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It is customary to divide knowledge into many sphereg, and
to suhdivide each of these further. Sueh divisions ave useful,
Wt the lines of demarcation are often only arbitrary. While
these divisions are especially useful in purely academic sphores,
theore are circumstances in which thoy can not, and should not, be
made, Sueh elreumstances srise in mediecal research work whero
chemigtry, biochemigtry and clinical practice offten bheeome so
interdependent that it le Impossible to separalte them without

destroying the whole schome of rosesreh.

In sueh a situation the work deseribed in this thesls was
undertaken, and completed., The work is blms a peculisr wizture
of various sphores and if it serves no other purpose it shows
the danger of keeping ecach sphore of knowledge rigidly separate

from the obthers.
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MILOLOGY,

A o

As there In pbill some oonfusion poparding terainology, the
following convenbions will be asdopbed in this thonis. The torn
vitomdn Bye will bo used &2 o general name for cobalamineg and
ke compounds, and xe-cobalanin will be used to deseribo ppeciflic
cobnlawing, where x 1p Yhe slxth complexing group on the central
cobinll gtome  The torm cosngyne By will be usad to refor %o that
evengyne contnining the hase 520 - dimebhyl bensiwidarole. This
borsinelogy ls ln ggrcenend with that ouggoesied by the Nomenolabore

i

Comadlsnion (Swith 1957),

To speclfy radionchtivae cobnlinming, the name of the compound
- 1% £34 . L0 g g g "”,;‘f‘ i ba y ST T 5 % 4
will he prefized by ACo or 336@, tha redioactive alom boling echeld

and the wamber denobdng 1te gbomio woeight.




Sobolawing are large opgenic moloculss, wibth nmolecular weights
about 1380, containiag cobald in the drivalont mtats.,  This cobali
bap slx positions available for coordinstion by ligands, Dive of
which are cccupisd by oitpozens fron the orpande pard of the moleouls.
The cobaiamln structure, an elueidated by Hedgkin (3987, is shoun
in Pigore . The remadniog slxth place on the cobalt cap bo fakon
by varives llgands, snoh ae the oyanide fon (0w}, the hydroside fon
(0=}, or aumonie, plving rise to AALPsront cobalasming,  In overy
othor raspeet the moleeule fs unchanged (Boponblum 1958) and awy
Al Clopencos In colour (and bheralfore in absopption spectyn), tmsieiby
and aeidity, or partiddon coeflielants, are dus to the Llgand oacupying
thin eiubh posiblon on ths esntenl eobald atom (H11) eb ol 1942).

The studion deseribed in this thesis are conearnsd with some of thope,

One posaible Mgend is the oyanida levn, plving eyenoecshalamin.
Cynnide complexos wopy strongly with cobali ir the trivalont state, and,
therafore, the eyanocobalenin selecule 1o one of the nosbt slable
aobhatanin noleouless  Howover, cyanocobalarin ig resdily phololdyzsd o
agteapus eolution, and the eyanlde aplit Lfrow the molecule. This ebange
ie yavorsed on keeplng the solution in the dark (Feor ob al 1950).

4 product of photolyels is hydvomccobslanin, in which the elxth place on
the conteral cobalt 1o Selen by the droxide lon. In protonating
solvents, bydroxeeobalahin exislo ns aguoocbalanin, the conpleving group

bolng O (Smith ob al 1862),  The hydroxcaohbslanin moleculs i legs
2
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ptable, aod, thorefore, rors onelily degraded, tar 4o bhe
gronveotnlonln aolaonles ¥y and all other coboloping, gre
pend? ly covvepbed Lo oganoactnlasin by cqgusuns norgends

NS
1

ayanide {Honenblun 1965),

Oynnongoalanin i n mtmr siightldy huefe compound buad 4o
bantality fo so oMbt bhat 3% ie genseally comsdderad o bo s
meatpal coappind and ondy dn actdic solunblons doss 30 belave as
n bmae (Tedak ob o WARY.  Uvdveonceobnisnin o gore steongly

hande, dus So the helroadds gand,

Governd sobelowing v uhleh o olxth Tleand do an organie
oty Bave peoestly besr loointed (Burkor ob ol 1950%s Ladeleend
1950, Une of Shose orgonle conpleiss ig f{ei’w demzyadanonyl aotalonin,
b an aonbgyoe By {(Memme Y. anobher, radher sinpler, ovganic
aouplax 1o evibyleotnlamin (Plgurs 3} Soth these compowin ayve Tight

goneltive, baing resily photolysed Lo bydvougpobalanine Bobh are only

ey odlghtly baeie compoandi.

Sobalening are readily hwdvelyred by SiTube nelds and alhaddo.
The pretusts of gdrelysie waey sreording to bhe condl Ghono nwed (O
19983, bt oon mddd apdd hedeedysie the peoleots sro antdle aowpowsds
ealled *rod selde” (Avetioge ob al 19831, In thoss, some of ihe olide
alming of the pyerole pivgo of the eotalanin molagle hove oo hydpo-

Jyued Déon wDOMH, Go w000H,

Yoinly beeoansse of bhese fotars - the soee with whileh the
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Steuneburs of 5256 » Dinedhyl Bonsimidasele

Govamide Deengyme {(Gosnryme Bip).
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gobalaming are photolysed and hydrolysed, aml the multiplieity
of popsible forme dus to complexing on tha cokaldt by diffarent
Vipandn - thy chemlatry ond bleohomlotey of the cobslaming bave
posed pany probloms. Mopy of these problems have baon eolved,

bul soms 83t111 romadn.

