t¡pERFu +?E

de rlalonE containinn û.rig gnr/r cacl, (7,s x J.Li"4 ¡E¡ ie thä
cptfnal eolutfcn. Iuo$er ecncentratl.ons hava nc¡t been teÉtG{d ln
cå$c8 t¡hgre thê l¡terug hes t'o i:e diaca¡ded bocauee cf pgralatant
spurtanecut actfvlty. rn sry¡¡e carGg, hor*€ven, an initialry in-
seneitive uterua can bc Írnproved by incraaaing tire ca++ ccncÊn-

tratien tn th¡ euplrfuaate by up to 5ClS,

lh¡ fine pcinte on the recording levers are iilcely tc ¡r¡-
cst¡¡ltora f¡roch f,¡'åctic¡r on tire a¡aclied kpaognaph ¡:apsr. The trad-
itio¡ral 'tpharnaeclogieai taptt ia ths bo¡t e€y t$ prevont thr
tiBs fræ ctieking fn ths $oot. $ris applf,ca parttcularly tc
thG uterus. & mrtat bar csrneetÍ¡lg thc B¡raun purnp r,rith thc
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vrfting Leirer lcaf,foLdlng can bo u¡rd to prsrlde em¡tant

neehanleal vlhratlon.

USE OF CTTYI'ÍTRYPSIN

Ítre uao of dryaotryps{rr (a-chynotlrypsln 3 x cryctallleed,

!*torthfngton ) to lncrcaee the sensftfvfty of thr uterruc to BK

hac bcsr of lnmen¡e val-uo. ldtth the ald of chymotrypain, the

ratlo of p¡epa¡ratlon¡ EuftabLe foar acsay hêB been fncrraced

firm about l/2 to 4/5 $tr¡tch results {n grreat ecsrmlce of tlne
and anfn¡lr. ftrç n¡thod of prLmlrçr wfth chSnoo,trypatn ia a¡

fotlrya. Su¡lerfuaisr ls turnod off 1 ¡nín. prfor to the applf-

cätfen of rtand¡rd or urùncñût aolutl.on. three dnopc of ch,æo-

tryÞtfn rolutlon are uscd to batl¡e thc surfaee cf the utenu¡

50 eec bcforc ttrc epÞlfeat{on of BK. 1Îrs utsrus fa prinod

prlor tc enrory appllc*tf.m of BK. The no¡t Eultable eh¡ærotryp-

afn ccuneurtnatisr for the cr¡9lrfuÊêd uterur !¡ar bc¡n for¡nd to

& 4tW IIF"J- . Dy repstrd dotfng Hlth E rtandåfií BK aolntiql

thr d¡n¡rlopcnt of, lner¡ard r¡nsttfvtty crn br fot lorpcd ard

tha n¡xfnrn 3¡lufÈlvfty tr aetrLffGd ln rbqrt 20 nln. Ihl fn-
erettc fn ron¡ltlvtty f.a acecnrpanfod þ a continou¡ dc¿rea¡c
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ne ffir åf tb EünËçrffi { I&r It}. eüm6ru*t*'ln¡ tf
üe ltüt}l ü m dúæü ¡E ffi k s* d *Ê üû r&i
m ülrçl,lrl tü rhi mr fì* crprfrgria mrg¡{ru sr
Flgn* ar*rr d tMF $r st tW tr ñrln tugffirlr
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âPPEtÐrX 4

-

STATTSTICÀL ruTALYS$i

Anglyrla of varlancc of 1¡dfvtdual eg¡¡v"

1?8

thc dfffürãncc¡ brtwcan utcru¡ and

obtafncd ln@,
the dtffetr€ncca Þettrcq¡ utorus and

obtalnrd tn cn{ossreug BK SrtLnatlsnr.

å a

B. 1.

2.

c,

D,

Pai¡ed t tcst on

-

duodcnr¡n resuLts

&:t!_ad t tcrt on

-

duod¡nun rcsultr

E¡f¡cd t JF¡rt on differcncoa bstwcon the aloBeg of the

logr dorcincgpcnss eu¡rriGg of atandanl and unknor*n, fndfvid-
ual1y fæ ut¡ru¡ rnd duod¡nun fn recqrox.y anil erÉogenour

B¡( r¡sryo.

to
uttru¡ crtfn¡ttsr¡ of rndqrenou¡ BK lsnlt,
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The ealeuletLon of the rrlaüfvc Þoüanay of thc unknosr

oxtnaet deponds on parallclir¡u botmcn dole-rl¡porltc rlnc¡
for c:ûr¿ct end ståndrrd. Tha aÍgrntftcrncc of dcviatlqr
frcua panalletlrn nry bc te¡tâd blr an enalyrle of van,irnc¡.
rn thc erlcul¡tlcng shosr brlow ¡uch an eneLy¡ls of variürec
{e appltcd to. rat of dat¡ frm on. rrmy. Thc arrðy Ì¡r-
uLts analyccd are fræ thr duod**n"rr.y of F.A. (hblr 2).

Duodenrm

-

f,otaL¡

-

lotn

40

40

¡[1

40

161

lott
32

34

36

39

14L

lot, Tot2

72 (Rr) f.

