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.A thesl.s |s a x€oord of ortglnal Norkr and thls thests

has been oerttfloü as such. It |s also true thaü, l¡1 mette¡,s

of subJect selectlon, guld.anee, enoourågenent and' support,

the author of a thesls !s lnd.ebted to a l-arge r¡u¡Bber of

people and organtzatlons, r{ho contrlbuted tn sgne Pråy towards

the coepletlon of the l'Iork.

It ls therefore a pleasure, ês w6ll- as Ðy duty, t0

acknoþrJ.edge y¡Itb gratltude ttre asstatance ar¡d enoourag€ment

of all those who treve provlùed help tn thls $ay¡ at the

rl.si< of overlooklng some I specLftc nenÈ!Õ¡? must be made of

oertaln pelsolls Ê'nd" orgâxlzatlons'

i,iy contlnulng lndebtedr¡ess to roy f rlend. and' eey¡tor,

Prcf. B.G. Flrkln¡ ettend's f*r beyond tþe ssope of the ¡sork

set r5"o$n treler ând hts advtce snd. gtttd'ance slnce I'ato 1960

have been of trnesttnable worth, I also wlsh to record' nY

gratttr.lde to Prof . C.B.B, BLackburn aT¡d the }ate Ðr" K'S'

$.arrtson, who provlded the tmportant lntttal stlmulus to a

yogng grad.uaters researoh tntefests. Frof,. II.I'¡" RObeon' hLe

sueçessÞr Prof , Ð.J. DoLlerr aT¡d Ðr. J'4. Bonntn, have

provlded a conttnuatton of, Ùh1s sttnulus and tnterest slnce

lûy arrtval" Xn Adel.at d,e.

,¡he srtp¡:ort of a numbex of persors nlthtn the Australfa¡l

Red cross soctety has been lnportant tn aLlowlng these studles
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to be contlr¡ued r.;lthln the framework of the soctetyrs

TfansfUslon Sefvlce tn Aclel"atde' These tnclud,e, al, a

natlçnal. leve1, Ð1. Ed.gar fhomson ané Prof . B.J. þia}sh'

arcd !osal}y, the ¡aembers of the Ðlvtstonal- Bxecutlve' the

¡¡ìoubers of the Blood Transfuslon 8ub-Com¡nlttee r especlally

Ðtr Ivan Jose (tfre preser¡t Ðtvtelonal Chalr¡san a¡rd for¡ner

ehalrnan of, the Blooê TransfUslon Sub-Comnrlttee) an¿ the

presønt Sub-Connlttee Ohatrten, Dr' E'ierr.'¡rn S¡stth.

lflthtn the Trarsfusl.ou Íiervlce ln .ådelalele, I have

reoetved. much helpful encou¡agement fnon ny colleague'

Ðx. .Iuðtth llay, end fro¡r vartous &e&bers 9f etaf,f . The

technloal- asststanse of I'ìrs. ltendy Ëead si.neo the beglnn:.r¡g

of 1,9()() has been of the ttf.ghest quallty and. hes been uiuch

appreclated.. Thls tk¡esi.s r¡111 renaln s ponoar¡et?t reoord of

the teehnlcal excellence and patlence of Ðy secretafTt

T'.rs. Fay Kerekesn +¡ho has w}Iltr¡gly underteken the d¡afts

end. flnal manuserlpt of thts thosls tn addltlon fo her

normaL responslbllltles. .

I a.n also tndeþted to Dr. Ð.J. Ârno}d.r of the Instttute

of Ctlnlcal Patholory a¡d. Sieôlcel }Seseatrehr LLd.eorìbe¡ l'ü'S.[t',

for provldlng ¡nany of the vtta¡nk Btr-d,eflclent serå for

studyr to Dr. L. Lelgh Wllson for pernLsslon to pubttsh

naterlal from a patlent tn hls osre (Appendls A ltr) t¡n¿ to

lirr Á.J. Sotth, Cllr:toel Photsgrapher, Boya1 Ad'elalde

Ilospttal, çlho photograptred the tLlustratlons'
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Wltttout the asststa¡¡oe ef, a nusber of organlzatlone

who provtde flnanclal support for nedlcal res€aroh, Ëhls

thosls, aud the sevaral yesrsr work whlch tü l]epl¡€8ehtgr

røoulü not hage bsen posslbl,eg I reoorú here ny slnoero

thanks to tbe Fost-Grad.uate $led.loel Foundatton of the

Unlverslty of Syèney, the Burroughs UalLcoue Trustt and' t'he

Leukenla Soclety, Ir¡c. (U.S'A.), uho a¡rarded t|¡e rÔEeareh

fnllowshtps whleh supported ue whlle tn Syêney, anû to the

l,iatlonal Eealth and. Èiedleal Rescareh Counoll. whtch hae

provided funês f,or tectrnloal assLst,a&ce ånÖ ualntena¡oe

slnee the beglnntng of 1966.

Last, þt¡t Þy no mear¡s least, DX thanks gio to ny talfe'

eïtd to our fantLy¡ uy xlf,eio encourege&3ntt ber patlenos

and hs¡. w{]llng asslstshoo,In actlng as proof, reader.

Eudlence stlð orlttc for Euch of, the naterlal ooutalnod ln

thle theslç have Ð6arnt notre to ¡oe ttlaf¡ sar be erpresçeð In

lsord,B apploprtete to a sol€Btlfto d,oeunotrt.
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gE¡tsfI,FI.CATIGI{ 0F 0EIG,III¡-ALI,'IÏ I

"In accorösnce slth the Segulatlons set down, I

hereby d,eclare that thls thesls ls my o?ün coürposltlogr

and. ttrst the çork descrlbed |n thls tl:esls ls ortglnaL

rcork, earrterL out by ne, tn1t1a1Ly ln the cl-tnloal

Itesearoh ljnlt of the Boyal Frlnce iil,fred i,oepltelr

canperd.ot¡n, lùel.¡ South tüales, alld ttro Eepartsent of,

l'tedlclne, the Unlverslty of Sydney, beü¡secn January

1"962 and. Janua¡l 196¿t, and at the Red c:ross sLood"

Transfuglon Servlee, AdelaLde, Sot¡th ieusÈI'a114' slnce

I,åarch, 196I&. .Íhe acknowl-edgeRents tEhXeh preced'€ thts

Çortlfloat!"oh.gndthellst.ofpubl.tcaÈlo$saTtheend'
of ttre thesls (åppend.1x B), tnd.loates the extent to

whlct¡ I ae tlrd"eþted. to other pe¡'sor¡s for asetstÊnoe !n

bhlË work. llre arater'laL contalneô Lr¡ thls theSls has

not lreen eubultteÔ f,or any other d'egree'

It ts aLso requtreô (Ilegulatlon t}b) that ilthe

candtdste shall tnd,teate whereln Yre coneld'ers the theels

to advAnea nedlca} kr'¡owledgo or practtçeä. T'hts has been

set out tn the Introductton (Çhspter 1) ur¡der the headtng

Dslgrrlftsance of BesultsB.



CEAPTSÊ 1

IT6EBOÐUCTION



1

I}ITEODUCTIOT\I

The lntroduotlon of radloacttve lsot,opes lnto

lnVestlgaÙtve ned.lclne less than two d^ecades ago has alded"

greãtly Xn the unùersbanôlng of the proccsses of, absorptton'

utlllzattsn, tu¡nover an{ exeretlon of nrany bto}.ogtea}

substanoesg the advances ln ttre knot+3-edge of the meeL¡anls¡as

of nor¡naL end abnornal t:aemopolests have been at J'east as

substantlal ae those !n otþer dlsclpl.t¡Ès¡ $everal å.sotopes

are avallati}e f,or }abcll!r:l; erythrocytos, Ieukocytes and

pLatelets, and thtee lnportant haeraopoletlc þutld"lne bLoclcs.

r¡amely, tUonr cysnocqbalamtn and foJ.ate, afe avalLøbl"e !n

one or ¡¡lore raol0aetlve fgrmg.

The nad.loact!,ve isotopes used. in the lnvesttgallon of

vl,ta¡atn B* metabol.tsm fulfll severa.l of the lnportant

crlüerLs latd dow¡l for btological- acceptabLllty¡ the radlo-

aatlve csbal"t atom le an tntegral part Öf the noleculet ahd

not ar¡ extraneous o,tago, and LabetLln8 !s therefore speqlftc'

Iãorsever, for a number of ressons' lnvesttgattons of vlta¡ntn

B* rnetaboLlsm have uot proceeded. as far as o0bpåfable studLes

of Lron netaboltsm. Ihese rÊ€¡sons tnc],ude¡

1) tlie vlta¡sln ts ph¡rstoLoglcslS.y actlvo tn relattvcly

l"ow concentratlons ¡

l1) the ¡a¿loacÈlve lsotop*s generally useü t¡ave

spoelfå.c aettvlty so J.oÌr âs to sake tt ðlfflcul-t'

tf not luposstþle, to oarry çut lnvestlgatlons
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Þrlth truly physlologtr'oal quantltles;

ltt) cy,anocobalasln hes ü nursber of, blologtce3.Ly actlve

anaLoguesr ø¡:¡d. lt ls sttu. not certa!'n ln r'¡htoh

forn o¡ f,ornrs the vlte¡¡!'n exlsts tn ean¡

fv) whereaE Lron Is trar:sportod l.n p1asrna by a speclftr'e

þtnêlr:g protetr:, transferrln ' there gre at leagt

twospectf,lctnvtvoblndtngprotetnsforvttamln
B,.Z, and the tnterrelatlon batween these two

speclflo blnders, v¡hloh ts st1,11 not o].artfled'

*aY be altersd ln dlsease,

v) whereae tron ls bound 1n vltro by transfegln only'

vlta¡nln Br- Is bound. by a number of eleotrophor-

ettcally ^ separabl"e proteln ¡noletl'es '

Furpose o.f, tf¡e PreseEtJÞtudY

In general. terms, a etuðy of the plasna prote[n 'tilndlne

of Vttaaln B* has reLevanoe ln at least three areas¡ f,lrst'

plasma proteln blndlng of vltastn Br' especlaLly tm vttro'

ls a facet of ?he ¡setabol-ls¡a of the vttanln whl0h I's not

fulLy und.erstooô¡ second., ttrere are lsportant EsBects of

proteln chemlstry tnvolved.¡ anð thlrdt aIÌ understeädlng of

the abrrorrnallty qf proteln blnôtng of vltamln Bta seen ln

myelold leukaemts,&ay weLL throw gotrÊ€ ltght on ühe unðerstanê-

lng of thts d'leorder.

The sevetral speclflcr 8tîù lrrter¡eIated., slms of, the

present study âfet-
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1)

rr)

lu)

lv)

to evaluate orttlpal3,y the åtalysts methoè of

E¡easurement c'f vlte¡gtn Btt bi.ndlng capectty !.n

vttro, e*td to el¡o1vo a sta¡rderdlzed' nethod. whtch

takes lnto account those f,actors whtch produce

vsrladlon ln blnôlng¡

to å.nvestlgate, by d"lfferent Bethods of protetn

separatlon, the ln vltro blnrtlng of vtts¡sln Btt

1r¡ normalsr anû ln those stüuatlons where

vltanln B* blnèIng ts abnsmal, such as chror¡lc

nyelold Leukaemle;

to assess tbe effect of leukocytes on vLte¡oln Bt¿

btnd.tnE by plesæa ptotelns¡

to lnvestlgate the vltesln Btt btndlng propertles

of tsol,ated p¡oteln fracftor¡s,

a

It ls consld.ereê that the fsl.Iowlng conolustons nay be

d.rarm fron the resuLts of the netertal ptresenteù anå dtsoussed

fn thls thesl.sr ancl thet these ooncluslons are ortglnal

observattons g -
1. lhat a æethod. of, messutrenent of ln vltro vltanln

B* btndtng capaclty of plasna protelns has been

descrtbed r¡hlclr takes lnto cons!"deratlor: a nunber

of varlebLe factors not prevtously assessed- ln

other nethods¡
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2. that In vttro btndtng of vttau'ln Btt to an

ahnoreal proteln In ¡syelold leukaeml,a oÇturs

preferentla}lyr âüd not as an overflo!¡ phenonenon

followlng upon saturatlon of norr¡al blndlng

protetns;

), Thaü separated *1 aold glycopnotoln *rtLL btud

stgnlflcantly Elor€ vlta¡atn Bm added ln vltro

than all- other proteln fraoËlons¡

4, That lncreased 1r¡ vttro b1r¡dLng can occur ln

pat!"ents wtth nyelold leukaemla a.t a tlne ¡rrhen

theLeukocytecounttsnormalrasEresu}tof
therapy , ÍE has been qonstd,ered prevlousl.y that

thel.nereaseðcapacltyfgrblndtngvltanlnB''
wås seen oharaotertstlcaLly ln pattents ?¡lth

unütreated.nyeloldleukaemta.arråthatt'hls

lr¡creaseô btnôtng sapaetty f,eLL to¡sards normaL

*rhen treatnent was tnsti.tuted' to Lolscr the total-

Leukocyte eçunt a¡¡tL eilplr¡ate prlnltlve fo¡ns

frou the perlpheral clreuLatloElr

In adêttton, evtdence |s preeented wTllch add's tot a¡zd"

oxtend"sr ÞIev[ous knowJ,ed.ge tn thls fleld. It has been

shoo*n that ¡ -
' Inoreased. blndlng of vltaæln Ët, to p3'asna protetns

takes plaae tr¡ patlents t¡lth nyeLold leulcaemta¡
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a The abnomal v[tanln Bu blndl"ng protelu ln myelotd.

leukaemia has many of the characterlst'tcs of at

aold. gLycoprotel¡:, or a co¡ilponent of thle protetn

couplex¡

tlÏormaL granulocytesr or the broakd.own prod.uats of,

no¡mal Branuïocytes r may Inf,Luence pS.asma protetn

blndll:g of, vltaæln B*, aúded tn '¡lfro.

a

Fo¡uBS of the Theels,"

the f,oruat of thls thests ls a oonventtonal one¡ fhree

features onlY requlre comnent'

f ) In the 11ght of, reeeltt staterrents concernlng thests

ref,erenoes (lultts' 196?) ' the references ln thls

theEls are gl.ven tr¡ fulJ'.

tX) Two osse hlstorles ar6 apponôed" tn detatl (Á,ppendllx A)

besause of the luportance of flndlngs tn ttrese t¡ro

patlente to certÊta of the ¡nat,ertal contslned ln

the thesXs.

11[) In aôilttton to the t]tÓ Þapers attached, several other

papers based. on thle naterlal have boen presented,

at neetlngg of the ¡tustrallan SooXety f,or Ïüeðlcel'

Besea¡chr the Haenatology fioclety of Austrslla' and

at the xlth congrees of the Internettonal Ëoclety

of l!øe$atologg, Sydney , L966i e, ltst sf these ps,pe¡s

tsattachedatAppend'l.xC..Afuyther].tstof
publt"caülons of matertal contatried' ln thts thesls
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ls attached qt Append.tx B' tncl-udlng a nunber of

abstracts of papers referred. to ln Append^lx C.

Conveutlons

t) The references for thls thesls a¡e styled 1n the

tranner latd douR f'n ühe tforld þledLcal '&ssoc-

Lstlon? s publloatlon, üit-olld F:ed.tcaL .Per|od"loslsfr ,

3rd edltl.on, 1961.

|t) Ihe f,ollowing conyenttons of termlnology have been

observed" throughout the thesls¡

ta) ercept where othe¡nv1se speclftcalLy lndtoated"'

the ter¡n $Vttanln 81ø" ts understooÔ to

¡efer to cyanocobå].agtn. In genoraXr the

termlnology used by authors rrhose work ls

referred to ln the ltüerature revlew has

been malntalneô ln thts resPect'

(b) the tenn nmyelotd. leukaenla" hss been used

throughotrt the work, and thls tsrin ls ugeð

to cover other synonynous (or nearl'y

synonyrnotls) tems ueed' by varlous authors,

tneludt¡:E granul'ocytlc leui<aernta and

¡qyelocYtt' c leukaeml.a.

(c) the untts of neesurerqEnt of vlta-uln tst, used'

are 1r¡ general, those used by the authors
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referred to ln the llterat'ure tevle$¡

thus, lD aone partsr the te¡ras aanogran

(ng.) anô plcogran (pg') are used"' illd

ln other parte ¡olLllnlerogra&g (¡u¡¡s. )

and. ¡nlcroni.erograns (¡¡S. ) are useô,

aoeo¡d.Lng to the style of the authors¡

(O) the only aþbrevlatlonE used lp thte thesle

are ühose ref,errl'ng Èo þacterla suck¡ as

Isctobaclüue lelchna¡rûI (abbrevlat'ed ae

L. letehrqe$ût ) and Euglena gractl'ls

(ebb¡evlateÔ as Ee gracllts) anô thoee

referrXng to certaln ohe¡slcals tn ¡uhlch

the oom¡nonly useô naqle ts a ehortønsô

forn of the sorrect sheulcal nanel

êrSr DEêg cellulose ls usoô for

d,tet[¡yta¡ntnoethyl-cel]u]oeer G!{ oeLi-ul'ose

ts useû for carþorymethyl-oelluloâ€r snd'

the ter¡n ñtrlsr is used" for tlls (Uyerory-

nethYJ-) enlnonettraÞê .
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B

RIVIÐ'!'J OF TE IJTüB.âIU,BE

2.r @.
Ferntelous anêe¡nla has been recogt¡tsed as a dLsease

entlty for nore than one hundred, yearsr and. for more theJî

half that ttne lt t¡s¡s trul-y pernlelous' and ln ¡nost

lnstanees }ethal, untll f.t ¡'¡as found that ravr llvetr lçouLd

prod.uoe rellef of the syrnptons end slgms of Ùhe ¡aegalobLas!'lc

anae¡nla and" r¡europethy (Ì'll¡tot and liurphy, t9261 ,

Castle deec¡tbed. tn' hts claEgtoal erl>eclnents

(Castle and Townsend, L929). ühe eff,ectlveness of meat ar¡d.

nornal gaeürlo Juloe ln achlevlng a remlsslon tn patler¡ts

wlth perntclous allaenlar compared. wlth the lneff,ectlveneee

of ueat alone, and Êast¡tc Julce alone. Ile proposed. that

pernlclous ânaeËfa rsas d.ue to a laek of gastrtc secretLon'

snd. that an Lntrlnslc (or glaetrlc) factor lras requlrecL to

cqnb!"ne wlth the extrk¡slc (food) factor te ærake the

acttve prLnctple avallabLe. Thts coneept has been

srod.lfled onJ-y to the extent that the extrlnsle factor ts
now knerrrn to 'be vltsnln Bl.Z, anå thet tü ls eonsld.ered'

that Intrinstc factor medlates the tntestlnal absorptf.ou

of vltanXn B* wlthout alterlng lts chenLaal structure.

tïore ttran twenty years lntersened. betweon the
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dlscovery of the effectlveness of, raw llver' and the

eventual" lsolatlon of the aetlve Prlnelpl'e by two Sroupsr

rÀorktng lnôependentLy tn ühe Unlted, Íitates snd Oreat

Brltalv¡ (Btokea ot aLl.l, t9J+8¡ suelttr and' Pa¡kern tgÅl8) '
The lnttlal cllnleal stud'les (West' 191+8) eho$ed that the

lsolated. mat'erlaÌ was èffocülve ln ellclttng a therapeutlc

response ln pernlclous anaen'la patlents'

.ê-Itbough the cherBlcal structure of vlta¡nln Ett hae

been deterntned. W a nuu,ber of t¡orkers stnce tts tnltlal
lsol_atton (sutth, 1965), tt has not yet bee¡l posslble to

syntheslze üho v!tan!n. Sulth ßg6S) tras ¡'evl'eweû tH

ôetall tkrese especüs of vlüanln Bt'
llhe eerltsst studtes on the blnd.lng of vltauln Btt

by plasma ¡lroteins oaÞe froro Pttney, Beard and' van Loon

(t954'). subsequer¡t d.evelopneute ln thls f,telð' the

subJect of thls theslsf arÊ dlscussed under the al:proprlate

head"l,ngs ln Later sectlons of the rovlew'

2,2 ÇherutstrY of Vl.te¡ûln Btt+

2,2.L Ë.9.89.9þ9.Ë9'

Vltasln B1Z* ts a reè crgstal.ltne sompound', ¡qhtch ¡¡as

tWhen used ln thls trù'êfr the tefn svtÈ'aæln B1Z" ls taken to

üôaE cyanocoìcaXa¡Êlr¡ r unless otlrenvtee speclfled..
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flrst lsolated ln 1948 (nlctes et alll' 19481 setth and

Parkerr tg¿$B). It ls a oonplex porphyrln d.erlvatlve

contalnt¡Ïg a torvaLent cobaLt atos, sJ?d ]lnhed to a

nucleotlde. l.Ionenclature of the several fonus of vltamln

Bæ has been baeed. on the nature of the nucT"eotld'e Eroup¡

cobaLa¡sln (5, 6 eluetfrylbenzlnldazolylcobamld'e) ts the

tern reserved. for those eorapounds havtnE the 5, 6 dlnethyl-

benzi,nldozole base. Tbe f o¡muLa agreeû upon for vltanln

Btz (Docunenta Getsy , L962¡ smttb, 1965) rs 063 UOS orr* 
t

lõr4 P Co. glvtng a. nol.ecular ¡¡elght of, L355'l+21 a

suggested. structure bseed upor¡ extsttng knowled'ge ls ehor"¡n

aü Flgure 1.

Cyanocobelasln has absorptlon Baal"ua In water et

2?g1g, l6rOB and" 55008t Ìrydroxocoþalamln has co1'respondlng

naxtna at 2?308, 35x08 En¿ 52508.

certatn analogues of cyanocgbaLa¡nln ar¡d thelr

cLtnlcal and Laboratorg aspects are ðtscussed' below'

stahlberg (196t1), tIl a prell"ntnary reportr suggested',

on the basls of graf{th stuûles, that the donl'nar¡t form of

vttamln Br, ln clrouLatlng Blasma was the so-cÊLled- Dfourttr

factorF, til all probablllty ¡nethylcobalantn'

The chemtstry of cobaLt pe¡ se wtthln ühe nansallan

bod,y hae þeen revleweê extenstvely by CarÌÞerger (fg6f )'
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Severa]' derlvatlveg of, vlta¡atn 8,, are kno}¡n¡ these

arecoElpound's[nwhl.chthenaJorPsltoftheno]'ecu].*ls
retalned¡ a ltst of t.hose recog:nlsed at present ls et

Taþls ï (After Sr¿tth, Lg65). Ûf these' only cyârtocobalantn

ar:ð hydroxocobaleeln fiavo beon extenslvely stuclled In nan

( see below) .

Vltaml"B12ocgutrçtnnatureâsafanllyofc]-osely
related ohemlcal conpounds¡ a number of anslogues of

vlta¡otn 812, bot,h naturally-occurrtng and syntÌretto' have

been reoognlsed. (Ssltf¡, tg65). Thelr reLevance to thls

theEts çoncerns ðlffe¡encee observed' ln seruÉ blnd"lng of

cyanooobal.anln after the saturatlon of, btndlng sltes wlth

vttamtn E* analogues (Freyer et aLLl, L963,- L965) end the

twpltaatlon of these f,tndtngs on the nechnntsm of protelrt

blndtng. Detall of the analogtlss of Vlta¡nln Btt ts glven

by Lester s¡ntth ß965) and Bosentrlun (1965)'

2r2.J
Effeoütr vPPess.

T'herelsnou-substantlalevldencefortheolLr¡Ical

superlortty of the sobaLantn derlvaÈlve hyd'roxooobaLe¡aln

over 
"ynoo"óbala¡sln. 

Jerzy G1ass an¿ hls colLeagues

(GLass. Lee and. Iiard,y, 196f ¡ GLass, Skeggsr êt alt| t 1961)

showeå that a stngle lntraæuscu3ar d"ose of, hydroxocobaLemln
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gâye hlgher bLood leveLs t'hffi stnllar ôosas of cyanoco-

balanlr¡ at Lntervals of f,rorn J hours to 2-l| weekg.

$lmllar flndlngs were obtalned. lfh€a hydrorooobalanln wae

compared ulth å eyanocobal,agt¡-ztf¡ç tenne,t'e oogplex' a

slow ro}ease preparatlon; the only real" advantage of the

syanocobala^nln-zlno ta¡¡rlate conplex ts the relattve

lnfrequency of lnJoctLon co$parCId u'!th cysllocobalasf.r¡

(Gor¡Sh çt altt., 1961+), lls wouJ.d be €rtr)eotÈd., the Loss of

hyd.roXocolrelaul.u {n urf¡:e ?¡eB Ðl¡ch less than the urtnary

loss f,o}Iowlr:g sLnllsr ln$ectlons gf cyaüooobaLaltln and

cyanocÕbaLar¡tn-zltrc tannate comple1. Ilctbelled hydroxoco-

baLqwllr¡ ues shown üo be nore slor¡ly aþsorbed frou the

slte of, tnJectlon, and. was stored. 1n llver and musole

to an eqqal of greater extent thaf¡ cyarrOcobaLastn. The

evtcl€Doe of Ådans anü Kenneðy (f965) also supportêd the

f lnd.tng of red,ucad, urlnary output of hydroxocolralantn I

they suggested tt¡et lts adva^utages ove¡. cy€aocoþala:n[n

aE a nalntenance agsnt lrere only narglnal.

Glass, Ine et altt, (1963) showed that, after large

weekly !.nJecttons of hyðroxoeobal.antn n blood levels ?¡ero

obtatnecl wh!.oh !'Íere hlgher' ar:cl Lonser sugtalned't than

those o't¡se¡ved. v¡tth cyanooobala¡¡!¡l. Later work froæ t'hls

grsup extended, these flhdlngor âYtd. GonflrEec the



!3

efflct€ncy of, hyéroxocobaLa¡sf.n (çlass anå Lee' 1966¡

Gl,ass et a111 , t966).

A oomparleor¡ ¡qae made btr Eertz et o11l ( 1961+) hetween

the retentton of, tntra¡auscul'a¡ cyanocobalamln anü tntra-

muscuLar hyðroxocobala¡stn - ttle levels at 24 hoUre rierÉ

ZO'þ cysnocobelenln retalned, and ?5fi U1droxoeobalamln

retalned. She reasor¡s offered for thls flndlng are

dlscussed þeLo¡¿ 12.2.4).

?.2.1* '

I'ioyer (T'leyer eü a11L , L963) lnvesttgated the

vltan!"n B12 btnd.Lng capaglty of varf.ous analogues of vlta&tn

Br" at dtf,ferlng J.evoLs of, added vl.üa¡01.Y1 8L2, ln accord.ance

wlth ths uettroos prevlously åescrlbed (meyer et alll , 195?,'"

They measured the btnd,lng ca¡ractty of se¡.uul for radloacttve

hyôroxocobala¡aln. ar¡d. also assessed the eff ect of, prtor

addttlon of non-ladloacttrve analo8l¡es on the Eubsequent

Êerun btrrdlng of redtoaotlve oyanooobale¡nln. It ¡sas found

that the pattern of bl¡:dtng obtalned ut th hyd.roxocobalant'n

shoîfed. Iess tend,ency to be fl-atter:ed after the tnltXal

rapld. phase of blndtng;, ar:d that there was lncreaseô blncllng

compared. l¡!.th cys.nooobalanlnr especlal"ly ln the secônå

phase. Ar¡aLogUes ffe¡e founð to oonpete f,or blnôi'ug slfes

om tha seru@ protetns to Èhe sgtre degfee as cyanocobülanl'n'
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It r'¡as conclud.ed ühat when changes Tsere :nad.e tn the cO-$iìa

groüps ot¡ elthe¡ sld.e of the B pyrrol rtng, blocklng of

phese I bf.nd.lng åtd not oocur, susg;esüLng that theee CO-!;H'

groupc parttctpate In f¡hase I blnðl,ng* the oobalt atou

ttseLf ts thought to be responslble for phase If b!,nd.Lng.

The Co-tlü bond aptr)rars to d.tseoctate ln aqueous soltltlon '
leavt¡lg the cobalt aton free to somblne wlth proteln

receptors.

Hçrtz et a111 1196l¡.) used" a serlee of d.Lalysts

e4¡orlsents to Eho¡s' that hydroxocobala¡sln passed note s}owly

through a seul-pe¡neable membra¡o thar¡ dtê cyanooobal-arntr t

a¡¡å that hydroxooobalanln r¡aç bounð to setuËe Brotelne ln
greater qua¡¡tlttes than cyanocobalentn. Those two ftnôtngs

are put fonuard as an ex¡¡lanatlon of ühe d.eoreased" urlna¡T

Loss ar¡d. lna¡eased. retentlon of lnJected, hyd.roxocobalauLn

(?..2.3 abovo) *

In a LaÈer etudy, Ioieyer et allt ltEé5) conpared. the

pLasna ¡rroteln saturatlng or bl.ocklng ef,feot of vartous

analogues of cyanocobalanln. They found, that trydroxoco-

baLastn was the uost potent analogue ln proæottng rapld

plasna d.lsappearenoe of ln$eoteù radloastlve syanocobalanln¡

the aquanaLlèe anelogl,te had. en lntermed.tate effeet ' ar¡d the
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others testad haê no effeot. Thls nay be explalr¡ed' by an

lncreased avl{lty of blndtng of hydro¡ocobalanln to serun

protelns ln vltro (i'ieyer et a111 , t965¡ lfertz et a111'

1p6t+), auù the Longer retentlon for hydrogocobala¡¡ln at

slÈes of lnJectlon (c1ass et aILl. 1961) '
?o2,5 Bad,,loaotlve Vltenl"n Btt

Sælth ltg65) recorès the attenpts made to oi¡taln

radtoactlve vltenln Brr. Carbonl& tu" used, but was found

to be too LabiLe fotr use !n blologloal lnvestlgatlons'

Trltluu labelLi.ng of vl.ta¡nln ts12, aLt'houg'b not as

spectftc as radloaçtlve cobeLt LabelllT¡ðr hse been used'

to study by eutorad"lography, the lntracelLular lncorporatlon

of, vttarnln Br, lnto bone õsrvo[.'r aIìd 1lver cell-s (Ta'ellorettl

et altl , t9631,

Ill"eh specf.fla acttvlty radLoaotlve cobalt label"Llng

has been achteved bry fermentatlo¡l ln the ptresenoe of

radloasttve cobalt ln a medlum lEokLng non-I€rdloacttYe

oobalt. Extenelve use has been ¡qad.e of, the lsotopes of

v!.Èanln BL'' as 1s apparent from later aepeots of thls

revle?¡. Uol"l,In (1959) a¡d. Prtbtlla (1961) have sutrBarlsed'

most of the cllnlcal appLloations of radtoactlve vlta¡nLn Rtz

!n blood d.tsorders and Ln d!.gestlve dtsturba.r:ces'
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2.3 12

As yet, the btoahe¡itstry of vltanln Btt te not

cl,early ur¡derstood. f'he neteboLlcally actlve f,or¡o of

the vttantn ls a ooenzyEe (coeneyse Bt2) ln whloh the

cflê4o-gpoup of, cyanoaobalamtn ls replaced by aôentne

nucleoslde (sn1th, 19651. Iack of, vttasln Btt Þroduoes

lnhl.bltton of nethiontne eyntheols. aB a result of whlch

the fo¡satlon of essentLal eslno aclds ar¡d. protelns !s

d.ecreased,. Further, vlta¡BLn ElA deftclency 1111"1 T:Lock

the synthesls of rlbonuclelc actd' These úlsturbances

of proteln roctabollsm are moçt narþed trn those ceJ-Ist

such as haenOpolsttc and" nervous systeu ce}ls' whtCh

have htsh prototn turnover s-nd" nltotlc frequercy

(Ðocunenta Getgy, Lg6?l $nlth, 1965]¡,

lilt¡I1_e the extent of tþre stud.les of, vLtanln Ble

netaboLlsm !n ms.r¡, anC tn many other Llv[ng orgê'nX'su¡E

1r¡ whlch tË ls relevant. ts V6:Iy congtùerable' thls

revle-il,* r,¡111 d,eal or¡ly wtth those espects of netaboLlsm

whlct¡ are relevant to the ¡oatn content of thtg thesls.

2.),L &Ê9.8P!.LË.

Tþe classlc sxpËllaents of Booth a¡d Þîol"Ltn (þootfr

et altt, I1SZ¡ Booth an¿ l,loLl1n, L959) showed flrst l.n

rats, and, then tr¡ n'ien, that the prtnolpal sttg of vttanlr¡
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B* absor¡rtlon was tlxç' louer portton of the susll

lnteetlne. t'hey also postrelated the presÊr¡ee of, a

spectftc vlta¡nln ErU reoeptor systen'

Bonnov-Jengea and llansen ß9ø5¡, uslng the

tecþrntclues of lntestlnaÏ tntubatlor r¡lttr pol"yethyl.ene

g1ycol as a marker, conftrneq. tþat nost vltentn fitt

wes absorbed. In the lle¡¡rs, but shpwed" sl.so that there

appeared, to be, Iu FoEe Lx¡stances, absorptlor¡ at a much

htgher leveJ" ç'rtthl'n the snalX lntestlne '
In worlr wlÈt¡ gutnea plgs' coopër et a111 Á9621

shorsed that tntact gulnea plg tntestLne wllL absorb

oyar¡ocobaLarnln bour¡ü to hupan lntrlnsl"c foctor¡ two

f,ractlons were tdentlfled. - fractlon 5Er ¡¡hlch could.

be rernoved. by !{DtrÅ, and. fraotl.on E' r¡ht ctr re¡aatned

unaltercd. Ttrey stfessed also the lnportance of celclu!Û

tor¡s !n abso¡ptlot¡ of vltsIntn Bt' a po:.nt of eaphasls

whlch rlrøs also uade by Gråsbeck et allL (tgSg) ' vrho

sþ¡ov,¡eú that an oraL chel,ate such aE ÅiD[¿\ Wot¡ld, reduce

the utlnary radtoactlvtty of norrnal subJects und.ergolng

åichlLl,lng testÈ, and tlrat l"r¡ som6 patlents vsltkr

steatorrhoee, Èhe f¿¡llure to absorb vttamtn Btt nay be

duç to laek of ealctrura lor:s, Il,erbertts group (netlef

et e111, ( fg6?¡) irave also stressed tlre 1æportance of,
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êelclwo tr¡ vltaatn B* netabolt sm by demonstratlhg that

the dellvÊry of, vlta¡uln Bt, fron seruxn Protelns to

rettcuLocytee ts ealcluu d'ependeut'

It hes beeR suggested that preånlso$e mey f,ncrease

bhe absorptlon of vttanln ,LZ f,ron the gastrotntestlnal

tract by stlæuLatlng gastrtc prod"uctton of lntrlnstc

facto¡ (Krtstensen and Frlls, 3.960) ' i'ielnsteLn $nd

lJgtlr}n (fg60) stud"led. the absorptlon of, lngestc{ radlo-

aetlve nttanln Ert tn patlents v;tth haeretoLoglcaL

ûtsorders. Tkrey cogLd de¡uonstrate no correletlon

betrreen ttre vltasln Br, )"evcl of seru!û end tho Flnount

aT:sorþed, a flnd"lt:g ",,'hlch conflrned tbe v¡ork of

iielnrlch and Erd!0ann-0etrl,ecker ftg56]gi anqt llaLstead'

et aLi.t (1956). As coroi-lartes, Uelnsteln and, îiatkl.n

(1960) suggested that bhe seru¡ß vlüesln Btt eoncentretlon

does r¡ot oontrol bhe ¿rmouþt of vltan!.n Ðtt absorbed.;

ancl furttrot¡ the.ü the increase of plasma conceutratton

of unsaturated vf"tamltr Br, btndlng protelns ðld noÈ

lnfLuence the anount of vltasln Ðrn ahsorbed, slnce the

blrid,lng cepactty of plasna fron chronX.c nyelold leukae¡rle

pêtlents was lÊârkedly Lncreased (Pttney et alll , t954í

äe!.nstelh et s1!.1 , t9591 . they soncLuded theü lncreaseå

Eastrolntesttnal, absorptrlon of vlüe&lr: Bta could not be
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tmpltsated ln the abnorroelttlss of s€lu:]¡ vlta'nlr¡ Bt, and

vtta¡nin BtZ blndl.ng capaotty seën ln nyeS.old leulraenia.

Ðoscherholmen ar¡d" Ilagen (1959) used co60-1*beL1ed

vltarntn B* to a}l-ow them to Fglve, oralLyr PhyslologtcaL

doses of vlt,asin Brr. They provldeô conflnnatlon of, the

patÈern of ebsolptlon Oescrtbed by Ðooth ar¡d I'lo}Lln 119J6)'

Ln whlch a peak of radloacttv!.ty nras achteved B-12 houre

after lngestlon. ihls peak oould be dtsttngulshod. by

thes f,ros the fteerly-¡tsea ourves obselsed. þy other

authors ustrrg uasslve (i.e. noü-ph$stologtceL) dosages.

They lnf,erred fron these clata thãt there ï'íere two

dtffsrent ¡r.oðes of a:Ì]sorptlon.

Iierbert has reeentLy sun&artsed the d¿ita on the

r¡utrltX.onal- rcqulrenents for vltantu Ðr, (iferbert' 1966)t

the sugçested nor¡rel mlntnum d.al}¡r requtrenrent far an

aduLt Is of the order of 0r1 ¡r8.

Srlthough tt !s recogrrlsed thot uäphyslo3-oglcal- åoses

may be absorbecl fron a nuüber of Other &usosal- surfaçes,

lucludtr:g the uppex gastrolntestlnal tract (ChaX.uers ånd

$h!.nton, 1g58), Èho r¡asal menbrancs (iionto a.nd i-ebuck,
lû

tgSt+¡ IsraöLs and Sknlbert, L95l+), the alveolar sutrf,aces

of' the lungs (ght¡:ton and Slngh, L96?'t, and the restun

(Ungloy , t9551 , norr€ of Ëhese ¡r:odes of absorptl,on hoe any

real. therapcutlc slgrlftcârce¡
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2.3.2 |

(nl"ttrough tt ls recognlsed that the te¡ss frp].asna

cleeranoer and nplaema dl,sappearenceo a¡e not synonymousl

they are used tn the l.tterature to descrlbe the saüe

phenonenon¡ therefore, al,though thls sectlon ls headed"

HPLasna tl-eafancer the Èt'¡o terss a¡'Ê UEed" lntefçhangesbly '

aocordtng to the useBe of the authors ooncerned.)

I-iost of, the early Lnvestlgatlong dlrected towards

tracLng the f,ate of lnJecÈed. radtoactl.v€ vttanltr Bt, arø

tpen to the crtttolsr¿ that decldedS.y unpbyslol'ogXcal

quaÌ?tLt1es of vttanln Bt, brad to be used so that

BUbsequent rad.toactlvlty Ëeasurenents coui.d be perforrued'

wttlr & reesonable d.egree of accurac¡r.

liolIln eü al.tl (fg56)' af,ter ad¡ulnlEtertng the

snall-est d.ose of 56co-1abel]'ed. vltanln Baa oorrPatlbLe

r"lth accUrate &eåsu1'ene.nt r found, that the 3ate of p}asme

o}earance we.s slowest ln patlents wlth ehronlc nyelold'

}eUkaemla, end. ln those ¡stth pernletous aÍ¡aenta I'n severe

tê}apse. lhey coltsldered. that there htas a co¡relatlon

between the rate of pì.asrna clearsnce snd the d.egree of

sefUa UnsatUfatlon, slnoe the slolqe¡ Çl€etra$oê êppea¡6d'

to be p3oportlor¡al to bhe vlta¡utn B*, þtndlng capaclty.
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A larger dose of t+ }rG., r¡htoh exceeded' the blndtng

capaclty of norrnal setrug c-ut t¡hfch was w!'t'htn tho range

of total" blnd.t ng capaelty of chronto uyelold' leuhaeÊlc

sotruu, lvas usod. by ïIl}ler et aLll (195?)' They

ôenor¡strated. that there B"aB a clear-çUt dlfferentlatlon

between nor¡aals a¡¡G patteylts tslth ehronlc nyeloi.ô

Leuksemla, and postul"ated a blochenlcal abno¡tal!'ty ln

the plasma of slroh Patlents '
rlall(rg60)gave0.0I+J¡G.ofhtßhspectf,leactlvlty

co58-vltanln ELz, a¡d notod a¡ lnltlaL raplð reuovsl- of

l&otre than 80ø ln one hour¡ trrts was teken up bv the

tlssUes and not exereted.. II vltro serum or plasrna blnåine

prlortoad¡ntnletrattondldnoÈaffecttherateof
dlsappearanse of the radioaotlve vltanl'n. an tnorease In

ôosage of up to z z LO? ô!'d not sle¡¡Lflcantt'y alter the

frectlon rewoved Per unlt tlne'

It was al"so shown bU Btts and. tr'ieyer (1960) that ttre

plasma d.lsappearanoe of tntravenously lnJected' raålsactlve

vltasln B12 was delayed, !n pattents s¡lth ruyelotd Ieulçaenla'

AlargeloaålngdoseofcrystalllnevltaglnB'ugtverrto
these leulraente patlents oorreeted ttre d'elayed slearsnce

to a Eore rapld, r'¡otrsal olêaltanco. posslbl-y beceuse the

Íìoïl-râd.toaçtive vltantn Bla lnjecteð satu¡ated the plasna
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ïeceptors, and- thus enhs¡reed the ttssue bt¡:d'Xng of the

radloactlve vttaatn.
Abnornalty sLo$ plaga cleatanco eurs€s 8rêr€

d.eserlbed by Brody et a111 (1960) fn paülents wtth ohronlo

myeloli. leultaenta anå |n i¡attents trlth deflctenoy of

vlta¡ntn B1Z. fhey ascftbed tirls phenonenon 1¡¡ the f,orr¡er

Sroup to the lnctreased blrdtng eapeclt$ of, pJ-asna protelns'

and" lït the l-atter, to the Lack of a hypothetlcal plasma

ttBlz-t"*sf etrasen '
Iiatl {1961+} Iater studteð the }Ey¡c-t€In exoletton of

go5?-lrbelled. vltenlr¡ B* tn elght nor¡nal subJects, IIe

f,ound that there was rapl{ plasua d,tsappoafanc€ 1n a

coraplex rranner Untll the snd of tlre secOmd nonth, atrJd à

subsequer¡t llnear loss fron the plasma, wtth the sve¡'age

Tå' berns 690 daye'

1,he flndlr¡g of delayeê plasna d.lsappea¡anea of

radloactlve vlta¡o!.n E1A ln ¡nyeLoproltferetlve ðl'sord,ers,

notably ohronlc nyelold Leuiiacnla, was cllscL¡sset by iìaL3'

(fg6f ), who cor¡çldered that the flndlngs lt¡cltceted' an

abnormal!.ty of vttaml¡: B* ueüabollsu Qornnon to the

&tseeses of the royeloproLlferatt'v€ $rÐüpo

Iteyer (¡ieyer et 4111 ) 1,965) lnvestlgated the plasua

dlsappearance of rEdtoactlve cyanoaobal,asln afËer the
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ad.ulnlstr¿rtlon of vttanlri Ðr, analogues (see Ëectlon

2.2.t$ above), a¡:d d.eroo$stlated rapté plasna dt'sappearence

f ollovrlng the prlo¡ adntnlst¡atlon of hydroxocobal"asln '
[he cogplexlty of the ¡rechanl'sns tnvolvefl ln plasna

slearerce of LnJected vttsEln tsr, was apparer¡t to låalL

end Ftnkler \1962} ?¡hen they pQstul-ated that vlta¡oln B1.Z

¡.¡as trafisported. !n pl.asna bY nore thåJì one blnd'tng

proteln, aild that the ûtfferent dS,sappearanse rates

found l¡Ltti pLasroa fraotlone suggested dlfferent functlons

1r¡ the transport of vltastn B12 by vartous protelns.

TltLs posliuLate I1rås a stg¡¡lflcsr¡t or'le tn d-eternlv¡li:g the

rlLrectlon of Èhol¡ furthor etud"les (gatf anci Ff.nklelr

tgd3r f.g6¿! , L965, 1966e, 1961b).

I.al1 and hts cô-1;orkeys (ilat:-, i(uLona ar¡d" Oka, t962)

studlecl Èhe pl,asma d.lsappeeranc€ of lntravenously lnJected'

¡adLoactive vltauln B* tn vttq¡r!.n Ðrt d.eflcLercy states.

They found that plasma d.lsappearence of vltamtn ät, wae

üplayed |n pattor¡ts r¡lth u:¡treateå pernlclous anaeÉlar

but wes norneL Ln patLents whose vttent n BIZ def,X.clency

had been oor¡.ectÊd by etther long-tern treaÈsealr or a

Iarge d.ose of, vttantn Il*, prlor to the lnvestlgattof¡'

A sltntlar abnor¡aaLtty r,uas èenonsÈ¡ated" ttr patl'ents whose

vltamln B* defl,cleney rÊfas tÌì thc basls of Èapeworn
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(Ðtpþyllobothrlura Latu¡q.) tnfestatlo¡¡i however, tapev¡oru

oartlers wtthout overt vlta¿aln Ðr, deftclency showed.

nor¡ral plostoa d.lsappearance of vltamLn Brr. Tbey

conslclered that ttre delayeÔ d.Lsappr:arance was related. to

a tl.ssue of plasma d,efect v¡hlOtr tres not permanent. It

t.las þot posstble to Ôeterrnlne frou thls sttldy' wlttrCh !s

at var!.ar¡ce w!Èt: the ff.ndlngs of Frody et aLll (f960),

tuhether Ëhls ¡lhenomenon of sLov¡ dtsapÞeaxance tn vttaaln

B* deflclency tsas d.ue to an tncrease ln vltamln Btt

btnåtng, âfi aþnoruaLly flrn bLnèXn6, a defec't Ln tf,ssue

eEtraotton of etroulattng vtta¡nln Brr' or a shlft of

vltastn B* to the plasna froæ the tlssues.