DLATRIRITIQN

It 1s known that vitawin Byp is gyoathesized by sicroorganioms
{Halbrook ot sl 1950).  This 1o balisved 4o he the owigin of all
Lhe witania, repmrdlesg of distribubions In genoral, enimal bisopes
and animel peoducts are the richest nalural sowrees of the vitamin
{fetwsigort ot a1 1961), hut sewage sludge alse sontning appresiable
amounte {Bepnhaner and Peisdeich 1954}, Vegetoble matder usually
eontains wery 11ttle vitamin Py (Robbina ob ol 1940), bt in the
axparienee of the guthor and hey collesguess, the voots and nodulen of
gerbain leguminons plants appene Lo condalin m,mtzx*facaié?ﬁ,{a anounbts of

the vitopdn as mesmured by microblological assay {Bond et al 1965%,

Trr man, the higheat convendration iz o bo found in livep
{zyonseld ob al 1957, Doog % Mollin 1997, delson % Noctor 1068,
Pasoes conbain an appreaiabls smount {Giwd%gmﬁ 1950}, posaibly dus Ho
boetorinl action In the lavge bowel, and possibly due to mabeorbed
vitamin Bap In the diet.  frdine normelly econtaling 1ittle vitomin Byo.
bat 1t 48 the wain vehiele of oxerotion Ffollowing large paventoral

dones of the vitamin {Chow ot al 1940).



Ao the Bighost ocoweonbratdon: of vitanin 9‘}1 ava found ia
antundl Liver and in cerdedn feynentation rroths (Hulbvook ob ol

{1990, theoe wops the moot imptedant shtarbing matesrials for

daodation 8 Lhe 2itomin,

TEOTATION

I T

The fivet work vhich shorad Lhat ver condeined watardal, or
maborials, whieh ployed o pard ip ved esll profuction wes done by

hipple snd hie colleagnes {1920 on dogs.  This work was Lollowed

Ty the demonsteatlon of the affieasy of Mver thepany In patients

with pernicions angenla hy Minet and Narphy (1925). Soon Gustle &
Tapnoond (1929) pub forvard thelr thoory of “exlrincic fentor” ged
Pintringic faotor” vhioh soted tosethor o produce *Mver factor”.

Thig "Yiveyr faglor” waw mmmmmi to he bl anti~popdcions arasule
factor.  Mead weg fonnd 0 b on oaduvce of the fexdeineic foctor,

ngy hrown 30 bo vidanin ERM » and a ouest for Lhis fn wre forn wap
phaybeds Eediver wag most froguently need ag the glaprbding waderinl
and Oohr and bis acsoeletes {2023) plonsored o nebhod Pop Crecbionntion
of Lvep unlre vapyiog soneordrationg of obhonol.  Tholr feeetionstion
nethedn wore adophed and adapted Yy obhey vovkers and soms of th

axbroabs obtalned Oron Mvery wore found to have viiamln x":“ nablvity,

Mwther progress in the puvification of these ewtracts vas slow
for o wvariety of xonetws,  Slthobeb the ebovbiag seberlal, Jdver, bhad

thy highoot gonoontvetion of all Wesnes, 1% in now oloar that the
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eopeantrotion of vitamin Bys in llver 40 only of the order of

o micpogrom oy gram of $issue, or loss (Skenoy %! “amararma 1954).
Farly wvorkers, moroover, d4id not have a satisfactory "in viipre”
wethod of sotimabing tha amount of vitamin (the aetivity) in the
prebracts thay obiadned, as the only known mebhods of estimntion
wore olinleal bests ob pablents with pernleions snaemia and grovbh
besta on animale. 4 velevant nieroblologlienl assay wvap fired
dovised by Shorb (1947) using Tactobacillus leetis Dornor. This
teehnigue wag forther developed nsing other organisme (Skegne ob al 19908
foas 1950}, and these essay webhods remain the only reliable way of
sabinating vitamin Byp in the concentrations found in natural matorials,
Ansatheor techniogne whieh had not been developsd when the serlisy workers
wora atvtenpbing to Isclale vitamin Byo wase ch@mm&%mgwaghy; It is abilld

not prscticable to Jeclats the vitewin in pare form withoul clwomatography.

Bepauge of those,; and othey, d1f7%eculliiss, only industerinl
Inboratoring posaepeed tho negagsery roacurecs o ppoeoss tho laene
maomnle of atarting madterdeld reouized for ipolation of the viiamin,
Gougenquantly, wmosd of ths furiher feaiiful wvork was done 4n the
laboratorios of Glaxo Ltd, dn the nited Kirgdom, and of Verck 2 Co. Inc.,
in Ameplens Dventually, Rickes and hle collengnoes, of Mereh & Co, Ino,,
arnouncad The fgolation of o rod erystalline compound vhich they namoed
vitamin Byo. (Rickes ok 1 198a). A fow wooks lateor, Smith and he
sollsagung, of Glaxe Lid,, aroounced the indeperdoent lsolabion of tha

poms substance Drom Tiver (Swmith &0Parkér.1948) Sven afber thepe fuo



]

eriginal igolations, snother Beddieh tewm, ab Beitish Drug Hougon,

also fgolabed vitanin Ban {(F1dls ot ol 39249%.

Dutails of the procedures uped by Riekes mnd bis collssgues
hove vavop boon published, bub are wdor patents. From thase
mtonts 47 sesms ¢lear that adpoppiion of wethanelic solutions on
alupian played an tupovtant pard i the isolation.  The Glazo
tonm bave publlshed their doolation methods in dotedl (Fanies o al
2949, Thay used ebponatogeaphy on chareonl, aluming, and silica,
and o stmeery of their boohnicue has beon given by Smith (1940).

In thalir ﬁl*l?ﬁ%ﬁilﬁ?-&; the vitamin wap ocryatalllecd from acetons in
the fioel stages, and this le 28111 the nsuel solvent for

ervetallieotion.