74 Gr2) il
77 ß¡) ttt
7e (R+) iv

32

3s

54

39

40

59

43

40

r52302 1. lot¡

u.l ua

2a

20

22

2L

85

2a

18

19

l9

76

c
2

2a

L7

2L

19

77

s1

t2
17

t.5

2û

64

ft
Sinilan anaLyel.s has been applled to utenua resultE.
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2 2+ + + -Ccrr-S-R

-Corr -S-R

2 2 2 2 2 r+ Tot +- Tct; + Tot +1ct + lrt +1ct2ivI ii 1i-v 2 1 ¿l.! 2ii
2 Corr-D-R

+ + + 21.ì' -Corr*D-R

= L147$-r

ir

ÐxR

2
T',rt tlct:ri

2

5748.* - 57i:Jn.25 - 5û.25 - /.25

Ln.75

2
r1r-

2 ++2 2
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AnaLvsis of Varianer

ss

$

¡

R

$xD
S xR

Ð x R

REE,

25 . ¡.;iì

3i;,25

I, iiLj

t.5i.i

lil. /5

?3.ilt)

4r).25

7,25

)
l
)
)
)

Tctal 1,.13.75 15

lhe ånteracticn S x Þ rspresents the contributicn to thc tôtål
ES of tire divsrgs¡tÍ:Ë fr¡¡n 1)arslrelis¡n. 13¡e SS cf" i¡¡teracüions

$ x R End D x L arc cæbined witir thc n¡siduar E$, resulting ln
ån êrror variance of 4.47 and incrsactng thc IIF of crror varienct

tç 3,

Var,.Lance Ratio

5 , 6ok rj . i'L( p < (,ì .n5

Li.UY',.,.fìl <p<CI.05

1.9 (N,S.)p > .2
4.4 (H.8.)p > ,2

DF

I
1

3

1

:()
)

3)3
)

5)

Mean squår€
(Verianee ertlmatc)

25

3(),25

2,rl

f.i¡

4.47

2.2)
)

3,9)
)

7 ,7)
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|En dtvurfæcr frm prratlrll,m of thJ d¡rrrr Dgpq$rf rtn . of ltrrl-
åärd ¡# aÊD¡¿t f¡ n6ù üt€nlflernt ( p) .8 ) üd {t {r vrllü tE
ul¡ ttn ñthoð of ffitn ê959) f,* rrtt¡rtlçr ef rtl*t{vc p0ü3r-

ey et t¡Ð ¡Ilts{otãl. su€ù e rtettrtlcll tüt na¡ rppl,lr! to rrl
e¡t¡y rüultr ìrhß'r ds¡lt ü{frtd ¡bt¡l¡t prr.rrl}l).1rn. åtl drtt
ln Tabl'r fr rhmlrqt ardrytlot¡r Bx, rrtfr.ttor¡ !Þr ttrr ttË ttr&¡ür,
ha¡ b¡æ vrlldrttú ln thl¡ rupæt I
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B, lebLc åpp. I rhonr rsecvrry aftt¡nNtiÊm ry uttrus eRd duo-
denum as$ðy¡. Ttoenty consscutive olti¡r¡tfons cf racoy.cËy of
:.C ,/m). of BK firrys blood have becrr axa¡nlncd.

Tablc åpp, I

ãx . -]'gl

füt Duod. )
x

+12
-.t
-5û
+28
-:ü
-22
-7
+2
+LI
-2L
+S
+]"9
-25
+16
-52
-27
-19

0

-32
-?9

9n

90

Its
91

L00

97

112

98

85

Lt5
104

82

l,ü4

91

135

105

10r
9t

tL2
tL2

lCn

98

9S

r!0
101

79

Lr7
71

78

Ê1

91.

80

83

105

L02

89

65

Lt9
90

7S

tltarus Duodanr¡¡

1.
4..

3,
4.
5¡

6.
7.
a

q

l{J,
rl.
12.
13,
14.
15.
10,
1T,
18.
f,.g.

2û.

x: -'ttE r -9.6
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Variener of nr¿n

Itr )

(xn

ã 9615.t

r
)n

x

z(vi)=
,,

å$tå-

t tt

n(n-I)

Þ¡.cF of- ma¡rI,E. sf nran

+ 9.6

fc x )

rr( n )

!ç + 9,6
:r + 1.9

ts

1

5.*3

f .8. sr 5Ë

lúhsr thc dl.ffarenets htwtsr utaruc ond ducdsl'um essry

rôrultr fcr rrdoglnsur BK ( frss Tabrr I ) ¡ra çxamined in

e einl}ar nånnt?? tåt vår¡¡€B rrt fsund ts br aiE4ifica{rÈ,¿y

flffrHnt ar rhr if trv¡r.
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c. Tcct -rf stsnlf tcanc-r pf diffærner¡, ¿n ogFo.ilçtia!û qf, tllg
glrr:e.e .gf lanSprq ¡p¡opns'F g\¡rvpr JFp¿ ¡,tcghrd aqd .r$rllnæ