Be!,zensteln et altl (L963) useê a dsuble lsotope

techn!,que to compare the f,ate of, l,nJected" and absorbeå

vltanln B1Z. They found that, ln the fou¡ pattents

studLed. the pLasËÊa olaarance of absorbed. vttanln Ðl.Z

wâs nore rapltl than tþat of lntravenously adlrlntstered

vltantn ÊLZ, even 'bhoughr the rate of tntake was greatetr

after lntravenous lnJectlor:. Thetr cautlous concl,uslons

Ïtere thet the behavlour of oral" e$d parenteral vltanin

B* cannot be oocrpared durlng the lnltlal pertod. eft'er

ad¡atnlstfaÈton, âTtd that the nore raptd Cloaranee of,

oral vtta¡nLn Bt¿ ls d.Uo tO factors othsr thsn the
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d,lffe¡ences tn trates of lngregs ä$C dtstrlb'uttor¡

resultLng frou dlffertng aod,es of ad¡nlr¡lstratlon. Ïia}Ì

1796t+I has also cernnented. that pLasna vltamt* Ett ls
never tn equlltbrluæ wtth the totel body vltamln E!"2,

but appears to be hlgher than oxpected. lf 1ù were

tc he resard.od. as a$ aceurate rofloctlon of the bod'yes

vttamtn B* stores.

?.3.3 €!gEgÆ..

The coupl,extby of the releüLor'¡shlp betp¡eeu elroulatlng

vlta"mlu B* and. bod.y vlta¡nln Llt, stores has been ref,e¡red

to above (Beluensteln et aLlt, L963¡ lÏallr 196¿l). l',ost

of the boåyrs vltâaln B* ts sto¡ed. Ln the Ltver followlng

plasna, elesra¡¡ee¡ thls appÌles ln the nor¡naL state and. ln

nyelotd. Leukaemla (lteyer et allt , ¡96t+1 .

ilelzenet'eLn (tg59a) has argued that there are

possX.bly three con¡rartroouts r*lthLn the ho4y for vltamlr¡ Btz

Slorage, wlth eac[: ooupartment havtr¡g e dtf ferent turnover

rate.
.È,n lsportant observatton In thls context te tlrat' of

lüelnstelr¡ and þiatktn (19ó0), who calculated. that a shlft
of )ií of ttie l!.ver vttaroln Ert to tht: plasna coupart$ont

would be regut"red. Èo tttcrease the serun eoncentratlon

ter:fold.. tirts meclranX.snr !f tt er"lsùs, could, be lnvo]-ved"
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ln the ex¡rlartatlon of lncreased serum vltaætn Bt, ltvels

ln nyelotå leukaenta ar¡d, related ôLseêses¡

The naJor dratEbaok to these and other stud'les of

vttaeln B* storaee ts the dlfflculty lr¡ t¡scLng labelleû

vltanln'E* once tt ls present ln one os othor of the

tlesue eompartuents,

2.i ¿l* Exctetlon .

Vtta¡stn B* when exsreted appears ltr urlne anci faeecs'

and. use haS boen niad.e of these excretory rcUtes ln assess-

reent of, vltasln BIZ uptake (¡letule et aLtl' L9521

schll.llnsr Lg531 . IJattr¡ln et altL lL96t) cLatned. thsrt at

plasrcs levels fron 0.3-1 ,5 myg./ml' urtnary excretlon of
I

vlta¡qIn B* vras a f,unctlon of the dþ$ree of, blnd.lng of, the

vltanln Ble by plasma proteLns¡ when hLgher leveLs were

lnduoed (tZ-26 n¡rS"/nnl.) urlnary exoretlor¡ of, vlta¡¡ln B1A

Ìqas f,or¡nd to be proporttonal to the plaspa }evel of vttauln

B* anð to the Slouen¡Iar ftltratton rate' Nelp eË alfl
(fg6l+) attenpted. to uso thts flnd.tng to measure the

gloneruLar flLtrattor¡ rate l,n a slnpllfled ¡oan¡ner.

ilall (196¿+), In }ong tem Etudtes. sho¡red, that

urlnsry exçretlon î{Ês hlgher shortl-y after tþe lntake of

vtta¡atr¡ B* than subsequentLy, regarôLess of the route of

Xntake. Feocal excrettor¡ vras not unLforn untll at least

e no¡:lth af,ter the Lr¡travenous tnJectXon of ¡adloactlve
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vttantn B!2. Urf.nary oxoretlon durlng the perlod of,

unlfo¡u toss sÍas equal to ü.028S of the retelned' d'ose

per dl.e¡1, aild faeca} excretlon lepresented Q.tJlfi ot

the retalned d,ose per dleß. å eoBpal'!,son of, urlnary

co5?-vltanln B* and the total vlta¡stn B* neasured

nlorobtoloElca}ly suggested that only 10ø of, tho urlnary

vltanln B* was excreted tn art actlve forrs. the totel

dally exoretlon from iiaLlrs subJeots raas 0,66-2rt ü8.r

v¡tth a $ean of l"J ug.

Þfelnsteln a¡d. Ì,Jatlrln 1196t) l{ere unabLe to tnplleate

inpatnnent of, r€naJ. oxcretlon as the oause Of ühe

abnortnally htsh vttenln Br, Ì.evels ln Ëerun of, patLents

r,¡lth ohrontc nyelotö leuksenla. Belzsnsteln et altl
(fp6¿l) sho¡qed, uslr¡g raêloastlve vltantn Bt* that hlgh

ïevels of vttanlrr B* exçretlon, averaglng two to ftve

tlnes no¡m41, oocurred !r: chrOntc nyelold. leUkaemlat

aLthough they were oaut'lot¡s !n d.rawlng 1nf,er6nce8. lr¡

vter¡ of the knoml þoü-êqülllbrlun between labelLed anü

unLabelled, vLtantn B1Z.

lilLLer and guLllven lLg59c) desortbed the presenoo

of a vttantn B12 btndlng eubstance tn the urlne of

patlents lrlth chronlc rnyelold, Ieukaenlei lþl'l"ee et altl

ßgød) ehowed. hlgh valuee for the vlta¡nln Btt btndlnø
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capaclty of, urlnary glyooproteln ln ohrotrlc nyelold

leukaealar ustng luurunologtcaL tcctrntgues (Karyptûts

anû Kallee, t9651.

2.3.5 gl_teætn 812 Égi.d_Ixgll.

There appestrs to bo a'relattonshLp betwcen these

two haeuatopotetLc agents, aLthough tt ls by no aeang

a clearly üeflned sne' Cox et alll ß959) publtshed the

tresults of, thelr studles on 13 patlents T{!.th !'ror¡ ôef,tct.ency

and nortsobLastlc ar¡ae¡ola, assoolated, wlth a low serul¡l

vltasln Bra level.r whtoh returned. to norsal ln all pattente

when they ¡ece!.ved. lron therapy¡ tk¡e !.nterpretatlo¡¡ of

these fludtrrags was that thE vltaafn Btt deflclency bad'

been oorreoted" when Vttanln Ert absorptlon Þrå8 correoteè

by tlre admtnlstratlon of lron. Çook anü Valberg ßg6Sl

couLd. hot flnü evld,enco of, vltanln Ðt, deflcleneyr þor of,

nechanisus 3"1keLy to lead" to vl"tamtn Ett d,eflclency' tn

lron d.ef!.cl.ent subJects Xn lrþon gastrlc aclå secretlon and'

gast¡lc blopsy wero nsrmal. ã'hey felt that ¡rhen vl'tanln

B* deflctenoy ocsurE tn lror¡ def,lotent subJeots' lt d'oes

so as a rêsult of Sastrlo atroPktY.

In raÈs, Blgge et a111" (196Ê) found- that lron

êefloient rats erereted. stgnlflcantly htgher roounts of

lngested vltaetn B1A than cÌld lron-suppLe&errted. oontrol-s¡
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tnpatruent of lntrtnslc f,actor prodUctlon was sug$csted'

by then as the underlytns neohanlsm.

2,3.6 gtta¡Eln 812 Æ.
,Ihe relatlsnshlp between these two haeuattnlc

pltnclples !s an lnportant and detalLed, or¡e' aud" haE been

revl.eseð rocent}y by Arnetetn t.år¡oetetu. L965't ' Corcxoent

ls ned.e hçre oR onLy those aspects reLevar¡t to the thesls

subJect.

Ëoogstraten a¡¡0 hlo colleagues (Ilqogstrater¡ et alll'

L965) d.eternl"ned seruil¡ folate and sCIrun vttamtn BtU levels

ln over äoCI pattents v¡lth nat l.gmant blood ôlseases¡ low

folaüe levels rfere foUnd. ln patlente wlth actlr¡e ô!.sease,

rçhereas nosÈ patreàts tn reslsslon or wlth relld ðtsease

had, no¡meL val"ues. thts correlatlon êl'd" not appsar s¡tth

vltsnln B* leveLs. The f,olaüe l"evoL ln patlent's wlth

chronlo nyelolå Leukaemta was l,nversely ploportlona] to

the total ç¡hl'te oeLl oount.

The foLlc aaLel J.evels ar¡d, urLna¡y excretLon of,

FIcLtl (tonntntnoglutemlc actô) was studteé bg Eose (fg66)

ln ,patlents wlt'h Leukaeala or lympboroa. Ee fotrnô follc

aold def,tclenoy to be a cq¡¡¡$on oo¡nplloetlon of Èhese

d.tseases¡ golne pat!.erts sholiled, the þone Ea¡rorìr Changes

of negaLobtasttlc erythrold lïypoplaeta. cooper and'
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I,o**enstetn 1L966) etudted patlents wlth low een¡n folsùe

LeveLs tn ar¡ atteapt to sorrÉLate þhe s@run vltemtn BtZ

axd folate lEvelS wtth negaloblastlc bone ¡narrorr cþanges.

Thelr f,tndlnge t¡:ûlaated. that a patlent wlth a low red.

gêLl foJ"ate level or Lol'ü serun vlËantn Btt leveÌ fn the

ptesence of a serua fol"ate level of less tk¡an Þ.1 ¡l¡lg./m!.

would" always shs¡s negaloblasttc or nacrogranulocytlc

cha¡ges tn the bone Esrro!ür

z.j.'¡ Aseg¡¡Fnent qf vl.üenln 812 ÈigSBÞdI!.æ.

A sunaary nay welL þe naûe at thts stage of the

Vertous nethod.s of assessment of, vttamlti Btt netabollsn¡

ooverlng some aspeeto already üÐntt oned- andr ln so&e

lnstancesr ar¡tlclPatlng Later detall.
In lnvestlgattve ned,lelne ¡ ttte followlng nethods of

åssossm€nt ÞaY be ueed.l-

f ) Serun vIüanln Br, l,evels (2.þ.1, 2.tr{,2 beLow}

fl) Btr¡d,lng capaclty for vttamtþ BIA (2.t, belov¡)

f 11) P1as¡na el,earar¡ce (2.3.2 abovo )

fv) oAbsorptton Studles. These nay lnvolve âhln or

a1-1. of, the foLlot'if"ngt

a) faeoal countLng (¡ielnle eü altt, I953'l

b) r¡rtr:ary excretl.on tsehtttlng, fBfi)
e) hepatlc uptake (çlase et allt ) t95t+l
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ô) hePaülc uPtake - double labeL
(t{elsbers and GLsss, L966)

e) ÞlaErna levels (Doscherholsen and llsgenn

t95?¡ ÏIalI' 196¿e¡ Forshew ar¡d. Flarwood'

L9661.

These techntguee have 't¡een revlersed' b¡r $ìo3'11n

(t'iou.tn et aLll , 195?; t',o}lln, L959't, PrtbtlLa ltgbt) ,

and Inster Snl'th (sntttl , tg65), nmor¡gst others'

2,t+ vltaplg 812 .@S.LE.

2.1+.L .

The nunber of uethod.e currently tr¡ use for the

neesuretsent of, vttanln Br, ln blood. other boüf flutds

ar¡d osl-[s, underllnes the btologlcs} truls¡n whtch states

that lf there are Þqny ¡cethod.s ln use for maktng e

b!.ologlcal meaçuseþont, then none of thoso ¡nethoûs ts of,

ltse1f entlrely satlsfactorY"

2.1*.1.1 lílc¡obloLoelcal lllgthoôE. $ãtcro?¡lologlcol

assay !s based. on the obeerVatlo.n that certatn organtsms

sre ål¡ectly dependent upon vltantn B* for thelr grovrth,

ar¡d. ar¡ assessnent of, ttre vlta.nln E* avalLable v¡hlLe

these otgal¡ts¡ils a¡.o gro+rlng und.er oor:trolled cor¡d.lttons

srakes lt possible to assay ttre aroour¡t of vt tamtn BtZ

present ln tt:o growth med.tu¡a. Laotobacll.lus i-eLch¡oqnfûl
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was the flrst slcroblologlea). assay d,Evleed. for vtta¡aln

Bteî the dtfftcul,tles whloh artse wtth thls parttcuLar

¡oethod., corrnon to aLL nlcroblologl.cal nethod,s, Ile tn
the extraçtlon of, the vltanln frou the stud.y sauple ln
the fo¡rn suttabLe for assay.

Boss (tgSZl lntrodr¡ced the reflned. Iiuglena gracll,ts

nethod. of d.etermlr¡tng vttasln Br, levels 1n body fluLd.s,

f,olLowlng on the t¡rlttal t¡ork of Eutuer and. lrÍs oolleagues

(19¡+9), who dlsoovered. that E. gracllls, a relatlveLy
workable organlsnn regutrerl vltamln er' for lt,s growth.

The assay ts extremely ser¡stüIve (wagner and. Folkers, Lg63),

but' has severaL d.ra¡'¡baoksi tt le a slor.r'nethsd., It requl.res

spec!.a3. equlBroent, arci tt ts not s¡leclfl.c for cyanooobalantn.

slnce the organlstn v¡lll- respond to other analogues of vlta¡oln

8L2, lhere are aLso, Lnevltaþly. vart,atlotrs observed when

f¡ee aïd bounå vlta¡aln Brn are d.etemlned. by thls and other

nethods (goff-¡y'rgensen ar¡d. Uorrn-Peterseü¡ L9621 .

Fapaln c.lgestf,on (Iiall and. ¡iLLer¡, 196t+) prod,uced, a

two-fo1d l"ncroase ln ¡oeasu¡ed norual vltanLo BtA levels,
uslng E. graellls as the test organlsu. Bilû thls tncrease

was sho¡'¡n not to be due to stl¡auLatlon of gr¡t¡th of the

nlcro-organlsn by non-speclfle faetors. the yteld fro¡a

vLtanln Er¡d.eflclent subJeots was not lncreased.' and lt
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ï¡as consld,ered by these ?forkels that papaln dtgestlon

rÍould !-þcrease the èlf,ferer¡ttâl betueen norÐsl and

abnornâl Talues' end. gtve edðltlonal aeststar¡ce ln the

d.lagnosts of vttaaln Brn-def,laient st'aües' Tkre tnodo

of aotlon of pEpatn ln produclng tt¡ls affeat Ie

unoertaln r

2J4,!.2 Isotpoe_PLlutlgn Tecþnloueq' The basls of

ùhese metl¡ods !,e saüuratlon enaLysls, an extenst,on of

tectrntques used ln fennentatton che¡nlstry (Sntttr , t9651 ,

The sa:nple to be ueasured. ls f,lrst treatsd to oonvett

aLl aotlvlty to free oyanocobalanln anû a reeasured. tface

amount of htgb acttvity radloaetlve vltanln Btt ls then

ad.d.ed, together wLth st¡fftcleht standsrdlzeð. btndlçe

protÊ1rì to btnd part of t,he totsl vlta¡rXn BL2, Free and-

bound. vtta¡rln B* afe then sepatrateð ar¡d after countlngr

results are read fron a standard. culve' Ehls nethod.

?ras lntroc-uced by Ba¡akat anð Eklns ( 1961 , Lg61) uho

r¡tlllzed. hu¡nar¡ plasna as the proteln' and dlelfsls as

the separattor: technlque. Boühenberg (1961, L963) useê

lntrlnstc factor as the blnd,lng proteln, and' Pfeclpftatlon

techntques for separatlng bound. Vltanln Bl2. IIe elal$ed.

as ad,Var¡teges fof thls Èechntque tts sensltlvlty ' Ite

rapldlty, and the eêse of obtalr¡tbg suÌtabl"e equlpuent
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for lts perf,omance. Iie potnts out (Itothenb*trËr tB61)

that thts nethod. ts dependent upon an eaouratcly assayed

comnerclaS. preparstlon, slnce thls ls used' at LtE

statc,d val-t¡c f or pr*parLng the standarê ourve '
Other reoent var!"ettons of thts teehn|que lnclude

ttrc use of a Dtrfiil oelluLoSe coluun for separatton

(FrenkeL et al.i!, 3'9ó(r) a¡d the lntrocuctlon by ÏiaLl

{HaLl , Lg66} of cyanl.de to convert all vlta¡ntn Ðr, In

the processed' pl.asna to eyanocobaLanln' thus ret!¡ovtng

the posstblltty of lncreasi:d protelr: bl¡ldtng of vttaul¡:

ÐtZ ln the hydroxocoþalamlr¡ fors (t¡ertz et aLll. t964¡

lteyer ot allL, I9{}5) whtch rl¡ould. posslbLy glve falseLy

Iow results"

?.t+.!.3 Chargsal feckrnloueE. I{hen charcoal 1s

Preoöet€d v;tth a 1ar8e molscuLe ¡ slilch as heemogLobln r

tt Ls capable of, absorb:.rìg only ftres vlta¡sln ÊLZn whereag

uncoated. charcoaL ts able No absotb I¡oth hou¡¡d- a¡d uubound

vttanLn BlA. Use hes been made of thts prop€'rty of

cha¡coal ln measUrlng r¡ltaioln 13r, aontent' of, setrult (l'lJ.llerr

L95?1 , and Botre reoently, by TIerþert3s group, for the

assay of intrtr¡el.c f,actorr g€Bllg anè gastrtrc Jutce

unsaturated vLta¡sln E* blndl¡rg capaelty ' ssrun a¡¡ttbodles

agatnst !ntr!.nsLc factor (Gottllsb et el"lt , L965\, serulå
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lrltantu B* Ievels (f,qu et altl, 1965), anð erythrocyte

vlta¡atn Br, levels (¡<effy and, Herb€rt, 196?r. The

resuLts obtalned, wtth Èhe ¡nethod of Isu et altl. (t965'l .

whloh coubtned lsotope d.tlutlon r¡r5.th charcoal ooaülng'

were courparabLe nlth thoso à¡tamea Uy other treansr snd.

the aüvantages of, greater slup]"lctty, raptdlty'

reproduclblllty ar¡d. extenslve fang€ were cLalneô. Ï{orote1¡er'

tt |s @,ppârent that there have been ôlff,tcuLtles tn sther

Iaboratortes ln settlng uP tt¡ts tecbnlque and' ln aohLeçlng

reproûuetblltty (Herbert et 411tr, 1966) '
2.1t.I.4, . Felc

ùeflntttve stud"teE heve couopared and contrasted tk¡e varlous

nethods outLlr¡ed. above. BeveR eü altt \ty66l oo¡spareû the

tsotope ôtl.utlon chareoal method" (f¿u et aIlI , L965) wlth

L" telch¡na¡t[! asseys ar¡d" found. a sattsfactory oorrelatlon

betweett them, conoludlng that ühs ¡adloactlve method

conpared. f,avourably wtth the ulcroblologteal ¡rethod. as far

as reprod"uclbtllty wa.s ooÞceluêêr

Iloff-Jlrgengen a¡¡d. l¡¡orn-Petergen ßg6Z'l com¡rared

E. graotlts, L. Leloþ¡¡oa¡rd.l and, wtld eschertchla oolt for

the meesurernent of serum þlnd,tlrs 9ar¡acltl f,or vltanT.n B12r

end" found. ðtfferer¡t, but coi:slsÙer¡t results (Eee 2'6ì7"

belov¡ for further dtscussl.or¡). These rsorkors etreesed' that

there w&s no correLatlon between the orlglnal- seru¡n



36

ConcentratLon Of , and the btnd.'lng capaetty f,orr vltanl.u

B1z'

2,4.2 sergu våtggrln B1s .Ç9Ð99SJ.$!LS,.

2.4.2.7. ITSryaL Levels. [he norsal rerÌ96 of seÏ,un

LevoLs of vltantn B* ts from 200 1rg.,/æI". to 1000 pg.,/nl.,

depend.lnÊ. ûn ttre metbod" ugcú, anrl the parttcular stuðy

concerneö (see referençes 2.t¡.2.2 belorì). Flenlng

reported (Flenlrrg, L9(,(') ttrat ln normal l"If'gerlarls' the

serus vtta¡ntn Er, leveL uay be ss hlgh as e000 p5:./m1.,

posstbly because of an l.ncrce.se ln the serqn btrid'l-rtE

oapaclty for vltant"n Ðrr. I[erbe¿-'t et a].11 11965) drew

attentton to thc fccË that chlorprouazlne !'¡111 suilpress

the grorvth of E. graclJ.ts, ånd. rcay J.ead' to f,a}selg lovr

Ler¡ol-s !n tr>atlents recelvlng tTtIs dru8.

?,t&.2,2 ÐlevetJ.on of üe¡un v-ltanl'n-Brt 9æ4!.S4IgE.
FoLlowtng the lnltl,al, deeerl.ptlon of elevated' vltanln 8t,

levels tn rayelotd i-eukaer.rtra (Bearð eÈ altt, ¡pJll'e', 1991+b) '

several papers rrere publtshed r,hlch conf t r¡ooå eud extenôed

these oþservatLons. *ioIlti: and. Eoss {L955} f,ound that the

Been serun vtta¡ntn Br, level was greater tha$ nornsL !'n a

group of Þntlents wlttr ehrontc nyelotd. J-euliaenla, Fub-acute

nyel-old. loukae¡:1ar PolycythaemLa fubra \refa, tnyeLosclcroSls

and. chronlc non-nrye3-otd. leukocytoslsS the htghest leve}s
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?ðere found !n ch¡oute nye)"olð leukae¡nla' and. aLl these

?¡ere conslderably greater thaþ nonþ41¡ aluost aL1 the

vttaloln B* was ln the þound fo¡n. No trioreaae In serì¡ta

vltamln Ðr, Levels was noted, ln pattonts wLt'h ar¡ acute

undtfferentteted Leukaemla¡ It was noted, th^Et the

elevated. setrum vlta¡nln Bt, level deoreaeed ¡rhen the

g¡anulocyte count r¡as reduaed. lûth reôtatlon therapy.

$îtcrobt ologtcal nethoôs w@re aLso used. by

Brdalar¡n-oebl,eske¡ and. Ilelnrlah (t956) fn thel"r etuðl"es,

tn v¡t¡loh they d.eeorlbed. tnoreases Ln aerun vltalain Bt,

leveLs pf fros tr¡o-foLd to f,tfty-fold ln patlents Ïðlth

nyelold leukseata. lhey couLd detemllze no relaüionshlp

bet,r;een serun vltqinln EtU levels and. the leukocyte

Countsr I¡Or the degree of l.eukooi'te natulatlon' aLthoUgh

ln renleston, the vl.tanLn Btt 3'eveL fel.l. ELevated'

sêrun vtta¡sln Bt, S.eveLs were found" by them ln so¡s€

patlents wtth acute leukaenta and. polyoythaenl.a v()Bâ¡

Raek¡mlLewLtz et Ellt (tgSZ ) conftrured' the f,tndlng

of eLevated serus vtta¡aln Br, LeveLs ttt chrontr e nyelold"

Leukaemlai they found. fr¡rther tt¡at these Levele were

eLevotsd tn nyel.oscletroslsr but not tn polycythaenla wlth

uarked leukocytosts. tn the basle of, these obeervaülonst

they suggested thaÙ the åetennluatlon of, the geruft
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vltaufn B* conoentratlon ¡ray be of, vaLue tn the

dtfferentlatlon of, varlous types of, leuþaemla end other

nyeloprollf,erattve d.lsotrders. Ustng L" Lelchnanti ae

ttre assay proced.ure, T¡.end.el-eohn sr¡é kiatkln (fgg8) showed,

that ¡nost of thelr patleuts wltb uyeloX.d Leukaenla. both

aouto end. ohronlc, had eleVated seruro VltanLn Bt, l,eve1s¡

one-ühf.rô of thelr patLents wlth chronlc Lynphsflc

leukaeula had. elevated seru& tltanln Bt, levels' the

on].y other cLtnlcal- stiuatt.ons ln whtch they found htsh

Eerum vltamtn Br, levels were tn patlents ¡'-."ho had. grosE

llver danege ðue to setastatlo aa}lgnanÈ dlseege of a

non-leukaenlc t¡rpe.

In addltlon ùo the d.essnçtratl0n of, lncresoed. t,otal

serulq vlto"utn B* Ievels tn nyeLold }eukaeulan Baccuglla

and. Easks (1,95?) found that there úüas an lncresse [n the

free vj,tanin St, serurn leve1 ln acute and chronlc

ly¡aphatto leukae¡nta, un}l}ce the aforenentloned. egthors.

BanerJee et altt (1960) obse$ed that tn chro¡rtc æyel"old"

J-eukaetqla¡ acute trymphatlc leuhaents and. acute nyelold

Ieukaen!.a, tlre nean value for free serue vtrtanln Et,

exceed.ed the normaL free leveli ln the fLrst two ollnlcal
groups, the free se¡um vttautn B* J.evel d.Id not account

for nore than 20S of the total serun vltastn BtZ, t¡hlle
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tn the 1atter group, the f ree sen¡ln vl-t€$In Dt, was

oþe-thlrð of the total serun vttanln BLZ,

An attenpt was Bad.o þ StaFrlþerg et altt ßg6l'l

to uttl,lze serlits vltanln B* deter¡¡fnat3.ons i'n assoclatlon

r¡lth oytochenlcsl" tnvesüi.gat,lons to cl,asstfy rnorpho3-oglcal'ly

Èhose patlents t;tth an undlf,ferentlated. aqute Leukae¡rla.

I,ih1le tt,was found that a hlgh serun vlta$ln Ett ).evelr

a d.tffus*'PAs roaottc¡n, and a lors neutrophtl. aLkal.!"rie

pkrosphaüase asore suggested, the qyetolê fona of, 1eukaenla,

anô 'úhat a nomal serun vlÈanlr¡ BrU leve1 r absence of,

stalnlng on the PAS reraction, and. hteh neutrophtl alkallne

phosphatase scors suggeeteå tbe Lyuphaütc varlety t 1ü ¡sae

oonolqd.eü thât these three lnvestlgatLons lcere of nc

vaXue ln those patlents ln whon no BorphologÍ'oal

olasslf,Ioatlon oould. be usdo on the baste of the bÊ'rtrow

eppeara$ceg slone.

An tnvestlgatlott of the netabollsm of, vlte¡nln BtZ

1$ twenty pattents wlth poLycytk¡aemta vêra (Delanore, 1961)

skrowed, that Èhe near¡ sôru:û vf.tanln Brt J.eve3- tn these

patLent's was greater ühan uotnel.

In the series of Hoogst¡aten st aLtl {"L962'l r rlo

oorrelatlon oouLd. b€ ldentlfled. betlveen serun Vltanln Btt

levels and the d.egree of aatlvlty and severlty of the
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xlall$tant blood d.lseaser although a oorreJ.atlon l¿as

obse¡ved between these asBeots of ËtIs€ase abd folaüe

Lovele. they al.so found e¡ elevatLon of so¡'u¡E vttanln

E* Ln uyelold leukaemta.

Brttt a¡¡ô Bose 11966) clted ln e oase report sl'x

prevlous record,ed lnstar¡Ces of the Chance oceutrtêþee of

ohroUlc nyel"old leukaeula !n conJunctton wlt'h pernlelous

ålse¡ola. The patlent who fo¡ßed the basls of thel¡

report had, a aorulaL cireulatl"ng level of vltamtn Btt

when other cltr¡lcal evf.d.€nce of vltanln Btn deftclene¡r

!',¡ag llresent.
Brltt and. Rosa suggested. thaü an lncrease of serun

vltantn B* blndlre ct globut ln ln thetr patler¡t had

rssulted. tn rapld. d.epLetton of tlssue Etores' t¡hXch tn

turn leå to negalobl-astlc erythropolests. (fhe evld'ence

of these present studles suggests that' one other faetotr'

na¡sely.. tbe post-gasttregtony stater !Êêt contrLbute to

d.emonstrable vltantn B* deflclemoy t rr a patlent $tth

chronls q¡elold leukaeul.a; lt ls weLl kr:otl$ th6rt vltamln

B* d.effcLeney ls a ooenon occufilerce ln pattents after

gastrectony (oetter a¡¡d. i*lltts. t9621 .\ It was alEo

Euggested by Brltt ard. Eose that the vlt'anln Ett presønt

tn oxcsss ln ehronlc nyelold l.eukeeuta was not averllable

fo¡ nor¡nal haelsatopotetlc uetaboLtsn.



¿¡.X

Dlsord.er of llver funotlon !¡ss bcen advanced. by

Éonc aE a posslbLe expS-anatlor: of, the hleìh serun vltanln

Br, leveL seer¡ tn certaln leukaemlas¡ lt ls certalnly

recognlsed. that ll.ver dlsease may be assoetateð wtth art

increased, Level of s€ru@ vltaæLn Et, (Jones et altlr
2,95?; BacLunll.ev¡ttz et o.111, 1956'lt lt k¡as been suggested.

that thl.s lncreaso was due to an lncrease ln the seru$

btr:dlng capactty of, p).asna ¡lrotelns aÊ å result of

ebnorualltteg ln ttre protçtns caused, by the ur:derlylne

J.lver d.lseaso; othere have falLeô to conflrin thle
postulate (Stevenson and, Bearår L959"1 .

In pattente l¡lth æal!.gnent dlsease ln ¡qhlch hepatle

metastases have occurred, lnoreased. seruu vltamfn B*t

l-evels wetre d.enor¡strated þ llachnlLev¡ltzr group

(Grossosrloø et a111 , L95?J, but no¡naL l-evels ¡rere

present Ln pattents v¡lth rcaltgnart d.tsease ln whlah

thcre T'rere no hepatlc nctastases¡ they suggested that

thls flnôlng tn pattemts t¡tth hepatlc netastases $tqs

due to release of stored. vlta¡rtn Btt from d'auaged" l.tver

cel-ls. I{end'eLsohn and llatlctn (1950) also found el'svaüed'

J.ovels of vttenln Br, ln patlents wlth nallg¡:ant d'lsease

and hepatlc metsstaseg.
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.A f,urther releva¡rt paper has recontl"y been publlshed'

frosr Booth and. l,lolLln (Iteale et aIIl I t966), who nad.e use

of setum vltanln B* Levels to dlfferentlaùe tntra-hepatlo

sepsls from extra-hepatlc sepsls. Intra-hçpattc sepels

!{as assoetated wlth a rslsed serun vltautn Brt level' ar¡d"

sLear ûlffe¡entlatlon from extra-hepatlc sepsle was

posslÞl.e Érlth thts laboratory tnvestlgattonr whlch could

þot be achleved wlth other star¡darÖ llver funatl'on tests.

Although they constd.ered the posetbtllty that the ralsed'

serulí: vtternln BrU levels uay læve been d.ue to lncreased.

grar:ulopoteslS, the fact that they elere abLe to demonstrate

a Ðarkedly elevateô seruE¡. vltanln B* concor¡trûtton hrhen

the whlte ccLL count was Uor¡ta1 suErgested otrongly that

the lncrease lsag due t'a Llver Eel,l btrr¿ajido¡*n.

Gråsbeck (rg6o) sunnarlsed. ttre stat'e of l'.no¡r-1od"ge

at that ttrne by conoludtng that the htgh levels of setrun

vttaraln ÐrU observed ir¡ blootl. d.yscraslas ånd- llver dlEease

?¡ere p¡,obably seoond.ar¡¡ phenonenar resulttng fron the

UnderJ-ylng pathoJ.ogtcal prgcessesr rai,her thân features

of ttre mechsrtsÐs caustng the dtseê.ser There Is ltttle

reason to mod.tf,y tlrls proposltlon at the present t!¡re.

2.1!.3 vtta¡nln, 4r, coFtenÈ of Ervthrqcvtes'

It has been asssrted. that the orythrocyte levels
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of vltasln B* aay be a Elor€ f,althful ref,lectlon of
tlssue etores than the serum leve1 ln dtseases Lr: v¡hloh

the serun level- Ie abnoræsl (fel].y ar¡d iierbetrt, 196?),

on the ground.s thaÈ vltantn B* enters nalnly the

retlculocytes, and. not rnature e¡Vthrocytes (Bettef, et
a111 , L967b'j . Kelly and ÏIerbert found that ttre level
of vltanln 812 ln ttre erythroogües of noruaL subJects

varted f,rou 30fi Eo 90F ot tho serìlÐ leveLs, Blggs

et elLt 1X96t+) ehowed. tha.t the vttanln B* contont of
red, aeIl.s waÉ no¡mal Ln patlents Frt,th ohronlo nyelold
loukaemla, even when the B1aana values for vtta¡rln B*
ï¡ere tralsed.. In ohronlc lyuphatlc leukaenla and" acutê

leukaemta, they found, that red. ceLL revers ?r€re usuall_y

no¡saal,.

In an earller study, Baker et alLt,(tgî?) found

that although oellula¡ (erythrocyte and ),eukooyte

prosunebLy) vtta¡rln Er, levelg v¡e¡e red.uced. In perrleleus

a¡eenta, they r\¡ere relatlveLy htgher tn eon¡rartson wlth
pïesrúa vlta¡sln 81, LeveLs, t,han ooepalabLe normal values.

They suggesüed f,trstl.yr ühat vltanln B* ruas aval"Lable

f or the Lnl.tlatlon of erythrooyte forr¡atlon, but not

for normal naturatlon, and. second.Iy, lf thts poetulete

?rêre correot, ühat the p1asroa Levele of vltamtn BrU l,n
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pernletous anaemta refLected. tlssue storeË ¡nore fatthf,ully
than the cellu1a¡ levele

2.1+.!+ Vltanln Bo.., .

I'iollln and rloss 11955) f,oune. thst the vltasln Bta

cohcentratlor¡ of l-eukocytes was lot¡ ln eompartson wlth

the concentratlon ln other bocy tissuesg tt lqsE also

suggested. tk¡at the vfta¡atn B* content of chronl"c nyelolÔ

Ie¡¡kaeælo leukocytes was less than thåt of, ohronlc

lyspt¡atlc leuÌcae¡nlo leukocytes.

I-,euicocytes obtalned fron leuhocyùe-rlch pLaene were

honogenlzed, prlor to Eeasuretuent of thetr vltan!.o B1e

oonteut !.n the stud,y þ Thonas and ånd.erson (,t956\. They

?{ere abLe to d.enonstrate no d.lfferenoe bet¡seer¡ the vltentr¡

E* concentratlon of, l.eukocytes from Leukaemtc paËlents

havlng ns¡ual serutr vltamtn Brt S.evelsr and tk¡e vlteslnr

B* concentratlon of, leukocytes fron l"eukaenlc pattents

wtth hl.gh setruur vlta¡nln B* coneentratlons* Thel¡

sertes of Xrattents ¡,¡as smal"l (ten 1r: all.) and. no detalL

of totsl or dLfferentlal leukoeyte counts was g!.ver:.

thsse stuåles rÁ¡exe eztend.ed, Later to a larger serles of

patlente (gr¿a and Ëhomas, L962J. Ilean val'ues for totaL

Ieutrrooyte level.s of vltanln Bt, ln thls serles $rere 1o¡{

l,n chro¡rlc myeS.old 1eukaenla, nolseL ln ehronlc lynphatle
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l-eukaemla, ar¡d elevated. ln aoute J"eukaenta. The total
Ieukocyte vlta¡aln Br, level tended, to be t¿lgh rthEn

there B¡aB a hleh proportlon of prlnttlve ceLls present'

There lüas no d.e¡nonstyable relattonshtp betlaeOn the se¡'un

snd leukocyte vltanln Bt, coneentratlcns, nor betr.¡een

the cellUlar vIta.Etn B* conoentratlon ancl the peripheraL

l"eukocyte counù. No lndtcatton of, È'ne therapeutlo

response could. be obtalned. frou the S.nlttal totaL

leukocyte vttantn EtZ LeveL. They reaehed Ëhe conoluslon

that the ls!'r Level of totat vLtenl'n tstt tn loutrrocytes

of chronlc nyelolel Leukaenla ð1d. not st¡ppo¡t the

hypothests that the htgh soruiû vltanl'n Bt, S.evels are

d.ue to release of the vttaûtr¡ from the }eukae¡slc cells¡

netther dld tt d"tsProve tt.

2r5 Vlüan!.n Br2 .

2.5.7. @.
It vras only th¡ee Y€ars afteF the dtsco\rery of the

active ltver extract that Castle postulated. the exlster¡ce

of the lntrtnslo and. extrlrrslo factors (Caetle ar¡d.

To¡ocstnd., 1929) , ar¡d l[ttle alteratlon t¡ae been necespal1f

to CaetLere orlglnal hfpothesls to al-low tt to renaln ln

harmony utttr the present State of hnowl-edge. IÏo¡qeyetr.

aLthough the nol,ecular d.etall, of the extrlnslc factor has
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been knosnr for some yeârsr a gre6ü deal Stll.l- renalns

to be êlscovered. about Èhe chemlcal natu¡e a¡¡d detalled^

moèe of actlon of tho lntrtnslc faotor. Ihe ltüerature

on tntrlnstc faoto¡ has been oxtenslvely reVlewed. by

Grass (L962, t9Ø, L9651 .

It t s genetrally aecepted (clees, 1965) tf¡at hulua¡¡

gastrlo lntrtnslc factor has a ¡noleor¡Iar welght of aboVe

1t0f000, hes ühe ablLlty to btnd preferentlally LargE

guantltles of, v!üamlr'¡ B* and tts analoguea' ar:d. ts

reststant to paPaln a¡cl trypsin dlgeetlon, etorage' freese

drytng et a neutral pE, ar¡d a,lkaltnLzatlor: up to pII 10.0.

Iatner, r¡ho lntrod.uced. the use of paper electro-

phoresls for gasürle Julce separatton (Iatner et aLll'
tgsjl , founô bhet the rnaJo¡tty of vltanln B* btnd.lrrg

aotlvlty l.¡as present tn proteln peahs other thåtl fhose

!n r¡k¡|ch lntrlnsfc faetor actlvlty was found. Berlln

et aL1t ßg5g) roacheô sLallar sonclus|ons regarót¡:g

certaln commerclally avallable lntrtnEtc factor

oonoentrates, although they were later (eeriln et a111.

t96t) ebLe to shon¡ a oo¡relatton betwosn the vtte¡atn

B* blnd.tnE nate¡tal and lntrtnste faotor actlvxty ln

hog lntr!.¡rstc factor ooncentrates obtalned fro¡n t'helr

own processlng. Barlow âr¡cl Frederrlok ß959) al"so sho$ed'r
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by co¡sbi.nlng autorad.logra¡rhy wlth hortzontal paper

eleetrophoreeis, thât the naJor proteln cagponents of

hog tntrlnslc faotor soncentratos were not the gål[e

es the naJor vltaal" Bf.A btndtrrg conpo$errtsr l"atner

later llgsg) ldentlfled threre htehly purtfted. extracts

of tntrinslo fector, haytnE uolecular wetghËs of,

5r000 , L5'000 arxð ¿l0r0O0' whlch were apparently

honogenous nusoprotelns¡ the two wlth snal-ler nolec¡¡lar

wetghts had lower vttanln B* blndtng aot'lvlty then åld'

the heav!.er component. l4uoh of the u¡ore recont $orkt

suoh es that of chosy and' sohtl"llng ltg$) rlas mad'e uso

of resently doveloPed teohnlques, tnoludlng lon egchânge

clrrsgatogrâphfr gEI fl}tratlon and olecùrophoresls, to

attenrpt üo separate tbe acttve prlnolpì.e of lntrlnelc

factor.
Glass (Glase et aut, L95? ) has suggesteô for so&ê

yeals ühat what Ie terxseå lntrl¡lslc f,actor nay v¡elL

represent seVetral dlfferent proteLne fros gastrlc aucoså]

artracts, havlng a corr¡ûon prosthetlc group and thus

posseselng i¡rtrlnsto f,aator aetlvtty¡ they nay weLL artse

fron û cou¡:sor¡ pr.êoürsorr Glass üiore recer:t1y tfg63t 1965)

hae speoulateð that lntrlnslc factor nay not êv€n be s

d'treot seoretory product of gestrlo sland'st but may be
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f c¡rueô durlng the process of ectlvatt o.u of, proteolytlc

tnz¡¡nes ht the gtonach.

These concepts of proteln com¡r]'exlty ar¡d' lal¡lIlty '

and thelr relatlonship to the blnd'lr:8 of vlta¡oln Btz

have relevanoe ln the conslderatton of, vltanln Bt,

bl"ndtng to serun Protelns.

2.$.2 gtieslË-gr, Bl"nùInÃ C4paoitv of-GÊs-trlg Julce'

Gråsbeek (1956), th hls orEn etud!"es of, the vttamln

B* btnðtng propertles of husan gastrlc Juloe' hes

revtewed. the prlor Llterature on the subJeot. lle used'

techntques of etaroh geL eleotrophoresls and' dlalysts ln

hls eethoå, and. sho¡øed. lntttally that the blndlng capaclty

of gaet¡ls Juloe was four tlnes tirat of sallva fron the

saB€ petrson. Gråsþeek constêered' thqt sallvsr. whf'ch had"

one vlta¡nln Bm blnd.err Gould be excLud"ed' as an l¡nportar¡t

contrtbut,tng factor to the gastrlo Julco blnders of

vlta¡nln BlA. IIe found tafo vltqntn Ilt* blnd"ers tn gastrt'c

julce; öI3êr a slotrl-y ulgratlng oner lsas heat labllo' åild

haè a strong afftnlty for vl.tslEln 8,,, whlle the other'

a ìno¡,e rapld.Ly nlgrattng one I uss eore heat stable t anå

dlssoc!,atlon fron bound vtte¡rln Br, lncreased rlllth tlne'

FopsLn dlgestlon st.owLy dlntr¡Ished tlte vltalaln Btt

btr¡d.lng Fo¡ser of gastrta Jutcer whllo acld lncubetlon
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augpentecl the faster mlgrattng vltem!"n Btt btnÈlng peak.

Cråsneot concLuded tttat hts stuútes supported tþre vle¡u

that the vl.ta¡qtn Bra blndlng prtnctplo and, lntrlr¡stc

fsctor Bíere ldenttcalc BerLtn et stll tfç6f) reacheü bhe

sane oonclust.ons regärdtuË ühetr hog lntfl¡rstc factor

aoncentrate, although they had prevlously found' dlffertng

astlvltles |n other lntftnslc faetor prgparaÈl.ons

(tserIln et qlLl, 1959).

Leter studles fron thls g3oçp (Crås¡eqk et al,tlr

Lg()U Slmons , Lg6t+i slnons et al"t"l , L964) lmve tndtoated

that tltere nay be th¡e e blnðers of vlta¡ntn frfZ [n gastrtc

JUlce¡ of ç¡hlch on6, oR*, appeared to be aoffflon to sal'tva.

aexun and leukoeytec, and å1ô not pogeeas tntrtnslc fector

acttvtty. i,he other two btnd.ers Ëstr and trIË (whtch ls

posslbly a dtgestlon ':rod't¡ct 
of Tf Sn ) , s6pe¡at6å ÞY lon

eXchange cel-Lulose--, Çrosg-llnked Ôextrans Û¡d Pcvlkon

,:ì-ectrophorestsr had. tntrlnsl.e factor actlvlty. The

molecular wetght of, t'Sn ?¡as esttrnatec at 93r000.

Gutlberg ltg6}) rcvlewed tbe evld'ence for ttre

assoclatLon of tntrl¡lslc factor rsltl'¡ vttal¡ln Ett blndlr:U

(cråsueck, L956¡ Üsstler 1959), toget'her p¡lth the

evld.ence f,or vlte$1n B* btnûlng by substånces wt'thout

tr:trtns!.c f,6{ctor acttvlty (Gregory and lIol,èsworth , tg\?),
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and. for the low vltanln B* blnd.lng capaclty of gubstar:cEs

wlth hlsh tntrlnslc f,actor aottvlùy (letner' 1958). In
thle studyr Gullbtrg Eeaaured. the vltanln Btt btndlns

oapactty of gastrlc Julce (Betzenetetn. t9591al- l'¡hloh v¡as

lncubated. r,;Ith co60-Labell"ed. vltaeln B1z, dlalysed.,

subJecüed. to paper electrophorests er¡d subsequent auto-

radtographÍ. Tt¡o vttasln Btt btnders ?üere founü, one of,

l.rhtch, a slower ar¡odlcal].y l:Ig¡attng ptotelnr r"ras always

present Ln norsaL gastrlc Julce, and ln the gastrlc Julce

of patlents wlth hlst¿à¡otne fast aclr.3-orhydrta ar¡d. a nortsa:.