8

The Dinal yield of the witamin was very low, bolng only o four
per cont of the sobivity of the original liver. The reason for tids
Cds now Euown to be thot the viteamin existy in bound forms in Ilver.
Aw thie bound vizemln would not have been relsaged Wy the teokniguos
naed, mueh of 1% would bove bosn copresipitated with the protein to

uhich 4% wvas hound,

Inter feolationg, espeaipily that of ¥ljnonge of Ueganon X,.V,
in Holland (Wijmenga 19503, used inovganic cyenide. Thle gave o
vory mich Mgher yiald, bub coonverted obher forms of cohalamin inlo
eyanpcckalaming, This wans pob at firet reslisged, and when the

shrucbure vas floally elucldated by Yeray cryetallograpby (Hedghkin 1957)




(Z

1% wae assumed Shed witanin iﬁw autphed "in vive” as gyauogobalain,
Howaws, snobher cobalanin hed been observed In bleologival materisls
{Smith 21848Y, nost Tlely hrdvoxepoinlonin, ot the signdflcarce of

thie wey oot fUlly apprecinted ab ihe bins.

IAttls Poyther vork woes done on the isclation of cobalaming
from nadureld soursos wndil Pewkor and Ble fsllow vorkers (Mologbach
eb al 1959 Parlker of al 19%0ay  Povker ob ol 1960B) oovounced ths
taodation and grretallization of soveral 'ﬁwwmiaﬁ wyness  Those
conpourids oo oandrewsly Mabd senpltive and on phobtolyels are all
rapidly converted Yo hydeoxovebnlaming which iteeld ip rendily convarbtod
ta locyanocolutlamlu, by eymnide. Porker and hie colleoguos (Barker ot
al 31950h) feoladed evengyne Byo From eulturss of Closteldive Sebanoperphom
wirtey very genbtds aed sopefnl oonditlons, moet otagee belvng dene ab w42
fa the dark.  THio geonp used aleoshol presipitetion, ligwid/Ilenid

anbyaction, and loneswebnnge ehrampbtography on Dowesn resing. Ooenmyme DI

han ales been icolated from pabbid ver (Welsabach o al 1959), and

Bavhar pod big collpegues have pud forvaed evidence that 3t i tho natwral

sobtalaonin fn tiosues {(Baeber 39673, Meplier wvorkees 418 nod isolnte
this materisl baoones Shey 434 pot, op vathar, ooudd not teke e

pirmoanbions nocossary o prenupvn suob g el il nolaeule,

orn pecontlyy Badelvend and Stahilberg (19563} bove teolabed from
Wmann odaeme o 9 Cowebh facbor?, now nown S0 bo potbyleobolsain
(Zdripbrand 1964).  Uhis 4o o Mzht sonsibive compound, belng rapidly

photolysed to hpdvemeobalonin, ¥ wvas deolated in the derk ueling
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nleohod precipitation, Ilepid/liquid extrnetion, and joneexchange
chropstographys  Liver bag beon ehopn to contaln metbylceotnlamin,

aad 16 baw also boon isolnbed fvonm eortsin coll cultures (Lindobprand
19543 An a pesullb of this poeent work, 35 scons nossillo thet
eyanoechalomin and hWdroxooolnmdamin ave ardifacts and thnt the vi mmir}-
exiobe in the slorage form mainly as the coongymo, and in the trarepord
form neinly ae sethyleobnlenin,  Howewver, 1t hag been shoyn Lhat
eyanosobnlomin (Moot 3 Rodoner I949), hydeoxooobalanin (Sohid Ping @

Q’ﬂ\

al 1951}, and coenyyme By {Sullivan & Herbert 1945) are hoomom

ponbloally active suggesting that there ave sysboms in the hody fopr
interconveralon of colmlaming, akin to those described in wats by
Mnehing ot ol {39583, 1% 48 copceivable that obher forpa of the

vitawin axieb, bl have nob yeob been dsolotsd feom natural wmaterials.

COMEROIAL . FRONUCEION

Hovy mierosrgenieony eyathealeo vitendn By, provided the medis
in yhich thay avo growmn gontain imorgauic cobullé (Yodingham 19530
Thia was a prowilaing sonres for the commereial producstion of vitemin Dyo,
and the conditionn for saximun yleld of the vitawmin fron the plewoe
geganiens vere soon dlscovered for esch ormanisn vhich provlised to be
of walue,  The ovgenlen now wost commondy used s Sropbomyoen prisous.
Thig orgonisn was used for the commercinl production of streplomyein,
and vi mrﬂjn By could bo obtained as o by-product (Rickes ob al 1948b),
Howovor, 1% was found 4o Y wore sconomicoal to oblain the siveptomyedn

and the vitamin Bya from soparabe eulbures, onchyusder the opbiman
. grown



(-

gorditions fop the desired produet, Vhen requirved, the cells avrs
harvested and the vitanin éxtraeteﬁ frop thome  For productlion of
vitamin Dy containing radionevive cobalt, the Streplomycaes is

grom: in a wedium containing redicactive inorgaonic cobalt, and this
1o dncorporebed Into the vitamin by the miercorganienms, The
redionabive viteanin 1o orbranted frow the microorganiom in the
following vay {Hailes, porsonal compuaiention 1954Y.  The vitamin

1o owbrentod from the cells by heating to 949 in the prooonce of

Hao Sog and KO, at plly, The use of cyonide inorenscs the yield

oft the vitamin, poseibly by aseisting ite vroleasge from proteln, and
aevltninly by converting otbar cobaloning into the mont stable
ryangoobulomine  Mgestion with buffsr ds Lfollowed hy a quid/Alguid
erbrgotion, len-suchange chrombography and papor chromatography.