I ¡* Btcoì¡cry cutinatis¡c

b, Þrdq¡en*ua DX, e¡tin¡ticnr
o¡'r thü null" hypaûhr¡lr, thr rlqr caleuratd fo¡r patpsnssr

to ot¿rdagrü

("2 Er)
fog 2

chould Gquål tho rlopr carcul¿ted fqr th¡ unknæ¡rr ¡

( ?, ,--oL)
Iog 2

( 1og 2' ¡lncr thr r¡tfo of, htgh do¡c to row dose ü 2ll )

thãr 80 g.
4L rh u-4¿-
0.3010 0.¡010

erd r, - tl - uS * ul ¡a 0 ( f,ræ nuì'l hypothcrfr)

r?ç ceturr vrlu¡r fou thr úiffmncm .!r prcatütd ln thr trblr
bclw ( frblr tpp t{) üd ttc rlgmlfleü¡Ð sf thrf¡. dwfrtta,¡n
ft'm rams orloulrtlû.



Ducdcnu¡o (D)

EndcEencur

llt¡ru¡ (C )

+40
-40

5

- 5i)

+46
-64

- 156

+49
-28
-36
_26

+ 144

- 208

- 2LL

-56
- 2ur

- 182

-1
+.l.
+34
+37
-79
-44
+93

Ducdcnun (ts)

-25
+2
+7
+3
+6
-5
+21
+17

í:

-L2
2

+18
+5
-4
-19
-15
+18
- 2J_

+l?
-17

Recovery

Utcrur (A)

+ t7
- 5¡f

+76
-59

+ 256

+70
+ 265

+6
+26
+7I

+ 130

+29
+22
-48
-2L
-3t
-b

-61
+ IL2
+ 1t2

V¡Iur of *Z ul-t2*¡1 | x

1.
2,
3,
4,
5.

6,

7,
I,
{.ì

l{i.
11.
L2,
13,
14.
15,
16.
L7.

19.
19.
20.
?.L,

22.
25.

24,
25.

188lrblr AFp, tt

-2t
-35

4

- lr:)

- 1"1

-10
+7
+1
-7
-5
-24
+ 1.2

+12
+2

I
-1
-7
-32
-c
-27
+1
+17

0

-Ll
- lrl



ånalyeis cf above data;

Ix
Nunber cf valuec(n

leean i

f{*n - il?

Ðegæeee cf f,reedom

g.E. cf ncan

(xn

n(r{-1)

t = FfAr in meån
S.E. of raean

t (tablr¡) (sÍ)

)x

189

* 173

25

6, gl

5227

24

2,94

+ 2.67û

2.06

tË(429,'?p

Dc

- 758

25

- 5C!.52

LAz 1277

'24

17'45

a1, 74

2. t)6

sr<D{0Í

B

I

20

CI.45

3r755

19

3.L4

t6 t 14

2.1

a0Í(p(esX

A

+ 67I

2ü

33.5

20fl,467

19

22'96

+ 1.46

2.1

l.0Kp<209

get of valuas
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Ítû¡r r¡rultr rhæ thf,t th¡ nrtu:¡t of ttu sxtlå¿t sf rtd-
ogrf,lou8 btood tfi t¡ ruclr tååt tt gd,er| falrrly hlgh r|aultr
orù thr duo&tn*, üd ft dær Bo btr ahrnglng thr log doar-

tìtspafiüe lLnr amy fnffi pêFÊu.um to tht æandârs 1og ds8t-

¡rspotrss Llm. rn tht rrcilrrv acpælnrnt, uheFc thå lnttiår
lweL tf BI( f.¡ 10 ng/uL ard gneat.F dtlutlon of Èh¡ er-t¡¡et ean

bg mado f,æ anry, thc l¡spurtty thrergh grrgter dilutlÞ¡r dorr

, not slgrnlftcantly rffrct thG duod€num.

D. Rffi,Et$I0il nm¡¡TEIS. g ñIrULlfSF$ OF, V4nggÞ

Hu41 hvsothr¿frI Ho rlgmtflccnt t¡.artt ln duodrnum ¡¡eåy

bt¡s fræ utôn't¡l rcaulta orrttr- tha ringn

of noru¡l 8¡( IcrlcLa.

Dâta frm 25 ¡urerlcl areayr of trrdogrr*rs BK lwclr frcn
LB subJeete (Tablr 2).

În tabla balæ,

ti :¡ utcrut arlöy valuC

xf !s S dl.f,füt*lct ln coær¡¡pffidlngr

duodgrr.m rttay.
*

Bat trbL pnevlour pägc,
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Pt,A3 'r 1.9t rhleh 1r not atÉnåftcent rt i* taftnl.

f.,r. fn ædogrnour !t( uttnrtlon¡ ot¡l¡ r rrngil ünoagrtaad tn

nffit1 ruÞJætr, tht bl"rr ffæ tha duodüuru dEo¡ nsB !rüt:r lf,gn-

f,fteantly trrr tht¡ tr¡rqre.

Slr btrr of thr duodrntm lt

*fnt It9.6#

t {.sgs

t ¡l,5gS

t $.{?r

!