Sshllltng Èestr þut v¡ltlch u¡as lr¡vartabLy aboer:t t¡: the

gastrtc Julce of pattents wlth perntclous aÌ¡aemla. In

sotre patlents wlth achLorhydlta ar¡d. s normsl Sshlll1ng

test, a slower vltantn B* blnd.er uas ldentLft od. foLlowlng

parasytrpathetlc stLmulatlon. Gu3.Lbe¡g belleved. that the

sloq¡er novlng vltauln B* blnd.er was related to lntrtnslo
factor, amd^ found. lt dtfflcuLt to recor¡ct3e these flndlvtgs

utth the vlew of Gräsþeck, ühat ùhls wae a breakd"owr¡

p¡oduct of, peptlo dlgestlcnr slnoe the blnd.etr ?üâs

lnvarlably present [n 1;he aobJ-orhydrlc stater and slnce

peptlo d"lgestlon d.!,ð not prod.uce any slgulflcant

ålfforenoes ln the patterr: of vltanln Btt blnd'tng.
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GLasst group (T.iehå.na et altt, t96t+) oeasured the

vlta$tn E* blndtng capaclty sf huaan gastrtc Jutce, and.

perf'oruueù separatlon by paper electrophorosts. The

gastrlc Jut ce f ro¡i brvo patlerts wlth pernlctous auaeal.a

bound stgntfLcantly less vltautn B* than no¡PoaL. fhe

natn vlta¡lln ür, blndlr¡g arees trere tdent'lfied ol: the

anod.lc s|ùe of the elcctrophorettc pett€¡,t"i r ancl 
"{erÊ

e3.esl.glncrted. prftnery and. eecond"afy. f'hege !ças no cosrelatton

b¿tueen thË Þlhd'Ing of, vl.teut n Df ¿ hy tt¡e prlmary and.

secor:d.ary blnd.ersr âTld tho total" etncentr'atlon of proteln

or cerbohyrirate tn ttre irlr¡dtmg area of the el.ectrophoretogram'

In the enaetdlc gastrlc lulce of patlents t¡tbh perntclous

anaerular ând ln the gastrlo Julce of patlcnts *¡lth

Ì:lsta¡;rLne-faet anacldlty wtthout parnlclous anecr:lar the

prinary bLnder r"¡as low Ln content, ù-x sbssnt, a¡td the

s€egndary area of btndLng nâs aLways ahsent'¡ tror'leverr a

terttary arÊa of lnterneôlale nohlltty wae noted [n these

tnstances,

Ilerbert and hLs colleagues (cotttleb et altl ' L965,

applted thelr teclrnlque of charsoal separatto¡r and, lsoto¡le

dllutlon to t,he measureruent of, the uusaturated Vltantn Bt,

b'lnd,lng oapactty cf gastrtc Julce. They tiave Elore

recently applled the techlrtque of DEAE cellulose chrosat-
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ography (Retlef et alt1, L96?a) te; the separatlon of

raåIoectLve vlta:aln Br, Ìabelled gaetrf"c Julce, and

found that there were Ùwo peake of vlta,uln Btt btndtns

¡naterlaL, or¡e of wt¡tch contalneÔ all. I,ntrtnstc factor

vltastn B* btnd.er (ae well as so¡ne non-lntrtnslc factor

vlta¡¡tr¡ B* blndexlr ar¡d. the other consf.sttng of

noix-lntrlnslc facüof blnd.erE. Gasttrlc Jt¡lce f¡ou

patlents wlth perþtctoug anee&lg prod'uoed' tu¡o peaks

of vltanln B* htnðlng æaterlal, both of whlch Lacked.

tntrtnste factor acttvlty. AJ-though they adnltted thåt

the tectrntque used. ôoos not y!.eld lndlv!Ôual' dt screte

prote!.i:s, they felt tf¡at the patt€rng obserryed" tended.

to oonf lrm the sL¡ollarlty betv¡eer¡ Eaetrt c Juloe

$on-Intrtnstc f,aetor vltaroln Bt, blnd.er and. the saLlvary

vLtasln B* blnderi they also felt that tho prlnclpal

bete blnd.er of setrug raay not be the aalne blnder as the

beta bl¡rder of saltva or¡d. gastrlc Jt:tce.

It has been d.enonstrated. by lüyberË ot aIIl't1961)

that tþe tape-$roy$ Ðtphyll"sbothrlun Latun ¡uas sapable

of splLtttr:g the conpJ-ex f,orned. between vttaretn BtU

anö lts bt¡:di.ng proteln Ln hunan gastrlc julse, lrt sueh

a rasnner tbat the bouncl vltaÐln rras Llberated. ln a

dtalysablê foro. They cor¡stðered that the parastte
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contalued. an €nzyne whtoh was capa'ble of l"lberatlng the

bound vltantn tsr, as such, arid lrhlch nay havs preventod

the vtta¡qtn Br, f,roæ betng bound to the proteln wlth

rvhlch Lt was nornaLJ.y essoclateð tn gasÙrl.o Julce.

"&bels et elll lt?Ø) have mad.e use of the lrltamln

B* b5.ndtng oapactty of $astrlo JuXce as a ¡asans of,

assaylng the Level of clrculatlng antlbody agalr:st

lntrlnslE f,aetor. Uetng dlalysls technlques ar¡d radlo-

act!.ve vltamln BLZ, thEy showed that el'eYen patlents

wlth @ht1-!.ntrtnslc faotor antlbody ln thetr Eera had

dlninLsheö vlüau¡Ln B* blr:dlng capaolty of thelr Slast'rLo

Jutoe. whereas gastrlc Julce fron twelve pattenta shose

seta were lnasülve !n respect of, ar¡tt-fntrlnstc factor

antlbody d,!d r¡ot have a d.ecrease ln the blnê1ng oapaelty

for vitsntn BtU.

2.6 In vlÈFo Vttauln Ðr,
Protelne.

It ls agaln necesealy In thls sectlon to l-nclud'e

under the one general head.tng naterlal- relatllrg to two

theoret!.ca13.y dlsslntlar sltuatlone, naæely, serum proteln

blnðls$rar¡d plas$a proteLn bl.nd1ng. r{rter resuLts

reported. tn thts lsork sho¡s thqt $here ts no dlfferçncer

fro$, the polnt of, Tl6H of vtta¡rln Btt blttûtng' bsttlr:en



5t+

setrUIB a¡1ð plasue, a¡¡d. fcr tklts treaso¡ studles on serum

bltrd|ng an{ pÌasÐa blr¡di.ng heve been lncl"ucled tn tt:ls

oae categoly.

I,teyer U965) has recently revte$ed thLs subJeot

ln detatS-.

z.dr.l IÅ vttro-vl..tagiln Ð12 @

2.6.!.! GS¡rS¡rel,. I';a¡"¡] þ1ologtcal substar¡ces a.re

bound. to plasma protetns, eld f,reqUent).y, tt:ts blndlng !s

trlghly speetfte, both f,or the protetn and" ti:e Ltgar¡d'.

.Aru+n$ the lnstances clted In I'ÍUrp[:yro lüvlet'r (l',urphy, L96tþl

of the ap;ollcatlor: of proteln btnd.tng to assay procednres

aïe a¡rtlgen./anttboôy co&plexesr çertaf,gl hsrrnones and' thetr

speciflc blndlng globuLlns (suctr a's thyroxln), vttantn ELZ

and lts gtobulln(u)r ar:d møtal-s such as lron and coppelr

and thclr speclf!c Ï:lndlug Protelns trar¡sferrln and"

caeruloplasutn.

hrsny cllf,ferenÈ æethod.s have bcen descrlbçd f,or

neasureÐent of vlta¡atn Er, 'blrid.lng capaolty¡ sorue rely

orl tÌre racllssotf.ve forns oi bl:e vltatttn for lts

lðentlftcattror¡ ln the pertlcular techntgue tnvolvecl"' and'

others Use ulerobtolo6tcaL netlrods of noasur*ment. the

teci:nlgUes usscl Lnclud.e d.leLyslsr ehareoal separatt'on.



TABLE II
ffi

co6o

c060

co6o

co57

(8. gracllls)
co6o

Varlous

co6o

co6o

L. llochnannll

1-500

1-100

L-L25

t*100

ExcosE

ËxceEç

Two* to
three-fold.

exooas

ExceEs

fixooss

t0-100

ïncubatlon

? Htrg. ' Boom tørnp.

? Ers.r Eoon t€mp,

2 Ë¡s.. Sooa ternp.

2 Erg.r Boo¡o temP'

1 Er* , 22oc

Boo¡n tem¡1.

$ Hr. ¡ Boon t€np.

?

l+ E¡s.r t+oc

tr Hr. ¡ i?oe
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Aufhors

Bertohor and f,16y6r, 1958

Iieyer et al,!l , L95'Ì, 1961

Bertcher et elll, 1960

I,ieyer et a111, 1963

!i111er, 1958

I'111lor and Sul-Ilvau n L958

Hoff-Jlrgehsen end
U'o¡m-Petersen , t96E

Boeenthêl e¡d, Austln, t962

EoEonthal et alti, L965

IIeIler et a111. 19611

Preeeut Stuqy

,+8

tl8

Il8

ll8

24. l+8

I
72

Overnlght,

48

96

Tenperature
ffi

CoLd.

Colð

told.

CoId.

(l+oc )

220C

Boo¡a temp,

lroc

l+oc

40c

l+oc

Buffq

Bunnl"ng tap

&unnLng tap

Bunnlr¡g tep

Bunntng tap

water

wator

water

wate¡

Phosphate

$slIne

Fhoophate

Acetate

8allne

lrls phoEphate



and vertouË prot€ln fractlonatlon roeÈhocls based' on paper

el-ectrophoresls. gJ"rd. vEìl1ru8 8e1 a¡lcl aellul"ose aol"ulßrn

separatton ¡aethods.

2,6,1.2 Dlglfpls lechr¡toUes. These technlques

requtre the addltton of, sx excoss of vttanlr¡ Ett to the

test sa¡upl-e; f,ollo1sllrg a perlod of tncubetton' dlalysl's

ls carrLed out to remove the excêss' unbounci" vlta¡¡ln f,ron

tk¡c¡ tost salnple. It ls then assuneó that slL vttauln BfZ

re¡ualnlng eriô d^etectable, 'l¡y elther nlcroblologlcal assay

or radloactlve countlng, ulthtn the dlalysl's bag ls bound"

to proteln, In reçley¡tng the vårl.ous metltods belowr tt

r¡¡111 be apparent t¡..¡lectate ly that there art nrarked.

varlatloyis tn tlte d.etatl- of these techntgues, and tn the

phFStcal cündltlons of, the tn vlt¡o expertne.nts. For

ease of ref çrence n th<¡se mebhocl's have been sumnarlted tn

tal¡les Itr aud. TIL An lnltlal" part of, thlç present

tr¡vestigatlon was to assess the slElllflcanc€ of the ]'arge

number of varta,bl.es tn the dtalysls nethods 'þef,ore a¡¡y

eompaltson couLd be attenpted between vaLues ohtelned tly

any two ålfferont r¿ethod^s.

Irir:yer anû hls co-r$orkstrs (Bertcher and' Þleyer , 1957 ¡

I{eyer eü aLlt , Lg1?¡ Bertct¡er et atlt , t960t Þieyer

et a111. Lg6L) added allquots of from 1'0 to 500 h)tg' of
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radtoaqtlve (Co60) vlta¡qln B* to thelr 1 nlr sÊrüB

senpLes, and. lucubated" the neteflal, tu a VlskInS bag

aÈ roos teuperature for t¡¡o hours¡ they then d!.aþoed

t,hls rnaterial f,or t+8 hours agalnst coLd. lunnlag taP

uator. The connonS.y used. asrount,s of add.ed Vltanln Btt

?¡ere X, ?.5, 5, 10, 25, 5O, and 100 un¡rg./mI' The

rad.Loacttvlty of the bag a$d tts oontents wås measufeô

af,ter the bag tled been dlssolveð ln consëntrated

sulphurlc ae!.d.¡ thus ühe radt oâctlvlt¡r after d'lalysie '
repreeenttns bour¡d vltanln ElA, lncLuded ttrat bound. to

the bag, anct to the prectpltate whtch presuraab}y ( ft ls

r¡ot menttonaô) was fomed. èurtng C'Lalysts. Tlrts group

felt that conttnulng cLlalysts tor 72 ot 96 hours dtå

not d"ecresge the resld.uaL acttvlty further then ttre 4tl

hour perlod used. lhey also found that ûlalysls agalnst

nor¡nal sallne , 6f" d'extra,n tn nornaL sal'tne, sxld nsrmal

huuan plasna gave slmflar resuLts to dlalysts cond'uctod'

agal,nst tap water. I'ieyer et a}t[ used. the sa&e baslc

teclrnlqueo ¡.¡[th a change of teotoBe to Co57-cyanoeobala¡otnr

Ir theLr studles of the setruËr btnd.trrg effects of vltawtrn

B* analogü€s (l'ieyer et altt, 1963)" I'ilLler and' 9ul-Llva¡t

(t':ttlar , tgSB) used, both lsotopto and ntcrobtologlceL

methods tn thet¡ early studles. ?hey cltLuted' Serun wtÙh
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Co60 vlta¡aln B* and. phosphate huf,fer anû placed. lt ln

Vlsktng ùlalysle bags. ellowlng ar¡ lrour for lncubatlon

st 22oc. Dlalysis of the 9 nl. eaurple was car¡led, out

agalnst 250 nl. phosphate buffer, DH 7.3, at 22oC,

tnltlaLly for a portod of 24 hours, anå later, for ü'8

hours, although no o8planatton was glven for thls clrange

tn l-ength of d.tslysts tlne. lhey found. that slrnllar

blnd.ir¡g resul,ts were obtalneel rchether dtalysts wss

perfornoû tn the cold (¡+oc) or at roou¡ temperature

(aaec) ¡ the blndtng to the dtalysts bag was htgher

at zzo1 (tl-gË) ttran at I+Ðc (L-?&). They aLeo stuted"

that there T¡tas no dlffe¡enae prod.uced Ln btndlttg whon

other soïutlong ?tstre used tr: place of the phosphate

buffer f,or dlalysls¡ those tested. tncLuåed dtstllleü
¡'rater, dextrar¡, barbttal, buf,fet, *¿ n6¡ma1 sal!.ne.

The comparatlve st'udy of }Toff-Jfrger:sen and

iqlorn-Petersen 11962) ts dtsoussed tn ôetatl bLow

(2,6n1.6)¡ they perf,ormed thetr dlal'ysls procedure

agalt:st sallne for nlne hours at roou teæperatür€¡

A stu&y of, the unsaturated vlta¡sXn Bnt blndlng

capaclty of varlous a¡¡lmaL eera was oamled out by

Rosenthal a¡d Auettn 119621 usLng dlaLyels teehntques.

Ttrey tncubated. the 0.3 ¡nLr såEtpl€s wlth Co60-vttâ¡ß1tl B1Z
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In two- to ühree-f,old" e:roess for 30 ulnutes at rools

tenperatgle. The dlal.ysXs bagE tretr€ p]"aced. In J0 nI.

tubes of buffer å].¡d ref¡lgerated at I+oC tv¡ the dark

tat ?2 boursl buffer was replaced at reguÏa¡ Intorvals.

Hel,Ier et eLl"l (196¿¡,) measured. vlüa¡oln Brt b:"nûtnø

oapaclty by the L. lelck¡naüû.l æothod' afte¡ tncUbatlon

of the senple with exoess vltanln Btt f,or f,our hours

at þoÇ' ahd êtalyets at l+oc for 48 hturs aBelnst

sodlum chlorlúe.

2.ú 17, ,3 Mtcrobloloelcat-TechntqUes ' At least t¡vo

groups have Used. urtcroblo}oglca] technlquee to $easure

the totaL blndtng capaclty of vl"ta"utn Etr pilt'hout

dialysts. Raclrr¿tlev¡ltz et altl ß95? ) measured. the

blr:d"l,ng of free a¡¡d houncl vt"tant* 812 after excess

crystalltne vltantn B* heð been lrrcubated v¿tth serun

for 2q, hours at lloc,

Bar,rerJee et altl ßg6A) used mtcroblologlcaL

techntques to lr¡êasur€ the ln vl"tro vltanl"n Btt btndtns

capactty ln 5t subJeots; they aåded 5f 00CI ¡¡¡rg. vttemln

B* to l nlr s€rtlul. antd. ureasuled. bhe vttsrnln Btt content

of the ulxture followtng lncubatton fot 2 hours at" JTaC'

They eonsldered the results obtalned. for Èhe bound fsrm

to represent the bt-ndtng capacf.ty of the s€rllìtr
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216.!,4 t.tïlrcoal Te.etrnl,oues. In trer studles of

vlta¡nln tsr, blndlng ln perülcIous anaepla, Ch¡lstlne

Lawrenae (t966a, f966¡) used the charcoaL separatlon

teclrr:tque of ÐitLlor {t957} tor seasurlng vltauln Êlz

blndlng capac!.ty. åÍr excess of rEdioactlve çco57\

vltaalr¡ Brn was ad.d.ed to the tesü e€truu, anid, after

lncubattan aþ )?oc for J0 slnutesr r€Êov81 of the

uRbound vlüa¡ntn tsrn was effeoted by centrlfugatlon

wtth charcoal. Gott]-teb et allt {tg6S) al'so ueed tho

technlques of, charcoal assêy f,or dete¡mlnatlor¡ of, serun

unssturated vtta:sln Et, þlndlng capaolty.

2.6,L,5 Proteln,Ffagtlonatton Egqhnlsues. Several

groupsr begtnntng wlËh DoarÖ sr¡d. irttney (nltney et alllr
195I+) rell.ed. on the d.If,ferent electropho¡etls nobllltLes

of bounû e¡d unbçund, vltastr¡ B* for the separatlon a¡rd.

ueasure!ûent of vttamtn BlZ blndtng capaclty of bLood

protolns, Pltr¡ey et al.l,L n954) used paper eLectrophorests

after the addltton of excess crystalltne vltanln Btt to
deterntne the dlfferentlal, blnd,lng of the vttamln to

electro¡rhorettcal-Iy separable proteln f,ract|ons. litft
( f g6þ) used ølnc sulphate a,r¡d. sod"lt¡¡n hyd¡oxtde

prectpltatlon to separate free and. bounô vttan1n Ë12r år,ld,

¡eeasured. the capaclty for vltenln Btn blnd'trre wtth



6o

rad.loact!.ve teotopes. The lneUbat'ton ttme ehoeer¡ was

20 mlnutes at 3?oC, a,).though 1t was stated. that the

btnd.f.ng reaetlon ?Ias oomplete at ftse nlnutes' over 4

taage of tenperature frou goc to 40oC, Ion erchange

cellulose colurnns î,tele utlltsed by Gabuzda et alll (tg{'S\

to dtff,erentlate free vltaæln Bt, from proteln bour¡d'

vftatrln tsl', after prtor tr:cubatlon wlth an excess of

vlte$ln tsr, and. ålalysls agalnst the startlng buffer

used. for coluun ct¡tronatofilaphy. Tl:ey selEcted

E. gracll.ts for assay of vli;amln B,, tn ttlelr col"uen

f¡scttons '
In t,itelr tn vltro stucì.les, I{om eü allt ltg66\

ad,deð approxlmately 0.2 nE' of ço57-vltamtn B* Per

ntrlllIltre to no¡r¡sl and ohronle myelotú Leukaeulc BeTâr

whtch were ther¡ appl.ted to DIIAE Sephadexr CFi Sephedex

and flephati"ex G200 colunns¡ whlLe approxlnately 0.4 ng'

of Qo57 *vltantn B* Per mtllt Lttre of setru¡r løas add'ed'

fo¡ paper eloctrophoresls. Thus, the btnd'lng capacLby

tr¡ ¡sost tnstances WaS unlllrel-y to be exoeed.eô; thls

creates furtlrer dlfflcultles tn conparlson of those

resttJ.ts ¡stth others tn whlctl saturatton of the blnd'f'ng

cepaclty of plasna protelns for vlta¡nltt Btt was

sought.
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2.6.!,6 Coq*pråf¡on of i'iethods. I{pf,f-J/rgeneen

anò Inlorn-Petersen (tg6Zl nnaðe a coÐparlson of four

uethods of, assaylng serus þtnd.Ir¡g of vlta'nln Bi,Z'

Dtfferent results ¡\fere obbat¡re& usl"ng d.l"alysls'

L. leloh¡aerffi.tr Ë. gracllls, apd upùeke by wlld E. oo11¡

however, the dlffe¡ences were sonslËt€nt. It' tqas also

st¡ol¡m that there sras n0 correlatlon 1r any of thø for¡r

metl:ods bettieen the blnd.Lr:g capactty for vltanln BIZ

and tþe orLgtnaL seru4 coÐc@ntratlon. The dla}yste

method. and the wlLd. type E, oo11 gave good. sßreenent on

blndlne; the vttarnlr B* unavatlable for L. Lelct'¡narvtt

lncroased. aLuost In proportlon to the totel vttasln Ð1,2

co.ncentratlon, whtl-e that ur:avallable for ilr straclLts ¡'¡as

aLmost constant. These authols proposed' tlret the sêrun"

vltaa1n B* btndtng oapaclty shouÌd be d.eftned. as that

au¡ount of vttamln B* Per nllllIttre of serun ¡shlch ts

non-dtaLysab3.e at at¡ InlttaL cor¡ceÍ¡tratl'or¡, such that

rlore than o¡6-qua¡têr. a:rd Less than çne-þslf, of the

total vltanln B* rouatns unêta).ysed.r

2.6.2 tn vltro vttanlu Bt, @
a

tsecause of, the wld.e range of nethode'empx.oÍedr anû

the,l,ack of conslstent ag¡'eeu¡enü wlthln these proced"ures'
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lt ts of, }ltt}e worth to oompare absolute values oÞtetnod¡

tt !E of, constderable VaLUe, ho¡seyer, to osnlrare and'

cogelate the Þatterns of b!.ndlng d.etermt ned by Varlous

nesns l"n both norunl and abno¡rual cl'tnlcaL sLtuatlons.

2.6,2.7. Nor'¡nal PattçEne. Bertcher 4nå i'ieyer (I95?')

sho¡¡ed that as the anount of vttantn Ëtt ad.d'od. was

tncleased, the fractlon whloh ¡uas bound" f,eL]., *lh!}e fhe

abeolute a¡aoUnt bound. ros6. Thelr reeulùs showod. hlgher

btnd,tng than those d.eterrolneô by nlorobtol"oglcal assalti

that thls L¡lc¡eased blnd.lrÌg wa6 not due to tonlc oobqlt

resr¡J.tl.ng frorn vlta¡¿tn Brn breakd,own tras shown by very

dlfferent resul,ts obtained by theu t¡tth Co60c1, tn

conpartson wtth Co60-vLtEntn B1Z. Eårey suggestcd that

the vttaaln B* avat labLe f,or ¡alcroblologlcal assay roay

not represent the total" Vlùamtn bound. to SeXUis protelns ¡

the work of iioff-Jlrgenson ar:d Horm-Petersen V962) has

oonf,!reed ttrls. They further post'ulated that the

prt¡na¿:y blnder of vitantn ErU vlas gulskly satureted at

no¡'¡¡ral J.eveLs' and. that noa-EpeeLflc blndtr"ng took place

to other proteln f,racttons aü hlgher oono€nt,gatLons.

These sa¡ne $orkers desonstrated, fro¡n these and,

Iater studtes (I'ieyer et aLtt t L957 3 Bertcher et 4111'

L96g), thqt the btnd,lng of vlte&tn Btt to k¡usan €eru&
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protetne ln vltro ocours tn two phasesr å¡¡ lnltlal- phase

vrhlch ls oonstant fotr norua}s, bUt ¡qhloh ls lnareased-

!n most patlente lsltþ nyet'old, leukaepla and In so¡ae

pattents vqlth polycythaemla vera (y,eyor et allt, L9571

Irreyer et qltl I L96t)l ln the eecolrd. Bhase of btnðlr¡Ë'

there was lese avldLty f,or the vltanln' but thls avld.lty

sras eqUa]. tn heaLth and dlseaee. They showed (BerË'cher

et a1tl, 1960) ttrat tt was treasog¡able to âssu@o thst

radloaetlve vltautn E* and trcoldn vttanlr¡ Btt Possessed

the Bame propertl.es of aerus btnêtng. the f,trnness of

tha blnûlng prooess T'Iâs d'emonstrateê b¡¡ addlng larger

quantltles of non-radloaetlve vttasln Brt to proteln

¡rrevlousLy bound to radtoactLve vttenl¡r Bl2' lvtthout

alterlng the orlElnal btndlng rel"atlonshlÞ. They found.

that tn vltro btndtr¡g ton4eno€d o;lthln 20-¡¡,0 seconds,

a¡d after t¡so hours the bonô was not able to be

dlsturþed..

$îIller (f956) oonstdered' ühat' over a four-foIù

range of ad"ded. vlte!'ln BL}' blndtng waE only sll"ghtly

tnereased.. Ee suggested, fron thts study, ln whtch

lsotoplc a¡rd, nlcrob!.ologtcal nethsd,s of ¡s€as¡ur6¡ßent w€re

used., that a larger RÐûunt of the ¡adtoactlve vttanln Bte

bound. by nornal seruü was Eeasureô as free Vltanln Btt
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by Ëhe Í1. graci.lls method.. Ttlls noay also be a f,actor

contrtbutlng to the hlgh flee LeveLs of vlta¡nill ett
v¡htoh ú¡6re de¡sonstrated by SanerJee arid hls colleagues

(BenerJee et allt, 1960).

The unsaturated bl.nd.Ing capaclüy for vtta¡ntn ntt
of sere fron d.lfferlng epecles neasutred by BosenthaL and.

¿Iust,tn (L962) ranged f,ron 0.29 ng.,/ul. ln the a}llgator

to 6956 ng.,/nl. ln the chtnook sal¡non. Although there

ÎJefe exceptlons to the genefal n¡le. It wad apparent

that the vf.taætn Bt, unsaturated' blndtnE capact'ty of

seruËi sfes hlgher ln antnals wtth nucleateê erythrocytes

than [u those wlth erythrocytes vshlch hað no DüÇletr

e.6.2.2 Abt¡olsal ïa'b'þe¡r¡g. l':ollln e,r¡å Bosç \L9591 ,

uslng ntcroblologlcal teohril<1ues, roported tha't Xn thelr

Leukaemtc patlents l-n nhos tholr lrere s.ble to denone'brate

eLevated. seru¡l vttautlr: B* l"eVels, r¿ogt of the Vtta¡aXn

-rías t¡r the bound forni, end weg assoclateô ¡'rlttr an l,r.¡ereaeed

capaotty for blnd.trng v3.ta¡sln Ërr. These fLndlngs were

conftn¡ed by Rachnller'¡lts et aLll ß95?) and by Baccuglla

and. sacks (fp5?).

the tnltlal serles frort iieyer and hls oolloagues

(Ueyer et a111 , L95? ) contalned 1¿l patlents wlth ctrronla

nyetold. Ieukae¡a|a, of whon 10 had unequlvocal el"evatlon



65

of vltamln 3r, blndtng capacltyr 2 hað bord.erllne levels

ãnd 2 rrÐrÊ wltht"n tk¡e normal ra&ge. Us!.ng the 25 wyg./ml-.

leveL of blnûXng ås a reference PotlttI they found. falr
correlatlo¡ þotween t!:e blnd.lng oapacf.ty for vltsral.n Rl"Z

a¡id tþe leuliocyte oount r er$d a Less l.mptresslvo eorfel-etlon

mlth the absolute rsyeloblåst count. Increaeed vltauln tstt

btndlng çapaelty l,¡ae al.go d"emonstreted tr¡ sQEIe petlonts

wlth acutê nye3.oXd Leukaemla' and. [n soae wtth other bLosd

dleeases, lnelud.lng polycythaeuta TeXa. fn thelr laterr

larger sertes (fAeyer et altl ó L96t) tt¡ece f,lnd'lngs were

conf,lrned ancl extended,. The tncreaee tu vlta.otn BtU

b1nd.lng Ln patlents $lttl nyelold leukaeale was agaln sho?ün

to occur in the flrst phase of, btnd.lng. 3{o ¡eLatlonshtp

ft'ês apBarent betlçeen the vtta¡r1n Bt, btnd.lng capactty and

tncleageö serouuootd LeVels 8Ê€A tn certatn neoplastlc

dteeaees. TkreSr constùered. that the slotg faLI tn vltantn

Et2 serum levels and serurn blndtng capactty after the

comnencerg€nt of, ttrerapy coulð Ispresent p€rslstenoe of

the prevl.ously eLaborated blndlng substance. ft¡ey

pentl.oned. three posslble reasons f,or tho elevated vttanLn

B* blr:dlr¡g capa6lty !n nryeloproltferattve d.Isorders'

betwoer¡ whtch they lüere not able to d'lfferenËtate9 these

wetre, flfgtf Ëhst tl¡e lncnease nay result fros en i-ncrease
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ln ùhe r¡u¡ber of blndtng sltes on speclf,lc proteln

nolecules, secoy¡d. that ay¡ aì¡nolual blnd"tÐg sUbstance

eJ.aborated. as part of the dlsease prooess Eay be

responslble, and. thlrd' that leukocytes or thelr breelr-

d.oram pfoducts ney be responslble for the lncreased'

vlËarolr: Br^ blndlr:9.

Iil1ler (195s) also strowed that, 1!: ch¡onLc nyeIold.

]euJsaenla. the unsaturattd vttaaln Btt btnd'lng capaclty

and, the botai vttaqlr¡ B* blnålrig capaelty s¡ere bottl

el-evated. gp€culaütone !¡ere also adva¡ced. eoncernlrig

the severaL poss!.ble explanat'lons for thls phenomenon.

Furtber aspects of thls study relatlng to ttre protelt:s

responslblc for blndlng vlte¡sl.n Btt are d"tscussed- belo¡s.

l\Lühough other T¡orkers (eea¡A et altt , tglteai

Itol}l.n and Boss Lg55; Rackuallewltz et a1!'1 , L95?\

conslclered. that nost, tf, ¡ot all of the tnereased. vltanln

Bra ln serum of let¡keemlc patlents was ln the bou¡rd' forn.

Banerjee et a111 (L960) found that the free vltaaln Btt

IeVeL wsç lnçreased t¡¡ patler:ts v¡Lth leukaenla. trn

cbronlc myelotdr acute uyelold enå acute LymphaÙ|o

leukse&tar the nea¡ galue of free vtta¡sln Bæ lras greater

thar¡ norrnal, the acute nyelotd fo¡n lravlng tho hlEhest

¡elatlve lncrcase. Å posslbLe erpla¡atlorr for thts
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flndlng t¡as been mentloned. above (2.6,2.1") fn dloeusstng

the work of 14111-er ( X956 ) .

The results obtalned þ l1e13.er et a111 1196t+) trere

slullar to those of tieyerrs gloup mentlonad. above$

lnsreased. b3"r¡dtng oocurfed. t¡lth lncreaslng å!ßounts of

vttasln Bm aðdedt and a blphaslc surve was ob$err¡ed''

suggeettng ttret there are two (or æorel ¡lncters of, v[ta¡sln

B1Z. Iieller et aLtl regarded" the poLnt of f.ntersect!"on

of the prlnatry and seoondary slOpos as tþe *Ur¡saturated,

btr:d.tne eapaeltys, ar¡d the resuLt obta,tned by ad.dtng thts

ftgure to the rueasured setrurt leve1 of vlte^nin B12r they

¡eferred. to as the total btndlng capaelty. Ttrls g¡toup

found. that tÌ¡e unsatursted. bå^ndtng capaclty ln patlents

wlth v!"ta¡Btn Bt, deflctency v¡ss not slgnlflcanttry

d.lfferent fron nor¡nsl¡ 'but, þecause of, the f'nttla]. lotl

serun level, the totaL blnd"lng capaolt'y for vltealn Btt

l*as d.lnl.ntshe'û' probably åue to deoleaseê ttssue bl.ndtng.

They postulated that vttantn B* stluoulates tkre synthests

of tts own blnd.tng protelr¡ tn tlssues 8s woLl as ln

plaema. HerÌ:ertrs group (Cottfteb et a1[1 ) 1966'l have

reeently reported conflrnatlon of the reduceå Vttetnln

Br^ blndtng oapaolty In untreated patf,ents wlth perrnlcloue

anae¡gla.
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2,? Vl,tan1n 812@.

2.'l .L Ptotetn .U.teratlons t'n Dlgease.

It ts relevabt to refer on3.y to thoee alteratlons

of, plasma proteln Iu dtsoase states wh!.ch treve so!ûe

relevaroe to the lu¡led.tate subJect of thts study.

It has been known for soue years thet tho ¡nucoproteln

aontont of p).asnaa of T¡atlents wlth mallgnant ðIsesse |s

hlgtre¡ tha¡¡ normal (-w*lnzler 6t al'tlr 19l*8). Hotrevo¡' , v¡o

patlents wlth leukaemla Tdretre lr:cluded tn fhe sroup

studted,. Rund.les et aLtl ft95¡+l I us1ng the llsel-tt¡s

tcchnlque, eXaslnefl the seru¡c protoln patterns of over

200 leul<seqlc pnttents, and although a reLatlve

hypoalbu¡rtnaenla end tncreasê ln globull.ns was d'e¡sonstrabLe

Iu mosù of the serlously 11,1 petlents, these lIere consld.ercd'

to be nor¡-spectftc eff,eots. I'.ore recer¡tly, IiyÈe and' Garb

t¡g65) assessed. the lncldence of the occurror¡ce of,

C-res,ctlve proteln ln patle¡ots v¡lth l"eukaeuta¡ tt was

detected Ln 6g:É of, petlent's wl.tlt aeuta nyelold [eukaeüla'

51:fr ot' patlents r,¡tth chroRio mye3.otd. leukaemla, and. 1n:

32fi of those ¡o¡tttr chronlc lyltphattc leulraenta. They ùrew

sttentl.on to the poeglble trelevance of thls flnðltlg to

the search for ]eukeemlc-epectf Ic antl'gens '
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Baccuglla and" Saclts (195?) stated' that, th thelr

patlents rr,lth chro¡¡tc nyelold leukae¡ala tn r'iÌros Increased.

vltamln B* btnd.lng oapaclty ç¡as d.eüonsürated, there Tfere

no grosa abnorme.lltles d.etectal¡le |,n tþ¡e serpß protelns

by paper eLectrophoretls oeparetton.

Ir¡ a stuðy of the tnterrelatlons sf, hul$en selìufn

proteln frac?Lons. Braskenrldg;e (fp6t¡) sh¡owed' that tk¡ere

was a þtg'tily slgnlflcar¡t (p Less than 0.001) correlatton

coefflclent betr¡een album!.n ar¡d o, Slobulln Levels tn

pat!,ents wtth mel-tgnant dlseaser r¡htcþ v¡as not present !n

healthy persor¡sr plegnant uroner¡o ar:d' !n clrrþotles. ije

constdered, that al.bunlr¡ uay be broken d'own ln oertatn

uallgr1ant dteeases to æaterlal possesstng cr,, gLobulln

rnobtllty.
Iþston and hls colloagues (llaston et al-ll ) L9()2)

aeasU¡ed the levels of Oroso&l¡coïd aud another of acld'

g3-yeoprotelir tn no¡æals and ir: abnornal states. 'Ihey

obseryed a rtÊe ln bott¡ prot@Ins folLov¡lng surg;1c41

proced.ures¡ the re, actd gì.ycoproteln rose üo a peak

wttbtn 2-3 dsys and fe1l agatn to nor¡raL ovell a slnll-a¡

pertod, whlle ttre orosogtucoid' f¡actlon lose urore slowly

over l+-? d.ays and rettlrned. to no¡æ41 10-1& days later.

istlmat!.on of thes¡o two protolns !.n 2¿$ patlemts wtth a
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vsrtety of d.lseases (l¡ut noü tryel,otd leukae¡¡Ia) shoged.

that t'hey rnay vary lnd.ependently of each other.

Oecaslonal plaæa proteln abqrorzsalttles have been

d.escrlbed, tn patlents wlth vlt'arntn Btt deflclency.

NelLl end. Ueaver (1958) sËudted by paper electrophorests

Ëhe plaena protelns of, 30 pernlelous anaeæla patlents

and found, ln the untreated" patlents, reductlon of the

Èotal proteln and" of sertatn eotuponents, especlally

albunln; aLpha and" beta globulln levele were also

decreased. the fact that the total proteS.u level and

the level of protel"n fractlons returned to nor¡aaL efter
t¡eatnent suggested to these authors ttlet' vltanln Btt

exerte an lnfLuenee on protetn synthesls. Support for
tkrese ftnrllngs oanñe from van Ðomneler¡ et a1"11 (t96-:),

who ad.ded reve¡'sib1e hypogemuagloÞu}l¡¡aemla to ttre

othe¡ abr¡orraalltles descr!.bed þy Iüe!1} and. Heåver.

2.'i.2 Vltanln B, ^ Bludlng ProteLns - Techntques

S1nce the d.evelopreent of new snd reflned techr:lques

of proteln separatton has played an l¡nportant part ln the

luerease of knotrled.ge of bhe vltasLn D* btndlng proteln,

lt ts pertlnent to nentlcn brlefLy ttre ¡uethod.s avallabLe,

and those chosen by vartous authors, slnce these
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Und.oubtedly have arr effect o¡r tt¡e resul-ts obtatned a:rd

tlretr lnterpretatton. The Èechnlclues of proteln

sepa¡atlor¡ t¡hlctl have bee¡: t¡sed. flr¡clurle paper' starch

gel, a¡td starch block eleotroptroresls, and vertous forss

of coLu¡ut chromatography. The theory snd practlce of

tk¿ese nethodp of protetn separa'ilor are gutsld.e the

sêope of thls present d|scusslon; they are wel,l. covered

ln recent revlews (Peterson anð Sober, L96Q¡ Tsubs

et altt, tg()L; Tlsellus et altt, L963¡ i(ekwlck, 1966).

In thel.r lnltlal stud'les uslng DEAIT ceLluLose

columns and grad,tent e1utlon, Fahey et a111 ß'959].

tdentlfled an aÌ.pha El,obulln as å vita¡nln Btt blnder

by neans of L. Letehmannll assay, eonflrnlns ttre

earl"ler observatlons of Pttney, Beard' ând vån Loon (tg¡tå)

and of Íìelnrlclr at¡d ¡irdna¡ln-Oehlecker ¡ 1956a) , who used

the technlques of paper electropt¡orcsls together silth

mÌ.erobloloslcaL ass4y, i'lend.eÌsot¡n et all1 (1958) used

strntl.af teotr"r:lques of colum.n chromat'ography to exter¡d'

tk¡ese obsersatlsns.

Others trave approached the problem by uslng

precLpltatlon teckU:tqUes, alone a¡:d tr¡ conbt¡rstlon E¿lttr

other methods, to separate and id.enttfy the vltamln ÐtZ

blndtr:g protelns. l':elnsteln et ell1 (1959) used' a
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perchlotlc actê-pþosphotungstlc acLd. technlgue' togethor

t¡lth the nethod. of Wetne¡ et alll t1950) for soparatton

of tÈre nuooproteln f,ractlog I'1P-L 1¡: thelr approach to

tire probJ.em.

iil].Ier a:rd $ulllvan (Il;11"1er, 1958¡ lilller and'

suLltvan, lg1g1o, tg6t) ueea ftrst1y paper electrophoresls,

then proüeln preclplÈatton method.e (Wlnzl-er et a111. f'9þ8;

tever et all1, L95t) ana later stareki bl,octr electrophoresls

ln thel,r rçork on the vltasln E* I¡tndlng prot€r.n" ilal-1

and hls group have also used. severaL clethod's of fractton-

atX.on ln thelr several studtesi these k¡eve lncluded' Geon

bloek electrophoresls (na}t and Flnkler, 19621, ool'unü

sh¡o4atographtr a¡¡d thre tpmunodlffuslon technlgue of

ûucht.erlony (Hatt er¡d F1.ntf.er. 1953)' and rsore recenfly'

ÐEAE oel.lulose snd. C[': cellulose !.on exehange ehro¡aatography

(ilel:- end. Flnlilex. t965i ln thetr separatlon of the vlÈeptn

B* btnðlng protelns.

Other reser¡t varLatlons of theee teotrnl'ques have

l¡:oLuded that of lTols et aIL1 $9661 , l{hc ueed D¡t¿18 seLLul'ose'

Cti cellulose, sephed'ex G200 co}uÐng, ar¡d' a¡rmoirlun sulphate

preclpltatlon, and that of Itettef et aLt't (f96?a) ' ruho

utlLlsed a verlatf.on of the DEÅ]J eellulose co].u¡nr¡ for thelr
^w-Ofk.
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2.?.3 vltaux.t¡ 812 @'
Follol¡lng ,upon thelr descrl.ptlons of abnornel

seruÐ concentratlons of vttanln B* tn patlents p¡lth

leul;aenla (Bsard et eLlt._ 1954ø,, 195tt'b), Pl.tneyn Bearù

and van Loou . {,tg54l pubtlshed thetr observatlons or:

vitasln D* serun btnd,lng, ustng Ð. EractLls to neasure

vttanln Ðr, eind pâper electrophoresls to separate the

rolevant Broteln flactlons. They founê that ln nornalsn

aLpha globu1Ln rtas the prlnary source cf the roound'

vltsnil:¡, In so¡ne tnstances, vtta¡sln -Êrn vras also found-

in assoelatlon r';lth aLbunln and, beta globu]-ln; thts

they feLt was due to lrnperfecttons tn the nethod.. Iùo

constant relatlonstrlp could be deuonstrated bet¡'ree¡¡ the

blndtng to a, glol¡ulln and o, eLobuLln. Þr'hen vlteuln

B* vras added. ln vltro, the naJor part was Located" rvlth

alpha gT.obult n " A sttÊ114n approach tras ad'opted' by

Iielnrtch and lìrduan¡r-Oehlecker q7956aL who found thåt

ln health, 52Å of the vlÈaraln Btt r'¡as bound to the úL

g"Lobu1.tn, 2lÃ to the c, elobul'ln. L6íl to albu¡ntn, ?l' to

the g gloþu}ln. afið $fi to the gapma globu3-ln. T,n ch¡ontc

nyelold leukaenla, 'Lhe blndlnS to the of and. of globuLlns

rfas f.nereased, although no essenttal quant'ttatlve changcs

were denonstrabLe t.n ttre concentratl,ons sf the serusl
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proteln fraettons pêr sêr t{ot only was there an

absolute Xncrease tn total blpd.tt:g, but proportLonateJ-y

more sas hou¡ld to the u,, globuLln fractlonl la chrontc

myelotd leukaemla, the vltanln Bta btndLt'¡g to ot

globultn roas lnsreased nlneÈeen-ford, and' to albunln

elerren-fo1d.. |-n co&Perlson r+Ith no¡1nal. é-pproxlnatoly

tk¡ree-qüarüers of the vttaøln Bt, r¡as bound to the at

globul-ln }n the serå of nyeloLd. leukaep:tc patlents, and

the tema1nd,er -É¡as equally dlsbrtbuted. betwcen the o2

globulln and. aLbunln. LLthouglt the üotel- blr:d,tng f el-1

afËe¡ t¡eat¡:er¡t, t,tre dlstrlì¡utlon dld. not alter. In €¡

further stu<iy (üelrlrtch and i,rd.¡nan::-Oehlecker, t956¡-),

lt t¡es Ce¡nonstrated. thot lnJeeted vltantn E12 tras

strongly bounù by the three maior bt*dllrg protetn

f¡acttons, aTld rctelned r¡tthtn the þody. tltese

observatlans 1'rÊre corrflrmed 'T:y Fairey et altl ß958)

uslng DI¿AII celLulose colunn chsoreatog¡aphÞ' 8nð graôtent

elutlsni the¡¡ f,ound thet the vlta¡ûln Bt, Tües assocl'ated

wlflr an alpha gtrobulln, a:ld. !.n an ext'enslon of thls

stuðy (i'iend'e1sohn çt a111', L958lr usl'trg paper eLectro-

phoresls anð polyvlnyl bloclts to achleve further

separetlon, thcy conflrmed ttlat the blnôlng proteLn

tíâs aï¡ alpha globuLt¡:. Ttre iRortasecl vltonln Ð1t J.eve3-s
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ln the serus of patl,ents trlth chronlc uryelotd leukaonla

they cotisld.creri eould be attrlbuted to en lnc¡eqsed

conoentratlon of thls protetii, vlhtet? also accounted'. !n

thelr vlow, for the lncrøased' vltanln Ett blnd'ln8

oapactty. They oonsldercd lt posslble that the lncreased

vitanln B* blnd.lng capaclty could. be ðue to an tncr'eased

nunber of blndlng el.tcs ort the other¡slse no:ma! vltentn

E* blnd.lng p¡ot€tl:. l'hey also calsulated' tt:e probabLe

total, vtta¡utn B* blncllng proteln aonÈont of serua (on

the besLs of on(: molecule of, vlteæln Bt, to one noleeule

of blr¡d.lng proteln of ¡eolecular welght approxlmately

L50,000) as 0.1L ¡$../n1., a level et +¡hlch d.l¡ect

aeasureE:ent of thts prot€ln Ls not feaslbl-e.