The pare material, radionetive oyanocobalanin, is erystalliged from
aouaons ecotong, I hydyoxocobalamin 4 regwirved, 1% is obbained

by photolysdin of the cyanotobalaming paper ¢hromatography, and oryabole

Mration from aspeous aostons.

Poth Lhe United Klnpdom Atomle Cnorgy suthoritvy and Morel, Sherp
nad Dohae Lid. supply redioactive oyanocobalomin apd hydroxocobalamdn.
Oyanopcbalanin for Sherapoutie purpopes is supplicd malunly by Glaxo Téd.
under tha trade name of Cytamen, and hydroxocobnlamin under tho trade
nane of Hoooytamen.,  Movel, Shaep asd Dolme Lid. also produes hydponge

eobalnnin unddee the Lrads newe Bedisolei,
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VERABOLIC | FOHOTIUNG

s Lty

Sinee the lsolntion of vwilamin Iy there hop been conslderalio
apeowiation aboub lie metabolic funetilons, Mith the izolation of
acongyne forms, wmony opinions bsve had to b povisad in the Tlght
of tho known funetlons of theso coongynes, Thees sueh mtw%iwna
have teon esteblished for coongyne Bye in leelated oystoms.  These
aro bhe isomepiecation of glubanie seld bo metbhylaspartic amedd
(Borker ob al 1958), tho isomeprlisation of mebhylmalonyl cosneyme A
to meeinyd cosnaymo A (UVood ob al 1964), and the fsomordeoiion of
Tetedioln to aldehyden {Abalos and fLse 1954).  These functions of
aoonsyme By have veoeutly bosn woviewed Wy Aenstedn (1958), by
Wodsghoeh and Moekormen (195%), and by Wapner (3955), Only one of
thess Cunctions, bho isoperization of methyimalonyl comnsyne 4 4o
sucelnyl comngyms A, bhae beon shoun o bo of significance in mane
In vitemin Byo deffelent subjoete thore Lo on elevated weloswy owerstion
of setbylinloambte vhich rapidly roturns o novmal lovels on mrantaral

beoatment with vitenin oo {Cox & thite 1042).

Vitamin Beo, poseibly in ite cosngyme form, is also luvolved in
folato motabholiom but the procisoe mechandism 46 not fully undoretond.
This smapset of the subjent has vecontly baen reviewed by Puehanan (19564),

ond by ferberd (1965).
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CHERAPEUTIO  AMD | DIAGHOETIC

AUPLTCATTONS

In elinleal madicine, bobh oyanccobalamin and hydroxocobalanin
have been uaed, with or without good reason, for the treatment of
o vorlety of disensss. However, the main elinlcal application is
in the trentwent of vilomin By defleisnt slates, of which tho most
common lo parnleious anaemia,  In treatwsnt of deficiency states,
purenteral administration is uenally preferred. It is accepted
that troatment with eyanccobalamin (Woet % Relgoner 1949) hydronos
eobalamin (Sehilling ot al 1951) or cosnmyme By, (Sullivan & Nerbert
1985) in adeguate amounts, eorveets all the haomatological and blo-

chonical aboorralities and balte the progress of neuropathy.

Andionctive eyancoobalamin ig an important toel in dlagnoptic
practlics, and the tesls of absorption of radiosctive cyanmaah&i&mim
have replaced Limewconpuming balance studies involving microbiological
assay ol fascal pollections. Theoo bosts are in common neete
1, The frnecsl exeoration test (Heinle eb al 1942) which involves the
cotlsotion nf-fmmcgﬁ for up to 10 daye alior an oral dose of yadioactive
eyanseobalamin., The redionctivity in the Lavcoes veprosents unahoorbed

cobalanin,

]

« Tha urinory exeration tost (Schilling 1953) which involves the
adwinigbretion of an ornl dage of radioanctive cyanocobalamin and the

pimuliansons parenboral administration of a lorge amount of nonradiow
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~potive eyanceobplaming Thig parertoral dose ®flashos out® in

tho urine a proportion of the absorbed radicsctlvity. The amount

of radionotivity in n 24 bour collocbion gilves a measurs of tho
apount of caobalamin sbsorbod.

3, The hopatic uptake test (Class et al 194%), in ybieh the
aceunuiabion of mbsarheé radionetivity in the liver js counted by
aurfece counting aboul 10 days @ftmr aly oral doss of radloactive
eyanocotalomnin,

In depte 1 and 2, accuralte colicction of faseos or urine ls essontinl,

hat sueh colleobions are not rogulred in tost 3.




¥

QUELINE OF  PRESENT  SPURTUS
Ay L o i "

The work deseribed in this thesis 18 a qualitative and
quantltative study of the vadicactive maberial found in urine
after parenteral wadlosetive cyancoobalomin and hypdrosoecobalanin,

Tt con be corvendently divided dnto eix eoetions.

Goption 1t The aueantitative exerebion of radionctive material in
urine wae gbulled alter paronteral radicactive cobnlamin in various

groups of subjects,

gnevion 2e  Dxpepimental investigatlone relovant to the fsolation

of the radiouctive maborial found in urine weoro underbalien, and tha

tecimiques naed in Sentlion 3 developed.