C.ceffdFïet ffi¡ftr ofl blrr (rl

Varirncr (a)
+f Vtllllncr of drvl¡tiEn froÉ rrgncæton

" åfå 21,12

Ç S.8. cf (a) I 4"595t a

i', llar of duodmln !r¡ + 29"68f

a + !9.68f
r + 29.68Í

x t¡¡
x 2,,Q7

(xlth 95Ë eonf{Ëole*}.
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c¡tatltlt.
Cü¡tü. .t. 3uügr, ¿, 97'101'

ErxlYrtght¡ o.P.r lfsrtht-l('1.¡(. s atldf ul'D' (1964)
PlgrüË¡tfån and-Curhlnstr eyrÉrmr üur to nrltgnånt tuqffi of thr
¡¡åncalåt.
Ú. eLtn. hËåc?. lL,'lllþ. gf, 4gû-st0.

Itanrbcg¡, ll.¡ &npüûr P.14. 3 Prgan I.H.-(1961) 
-

Ico1¡tlån ¿lg mfas :e{d cryætt{çr of boadyktnfn ætlsrrd by ttltlft
of lothmp¡ rlrn¡rrea frm bfitÍ¡a p1unr.
5Í.ochæ. btoghyr. lcta tlr $55-t.4t'

llætlts¡r ts. F. (1961)
lloa¡r¡¡grrt of thr crrdlac out¡rut'
gsetlfii 2r Vslrm I, Iûsehf¡Hrtsr¡ lmrtcrn lh¡ntofogrte*l Sscl*f.

r H. ( 1SS9)
h¡rd.
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llarvcy, S.e. MLckmlqrr ll. (19$)
R¡actlon¡ of dtbmåntnr ¿nd ¡crnâ csrgtilrl stth cubûttner¡ of bfo-
Iogfeal f.ntclc¡t ln rrlattdr tc ths n¡chanLam¡of cdren rgtc block¡de.
*J. Ft¡N¡mrc, çxp. ihltr. Å¿3J l?4*190.

Hraanr$.¡I, $ C*r¡rrlyrR. (f964)
thc rosraBåutr*flurhr frntaty artd clrrntrl.
st*¡t. ¡f. 8urg, IZ, 167-170.

lfukor, A. g thtrlock, 6. (XgF6)
Elcctrolyfc and clreul¡tory ctrå&gat {n trrnlnal l.lvrr faLlurç.
IJanoOÈ !r I[2I'LLâ!.
tlrfdmhrf,nr n. 11871)
ubæ d:tr ¡rlr¡kung ¡tnlg* glftr auf, dl¡ nçÍvtn dm gtarduL¡ cubnaxfX}r-
t l,Ê,
Pf,lug. Anelr. gcr. Phyråol. $. t09-t18, cttrd by Rodd1r .fE ll.. (1$57)

H¡rxtreÍ,.msrr H. $ 8tr¡ctmmnr E. (f96f)
the ¡ffccrt of bnedyktntn ncro¡cl tn gut¡¡a-pf.gs arut in lr.ll,
J. Fhyrlot. åå!, tt P.

ll¡rxtrr{nrrr H, 3 Strrlænn, E. ( ¡.969)
SFêdykLn:In ¡nd æ¡rllnoL 'ln brcnctrf¿l a¡tlrm.
åreh¡ lnt. Phmrcoodyn" Thtr. J4å' tl5-t18,

ll¿ltryt, g.!1, (f966)
Fu¡t?¡oi oxparf"ffiitr üì thc ¡ro1¡ of plrtnr kinånü as mrdlrtôrt of f¡¡ne-
ttonsl vmodll¡t¡t1st fn gLanduþr tlrr¡ogr
lt!çûttt¡tw prptfdtl, rds-&rdot¡E.G,r låt.k, g. I 8loutr¡{rF' p.p.l8X-
288, bX.l,nl Sgrtngnr- tltnLitgr.

Htl.tsrr 8,!,1. 3 rtromtlr !1. (196I)
Pfsmnr k{r¡ln ard funa}tûtal varodl,l¡tåtlon in tht Ptrulr{Glt.
J. Phylfol. lålL tt-t6 P.

Htltan, Ê.1t. S lrl¡¡ O.P. (ISSS r)
Ílu eau¡e of th. vgtþdl]¡tatlm acaßpðriyl¡qr act{vfty tn th* luhrrxll-
h¡lar eallvrry gland.
,,I. Ph¡ruloi. U!!r 215*248.

Hi,Ltm-rr S.¡1. T lfrlt, G.F. (1955 b)
ldhn næh¡nlrn of thr f,uilct{måL hyp*rmt¡ {n thc ¡uhar¡ûth¡lu
*allvarSr gXerut.
J, Phyrtol. å39,r 25I-371.

tlf}tanr 8.11. & I.rùttsr O.P. (1956)
T!¡c rc}aÈ¿dr¡htp b*¡csr glardu}rr rÉ.ttvttyr bmûdykfnln fwn¡t{or¡ *rd
f,unetL6r¡1 versdlt.etstlo¡r l¡1 tì. ruh¡r¡dih¡I¿r æltvsqy ghnd.
.I. Phyrfol.-åJ$r t[t1*¡t85.
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Hfrsr C.Ë.ll.r Ëoöro, I, E 8tcln, l{.H. (f95t}
å cfirø¡togrrphfc lrw¡¡tigattær of Fancrcrttc rtbsruchr!..
.I. þ1o1. Chæ. r 993¡ 495-506,

llcldstocln, D,ü., trthlåË¡ l.P. ¿ 8chåchtt[¡ lil. (f957)
A ccrqsaratfvr atrdy of kfnfn, ¡iaLåldfn, .nd bradykfnin.
8r. *1, Pham¡c. Chçnoth$, lå, I/t9-I"58,

lloJ.üøurc, R. ê965)
Êù¡na¡mmt ef ff.htnotyal"r tn thr Ësg by lnjrctfm of v¿rorctl,y.
drugc.
An. r¡. Phyrfol,. 393,, 511-520.