.tfter scnsldertng the posslblllty of Seukaearlc

ccLl clest¡uctloÐ e$d hepatLc d.arnage as soU¡ces of the

v!tanln ì3r, trlnd.tng protcln, they re¡neLr¡ed uncertatn

¡shether tþe deÐonstrat¡l-e nebabollc ar:ona1y of tt¡ts

protetn +¡as dlrcctS-y related Èc the æ¡¡e]-oeytto d.lsord.er'

or çt:ether lt reptresented a separate ¡ear:tfestatlon of

the dtseese pxooessr

ÎilLle¡ tì,111.Ler, L95B) tttt"tlalLy approached the

d.lfferentlatlon of the vltantn B* blnd,tng proÈeln uslng

paper electrOphorette tech:nlques, iiy whtctr he d,enonstrated"
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that the bound vttenln B1Z Ln normal serum *ias pfesent

prlnctpally Ln assoelatlon trtth the o, and o, globul-ins¡

rshen v!,tanln Br= was ad.ded to nornal serum tn vttror lt

¡¡as bound to all flve protetn f,ractlor:s, but ctrtef}y to

the B and G2 globullns. It was suggested that thls nay

have br,en due to saturatlon of the o1 globulln, or to

ar ln vttro avtd.tty of the beta globullr: l¡hlcL'r g¡as not

present 1¡: vlvo. I,lost oclded vltastn Br= aPpeared lll

nyelolC. leuî.,aenl"o sera l"¡r assoclatlon +:tth tlre o,t and"

o, Slo'bu1lns. It IirâS suggested th^at ttre lnoreased

serun vl.ta-nln B* concentratl.on ln ayelotd Leukaeeta

aay be d,uo to f trmer, protetr¡ blnd.lng tha¡ noræal ( f or

whlch no eopparabLe tu¡rrover rates t¡ere avallable) or

to excess vlte¡tt* B1g enterlrg the olrculatlng seruü!

(posslbly f¡on Leuhaem|o leukocytes) wlthout an altered

tu¡nove¡ rate. Thelr flnaL and. preswoably alternatlve

speculatlons conserr¡tng the btndlng substar¡ce ?Ief 8 '

flrstr that thts was a no¡ro¡al' proteln present tn

Increased quantltles tn patlents $tlth myeloid 1eu}çaesl'ai

second. that vltantn B* blndlng tolok pLace to sl,tered

protelns occurrlng as a result of the dlsease process.

and thlrd, that there l¡ere presentr â$ a result of

dlseaser ab$orna] tlssue prot€lns foretgn to nortaal serulDr



77

The next report froa thts group (Þil}i-er and

Sultlven , L958, 7959 a) des.lt wlth the nature of the

vlta¡nln B* btnüing substa¡¡ces ln r¡oræsl, and. ehronlc

uryel-old leukae¡ntc sera' and. th@ physlcochenlcal

chEracterlstlcs of the blndlng reactlon' It ¡sas found

that ad.tled. radtoactlve vltamtm sr, $as ltapld.ly bound.'

anfl once bound., dld not exchange wlth cagter vttamtn

Etei thts occurred r'slth þoth nor¡ual anü chronlc

nyelolcl Ìeukaentc s€lâo }üo¡mal sqrull btndlng of

vitanin B* was sho¡l,rr to be unaffecteet b;r pH ohange to

4.5, but a marked. d.ecl-lne ln btnrltng Ífas deraonstrated

at pE 3.6i at thts letter pH. btndlng by chronlc

rnyelold. Ler¡kaemlc sela ¡vas Unaf f ected ' PrO-hoatlr:g

of the tested serum d.ecreased the vltautn B12 blnd.lns

capactty ln both :ro¡mal- and chro.nlc nyelold Leukae¡¡lc

sera, although the ef f ect llas utore narked. ln nor¡nals.

Vltantr¡ B* blndtng by the aeromucold. fractton accounted

for 13É of ttte tstal blndlng tn no¡mals' v¡hlle ln

chronlc nyelold J,eukaenla, lt repxesented 611 of ühe

totsl blndtng.

These authors underÙootrr further elect¡Ophoretle

studtes of the v!Èan!.n B* blnêtng proüeln (l'lllLe¡ and'

Sulltvan, 1959b), thls tlme ustng staroh gel electm-
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phoresls at pB lt'.j. Electrophorette d"lstrlbutlon at

pB greater than l+.J of protel,n. slallc acld' and

endogonous vlta.uln Brt and. bound ad.ded" rad'toactlve

vttenln B1Z ln chronlc nyelold Leutraemle seromucold

(ldlnzler et a1tt" 191+8) r''ras slmllâ¡ to no¡tal' When

electrophoresls tøas condueted et pE 4.5, dlfferences

were observed, bet¡'¡een the asount of bound ad'ded

rad"loacttve vf.tentn Srn 1n no:mal sera and. ln sera frou

p::tl,ents wlth chronlc myeS.old leukaenla. They sugge*sted.

thet thçee flndlr:gs ruaY lndlcate that the vtta¡ntn BfZ

l¡lndlng protetn !n the nors$al state ls eaturated., qnd

that furtlter blndlr:g takes place to non-aqtdLc protelns.

Vttastr: Brn btnðlng proteln t¡as found by i'î113-er and

SulLtvan to have propertl@s sLmllar to sn aeldtc ot

Elyccproteln anê atr o, g:lycoproteltl frou tohn fractlon

VI (sctrnta, 1953, L956), they produceå ceLcuLatlons

¡¡hLch suggested thab, beqause the vlta¡slr¡ ElZ blndlng

proteln !.s such a elnute constttuent of the total

seronncold ffactlon. ar¡ tncrease of ono hundfeð-fo}d.

tn its concontratlon reou'ld. only glve an lncrease of

0.zfi of tire noroal co$oentratlon of seroEucolô. It

was therefore constd,ered lLkely that obserroed. eLevatlons

of seronucold oo¡lcentratlor: |n oh¡'oÞtc uyelold leukaemla
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r^rere èue to cot-"stttuents of the Eet.onucold fractton

other than the vttash Bte blndlns proteln'

slnlIar fli:dlnss snd. conaluslons Ísere proposed'

tn a later electrophoretlc study (f,!:.Ler a¡:d Sull-lvan'

:Ig6L) on the vltemtn B12 blndlng proteln of sa.n and,

other vertebrate speoles. Corrobo¡etlve lnvesttgatlons

were reported by ïdelnstetrn et altt (1959) ' who found'

that, although en ltrcrease ln muooproteln fractton I':P-l

rlas consld,ered by sone (&{elmer et aLll, 1950) to Ue

¡esppnslble for the lncrease ln o, Ê;Iobulln I'n patlente

wlth æaltg:rant d.lsease. tt rEas not the na jor blnd'lng

proteli: for vtta¡sln Ba, tn nori¡als of ln patlents wlth

chronlc nyelold. leuliaenla. ?hese ¡rorkers shop¡ed' that

thç vltenln B* blnd.lng proteln ln the sera of nona.als

ar¡d pattents v¡tthr chrenlc uyelot d I'eukaenla appealed ln

the serorìucold fractton. and. ühat the bulk of radlo-
(Ê

asttve vltanln Br, (representlng Ço)"- vltanln B1Z al¡d

not Co58 ) ap,:earec r¡lth ùhe globulln fractlon on

preclpttatlon by the perchlorlo acld.-phosphotun8stlc

acl.d rnethod..

The starch bloek electrophoretlc teohnlquo of

till.ler and Ëulllvan (1959b) rrras used' by liol} and Ftnkler

179621 t¡hen Èhey set out üo d.eter¡alne whether lnjested'
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radloactlve vltantn tsr, v¡as bound bY tire natlve plasua

btndLr1g protel.n lnnecltatel,l¡. or lf ilotf ¡qhsn' and.

whether ttre Brocess wes ab¡ror¡raL tn vltçsln Ett defl'clenü

süates. Bhey observed that lnJecteå vltar¡ln E'tt was

del-ayed, tn lts dlsappearaT¡oe, that 1È was bound" to nore

than one plasme fractlon and fu¡ther. that dlsappearans€

f¡on each fracÈlon too[ place at dlfferenü ratesr So

that the plasma blr¡dtng patÈern char¡ged l¡lth tl'se.

Greater a¡¡ounts of, addeô vlta^ntn E* were bounð ln

vttenln B* deftclent patlents to the fractlon t¡lth the

sl"otãer rato of l.oss. They atrso constd.ered' that thelr

data dlsproved the posslbtLlùy that nQtl-sp€olfLc blndtt:g

&ay have talren placer even though tþe blndtng capaclty

of the vltalaln B* transport' systen tfas aot exceed.ed.

Tlrelr e\¡tðer¡ee suggested. that vlta:ali¡ Ett ls transported'

!n pl,asna Iry nore ttran o¡¡e bl¡ld.l,trg proteln, a¡d that the

dtfferlr:g dlserpl:earanoe ¡etes sl¡ggesteü dlffertng

funetlons Ln vltanln Bt, transport by C.lffe¡ent protetns'

Th!,s suggestlon tras suilportsê ln thelr next

pulrLleatlon (gatt and Finlc1er, t963j, ln l¡lrtch' bl E¡ear¡s

of D¡lAË sel-luloee grad"leþt GhlosatogrßPhy ênd. cI": selluLose

clrromatography, they were able clearly to show ttre

presenee of a second. blndlng' substance' paltlclpatlng at
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an early stage of transport' clearly separable fron an

globullu; the two l¡l"nú.ers l{ere tcrsed. transcobal"emtu

I and. II. They rr6re shortly (¡'¡aff ar¡d Flnkler. 196¿+)

able to d.eno¡lstrate that there liere ¡aarkeù dlfferences

ln transport of vltsrstn Bte by these two pl,asna proteln

couponents ln chror:lc n¡¡elotd l"eukaenta. I'IorpaLIS,

uost abso¡bed. vltanln E* nas tahw¡ up by tranrscobalamlrt

II, and raptdLy lost +¡tthtn the f,lrst 2l* hours¡

t¡anscobal,a,mln I. æ o1 globulln. açcounted for the

bLndlng of ¡rost of the end"ogenous vttamtn. In ctrronlc

nyetold, 1eukaemlat they found that al¡ssst all radloactlve

vltasln Brn was taken up by transoobsla,nln I, a con¡rlete

reversal of the nornaL Battern. A slowly ashleved.

plasaa peak (¿4 nours vs. B hours for nornels) was

followed by e slor'; loss. t'he varlous posslble reasons

fo¡ ütits phenomenor¡ t¡ere put fonsard, lncludlng:

1) a poselble lnotease 1"¡r transoobala¡elr¡ I tli a

posslble decrease ln trenscobala¡aln II 111) a change

r¡hlch aLters thc blndlttg capaclty of elther (or both)

fv) a chentsal cha¡nge Ltt pLasma alterlng the L¡nlon of

vlüs-nln Ðr, and. the t¡anscobal-arntns.

Further study (nafl a¡d Flnk1ctr, t965) of

transcobalanlr¡ II by labelllng, colusn chronatograpt¡g
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ancl lsolatlon (by ctrronatographlc and, prectpltatlon

technlques) showed. thls proüeln to have ühe ¡nob11.5.ty

of a beta g1obu1ln. and lt appeared' to have Eolae

lntrtnslc factor acttvtty Ln the Schll}lng test'

although no dsta Bresented suggested thet lt rryas

clrcuLatlr:g lntrlnslc factor'
Ëhey constd.ered. tt?at thelr flndlr:gs as applted'

to trt vltro stud,les of vltanln B12 blndlng (IiaLl and

Flnkler, 1966a1 supported the co.trcopt that the

prfuury blnde¡s, lnclud-lng transcoT¡ala¡rtn I and 1I '
took up ad.åed vltasln Þr, ereferentlaLly below the

level- of 1 ng.,/sl.; above thLs Level. the seoo:rd.ary

blnd,ers aesuned. !.r*porüanee, although at lor'¡er

oot:centratlons they l:rere weak blnders.

I{aIl and Flr¡kLer ( 1966b) eleo stud"led the vlta.ntn

B12 btndlng oapaclttes of trsr¡scobalanln I ¡a¡d II ln

leukaenla. In pattente wlth chronlc nyelotð lcukaenta

tr: relapsen the bi.ndlne oapaclty of trauscobaLanln II
gas very muoh d,l¡slnlshed, or absent, whlle thaË of

tra¡lscobalantn I aras very much tnereased¡ ttrls fLndtng

¡cas less narked. ln acUte rnyetrolð Leukaenta. In pa.ttents

glth pernlclous anaenla, there $'as d.lnlnlshed or aþsent

bt ndlng to transcobala-stn II, but the blndlrrg capaelty
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of transçobelamtn I tras not altered..

These flndlngs recetved. supporü from the r¡o¡k of

Beülef et aItrl 11967a) ' who used a slmpllfleû ÐllAE

colunn to achteve sepa¡attor¡ of the na,ln vltsnln Bte

blnd.ers of body fluld"s, lriclud.tng sallva' gastrlc Julce

ancl setrutrr, into two fractlor:s' or¡e contalning; t'he

alpha globuHn bLnd.er, the other the beta globulln

btnd.er. Thelr elutlon pattern showed a beta gl.obullnralpha

Etoburtn ratto of &¡1 In nomal serun, 227, Ln pernlclous

ar¡aeæla selutû, and. tz3 ln etrro¡:tc myelold. leUlcaenla sêrüÊr

They noted., lnter a1la, tþ¿at proteln ¡"rea3's and- peaks of

rad.loactlvtty d.ld r¡ot coriespoildr wtrlch ¡sas not eXi;eCted'

lti vtei'; of the f'tracer nature of these vltanln Btt

blnàlng protelns. These ¡'¡orkers aLso suggesteð that

granulocytes rnay be the source of beba and alpha g1obuLln

blnôers, and tirat the explanatlon for the navked. cì¡ange

!n pattern evldenced Ln cbror¡lc r:yelold leukaenLa Elay

be that cq¡relold leukaemtc c;ranulocytes produc@d' uore

alpha gLobultn vltaÐln E* blnder and l-ess beta globulln

vttamln B* blnder thsn nonøal grar¡ulocytes'

FoJ.lowlng apou studles sf ln vlvo plas¡aa blnd.tng of

vttanln Br, (t',eyer et aLll , L965) tt was suggested thet

the measurcd" 1n vlvo btndtr¡g capactty fo¡ vlta¡ntn Btt



8t'

representecl to a T.arge extent the vttanln Btt carrylne

capaclty of tra¡rscobal-a¡¡ln II (sckrl'tfer et aLtl ' 1966't,

slnce further cyanooobalasln could be added ln vltro

at the polnt of |n vlvo søturatloni tþ¡ls addltlonel-

vltamln B* vlas thought to be bound' to oüher l:Iaena

blndtng protetns.

Thi, r¡o¡k of Beller et allL (fg64) rn whtctr they

d.e.scrtbed the locatlort of add.ed radloactlve vltasl¡r Bte

tn the beba globul.ln fracèlon, whlch îsas apparentS-y

t¡ar¡sfeæed to the o1 ffaetton ¡'rhon proteln preolpttatlo:r

gas perforoed,, g¡âf t¡sve so$e rel.oVa¡ice to the dynaotcs

of the tnterrelatlonshlp of tt:e vlter¡ln Btt blnd'ers.

fhey also sude ca.}culattons whlch show that the totaL

blnd.t*g capacLty of no¡neL serue for vltantn Btt Ls

e¡:proxlnateLy 2,5 ng./m!.. â very snall fractlon of the

toteL seroÐuÊold, of, approxlnately 6Oa ¡;s./r.1..
Gatuzda et a1lt ft965) fo¡,rnd thot natlve seruur

vitasln B* blndlng proteln v¡es eluteê fronr rhe DEI'E

colurnn Used at p5 5,7, tfÌrlIe vltasln Btt added. Lt: vlvo

or ln vtt,ro r'res ìrouud to a dlf,ferent protet¡1. r¡¡hlch

was eluüed earlter ln the chronatogram. at pII ? .tl.

Oecaslonal lnaonsLsÙent Þoaks lfers se€n eÌsetrhere' ar¡d

the use of a large êxcer:s of vltasln B* was found to

prod.uce btndlng of only a sg[all â¡Bount of the edded.
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vttealn R7"2. Ehe unbou¡rd excess appea¡cd. unabeorbed'

at ttre ftrst peak, along v¡lth ga¡ræa globultn.

They eor:cIr¡d"eð ühat, tn cor¡trast to norual sera'

sera fron paüleuÈs v¡lth chronlc B¡'e).old leukaenta'

appeared to blnd" large amounts of vltanln Ettr chtefly

to the seruË protetn to rchtch the natlv€ ïtta&tn Btt'

already at ar:¡ lncreased leVe!, E¡ss boundf an lncfeased

a¡sount of tbe r¡ltamln Brt blndltrg protetn, as welL as a

greater degree of absolute unsaturatlon toouLd ecoount

for thLs flndlng.
tolure¡¡ chronatographle aüd hXgh voltaEe electro-

pkroresl,s stud.les btr Llndstrand. et atf.l (t963't, ustng

undtalyse¿ co5? X,abelled vttamln B1A, suggested tbat

the rad.toactlvlty present ln the ganma fractton

rcpresented free raðloactlve vltqnl.n Btt, wtalle the

radLoacttvtty present ¡rlth the beta and. aLpha gl,obu}l¡rs

represenÈed" proteln-l¡or¡nd. vLtanlo Ele added 1r: vltro.
I{oæ et 4111 ç¡966) tnvesttgated ülte frectLonatlon

characterlettcs of transcobalealn I a¡d. IÏ after a

Iarge lntraver¡ous tnJecËtro¡r of ço57 sltamtn B* tn a

eont¡ol. pat'Lènt. Uslng DEÅE oel,l'ulose' C$l cellulose

and Sephedex G100 coÌt¡¡sn oh¡omatography n and. a*¡ltonlum

sulphate preclpltatton, they derlveü nolecular welg;hts
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of, 121,000 for tre¡¡scobalanln I and, 361000 for

transcobala¡¡ln II. Thelr tr: vlt¡o studtes shot"ed that

the bulk of the aèded. radloactlve vltaæln Brt aPÞeared.

v¡lth transcobslauln II on the colurul, wlth less tha¡¡

àA'iJ appearlng wlth transçobalasln I. Éflth chronlc

nyelold leUltaenlc s€ruÐf ttre posltton r'¡as reverged.'

and of the ad.cled" vLtanln Bla Ht¡lsh was proteln-bound. fr90í\,

?jÅ a-ppeared" r¡lth trer¡scobela¡aln I and l?í, +rLtlt transco-

balasrn II. on paper elect¡o¡ll¡oresls, proteln-bound'

co5? vltamlt: D,r, aPpeered. ln notrua1 seta dlstrlbuted.

betc*eon câ ¿rlobu1ln a¡rê beta globuÌ.tnr ånd. ln chror¡lc

mye)-old. Leukaemtc sera, wlth a, globuLln. Tbey concLud'ed.

i;bat transcobsl.amln I was the P¡lnctpal vttamln Bra

blnder fu: cþronlc myelold let¡lrae¡n|c s6¡'a ln vlt¡o' and

trqr¡soobalaaln II lts nornal count'Êrpatrtr

Hardr.,*tcke aad Jones $966) conslclereè that the *1

gl-obultn a*hlch e,ppears to btnd the ondogenous v!tamtn Bt,

had electrophoretlc propert'tes of oroso¡aueold (obtal,ned

by eqi,Þoniuxo sulphate preclpitat,tonlr but It ¡ras separable

from otroso&usoLd on ÐtrAE coLlul-oso coL¡rons. and d.!d not

taact v¡Í.th speclftc antL Gl globuLln antls€r&e Ttrey

demonstyated that, radloactlve vltanLn Èt, aêded ln vltrc

rcas bound try a nunber of protel:sr espectr'all'y Þy one
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Hlth propertl€s slnllar to an øt acld glyooproteln but

agaln¡ xlo resotlon h¡ael observed. wlth s speelflc antl ot

acld glycoproteln antlserum. They suggested, that

epeclftc antlsera agalnst vl.tanln B* blndlng protelns

would be tnvatruable tn tkre ldentlf,lcatlor: end lnvestt-
gatton of the vlta¡aln B* abnoruallty ln nyeloprollf,eratlve

d.tsorde¡s.

In a prellmlnarty tonmunlcatlon ¡¡hlch ts eo¡reuhat

cor:tradtetory of the general body of oplnlon' Ochs et

a111 ltg65) consldered. that thc all¡¡r¡nln fractlon obtal,nsd.

by paper electrophoresls contslned. the prlnclpaL vtta¡nlu

E* btnúe¡ when ¡adloactlve vltaqtn Ðr, sas add.ed. to serun

frou nonnsLs, and fros patlente ulth peratclous anaeula'

ancl rsacroBlobullnae¡ata r¡lth hXgLr seru¡û vltanin Btt levels.

?hey constdered. that tlre bludlng shovrn to beta g3,obuLlns

¡{hen larger anounts of vltanl,n Ðt, were added rePres€nted

a¡l overfLow neehaxlsn, ¡qIÈh blndlng to secor¡d.ary proteln

sttes.
Bosel¡thal et aIt1 lf-96ìl'. 1965) heve endeåvoured. to

resolve the problem of ld.ent'lflcatlon of nultlpLe vltamln

B* blnËlng cornBonents of setua tn a Ru¡sber of specles,

lncludtng the sheepr horse. P18r col{¡ raþbltr gutt:ea Ptg,

rat, aat and. dog, as ¡'sel-1 as 1n Mllr They tdenttf,ted^.
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or¡ CÎ*ï ceLLul-ose chrornatography, t¡¡o blndtne componentsn

¡rhlci'r tiiey deslgnateù A ard. B¡ A appeared. e¿arly l-n

assoclatlon *¡tth a large prot'eln peak, anê B sppesred'

later ln the elutlon pattern. fhe å and. B blndera were

present tn alL sera ercept chicken sera¡ rehlch lscked-

the B blnder. the B blnder accour¡ted for írJaÙfr of, the

total vltauln B* blndtne substance ln al"l, sera ot'her

than nor¡naL humens, d.ogs¡ snd^ sheep, tn whlch tt
accounted" for approxlnateLy half. A utuor peak C v¡es

for¡nd. only ln rebblüs rslth chronls nyelold Leukaemla.

In hr¡ua:¡ serun, l;hen lnereaslng amounts of, radtoacttve

vltemln B* were edded tn vltro r tire percentaEe bound

to coruponent E d.ecreased. In human cÞr¡onlc myelotd

leukaemle sçra, ontry åOj ç1 ti;e btndlnE actlvlty was

found tn conponent B. Component .å was found to be ar¡

actd.lc fractlon, l'¡h1çh dld not blnd. to Cfi eell.ulose,

whl"le conponent Ë rsas rllalysab1e, suggesttng t-t hed.

low uoLecular wel.ght.

fr¡ her stud.les of pLasna proteln blndlng ln

pernlclous anaeula, Chrtstlne Laçrence (t966a, t966t,l

f,ound ttrat, on paper and polyvtnyl chlo¡lde electtro-

phoresl,s, al¡¡ost all add.ed vlte¡nlo Ble vüas assoclated'

wlth beta globult.¡rs when normals, nornatr pregna$t
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woülenr ånd. B12 deflctent pregnant ü¡'oEên were tested.

In pernlclous anaenla sera' the o,, globulln was

responslble for blndlng slgrlftca¡¡t snounts of the

add,ed, vltesln B'ZI 1t was al-so proposed tt¡aü ln sone

lnstances, tbere wâe a deflslency of the beta globulln

blnd,er ln perntotous ar¡aesta.

f?:e sorh of the Flnnlsh Ëirqup (crås¡eck et aItI,

1962i Slnons , t96tti Slsons et altl , tg64t Stmons

and. tr{eber, L966} suggest'ed that ee11va alrd }eukocytes

contatr¡ed a vttastn B* btnôlng proteLn, slmllar to
the vltanln B* btnd.er trBo of hu¡¡en gastrLs Jutce

(cråsbeok et eltl , 1962) ¡ thls blnd,er, un}lke the

other t¡'rs btnders, sEù and Lte posglble dlgestton

product tlt, dld not possess lnürlnsls facÙor aotlvlty'
they aLeo eonsld.ered (Slæons et all.t' 196¿+i that thts

bl.nder BBñ wes present ln seru¡a. but ln a mtloh lower

conseuttratlor¡ theft trr gastrlc Juloe and sallva.

?.?.4 leuk_osvtes ard Vttamtn 812 E$fllEË.
Íhe vtte¡s.tn B* conter¡t of leulrocgtes lras beer:

referred ts above (2.4.4.). The posstble reletlonshtp

bet¡Eeen whtte cells and thel¡ þreakd,oun prodt¡ctg. and

vltanln I3a, btndlr¡g, especl.aLly as an explanatton of

the lncreasod btndlng seen ln nyelold. leultaeala, has
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lr¡terested. severaÌ groups (Thoaas and .Êind'ersol] , tg56l

Iieyer et a1tl , tg62i Retlef et a1!.1r L96ilLt't slnee the 
r

reperÈ of ltoll-tn anð iìoss 1L955) that v¡Ìllte cell

breakclor.ra procluots Fter€ capable of blndltr¡': vttaml.n BLz.

iiaêSer et al.lt ßg6Z) sÌrovred. that mature neutiophll's

had the hlghest vttaælr¡ I3t, blndltrg capactty, +¡hlle

other r¡htto blood cells dld not Possess thts property

to airy d.egree. They aLso for¡nd thet the vlta¡ctn Btt

blndtng capael.ty of natu¡e leukoeytes collecteô fron

pattents $tr ttr chronlc nyeLold leukaenla arrd polycyÈhaersfa

v€ra was hlgher when these cells were subJected to

uLtraso¡¡lc dLslntegratlot: ühen ¡fhen the cells ÞJere lntact.
f'hey coirsld.ered that d,lslntegratton Pxoducts fro¡o nature

nouÈroph|Ilc leukocytes eontrlþuted. to the tnoreascd

vttantn B* blndlng sapaclty of serun ln syeloproltferattve

dlsordetrs.

¿1 Scandanavla¡¡ groüp (Strc.oris ' L96il.; Strnons and

Heber,- L966) founon W uslng teoÞrntques of d.talysls'

D¡iAlJ cellulose column chronatography r Cl"i cel:.uloSe colur.m

cþrornaÈography, autoradX.ograpþy e.r¡d. lssunoelectrophoresls r

ttrat leukocytcs possessed, a vlteunln Btt blnd.trig proteln.

Ehey the¡¡ used. Cl$-Leuclne to l-abeL leukocyte-rl.ch plasm;

granUlocytes frorn thts preparatlon were foUnd to posoess
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tnorê vltalûtn B* blndtng proteln than Lynphocytes¡ thls
protelr: had the se¡re separattor: clrsracterlstlss and

nolecular wetgt'rt as that tsolated ln the flret eet of

experlneuts. .å coneentrated saÐple of the leukocyt'e

vlts.Eln B* bf.nd.lng proteln geve prectpltatton baud.e

agalnst ar¡tt-hupan leukocyte, antt-gastrtc Julce, and'

antt-sallva sera, suggestlng that !t v¡as sltgllsr to the

gastrlc non-lntrXnslc fector vltantn Btt blnder sBñ

(crÄsþeclc ot a111'_ 1962) .

.å preLlnlnary note from }lerbertr s group (cotttteU

et alll , 1966) reports that, d.esplte the frequent

occurrence of leukopaenta ln pernlclous enaoarta, ln

whlch the unsaturated. vtta¡nln B* blndlnE sapactty was

lowered, the uneaturated vttanln Btt blndlng eapaclty

was reduced. only sltg'htly 1r¡ noh-vltanln B* defl.ctenb

leukopaenlc staües - they suggeeted that a posslble

1nc¡ease ln the total }euicocyte Pool ¡nây co¡rpensate for
the reöuced. leukocyte turnove¡. Thts concept may alao

have relevance to the reLatlonshtp of, t¡h1te ceLls and

the elevated vttæln B* LeveLs of vsrtous Leukaeuls

gtates.

Rettef eÈ a1:.1 (196?b) have,Ilnked thelr f,tndlngs

of elphe a¡¡d beta globulLn btnders wlth the eforementlor¡ed.
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lrork of $i¡sons (Sluons, 1g6t+i Slmons aud i{eber, 1966)

and hav€ suggested that the leuEocytes nay be the

source of these vltautn B* blndlng protetnsr and' that

the lnerease seen ln the }evel,s of, the alpha globtllln

btnd.lne proteln tn chrontc nyelotd leukeeule asra Eåy

be d.ue to the nyelold leukaemt c grenulocyü€ glvlng rtse

to note of tt¡e vttanln Btt blndt¡:g alpha gLobn¡lln.

and. less of the vltarotn B* btndlng beta globultn tha¡¡

ls norruratl-y del.lvercd lnts the serwn by nonual

granuLocytes.
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3.! VlÈaætn 812 @. 
,

The technique used for tlits procedure was one

of exha.ustlVe dtalysls, and 1s lLlusürated d.legxam-

uetlcelly 1¡¡ Flgr¡re 2. Ven'ous blood was eolJ.ected'

tnto sterlle col']taLners' uslng eltlrer heparln or

actd-eltlate-d"extfose as the antl.coagular¡t; Pl.astra

r,¡as obtalned. by centrlfugatt,on' Setruu was obtalned

by a)-Low1ng blood. to clot tn a et'ertl'e ooi¡talner'

and serua ?ras removed, after centrtfugatlot-t. AlI

p]_asna and. serun saupLes not prooessed lnI1ledtately

Ftetre sto¡ed. et -2CIoc. untlÎ. requlred. Co'bal-15&-

Labelled. cyanocobalanl.r: r¡as obtatncd fron the

Bad.lochenlcal Centre, ¡Ip¡ershâg, Ìlngl'and, througlt the

ConËont;ea1th X-Bay and Bad.lup Labolatofy, I'ieI-bouII]€¡

îhe paterlaL used. ttr the eerly experlnents was
P{ì

cAlF cyanocobaLauln ()tco) gP, !f¡ seeled" glass

aupou1es, eacl: ampoule contatnlrrg 1"1/ug' of t'he

treeze d¡led vltanln' wtth a speelf,lc actLvlty of

not l-ess thex L f"r p€l /ig. In a r¡unber of later

exper[nentsr CBZP cyanocobglenln (5tCo) gp was useð¡

thts was a tileh speclflc act!.vlty aqueous solutlon
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co¡tainlng O.9þ ]r,ønrrl- aÌcohol, travlng a speclflc

actlvlty of 10-300 ¡c. per /¡s. The speclf,lc aetlvlty

of the partlcular saterlal used hae been lnclleated tr¡

tho relevant experlaente¡ lt was usuaS.Iy between

!J end 100 ¡co p€tr !g. The Etanda¡d radloaetlve Brt

was dlssolved tn sterlle physlol-oglcal eaLlne befo¡e

usg.

Aseptlcprecautlonsr{ereobserved"lnhanÔ11n9

the materlal used !n these expertments. and" they wero

eond.ueteð at 4oC. to ml.nlm!'se the posslblllty of

bacte¡lal growth.

The sa¡aplo was nlxed, ¡¡tth the approprlate vltanln

BrU solutton, a¡¡d. after tncubatlan aþ 3?oc' for one

hour¡ a }.mon¡n volume of fron 2 ¡01. to 5 nl. Qf labelLed

plasna was placed. ln vlsklng dlalysls sacklng, and.

dlalysls lrss perforned. at 4og. ln a large beaker wtth

nechanlsal stlrrlng, agalnst 0.Û1I"1 trls phosphate buffer,

pH 6, jí. In a number of experl¡nents both tap water and"

dlsÈl[ed water 1¡etre used,, wlthout slgrrlf,lcant d-lfferenees

beLng noted. The buffer most conøonìy used was trle

ltrts (fry¿rorynethyl) a¡Blnopethar¡e] phosphate buffer'

0.01ti, pH 6.50. Th1è buffer ¡sas chosen because the

dlalysed plasua obtnlncd Has thus equlllbrated. vtth
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the DIIAU eel-lu}ose eolumns Used. for coluæn ch¡osatograpby.

FoLLo¡+lng ðlaLysls, t¡lth et leaet t¡co eha$ges of buffer'

f or a nlnlmuu of g6 hours ' the ðla1ysant r¿as re¡roved f¡ç¡n

the sac, and. cel¡trlfuged. to reäove the preclpttate rshlch

foraed. d.u¡tng dlalYst s'

.È3-lquots of the'qrtglnsl undtalysed labelled

rnaterlal, Ëbe dlal"ysant, and the preclpltate ¡sere gour¡t€d'

in a weLl-type seinttll,atlon eountèr. Ln the lnltla1

erperlnents, thls was perf,ormed. |n a Nuclear Chlcago

weLl-type scLnttLlatlon counter, tllth a ?e sodlun lodlèe

crystaL¡ later experlnents ltele conducteð wlth e

Phlllpe solntltlatlon countel wl"th a 1Ë sodlt¡!0 t od.lde

orystal. Counts were ¡lerfonued f,or sufflctant tlme to

glve er¡ srror of less fitart 5ió Ln each oount' In a

Dursber of Ëhe ea1ly ørperlnents, the total radtoactlvlty

of each wash, togettaer ulth the radloac'þlvlt'y aütachred'

to the sac was eoUnted, Ln ord.er tO acooutrt for aLl"

radloacttvl.ty present at the cour:rence¡rent of dla}ysts.

Thl.s was do¡le. slnce pre'ølous ertr)ellgents by other

workers trael not aüter,rpted to accoupl, fo¡ aLl lnlttal

rad3.oactlvlty. The uean y-leld wlth thls nethod' t¡as tn

excess of 95Å. .A nusber of va¡Lants of thls lrsslc

nethod l¡ere studled", and these trave been dlscussed under
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tbe sectlon ÊValld.atlon of the l'iethod.s Usedw (¿!.1)'

3.2 .

3.2.1 ggperal,.

Glass oolu&ns of 100 nu' length and 10 nn. lnternal

d,Ie¡neter wete used, SoEIe of whlAh had a coarsê slntered'

gLass plug at the Lower end, l+htle others hed" e glass

¡,¡ool- plì¡g" It rsas found that & nore raPtd. rate of fLow

v¡as obtaLned ustr¡g approprlately packecl glass wool.

.Ê seasured. anoUut (usual1y 1.Ë gm.) of Se].ectaceÌ DEAE,|+0

(Car]" Schlelcher and. Schue]I, Ëeene, N'li.) Ì{as suspond'ed'

ln 50 to 60 nl-. 2t{ IüaÇl tn 0.01},i t¡ls phos;chate buffel,

pII 6,J, and after careful stlrrlng to brealr up ary

aggrefated. partlcles, the DiAlj uas poured tnto the glas.s

colun¡¡ and alLot¡ed. te pack und.e r gravlty ' The relatLveS-y

hlgh speclfls gravlty of the solutlop (approxlnately 1.10O)

nad.e !t unnecessary to rerrove any flnes. Equlllbratlon

of t,tro coLu¡rn was pcrforr¡ed usLng 200 n]. of Zl'i i{aCl In

0.01Ë trts phosphat<: buffer, FE 6.5, anô thls üras

folloued by J00 nl. 0.01Þi trts pirosPhate þuffer' FII 6.5.

The colwï¡l was then read.y for use wtth plestna or sera

uhlch had b¿:en dla}ysed. agalnst thls latter buffer.

J.2.2 '
Â neasured quantlty (usual-ly betvreen G,J end. 1.0m1.)
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of the plasÐe or serum under stud'y was placed. on the

column. a$d. the foLlowl¡:g buffe¡ progfa3lae lfas followed''

to aehLeve step-artse elutlon:

0.011{ trls ptrosPhate, PH 6.5

O.05ln" ürls phospk¡ate, PH 6.1

0.05!''i trls ptrosPhate' PI{ 5.0

0.20t'å trts phosPhate' PII I+.0

The va¡lous fractlons rÁi-ere eol.Ìected" th J ral. otr

6 ml. }oÈs. uslng tnltlaLly an ItrB automette fractton

collector, ead. later' a Paton Indugtrtes refrtgctated'

fractlor: col.lectof,r utlltslng elth-¡' ¡ne¡¡lscus senstng

or eLectrode senstng to obtal,n sanples of equal volu¡ae.

3.2") Ilgggwg4E-
Or¡tlca].-lsr¡ÉlgE of the fraetlons colleeteê eras

meesured. ln a ü:nlca:s Si?50C spectroplroiometer at 2Û008,

or !n a Ðeckma¡ DU specürophotometer, åt tþe same E{åve

length. "&n auÙonetla flots ^etrl 'vias ü8eê wlth the

Unlcaa maql:l¡:e.

Ð,ndloact,tvlty of the saarples HaE &eesured, lt: tl'¡ose

eaytter studtes Ln r.¡hlcb al,L tUi:es !,¡ere counte(], Ln a

Packard well-Èype sclntlllatlot: counüer. II other

stuúles a 3irt]"tps reell-type counter, enpl-oylng a t"

sod,lu& toôtt]e crystal lias used or a i;uclear Cþlcago
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well-type counter, wtth a 2çt soellutr' lodlde ctgstal.

AlL sâmples ¡liÐre eopnted for suffletenË tlse to Elve

an erlor of less tharr 5É ln eaeh count.

3.3 S.eparetton of þuko.gYle+.

The rnethod used. was b¡1stcally tlrat of llablnov¡Ltz

(196"J,, L965), e¡:d tt ls lllustrated dlagraanatlcalLy tn

Flsufe l. l'þe bLood fron whlctr '"¡trlte qells Ìfere later

separate{ was coll,ecÈoct lnto heparlntsed" plerstlc packs'

a¡rd sed.t&entÊtlon 1r¡as all"O¡r'ed to take place by gravlty.

atd.ed. by the addt ÙIon of 6;d dest¡an 1n saltne, 1n Èbe

proportlon of l nl-. ðextran 1¡: saltr¡e to J nl. bLood.

S¡naller quaïtlttes of blood srere oollected l"nto ste¡lle
glass contalnersr þlxlng 10 vol-unes cf blood (approx-

trnate].y 20 ptL.) ¡stt,h onê voLu¡o€ Of acld-cltrate-d'exttose

lìeaô and Turvey, 196?). Thts mlxüure rsas ltkewtse

alLowed" to sedllnent þ glavltY.

LeUkocyte-rfch pJ-asna t¡as the¡r re¡aoved åÏ¡d^ sllun at

150 g for 10 mtnutes at lloC. 'fhe supernatant pLasme, was

Ienoyed, and" the cell button Hhlch rrigelned $fas !åIashed.

]f r*å cell Co$ta¡1lnetton waÉ plesent' waslTtr:g t¡lth

hypotorilc saLLne was used. to lyse these cells a¡¡d. to

clear the celI button. the uhlte cell butto:¡ tr'as
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resuspeüded" t.n a snall volu¡ne of tts oÎãn plassâ, and.

placed. on a 160 ¡sxs. x 10 Erå. gl-ass bead' column' uslng

beads of approrlnately tOO qesh, ¡Ehtch ?r€re sornewhat

snaller than ühoge xoco&s¡€ndeÖ by Bøblnot¡ltz' ¡sho uscd.

gl-ass beads of 0.02 cm. ln dla^meter.

the totaL cclunn wltlr the matertal upon tt was

lncubated at 37oC for l¡a1f, an tronrn and supertratant pLasna

frori the or1Ë!ïìâ1 samples, also war¡*ed' to 37oCi r¡üas

pleced. on the oolun¡r, productng the ftrst eLuates. whlch

&'ere theu spun to reduce the voLu¡ne t¡ t¡hlch¡ Èhe ce1l,

butÈon Þras presçltt, These flrst eLuatt¡S 1íe¡'e alnost

enttrely l¡rmphocytes, and- a yleld. of above g5É }y¡sphocytes

uas obüaþed tn nost tnstences ' ttre next solutlon placed

on the coluæn ?ras a 1 ln J dtlutlon of wamed plasua ln

sellne. vrtrlcþ¡ ¡enor¡ed the remalnlng l-ynphocytes'

eryth¡ocytes, and p,l-atel-ets fron the coluen' The flnal

el,uates Ìfere obtatned. 'by passlng; bufferecl ilDI'A Eolutlon

through the coluun. 1[rese eluates contalned 9?fl-95'É

nature granul-ocytes. ågaln, the volune of these eluates

y¡as ted.uced. by centrtfugatton ar2d. reæ,oval of ühe sqp€r-

natant. tell counts Ï+ere nade an Èhe flnal ceIl

suspenston ln all. lnstences. and slld.es were nade and'

stalned to ascertatn the eff,!.cleney of sepa¡atton'
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.[n allquot of 0.5 æ.1. of a suspenslon of the

whtte selÌ serles under stuðy" elther lynphocytes or

granulocytes, r¡as aôd.ed to the pre-d1alysls ltrcubatlon

æIxture referred, to abovel an td.entleaL volune of

sallne was ad.ded to a d.upllcate syste¡u to act as a

control. (Eecause of the processlng lnvolved, ttre

addttlor¡ uf 0.$ ruI" plas::a to the systeu wouLd. not have

yleld.ed. a strlctly conparable blank.)

Cel1, counts on the suspenstons obtalned' kreve

varled frsn eapell&ent to ex¡rerlnent, but have been

l¡ett¡een 5ùt00 and ie.00$ per cür EÐ. for J-yrptlocytee,

and. sllghtly }oss for granulocytes. In thc ex¡rerlnents

desc¡ibed. below, the nu¡sber of cells used, ln the

lyæphocyte ar¡d, granuloeyte erperlntcntg was slætle¡.

The ad"dltlon of 0.5 nl. of, oell suspenstron to the

d,lalysts nlxture resulteå ln the adèltlon of betc¡een
'/.

2.5 and. 6,0 x 10" oells.

3.ll Val-ldatlon of i',ethod.s Used..

3,4.1 ElËaqln B* Btr:d.lr:p tapactt.ç.

Beosuse of the trld-ely dlfferlng uetLrod.s used.

througtrout the llterature, at¡d the resul"ts proûtlceô b¡r

these nethods r¡blch are at tlues ln confllct v¡lth each

ot,he¡, tü was necessary durlng the tnlttal stages of, thts



.*Ê"t::,;;'' .

,{\:}'f'
l¿.k !.
¡Ë':i.
r.;".;' ' L01

lnvestlEattoÐ to assess a nuÐber of varlâble facfors

tnvoJ.ved, ln the d.lal.ysts ¡aethod of eea.$uretr€nt of

vtüantn B* blndlng capaclty. The f,ollol'¡Lng verlants

of the bastc sothod. set out aþove ¡s€re sÈudted.¡

l) .

Plas!Êa a¡rú se¡ur¡ fo¡ the study w€re obtalned

frors blood collected" fron the same subJect at the aatle

tl¡se. Plasua and r,Ihole bLood tal*en.at the sa&e ttse

fron a patlent ntth ehronlc uyelold. loukaeuta s¡ere used.

to lnvestlgate a¡y dtff,erences between ttre vlÈamtn Btt

blndtng capaclty of plasua ar¡d ttiat of wlrole blood.

11) !2.
Àltquots of nornal, anf, shronle nyelold leu3¡aenlc

plas¡¡e erere lncubated wlth l ngr pÊr 8L.¡ 10 ng. per ml.t

rind 100 ng. per nl. coy:centlattons of raclloactlve vlta¡stn

E1Z, ar¡d dlal-yscd und.er ld,entlcal. oond.ttlons.

111) üuratlon of tr:cubatlon,

Three all.c¡ots of nonral plasaa were lncubsted" at

ïoorg temÞerature lzzsc) for two heu¡s, stx trsutrs, and.

twenty-four hoursr end. uere then d!.alysed und.er slnllar
coud.Itlons for slnllar lengths of tlne.

lv) .

Trvo aLtquots of norral plaæa rsere tncubateð at
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tSoc ana 3?oc, a¡td. were then dlalysed. for slælla¡ lengths

of tlne.
v),
Tho eff,ecü of the duratton of dlalysls was stud.led

by neasurlng ühe raðloecttvlty present ln ti¡e rtast:

bUf,ferE at eactr chengp of 'buffer* In soias lnstanoes'

tlrls consLsÈed. of measurenent of radloactlrrlty at l€ hours

snd" at the end of d.|aLysler whlle |n another lnstance'

stx buffer changes Ítere nad.e over a t62 hour d,la}ysts'

¡¡tth $easuregent of the buffer radloactlvtty at each

change.

vt) .

Allquots of the Êanre normal labe1led plessaå utere

dlalysed. tn tlre col,d. (þoC) and at roo¡! teuperature (eOoC).

v11) .

Tuo allquots of the sa?ne noroal labelled' plastrs

süere dlalysed, one !n a ZJO w¡.. beaker agalnst tap water'

a::d. the other agetnst runnlng t'ap wetef.

vttt ) ii .