Seetion 3¢ The nature of the radiometive material fournd in urine
was invesbigabod using the technigques developed in Bection 2,
Seetlon 4t Purbther exporimental investipations relovent to the

iavlation of the rodioactive material were undertekon, and techniguos

for chavaetorliontion vere daveloped,

Seubion 5 Aun application of the technlgues which had hoen developer
in Ssctions 2 and 4, for isclation of the radlosctive mabterial, and
applantions of the technigues developsd for charactorivation were

underbalan,
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Sacbion H:  The guantitetive ezerebion of radicachbive material in

weine albor paventeral rodiosegtive cobalaning was conpored to the

quartitative sxovetion of microbiclogically active waberial in urine,

fome of tho work deseribed hap boen published but io prosented
heya in groater dobteil. Reprints of published work aroe appanded
to the thesis, btogebhar with o list of published work not direetly

conneebed to this thesis.
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SECTION 1

Stadies on the (uantitative Urinary Fxerotion
of Radfosetive Material After Perentornl

5700 Hydroxocobalamin snd Fto Cynnocobalamin



A

L% has been reported that less hydroxocobalamin is eoxcreted
in urine afber parenteral administration, than cyanocobalamin
after an equivalent dose (Killander & Schilling 1961: Glass 1961gs
Heiprich & Gabbe 1961). It was folt that investigations could he
carried further and observations on the quantitative loss of radio-
active material in urine afler parenteral administration of radio-
active cobalamin in different groups of subjects are reported in

this section.

MATERTALS = AND = METHODS

QLIBICAT, MATERIALS

- > L] d . r"
" The excretion of radioactive material afber parenteral )700

hydroxocobalamin was studied in the following groups of subjects.

Group l: This group consisted of 26 subjects who were hospital
in=patients with no known derangement of cobalamin metabolism,

noer hepatic nor renal d ﬁease; llone were anaemic, and all had
normal serum vitamin Byo levels. This was regarded as a group of

normo ls,

Group 2¢ This was a group of 10 annemic (Hb, <10g%) subjects who
were not vitamin Bqa deficlent, all having normal serum vitamin Bys
Jevels, In 3 the ansemia was associated with reticulosis, in 3 it

was due to iron deficiency, and in the remaining 4 1t was due to
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myelofibrosis, hyperplasia of the marvow, chronic myeloid leukemia,

and f£olic acid deficiency, respectively,

Group 3: This group was composed of 10 subjects all of whom,

prior to treatment, were anae;mic (. 210g7), had scrum vitamin Bqs
levels less than A0 uug/hl, and had megaloblastic marrows, 9 had
Addisonian pernicious anaecmia, and the remaining subject a poste~
gastrectomy megaloblastic anaemia. The diagnosis was confirmed by
appropriate tests performed later. Initial studies woere made on
this group while they were anaemic and vitamin By, deficient.

They were then treated with 6~10 injections of c¢yanocobalamin,

1000 ug, intramuscularly, and placed on maintenance therapy, usually
1000 ug cyanocobalamin intramuscularly each month.  After an interval,
which ranged from 3-17 months after normal blood values had been
regained, and at least 5 days after any maintenance therapy had been

given, further studies were conducted,

The excretion of 5%Co cyanocobalamin vas studied in the following

groups of subjects.

Group 4% This group consisted of 26 subjects, who were hospital

in-patients. In every way these subjects were comparable to those

in Group l.

Group 5:¢ This group was composed of the same subjects as Group 3,

—
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and these studies with 3830 cyanoccobalamin were conducted when
they were in full bhasmatoleogic remission, being non-anaemic and

non-vitamin Byo deficient.

This gave a bobal of six groups of results, Lour relating to

hydroxceobalamin, and two to cyanocobalamin,

MATERTALS _FOR _ TNIEQTION

Hydroxocobalamin

Ampoules of non=radioactive hydroxocobalamin were obtained
from‘Merck, Sharp and Dohme Litd. under the trade name Redisol-H.
Each ampoule contained 1000 ug/ml of a sterile agueous solution
of hydroxocobalemin, Radioactive hydroxocobalamin, contasining
57&0%&1%, was obtained, through Merck, Sharp and Dohme Litd., from
the Stonewnll Plant, U.8.4., in sterile aqueous solution. Thig
compound was oblained at a concentration of 3,31 ne /1. 103 ug/3 ml.
It was diluted aseptically with sterile distilled water to give a
final solution containing 0.0473 ue/ml. The resulting solution
wag sbtored in the dark in sterile rubber capped dark glass Clinbrit

bottles at +4°C when not in use,

When required for injection, 4 ml 5700 hydroxocebalamin solution
vas mixed aseptically with 1000 ug Redisol=~H, giving a £inal solution
for injection containing 0.19 ue/1000 ug/5 ml. This was given intraw

mscularly. The purity of representative somples waz chacked as



deseribed in Seetion 3, and also by eleclrophoresis and paritition

chromatography, as deseribed in Section 5.

Cyanocobalamin

Ampoules of non~radiocactive cyanocobalamin were obltained as
commercially available Gytamen (1000 ug/ml) from Glaxo Lid,
Radicscbvive cyancocobalamin was obbained in vials frow the
Radliochenical Ceontre, Amersham, as freese-dried, non-sterile
5800 eyanoccabalamine  Bach vwiel contained 1.1 ue/L,1 ug.

A solutlion wag made up in sterile distilled water into sterile
rubber capped dark glass Clinbrit bobtles, lo give a final

solution containing O.l uc/0¢l ug/ml. ‘this was storilized by
autoclaving at 15 1ﬁ/$q.in. for 15 minutes, then gtored at +4°0

in the dark when not in use.

When required fof injection, 4 ml 5860 eyanocobalamin was
mixed aseptically with 1000 ug Cytamen. The resulting solution,
containing 0.4 ue/1000 ug/% wl, was given intramuscularly to
subjects. The purity of representative samples was checked ap
deseribed in Section 3 and also by alectrophoresis and partition

chromatography, as described in Section 5.

URINE COLLECTIONS

Trom each subject, a pre~injection eollection of urine was

made Lo ensure that there was no measurable radicactivity present.