IfofLcnbrrgrl{*r ltobold} 8.8., hnul.ttrf,. $ ÍhãlrA.P. (1962)
&c¡r¡næç of alrEulrtfryr vtlq.cËtvr rubltrficlt tn hr.mrn and txBerl-
rnsÊal pånc$.ðtltlr.
Surgr. Forr.n ¿fr 102-50*.

llrrÍEon¡ E.W. (1959)
Hluan urlncy kfntn sxcrstlsr.
¡Ð, ü. Pha¡æe. Chæthæ. å*., Xâ5-133.

,Jaeoboonr 8. (1965)
Oþ.tì¡Êtlrytr ar tht csrts¡t cf htnlnogcn, kel}lkrr¿n år¡d kfnt¡ace
fn lyaph f,ræ htrti lfsbs of doga rrd r¡bÞttt.
Br. 'J. 8t¡ârure. Chãothæ. 33r tlt-lâl.
*Iacob¡¡r¡, 9. ß lfillarr B.[. (fS65)
Ly¡nfh ¡¡rd pl¡¡n¿ ktntn fs¡natlon.
,I. Ehyolol. IIfu¡ S2-5I p.

.Iasobegr, 8. S llaslcar ¡.4. (1966)
I?tc rff,æt of, ¡cr¡ldtrg ür thr ßcntsrt of kfnlno$st d klntn¡ar fn
LlEb l.ll4h.
B!. ü. Pha¡¡uc. ChffiÌr¡c, ?ZJ 222-1t9,

Kj¡lìmr I, I Od.l$rü, E. G965)
11r¡ rffæt of tü phy¡úol,ryteal mædtlåtorr #¡ thç varcul¡r brrl of
skel,rÈaI !¡utcl.ü.
Àct¿ Phyrl,ol. Sdrd. g¡, 94-:[0],

l(obo:d, E,E. ¡ LueltrÎ. g ûtåLr A.P. (IStû)
Cl¡øåeal. dlstsrr illæsad blr üüiotsxln.
Surgrry, ß¡firrc. Obûtrt, ¡å9, 807

Xontot, t.å. r thrpf¡o, lf . r lhr¡ck, H.F, õ Pattæoql, ,I.L. (1964)
Gstcml ärd rrgfcul al,reul¡loûry cltrntisr¡ l¡r cltrhorLr of thr llrilm,
&Ð, J. ¡,1€d. ¡& 526-555,
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l(crsaltkl, H.J. 3 *Þülnffut, W.H. (f9$)
ftrr carrfllåe outpr¡t rt rtrt ln l¡annlcft eLrrhogü.
rI. clt¡. tntrlt, ¡gr I025-1.t33.

I¡endælmnrll.g.r t{rbctr¡s, H.8., Btc}err E,L. S Ratcltffa¡ H.E. (196â}
Ilrrrdftary angrlonrunottc sden¡.
ü.ß3.I;rgy 55¡ St0-t{1.

Ltrbccko F. (1955)
5-hydrcnç¡tq¡pùrnfuü tn a carcl,nold trmour.
llâttæc lfimd , I3&, 910-911.

IrvdnrrR.'J. 3 9Jor*dmr, È. (1963)
Frtrcor a*fmr rr¡ü ttrú c¡¡rulnpfd f luçh,
A¡ul. l¡ttftl*lt, ltld. Er 8IË-Ë28,

Lurla¡ ß.P. (X96t)
åE't¿t¡r Þo1lrycÞtfdrr dælvçd flm Fl¡m¡ praürlr¡a,
Ftrysfol. nw, Í9, €,47-676.

Idlrl,soG"F. å R.lt, E. (f966)
R¡Ëhæ ttudlrt f,i tht ¡etfgrt of prptlðrü oilt tha tuprrf.or ccrvferl
gcngrLion a¡rd rup¡¡r¡rnel duLla.
*¡r. f. Fh{¡rte. C}rurother. &5, ¿144..f60.

Loeh$tfr ¡{. & Pam¡tt¡.f.ß. {f966)
À cæp¿r{¡on of thr rff,rctr sf loerlfy ard tyrtedcåI}y a&tnf¡trrrd
kf.nt&¡ on üsror!ar',:F þ1æü f,Iæ *nd ryocr¡dlrl ¡nÉsþolf.m.
8n, ,1. Pharnåc. Chffi!¡ßr, 39, 17-26.

l{¿e$är:åmr R.8. ß ll"g¡grr, R, (19{6}
S*æv*ttort¡ qr ffbrf,nolyrla r ügaûrtrrurü,r¡ rcttv{þ ¡rroef¡ted ytth
¡r¡¡E¡ferl opfañlmrr trtts¡ñ üte.
I¿ane¡t 3,r 869-8Ê*,

ücrgolfr, .I. (x96I)
&r t¡rtmrlsttm¡htp of coegnrhülan of plr¡s¡a unü rolc¿ro cf p6fdta.
åa¡r. lf. T* Àerd. Scl. }gL, 135-14$.