Ållquots of the sane labelLecl plasæa r';e¡c d'la1ysed'

agalnst normal" saltne, trls i;hospttate buffer (0.011'1,

pE 6.5), ancl. tap vrater, PII 6.75.

rx) *i ,

Itrree alLquots of p1asus were prepared. ln the
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stand.erd nanner¡ to the first, I n1r of a 2S eolutlon

of papatr¡ w&s aêded Ð[1or to lncubatlon¡ to the eeoonô,

the sa¡Be cluantlt¡¡ of Bapaln lras addeè after lncubatlon¡

Èô thê thlrð whloh rrprôsented the expertmoi:tal bLanlç,

r¡oroal sellne was ad.ded aftcr íncubetlono

x).
In au ex1¡erluent, destgned to åssess the ftrnness

of, the bond betwee.n vítamln B* anå tts blndlng protelrs,

three aLlquots t.u dupÌleatç Rro.t'e taker¡ at the conpletlon

of a stg$derd 96 hour dlatyslsi ühe flrst patr of

dlatrysants Ìr'as then further dlalysed. agatnst 500 mlr ef

0.01H trts phospk¡ate buffer, pH 6,5, to whLch sras ad.ied

21000 f¡g. of crystall-Ine vltanln Br, (EytamenF, obtalned.

fron Glaxo Âl,lenbury) t the sesond palr of d"te}ysants

was slutlarly treatedr eacept thât 20000 J¿9, of þdroro-
oobalquln ($NeocytameÌtñ, Glaxo AtLenbury) was aêced, ts

the buf,fer¡ the thlrð ¡¡alr of êlelysants, set up ao

cor¡trolsr T{gs dlalyeed agalnet the buffer ¡sLthout added.

vlta¡ntn BtZ. Dtal-yste was contluued. f,or a furthor

twenty-four hours.

i.il.2 Colus.n Chrouatoqraphv.

The etandard, colurnr¡ chro¡natogra$ obtalned wlth þoth

noruaL ar¡d. pathologleaL eora' d^lal"ysed" or undl,aLysed.,
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co$ststed of fouv prtnelpal peaks, ¡rhtch trave been

deslgnated f ' II' III-fVr stld V; peak Ia ls a stnor
peqk" Peahe I anð Ia ¡qe¡e obtatne& þy elutlon wlth

tt¡e coesenclng buffer lusedlatel-y after tbe maÈerla1

was placed upon the oolunn' anü peaks IIr III-I\lr åtld.

V follov¡ed each consscutlve steplatee change lu buff,er

of lncseeslnE nol.erlty and" lnereaslngly aeld. pE.

'I'he locatlon of varlous Ï¡roÈeln frectlo¡ls orÌ

the calumn ehronetograe has been d,etetn1neð by the use

of several hunan blood proteln frectlons obtatr¡ed from

the Cou¡sonweal.th Éìe¡ure taboratorteso loielbourn€r These

have tncludeê 5É albunln soiutlon tn }Iartnâ,nÌ¡rs buffer,

lmrnune serun g}obuJ.Lns (gqslça globulln) ' Coh¡¡ fractlon
IV-? (transferrfn), Cohn frectlon III-1, and. e.t acld"

glycoproteln (Leter et aLtf., t95l¡ Schntd, t95t, t953,

1955, Lg56]..



ogsn süoH,l${ to åüoIxvcrTVA

s,rrnsgE

n u3't#H0



tÐ5

BESULTS

VALIDATIG},Í OF tr.rETiiODS USJJD

4.1 Vltauln B.,o @.
4.1.1 .

In the elef lnlttve expêrtnent, plas¡;a from a no¡saL

subJect bound L.tS ng.,/æì.., et the 10 ng../æI. level of
ad.dsd red.toactfi¡e vltas,Lu Brr, ¡*hll"e aeruæ fron the

sarne subJect Þound 1,.t7 ng.,/ml.; thls dlfference ts not

elgntflcant. Throughout the r*t¡oLe sErles of,experlnents

reportedr fio dlf,ferences whlch cou1d. be consldered.

slgnlflcart have been obtalned. ¡rhen seruæ and. plasri:a

have beer: used ln para1J.el; thls applles to nornal

subJeat.sr and to patlents rctth chronlc nyelold. Ieukeenls

a:rd other blood dtsorders. å3,thougt¡ thl.s has not b,:en

dlscussed" speclfLcalLy by other ¿ruthors, tü 1s evtdent

fror: thc llÈerature revlew th¡¡t the teras t'soru& proteln

bLndfu:g of vltantn Ðran and, trplarsr:la protelr: Ì-lncllng of,

vlter¡In tsj,," arë synonynous to nany lrho have nrttten on

ttrts subJect¡ for exaaple, F'osenthal et alLt (fg6+, t965)

have studleô and d"lscussed seruæ atrd plasna blndtng

oapselttes lnterchangeably ln Èhetr +¡orll.
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Slnce the only ôtStlnctlon betrueen serust and plasma

Ls ttrat serulß l"acks the ftbrlnogen rct'¡lch ls contalned l¡

¡rLasma. &þY d.lff,erence bet¡+cen serueÌ btndlnE of vlta¡nln

B12 and plasüa btnd.tng of vttaæln Et,* wouLit ¡ele'te to

f tbrtnoå.en, It has been oenonstratec'! 1:: a later sectlon

of thls study [5.1i,) tL:et fXbrtuo¡¡en d.oes nct blr¡d

slgntfLcenÈ eæouf¡ts of add.ed. radloacttve vlüsrntn Dtt.

It ls thorefore collslðered :'essollâb1e to Étssusse thet

there ls no dlffelence betr'reen ln trltro bl'ndlng of,

vltanl¡r B* to seru* and ¡:lasæa.

.å d.tffe¡enee 'drås observed' between the sgount of,

ìrltaÐln B* bound to whol,e blosd. and tþe srnount bound to

p}asra taken at t,lle salne ttne f ron ttle ses?e patlent ¡ at

bhe 10 ng./mL. Level, ¡rlasua blnd,Lng Þ{as messured. at

3z.r+ø (3.2t+ ng../rnl.), whi.le blr:dtng to t'he wlrole blood

sanple Has i+6.zFJ (ll'6a n6.,/m1.)' Fssst'bLe exple¡raùlons

for bhts flnd1tig are dlscussed 1ater.

3þ.t9. ln all early expÉrlne$ts, when tlre red'l'o-

aotlvlty of the buffers was aeasured¡ ås welÏ as the

radloactlvlty of Ëtre dlalysant' tþe preclpttate and the

Srlcr a yteld lfas caLoqlate'df ånð erpres3ed ae a pefgentage

of ttre expected. yte}d.. Iu al.I erpert¡üent,s ln l+l¿1ch thts
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was tseasured,, t[re obEerved yte]-d Has wlthln t tO'F of the

expected. ftgure, r,¡1Èh a Eeen vaf.ue of 98.\fi. Varlatlone

sere neturally snell-et 1r¡ the experlments ustng add.ed.

vttanln tsr, at the 1û0 ng./ml. level then ln those

pèrforroed at the 1ü ng',/nl. level.

4.L.2 Clr¡p€-ntratlon qf åddgê-Il!-Êstln tstr2'

The effect of cllffertng corìcentratlor¡ of Co5$-vtta¡pin

B* added to normel end cirrontr c uyeLol.û }eukserulc plasua

ls lLlustrqted. 1¡r Tal¡Ie IV. åltt:ough the percentage of

rad"S.oaetl.ve vltantn B* boutrd' to ttre pLaeea protel-ns

d.ecreases as the concentratlon of'vLtautn tstt qdded prlor

to lncubatlo¡: tÍ¡creaseg, the abeolute e¡nount bou¡nd'

tncreaËes. This appltes In botb norrnal suÞJecte and' 1Ì3

patlents wtth chronlc nye3.old. leukae¡ela. .åt the t nE./wJ-.

Ievel", the cÌrronLc myelotü leujsaemlc plasna sþovrn !l'i

ÍabLe IV bound" pI1 d.etectable radtoactlvlty.
l+.1 .3 .

?he ef,foct of the d'uratlcn of lncubstlol'ì on the

blnd.ltrg of rad.loactlve vltamln Bt, to plaena protel¡i at

roo& tenperature ls shovm !n tabLe V. The asount of

redloactlve vlta.ntn B* bound l"nc,re¡:ses w3.th the duratlon

of !.ncul¡atlon, the Incresse betY¡eer': tbe 2 trour f tgure ar:d

the 24 irorir figure lrélng I+?;¿. ê dupllcate of the ZIt h+ur
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sâ^nple wns refrtgexated for a further 2l+ t:surs, a:cd

subJected. to dlalysls. T¡'.re btnd.lng to thts sarnple tras

z?.t"Å, ¡'rhlch ts not dlfferent from the 2l| hour ftgure.
Thls suggests thet the blnClng raay be naxi.nal at, 34

hoursr oI poss3.bLy, that coollng ¡ed.uces the ¡ate of

contlr¡utng l¡i..ndLng to negllglbLe levels after 2l+ hours.

4.1.4 '
}rïo slEnlftcant d.l,ffe¡ence lfas observed. t"retween tsfo

saep).es of nomal plasua, o¡e of r+htch was lncubafed. at

roo4 tenperature (f5oC) and þoutrd 2'BO ng./w|.i the

other r¡as lncubated at 37oC, and. boun{ 2.6? ng.lml. The

lnlttal- ateount added. was tn both insta¡¡oes t0 ng./n}.n

anù dlatrysls was Fsrfomed for 99 hours agalnst 0'01Ìi

txls phosphaüe buffer, PS 6.5' at ¿iot.

l+.L,J .

Tabte VI sets out four ranèonl'y selected' ðlalysls

e¡pe¡lnents, two ustng pLasna fron no¡maL subJests' and"

ù¡so uslng pLasa fron pattents rvlth ayelold ].eUkaemlai

these results are typLeal of those obtalned througttout

thts süudy.. In tþese two sete of expeftinents, the a"uount

of rad.loacülvlty tercoved d.urlr:g the flrst ¡16 hou¡s t¡ss

æeasured, {ts ?¡âs the a¡aor¡nt of rad.Loaettvlty re¡rovcd.

betr¡een l+8 hr,urs and tþe end of d1al-ysls, whlch tlas
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Dever 1ess thån 96 hcurs. It ts seen that the redlo-

actlvl,üy reaoverå between 48 hou¡s and. the end of dlalysls
ra&ges from 3"5ñ to tL.SÉ ot tÌ¡e totaL 1nltla]. raðlo-
actlv1ty, representlng Vûfi to 23.1e of bhe rad"toactlvlty

actualJ,y resoved. d,urlng dlal-ysls, Slx Ìn¡ffer ehanges

were nad.e 1n the ex¡¡erlment sl¡ot¡n ln Tabl.e VII, whlch

lllustrates the effect of prolonged d.lalysls on the

blrrdlng of rad"loaetlve vltasln ÐL?. 'Ïhe percentage of

total redtoectlvlty resoved Is lndlcated' representLng

the amount of rad.loar:t1vLty raeasured. lE tt¡e buffer agalnst

v¡t¡lch ttre plasüia $âs d"Ialysecl. /igetn tt ls a;:parel¡b tlrat

slgntflcant red.loactlvlty Ls renoved. by d.lalysls afte¡
the ftrst {+B È¡ours. Frou the results of these experl¡aents,

and others slmllal to then' t t I{as oonclud.ed. that e 96

hour dlalysls r¡ouId. rernove g5þ ot &ore of tha <llaLysabLe

vltamln B* present.

þ.1.6 Temperature Ðurlne Ðla1vsls.

Ìüo dtfference was observ'ed, l¡etween the tt¡o sa^uples

v¡htoh were d,talysed aü d.lfferlng temperatutres agalnst trls
phqsphate buffer. The allquot of Re¡mal radloaettve

vtÈa¡utn tsr, labelled plasaa dlalysed at þoc bound 2.?5

ng.,/¡oL. of the radtoact!.ve vttatrln B.,Z, t¡hlle the allquot

d.la1ysed at àtoc bound z,tO ne/nL. .åt the ktlgher
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tenpers,ture, more radloacÈlvtty Tsas assoclated wlth the

sâc 15.î+N, than at the l-orlrer ternperature {3.tF}.
Hor¡ever, dlfferer¡cea Here observeè v¡hen cuqlysls

was porfof¡ned agalnst tap wate¡ at ¡"oof,I tenperatUre and

ln the soLå (Table T¡III). In those ex¡rerlments cond'uctod'

at roou tenpe¡ature a ¡guc[: lieavler preclpltate 1fias

forneú wl¡lch accounted. for the naJorlty of, the eeasured,

lncrease lt¡ blndlng. Slnllay results !üere not' oþsefsed

r¡lth iltstllled v¡ater, aad tt t s 1lkeLy ttrat the hearry

selt content of Sdelatde tap r.rater (rrhlch. for nomal

d.onestle use' requlres anlon exchenge columns for

"softenlng") &ay heve produced the heavler preclpltate

as a result of tts tnsol.ub].e salts.
t&.!.? Volgl4e, of ÐlÊ].qsls BuffgI.

The anount of rad.loactlvlty renovcd fro¡n en altquot

of raðloaetlve vttanln 3r, Labe11ed. plasu¡a dlalysed tn e

ZJA g.L. beaker 164.6;¿| t¿as noÈ slgnlflcautly d,tfferent

froæ the anount reraoved by dlalysls of an lclentlcal

altquot agalnst tap r+ater runtrlng at approxluately 1 L.

p€r Elnute throu$trout Ëtre cì.la1ysls t6¡;.0;ã).

þ,1.8 .,lffeot c{,. ÐlJf erlq$- Bt¡{fers.

Ttre results of dtatysts egaLnst norms]. sallne'

trls phcsphate buffer, and tap r+ater eire sl:o¡"¡u tn Table IX.
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50e2

L?.7

l¡.þ

72,3
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-A]-tbougtr the total emount of rad,leaetlvlty É¡ccounted.

for In the d.lal-ysa¡rt, the preolpltate, anrd the sackltrg

ls not slgrlftcantly dlfferent, tire¡e are marked.

d.lfferences between Èho dlstrlbutlon of the radloactlvtty

betv¡een the d.lalysar¡t, prectplùate., s¡ad sacklng. fhts

ötfferenee ls nost uarked 1r: the elcpe¡lrûent tn ¡Ehl'ch

dlalysls was oondr¡eted egalnst normal ssLlne; a hlg;her

pel'oentage of the ¡adtoactlvtty tras detecteå in the

d.ialysant, aïd. Iess raÔloactl.vtty r.r'as f'ound ln ttre

preolpltatÊ" Ttre ftgUres obtalned for ctalysls agelnst

trls phosphate buffer and tap Y¡ater e3e sfunl}ar. Ttle

slgnlftcance of these ftndltlgs 1s èlscussed tn eeettol¡

It.1.9 þelovr.

4.1.9 .@-!gt!dEg,
It ls apparçnt (Tab1e IX) thet ttre precl'pltate

fonued durlr¡g dlalyste agalnoü trls phosplrate buffel and'

tap rsater oorttalns üore radloactlvlty than d"oes the

smalIer, alnrost r:egllglh1e prectpltate whLch formed'

dUrlng åLa1¡¡sts agalnst ¡ro¡sal saltne. Ík¡gt -t hle radto-

acttvtÈy ls bou¡rt to tbe proctpltabed protoln' and. le

not due to trappecl plaena! Hes shot¡n ln the foLlôrtllng Hay!-

The preclpltates B and C' s:-nlIar ln volume and

raclloactlvtty, tlere l¡roksn up and^ resuspsndedt
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preclpltate B tn norma"l saltne, and preclpltato
g ln tap rater. After agl.tatlon and further
contrlfugatlonr preclpltat'e B was alrnost

corupleteþ red,t ssoÌveð.t and most of the raèlo-
actlvlty was present tn the supernata¡xt. In
prectpttate C, taken up wlth tap water, elore

tþ¡an 90;í of the lnlttal rad.loectlvlüy was

,present 1¡r the secor:d preclpltste. lotalLlng
the radloactlrrtty of ttre dXalysed ¡rlasiaa, the

preetpttate and the sacklng ln each lnstance,

a slnllar flgure for totaL bl¡¡d.tng Tï'es

obtalned tti Èhese ühree expertnents. Stsrch

gel electrophorests of the redlssolved.

prectpltate E showed that lt consleted. nostly

of ganme globt¡lln, wlth sü¡se beta globulln

present.

¿+.1.10 ¡rf,fect of i'apaln on Blndlne.

Ehe addtttou of pa¡raln to the nLxture of pl,aæa

and ¡adloactlve vlta"uln B1A d.ld not produce any

dtfferences ln tlre anount bounú, Lrrespectlve of
whsther the popaln wae ad.d.ed before or after lncubatLon.

¡¿t the 10 ng./øL. leveL. the plas¡na allquot to whl-ch

papaln a'ag ad.ded prlor to tncubatlon bound" 2ûA rg.,/nL.¡
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that to n'hlch papaln rsas ad.d.ed. after noræal lncubstlon

bound 2.32 ng./ml.. and, tbe blank (plasma to whlch uo

papatrn t¡as added) bound 2.12 ng.,/nI.
l+.1.11 .

In the expertnents ln l';hlch d.tal'ysts ¡ras conttnued'

beyond 96 hours agalrrst buffer contelnlng cyanocobelalri.n

and hydroxocobal-anlr:, ro decrease ln blnôtng was

observed þetween tkre allquot cllalysod agelnst thc vltemln

Ðr, and tl:at dtalysed agatnst btlffer v*lÈt"tout ad.Ced vltenln

B1Z. fn addltlo$, no redloactlvlty ltae cletected. ln tbe

buff,ers whtch cor:talned vttenlr: Dtn ln elther of thc two

fo¡urs used".

l+.2

F¡actlons. .

The Eolurnn chroæatogra¡es obtatned" ¡sheü knou¡n proteln

f,raçtlons nele subJeotccl tc the SaE¡e elutlon procedtlre as

u¡hole plag¡na are Ehov¡n ln Flgures Jû-8. tla¡sEa gLobUltn

(frsure 4) appears prlnclpalLy at peak I' trlüh leuch

s¡naLler cotaponents at X¡eaks Ie¡ II a¡ld T'. eoi'¡n fractton

III-1, whlch ls a globulln fractlon eo¡rtatnlng the uaJorlty

of ar¡ttbod,les, lncludlng the blood group anrtlgens' sho¡ced

(Flgure 5l a slrntler pattern to the lnnune se¡.um g]obullns.

wlth the prtrnclpal coÐponent betnE at peak I. lrlbunln
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(5ã sol,uttor': lil ¡lgrtsa$nts buffer) (ffsure 6) a?pears

prtnctpelly at peeJñ LII-IV, vrlth a ¡li.nor c,o¡Bponent at

pêak V. Transferuln. Cohn fractlen IV-?' a beta

globuL1n (Flgure ?). appears predo¡nlnantly tn peak II,

nltb saller. J.ess uarked. co$ponent peaks at I, Ia'

III-IV, a¡d. V. Ítre o, act d Ël-ycoproteln appeared- at

peak V excluslvely (plgure 8) - In general' teros' tha

d,lstrlbutton qf these proteln fractlons ls not

dlsslnllar to the patterns obtaLned. by Fahoy et a]ll'

ßgseJ, uslng grad.leut elutton or¡ a DEåE oellulose

eoluEr.

Dup).lcate sanples of d.lalysates and. pl.asrna proteln

fracttotts run at dlfferer¡t Ètmes showed vlrtuall"y

ldentlca} patterrs, lndlsettng tieet ttre :netþod glves

reprod,uclble resuLt€.
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BESULTS

GENER.åL

5.t vi.tantn 812 @.

5.L.L 3læLjÞ]sgs-
The nonsel range for the vltaaln Bt, blndf-ne

capaclty was obtatned by neazurenents at the 10 ng.,/nl.

Ievel and the 100 ng.,/nl,' leveI, uslnÊ: sanples f¡om

nofraal subJects, ttre naJorlüy of ¡+hos Trere bl,osd donors.

Ehe mean value for ptasæa vLüantn Btt blnûlng aapaclty

Ln 28 ¡¡o¡mal subJects wae )2.45 t Zûfl aþ the 10 us .fnl.
level, that ts, 3.24 ng.,/nl. t 0.2j ne/øL' {1 g.D.).

I'Jlnety-flve percent of no¡naal values wouJ.d be erpected.

to faLl tn the range 2?.8rt - 3?.afr (2.?B - 3.?a ng.,/nl.)

al the 10 ng../nl. leveI. The noar¡ amount bound. to the

prectpltate ttas ? "tf', reP¡îesentlng 22F oî the ¡qear¡ anount

of rad.loactlve vltaslu Bra bounð after a 96 hour d'lalysle.

tho nean veLue for plasna vtta¡rln Btt blnðtne

capaclty ln 22 nolsal subJeets nas 7?.2fi t Z.AF atr the

100 nE./nl, levol. that Ls L?.2 ng../mL. t 2'0 ng.,/mL.

(f S,D.). I'Ilnetg-flve pereent of norael values would.

be expected to feLl l¡t ühe range 13.2fi - ?L.ZF lt3.z -
2!.2 ng../sl.) at the 100 ng./mA. leve]. The rres,n anount



¡figtOID LEUKåEMIA - VIT¿II4IEË.; W.
, 10-t-/t- Ievet)

ËsÈIEs I¡W¡BE8 sIqå.+üP .eGE

50

5t
52

ítt
56

57
6l
73

75

?7
8z
8?
gB

5t+zc

550

579a
579c
6rgA

¡åAJ,

ara
SHI

FÁJ"

c0n
I,AI{

s¡fE

cow

BIG

hflr
XgB

SEE

scE
CA¡i

IôIü
coB

KtuÞI

PM

1,1,9631

¡ 1961)

yt?;?

Fl+6

v5?
Nr63

M57

$?0
863
Iir28

F38

$l$
tt23
161

u5g

!fli8
ilrg
Fl+g

r{21

n52

35,3 Chronlo

36.L Ckrronlc

5t1.8 Ch¡onlo

32'8 Chrontc
39.5 Cbronlc

39,1+ Chronlc

?3.6 chro¡lo
5t.7 Ch¡on!.c

9?-Ç5 Chrontc
6?.0 .Àoute

66.1 Chroulc
80.8 chroulc
6?.? chroulc
92.0 Aeute
l+5.9 Aoute

t100 Chrontc
63.0 aoute
2l+,4 Aouüe

t$ee text for d.lscusElon of thls result.
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bounû to the preelpltate was Z.II'ir representLng L).gfr

of the Eean a$oúnt of ¡ed'loaotlve vttamln Btt bound

af ter e 96 hour d.lal"ysls.

5.7,.2 Valuee tn Pqtlents v¡tth tiaematol-oqlcal
Dlsord.erg.

5.L.2.L i.lyelold. IpuSaents. Results for vlta,mt¡l

Bæ blndlng eapaclty at the 10 ng.,/sf. level obtqlned.

wlth plasna froa 18 patlonts ¡çlth nyelold leukeeala sre

set out 1r: TabLe I' a¡¡d. results fo¡ btndlng at the

100 ng./w!. J.evel ln a further 18 patlents ?rlth nyelold

leukaernla are set out ln Table XI¡ there are slx

paülents conmon to both groups. The mean value for

vlta¡n!.n B* blndLnS capaclty ln nyelold leukae¡nla at

the 10 ng.f¡nl. LeveL ts 5g.a$ t 18.9ft (1 5.D.). ar¡d

thore ts no dtfferense bett¡eerl the nean vslue for the

slx patlents rslth acute uyelold Ïeukaemla (55.sfi) and

lbe æean for ttre group as a ¡rhrole. These reeults a¡e

set out èlagrommatlcally !n FlgurØ 9, whtoh sho+¡s then

1n associat!.on wlÈt¡ the noræal renge (toesr¡ t 2 g.D.)

for compartson. Thetre ls a v¡ld.e scaüter of resuLtst

three patlents v¡lth chronle ryelolctr leukaesle had' levels

¡.rhtctl f,alL Just wlthln the noreal range, and one rslth

acuùe *,ye1old leulraemla bad. a val-ue whlch $as unusual-þ

low, Ehe re¡oalnðer were outsld.e the norne,l range.



Flgure 9. Vltauln B. o btndtng eapaclty of myolotd
leukaentÉ plasoa-at the t0 n8../nI.
level¡ no-rne). range (n,ean t 2 s.D.)
shown as broken llne.

A s acute nyelotd let¡kae¡n1a
o = chronte nyeLold. leukee¡nLa
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ÎABTÆ XI

-

a

}flTEIPID I,ETJKAE}1I.A - VIIAUII{ B. ^ BINDING CAPå,CIÎT.¿É-
( f oo ag./wl. level)

SEBIES NT¡}IEEA SE.K ATID AGE

7tr
L2t
L2?,

Lzg

203
'z}t+

t+29

l+30

tûL
l+61

l+89¿

LtgSL

500
54za
5'+t+

550
57gts

579D

GOb¡

cÂB

MUL

coti
IÆW

ECK

GOI.

I.EV

8ME

HAB

TIRI

TTN

BA.B

CA¡{

coo

IO1ll

coR

KII¡-I

(rs65 )

H28

Plt+

F20
p6o

nzB
u6z
H38

N22

î65
F¡l9

F28

Iri?;6

n47
Fil+8

¡rr+z

¡E19

rllg
t{21

2312
22,.0

37 ,8
?,2,3 

.

18, a
23.7
24.5 ,

26.0
21,.1+

t 2.l
2?..7 ,

L7 .6
t?,2
23ç?

3? .9
23.2
35.7
17'.3

thronle
Chronle
Chronle
Chronle
Aoute
Chronte
åoute
Chroulo
ChronLc
Aoute
Chroni,o
Aaute
Acuto
Aaute
Ch¡orlo
Acute
Chronls
Aeuto
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the near¡ vslue' for vlta¡sXn Br" blndlng aapaclüy

at" the 100 ng.fnL. J.evel obtaineê wlth plaæa -f¡oa 18

patlents ìrlth nyelold" leukeeale ls 23.t+ft t ï¡fi (1 S.D.).
Ilere. bowever, ühero are dlfferenoes bet¡ueen the vsluee

obtetned. for tbe aeute nyelold leukseala patlonts and, ühe

chronlö ¡uyeLotcl leukaerala patlents.. The neen vttanln B*
blnd.lrrg capaclty at ttre 100 ng./æI.. level for the I
patler¡ts wtth acute ¡oyel.qt'å,teukaemla ls t8.5fi t ¡+.0.S

(f S.D¡), whloh ls not stgnlflcantly d,lfferent fro¡n the

nornal rangei the cortespond,tn6 f,lgure for the 10

pattente wlth chromlc uryetold Ìeukeeuta ls z?ûfr * 5.9ß
(1 S.D.) whlch ts dlf,fe¡enü fron both the no¡maT. range

ar¡d. tt¡e valuee obtstned ln tbe aeute nyel,old leukae¡aXc

grouB. Appl.teatton of trStud.oattsF t test {Brad,forü 8111,

1966) glves a value ln thls latter group of 0.O? > p ) 0.05

(t = 2,32t n - 16). Thase reeults are eet out dlagrÉirn-

uaü1ea1ly 1n Flgure 10, shlct¡ eho¡ús tk¡ens ln sssoetatlon

wlth the nomqL range for thLs Level of blndt-ng (¡sean t
2 S.Ð.). Ai.I values fo¡ pattents ntth olrrsnlc nyel.old

leukaeu,la are above the no¡saì. range. wh1le tb,ere ls
ecatterlng of the values obtalned, tn patlenüs slüh acute

oyelold. leukaenla¡ thsee values fall ¡¡lttrln the nolsal
ran6e. t¡r-o fell Just beloe¡ 1È and three a¡e above the

no¡gnal rangê.



Ftgure 10" Vltamtn B.,o blnd.lng of
nyelold'feukaemia t the
100 ng./¡sl. level¡ ral?ge
(¡oear¡g 2 S.D. ) sho oken
Itne.

A = aoute royelold ].eukaomta
o = chronlc uyelsld leukaemta
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Sffi,I.AL VITÂ}TIN B. ^Gt¡

ÍABI.,E XTIæ

(PsBcsrruAGE DçIJND)

1z åfilgfl (ng"/nt')

lüt 10 25 50 75 100

DAÍE

28.t,67

I'-2.67
3 .2.67
I+.2.6?

!8.2.6'l
?,2'-?,'67

3,3.6?

100t s;.
( tg.

( t5.
-

¡1.,*
( 15.0)t

-
?1.0

35''1+
l+6.?

35.7.

2j '5
13.8

-

-

-

* i

si 'g)r lts.?Ir
-

-

8f, r9
1 *)

t

-

7I
?6.t+

97 ,2
6t.j ?0.8

** Hlgh speclflc .ectlv!,ty Co58-vltanln Ë

f See te¡t for ëteeusElon of thts oufu*lz
r Normal oontlol valut.
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Sorlal, d.ete¡mtnattons of, vltanLn B* blndtng

capaelty were posstble ln ühe pattenÈ COB' a forty-nlr:e

year old woæa¡¡ r¡1th chronle nyelold ]-euEaemla (Append'l¡

ÂII) ¡ thesE are set out ln lable XII. It wlLl be €een

thst the blnd.lng valuea at tbe 100 ug./u1.. Level feII
over a perlod, of sls weeke from an eLevated. I'evel to e

no¡maI level. although the blndtng values at the 2 ng./ml.

leveL end at the 10 ng.fuI. level, at thls latter tlPe

reue,l"r¡eð abnorselly hlgh. The lnttlal btnðlng flgure

recorded, for thls patlent at the 10 ng./n'1. Level' 100É'

requlres further cornnent. the test sempl.e on thls
occaslon r:ot only bound al.L ¡adloacütve vlta¡ctn Bta

ad.ded, but bound. ad.dttlonal radloactlve vttantn Bt- *thlch

had bee;n dlalysed tnto the buffe¡ out of the control

saraple nhlch was betng dlalysed ln the ae$e vessel. at

the saËie tlæe. The resorde,it value ¡sas "189.9Þ"i the

vallðlty of thLs result'was conflrmed by ¡eproðuclng

the conôltlons of the erperlnent ln the follorslng Fütn€rs

1 el. of unlabell.ed. plasma collected. on ùhe sâme

d.ay was placed ln èlslysls sacklngn and dlalysed'

agslnst 100 eL. 0.01t4 trlE phosphate buffer, PE 6.5'

üo r*hlch was addeô. 100 ng. rad'loacttve vlta¡u&D B!?-

the blndlng eapaolty neasured aü the end' of the
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otbern¡lse standord ðlalysls proced.ure Eas 35.?ñ

(tfrat le, 35.? ng.fml.), a value td'entlca1 ulth
that found by measurl¡rg, lt¡ the star¡d-ard nan¡l€rr

the blndlng capaclty of thls senple at thls

leve1 of added radloactlve vlta¡nln Br, (Tau1e XI).

The peasured. yleld" fron thls ex¡ierlment $as

8?.l+f, of the caLcu3.ated. value. ÅLt'hough the

cond.ltlons of the exFerlsents were not lder¡ttcaL'

sl.nce the rad.loacttve vlta¡ßln Ett l'{as not

lneubated. wlth the plasua sanple prtor to dlalysls'

lt le certaln tt¡et the blndlng oapactty of thts

pLeena sanple was greater than tO ng./wL., and.

thst the unusual blnd.tng oepaclty seasured at

the 10 ng,,/nI. leve1 ï¡as s valld. observatlon.

The flgure obtalned. for b1nðlng at the 25 nã.lmL. level

155.7%\ or¡ a såsP1e coLl,ected at the sa¡De tlme al-so

eonflrms thl.s lnltla} observatlon.

It has not besn posslble to reLate tho vttamln BfZ

blnd.ti:g capaclty (at any LeveL) to the total v¡hLte oa}1

count nor eny component of lt* elther o$ e ltrear, seæl-

logarlthrntc Fr logarltbslc basts. Eh€ only assoclated.

ftndlng whlEh ln chronic ayelotd. Leukaesla appea¡s to

have rel,evance ts thg¡t of þasopht]la' a flnd.lng unusua!.
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In the acute fo¡m of nyelotê leukaeata. -Although l,È was

not posslble to correlate aecutately the vltanln B*
blndlng capactty v¡lth the basophll count, ef.ther sbsolute

or relatlve, lt was nevertheless apparent 1n several

t"nstabces that the abno¡mal vltenln B* btndi.ng oepacLty

Tdas d.e!ûonstrable st ùhe Eane tlne as basophllta' end ühat

both tended. to return to norusL ¡¿lth effectlve Ë¡eatment

at approxhnateþ the same tlue. The results obtalneð on

several patt ent's ln tht s regard. have beer: set out 1n

TabLe XIII, a.r¡d. eerlaL results, relatlng the vttan!.n B*
blndtng capactÈy to the absolute end. relatlve basophlL

count ln the pattent eOB are eet out tn Table XIV¡ thls
saue lnfor¡netlon ts set out d.lagrenuatlcally tn Flgure 11.

5.I.2.2 Other Fo¡æs gf þu&acela. Deter¡nlnattons

of vlta¡nln E* blnd.lng capaclty Þdsre med"e tn four patlents

wlth lyuphatle leukaemla, etther cþror¡tc or asute. In aII
fou¡ lnstances, t.he l-eveIs obtalned v¡ere wlthln ths norneL

range, both at bhe 10 ng.fnI. Ier¡el and the 100 pg.,/nl.

J"eveL.

5.1.2.3 Pvsprotel&re¡¿loas. Flve patlents wlth va¡lous

forns of dysprotetne,esta prere stud,l,ed.. In three of these,

abnonqal-],y hlgh values were obüatned,. lhese ffere found ln

a paÈlont ¡clth nacrogloþullnaesla (22,tÉ ¡fnafng at tlte
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100 ng ./mL. level). In a Batlent ¡slth soYero rhe¡¡aatold

a¡tbrt tls and s narked.Iy elevated seru& gamlla g1obul1n

Level (l&1.l*É blndlng at the 10 ng,r/nI. level), and ln a

pattent wtth nuLtlple nyeloma {l+?.AF blnûlr:g at t'ho 10 ng.,/ul.

Level). In eaoh of these three lnstanoes, the lncreaged,

blnd.lng r¡as asaoclated wlth the preclpltated, protelns. and,

the amount bound to the d.laþsant was ç¡ttht.n r¡omal llulte.
As eacb of these patlents trad. a Eross lncrease In the

ctreulattng leve]' of a hlgh æolecular welght plasa proteln

aü the ttne of stud.y, tbese results are not surprlsln8.

5.t.2nl+ IsoIoES¡us Anllbodles. Beeause s"n abnonnaLþ

hlgh vltentn B* blndlng oapaclty was d,eloox¡strated. tn tt¡e

plasns of patlent COR (¿ppend,lr AII) at tbe aa¡ao tlne aE an

unusuaLly hlgh tltre of antt-Fys artlbody, the vltewln B*
blnd.lng capaclty of, tho plaena of several othe¡ pati.ente

rclth clroulatlng tsologous antl,'tlod,tes sÍas Eeasured' Th¡ee

patlents xíere studteê¡ the flrst, wlth an ant!-D antXbody

present to a tltre of t/ZOt+Bn bound, 2t+.4fi of the rad.toa.ctlve

vttenln B* added, at the 10 ng.fml. leveln ard. I3,?F of tt¡e

radtoacttve vitanln Bn, added at xíe ?5 ng.flr.l-. level¡

those resr¡I-ts are no¡mal. The seeond. patlent had ¡lade aÞ

ant!.-Kell antlbody, and hls plassa þouud tl+.8fl of the

¡edloaotlve vltaraln B* od.ded at the ?5 ng,./nl-. Levell
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t'hls ls aLso a no¡ma1 tesu]"t. Slnllarly, Dor¡aal- results
wele obtatned. froro another pat!.ent wtth an antt-Fya

antlboðy present to a tltre of t/1jlï. r+hose plasæa bound.

U.6# of the rad.toactlve vltasln Br, (nfen speEtfic

aettvtty) add.ecl at the ? ng./rJ-. l-evel, and. A6.OV of tt¡e

standard radloactlve vltanlrr'S* aùd"ed. at the 10 ng.,/nl.
level,

5.I.2.5 Vttanln B. ^ Ðef lslencv. Vltasln B. ^ blndlng

capeclty Hås neasured qt the 10 ng.,y'ml. level on plasnna

sanples from etx patlents r.'Lth vl.Èasln En, dof lclency, ¡stth

aerun vttanln Br, levela rangtng from 0-100 pgJûf. The rrean

btndtng eapaclty wae'te5.3fi ! +.8fi (f $.D.), Èhat lsr
t+.53 t 0.46 Dg.,/81,r e¡¡å the range was 40.?F - 54"gfi. The

pl.asaa saep!,e uh!'ch gave the t+0.2f resuLt at the 10 ng,,/nl.
level was aLso lnvesblgeted. et the 100 ng,,/nl. l-eveI, and,

the vlta¡aln E* blndlng capaetty was 1?.!.Ë, whtch ls a

no¡sal .resul,t.

Subsequently, the vl.ta¡sln B* btnd.lng capaclty of the

serun fron 18 pattents ¡rl.th vltamln Bra deflclency nas

ueasured at the 10O ng.,/¡nl. }evel. the seruul vttanln B*
leveLs Ï¡ere betn-een 0 a¡ld t37 pg.lul., t'he meen belng

3? pg.,y'el, Ttre nean vlte&ln B* btndlng eaBaclty was

Lj.zfi t 1,8 (r s.D.), that ls. 15.2 t 3..8 ng.,/m}., whlch
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ls hot st,Snlflcantly dlfferent from rorosl at the 100

ng./nL. leve!. f'lthough there Has a d.etectable trend

(faUte :fV) towards an Èssoetatlon bettsoen 1o¡ser aetugl

vltamln Br, },ovels, a¡ld hlgher vltamLn Et, blndlng

capacltLos, tk¡ls mas not sufflcl.ently Earked for statls-

ttcal slgnlflcance to be Proven|

5.t.3 Valuee* lJt PreEI¡aacY.

The plasna vltarato BIZ btrrd.lng oapaolty r{as ¡ileamrod

at the 10 ng.fnL. LeveL ln 2ll pregnanÈ women ar¡d et the

10O ng./¡uI. l"evel tn a further Xl¡ pre6naÐt Honen. the mear¡

value at the 10 ng.,/tnl. level was 2J .gitr ! 2'.8F$ s.D. ) ,

thât ls, 2.39 t 0.28 ng./mf'' ' 'Éjhtch 1s s1l;htly lowør ühan

the normal ra¡nge, and the mea¡r valUe at the !00 ng.,/nl.

LeveL was t6.gF t t.5ñ (r s.Ð.), that ts, t6,-g t t.5 ng.,/¡n1.3

ttrls ls not dlfferent fro¡r nor¡n^aI.

5.L.t+ Eg,gE!,.

Gross el-evati"ous of t'he plasoa vltanln Btt blnd.lne

capaetty were d.emonst¡eble ln the naJorlty of patlente wlth

chronLc nyelotd leukaeula at the 10 ng./mf.. }evel, and. at

tbe 100 ng.,/nL. level. In patlents wlth aeute ayelold.

leukaemlar the vlüesln B* blrd'lng capaclty aü the 10 ng.fp}"

LeVeI was conststently eLevaüed., and. the ¡aean value was

slntlar to tbat f,or pstlents n¡lth chrontc nyelold leukaentai



Tzll

ho¡uever, at ühe 100 ug.r/nl. Level, the Bea¡x vaLue for
vltamln B* b1nd.lng eapaelty of acute leukae¡¡t e pl'asng

dlffered stgnlfLeanÈIy fron the nean value for chronlc

nyelold leukaenlo plasa,, and, ¡res noÈ slgRlflcantl-y

dtffereut f¡o¡a the no¡ueL nean value.

Attentl-on has beer d.rawn to the posslbLe relatlon-
shlp between basophLlta and the eLevated vltaratn B*
blnd.lrg capact ttr 1¡r ohronlc nyelotð leukaeula pattents.

In lynphatlc leukaemla. the vltamln B* blnd,lng

oapaclty dlEl not dlffer from normal.

An tncrease ln the blndlng of vttanln Rr" to the

plasna protelns of patlents r¡lth dysprotelneeqtae wae

noted, tn th¡ee of ft've patlents stud.led.; the lncrease

tn eaoh lnstance was ln tl:e preotpltated portlon of the

dlalysed Labelled. ptoÈeLn.

The vtteÐln B* blndlng oapaclty of plasna fro¡s,

patlents ¡'.{lth lsoLogous attttbod.tes dld not dlffer f¡om

uornal "

The nea¡¡ plesrsa vltasln B* blnôtng sepeclty aÈ the

t0 ng,,/nl". Ìevel for slx pattents ¡rlth vltanln Bt,
ôeflclency wes above normel, but the nean p1asrea vlta¡rln

Brn btndtng oapaclty aü the 100 ng.r/rs}. leve1 tn a
further 18 vltsnln B* deflclent patlents was hot d.lfferent

fron the nsrnsl mean value at t'h1s level.
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The nean plaæa vlta¡nln E12 blndtng capaelty at the

10 ng./e3.. Level !n 24 pregnant wonen lÙas soæewhat lot¡er

than no¡mal' but the eea¡: pl'asaa vlÈalÛln Btt blnd"lng

capaclty at the 100 nB.fnl. level ln a further 1þ pregy¡ant

llouen dld. not dtffer sXgnlflca:rtÌ'y frou the norual ¡nean'

5.2 Colum¡¡ ChropatggreÞbE'

The colunn chroaatog¡'aË5¡ üo be d.escrlbeü' belo¡t t¡ave

been cafrled oUt !.r: accord,ance wttb the nethode set ouf

earlle¡ 1n thls stu{y. ÛpË1c41 denslty Is shoTm on the

Lefù-hand sLde of eacb ftgure' and" rad'loactlvlty' tn counte

per mtnute above background.. appears on the rlght-hand. stêe

of each ftgUre. The posltlons on the chronatograe at wht'ch

the elutlon buffers 1*ere ehanged. have treeþ lnrltcated. as

part of the legend. for eacir f,lgure. ALthough lt woulÈ be

posslble by csl.sulatlo¡t. a}Iowlng for êecay and the volume

of uaterlal plaeed on the çoLUnn, to $teasr¡re the vltenln Bta

btnding capaelty, t¡slng the dsta f¡om dlalyseô and" undtalyseô

samples, thls has not been undert,aken, slnee eastr d.lalysed

sanple plaoed on the oolunr¡ has had. a blr¡d|ng capaclty

ureasu¡eloent performed. tn the ulore ctlreet standård Eânner

prlor to column chro¡natography, For thls rçason, the

colunms have been agsessed as gualltatlve rather than

queutttat,lve patterns of dlstrlbutlon of the Labelled rrttaætn
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B* througbout the plasna protelns.

5.2.! I,iorna} PIasEå.

The ooluwr ch¡ouetogra¡û obtatned when 1 mI. of

dtalysed plassa, labeiLed 'wlth rad.loacttve vltaæln B*
at the 100 ng.,/nI. level p¡as eluted le shown ln F1gure 1,2.

Four naJor Beaks, I, II, III-IV Énd. V Bare noted. lhe

radloactS.vt.ty was Lossted" prlnclpal"ly at the III-IV peak,

$lth other detectebì.e eulounts at peaks I a¡d" V. Thls

ftgu¡e also ehow3, for referËnqe pur?ogês, the effeeü

of the etep-1ç1s. elutlon on the pE values tn each tube

of the colu¡m.

The pattern exhlbl,ted by vlta¡oln B* unassoclated.

wlth pl-açmq proteln, whel: subJected. to tlre sEandsrd eoluxn

chrornatographXc ptrocedure, Is skro+uc 1r: Flgures 13 a¡¡d 1þ¡

Flgure 13 shor¡s the optloal denslty at 28@8 and at 550,/E

of X.r0O0 ¡S, of cyar¡ocobaLanln placed upsn ttre columr¡ ar¡d.

subJecteð ta the t¡sua1 elutlon procedure. The elngle

lnlttaL peak lnútoates that the nsterlal Is not bound. to

the coLunr¡, bìrt proceed.s through !¡tüh the flrst buffer

used., v¡htch ls ldentlcal t¡Lth Èhe colunn oqulllbratlng

buffer. Slnller resufte lsere obtslned tFtgure lt¡) l¡hen

3 nl. of sallne contatnlng 0.3 )tg. of rad.loactlve vlÈanln

B* was plaoed. on the stsndard. oo'l.umn¡ al'l radloaotlvlty
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aBpeaxed at the f,trst peak, and ttre radloaetlvlty :d'etected'

tn the eLuent accounËed. for above gZfi at that pJ.aeed on

the cslunn.
aA?t
2 céo1

Bad,loao,ttve VLtaEln Eta.