Patients studied with 57Co hydroxocobalamin were given

0.19 ue/1000 ug/5 ml parenterally ob o conveniont time, and
all the urine passed in the subseanent 72 hours collecled in

2/, hour periods in devk glass boltles. Patlents studied with
5300 eyanccohalamin were given 0.4 ue/1000 ug/5 ml parenterally
at any suitable time and all the urine passed in the subsequent

24 hours collected,

MEASURIMENT ~ OF  RADTOQACTIVITY

Fach urine collection was shaken, its total volume measured,
and a 450 ml aliquot transferred to a clean 500 ml capacity
polythene bottle, with a screw cap. If the volume of the total
urine collsctlon wasg less than 450 ml, then the total collection
wag used and made to 450 ml with water. This aliquot was counted
by "end on" counting, using an I.D.L. type 663 seintillation counter,
with o sodium iodide thallivm activated erystal and a photomultiplier
tube, Tho erystal dimensions were 5.5 em diametor and 6.9 em deop. The
erystal and photomultiplier tube were shielded by 10.0 em lead., The
crystal had a well of diameber 2,75 cm and depth 5.5 em, in which small
volumes (0=20 ml) ecould be counted by the "all in® meothod. The
erystal and shielding are shown in Figure 4, For urine collections
the "end on" method was used because of the large volumes involved.
A1l eamples were counbed until al least 5,000 counts or, more usually,

10,000 counts had been recorded, to reduce the counting error to less
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Pige 41~ COross~Section of Counting Chambor

showing Crystal and Head Shielding.
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than T 27,

Stardards contained the same amount of padionctivity ne
that ueed in the injeetion dose. These were 0,19 ue oo
hydroxacobnlaning, or Q.4 ue 58@0 eyanocobalamin, made up bo
450 m)l with water, The total amnouwnt of roadicactivity in
each nrine collschion was cnleulated and, by comparison with
the approprinte standard, expressed no p percentage of the

glven dogo,

OFIER _ MBYHODS

In eneh subjeet, the serum vitomin By lovel wos moasured
by the guthor uvsing s mieroblologieal aseay, o8 deseribed in

detail in Section H.

Criginally, all glageware was wnshed in abronie acld, Wt
Intterly Mvoreey Pyroneg vas used, and found %o be equally
affectivo. Glasowara wae gbeopad in elsaning Cluid for one
hour, rinsad thovoughly in tap water, and Cinally pinged in glaps

Aletiiled vator,

Tho vater used wag glasg dletilled in our own laboratory,
using a high capacity allwglass ebill supplied hy Daird and
Tatlock Lids. Tor moking up storlle agueoes solutions bottlas of
agterile gloan distilled water, prepared by the Fludd Infusion

Iaboratorics wors uned,
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RESULTS _AND _ DLSGUSSTON

The representative samples of the golntions used for injection
vers found to be more than 707 pure for both cobalaming, as

deseribed in Seetion 3 and Section 5.

No measurable radiocactivity was found in any of the pre-
injection collections., From Tables l=5, and Figurew 5-8, it can
be seen that a considerable proporition of the injected radioactivity
is exereted in the urine, In the case of 390 eyanaocobalamin, this
excretion is complete within 24 hours of injection for 1000 ug doses
(Adams 1942), but in the case of 5700 hydroxocobhalamin, for 1000 ug
doses, it may not be complete until 72 hours aftor injection
(Tables 1 & 2). Thus, the figures quoted in Tables 3«5 and those
used in constructing the diagrams are those for the 24 hour
collection period for cyancocobalamin, and for the 72 hour collection
period for hydroxocobalamine,  All the resulls were analyzed by an analysis

of variance (Table 5),

A comparison of the percentage of the dose of radiomctivity
excreted after parenteral 5709 hydroxocobalamin and 5850 eyanocobalamin
in 1000 ug doses in npormals is shown in Migure 5., Tt is ¢lear that
less radionctivity is excreted after hydroxocobalamin (57,1%) than
after cyanocobalamin (70.7%). The percentage of the dose of radio-
activity excroted in normals and in initially vitomin Bq, deficient

anaemic subjects when they were in romission, is compared altop
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COLIRCTION PERTOD

NO. 124, hovrs L8 hours 2372 hours
1 2,5 34 <245
2 4549 249 23,5
3 51 L] 9 ."} ) 5 /—2. 2
A 529 Y LBeds
5 Z}‘G * 5 7 . 1 £ 5 o0
) 30,1 5¢8 3.6
7 6l.5 2.1 0
8 59.6 2.0 0
9 519 Lo L2241
10 602 1.9 0

TABLE 1 Percentoge of the Dose of Radiocactivity

Brereted in Urine by Normals in the Periodg 124,
Al and 4872 Hours £ollowing Paventerel Administration
of 1000 1ug/0.19 ue 5700 ydroxocobalamine. A Random

Selection of Regults.



COLLECTION  PERIOD

Ho. 1=24 hours RS hoursg A8=T72 hgﬁ?s
1 5242 245 0

2 3040 11.7 564
3 352 beel <13
4 5343 1.9 1.6
5 L3¢5 0 -
6 AT ) 0 -
7 3hel 3.5 0
3 202 hoB -
9 5146 1.6 0
10 20641 2l 0

TARLE 2

Percentnge of the Dose of Radiocactivity

Bxereted In Urine by Anaomic fubjecte in the Pariods

w2l , 2ol B, and A8-72 Hours following Parenteral

pdministration of 1000 ug/0.19 ue 7Co Hydvoxocobalaming

A Randomn Selection of Results.