Itarqiol.f.lr rl. 3 ütrhop¡ 8.å. (196t)
Str¡iti*¡ ur ptrrrnr ktntm. 1.Íh3 c@o¿ttÍ,sr ef ktntrægcn cæphx.âüt. rf. axg, tlol. rad, $el.Sår 295-506.

l{cCar,thyrD.l.r F€fttarD.S. E lltcol¡Ídrr¡ 8.D, (fggs}
ån fn vl.vo mtf¡mtl*l of, ttrc p*csrnfrr ¡rd half-I"tìrGr of rynthrüle
bred¡rklntn ard tfl L1ldtn.
rI, Eha¡mac. .x¡r. Ihüp. 3&9r 117*121.
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Ëashfffiürll.L. {f967)
Fnrcur¿ I cær,tttcrtlgn.

lÍnalrfcedr !f.Ir.¡ llah*trTl.l. 3 Ch¿tw'rrÎrC. (¡'96e)
8üdfæ of, thr cr¡dlo'rr¡reuttr tytts tn th. hypotunløt af lltnr
feLl¡¡sc.
Hnr Êgrl"f. !üld. gå¡,, 1CI?1-I'0?4.

Hm*r, D.B. S ürrffir¡ X.&. (å9s6)
ekroaqr:. fgta¡a vlror¡1.ßr raspqutt fn tlr e¡¡¡sütofË ryn4rmrt ütß
rolt sf kfnlnr üd kf¡Ìül'gtmrtlng lytt@'
ü.ûxln. If$ntt. $[r 1685-1699.

ùbl,renr Í,Ir, r gjo¡ædry¡¿¡ A. 3 lirtcr* D.1. (1965)
ÞfËüf$&fln èltñlcat srå tt¡*¡fr¡ttc rüprctr of tl¡. r¡mdrw ålleclå-
trd rtth bonahlrl ørcfnold tlqs¡rr.
å¡q. J. !ld. tfl¡ 558-t8I.

thlffiirK.L. r SJolrdtm¡å. ¡ Ortül¡tl*B. S !¡rtlnrl¡. (X863)
1¡¡atms¡t of mfrb**nütoûr ¡¡d ülr¡rho* of tho earcfnotd ayrdrmr
rtth ffithyrürÉrlË..
B*¡trogrÈcofogy É![r IÊ-2S.

Hr¡rgrrlr C.E. (1965)
Iheuupy of tht ullgrnrnt carclnold r¡mdrm.
Inn. lr¡tcrn. Iffi. 53J 587-6G2r

!,ûrtgrtr C,E. (fS66)
åbdæd¡rrX ælrtr fn th. nt
*ueh¡ l,ntæn. lS. fåL

ftgtngr,t cere{aoÍd t}r:fldl@.
256-2€S.

llr¡rdf{¡lð' n.t. (199t}
8o1fd - phitt F.Ft{da ryrttha¡ûa. UX. ån f,anæu# tynth.ttr of !ærdy'-
k{nfa.
F{oclrrul,str? H.l, L lt8$..:l$gc.

Hmlryr rt. r scûrüchttrr t{. g fuajrr t.H. ( {eGS¡
Va¡çdfl¡tattôn fn tht tuhaxll}åty glr*t of thl labibXt.
J. Ptryr{ol, lf;} ã9-t0P.

llootr¡lf. PD¡Iddìf¡À.6.r OrÞlran¡'J.å. I llatÈl¡lglyr l.Hr (f9$)
el{r¡lotf rxp*{¡ncc wlt}t ryapethrtlc blocktng lffilti tn pæfph¡¡tal
vatEul¡ñ^ dlttrll.
å¡rt. f¡Êtlqr. lhd. ¡gr 1149-1ÍlS4'

!{¡r¡cûrsLlrE. (lÐåt)
Ëffrct of cocalnr cnü lat€tcd drrryr on thc upüåkr of, nor¡drrrlrllha
Þ rca* l¡rd ¡plrtr.
3r. rt. Plutnte. Ch¡¡othcr. å9, 332-t5$,
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t{ürrülr S.L. 5 IåtrC.T{. G958}
8æm $prfnc r nüs dfagrrort{e tæt fæ prncurctl,c dfrur.
ffiw Þngf. .f. tld. 3Ígr 797-7ß.

lltckær*r, Ë. (f9|9)
th¡ pü¡srmcsologry of rdnnrmgf,c bloc*rdr.
Ehr¡nrc. nür. t¡ Ê7-10,X..