The patüeru obtalned wlüh undlalysed normaL plasa.

labelLed. vrlth hleh speqlflc rad.loactlvlty vltanln Btt

at the 2 ng./g'r. level ls shown tn Flgure t5' It ry1LL be

noteû tr¡at sost of the radloacttvlty ls assoclated. ¡últh

the tnttlel peak¡ approxlnately one-tenth the anount of

¡adloacttvttg ls assoclateè u'tüh pea* II' ar¡d' a saller'

åetectable amount of radloactlvttg ls present at peek V'

Ttre ohronatogra¡û obtelt¡ed, f¡on thls plasma sft'er dlalyst's

Is shotn¡ ln Flgure L6.- Eere' }lttLe radloaetlvlty ls Eeen

et peak I, e¡ð roost of the rad.loactlve materlal ls found

at pealrs V and II, the aæouut aÈ pealr II betng approxlmately

half that et peak V. It ts therefore concluded' that the

maJorlty of the nate¡lal eesn tn peatr I at Flgure L5

represents radS,oactlve vlta"pln Er= wlrlch trss not þouuê to

p1eesa protetns. and rqrhteh proeeed.eô through the coluEln ltr

the r¡anner shown tn Fi.gUre 14 abc¡ve. It wtII be r¡oted'

that there ts more raåloactlvtty at peak V of the d'lalysed

sa^ropLe than at peak V of ?he unèlalysed star:dard'¡ sl¡nlIar
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volUEIeS of pl,esrna &rÊre pLacod. on each colu¡rr:' and the two

Coluuüs t{ere conclucÈed. for¡r days a¡¡art, So that rad.loectlYe

d.eoay alone ¡¡!.L1 not eccount for thls d,lfference' It ts

slso obs€rved. that the materlel at peak II Ls less on the

d,lal,ysed speclnen tha¡r on the uncllal.ysed, speclEl€rl¡ Slnce

peak II ts k¡ot¡n to be the peak at t¡htch nost of the beta

globultn appsarsf and. slnoe pealr V !s kno¡sn to be the peak

at rEhtah sost of ttre *, globultn airpeatrs. lt ls poselble

tbat at tt:e enð of tbe perLod, of d,lalysls' a transfer of

vlta.æln B* froæ the beta to o, g}obultns k¡as talren pLace

ln vltro tn rouEh the aÊEe lrallner as takeS plase Ln vlvo.

Attentlon ts also dra¡'¡r¡ to the fact that ln both lnsfar¡ceet

the peek of radloacütvlty assoclated wlth peak II ls

sltehtly behf.nd the pealr of optlce.l denslty; bhls f,lnd.lng

v¡111- be d.lseussed later.

5.2.3. Åbngrs8l PLaFEå. The pattern obtalned. when

1 rsl. of d.lal-ysed, rad.loactlve v!,tanltl Btt lebel"Led. plas¡na

fron a patlent wlth chronlc nyelold" leukaemla Ysas placed

on the star¡da¡rL coÌuun ls sho?m !n Flgure L7. the plasma

used. ffas obtat ned. f¡on patlent G0tr'j (fa¡te X), a¡rd" trad- been

bound. at the lQ ng../uL. Leveli the blrrd.lng at thts level

was 5!.?,í, that ls, 5.L? ng.r/n}. D¡ost of the raclloaotlve

eaterlâL was d.etected, at peak lI' l¡ltl"r sæaLler quæltltles
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belng found at peaks I and III-IV.
The cbrouatography pattern obtatned. from dlalysed

labelled. ple.sna fro¡s ar¡other patleut wtth chronlc uyelold

].eukaemta (Pattent $iUL' Table XI) ls sho¡c¡n at Flgure 18¡

btnding r.ras performcd at the lAÛ ne.,/u'l. fevel. -êlthoueh

peaks of radloactlvt ty tíeIe observed ln assoclatlon wtth

eolupn peeks I. II, III-IV arrcl V, most of the rad.toactlve

¡oaterlaL rsas located. et peak V; the Èvrto polnts at the top

of thts peak represenf 54Og counts above bckground.

I'!.Eure L9 ts the column ehron¡stogra& of dlalysed'

radloactlve vltaroln Ba, labelled serun froro a 19 Year old

fereale pattent, v¡hs hari a seruu vå.teæIn Br, level of 60 BgftrL.'

anrl" vitamln B* blndl¡rg capaclty of 2}"ll' ng../nl . at 1O0 ng.,/nl.

level. Her pllnâry dLsease wss co¡lsldered to be Ldlopathla

steatorrhoea, It +¡111 be noted that the conplez peak III-IV

¡r-as of en unusual shape, end $as assoclated urlth consld.erable

âqounts of tl:e radloactlve vltesl.n Bt2r Ln two separate

areas. 9lnce thLe 1s the peak at ¡+hlch albumln nornally

appears. and as the patlent was hþ'poaLbu¡rlnaemlc' the

abnormaltty !n the proteln paütefu ts probably explalned,

on thls basts¡ ho+tevetrr ühe pattern of bLÞdtng of the

radloactlve vltenlLn Br^ ts quXte dlfferent f ro¡¡. nor¡aal.

Stpllar pattcrns have not been found tn other patlents ¡'rtth
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vttasln Br, ùeftclency unrelat'ed. to l<llopathlo stestorrhoea'

anê Lþ ts oonstd,ered ltkely that thLs partlcula¡ patterrr

tray bo a result of proteln ðeflclenoy aB î{ell aa &

roflectton of vl,tauln Bt, Öeflslenoy.

5.?.4
12'

A}t studtes !n Ëhte partlcular sectlou t¡ere perfo:meô

ro-1th hlgh speoiflc acblvlty Co58-v1taruln Er, (approxlmate3.y

gO ÌJc./pg.l , and btndlng was perforned Ln eaeh tnsts$oe aü

the ? ng./rcL. Level' The pattern obtalned fron unðlalyeed,

¡adloactlve vltantrl Br, Labelled. plasrna f,rour a patlent rstth

chronlc ¡nyelotd Leul:aenlar at a tlne Erhen Èhls plasÐa showed.

no ûet,eatabls bound vltarnln Br, (pattent 8¡{Er sanple taken

6.5.65) ls sho¡rn at F1g;'re 2A. In contrast to the r¡o¡ma1

blnålng pattern seen et thts level (Ftgure L'l, aÌ¡qost

one-thlrd. of the raðlosctlvlty prlol to d.lalystg was

aseoclated wlth peak V. Tho pattern obtatued' f,oLlowlng

dlalysts of thls pâfttcul-ar und.laþsed speclpen !s shorst

at F1gure 2!t and. slerost all d.etestable rad"toastlvlty wae

assocLated. ¡rtüh pea"k V; there v¡as seæe radloacttvlty !n

assoclatlon wlth peak II anà peak III-IV' but thts ¡sas

less tha¡¡ Jfi of the radleactlvlty rePrësented. on thtE

colunn chronatogr&ülr
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å colunr¡ ehronatograril of an undlalysed. radloastlve

vttantn B* J.abelled. spectmen of plasrna fros patlent CûR

(L8.2.6?) fs ehorm at Flgure 22'. The nost strtklng feature

of thts parttcular ch¡ons,togram ls that a].L ¡adtoaetivlty,

¡rylth the erceptlon sf a snall peak ln essootatlon ¡çlth

peak II, ¡raE loceted ln ss$octatlon wlth peak V. It ls
thorefore probabLe thot all- radtoactlve vltauln Btt was

bot¡nd to proteln ç¡hen the ¡sate¡la1 was plaEed, on the

columv¡. The d.telysant .of thls partleular s€ìrdplÊ. srhtct:

*¡as eh¡ornatograp?¡ed, sone ¡seeks bef,ore the stanclardn ls
shown at Fl.gure 23. Slællar reeults are shosn af Flgures

2l¡, and 25 for further sanpl-es of pLasea fro¡r patl.ent COB.

Agalnn almost all deteotable radloactl,vlty waE located

at peak V,

Two late¡ chroæateg¡amr+ of thts patlentrs plaeae are

ehorm at Flgu¡es ?6 and 3:7 i Flgure 26 shor¡s tlae resuJ.ts

of col,um¡¡ chroaatography of a ôlaLysed raC.loecttve vttanln

B* Labelled speclmen of plasma coLleeted on 3û.6?n and.

Flguro 27 ehows the patter:c obtalneô from col.uu¡¡ chronsÈ-

ography of s Ölalyeeô radloacttve vlüanln Bta labeL1ed.

speclnen obtalned on ZB.lt.6?. It wtLl be noted. that ln
both lnstances, slgnt.ftcart anounts of radloaotlvttS' were

Looateù at peak II¡ ln aüdttLon to the larger a¡nount of
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radtsacttvlty at peak V¡ referenoe to Table XfV P¡111

lndlcate thst the vltamln B* blndlng capaclty of thls
pattentrs plasæa lsas felttng f,ron lts prevtously htgh

Levels ¡ehen these two partlcuLar speclnens $ere collected,

and. studlEd..
1^l
)eét)

&sE@!g-
In addltlon to the ftndlngs set out above. lt ¡uas

posstble to study plasua fro¡n the paülent SF1E at a tl¡ae

¡¡ben her nyeLold. leukaemla ¡¡as stlIl, ectlve, r¡hon her

vt te¡sl.n B* blnd.lng capactty ¡¡ae stilì' elevated. and. r,¡hen

there ¡cas no d"eteEtable vltantn BrU l.n her serus (see

Åppenûtx AI). Flgure 28 shows the results of coJ.unn

chronatography of d.lalysed radloacÈlve vltaaln Btt Labelled.

Blesua, lchtctr had been bound at the 100 ng./aL. ÌeTel.

Al,1 radloacttvtty d.eteoted was locat'ed et peah V' and thls

accou¡tted for.glore thsn 95N of t-,be rad.loacttvlty Flacefl on

the coluurn at tt¡e begtnnlng of the el-ut'Ion process'

The evtdence presented, above ln Ftgures 22 anô, 2J

Is aLeo strongly l"ndloatlve sf tbe fact that there TÍas'

l.n the eera of these patlenüs wlth ch¡onla m$elo|ù Leukaemlat

a proteln whtch, wlth tb,e systelo of coluntl chrosatography

useô for thts study" moved wlth peak V¡ thls proteln haô
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the property of blndtng vltarn:.n 812 tn preference to

other ptotetns.

Flgure 29 shows the results obtatneå from colusn

chromatography of a ð!.al-ysed labeLLed. speclnen of of e,old'

glycop¡oteln. Äl"l- ¡ad.loaetlvtty was a¡tsoclated. wlth the

only peak of optieal denslty' ¡¡hlc[r was located at peak V

on the sta¡¡da¡d chromâto$råEr

5.2.6 Betatlo$¡h.lp BetweeF Ytta¡oln 812 ëÅl91UE,
Protetn an$., Isoloesus .{n$lÈE¡.dles.

Beferenoe has been Þaðe prevtously to the temporal

assoclatlon of, the abno¡:maLLy hlgh vlta¡uln Btt blnÖT'nø

capaclty ttr pattent C$R wlth an abnortefiy hlsh avrtt-Fys

tltrer whlch appar€ntLy arose as the regult of, blood.

transfuslor¡. the btnding eapaoltlos measured' ln three

patlentE wltb lsologot¡s antlbod.les þtere not dlfferent fros

norsaL. .ålthough ttre column chronatography teohmlque

resuLts ln the dllutlon of the I m!. startlng sanple to a

flnaL volu$s of epproxtnately 500 rnI., lt ¡sas posstble'

because of the hleh tlüre of the artt-Fya antlboùy. to

ldentlfy thls auttbody ln the chrornatogran shown st

FlgUre Z3i er¡t!.-Fya actlvlty ç'ae found to a tltre of

1 tl: þ ¡y the Coonbs test tn tube 3 of thls colunr¡ ' nhtch

represented ühe htghest poLnt of peal I. l'ão a¡tl-Fya
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aotlvlty ffas d,etectablc ln othef peeks of the chronatogrÊ¡!.

The locatlon of Cohn fraction III-L aL¡aost ent'lrel'y at

peak I (Fleure 5) ts furthel' sorroboratlve evld.ence fo¡

thts f1n01ng, slnce thls pa^rtlctrlsr Cohn fractlon ls that

¡rEhlch co¡¡talns the uaJorlty of ar¡tlboôles, both

autologsus anè lsologous.

5.?.? 3gSÉ. CoLunr¡ chro¡utôgraphy of plesna from

patlen?s qrlth chronlc uyelolcl leuheersla has shorlü uarled,

d,lfferenoes fronr the norrsal pattenrs obtatned, Ln hoth the

ülaLysed ar¡d und.Iaþsed, spectnene, anè at lo1¡ e¡¡d. hlgh

level,s of blndlng.

Åvldtty of vlÈaæln B12 btndlng bg a prot,eln ssBQG-

lated ulth peak V of tlre ahronatograrr* lias been d.emonstrated'

ln several patlents wtttr d.emonstrebly hleh ln vltro vltanln

B* blndlrig capaclty. These patterns ate conelsüentLy four¡ð

tn pattents ¡clth chronlc nyelold leukaesta ¡'{ho heve ayl

lncreased vltanto ts12 btndlng capacl'ty. In ad'dttton' tn

one patlent, lt t¡as sho¡rn, &t a tlne v¡hen there lsas no

detectaþle vltanln Br, ln the pJ-aæg. that aLl radloeetlvlty

was ôetected after blndl.t¡g of, added' red'loacttve vttanln Btt

at peak V.

In ühe nornal pattern, a char¡ge tn dtstrlbutton

between the proportlon of ra<lloactlvlty d.øtestable ln paaks
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II ar:d V has been ltkened to the hlo¡.¡¡ ln vlvo transfer

frou the beta blr¡der (transcoþalentn II) to übe alpha

blnd.o¡ (t¡anscobala"retn I) .
Ar¡ abnornel patùcrn t¡as been denonstrateú ln one

pattent t¡lth ¡¡lta¡aln E* C'eflclency. trhlclr wes present tn

assoctatlon l+lth ldlopathtc steatorrhoea¡ !t !s not

certa!.$ whether thts ftndlng t¡as related to hypoproteS.n-

aenla, or an abnormaltty of vtta¡lln Et, blndlng' or a

sonblnatlon of J:oth'

It has bcex¡ d,enonstreted. ln a patlent nho had en

ebnornnally htgh vltaurln Bra blnd.lng capaclty et the san€

ttpe as a hlgh autlbody tltre was observed., that the htgh

vltenln B* btndlng oepaclty v¡as not assocleüed aitth the

abno¡r¡al antlbody !n her p3.asua, slnce ths peak at u¡hleh

most radloactlnlty *¡ss located. l¡as not that wlth ¡shtoh

the anttborly was aÊsoctateô.

5,3
Vlta¡nln B. ^r

-*-

Leukocyt€s wexe ha¡rrested fron freshly collected

antlcoagUlated. blood and the lynpbocytes anû granu3.oeytes

sepanated tn the ¡na.nner descrlbed above. lhe results

obtalned l¡hen vtta¡ntn B* blndlng capaclty was êete:mlned'

for the lynphocyte-rlch Þlesgs fror ftve nornel blood'
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d,onors a¡e seü out in TabLe sVI, togeüher wlth tbe control

flguresi btndtng was perfo¡med. at ,ùhe 10 ng.rÁnl. level,

and the J.ynptrocyte-rtch suspensl,ôns contelned. less tha¡r

5;l Leutrocytes other than 1-yr:phcoü|ês. there ls no

slgntflcaï¡t dtffererce betrqeen the resuLts obtatned **lth

Ltrnphocyte-rlsh plasna tn cospertson v¡tth the results

of control specLnens.

In Table X"VII, the resu]ts of th1'ee estr)€rt&ents are

set out. tr whleh the vite-uln B12 blndlng capactty of

granulocyte-rlch plasua frorn tt¡ree norüal blood' d'onors was

nes,sUred, and coopared wtth values obtatned fo'r the control

sstspleg whlch dtd not oontalrr grar1ulocyt€s. Blndlng r6as

perfotne<l at the t0 ng.r/ml' Ievel and the leukocytes tn

gra¡ulocyte-rleh plas¡ae were ¡âotr'c thar¡ 9|fr granuLocytes.

A narked. lncrease tn the vlteeln Btt btnd'lng capaclty ruas

observed tn two of the tt¡ree satlplesi (grC) ar¡d the levels

of blnd.lng ¡fere ln the abucsr¡na! renge, unllke the cclntrql-

values. lJo slg¡lflca¡nt alËeratlon ln blndtng was noteð t"n

the thtrd sanple tested' {¡i).
Si.ni]a¡ erIlerln€nts hsve been perforged, v¡lth slmllar

resulte¡ that ls, IyæplpOyte-rlch plama dld not blnd

slgnlflcs+tly Bore ad.d.ed vttaæIn Bt, than the control

plasss, and granulocyte-rtch plas&a bound nore addeô
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vltamtn B* than lyuphocyte-rlch p1asna and the eontroL

plasna, although thls d,td not occur ln eYery tnstance.

5.¿l Vltamlr¡ B. ^

-¿p

.@Þ.Læ,.
Thls set of er¡ler!.ments was Ceslgrred to neasure and

co&pare the ln vltro vlta¡aln B* btnd,tng capaclty of a

number of tsolated proteLn flacülctts. The vlÈaaln ett
btndlng eapactty ?¡as üsasured, ln tl:e sta¡¡darê Elsnnetrr â8

desc¡Ibed. abover üfl the followlng plassna proteln fractlons

obtalned fron the Coænonwealth Serun Laboratorles,

t'.eLbou¡net-

Flbrlnogen (cot¡n frqcülon I - l+)

Ge.EEs ÇLobultn (Cohn fractlon II - 1, 2)

Gen¡na GlobuL1n (cohn fractlon II - 3)

ûrystalline Transfer¡ln (Cofm fractton lV-?.21

cu, el}rcoproteln (cohn fractlon VI - la)

o, actd glycoproteln (Conn fractlon V'I - lb)

The fractlor:s Ìr€re recelveð i,n a Lyoph111zed" fora.

aRd. ¡sere dtssolved. ln sterlle physlologlcal saltne to 51ve

e Zfr eoncentratton (ttrat ls, 2OA r's.h0 m1.). The data

obtalneô Ln the expe¡lnents are sho¡,'rr ln Tables Xl¡IÏI to

)tXI¡ Tabl"es XVIII and. XIX sho¡ni ttre percentage of the

ad.ded radtoactlve vlta¡nltr Bra bounð Èo d.lalysate a¡ld
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vlt.al,:n{ B. ^

-L¿

AËSOLUÎE A¡IIOINSS

(ng.r/rul . )

LËVäL OF ADDEÐ VITAI,IIÌ B1A (ng./ml.)
5o 75

FHACrION

Gannå 1, 2

Gauna J

o1

Dlal.
Ppte.

Dlal.
Ppte.

Totsl

0 9æ

-
0.18
o .1ll

-
æ

1"35
o.t+3

-
æ

10

0.64
o.03

a

a

átt
0o

0

25

q
fI7

5
87

100

L,66
o.25

1'91
æ

Total 0,67 o.96 L'?B
æ

-
0.38
0.09

-

-

0.?5

-

æ

0.6r+
0.t+7

t.47
0.78

trl+4
0.35

æ æ

-

0 rl+? Q,32

-
27.0
t.75æ

æ

1.11

1.60
Q -59

2.rg

Æ

31r.5
2.07

-

-
2.07
Q,55

æ

?.?5

2.62

¿15.0
1.5

-
æ

L.79

1.68
0.25

L.93

acld Dl.aL 5.30
glycoproteln Ppte. 0.29

æ
Total 5.59 22.17 2ä.7 5 36.57 46.5

cLô Blyco-
'proteln

DIal. 0
Ppte, 0 -

0.83
Q.19

L.02

B5
20

a

a
æ æ æ

Tota1 1,05

- -
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ABSOLLJÎE AI{OUI'¡TS

(ng.,/nL. )

trällEL OF ¿.ÐÐED \l-lT"ellllï B1A (nf.,/uI.)
PNACTTON

Crystalllne
transferrln

Flbrtnogen

10

DlaI . 7".22
Ppte. O.?6

L.5I+
0.12

-

1.66

L.52
0t?2

-

2e05
1.0

-

æ

100

2.85
0.15

-

3.00æ Ëllæ

2 )
i1

æ

50

3,OJ

zr69

75

3r? 5
t.25

5.00

39
53

l+.92

æ #

5.65
2.0

æ
?.65

-

9
0

-

3.
1.

-
-

Total 1.98

Fractlon ïII-I DlalÒ -PPte. -

tr7\ 319

-

F#r

1.51
1,18

-

---.

-
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preclpltate at the 10, ?5, 50, 75 and 100 ng./mL. Ievelgn

anð labl"es ff a¡¡d. )fiI cor¡tatn the same d,ota çalculated

as absoLute asounts of the radtoactlve vltanln bound.

the d.ata fron Tables ¡(VIII and. XIX are shown dlagran-

naËlcal-Iy at Flgure 30 and the èeta fron Tables XX and )üI
are st!ûtlarly show¡t at Fl$ure Jl.

It ls apparerit thet' the o, ac1d. glycoprotetn bounô

uuch ulore added vltanln Bt, at all levels than ar:y of, tbe

other proteln fractlons. It ts also apparent that, tthereas

the other proteln fractlons allpeareÔ to have reached, an

equtllbrf.ua staÈe (ref,erred, to varlousLy as secordary

blndlns or ¡¡oÐ-Bpeclf!.c btndlr¡e) at or before the 100 ng.,/nt.

levol, the blnd"lng Ë.o o, sc1ô glycoproteltr d.oes not appear

to have ¡eached thLs segondary btnd.l¡:g phsse. ÌJp to the

Il¡atts of thts serlss of experfuaents, that Lsr 10t ng'/ml",

there r{as a conttnutng lncrease Ln the absolute a¡oount þoun'ù,

unllke the other Frotelr¡ fraqtlons useè' suggesttng that tbe

p¡læery blndtng capaclty f,or vltantn Ett of ühls proteln

fractlon (or sne of tte eoeponents) hsd noÈ been reactrsd.

at ühe upper levels of the arsounts ad.ded.

8l¡nlLar results, trot shoÞm, have beer¡ obtaLned uslng¡

r¡nder sfightLy dtffe¡enü er¡rerlmentel cond.ttlons' aLbumlr¡'

Cohn f¡aetlo¡r III-1 (a beta globulln frastlon) ana Cok¡r

frectton IIÍ-O.
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5.5 .

In thls sectlon, for purposes of oonpLeteness and,

later dlset¡sslot-t, the results of proteLn sepa¡atlor by

paper eleetrophoresle aÌ¡d. staroh gel olectrophoresls &3s

record,ed.¡ t'tre srÊall volumes of plaena rghlch can be utt,lt zeô

ln these techrrlques. a¡d the Low leveLs of raùloactlvlt'y

whtch result. toget'trer wtth the lack of ôlscrete seBaretlou.

Eade tt l¡upractloable to contlnue uelng these teehntques.

Pa¡ler electrophoretlc separatlon üraË performed. on a

d.lalysed. labelled plaqna saxiple fros a patlent wlth chronlc

myelold. Leukae¡n!,a (patlent GOlc, Table X); btndlng tracl been

perfor¡ùed. at the 10 ng.,/ul. Ievel. The Þaper strlps were

dlvld.ed and. radloaotlvlty counted Ln a well-tyl¡e sc1ntlL1atlon

eountet. The naJortty of the raôtoaottvttg (€)41 e¡as

assoclateô wlth the albr¡ntn f¡actlon¡ the ¡ernalnder of the

radloactlvlty Has aasoclatEð evenly between the of globulln

(,5fl1 , and o, globul-ln QFl anô the galrilna gl,obr¡Itn 16fi) i
no rad.Loaotlvtty rEas d.etected. ln assoclatlon ¡slth the beta

globul"tn fractlon. The o, acld, glycoproteln, wheh stud.led.

by thls etreotrophorettc system, was Looaüed wlthln the

bound^arles of, the al,bu¡stn portlon of the electrophoretogralrlr

SlllIIa¡ patterne stêre obtalned rsheu dlalyeed LabeLÌed

plasna sanples were subJected. to starch gel electrophorests¡
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¡nost raü.toacttvlty (t+5-6oñ) was asaoctated +¡lth the

albUnln &tee of the electrophoretogra¡a¡ agalnn the ct

aold glyeoproteln had. a rooblltty whtch brougtit tt

rctthln the albumln area of üYre separateû whole plaama'

The s6ål-l number of counts of, rsdloaottvlty obtalneå

for each ÞÈoteln segsant åtô not per¡nlt the arro¡ of each

count to be redue€d belsw 20É ln etther matbod.
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It Ls nstE t¡oLl recogutsed that thore are vlts.el.n Btt

btndtr:g protelns present ln a nunbe¡ of bloLoglcal flulds,
lneLud.lng gastrle Julce, plasua. sallva, snd. there ste

also apparent1y vlüamtn Bt, blnd"tng protelne Ln Yçhlte

ceLLs (sl¡oonsr 196&¡ Sluons and hieber, L966) e$d, cerebro-

splnaL fLuld" (l':eyer et altlr L959). T'here sre åirparently

three vtta¡qln B* blr:d.ers ln gastrlo Juiee (cråsneok st 4111,

Lg62i S).anone et altt, 196+)¡ not al-L of, theee btnd,ers have

lnt¡lnslo f,actor actlvlty, although [t was orlgtnall"y thought

that the vltenln Br, þtnder of gastrlc Julce and lr¡trt nslc

factor may hava beon ld.entlcal (erÊsUeclt et eltt, t95g\ .

/tt least one of the gastrlc Julce vttamtn E* btnd€rs' that

d.eslgnated nBi by Gråsbeck, ts thought Èo be stullar to, tf
not ld"entlca] v¡ltþr, the vttanltt Bt, blitdlng subetance of

other bod.y flutds¡ the nBtr blnder tn gaetrlc Julce does

r:ot have tntrtnetc factor actlvlty.
The patterhs of 1r¡ vlvo plaeua bludtng of vltamln Bla

!n ¡oau qppoar to be falrLy woLl, cl¡arecùerlaeð. although at

the present stage of our knowl.ed,ge, the gpecl'f!.c Ptotel,n

nûtletlês whtch are responslble for þtndtmg vltauln Bt2 have

not beon tôenütfleû nor lsol"ated ftros the Larger proteln
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compl-exes. ålthough the speclftc'vttaml¡ Btt blnders

have beer ter¡aod^ transcobalamln I and' II by IlalL er¡d

FlnkLer (196¿l), ård o and p blrÖe¡s by lierbert and. hls

oolleagues (Aetlef et al-11' tg6?al, 1t ls certatn froul

the calculattons nade by lìel1e¡ et aIlI (1961+) and' others

refer¡ed to above (tqtfter and SuLllvan , !959þi I'1e¡:d'elsotul

et aLll , Lg58) tf¡at the vltanLn Er" blnder ls llkely fo be

only a vely saII coglponent of these pa¡tlcuLar proteln

aggregates. vlta¡nln Bæ wltlch ls lnJected i.s bound' to

tranecobalanln II. the beta globulln blRder' a¡¡d' ls

rapldly lost from thts ove¡' the next 2l* trours to the alpha

btnd.err o¡. trar¡scobalanln I, nhlch aocounts for nost of

the end.ogenous vlta¡!Ln B* present tn ttre ctrculaüton'

Va¡Latlons 1.r: the ratlos of these protelnsr of posslblyt

ln the btnd.lng oapacltles of tt¡ese protelnsr occur ln

ce¡taln d.lseaEe states, lnclud.tng myeS-olc1 leukaeBla and"

pernlclous anraemtr a (Eg1f and. Flnkler, tg66bi Êetlef

et altt , tg6?ai Lawrcnse, t966bl,

The patterRs obüalned for ln vttro plasma blndlng

of vltamln BÉ are not nearly as clearly deflneð as the

patùerns of !n vl.vo blnd.lrrg. and, there are a number of

r€asona for thls. Ia addltlon to the problens of

relatively l.ov¡ speolflc ecttvltyr and. of the lack of
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suscess (as yet) fr: lsoletlng the deflnltlve blnd.ers

r¡hlch the tn vltro teclualque shares nrlth the ln vlvo
technlqt¡e, there are nethod.ologlcal proble&s connected

¡vlth the ln vltro technlques ¡rhlch are basloa1ly

dlfflcultles lnherent 1r¡ the method.s used for se¡laratlon.

In all forcs of eleetropboretlc separatlon, the dlvlslon
of the protelns must be regard.ed. as artlftclal, ar¡d.,

partlcularly wlth påper el-eetrophoresls, Èhe nuabe¡ of,

separaüed proteln fractlons ¡shlch can be obtal¡ed ls
less than ¡utth other technlques. "å further dlfflculty
artses fron the mtnute a¡aounts of mate¡lal whlch çârî be

suocessfully used. Lr¡ certaln of the uore eLegant

separatLon techrlques, sueh as 1s¡nur¡oeleetrophoresls a¡¡d.

acrylaatd,e gel eleetropbo¡esls, Fol these tressons, columl¡

chronatoeraphy was the method. of cholce for these stud.les,

6.L Vltanln B.r@.
6.1.1 @.
There l.s no dlfference" frou the resuLts presented.

prevtously. between seruÞ blnd.tng a:td pLasaa blnd.lng of

vtùanln BIZ. Thts eþsence of d,lfferense applles, whether

the saterlal stud.led wss fro¡a no¡malsr ot froa paùlents

*¡tth nyelold. leukaeula or vltanl¡¡ B* deftclenoy. It ls
apparent fron other work on thls subJect that no
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d.lsttnctlon bas been d,ranun by other authors between pl'asua

a:ld. seIuu. Certatn autbors bave used. seru¡n (l.eyer et allt.

Lg5?; Fahey et aLll, 1958), ar¡d- other !'ûorkers have used.

plasma {tielnsteln et a111 , 1959)i 'soue have used Plaeme.

a¡¡d seru¡n wtthout d.lstlngutshln€; bet¡reen thsn ln ttrelr

erperlrnents tBosentbel et 4111 , !964, L965\ whlle sthers

have changed from cne to the other d.urlng tho course of

thel¡ st'qdles¡ litller end SuLllvar¡ (tgsga) used' serun I'n

soue of thel¡ exBerlmentsr and" plasna ln others (fitI}er

ar:d ÉuLl-lvan, 1961). It would apPear' therefo¡e' although

tt aay be uore Prectse to adhere to one forn. ar¡d one term

or Èhe other, that frou the practleal polnt of vtetrr s€fttrB

blnélug and pS.asua btnd,tng of, vltasf.n Btt rePreeenü the

sane phenonenor tn the sa¡ee d'ogree.

Ehe storage of plas¡u for Lengthy perto<ls of tlee at

-ïOaC d.oes not appear to alter the vltantn Bt, btndlr¡g

capaclty. SeveraL ¡esults obtalned. i.n patlent Str;i$ were

checked. at ürtervals of Up to & years, and. the dupltsate

resul,ts obtatreed. Yfêre r¡ell wlthLn the r¡o¡rual sbândard.

devlatton of the exl¡€rlpenbaL sethod.. ft was apparentr

ho$over, ttÞt lf plastna was tlrawed' and frozen repeated.lyn

the proclpltete whlch fo¡med durlng ólalysle was lncleased'.

and the a¡sount of rad.loactLve vltauln Btt bouttd" to lt Has
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lncreased,. Thusr lf a oontrol speclmen ts to be used aÈ

regular l.¡tervals, tt strould be dlv!,ded lnto altquots

r¡hlch are ühen not llkely to be subJected. to repeated

freeztng a¡d. tha¡slng,

Increased btnd.ltìg uas d.esonstrated rshen ¡'lhole bLood.

rias coepared wlth the plasna frorc the sâBe patlent. Thts

lncrease ls probabLy accou¡ted" for bg blndlng to spectflc

vlta.uln Bra blnde¡s releasod fron the bLood oelLs durtng

the perlod of d.lalys1s' together urlth Dorl-sPeclflc bti:dlng

whtoh took place to the large araount of sd.dltLonal proteln

present !.n the dlaþsls ¡nlxture.

Althoueh the yleld, t¡ag not ueasu¡ed. ln the nore recent

ex¡lerLnents, ln tbe lnttla). expertnentS ln lthlch the nethod

of measureeent of btt-td.tng capacLty ?,as evaluated., atterpts

wêre ¡uad.e to account for all, rad.Loactlvlty by neasurlng not

onLy the anour:t of radloactlvlty bound to the dtalysant and,

to the preclpltate, but also tl:e radloactlvtty assoclated

v¡lth the sac and. present ln t'tte buffer. sufflctent counts

Here perforned to allo¡ç ttre error f,or each lnd,tvldua}

count to be less than 5,4, and ln the maJorlty of ths

experlments, thc yte].d. was between 90f and 110J of the

radloactlvlty present at the so¡nuensenent of the erperlment.

l{atr¡raLly, r¡lth the ex¡lertments conducted at 100 ng"/mI.
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level of adcled vltamln B1Z, Ëhe nunber of counts obtatned.

r';as hlgher, the ord.er of accu¡aoy greater, ar¡d. therefore

the cal,culated yleld roras closer to tOA:ñ.

the d.esc¡lbed. teclinlque has also been used to assess

the blr¡dlr¡g of rad.loactlve lron to transferrln. anrd. ln

these ex¡lertnents. aLI radloaettvl.t'y Has found" assoclated.

wlth the dlalysar¡t r¡hen the test sauX)Ie used. possessed.

latent lron blndlng capaclty ln ercess of tYie e!ßouut of

radtoactlve lron ad.rìed., In experlments cond.uctod" on plasma

from patlents ¡qlth haemoch¡oma,tosts. ln whos the lron

btndlng capaclty was fulLy saturateðn al1 the rad.loacülve

lron was present ln the bt¡ffer soluttons used. for dlalysls¡
the yleld here agatn approxlmated tÙOø ln each tnståÐce.

Although a nunber of d.lfferent tea¡reratures h"ave

been used for lncubatlon ln the varlous nethods d,escrlbed.,

the blndlng of rad.loactlve vlta¡sln Bra to plasna does not

appear to be aff,ected by the teæperature at whlelr

lnoubatlon ls performed.. Iitf t ( 196&) , who lneubated hls

materlal at J?oC. f,or 20 mlnutes, consld.ered, thot the

seru¡il bltrcllng of cyanoeobalamln was eomplete wlthln flve
plnutes ovetr a range of O-Å$CIoc.

the d"uratlon of tncubatton has bee¡r show¡ ln thls
present study to affect the auou¡t of rad.loastlve vltenln
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B* whlch le bound to plaæe proteLna, and. appÊa:rs to be

ah lppo¡tant faotor ¡uhleh nay affeEt tk¡e couparlson of

results froæ d.lffereut eerles. The exect nature of the

lncreased blrd.lng uhlch oceurs ¡qhen vlta¡nln B* Is
lucubated. fo¡ 2lt hou¡s. rathe¡ thar¡ for a shorter perlod,

t"s not certalni tt eay represent lncreased blndlL:g to
proteln fracttons ln ühe seue proportlons as the blr:dlng

vrhlch foLlo¡cs shorter perlods of lnoubatton, or the¡e

nay be a d.lffertng dtstrlbutlon throughout the plasrna

fraotlons. Slnce there r{ae no tr¡crease ln blnd.lng when

the 2l+ hour sa,eple was refrlgerated for a further 2l+ hours

and. then d.le1ysed, lt ls ],lkeLy that the effect ls a hoÌt-

speclflc one, w-hlch occu¡s aa a result of the meterlal
'oetng Left at room teuperature for a pe¡lod, of 2l¡ hou¡s.

å relattvely short perlod of Lncubatlon ls adequate, and.

thls nay be perfo¡¡aed. co¡¡ve¡¡lentl-y at eLÈher roo¡û tenperature

or 37oC., provlded. that lnoubatlon d,oes not take place for
very lorg at the hlgher temperature, lD vle¡s of the effect
of heat on proteln structure¡ l¡lft (fg6þ) polnted out that
excesslve heaÈtng of proteln durl.ng lts uanlBulatlon nay

aLte¡ prot,eln sufflclenÈIy to provld.e more blnôlng sltesr
and. posstbl.y glve an a¡tlflcial.ly htgh flgure.

It has been shown oB s nt¡mber of prevlous occaslong
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(I'reyer et a111 . t95?, L96L; Ëeller et a111 , 1964i I'ieyer¡

t965) , as weLl" as ln the prosert st'udy ' that the a¡aount of,

rad.loactlve vtta¡aln B* bou¡d. to pl"asna followtng lncubatlon

and d.lalysls ls related. to tt¡e concentrstlon of, the rad.lo-

actlve vltasf.n added. prlor to lncubatLon. Âs the

eonce¡tratlon of red.loactlve vltanln Btt ls lncreased., the

absolute arnount bound lncreases' aLthough the percentage

bound. t s less. Ttrts Ll¡crease ln blndlng ðoes not bear a

Ilnear ¡elatlonshtp to the lncrease ln concentratlonr ard.

has l-ed. to the sug'gestlo¡r of prtmary and. secondary blndlng

(su*]¡iarlzed by I'Íeyer. f9651 .

I,Jhen dlalysed LabeLled^ plasæa ls appLled. to the DEAE

ceLLulose colunn, there does r:ot appear to be eny slgmlftcant

d.lfferenae ln the dlstrlbutlon of tl:e bound radloactlve

vl,ta.¡rln B* betlreen the proteln fraotlons' whether the

expertments have been carrted. out et 10 ng.,/tsl. or at hlgher

concent¡attons, although dlfferenc€a have been d.emor¡strated.

ln the dlstrlbutlon of bound rad.loacËlve vlta¡uln Bt, at

dtfferent concentraülons by preclPltatlon technlgues

(-r¡*elnsteln et allt , t9591.

The tncrease ln the blndlng of rad.toactive vltasln Btt

üo plasna from patlents wtth ch¡onlc 4yelold. Leukaerala

(Beard. et attt, L95I+ai Þiol.Ltr¡ ar¡d Boss, t955¡ Raccuglla

and. Sacks, L95?¡ Bacbnllewltz et altl , L957 ¡ l'leyer et alLl'
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Lg5?, t96tz I'llller , t9583 ÞlendeLsohn and !¡'atkln, L95Bi

Hoogst¡aten et attt, !962) tras agBln beon observed ln

these studles, and. ls d.lseusseü below.

It tres been showu from t,hese stud.les that the

duratlon sf the ôlelysts proeed.ure ts s slgnlftcent factor

!n detemlnlng tbe value reported. for pleerna blndtng ot

rad.loaetlve vltanln Brr. s!.noe slgntftcant quantltles of

radtoacttvt,ty were shoun to be reaoved by the dlalysle

process up to 96 hours fro& the tlne of cotrBeno€ment of

dlslyels. The per!.ods chosen by other authors for thelr

d.lelysls proced,uree have varled, f,ron ! hours (goff-¡lrgensen

and. 1{o¡m-Petersen, 1962) io 12 hours (BosenttrsL ar¡d Austtr'

tg62t, r¡hl.le ce¡taln authors used d'tf,ferlng d'lalysls tlses

ln d.lff,erent stud,lee (t'¡tller, 1958¡ T¿tl1er and' SuLllr¡an,

1961). It has be en stated. by these I'atter authors (¡lttter

and SulLlvan , tg|9al that when seru6 ¡shose þlnd.lng EaÞaclty

wss saturated nlth ad.ded raêloactlve vlta¡sln Btt was

requtrred. thelr serun-vltenln B* ntrture l'Ias d'lalyaed

agalnst large volusos of phosphate buffe¡ for 96 hours,

atthough others d"!d, not observe any ðtfference !n bLnûlng

aÈ ?2 or 96 hours oonpared ¡¡1th the ll$ hour perlod

(gertcher anô l'leyer , t95?1. Thus, coapsrlson of reaurta

fro¡s one study to another beoo¡ses dlff,lcu}t, !f nof
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lnposslb1e, rqhen lt ts reallsed. that the sa¡eples d.la1ysed.

fo¡ shorter perlods wlII liave reported. hlgher blndln6

capaclttes thar¡ sl¡al1ar sa.urpS"es d.talysed for longer pcrtoÖs.

It ls also apBarent fron ttrts present study that dlalysls
for a short pertod. d,oes not necessarlly remove a

proportlor¡al a¡uount of the tota] dlalysable vltauln present

1r¡ e d.eslgnated. pertod. of tlne, thus¡ ur¡less adequate

d.lalysls (tfrat ls. at teast t6 Lrours) Uas been performed.,

no two sets of results a¡e strlctly comparable. Although

lt 1s resognlsed that a 96 hou¡ laboratory pÌoced.ure ls
a somewhat l.aborlous one frou the pol¡t of vlew of tlne,
lt ¡qould. nevertheless appear trore senslble to roeasure

aLL vlÈasltr B* btndlng capaeltles at a lcnort-n end. polnt,
thêt ts, the polnt of complete removal of unbo,:nd vtta-ntn

B1z'

The teuperature at ¡,¡l¡tcL¡ d.lalysls ts perforued" does

not a¡:pear to be crlttcal, ercept as far as the amount qf

radloacttvlty rghtch ls bound to the s&c ls concerned.. The

eþove ¡esults (lÞ.t.6) are !n agree:nent wlth the resuLts of

Fltlle¡ and SulLlvar (1958). who found thst the only

d.lfference ln blndtng conducted at troC. and. at 22oC. waÉi

ln the anount of rad.toactlvlty bound to the dtaì.ysls sao,

whtch, ln thelr expertments. was 4-BS at tt¡e irlgher

teæperature, and. 1-4Ø tn the soLd.,
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å d.lfference ¡¡as observed. wher¡ d.lalysls was

perforrned agalnst tap t¡ater at rso¡l Ùeraperature anil ln

the oold, (Table VIII). f* nuch heavler Preclpltate ¡¡as

forned. 'Iu these experlments, and lt ls eonsld'ered' Llke}y,

as stuil-ar results dld" not occu¡ l¡lth d.lsttlled, ivater'

that the effect obse¡rred r*as clue to tlre preclpltatlou

of proteius Þy tho heavy sal't oontenü of ¡id'elald'e i;aB

wate¡, wtrlsh fol ¡¡orgal donestlc use requlres anLor¡

èrchange coLunr¡s for neoftent$g*. l;o dlfferencea f{ere

ObserVcd bet'¡{een tap Water dlalysls at roo¡n teraperature

anû ln ühe co1d. when these experlneþts were perfo:rued

ln Sydney, agatnst Sydney tap water, and thls woul.å

appear to be further conflrsatory evldence for the

erp3"a:rat ton of, f ered.
' Slnee the amouRt of radlosctlvLÙy bound to the

d.talysls saektng uhen ôlalysls t¡âs perfo¡:ued at t+oC.

represented, a conslstent't-}fi of the total rad.loactLvLty

ad.ded.. tn the naJortty of, the er¡rorlments conducted thts

has not been moasgred., anfl the blnd.lng capaelty reported.

represents the sum of the seasured blnd,lng of radloaetlve

vltamtn B* to bhe dlaLysant and the anou¡'¡t of rad.loactlvlty

bouncl to tlre preclpltato i¡hlch forned, durtng d,lalysls.
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Bertcher anê i{eyer ß957 ) fo¡¡n¿ et¡n!}ar results to

those obtatned followlng dtalysts'agalnst tap Hater

when dlalysLs sfas pe¡.forued agalnst sallne , 6fr d.extran

Ln sallne and hurnan plama. ÞÎLller (1958) suggested. ühat

there Bas no d.lfferenEe bett¡een d.laLysls cårrled out

aga[nst phosphate buffer, and d.lalysls carrled out agalnsÈ

r¡ater. dextran, þarbltal a¡ld. sal|ne. Thfs present süudy

has shor¡n that there ls an o'i¡selsed, d.lfference bet$reen the

d.la}ysls results obtatned rr'ttlt certaln buffers. related'

chlefly to the preclpltate r.rt'ilch foms durlng dtalysls

agatnst trLs phosphaüe buffer and tap water, and çtitch'

contatne slgntflcanü agounts of bound" rad.toactlvlty; thls

proclpltaÈe 1s nlntnel shen ôlalysts ls carrled' out agelnst

no¡rosl salliie. Fahey et allt' (t95e ) noted' that aft'er

dlalysts heü been caïrled. out for a Ðlnlmull of 6 hcurs at

t+oc. against 0¡01H phosphaÈe buffe¡, PE B. a white,

flocculent preclpltate, accountlng for 0.5-3F at the total

aerun proteln had. been fo¡rued and. rras able to be separated

by centrlfUgatlon " SoEre: method.s of, neasurelnent of boUnd

radloactlvlty (Ûieyer et stlt. L95?, |;96L) requtre the

ðlssol-utton of the d.laLysts sac ând lts oontents ln

concentrated. sul-phu¡lc acld.. The results reported' ln thelr
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studles as the anount bound to plasmra 1rculd presuuably

have lncluded the e¡rount bound to the p¡eclpttatê' aE

well as the amountì bound. to the sacl ühe readlngs

obtalr¡ed villl therefore be some*¡h¿it hlgher by couparlson

vrlth other ¡nethod.s. Ë'hls uay a1so account for the

slnllarlty of blnd.tr:g values obtalned. agalnst a varlety

of buffers (Bertcher end. l'ieyerr 195?"t.

It ts conslåered" that Èhe Þreclpltate does not

represent d"enaturatlon, but preclpttaüton of hleh uoLeculan

rrelght proteln uolecules (¡eta and ganra gl'obtlltns) durtng

ôlalysls agelnst a eolutlon v¡h!.ch 1s not lsotonlo. It was

noted, when dlalysls Has carrted out agslnst an lsotonlc

sallne soLutlor¡¡ tkrat the enounÈ of tbe prcclpttate whlch

forseè u'as nuch smalLer than rrh€n Ëlalysls ?fas perfo¡med'

agatnst non-l sotonlc solutlons.

Although tt has been thoun by Relzensteln $çSgu\

that d-lgesttve enzylres have so4e effect on the blndi-ng of

vttaroln Br, ln v1vo, bhere was' ln these present studlesr

no evldenee to suggest that papatn wes capabl'e of

¡nodlfylng ln any degree the effect of blnôlngl of vttamln

Bæ to plescla protelns ln vltroS thts appLled., whether

the papaln rsas adêed before or after lncubetlon. EaII

and. Alten (fg64) have reported that papatn ål5estton
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prorlUced an lnctease ln the amount of vltanln Btt Present

tn no¡:aals lthtch was avallable to E. gracllls assalr.