MEAN % STANDARD
GROUR DOSE DEVIATION
No. SUBJECTS NUWMBER | FBXCRUTED
1 Normalg 26 571 Gl
2 Anapmic, non=Bqq 10 438 9.12
Deficient
3 Angemic, Rqq
Deofficient 10 4365 12,15
(Megaloblosbic)
A4 3 in femiasion 10 5649 12,62
TABIE 3 Grouping of Patients and Basic Results for

Percentage Urinary Txerebion aflter Parenteral Administration

of 1000 ug/0.19 ne 5750 Hydroxocobalamin,
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b

MEAN 4 STANDARD
GROUP SUBJECTS NUMBER § DOBE REVIATTON
No TXCRETED
5 Nbrmals 26 707 536
) 3 in
Romiasion 10 71.0 9&()5

TABLE 4

vy e e i

Grouping of Patients and Baple Results for

Parcontage Urinary Exeretion after Parenteral

D
Administration of 1000 ug/0.4 ue 5500 Oyanocobalanin,



3D

wo>d 000> d 000> d 000 > d s00<a
Tefig 13y iy it tadis joN (3¢ g ND worssTmax ar “nseiqoredagy
wo>da woe>d Wo>d sro<ld 000> 4
suvoyndlg uvoyedg Tuy Tedis Jo7 prudiy 698 g BO mosTmar ur ‘onswgorstoRy
0o > & wo>d o< g 000 > 4 000> 4
rudis Tudig Juzogrefis joN JuTanuig eyl oLF 3 HO (uorogop-=g) asdupr uy ‘ansujqoreayy
100> d wo>d g0'0 < d 10000 > 4 1000 > 4 (3ustagap-tig-uon}
nudy tudy 15 3080 yTeoyTadIg Juvogrudig 8'EF g HO £303(q0E TIWIT SOOITB[ISITY
oo >d o< d 1000 >4 000> 4 1060 > &
auvoyradg Jueaytudie o sueoyrudig Jumgmitg uveymiig T8 g HO £1200que TeTION
o< d 1000 > 4 1000 > 4 000 > & 1000 > &
Jusogrudis 10N Juvoytudig bty tudy et oL " NO spafqus R0y
0'TL 695 5EF 8eF T8 Lol p2ya1070 uHADIDQ0D
=g ND g HO “g HO *8 HO "5 HO “g ND P % v mesgaand
VOIESIWIL BT UOBFIUIL U] asdpjasuy (uepyep-'g vou) $1020Q05 1DUNON  £302[qnS [DWION

(1uowyop-""g ) 01s01QOOIF

839a{qns viwsup
FROFUDYIORIFT

Results of Statistical

TABLE

Analyees and Significance of

Difference of Mean Values.



A

RADIOACTIVITY
EXCRETED
9/ DOSE
Q0O "
°
. ° : °
I .
] 4
°c . 4 : 4
. * - S
° °
° °
50 1 ° ™
o 0o o
30 -
(O 1
CNB|; OHB
NORMALS

Fige S5t~  Compavison of Porcenlage Lxerebion of
Radioactivity after 1000 ug 5Tco
Hydroxocobalamin and afber 1000 ug

5860 Cyanoccobalamin intramuscularly.
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eyanocobalamin in Figure 6, and after hydroxocobalamin in
Meure 8. It can be scen that these groups show the same
behsviour, for both the cobalamins studlied. A comparigon
of the percentage of the dose of radioactivily excreted in
initially vitamin By, deficient subjects in remission, who,
ag shown, apparently behave as normals, is shown in Figure 7,
where it is again seen that lsss radiocactivity is exercted

after hydroxocobalamin (56.9%) than afber cyanocohalamin (71.09).

This grester retention, or lower exeretion, of radiocactive
material after parentoral hydroxocobalamin, as compared to that
after cyanocobalamin, is possibly due in part to the greater
binding capacity of plasma proteins and of tissue for hydroxo-
cobalamin (Bauriedel et al 1956: Skeggs et al 1960).  Another
factor which may be involved is the slower absorption of hydroxo-
cobalomin, due to its gbronger binding to tlssues, inferred from
the fact that urinary excretion ig greater after intravenous
than after intramuseular injection (Milhaud 1951), and proven by
direct measurement of radiocactlvity at the injection site at
intervals afﬁer‘injection (Killander <& : 5chilling 1961; Glass
et ol 1961b). These results, viw, the lover excretion of radio-
active material after parenteral 5760 hydroxocobalamin than aftenr
parenteral 5800 cyanocobalamin, are in asgreement with thoge
obtained by other workers (Glass ot al 198la: Killander &

Sehilling 1961: leinrich &’ Gabbe 1961).
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RADIOACTIVITY
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Fige 7~  Comparison of Pervcentage Txeretion of
Radicactivity after 1000 ug 57co
Hydroxocobalamin and after 1000 ug

Y 4
5800 Gyanocobalamin, Iintramisenlorly,

in Megaloblasbies in Remission,
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Comparing the percentage excretion of 5700 hydroxocobalamin
in the various groups studied the most oulstanding feature is
the lower exeretion (43.7¢) in the annemic subjects, both
vitamin Byo deficient and non-deficient, as compared to the
excrobion (57,0¢) in the non-anaemic subjects, bobh vitamin Bys
deficient and non=deficient (Figure 8). This lower excretion,
and hence greater retention, is nobt connected to the vitamin Byo
status of the subjeet as it occura in bobh the vitamin Bip
defficient and non~deficient anaemic subjeets. This would
suggest that the greater retention is caused by the anaemin
'por set. This differerce is not found with cyanocobalamin
where the percentage exeretion is not significantly different
between normal and anaemic vitamin Bin deficient subjects in
the dose range 40-1000 ug (Mollin & Ross 1953), and among normal,
anaenic non-vitamin B deficient subjects and anaemic nonw
vitomin Bqoy deficlent subjects with doses of 100 ug and 1000 ug
(Adama 19542).