üåckærørr H. L llerrtr¡ F.t. (19*9)
fngfhf¡tufnic Þræ.ttl.' sf thr ¡rhrloalkylefmr (dlbanrnl¡n)
¡rnÍe¡ of r&rmægte blockf¡g N€úr¡tr.
Frdn hoos. år 3ål;|lâ9"

iltcol¡{dlt¡ 8.D., D. Tü¡ld, H.&. 3 tkCrrttry¡ Þå. ß9âf)*n rynthmår of r btotogrferll"y rcûltrt ficnpcptfdr h¡vfn$ thr ¡trrrc-
tußB prqpcæd f,oæ Xrltfdln lf.
B{cclum. Þlophyr. Iat, Cwr¡lN. Sr ll0-212.

Hlcol¡¡l&¡r 8.0"¡ tdertlry, D.å, t ?otB¡r, D.8. (1965)
e-ådykfnûr¡ ConftgtrrtfüF of tlç rrVfnlnr ætrÈlr¡ rrd b{ologter}.
tottvft1¡,
Blocha:|,¡tn t{.T, d, 190-lgg.

ldrmrrttrF.lf, r liütÉGtenrH.Ë., rt*rrtloutrt. r *læt$rC.P.0. 5 åttglüXdo,
þt.1. (1964)
tltt rffæE sf ¡ tú11fl6rf$-{:ryptln lmctlvrtsr tn r¡çGúlfimtrl Fün-cr{üttLtlt.
Xrthcy eLttr, Atll, $tr 167-171.

Oatl¡r .f.â.r klüf,rrß.r Sjocüoerl.r Ol,Il¡tp{.G, L. T lta¡onr D,T.(19.6*)
Rs]ltrr sf a kfnln F.gtldr tn thc arrclnsld tffit¡¡l.
I€r¡# ¡,r 314-5I?.

Osttlr '¡.8., htttngnrrtf.å. 3 Eoetgn¡ f,.!. (1966)
Ev{drücr for thr rrltr*t of }nnûyktädn fn t}Ð cæcl¡ro*d tpdrmr.
ü. c1"1R. hrrt. ljp I?t*178.

OÞnûorflr,S. (1907)
Fr.onkfrg.t, g. PitlÌ. t 426.
cttrú þy TLLf{arr * Smd}'e (tr963}.

OLår¡un, t. S Sclnfæn E.l. (1895)
fht Ferfltelogrteal rffretr of srt¡ectr fuñ tår ruÞ*arr¡rl c¡ptut¡1,
tl. Hhytlol. fS¡ 2t0-â76.

F¡Sür ï.8. Í &spur, F.t. (1961)
&qrlæsrrln.
EhylÈo1. ntv" åt" t5l.-t90.
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FaEô, f .H.r Coreærnr å.C.r l¡dtrlf"rplüldrg.r Sjocrd&å¡å. 5 ffifi¡b¡chrH'
(re5s)
nrg¡ñtafflnær sl rtdocrrlne tmPur.
l¿neetr &r ]"96-199.

Fage ,tr.H. t l{ccubbta¡rf.W. (195t}
$rl var{ab1c artæf¡L prçr¡utr{¡ ¡r.rporur to r¡rotcnln fn trbæ¡toty
anlm¡lt atÉ n¡n.
Cf¡cul¡ttwr Rm. l¡ tã4-t52.

Fsrkarll..t,, Sk{ruærS,L. t hÛ¡rla¡r¡ R,F. (196:L}
Urctr¡å*¡no 

- tn tha ritr¡¡n of vs¡cut¡r tmr fo3.L*lngr ryryrth*ctmy tn
EåII.
Cfscul¡¡tlsr Ru. å, Igâ6-1054.

Panm¡¡o ¡.3* (1954) +

ã cæpaiLson ef tht rff,.cta of thr p1¡ffi. kfnl¡¡s n Þ*adyktntn ¡¡d
kåtl.ü{nr *r püoürrrüta} blood fl-CIr .¡d Ëtåbolfrn.
!ù.. .t. Pherr¡c. Chasühæ. ?3J t4-46.

Fcr¡'tr H.8. ¡ NnúËstrT.U. t Rob¡rttcl¡ü.I.g. -(1961) -

Ca$ei4ofd ilrnfum*. Brnoton{n rrlean lsluerd wtth lntrrrr¡sroul ¡drrn¡-
Ltrra on nsnrdrrn¡ll,na.
fåne.Ë å* 577-5?8r .

FtartrW.8., Robættül¡rl.I.Ë. t årNdrlrlrî.H. (1959) 
-

Feei^ål" flurhir¡S pnoduerd dn ptt1rlttr rtth earelnoLd ryl$rmr by
lnt¡ur¡lrrou¡ rdr¡rlrltnr ard noraËrmrlfnl.
Lâne* g, 715-716.

P¡mronrrt. t tûrldtlrttü¡rJ. (19t*)
ParoxyunaL flurhfrç r¡d athæ tl&ttrt cau¡lü þ 5-hydro4¡t!5rytü{Þl
crd hl.rtsnfru Xn prttcnt¡ v{th Ësr&ENånt ttmu¡eû.
I¿nctt , 8¡ 9S1.

P1æerr ,f.V. t fþÞrtu¡ ll.E. (f96f)
Htwan plåtu¡t l<allldlnr¡ lrol¡tlon e¡ld ehæ{eal- atudfi¡.
Blochæ. b{ophya. Eta. Cffi*n. år tgt't$?.