Shts probaÌrly reflects an lntrerent varlatlon i.n the uethod.

(tsoff-Jdrgens€n ancl hþ¡n¡-i-etersen, t9621, slnce lb ¡Eas

shovrn that ¡rlcroblologlcal nethod.s uray not rioasu¡e all

vltamlu B* preseDt.

It ¡¡¡as apparent from these studles t'T:at the boncl

¡'fht ch fo¡ns tn vltro þeüweetr vltauln Btt and plasl¡a protelns

was not eastly broken. Af,ter d.ilalysls, lt I'faa not possible

to reæove ar¡y of ühe radloacttve vtta¡aln D* bound to

plasrua, protetns by d.lalystng the sac and. lts sontents agalnst

a solUtlon contalnf.ng large annoUnts of non-raöloactlve

vlÈenln BLZ| both cyanocobalasl,n ar¡d hyù¡oxocobalamln gave

stul].ar resul,te'

6.î,.2 E€H-IIE,'

the r¡o¡roal range d'enonstrated, was not greatl¡r

difforent fros that of l,leyer arrd hls co-lforkers (i.eyer

et a11L , L95?, L96L; Þleyer , L965). It 1s also apparent

that the nonsal range of the present serles ls not an

erceptlonally v¡ld.e or¡ef sLr¡ce one süandsrd deVlatlon, al

both the 10 n¿¡./*l-. and 100 ng.,/ml. I'evels of blnd'Lng'

r€presents appiroxhoateLy 10i1 of the uear¡ val"ue for' nornals.

l
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Bhere have been sarked d.lfferences fron ¡orna1

observed. ln the blnd.lng capaclty of plasna from patlents

wlth m¡relold. leukaeula (tiol]-tn and Boss, t955¡ Þieyer

et aIll , t95?, L96t¡ I'ieyer , \965). Although ln ¡nost

lnstancee, seruæ vltauln Ðr, levels vrere not d,or¡e ln

thls present study' lt has beon shown by others that

there ls llttle ox no eor¡e].atlon between the serup

vltanl.n 812 Level and the vltamin B* blndlng

eapaclty (g¡d¡sanr¡-Oehl-ecker and. Ffelr¡rlch . 1956',

ÍIoff-Jlrgenscn and" Þionn-Petersenr L9621. A closer

correlatlo ¡ has been suggested. beüween the æhlte cell

oount and the degree of blndlng (l'iotttn and Boss, I955i

Fieyer of altt, L96?) Ur¡t, except ln the ¡aost gene¡gl

terms, thts flndtng has not been conftrneð ln other

stud.les¡ o¡' !n thls present study. It iras been noted,

ln the patlent COR thet the abr¡orualty hteh vltanln Bt,

blndlng capaotty of her plaena (tf¡e hlgbest seen ln any

patlent ln thts stud'y) ¡sas lBeasured at a tlne when her

rrhlte oel1 count t¡as Ðolual, Itlth very few prlultlve

forne present, af,ter t¡reÌve norrths of ad.equate therapy

l*lth Fliyleranr. Thus, |t ls t¡a¡d to oorrelate vltantn

E* blnd,lng eapacXty to the total whlte oeIl couut.

exeept to suggest that ln the patlent rho høs untreeted.
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chronlc eyelold leukaeula wLth a gtrossly elevated whlùe

cEIl count, lt ls llkely that a hlgh vltamtn E* blndllnS

capactty w111 be d.emonstrated..

A closer relatlonshlpr Ðot prevlous]-y oonmented. upon,

hae been observed. frou thls preaent study þetween the

vltanln B* blnd.lng capaolty anô basopht Ls, r¡htoh are a

eor¡'mon ftndlng ln chronlc m}¡elold leukaenla, and whlch

être usuaLly more trunetrous ln nyeLold. leukeesta than ln
any other d.lsease, often accountlng f,or 3-20F of the total
whtte cel]" oount ln untreated patlents (Hlntrobe, t961).

Although no dtrect relatlonshlp r¡as d-enonstrable between

the totql basophll çount and the vltaaln Bra blnd.ln$

oapaatty. nor bet¡¡een the percentege ¡'rhtch the basophlls

represented, of the totel whlte eelL count and" the vltamln

B* btndlrrg capactty, tt wae neverthsless fotmd thst' for
most patlents ln thls present eerles, the vltamln B*
blndlng capactty ¡uas el.evated. nhen there sere basophlls

presênt ln the perlpheral blood ftl^tû' anû that v¡hen the

Bsttent res¡ronded to treatment' tbe basophtLs were no

longer d.eteoted. tn the perlpheral blood ar¡ð thE vttamin

B* btnd,tng capeol,Èy returned to wlthln the no¡sal range.

It oou1d. well be, ho¡reve¡, that both of theee flndlngs
are unrelated f,acetE of untreated. ahronlc uyelolù Leukaepte
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whleh are the result of, slsl].ar stlltull, srd whlch respond'

sl¡nlLarly to the sa,E¡e f or¡r of therapy ' The e ot nature

of the furctl,on of basophlls remalns uncerteln¡ ùt hae

been suggeste¿ that they may represent [n nan ê functlon-

less evol'utlonary rest' rt ls arso recognlsed tl¡at these

oeLle uay have a relatlonshlp to the ¡nast eells of

oonnecttve tlssue, a¡d tt ls kno¡dn that t'hey lrsve a htgh

hlsta:slne contenÈ, an¡d. tl¡et the netaohro¡oat'lc granules

contain heparln (l'¡lntrobe' 19611 . Although the hypothesls

that t,he lncreased. amou¡rts of vitanln Bt, btttdtng proteln

a¡lse !n reletlon to tneressed nuubers of basophlls ln

chrontc nyeì.old leukaernla !s not able to be Prove¡l, tltere

ls no doubt that the lncrease 1r: vltaEln Btt blnd.lng

oapaclüy Etnd the lncrease ln basophlls apPear to be

causalþ related.. elther to one anothelr or fo connoT¡

stlmull artslng as part of the dtseaee pl¡og€ssr

It has been found tn the etrrontc nyelold Leukaenlc

patlents studted tn thls E€rles. that most had' lnsreased'

btntllng levels at the 10 ng.,/nI. 1evel ånd 100 ng.,/nl.

Level. The aaÐe dld tlot apply to patlents wlth acute

leukaemla, lryespecttve of ühet¡ pertpheral whtte aelL

o,ouat at the tlne of stuöy. A slgulflcant dlfferencs

was d.enonstrated between the E€an values for vltautn Btt
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btndlr:g at tbe 100 ng../nL. l-evel !n patlents lrlth acute

leukse¡ata, anô petlents wlth cbronle uyelold leukaepla.

Tha levels obtal.ned ln patlents rllth acute ugelotd'

leukae¡rla dld not dlffer slgnlftcant'ly from ¡omaI"

r-rhereas tt¡ose of the patlents wlth ehronlc nyelold.

Leukaetrla dtffered s1g¡¡tflcatrtþ f,rou no¡sal. The

rêason for thl.s aould. be thet pattrents wtüh acuüe

aoyelotd leuksemle. althouEb th.et'¡ plas¡aa nay btnd.

lnsreased. a.mounts sf vlta¡rtn Bt, at the 10 t¡g../nL.

}evel, do noù elabo¡ate sufflclently large amounts of

th¡e vlüanln B* blnd.tng proüeln (or protelns) to

p¡oduce abnorue,l levels of blnd'lng; at the 100 ng',/m}.

Ievel. If !.t ts eccepted' thât nature granulocyfes

contrlbute Elgntflcantly to the vlta¡nLn B# blndtng

pheno!ûenon, then thts explanatlon ls strengtheneð'

slnce 1r most of tbe acute leukaenlc Batlents' there

sas e predoulnance of prllrttlve eeIls, ¡chereas Xn

chronlo myelold. leukaenta, thero uay ofüen be a large

nuuber of norphologlcally nature whlte aelLs prese$tr

Although the measurenent of vttanln tsta blndlng

eapaclty ðl several levels (for e¡a¡nple. 10 ng.,/nl. enð

100 ng./nl.) tray provtde valuable colroboratlve

tnfo¡roatlon ln the d.la8nosLs of leuìraenla, such
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lnvestlgaÈlons are not llkely to prove of posltlvs value

on thelr orfi; none of the patler¡ts ln thts present study

wss ôlagnosed as havlng nyelold leulraenla soLely on the

basls of tt¡e vtüeslu B12 seruu I'evels or blndltrg studtr'os'

although !t ras posstble on üho bssls of, no¡¡cal vltauln

B12 btnd.tng values ln tso Batlents to suggest that the

underlylng d,lsorder ¡uss a non-leukaenlc dlseas€ productng

a leulro-erythrobLaetlc blood ptcture, and on tb'es€

ground"s speetftc eytotoxio trest'nent was ¡slthheld. ard'

was later proven not to be lnd.leeted. Stahlberg €t 4L11

$9$) found. that ?shen the àtagnosls of a speolflc

norphologtca} fors of leukaeala ¡ças tae'd-e on tho basls

of e$ elovated, serrül vltanln Bra levol tn conJunotlon

i.¡1th cytoqheatcal- studles, thls sarle dtagnosls was also

posstble bV study of t,he mârIoÏ¡ ssoars i where a

clear-cut uorphologlcal d"tagnosls ¡'lâs not posslble ' t'hese

other tnvesttgatlons Í¡ere of lltt}e o¡' uo dtagnostlc

asslstanoe -

The vlta¡nlr 812 blndtng capaclty ro¡as shotrn to be

lncreased. tn three patlents I{tth {ysprotelnae¡nlas of, the

flve stud.led. In eaoh tnstance. the obsel1'Êd total

Lnc,trease s¡as due to lncreased. blnd:lng to the ¡5'ectpltat6'

As all flve ruaJor proteln fraotlons are capable of btnd'tng
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vltantrr Br, (m111er, 1958), 1ü 1s r:ot sutprlslng to f,lnd.,

!n patlerte ¡cho have gross lnoreases ln gaJn¡I¡e globu}lr

levels, that thts parttcuLar proteln (tUe prlnclpal

constltuent of the d"ta}ys1s p¡eclpttate) accounts fo¡ an

lncreased. total blndlng. It !s unLlkely that the a¡nount

bound. per unlt of proteln ls greater thar¡ noræal' and' the

phenonenon Ls so¡?stdered. to be qr.lantlteÈIve' and not

quaLttatlve,

The vltasln Brt blr¡d"lng capaclty tn vltamln Btt

d.eflclent states was sho¡m to be lncreased at the 10 ng../nl.

leve1, but not at the 100 ng.,/¡nl. level. It le agatn

posslble that the 10 ng.,/¡41. level reflects üore closely

the sltusüi.on ln ¡rhlch vlta¡otn Bta blndlns sltes of e

prlnâry nature a¡e avallable, and" thåt blndtng st ühe

100 ng.,/n],. levsl accounüs for more Þon-aP€olflc btndlng

than oceurs at ].ol*rer leveIs. TbIs flndlng ls not ln

confltct lrlth the resuLi;s of other v¡orkers' tncludlng

those of lawrence (tg66e, f966]o), It ls posstble that,

at' the 10 ng.,/101. level, the lnoreased" blndlr¡g rePlesents

aütackrsent to sltes to whl.ch vlta¡aln BtU was normal'ly

bound ln the lu vltro nethod,, together ¡,rlth btndlng to

sltes not occupleå tn the vlta¡aln Btt deflctent state'

but whlch would. be unavatlebLe for blndtug ln nolsal

plasma, ç¡lth normal enounts of vltaæln B* alfea{y present.
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There waa no evtdenee frou eoLumn ehromatographlc

studles, th all but one lnstance (Fleure 1,9) that the¡e

?sas any ebnorm¿Llty of vttamln B* btndtng proteln ln
vt tanlr 8ra d.eflclency. there ¡saa no evldenc,e to suggeet

that there ls an eLabo¡atlon of a vltamfn B* blnôlr:S

proüeln ln vlta¡nln E* d.ef,lclent states whlch ts
conparable wlth the elaboratlon of lron bLnd,lng protetn

l¡r lron d,eflclent states.
A slleht d.eorease !úas noted. 1¡l vl,ta¡aln n* btrndlng

capaelÈy at tha t0 ng.,/nl. Level In pregna&t wouen. The

explenatton for thl s ls noù l¡nmed.tately appe¡ent, slnce

the plaæa proteln levels dur:.ng preg¡rancy are usually
wlthln the nomal range, and. the btndlng capaclty for
other blologlcal substar¡ces, such as lodlne, ls lrcreased,

In pregnancyr pa¡tlcularly d,urtng the second trlmester
(Dr. W. Rona¡¿, persoinal com¡nunloatlon).

Attentlon has been d.raysn to the nsrked. specles

t.arlatlon ln vltanln B* blndlng oapactty deserlbed by

Bosenthal and Austlu ß962') ¡ b€aeuse of, t,hts. anrd. the

spectes varlatloh ln plaEma protelns vrhlch preclud.es

eonparattve conel-ustons, lt ls hlghLy unl-lkeJ.y that a

suttabl.e laboratorl anlmal could be obtalneð f,or use as

an experlmental counterlpe,rt to the cll¡rlcal stud.les ln
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!ran. For exam¡rle, the vltanln E1Z blndlng capaclty of

" 
.oB1Z blnd,lng globr.rl-ln conoentratet' producod. fro¡n the

Connonwealth Serum Labo¡ato¡tes rvas found to be nlulmeL

¡shen test'ed ln the standard. lnanner¡ lt r¡as later found

that thts sras processed fros truraa¡r p1aæ4, end prepared.

aceord.lng tû a ¡nethod fo¡ concer¡tratlng the plasma

blnêers of vltanln Br, ln cattle. T?:e absence of

d.emonsürable blnd.tng tn the huroan þcor:gentrateü ls not

surprlslng rrher: Lt ls knotm that the prlnctpa]. vltanl¡:

B* blndlng proteln ln cattle ts albuntn, a negLlglble

blnder ln huue"r¡s.

6.2 12.
The concepts of ¡irltnar3t ar¡ô second.ary blndlng. anô

the varlatlons ir¡ btnd.tng produoed, by anaLoguês of vltamln

B* have been èlscussed. ln the revteu¡ of the ltterature

above, I.'ieyerts results (l'ieyer et allt, 1963) suggested

that the tnlttaÌ phase of vttainln Btt btndtng oeeurs to

the B pylrol rlng, through lÈs CO-NB' SrouPs' end. thet
ophase IIn bln<tlng appears to ocour at tbe Co-OH llukage"

whloh presuuabLy d,lssoctates tn aqueous soLutlon, nakl'mg

thts addtttonal blr¡dlng slte avallable.

6.2.1 @.
The teeltnlque of colunn chro¡natograptly was chosen
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for the study of the dlstrlb,r¡tlon of proteln bound

vlta¡¡lr¡ BLZ, sir¡ce, in thls ¡rÉ,y' larger a¡nounts of the

lebe1leð eaterlal cou]d. þe separatod than was posslble

wlth the nethods of, paper and sterch 5e1 electropho¡ests'

Further dlffLcultles may arlse +¡lth paper an¡d starch geL

electropho¡ests, because of the lt¡olt'ed deg¡ee of

separatlon posslbLe islth these partlcular Eethoda (See

3í.J above) 3 the nost Lnportant l.lnltatlon was that the

o, aclè glycoProteln nes noü separable fro¡n aLbumlr¡r

¡rhlch nay explatn the apparent lncrease ln bLnd,lng to

albu¡aln ln some stuÖtes (oche et a111 , L965).

The coluun chro¡aatography teohnl.gue selected '$Ia8

one rshlch d.lal not requlre packlng uüder nLtrogen Pressure'i

adequate packXng r¡as aohleved. by the use of a 2II NaCl

solutlon, v¡hlch, because of tts hlgh speclflc gravlty

(S.C. = Bpprox. 1.100), allowed packlng to occur wlthout

the need for esternal, pressqr€. Thts solutlon $as

c}eared. fro¡n the colu¡uc wlth adequaüe voLuses of the

startlng þuffer before üsê. Tbe locatlon on the coLuuls

of, tk¡e proteln fractlons has been set out !n sectlon

4.2.!n ar¡d ls tllustrated ln FLgu¡es Il-8'

The tnttlal- pE of 6.5 $aa choson, slncet when

C!,r-]-vsls was carrled, out þet¡seen pll 6.0 arad pE 6.5, and'
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f,olIowed. by colunn chromatography conuencl,ng at pH 8.0,
no stgÐlflcant proteln peaks, other thar¡ a^r¡y excess of
proteln, appeared, before pE 6.5. It 1s also apposlte

to note that the pII l+.5 suggested. as the crltlcal pE for
the aLpha gIobulln blnd,er of vlta¡ltn 81, ¡y Ï.ill.}.e¡ ar¡d.

Sulllvan ft959a) has been conflrsed. tr: thls present study,

slnce the slgnlfLcant peak for abno¡s,eL blndl:*:g, poak V,

app€ers ln thts stetrrwlse systen efter pil 5.0 has been

replaced. by pE 11.0.

The effect of the step-nlse change on pH has been

lndtcated. tn Ftgure t?. It wlll be obse::ved. that rchen

fhere was a change tn nolarlty, es nsLl as e oPrange fn

PE. there was an lnltlal upward. s,llng, eçray fro¡n the

ul-tleate d.lrectlon of the pH change. before the rapld

drop to the new pE level. Whon there was no change ln
no1arlty, and" pll only was alüered, the¡e Tùss a slower,

¡Þore gred"ual fall to tbe new pH leveL. There ere two

posslble explanatlons for thts phenomenon, the flrst and.

aoxe t lkely belng ühat. r¡hen uoJ-arlty a¡¡d. pII ï¡ere changed,

thre colu¡nn Èook up the excess of phosphate, and bece¡ne

transLenüly nore a1kallne. Alte¡r:atlvely, tF¡e ftnd,lng

nay have been d.ue to propertles of' the protetns thenselves;

thls ls, however, consldered unltkely¡ slnce the sano
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pattern of pE change has been d.eaonstrated ln expert¡renüs

such as that show¡ tn Flgure 29' tn whteh the sasÞ

t¡anstent rlse rsas evldenced.' aü a tlme when no protetn

lsas re¡âoved. fron the colun¡¡, Êt the change befween

0.01þi trls phosphate ìn¡ffer. pE 6.J to 0.CI5M trls
phosphate buffer, pE 6.Li thls change occurred. at tub¿

20.

the effect of, dtalysls upon the pattenr of ;orotetn

poaks obtalæed. rsas nost ¡earked ln relatlon to peak I¡
thls ls not surprlslng' when LI le reneubered. ühat the

prectpltate which forrcerl d.urlng dlatysls, (the prlnclpaL

dlfference bet'ween dlalysed. ar¡d, undtalysed. proteln placed.

on the colu¡¡r¡) conststed" of gÊ¡?-:mR globul.ln wtth sotre beta

globu]-In¡ the reåuotlon ln ttre colunr¡ oolrponent lsas

prlncl¡rally aË peak I, where i,ioet gsrnÐa gJ.obultn ls
Iocated (Flgure l+).

It has been deuonstrated. (Flgr¡res 13 ånd 1l¿) that

vltastn BLZ, whe'bher tt were racltoactlve oP hoTt-Fad,loactlve,

d,ld not ad.here to the colunn used. ln tbe present stud,y.

uuless lt ¡cas bound to plasna proùelns. .&l-l detectable

rad.loacttvlty plaeed. on the eolunn'appeared. tn peak I. aE

ðld, all optlcal ðer¡slty' l*hen unbound, vltanln Btt uas

plaeed. sn the colu¡an alone. Thusn 1rr colt¡¡¡r¡s of both
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aorrÉal and abno¡mal aera' 1ü ts co¡tslde¡od that any

rad.loacttvtty pressnt ln peak I ln the ur¡dla1ysed

sanple represented. prlnctpally ¡ad.loactlve vttanto 81Z

v¡hleh ¡¡as not proteÍn-bound, and whlch would. ultlnately
be rernoved. by d.Ialysls¡ tt ls enphaslsed Ëhat the

uudlatysed. Epeclnen contalned. both bound and, unbound.

radloactlve vlta¡oln Br' whlch røas added, ln excesa ag

part of the erperlþental proceôure. The æ1,
patterns of p¡otetn-bouncl vltamLn Btt ðlst¡lbutlon
throughout the column dlffer sllghtly from one another,

but have In co¡nnon the fact tbat Èhe vltamln ls
d,lstrtbuted throughout the colunr¡, and no one psrtlcular
peak pred.onlnates. Thls ls 1n keeplng r¡lth prevlously

observed. ftndlngs obtalned, f¡om other fo:ms of proteln

separatlov¡, ln whtch all. ftve uaJor proteln couponents

were shonn to blnd. added vtta¡oln Br" Ln vttro (pltney

et aLlt , t95l+i llelnrlch and Erdsann-OehLecke¡n t956al .

6.2.? 89.åEtÞ.

Qutte dtffe¡er¡t patterns of Þludlng from no¡mal were

obse:red when dlalysed rad.loactlve vltamln Btt l-abeIled.

plasna fron patle¡ts wlth Ehronlc nyeIold. leukaenla ltas

placed. on the eolunn. The prtnclpal paak of rad.loectlvlty

*ras shown to be peak V, ar¡d thlE EeoouuÈed f,or the naJorlty
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of ¡aaterlat placed. ou the ooluusr¡. fhls has been

denonstrated ln the two Lnstar¡ces ln the early studles

(Flgures 1? antl 18) ln ¡dhlsh rad.Ioactlve vlta¡ntn Btt was

ad.d.ed. at the 1Û ng.,/nl. level and. 100 ng",/nI. l-evel

respectlvely. In the latter tnstance' the ratlo of the

amount of raôloactlve ¡¡aterlal located at peåk V to the

amount of rad,ioactlve naterlal loeated. !n the other peaks

ls nuch hlgher ühen at the 10 ng./øL. LeTel. It shouLû

also be noted. that plasrn^a vltamtn BtU blnd'lt:g capaclty

of the pattant whose coluun chtonatogtrçm ls shosn ln

Ftgure tB was Jl .Bfi at' ühe 100 ng./ul. I'evel, tbe

htghest level recolôed ln thls serlee up to thaü tlne¡

on)-y one pattent (COn, Appenðlx AII) has shown htg*rer

Ievels stnce.

In the stud.tes r,¡htch were p€rforned. ustttg hleh

speciftc actlvlty raclloaotlve vlta¡ûtn Bt' l¡1 tthlch ütle

smount adoed. was s¡nslIer (2 ns./m}.), patterns dlffere¡:t

flou norual !í€re agafn obtalr¡ed, wtth plasma fron patlents

rslth chronlc rryelold" leukaemla. In the nolusl (Flzure !5),

u¡rdlalysed tabellèê plasæa showed the hlghest' Beak of

rad.loaatlvlty 1r: peak I¡ there was also radloacttvlty

d.etecteê tn peak II and !n peak V. 4.fter dlalysls' there

was llttle ractloaetlv:.ty ln peak I, slnce thls represents
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ln the pre-d.talysls saBple the unbound, red.toaetlvo vltanln

B1Z, anû most rad.tosctlve naterlal v¡as located lt¡ peaks

II ar¡d, V.

It has been postulated that the rclattve lncrease ln

rad.loacttvlty 1r: peak V after dtalysXst conpa¡ed" ¡¡|th the

relatlve deorease !n racl"loactlvlty l.n poalr II after

dlalystsr Bay be analogous to the sltuatlon ln vlvo' ltr

whtch vltanln Bæ ts trar¡sferreð from beta to alpha

globulln blnd.ers. å.J.ternattvely. ühe d'lalysls proceûure

nay produce alteretlone of certaln of the vltanln 8tt

blndlr:g protelnsr eo that they uay exhlbtt altered,

noblllty on the ColutrR chroroatogrant thlsn however' s€e¡sa

Un}lkety, slnoe there ls no d"enonstrable ohangs ln the

optteal denslty ratlos betv¡een und,lalysed' and dlaiysed

speclE¡ens, nor¡sal a¡rd sbno:maL'

The pattern6 obtalned. fros myeS.old leukaesla plasua

labeIled wtth hlgh s?eclflc ectlvtty rsdloactlve vttauln

B* ahowed" that' eren ln the undlalysed' speclmen¡

slgnlftcar¡t guanttttes of rad.loactlve vltamln Btt apÞeared

at peak V; 1r¡ pattent Ë¡E' thls anounted" to oÐe-thlrd of

the total, and lr¡ pattent gOB. lt e¡sounted' to aLnost all

the naterlal add.ed.. Tk¡ls ss6e pattern was obsen¡eð

folLor*lng d.laLysls. Attentlon has elso been drawn to the
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fact that, In patlent coR, as the vltamln Bt, blnd.tne

capaclty feII, relatlvely Ð¿g ¡erd,loactlvlty appeared.

at peak II, the beta peak. thls 1s referred to agaln

belo¡s.

It has been prevlousJ-y argued that vltamln Btt

blr¡d.tng i.n uyelo1d. Leukaemla to protelns of the o1

$lobu}!n 6roup takes place as an overflow phenomenoi:,

followlng saturation of the normsl btndlng sltes

(¡:l[er anri SuLllvar¡ , t959bi t{elnstetn et et1l , !959J.

Ilo¡ceverr the ftndlngs of these süudles lnd.lcate tt¡at

bi.ndlng 1n chronlc uyelolcl leuakenla ocourred. to a

proteln wlùh the noblltty of sr¡ o, actd glycoprot€ln

!n s Breferentlal Ì;larìner' rather thân ef¡ an overflow

phenouenon¡ ühe studjee of blndlrrg to lsolated. protoln

fraotlons al,so support Èt¡ts contentlon (SÊ€ 6.2.3 below)'

In patler¡t SI'1E at e t1¡ae rshen thero !{aa no vltanln BfZ

detectable tn her serun (f'leure 28), all plasna proteln

bound rad.loactlvlty detected.' repres€nùlng 96fl oî the

rsd.loacttvlty lnttlally placed. upon the co}u6n' was

present at peak V- thls flnd,tng l¡as been oonflrneð by

tv¡o facets of the study of patlent coB¡ flrst' lt ls

noted. tn the colunn chropatoglan (Flgure 23, that, tr¡

the und.lalysed. sa¡nple, the naJorlty. tf not aL1, of the
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rad.loaottvo uaterlal appeared. at peak V ¡shen htgh s!¡ectfle

radtoactlve vtteraln B* sag useð. Second.ly, the faet that

ths bste blnðlng protoln (peak Il) ln patlent Can appeated

to account for an tnc¡easlng arnount of bound. vltanln Btt
ae the patlentts vttamtn B* blndlng capaolty fel.I, taaÍ

also be tnterpreted. as evldenoe for the preferentlal nature

of blndlng by the o, globul,ln ln chronlc nyelold, leukaemlaÍ

tü ls argued. thatr €rs Less of ühe ebno¡maL bltcd;l.ng proteln

was produoeô, reflecüed by e fal-I ln total bLnd,lng oapaclty

a¡:d ln the relatlve emount of rad.loacttvlty present at
peak V, c¡ore was avallable for blndlng by the beta (peak II)
btndlng protetn, As ¡selL as er2 lncreaee Ln elther the ot

globulln, or one of lt's conponents, or ln tts btnd.tng

cepaclùy. lt æay we).l be that ln chronlc nyelold. l.eukaesf.a

there ls ar¡ absence. or a d.eftclency of the beto globulLn

blr¡ðer, or posslblyr s lsss of lts nortsl btnd.tng capact-ty.

It, ts not posslble to exclud.e thle concept by the results
of thls Bresent study.

Conment Le also requlred. concemlng the relatlonshfp

of ühe optlcaì, denslty ln peak II to the rad.!.oactivl.ty ln
peak II. It w111 be noted that the peak of rad.loaettvlty
ls oonsistently one io t¡¡o tubes behtnð the peak of
opt1caL d,enslty, aud. thle relatlonshlp applles for noruaL
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ar¡d. abno¡BâI pLasma, at al]. J-eve1s of blnd.lng. Bepo¡ts

have been publlshed. ooncernlng lsotope effects on lon

orchange ohromatography (çotüscnllng an¡d. Freese, tg6Z) i
tn thls clted, report, 1t TÁras sholtn, 1Ð erper!æents

d,estgmecl to ¡aeasure ùhe lneorporatton of trltlum-labelled.

2-anlnopurlne lnüo DltrA, thst the rad.loactlvlty ran sltehtly
ahead. of the optlcal- denslty ln ar¡ otherr¡lse weII separated

peak. It ¡r'as consldered that thls uas d.ue to a d.tfferenes

of electrlaal eharge betr¡een trltlated. and non-trltlated
aalnopurlne ln thts partlcular case. Ilowever, In the

present study, !t ls consldered thot the rad.loaetlvtty

flndlngs represent the losatlon on the coluær¡ chrosatogran

of, the beta globu3-ln blnd"er of l¡lta¡nln Brt, whtch ts llireþ
to be one very snsil. çoeponent of the entlre bete globulln

peak. It has beer¡ calculated by vartous r+o¡ilers (tleller

et a111 . t964i i'1111er and sulltvar¡'- Ig59bl I'iendelsohn

et allt , l95B) ttrat the anount of vlta¡rln Et, blr:dlns

proteln Is very ma1L' both tn no:rnal- end ln abnornal states¡

lt ls therefore }lkely thât the beta globulln blnd.er ts a

susll coraponent of peak II on the prese¡:t ehroæatogra$, antd

tts locetlon ls nore falthfully reflected Þy the peak of

rad.toactlvlüy tt¡Er: by the latgetr less speolflc ¡reak of

opttcal ûenslty.
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6.2.3 ld.e$t1f,1-oatton of V-ltapln Btu @.
Ebphasls has been lald upon tbe fact thÊt lt ls

ctlfflcult. lf not lmpoeslble. ln the Etate of our present

teehnlcal knowLedge' to tsoLate the very süerll conponents

of, the tobal. plastra protelns !¡hleh account for blndlng of

v1üam1n 812. A}ühough tt has prevlously bee¡ euggested.

thst seroæueotd, or cerüaln of lts oonstltuer:ts xÍere

responstble f,or vlta¡uln B* blndlng (¡ittler anel Sulllvau'

,,gsgbl,, tltts result has been called lnto questlon at

varlous ti¡nes (t'iendeLsohn et a111 , t95B; t,let:rstetn et

aItrl , tg59't Earètslcke an¡d' Jonesr L966) ''
The ftndtngs of thls present study have lr¡d.leatod

that the abno¡sel blndlng of vttarnù Df  seen ln sbro¡rlo

nye)-old" leukae¡qla was cor¡slstently assoclated tslth s¡:

aba:ornoal.þ htgh peak of, rad.toactlvtty upon the stend'ard'

aolusn chromatogrtrur used.. Thls peak was that peak at

¡chlch the cr., acld, glycoproteln (taUe:.lecl with rad'loacttve

vlta¡sln Bna or unl-abelled) appeared. when subJected to tbe

ueual co1uul¡ procedurE (Ftgureg B a¡nd 29r. It has also

been sho¡flt that thls parttculair Proteln fraotton was

eapable of blndlng very la¡ge amounts of ad.d.ed vltanln

B1Z, ln exoess of, a¡ly other separaüeô protetn fractlon

tested,. It ls therefore consldered. that evld"enoe has



t73

beer: presented fron two separate dlrEot'lons to show thet

tbe o, ecld, glycoprotçln r otr one or ¡Bore of lts

constltuents, ls the proteln responslble for blnd'lng

abnormal a¡rounts of vlta¡¡tn Br, 1n the syelold leuksenlc

gtate 
"

6.i 12 å&4åË.8,'

For some tlme, the posslblilty of teukseBlc ce}1

dest¡uctlon as e source of the vltaaLr Bt, btrldlng proteln

t¡as been consLèered. (Fatrey et elll , t95E¡ llendelsoh¡

et a111 , L95t,). I.loLl-ln a¡rd, Iioss (,L955) found. ttuü the

vttasln B* concentratlon of leukccytes lfås }ower tba¡¡ tbß

soncentratLon !n other body tlssuesr anð that the eontent

of cb¡.onle nyelold leukaenlc leukocyt@s was ö'lnlnlshe{'

Thonas anè Ar¡derson $9561' ar¡d' l-ater' Ktèd ar¡d' thosas

$g6?''t, stucLled Leukosyte vltarnln Br, Levels ln chronlc

nyelold leukaenia. and foUnd. that tkrey rferê }o¡¡er th^etr

those 1n no¡mals. but tb¡et I¡l aoute leubaesla' the vl'testn

8,. level of leukoeytes lñ¡as elovated'' They were unabl€

to deuonstrate any ¡elatlonshlp between aeruIB ar¡d leukooyte

vltemln B* eoneentratlons. They consld'e¡ed' that the xow

1evel of total ï1tâü18 B12 bound lrs the leukocyües of

chrontc myelotd leukaemlc patlerts dld' not supporf the

hypothesls that elevated. seruE vlÈauln Bat levels were
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due to releese of bhls vlta¡ntn frou tbe Leukae¡nlc cel1i

they aLso agreed. that thelr süud.les d.ld. nst dlsprove

thls. Þleyer et allt 119(;Z) sho¡red. t}¡ât mature neutrophlls

had. the hlghest vlta.mln Btt btnd'lng eapaclty of all
J-eukocytes etud.led.¡ other l,eukocytes d.:.d, not possess

thls property to any ¡oarlced. d.egree. They also stro¡qed.

ttÞt leukocytes f¡on patlents slth chrontc nyeJ-otd,

leukaemla had. a hlgher vlta¡nln Brt blnd.lng capactff when

d.lslnteg¡ated. than when ühe oells were lntact. Ehey

ooi:sld,ered that the dLelntegratlon prod.uct f,rom nature

neutrophlls conÈrlbuted to the tucreased. vltamln Btt
btnd.lng oapaelty of serutr ln uyeloprollferatlve d.lsease.

It ¡rsas nst untll 1964 that the proserce of a vlta¡¡ln Bi.Z

blnd.tng proteln ln rshlte cells tvas d.emoRst¡ated' (Stnons,

tgíLti Slmons and irleber, L966). It has bee¡ postulated"

recently (netter et e111 , 1,96?a) that leukocytes raay be

the source of alpha end. beta vltamtn Btt b3-ndlng protelns,

end that the nyelolû leukaeslc g¡anulocyte nay glve rlee

to ¡lore of the alpha vltaroln Brt blnùlnE glqbulln and

less of the beta vlta¡atn Btt blnder than ls dellvered'

lnto the no¡roal seruu þ noræar grant¡locytes'

Tbe flnôtngs of thls present stu{v eonf,l'rm that

lntact granulocytes from soae personsr but not all' arÊ
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capabl-e of blnd.l.ng caRsld.erably tncreased, asounts of

vtta¡¡ln B!2. Thls ls the fLrst stuôy ln uhlcb separated,

Lynphocytes and. granulosytes have beer: lnvestlgated ln

Barallel¡ tt hee been sho¡r¡ that granulocytes and not

lynphocytes possess the prope¡ty of, vl.tanln B* btnd.lng.

It ls not yet cortalu Erhether thts vlta¡ntn B* blnùtne

proteln was rel.eased. from wlthln the whl,te celLs durlrg

theee e:rperlments, or was present on thel¡ surfacesr or

whether the vltaæln B* blnðtng proteln of granulocytes

ts a breakd,o¡sr¡ proèuet of the no¡sal gtanulocyte whlch

bl.nds vttenln B* non-spectf,loal1y.

6 -4 .&TPgLEss.Ë,-

There are a r:unber of flndlt:gs aoncernlng vltaaln
B* uetaboLlsu ln ngelotd leukaemta whleh neo;ulre

explanatlon, a¡¡d, lt ts pertlnent at' thls süage to

conE!.dor these, a¡¡d. fhe posslbLe ex¡llanaülons r¡hteh

have been offered, anrd. to attenpt to evaluate these ln

tire llght of our present kno'¡s1ecLge, and ln the llght of
the f lndlr¡gs of Ëhls present study. The follotÈtng facte

are genera1ly aeoepted.:

1. In uyelotd leukeenla, lncreaseö serun vltanln BIZ

leveLs are conunori

2. Increesod ln vltro and. ln vlvo blnd.Lr:g eapaolty of

the pl,asua protelns oocurs ln nyelold leukaenla¡
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). Ttrere ts a delayed plasna oleafance of vltenl'n Bt,

tnjected. lntravenously or tngesteð oralJ-y tn patlento

wtth nye]"old leukaenta¡

l+. Gastrolntestlnal absorptlon of vltatrln Ett 1s trot

Increased. tn these Patlents¡

5. The¡e ls not lnpalred, renaL exoretlon of vlta¡¡ln BtZ

ln those patlentsi

6. there ts an apparent T€ìr!Âtlon ln the proportlon of

trar¡ecobalasln I alrd II (or the alpha and beta globulln

blnde¡s), 1$ the plasna of patler¡Ès r¡lth chronl'c nyelold'

leukaeula.

The followlng erplanatlons trave been offe¡ed. for

sqme or all of the ebove deraonstrable phenonena' and the

evlclenoe for these has been dlscussed, p¡evlougl$'

rÉ Welnsteln et alll (1959) h^ave sho+¡n that Saatro-

lntestlnal absorptlon of vl.tamln Ba, was not lncreased

tn patlente with chronlc nyel'old J-eukaer*la.

{t ölsllarly, these aaIB€ workers haVe shoçrn that ühe

renaL absorptlo¡l was not !¡rcreased trr cþronle nyelotd

leukaemlaS thus, nelther of these ex¡rlanatlons nay be

lr-rqoked. to ex¡llaln the tnereased. SerU¡¡ levels and.

lncrea¡eð ln vttro btndlng of vttarclti ts1''

r+ It has been suggested by HelÐsteln et a¿' ltgsg')
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thet a ehtft t* the bo{y stores of only 3# ot the total

vltanln B,, content of the body would. be sufflclent to

ralse ttre plasrea leve! by ten tlmes the nor'¡os} vaLue ¡

al,though ttrls ls, an attracttve theory, thete i.s no

evl.d.enee fo¡ thts at Þresent. a¡:ð !n fact, |t would be

nost dlfflcult, ln tho l"lght of Relzerrstelnrs u¡ol.k

(Betzensteir¡, L959br, to calculste ttrls vrtth any

certalnty.
ì * IÈ was suggested. thaü the bLndtng of vltâ¡nln BlZ
ì

by plasna protel.Txs in myelold. leukae¡nla nlgbt be more

flm than l¡lndlng tr: the normaL state (l't111er, f95B) I

thte d.oes not appgar to bave been êå¡aonstrated'. A defect

ln vltastn B12 blntllng $as postuLated soEle yealls aEo

(Eorrl.gan and. IlelnLe, 195?l r âs an explanatlon of,

refracto¡y anaenla, but th!.s does not app€al' to be

d,tffere¡lt f¡oru tLre blnd.lng abnornaltt!'eg detron6ùrabl-e

ln vltanln B* d,eflclency (I'as¡enco, t966a, 1966b)' '

+ It b¡as beer¡ suggested that tbe ptrenolûef:on of

Ìncreased blnd,lng !ßay be due to a¡¡ lncrease I'n nor¡nal

prot,el¡:s presënt in chronlo ¡syelsld leukaenla¡ because

of the dlfflculty tn d"etectlng sueh subtle alteratlons

as d,lscussed. aboYe, thts ts not yet proven or dlsproven¡

Ðo grgFS abnornallty tras yet been d,e¡nonstrated ln these

pattents (see Pp6B-70).
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* SeveraL authors, lncludlng it1l}er (1958). have

suggested. that e]-tered, protelns resultlng fron the

d.lsease process nay be responelble f,or btndlng exoess

a¡nounts of vttantn 81,2, and that tt ls posslbtre ük¡ati

there nay be an l*c¡eageô nupber of blndlng sltes on

thç sane totat quarrtl.ty of protetn¡ thls also

¡enalr¡s unprover¡.

* Ar¡ abnorual" tl,ssue proteln foretgn t'o nortaL

aerulr has also been tnvoked" as a posslble ex¡llanatloi:

fo¡ lnctreased btndlng capaslty !n nyelold. leul¡seælE.

The posstble sources agaf.n tnclude ¡shlte cells. ard,/or

thelr breakdown prod,uctsf ârJd. an lncrease tr'n gnsna

globufine (whlsh occurs !n the analogous sltuatton of

Leukaenla ln fowls (Loeerfåf and" Sunilel-ln , t963) ).
A].tÈrough Lso}sgous antlbod.les represent an ebno¡'pal

tlssue proteln forelgn to nor¡¡al serum. plasma

oontatnlng tsologous antlbodles does not blnd tncreased.

ânrounts of raðloeotlve vlta^¡sln B1Z.

* The posstblLlty thet the exoess of, vttenln Btt ts

¡eleased as a result of, llver danage haS been l"nvoked'r

but thls does not appear to be ltkely' slnce tt !s ¡ecog-

nlsed. that Lncreased. Levels of vtt'antn Btt are seen only

ln patlents ¡sith enaltgnant dlsease ¡uhen hepEtlc ¡qetastaees
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are pregenü (Grossowlcø et allt ' L?57 I HenðelEohn End'

Wetkln' 1958).

rr Het"Ier et, altt (1964) euggested that vltalatn BtZ

tteeLf nay be the stlnulus to the prod"uctton of lts o?rn

blnd,Lng protetn¡ the source of ttre lncreased" cl.rculatlng

vttE¡sln Br, ln ¡ryelold leukaesle stlll ¡e$¿ilns Èo be

eEpLalneC. t¡: thls hypothesle.
ü' A furthe¡ suggesttonr whleh ertses fro:l the present

stud!.es. Is thet an Ineroase ln vltasln Bt, blndtng

proteln may result fron an lnctreasod sttnuLus to tho

productlon of thts protetn¡ lrhlch stl¡suLus nay be the

þaeophlls gr granuS,ocytesr ol the breakdosrn pro&ucts

of elther of these¡ Lt ls posslble that both the

abnor¡¡aLly hlah Levels of, baaophll"s a¡r& the lnc¡easeÈ

vlta¡sln BrU blndtng oapeelty may oceutr aB the results

of a co&mqn, end as yet unrecognlaed.r stl&uluE"
* Brttt and" Iloge (1966) hEvo d"lscusseð the unusuel

f,tndlng of, noræaL vltanlo BlA LEvel.s tn patlents wtth

pèrnlclous anaonla whs hsve aLso had.. cÞPsurrently,

chronlc nuyelolC. leukaernta¡ they euggesteú thaÈ the

ctrculatttrg vttautn Bt, was not avellable f,or nornal

setaboll"s¡a ln thls sltuatlon. The patleut s$ê¿E of thts

stuôy rÉptreseütç the eguaLLy unusual and converse
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ocgUrrenoe of a pattent 16'tüh ch¡ontc ryo}old leukaemla'

¡vho hað ¡ro d.eteotable vltanln 812 ln hor serurq. ae the

end. result of proÌonged' fallure of absorptton by e

gastrlo remnant. Although prefe¡entlal blnd'lng to a
proteln wlth tt¡c chromatographto chareoterlstlos of,

o, aotd. gþcoBroteln wae üe¡¡onst¡ated' tt ¡souId.

nevertheless appear' tlæt all vttantn Dtt wes avallable

fo¡ netaboltæ tn thte Patlent.
It Is not posstbtc to lnvestlgaüe retrospectlvaly

the natural hlstory of the d.evelopnent of such a

a].!.nleal sltuatlon. and !t ls posslble only to speoulats

rhether the vltanln Ble aùmo¡ms1lW assoqLaüeü, wlth

Ieukaeula delayed, ttre onset of the dsflol.er¡oy staten

or ¡rhsüher, tf large anounte of vltanlo B1Z ütore

¡nobtllsed from the ütssue Êtsrês as pert of the

leukaeulc process, the nenlfestatlon of deftclency $as

hastened. by the leukaemlc prooesao
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Atthough lt has been recognlsed for some years that

vltanln tsr, ls bound to the plasna protelns durlng lts
passege tL¡rough t'he boðyrs ¡retabollc Pathways, a great

deal remalns to be d.lscovered. concerrnå.ng a nu¡ober of the

dynaulc aspects of thts transport¡ the d.etatls awaltlng

resoluttron lnclude the manr¡er of btr:dlng, traneport a::d

rel-ease of the vttamln þy pl-as¡ce protel,ns, the lso]atlo'':

and. ldentlficatlon of these carrler prote:.ns' and the

basLs of the abnornalltLes of vttapl.n Et, transport ln

suoh dlseases as nyelold. leuirae¡lla.

Tho general slus of the pres€nt stud'tes have been

flrst, üo evaluate crltLcally the d'laLysts nethod' of

Eeasuxe:ûent of ln vlbro vltaæIn B* blndtnE capaolty and'

the factors lr:fl-uenslng It, and seeoi.rd., to assees by

vartous methods of, proteln separatlon the slgnlflcance

of ebserred. alt'eratlons ln the vlta¡¡ln Btt btndtnS

oapaclty, partlcularly the el,evatlone aeen ln the plasna

of pattents wlth chronLc nyelold Leukaemla.

Tha speclftc alns of Èhese stud'les, and' thelr
poùenülal value ln the und.erstand.lng of both vltanln Btt

setabollsu and" the nyelold leukaenlc d.lsord-er L¡ave

already been glven ln d.etatl (cf¡apte¡ L, pages 2-3).
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The kras covereð oerüeln

aspects of ttre chenlstry and blochentstry of vlta¡eln BtZ

relevant to the broad theme of the study, lr:c3"udlng the

structure of cyanocobalanln and the relatlonshlp of

structure to proteln btird.tng, and. the absorptlon, p].asns

cLearance, storage and excretton of the vltaæln ln ¡lan.

fhe rnetbod.s of neasurement of vltqnln Bt, Levels 1Ì1

blologlcal uaterLal heve þeen revle¡*ed, together ¡vlfh

the results,both nor:¡nal anù abnornåI' obtalned wtth

these nothod.s,

Intrlnslc factor, 1ts relatlonshlp to vltamln BfZ

and. the vltanlrr Br, blnd,lng capaclty of the gastrlo

Julce protelns have been d.tscussed, ln ûetat1 because of

thelr ¡elevar¡ce üo tbe subiect of the study; tlre

uncertalnty surrour¡dt::g the st¡ucture and" functlon of

the gasÈrle iulee þlnders of vltantn BL2, and the

probable lab1ltty of ttrese protelns, hlghllghts slsllar
d.tfftcultles lnherent ln the study of protelu blrdtng

of the vlta¡eln ln plaæna.

Tbe }lterature revler¡ concLudes w:.th a d.etaXled.

survey of the method,s used. fo¡ deter¡nlnatlon of the

blnd.lng capaetty of vtta¡nln Brr. the ¡esults obtalned

srlttl these nethods, and Èhe explanatlons offered. for
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the abnorual btndlng de¡aotrstrabl.e ln certatu d"lsease

states, notably nnyelold" leukaemla"

I'iost d"escrlbed. nethods for &easureuent of vltenln

B* btndlnE capaclty have thelr or.¡n d.ef lned. condltlons '

d.lfferlng frogl one nethocl to the nert¡ lt was therefore

ar¡ essentlel pert of thls present etudy to assess sfhlch

physleochenlcal factors lr¡fluenced the end. ¡esult

obtalned., and. to evolve a pethod whlch took i.¡tt'o oonsld"er-

atlon theee varl.ables.

The nethod. d.escrtbed tn thls atudy requt¡'es' after

tncubatton of the test sa¡lple wtth exsess ¡,adloacttve

vltautn BLZ, a nlnety-slx hour d.l,alysls agalnsü a standard'

buff er !n the eold, üT!.th necharlcaJ- stlrrtng and. regul"ar

changee of buffer.
The concentratlon of ttre radloact'tve vltanln EtZ

addcd pllor to lncubatloiin the duralton of lr¡cubatton'

the duratlon of clla]ysls, snd. the solutlons used for

dlalysls have been shown to be slgfrlfleant vartables ln

the uethoûl Ehese varlable factors regulre stand.srd.lzatLon

to ensure ths reproducabtltty of the metbod. Attentlon

has been d.rar¡n to the preslPltate trhlch ts forsed' durtng

d.la1ysts, and the nature anè blnd,lng propert'tee of thls

prectpttate hane been cou¡lented Upon. Othef .varLable
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aspects of the rnethod. d.lô not produce varlatlon ln tho

end" resuLts, although to ensure reprod'ucablll.ty, these

as¡lects have also bcen sta¡¡dardlzed'

The descrlbed method of neasureraent of gllggÞJfZ

btnd.lne ce¡leelty t¡as useô to deterulne the r:o¡tal" range'

and" to stud.y several groups of patlents ln whlch varlatlor¡

fron the normatr ulght have been expected.

G¡oss elevatton of the vl.tanln B12 br.nd,lng capacLty

was demo¡lstrated. tn patlents ¡rtth chronlc myelold leukae¡nla

at the 10 ng.,/rn!. leveL and at bhe 100 ng./g,l. level of

ad.ded vlta¡nln B!2. In patlents wlth acute nyelold

leukaemla, the ¡rean vltarcln B* blndlnE oapaclty at the

10 ng./ø!. level was conslstently eLer¡ated'. and' was not

d.lfferent from that of the chronlo rnyelotd leukaemle

groupl at t,he 100 ng../n]. leve], hoefeVern the ¡Bean value

for the acute leukaenlc group lfas not dtfferent fros

nor¡3al, ar¡d. the dtfferenca bet¡seen the neans for the

acute a¡:ô ohronle æyelold leukaeulc groups was statlsttcally

sX.gnlflcaït. Attentlon kras been d.rawl to the posslbl"e

relatto¡lshlp between basophllla and the eLevated. vltasln

B* blndlng capaclty ln uyelold Leukaeuia.

The vtrtauln Era blndlng capaelty was nst èlfferent

fros normal ln patlente wlth }ynphatlc leukaenta' patlents

ç¡lth Lsologous ar:tlbodles and. !n pregnant ¡'ro¡1ert.
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An tr¡croase ln vlËanln B* blndlng capaclty was

obsen¡ed tn three patlents wlth d.ysprotelnaemlas¡

the lncreas€ ln eaeh tmstaRce ¡qae ln the btnd.lng to the

preclpltated portton of the proteln.

Ar¡ lncressed. nea¡'l vltaptn B* blnd.lng capaclty was

d.enonstratcd" at the 10 ¡rg.,/nL. Ievel ln patlents wlth

vlte!ßtn Ðr, d.ef1cl.ency, but the mean vltaæl¡: B* bLnd.lnS

capactty at the 100 ng.r/nnl. l-evel rvas nornel; the

posslble reaaorls for thls f,lndtnE have beeu d"lseueeed..

CoLunn chromator¡rapt¡"v of raclloacttve vltar.lu B- ^*þ
Iabelled p]-asæa fron paÈlents wlth nyelold leukaenla

revealed ¡narked. a¡:è cor¡slstent varlatlons froa the

r¡or¡aa,l pattern, ât all leve1s of blndlng.

Increased" btnd.tng !$as consl"stently assoclated. ¡clth

a colurnr¡ chro¡netograü peak (V) at v¡trlch radloactlve

vltanln Er, labelled., and unLabelleè, oa acld glycoprotetn

appeared; thts separatod proteln frsctlon Ìrrås shonnr to be

eapabLe of bind.lng much more ed.ded. vltanln B* at all
Ievels ttran the other proteln fractlons etud.led..

In the pl-asrna of a uyeLold leukae¡sta patlent wlth

no d.eÈect"able clrculatlnE vttemln Dr' all vltasln B*
edd.ed ar:d bound u'es Located. at thls slgntftcant peak V.
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Granulocv_Èe-¡lch nlasma v¡as shol¡R to be capabl-e of
blnd.lng tnore add.ed. vttanln B* than lynphocyte-rlch
plas¡na and. Leukoeyte-poor contro)- plasna. The posstble

lnpllcattons of thls flndtirg upon the blnêtng of vltanln
B* ln normal. ar¡d" dlsease states has been d,lscussed..

The stgyrlflcance of, these resul.ts. and thetr
consldered. orlglnaltty, hae already beer: stated

on pages 3-5.

Ilypotheses.

-

It ls consld.ered., frou the resuLts of tÏ:ls study.

that the d.enonetrable ly:crease ln vlta¡aLn E* blndlng

capaclty of nyelold leukaenla plasna ls found ln
assoclatt on r,¡tth a protetn whlc?¡ has the chronatoEraphlc

nobtltrty of a.n cu, acld" glycoproteln. whlch ls ltself 1r¡

the separated fo¡n oapable of blnd.lng large arnounts of

ad.ded vlta¡lln B!2. Thls crltlcal blndlng proteln nay be

the o, acld- gl,ycoproteln ttself or one of lts cqponents.

Blnd.tng to thls proteln ln vltro takes plaoe¡feferentlallf ,

and not as an overflow phenonenon fol-lo¡rtng saturatlon of
the norual blnd.lng stÈes.

In the present state of our knowled.ge, It ls not
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Bosslble to state ¡chether ttrts proteln le present ln
lucreqsed. quantltles ln chronlc n¡relold leukaemla, or

whether the lncreased blnd.lng rspresEnte a qualttatlve
change Ln the proteln¡ slntlarly, tbe reLatlonshtp

çf thls blnd,lng p¡oteln to the beta globulln blnder of
vt tamln B1Z, and the faotors whloh f.nd.uce change

(ar:ü posslbly lnterehange) ln the leveJ.s of, these

protetns and, thelr b1nd,1ng oapacltles ln certaln d"lscase

stafes resaln to be deflned.

It ls aLeo constd.e¡ed that uortral granulocytes

(or posslbly thelr breakdown proôuete) pley a slgnlfleant
part ln plasoe proÈeln blnd.lng of rrltamln B* Ln vLtro"

and, that the tncreaee<l blnd.ltrg of vlte¡¡tn B* ln nyel-old.

l-eukaemla nay be (iue to ühe presence of lnoressed. numbers

of uature granuLocytes (or thelr breakdown products),

or poeslbly, the basophlllc g¡arulosytes.
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ÂPPE}¡DIX A.

CASE HISTOBIqS.

I SME.I

Tht s patlent Ìras adnltted. flrst to the Cllnlcal
Research Unlt of the Boyal Prlnce ål-fred Eosplta]., ln
July ry6f, when she was ageð, 62. IIe¡ only rel-evant

ned,lcaL hlstory was a partlal. gastrectomy and

gastroenteroetoay I¡: 1952 for actlve gastrlc ulc€r.
f¡t the tlme of her lnf.tlal ad¡nlsslon 1r'¡ t961,r Bhe

had. complalned. of synptoæ,s of, weaknessr breathLessnegs

on exertlon and. spontar¡eous brulslng for twel.ve nonths.

Åpart from a psorlattc rash on the baclc of her ha:ld,s,

and. a palpable spleen. the phystcal exanlnatlon rsas

othe:nst.se negatlve.

iler ad.nlsslon traenoglobln (See lable XXII) was

7.9 W.ft00 p1., and the totaL ¡shlte ceLL count ¡ras

t6Lt000,/cu¡ra¡r' wlth 35fi l¡Lølttve f,or¡¡gr l+ltfi

neutrophlLs aJed, 11É basophlls. The pLatel"et count ¡¡as

Lrt+52.000lcueæErr Ha¡ror¡ asptratlon waa perfortredr sr¡d.

the flnd.lngs were typleal of chronlc nyelold. Ieukaeuta,

She was trensf,used., and" treatnent rrtth busulphan



TABTE IEII

riAFl{Sto,JÐGrqal Ð4!¡A, - .s}E,

(x1 /cu.um. ) (x

151

27

37.5

) tot^gr,- 

-zrB6t+

1.530

0

1,lr40

e)

a

July, L96L

Jan. , L963

Aprll, t965

liay, Ip65*

7,9

10.6

L?.9

tJ+52,

2r?,oa

?L5

raEg

80

0

o

I'îost

tAfter 21000 f¡9, vltastn B* tntrqrnusaular lnJecülon.



1Bg

(n$Ìylera¡rn) r¡as couxûencedr at a d.osage of I{, ng. d.alIy.

Áfter tv¡o weeks, and. Itütle clLnlcal- responser ühe

d"osage of ß$iylerant was lnçreased. to 6 ng. dally, and"

a respotise lÍas lnduced. She ¡cas dlecha¡Eed wellr one

nonth after her lnltlal" adralsslon, on a ¡¡alnt'enence

dose of 4 mg. FtÍylerani ðall"Y.

She was read.nltted. to the CllnlaaL Besearch Untt

ln January, f9Ø, havlug taken Èltylerans frou the tlne

of he¡ lnttlaL sd¡slsslon untll Decenber, L962. Eer

conpl.alnts were, ât tbts tlne, of lntcmlttent eplgastrtc

paln, thought to be sssoclated r¡tth a non-functtonlng

gall, blad"der. Hex ptatelet count at the tlme was hLgh'

and f or thls reason, she t¡as readnltted. for furthe¡

treatrnent. Investlgatlon ehowed- a haeuogLobtn value of

10.6 g'fi./100 Ð1" ¡ a total erhlte celt count of ?-7 
'000/cu*Irrrlr ¡

of whlch ?fi weve printtlve foræsn 6Jþ neutrophlls, 10;{

lynphocytes, 4p æonocytes.- 6fi eostnophlLs and 1oÉ basophtls¡

the platelet count was 21200r000lcurrlÍn¡ The total seru¡I

vltarnln B* J.evel- done at thls Èl¡ee wss 1,530 )¿Ì¿s/u,l-"

Süernal bone Earro?{ asptratlon yleld.ed a grossly hyper-

sellul,âr srnear, wlth ar¡ Mr/e ratlo 25tL. The flnd.tngs

Tüere conslstent rslth the orlglna1 dlagnosls of, chronlc

nyelold leukaemla. She r¡as gtven lron. because of overt
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lron def lclenoy. and because of d.lf f lcul-tles t¡l

supervlslon (she llved. ln the country) ft lsas deeld,ed,

to treat her rqlth P3Zl 2.J mcr ïr€rÊ glvei: ln Februârlr

t963" She ¡.qas d.lseharged. on matntenance ôoses of lron '
Later !.n 1963, and. lR 1964, s¡qell doses of

FÞiyleranr*, of the o¡d.c¡ of 2 mg* d.all.yr or every second.

day, l¡er€ gtven. She EsE read^uttted to tt¡e Cllnlcal'

Beeearch UnLt !n -{pr13., 1965 (at a t!"¡ne when thre 'rl'lyleranu

therapy had been üenporarlly suspendeð) w!.th the prlnclpal

presentlng conplalnts of abd.omlnal paln and. welght loss.

At the tlne of ad¡olsslon her haeÐoglobln ¡ras 12.9 g.u.,/100 81.,

a¡td the erAttrrocytes showed. sllght central pel]-or. The

whlte cell oount was 3?,SÙA/cuerlute and the platel-et eount

?LSrAAO/oüü.nn. Or: examtnatton sternal- tend.erness anð

e¡rlgastrlc tend"erness Here eltettecl. The patlent ¡"¡as

obvlously 111 and. f,ebrlle, 'but no source of lnfectlon couLd'

þe found.. Â furüher sternql narrow btopsy sho¡Yed a

plcture coirslstent t¡lth chronle nyelolfl leukaenla, and-

becaUse of tht s, tfeatment lras ¡'econìmenced. on 4 mg. of
oliylerano per dny, whf ch tnd.uoed' a steady falL ln the

r,¡hlte ceLl count to ? ,5O0/ cü ¡littit* and tn the platel-et

aount to l+9J.000./ou.um.
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Å].though abd,oslnal paln perslated." a barLtru ¡neal

showed, a no¡sall,y functlonlng portlon of ato¡nsoh,

followlng partlal gastreotony and gasüroenterosüouy.

Fu¡ther lnvestlgatl,ons at thls tt¡ee ehswed the

seru!Ê lron to be 37 pS./L00 n1.. the seru& f,olto eeld

2.1 yg./æL., and there was no d.emonstrable vlteu:ln Btt
present tn her seru¡¡r. the Sctrtlllng test wtthout

carbachol resulÈed tn 6$ excretlon, and wl.th carþachol'

B.BÉ exeretlon E¡as observeô.

The ulcer-type pal¡ d.lsappea¡ed. on antacld

treatuent. enit she was g!.ven a large lnÈravenous doss

of lronn and 11000 ¡re. of, vltanb Bta lntra¡nuecularly

t¡s:.ce reekly. It $as at thls stage thaÈ ehe volustee¡oð

thaü the numbness 1¡¡ her feet. ptesent for some sonths'

dl,sappeared after the flrst lnJeotlon of vlt¡¡¡Etn Btr.
fier respoüFe to treatment was goodt sr¡d. she left hospltal

tn Fray t965.

the dleð at hose 1n the country frou a cerebro-

vascular acclôent Later tn L965.
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rr. .9.
Thls ma¡rled. rdo¡ûan was 49 years of age when stle

presented, to the Qt¡een Ellzabetb Eospltal. þJoodvlLle'

lrr January, tg66r collp}alntng of welght loss' ar¡ abdonlnaL

&ass, âtrå genera1 malatse. v¡lrlch had been present for

several Bonths. On exaplnatlon, she was foUnd. to have an

enlargod. spleen, apptoxlnately 10 gIIt¡ below* the left

costel margltr; there Here no other aþnornal cllnlcal

flnåLngs. The lr:ltlal blood count ls et:otm at lable )ÖCIII.

Ttre tnlttal bone Eerro$t shotled, a æyeloldlerythrofd' ratlo

of 90t1. anô the flndlngs Þfers conslstent wl,th t|¡e

ütagnosls of ch¡onlc nyelold leukae¡41g. She recelved'

blood trar:sfUslon, anO" treat¡nent tlas coeuenced" wlth

Fl,iylerantt, 2 mE,. three tlmes dall,y. She was dlscharged'

after 1û d.ays 1¡r hospltal, on Fliy3-orann, 2 ¡ç9. tt¡tce rlally'

ldhen Êreen ln augUst, L966' she rt-as È¡eL}' and her spLeen

w&s no longer PaIPaþIe.
'In late Ja¡ruary , t96?, she was resd-uoltted" wlth

synp+"oes of anaemta. and. was foUnå on e5aglr¡aülgn tO be

ettrenely pale. the sB]êen was onco trore palpabS.er 2 sn.

belos the left oostaL E¡ar6ln. tÌ.[ylela]1Ë ?¡as contlnued ln

the sape dosage ¡rk¡lch hed been nelntalned. for the fu}l

trr€srr and, blood trauefusloh ¡qas gtven. A blood traitsfuslon
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reactlon oocurred.r a'nd on t.nvesttgatton lt t¡as found" that

the patlent had <level"oped. an antl-¡ya antlbo{y whlch was

present to a tttre of t/2O64, jlltb ext¡eme avld.lty. She

was d.lscharged. tn ea¡}y FebrUary' but Tilas read¡nltted. on

18th February, L96?, agaln anaerslc' $he s'as transfused',

and, rlltyletrantu wâs conttnued at the sa¡ne dosage.

She r¡ss agatn admttted on lrdl }-larctr , !96? n only one

week ]ater wlth further syaopüous of anaemla. [Ier weekr¡ess

had. becone progresslve. and her hsenoglobtn level had

fallen to lt.O gE.,/100 81. Once agaln she was trar¡sfuseô

¡clth approprlatel,y natched bl,ood, and. cortlcosterotds

we¡'ê cornmencedr slnce lt was consldered. that a haenolytlc

conponent was oout¡tbutlng to hsr rapld ar¡aemla. Pred.ntsone

was begun on Jrd' Iiarctr, L967' !¡: a d'osage of lJ ug. four tlmes

d.atly¡ Fliytera$F ¡.¡as co¡¡tl.nued" untll Eth È¡arch, t96?,

r¡hen lt wes stopped..

Because of the a:cpa¡ent autokn¡nune haenolytlc anaeË¡ta

rrhlch thts patler¡t had d.eveLoped at thte tlne' azathloprlne

(tlnuranr') wes T.¡egun ln the dosage of 50 urg. twlce d'aIly.

Further trapsfuslon was given, and, followlng soule luproVe-

uent ln the haenolyütc proc€ssr She ¡qas dtsstrarged. on

24th l'larch, L967 r Gll prednlsone 10 ug. three tlmes d'ally'

ar:d. azathloprlne J0 ug. trcloe d.atLy.
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A further ad¡nlssl.on wag neoessaty on 4th Aprll¡
t96?, because of snaenla' and after trEnsfuslon wlth

p untts of blooö, bhe ôosege of [I¡nuraïÊt nas lncreased

to 100 mg. tv¡lce d.ally, A aerua vltanln Btt levol

d.one on llth Aprll . L96?. bÍ the E. grac!.I.ls method.'

$as L?OA pg.,/nI.

A further ad¡alsslon r¡as nececsary on t6tfr frprll,

L96?, because of symptoas of profound anaenla¡ she was

again trar¡sfused. In vlev¡ of the red cell gu¡slval

stud.los, r¡htsh shor,¡ed. a half-l"tfe of E d"ays (norrnal 28-32

d.ays) anA ¡narked. eplenlc uptalre. splenectorny waa conslde¡ed

to be lnd.lcated. for ttre rellef of thj.s patlenÙrs haeno-

lytlc procêss. Thls operattoR was perforned" on 19th rlprll.

t96?, ar¡d the trans-t'ttoraclc route ¡t¡as ueed'. Iuttlally.

the pattentrs progl'ess wes satlsfactory, and" her haenoglobln

value reastned. n+rg¡al- for one ¡seek. In addltlon to the

üowe11-Jol).y bodles llhlch lrere present lnned.letely after

sp]-enecüo&y' the bJ-qod. ftl-Er shosed ut'lusuall'y lerge and'

oddiy-shaped. platelefs.
Connencing vllth the blood flLæ on 24tU1, å,pr!.I . t)61 ,

the red, colls began Èo ehos¡ n^arked spherosytost-s. the

f xLn reade on z?rh Aprll, t96?, showed. that 40É of the red'

cel1s were spherocyttc, and Èhat ¡nad.e the followlng dsy
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showed. úA-?OÉ of all red cel}s ln ttre perlpheraL blood

to be spherocytlc. From 25th ÁprII , L96? " tt¡e patlentts

haenoglobln value bogan to faIl raplôly, and, slre dled.

four days l-ate¡. St¿ice the exacerbaülon of her llì.ness

ln January, 196?, sho had recelved, 56 ptnts of blood..

The Coonbs test on l8th ÅprlI, t967, was posttlve

to a dllutlon of 1¡20,1+60. "åfte¡ operatlon, Xt had

fatlen to ltJI?A on 24th f.pr11 , Ig6?.

a

The spleen ¡emoved at operatlon on 19th Aprll, 196?,

welghed 1140 gu. Al-though the splenlc archltecture $rae

preserved, maselve hae¡nosld.erosls was noted, and. much

blood was plesent ln the slnusold.s. There was no

hlstologtcaL evtdence of, leukae¡nle or extra-medullary

baemopolesls.

The post-norten ftnd.lngs !{¡ere of a thrombosed.

spleutc veln (post-spleuectouy). puJ-monary oedesa. early

renel tubuLar nearosls, anù ch¡onl.c r^yeLold Leukaeala.

The bone rnarrorr shov¡ed. dlffuse prlslt1ve nyelold cel-ls.

and nurnerous negakaryocytes. lbe bony archltecture of,

the na¡rorr vsas eroded and dlstorted by the leukaeutc

materlal.
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APPHIDTX B

PT¡BI;ICåTIOI'IS.

Tbe follo¡clng pubLlcatlons contaln naterlal fros

thls thesls¡

Stud.les on the plasua proteln blndlng of radloaetlve

vtta¡alr¡ B1Z. I. Factors Influenclng ln vlÙro blnôln8.

J. Iab.eltn. [ied,., Ø., 196¡]. 969.

1, a

2. Preferenttal !n vttro btndlng of rad.loaatlvs vttamln

BfZ Þ an abnolmal seruu proteln ln chrontc nye1otd

leukaeÐla.

I{ature (Londl.), ?Å3' L967, BI.

fhe foLLowlng abstracts refer to certaln of the

uaËerlaL Ln the above t¡uo papers' but also resord other

aspecte of, ühe saterlal of thls theste¡

3. Phystcal factors lnfluenclng 1r¡ vlüro Flaæa blndlng

of rad.loaat,lve vltamln B!2.

I.!ed. Beeearch, Å, t963, 55,

4, Coh¡¡nr¡ chrouatography of plasna labeLled. wlth

co58-vttamin Blz, (8.H. Beal- and, E.G. Flrktn)

Þãed. Eesearsh, 1. t96J. 56"
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5. Se¡uæ blnd.lng of Co58-vltanln BLZ, Furüher studtea

of abr¡ort¡al b1¡ôIng ln dlseaee gtates.

I{ed.. Besearoh, JLr t965, L5l.

6. stud.les of abnomel serr¡lg blndlug or co58-vltsnln

Ble 1o d.tsease statee,

XIth Congress. Internat, Eoo. Hsenatôl. r Sydl¡ey.

f966¡ p, ?,26.

?. Setrnm proteln btndtng or co58-titt*tn BtZ,

Relatlonshlp of granul.ocytes to t ncreased. b,lnd.lug.

(B.kr. Beal and. W.I{.F. Beaô).

Þ:ed,. Beseatch, !. ].966, 3Û.

Ëhe followlng pâpers bave baen gubultted, for
publlcatlons

Studles on the plaæe proteln blnðtng of, radloactlve vttantn

Blet III. Blnd.lng capaclty ln d.lsease states.

Stud|es on tbe plasua proteln t,lndlrg sf rad.loactlve vltenln

BtZt IV. Colusn ch¡onatograpt¡y of nonoal and abnorn¿I

plasøa "

Stuåles on tbe plaæe protelu btndlng of raôtoacttve vttamtn

Blet Y. Belatlonshtp of, granulooytes to btnô'It?g capaclty.
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Stud,les on the pLaæa protetn blnd,ing of, radloaetlve vltsuln

B12t VI. Blndlng oapaolty of separatlOn proteln fractlons.
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aPPEprpIx g

a

The follo¡'¡tng papersn deallns wtth aspeots of the

nate¡tal of thts thests have been presented. to meetlngs

of the und,ermenttoned. sclentlftc socf.atles:

Physlcal Faotors Influenclng In Vltro Blndlng' of

Bad.loectlve Vltanln Baa,
Eaernebology Soclety of Auetrellai l4elbourne,
A,ugust, 1963 .

Co1unn Chronetography of Plasna lebeï.led Hlüh

Vltaaln ELZ.
Auetraltan Soelety for luled.leal Beeea¡ch¡
Adlalalde. Oetoborr tg63.

co58

co58-vrtanlÌr BtraEtudles of Abno¡na1 Sen¡m Blnd,lng' of

ln Dlsease States,
XIth Congrees of tho Internatlonal Soclety of
Ilee atoLoely¡ Sydney, AugueÈ, t966.

geru¡o Protelu Blnd,tng of Co58-Ytta¡nln Ble, Belaü1on-

shl,p of, Granulooytee to Inereased. Blnd.lng.
Australtan Soelety for l¡redlcal BeseE¡eh¡
Ad.e1elde, Docember, 1966.
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Plasna Faotors ln Vltapln B* Blnd.lng.
Hae¡oatology Soctety of Ausü¡a1la¡ Canberra, Maü,

196?, (Cor¡trf.butlon to sympos!.un on sAdvar¡cee ln
Leboratory TeohulquesÈ ) .

In Vlü¡o Etndlng of

Proteln Fractlons.

co58-vrtantn tsr, to Separated.

Australlan SocLety for Båed.lcal liesearoh¡
AdeLalde, June. Lg6?.
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Studies on the plosmo prote¡n

binding of rqdioocfive vitomin 8,,

l. Foctors influencing in vitro binding

R. W. BEAL* Camperd,own, New South Wa,les, Awstraldø

The present stwd'y has been d,esi,gneil, to eaa,Iuate the aariable factors in the d,iatysis
methoiJ, of measuri,ng the bind,ing of radi,oaoti,ue uitami,n 8," to çtlasma. The concentratiom
of the raÃ,i,oaati,ae ui,tamin 8," ad,iled,, the clwrati,on of dialysi,s, anil the ilurati,on of
incwbation høae been showrl, to,infl,wenae th,e bi,nd,ing of the radi,oaatite adtamdn ß,, to
plasma. The si,gndf,canoe of tlte ptreaùçtùtate formed, d,wring d,i,alysis ha,s also been assessed,.

Stand'ard'i'øøti'on of method wi,th particwlar reference to the si,gnifi,cant aari,ables rl,esaribed,

here is suggesteil, so that reswlts from, d,ifferent ser'ies mag be aomçtanecl,.

T;\
F'Ievations of the serum vitamin B, level are common in patients with

chronic myeloid leukemiat, 2 and. are also seen in certain acute leukemias and
myeloproliferative disord.ers. The possible use of this estimation in differential
diagnosis has been discussed.' Furthermore, the in vitro binding of vitamin B,
to serum or plasma proteins is also greatly increased- in chronic myeloid leu-
kemia.a'5 The electrophoretic distribution of the bound protein in these patients
is said to be different from normal,s although other authors using different
techniques have not found a difference.G,?

During the initial stages of an investigation of the plasma 8,, binding
proteins,8 it was necessary to assess some of the variable factors in the method
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used for measurement of in vitro ltinding of the raclioactive vitamin to plasma,

because of the widely differing rnethods usecl and conflicting results found. in
the literature.4-6, e-13

The basic methocl ailopted by most u'orhels for rneasurement of in vitro
binding of raclioactive vitamin Br2 to plasrna consists of incubation of radio-

active vitamin B, with plasrna or serlrm, after rvhich clialysis is pcrfolmecl to

ïernove excess racliovitarnin not bounil during incubation. It is then assumecl

that thc raclioactivity rernaining rvithin the dialysis sacking replesents vitamin
B, which has been bound. to the plasma proteins.

The following r.ariabÌe factors in the basic rnethoc-l have been stucliecl:

1. rvhetlier plasrna ancl. scrurn give differing results;
2. the effect of the concentrations of radioactive vitarnin 812 on tÌre arnount

of ladioactive vitatnin bound;
3. the effect of the ternpcrature of incubation on the arnottnt of raclioactive

vitamin bound;
4. the effcct of the cluration of incubation on the amount of radioactive

vitamin bound;
5. the influence of the duration of dialysis on the arnount bound;

6. the effect of tÌrc temperatule at 'lvliich dialysis was perfolurecl on thc

amottnt of radioactivc vitamin bouncl;

?. the effect of varying volurnes of clialJ'sis buffer on the bincling;
8. the influence of differing buffers upon diaì¡'sis, ancl

9. the signiflcance of the precipitate fonned during clialysis.

Moteriols qnd methods

'l.he stanilalcl techlique for this study requirecl the collectiolr of ve¡rous ltloocl iltto a

sterilo, ll:parinized containel anil the sepalation of plasma by ccntrifugation. Cob¡rlt¡s-labelccl

vitami¡ Brr'F n,â,s then aililccl in kno*'n amount, gcnelally lvith l volume of the racliovitarnin

mixerl rvith g volumes of plasma to give a final couccntr¿tion of 10 mpg pcl rnilliliter', except

rvher.e otlrclrvise speciflecl. The Col¡alts¿-vitamin 8,, containeil L pc/l pg, and u'as clissolved

in sterile physiologic saline. Äfter incubation ¿t 37" C. for 1 ìrour unless othelrvise intlicateil,

¿l hnotn volume of 2 ml. to 5 url. (usually 4 rrÌ.) Iabelecl plasma rvzls placecl in \¡isking
ilialysis sack, anil clialysis rvas perfolrnecl, usually at 4" C. in a 250 rnl. beaher, u'ith mechani-

cal stilr'ing against 150 to 200 ml. buffcr. The buffcr most comrnonly usecl l'as Tlis (tri-
hyclroxymethylaminomethane) phosphate buffer, 0.011\{, pH 6.5. This llufier was chosen because

¡re ilialyzed plasrna obtainccl rvas thus equilibrated rvith DEÄE columns usecl for column

cltromatog¡aphy,a Follorving cliatysis l.ith changcs of u'ash for' ¿ mitimum of 96 hours, âs

much of t¡e clialysant as possible l'as taken florn the s¿c alil centlifugecl to remove the

precipitate l'ìrich formetl clulilg tlialysis'
Àliquots of the original labcÌecl plasma, the clialysant, and each rvash, togethel' with

t¡e u,hole of each plecipitate ancl each sac, 1\'cre countecl in a Nuclear-Chieago l'cll type

scintillation counter (2 in. soclium ioclicle crystal) for sufficient titne to give al elror of less

l¡an 5 pe¡ cent in each count. lhus a,u atternpt, lot nacle in other stutlies, rvas intloducetl

to acco¡nt for all the raclioactivity present at tìre comrneucerncnt of ilialysis. The meall yicld

rvith this methocl ir a series of 58 ilialyses rvas 97.6 per cent + 4.0 per cent (2 S.D.).

Thc follorving valiants of this basio nothoil rt'ere stucliecl:

I. Plasma an¡¡, serwrn binddng. Plasma antl semrn rvele obtaineil fl'om blood collectccl

flom the sarre subject at the same tirne.

ÊObtaine(t fror¡ Arnersham, EnEîlând, through the Coutnonrvealth X-ray and Radiun
Laborator]', Mclbourne, Australia.
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2. Comoentrati,oø. Aliquots of normal ¿nrl chronic myeloid lcukemic plasma vere incubateal

rvitÌr 1 -l¿g per milliliter, 10 4pg per milliliter, ancl 100 mpg per millititer concentrations of
tlie radioactive vitamin Brr, ancl clialyzecl untler identical conclitions.

3. Temçterature iÌurimg ,[nattbation, Trvo aliquots of normal plasma tvere incubatecl at room

temperature (21' C.) for 2 hours, 6 hours, a¡,d 24 houls, and l'ere then tlialyzetl uncler

similar conclitions for similar lengths of time.
4. Dtnati,on of iti,algsi,s. The effect of the cluration of clialysis rvas studiecl by measuring

the radioactivity present in the l'ash bufiers at each cha,nge, In some instances this con-

sistecl of measurement of ¡adioactivity at 48 ìrours a.ncl at tlie encl of dialysis, rvhile in
another instance, 6 buffer changes ancì measurements l,ere mad.e over a. 162 hour clialysis.

AÀeptic precautions tvere obsêivecl in hantlling the mâteïial ustid in this antl the other experi-

ments, ancl they tvere conductetl atr 4" C. to minimize the possibility of bacterial grorvth.

õ. Tempetatur.e d,wri,ng d,ialgsis. Àliquots of the same normal labelecl plasma rvere

rtialyzecl in the coltl (4'C.) ancl at loom temperatule (20' C.).
6. Volume of d,iatEsis buffer. Two aliquots of the same norrnal labelecl plasma u'ere

clialyzed, one in a. 250 ml. beaker ancl the other against running tap rvater.
7. Effeot of d,ifferi,ng bwffers. Aliquots of the same labelecl plasma,lvere tlialyzetl against

normal saline, Tris phospha.te buffer (0.01Mt pH 6.5) ancl tap \\'ater' pH 6.75.

Results

Plasmø alad serunLbind"ing. At the 10 rn¡,rg per millititer level, plasrna from
a normal subject bound 1.15 mpg per mitliliter, while selum flom the sarne

subject bound 1.1? mpg per miltiliter. This difference is not significant. Similar
findings have been obtained with other normal subjects and from patients with
chronic myeloid'leukemia.

Tabte I. Dffect of differing concentrations of Co58-B'2

Normal,

C.M.L.

Cosa-Bu adileitr
(mps/ml.)

1.0
10.0

100

10.0
100

65.8

19.8
10.09

0.658
1.98

10.09

Amount boumil'
(mps/ml.)

ó.77
090

57.7
23.2

Per aent bownd,

Concentration (Tabte 1). Although the percentage of radioactive vitamin
B* bound to plasma decreases as the concentration added priol to incubation
incteases, the absolute arnount bound increases. This applies both to normal
subjects and to patients .lrith chronic myeloid leukemia. At the 1 rn¡.tg per

milliliter level, the chronic myeloid leukemic plasma shown in Table I bound

all detectable radioactivity. The results of a series of binding experiments on

myeloid leukemie plasma (Table II) confirm previous workers' observations

concerning increased, Ievels of binding.
TemTterature d,uríng incubation. No significant difference was obserYed be-

tween two samples of normal plasma incubated at room temperature (15o C.,



972 ßeal J. Lab. & Clin Med.
June,1964

2.80 m¡-rg per rnilliliter) and 37o C. (2.67 m¡rg per milliliter), follor,ving dialysis
for 99 hours against 0.01 Tris phosphate buffer, pH 6.5 at 40 C.

Duration of incubation (Table III). At room temperature, the arnount of
radioactive vitamin B' bound incleases with the duration of incubation, the
inerease between 2 hours and. 24 houls being 47 per cent orì the 2 hour figrue.

Table II. BincÌing capacit¡' of myeloid leukcrnic plasma

Bincling at 10 m¡¿g,/ml.

Bincling af, 700 mpg/ml.

Nttmber
ßan ge

(mp9/mt.)

3.03- 8.60
15.6 -34.6

12*
5+

5.25
21..9

Norcnatr range
(mp9/ml.)

r.07- 3.74
10.07-14.15

Mean
(mps/mt.)

* IncI udes 3 Þâtients rvith acute myeloid leukemia.
ilnclucìes 2 pâtients lvith acnte rnyeloid leukemia.

Tal¡le III. Effect of cluration of incubation on Coõs-8, bincling al 2f C

Norrnal ¡rlasma

Durati,on (Er.) Percenta,ge bounrT Atnount bounitr ( mpg /ml. )

o

15.3
18.2
20.5

2.79
2.86
aoo24

Tubla IV. Dffect of c-luration of clialysis on bincling of Co¡8-8,,

Plasma Durati,on (Hr.)

Pet'cent of total
rad,ioacti,ai,tg re-
moued, ,in 48 hr.

Per cent of total
rad,ioaatduity re-

moued ofter 48 h,r

Nolmal
c. M. L.
Normal
c. M. L.

96

744
744

3.5
5.9

7.L

11.5

78.2
48.0
50.1
38.2

Table V. Effect of prolonged dialysis on bincling of Coss-B,, (normal plasma)

Wosh, (No.)

Per oent of
radioaatiui,ty
remouecl by

dicr,Lysis

1

2

ù

4
5

6

18
43
64

112
140
762

18
25
27
48
28

22

Total ti,me
elapsed, (Hr.)

Per cent of total
railioactiui,tg

re¡noueiJDwrati,on (Er.)
47.4
17.4

6.7
4.3
r.2
0.4

6t.2
90<
97
Ð.t)

1.6
0.5
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Duration of d,ialysis (Tables IV arucl. 7). Table IV sets out 4 randomly
selected dialysis experiments, two from normal subjects and two from pa-
tients with rnyeloid leukemia. These results are typical of the whole scries.
The radioactivity removed after 48 hours of dial¡'sis ranges from 3.5 per cent
to 11.5 per cent of the total initial radioactivit)¡, representing 4.3 per cent
to 23.7 pel cent of the radioactivity removed by dialysis. Table V shows the
radioactivity removed at varying peliods of a L62 hour clialysis, and again
it is seen that significant t'adioactivity is rernoved after the flrst 48 hours.

From the results of this and other expeliments, it is concluded that a 96
hour dialysis will remove 95 per cent or more of the dialyzable vitamin present.

Tentperature during d,iøLysis. No d.ifference was observed between the trvo
samples which were dialyzed at differing ternperatures. The aliquot of normal
labeled plasma dialyzed at 40 C. bound 2.75 mp"g per rnilliliter of the radio-
active vitarnin 8,,, while the aliquot dialyzed at 20o C. bound 2.80 m¡rg per
milliliter.

Volume of d,ialplsis bufer. The amount of radioactivity removed frorn an
aliquot of labeled plasma clial¡'2s¿ in a 250 ml. beaker (64.6 per cent) was
not significantly different from the amount removecl by dialysis of an identical
aliquot for the same tirne (72 hours) against tap water rnnning at approxi-
mately 1 L. per minute (64.0 per cent).

Table VL Effect of differing bu.ffers on binding of Co58-81,

C. M. L. plasma

Bwffer
Tap uater

(c)
Per cent of raclioactivity in

dialysant
Pe¡ cent of raclioactivity in

precipitate
Per cent of radioactivity bouucl

to sacking
Total ra.dioactivity

70.1

1.2

3.1

74.4

44.8

18.3

5.8

68.9

50.2

17.7

4.4

402

Tri,s pltosçth,ate

buffer pE 6.5
(B)

Normal saline
(a)

Effect of d,iffering buffers (Table VI). The results of this experiment show
that more radioactivity is bound to plasma when dialysis is performecl against
normal saline than ¡n4ren it is done against Tris phosphate buffer or tap water.
It is also apparent that the precipitate fonned du.ring dial¡'sis against Tris
phosphate buffer and tap water contains more rad.ioactivity than does the
smaller, almost negligible precipitate which forrns cluring clialysis against normal
saline. That this radioactivity is bound to the precipitated protein and. is not
due to trapped plasma was shown in the following way: The precipitates B
and C, similar in volume and radioactivity, were broken up and resuspended,
precipitate B in normal saline, and precipitate C in tap r-ater. After further
centrifugation, precipitate B almost completely redissolved, ancl most of the
radioactivity \ryas in the supernatant. fn precipitate C, taken up with tap
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water, more than 90 per cent of the initial radioactivity was present in the
second precipitate. Totaling the radioactivity of tlie clialyzed plasma, the pre-

cipitate and. the sac in each instance, a similar figure for total binding rvas

obtainecl in these three experiments.
Starch gel electrophoresis of the redissolved. prccipitate B showed tliat it

consisted mostÌy of garnma globulin, with some beta globulin present'

Discussion

fn the literature on binding of radioactive vitamin B,12 to plasma proteins,

the tcchnical pr:ocedures used have variecl greatly, ancl this present study rvas

planned to evaluate the effects of some of the valiants.
Differettces betueen serum and plasm,a, Certain authorsn' 5J e' 10 havc usecl

serum, and othersc' 11' 12 have usecl plasma, with some ovellap and variation
within the various studies. No difference has been shorvn betlveen serttm ancl

pÌasma binding of raclioactive vitamin B' in this present study.
Concentration elf ects. It has been shou-n on a number of occasionsa' u as well

as in the prcsent study that the amount of radioactive vitamin Bp bound to
plasma is relatecl to the concentration of the radiovitamin acltlecl pr:ior to
incubation. As the concentration of the radiovitamin increases, tìre amount
bound increases, although the pelcentage bound is less. This increase in bintl-
ing cloes not bear a linear rclationship to the increase in concentlation.a When
dialyzecl plasma is applied to a DEAE colurnn, there docs not appear to bc

any difference in the clistribution of the bound racliovitarnin betwecn the pro-

tein fractions in the low concentration (10 m¡rg per milliliter) and high con-

eentration (100 m¡rg per milliliter) cxperirnents,8 although cliffelences have

been demonstrated in distribution of bouncL radioactive vitamin B'z at different
concentrations b1' precipitation techniques.€

The recognizeil inerease in binding of radioactive I'itamin B' to plasma

seen in chronic myeloid leukemian, 5 has again been confinnetl in this study.
The i¡crease in bincling related to increasecl concentlation is also apparent
in plasma frotn ler.ketnic subjeets.

Temperature during incubation. \ralJ'ing temperatures of incubation, rang-
ing from roorn temperaturea' s' e to 30o C.,12 have been usecl by other authors.
No significant difference has been obsen'ecl in this stucly between the binding
of radioactive vitamin B', bJ' plasma rvith incubation at 15o C. ancl 37o C.

Duration of incubation. The duration of incubation has been sho'rvn to

affect the amount of radioactive vitamin B', bo¡ncl to the plasma proteins

ancl is an important factor affecting the compalison of results frorn clifferent

serics. The exac+" nature of the increased bincling has not been determinecl'
It rnay represent increasecl bincling in the seme plropoltions as the bincling
follorving shorter periocls of incubation, or there could be a cliffering distribu-
tion throughout the plasma flactions.

Duration of ctiatysis. It has been shown that the cluration of clialysis is a
significant factor in cletclmining the value rcpoltecl for plasma binding of

raclioactive vitamin B12, since radiovitamin in signiflcant quantities is removed

by diatysis up to 96 hours. Other authors hat'e chosen differing dial¡'sig periocls
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from 6e to 72 hours,6 ancl sorne authors use differing incubation times in dif-
ferent studies.s, 11 Cornparison of tlÌese results florn one paper to another be-
comes difficult, if not irnpossible, when it is realized. that the samples dialyzed
for shorter periods will have reported higher binding capacities than sirnilar
samples dialyzed for longer periods. It is also apparent from this study that
dialysis for a short period does not necessarily remove a proportional amount
of the total dialyzable vitamin in a designated period of time. Thus, unless
adequate dialysis (i.e., at least 96 hours) has been performed., no tuo sets
of results are strictly comparable.

The precipitate. Allhou.gh it has been reportecl that no difference exists
between dialysis against phosphate buffer and. clialysis against 'water, dextlan,
barbital, and saline,s the present study has shown that the precipitate which
forms in dialysis against Tris phosphate buffer and tap water contains sig-
nificant amounts of bound radioactivity. Some authors h¿ve noted. the presence
of a precipitate in their work,e while others do not mention it.10 It is felt that
the precipitate probably does not represent denaturation of the binding pro-
tein, but the precipitation of high molecular weight protein molecules (p-and
y-globulins) during clialysis against a solution which is not isotonic.

In another paper,la the bound radioactivity is counted by dissolving the
dialysis sac and its contents in eoncentlatecl suÌfuric acid. The result repolted
as the amount bound to plasrna in these experiments will include the amount
bound to the precipitate, as u'ell as the amount bound. to the sac, ancl the reacl-
ing will therefore be high in cornparison witÌr other studies.

A suggested. standard system for stuclying the in vitro binding of radio-
active vitamin B1, to plasma would therefore involve the clialysis (for a min-
imum of 96 hours) of plasrna, incubated with radioactive vitamin B, at 37" C.

for t hour, against a selected buffer. At the completion of d.ialysis, the radio-
activity present in dialysant, precipitate and sac, together with the undialyzed
standard, would. then be counted, and the amount of binding calculated as a
percentage ancl as an absolute arnount.
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