PtæGrr.t.V. Ê hlrbrtsrr t{.8. (1966}
Urc putüicrtls¡ r¡d ¡sn proparttæ of trro d¿fftr¡rû }<allldtnoglrlt
fr6 hærn p1å!üü,
Eyp{rt¡rlåtva- prpt fd¡ç . ¡dt . Ëdo¡ ¡3.û. r ËrckrtÍ. S Sfcutlrf, rF. P .p,1t0-
L58. lellnr Sprlrqr¡rr-tltrLag,

Plrnu*r, T.H. ð tlçrsrrw.Bf1966)
Þ¡ld¡ncc for t¡rollnr at tlrr acntvr eaßtæ of bor¡åne carbor¡prp'tddaceB.
tl. bLo3.. Ch,G. lffu 1648-1650.
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Foùrala, ll.*t,r YanrC.Y, & Strgrharr $rO. (1961)-.-
Effact-of n¡ræo¿ctdw drrrgs æ ptrodur$fsr of ff!ßf¡ofyele actfvlty.
å¡Ê. .¡. Phyrlol. 39år 98¡[-986'

Rob$rtäst¡rl.I.fi . I Füalt r9l.8. å Ardronrf .!1. (x'96-å)

IS¡¡ ncchså{rn of,-f,rciaL flush¡r Ln thr aæelnold tynårø.
Q. .tJ. Ii¡d. trl¡ 105*ltt.

Rocha r gl[vart.(¡.955)
Bnadvki¡rfnl Occursr,cr ar¡¡l p¡ropezttls.
ii+fórpt-t¡!? l|hlell ¡tflsulats Blatn suleL. cü. Sadûun¡ rf .H. 

P P 
+f-f7

Ed:inburgh ¡ Llvlngctcrc,

Roc!¡û t Sr.lvt'i{. (f956)
'HtståRinG rrlts¡l Þy nctu¡411y oceurr.lng rubAtå!¡eGg.
¡fittmfnç. adt !üotitçntroLntrG.E.tt. E OrCqrnor¡ C.t{. P.Þ. 114*158.
tondon; Ct¡r¡rcht}l.

Roclre c Stvar tl.(1965)
tht phy¡lologrlcar algrnff{canqr cf,, hadyklnfut'
AÍur. H-,Y. åcåd, $c1,. ¿gt 19t-21i.

Roahå r 8llvr, tl. l Antonlor&. ß960)
nsLspæ of_tráa¡Xhtn ârd t}t n*ehanf.cn of Prducttcr sf ilthrta{c
dodaqn (45qe)n tn t*¡r ratt Þås.
úûsd. E(Btx.(lr¡tl) år 571-5æ.

RüclË e 811va, !l, r ltFtldor !{,f . T Rotcrfildr 0. (fg'*$)
Brdykfnfn, l-hyp*tnilvr ard gffih nu¡ell ¡lf*t¡låttrçr.frrts8 $t*
fga¡þ fi.ûi pl,aitrå gloh¡ffn by g¡rako u¡yrûca afid btt Èr'¡rpafn.
aü.,J, Flryrfol. Å¡gr â6L'17t.

A.P. ÊRanorrå.O. ( 1960)
tlr¡ vuodlLrüor offret of hadyktnfn by

Rochã c 8llva¡ ll. r Corn¡dot
PotorÊått$.*r of dr¡r¡tiç¡ of
ûyepstt¡ol¡ttrc drugrr åId- Þy nærpfne .
ü. FhEsa¡b, .,.p. tt¡18. åe¡L 217-â26.

Roche t SÍ.Xvcrl{, t Iln¡rnthalr$.R. (196;t)
RçLrsa¡ of phrrnacoLog{celly actlrrr rubltrrrecr f,rcn thr rrt rktn
ln vtvo follrylngr thæEal lnjurY,
*1, Fhaml€. rtxp. thGü. SI3¡ ,l'10-L16.

Roffi.erl.C.r thtphürd¡tf.f. S tdhafån¡ -R.F. (fg$7)
rÍrt c*ntrlþutlsr of esr¡trlsqr ürd dtlåtqr lffi'',tÊ! to thr ckln vðaûi
dllåtåtfør durl,rçr body lnstürg.
ü, Physlel. $$r 489-*97.

$aa¡noLtnX. S Btk Nrl,K;*.B. (196å)
Br*dykinln ¡rd cr:dlo¡aecul¡r tyttt&t¡atlnrtton cf half ltf¡.
ñ¡r. 'J. Phylfol, 39å, 261-26$,
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scl¡relrtræ*l' (x936)
A-drl¡yr{-rier¡ cqti¡rstfrg effc* of, ¡rrtu an{ P]Àlqt.dur to thc
¡¡1,¡rú of r rubrt¡*rcr rriolffrqg klü.fdtn end s.adykl¡1tuN.
Br, ü. Plçrn¡c. Cltãoùlratn. Ilu' 1I[-¡19.

Schacht sr tr.(1960).
Sæü frçBi¡ttå of krlltddn' bosdykfnþ üq €tp -\¡lsrü þtoft .
Pol:/püp'È{dfr *¡leh eff¡Et tucÞth nrr¡clt üd blood t¡tllalr'
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