The reason for this greater relbention of hydroxocobalamin
in anaemic subjects is not elear, but it may be due to a number of
factors. Greater binding of hydroxocobalamin by plasme proteins
might be thought to be involved as it ig generally accepled that
plasmé volume inereases in ansemia (Whithy: & Britton 1943)
although there is some doubt about this point (Tasker 1959).

However, agsuming that the binding capacity of plasma for hydroxc-
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~cobalamin fa 3000 uwug/ml (Appendix 1), then a normal plasma

volume (5 litres) would bind 15 ug. In anaemic subjects,

the plasma volume may he increased to 7 litres, giving s

binding capacity of 21 ug. Such a difference of 6 ug would

be insufficient to account for the observed difference in

the amounts of radioactivity excreted. CGreater and stronger
binding by tiseues such as liver whore the bulk of the injected
cobalaming are deposited (Glass et al 1954) may also be a

factor. Another factor which may be involved is the effect of
anaomia on renal function. Tt has been shown that renal functioﬁ
may be affected by chronic ansemia (Bradley & Bradley 1947), bub

ag the precise meehanism for hydroxocobalamin exeretion by the
kidney is not known, it 1s not possible lto may whether this impaired
funetion is a significant factor in this lower excretion of hydroxo-
cobalamin. There are other factors which could be involved and
much work hag yet to Do done on this aspect of cobalamin excretion,
The only issue pursued by the author was an investigation of the
rolative binding capacities of plasma and serum for hydroxocobalamin

and cyanocobalamin, This is deserihed in Appendix 1.

In this work 1t has heen assumed, as it has been by other workers,
that the amount of radloactivily excreted is a measure of the amount
of cobalamin oxerebted, This assumption appears to be valid for
eyanocobalamiz: (Smith 1952: Melean & Bloch 1954), but it has not

tegbed for hydroxocobalumin. In subeequent sections the validity of
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this assumption is tegted for both cgyanocobalamin and hydroxo-

cobalamin.
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SECTION 2

ixperimental Investigations and Development of
Teehniques for Isolation of Radioactive Materials

in Urine after Parenteral Radioaetive Cobalaming.

Introduction

Preliminary Work

Phenol Purification

Rther AcetoneMNater Displacement

Ton~Exchange Chromatography




INTRODUGTION

In Hection 1, there have been described certain quantitative
investigations into the vradiocactive material found in urine after
parenteral 00 hydroxocobalamin and 5300 cyanccobalamine It vwas
felt that a qualitabtive investigation into the nature of the radio-
active material would be of value, This sectbion deseribes
Investigations into methods of isolation of the radicactive
materials and the doevelopment of techniques for isolation which are
appliceble to urine. Thisg section describes work which is not
easily compartmented into the usual headings, and so the
invegtigations underbaken will be described in the order in which

they woere tackled,

PRELIMINARY. WORK

Certain proliminavy invegtigations were made to determine the
posgibilily of isolating and charecteriszing the radiosctive materials
in urine. Tor much of this preliminary work solutions of Mo
hydroxocobalamin in pools of urino were used since mosbt of the work
degceribed in Section 1 had been done oh hydroxocobalamin aund because
pools of urine wore easy to oblain.  Enough non-radioactive hydroxo-

cohalanin wag sdded to the urine sample to give a viailble pink colour.

As urine is the chlef excretory vehicle for blochemical by~
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wproducts it is a very complex solution, It was obviously
necegsary to remove as much unwanted matter fron the urine

ag was possible, Tonwexchange resins had been used to remove
impurities from biological materials (Heftmann 1953, and it was
felt that investigations into the poselibilities of ion~exchonge
chromatography would bhe of wvalua. Iotwexchange columns bhad also
been recomnended for use in separabion of cotmlaming (Pewelkiowlez

1962s  Smith et al 1962),

However, 1t was not at first realized how sengitive ionm
exchange resins were to the presence of inorganic ions in a solution.
This is partienlarly true of resins with a very small capacily,
such as the ionvexchaﬁge celluloges. The first resin used in an
attempb at purification was carboxymethyl cellulose (CMC) supplied
by Whatmon as €M 70 floc.. Tt is a cation exchanger, capacity
0.7 meq/ml, and was used as a column 12,0 cm long by 1.5 cm. diameber,
at a flow rate of 1.8 ml/minute. A sample of urine with added oo
hydvoxceobalamin was passed through a column of CMC, preparcd by
vashing with 0.1 N HCI followed by distillsd water, There was no
ratention of radiocpnctivity on the column, Next a combination of
columns was tried, using a high capacity resin, Amberlite IRC 50, wmade
by Bilo-Rad, and OMC. The Amberlite resin was packsd into columns
(20 ml) straight from its package and washed with water.  Another
. sample of urine with added o hydroxocobalamin was passed through

a colunn of the Amberlite to romove some of the extrancous malerigl




in the urine, then passed tlrough the MO column. Tt was
thought that the high capacity regin would remove impurities from
the urine so that there would be some retention of materials on
the CMC.  4gain, however, there wag no réﬁantian of radioactive,
or other, materials on the CHMC, though the Amberlite column did

gcom to remove some non~padioactive material from the urine.

As hydroxocobalamin, in a solution in dlstilled waber, was
found to he rebained by OMC, it was realized that the presence
of other materials, especinlly of inorganic iong, in urine, prevented
retention of hydroxoeobalaomin on the CMC. This was confirmed by
attempting to chromatograph on CMC aqueous solutions of hydroxocobalamin,
in sufficient concentration to glve a visible colour., To these
solutions NaCl, NaOH, NIC1, and combinations of thezo salls eg NaCl+
NHz01, had been added. IIn no case was the hydromocobglamin retained
on the column., It was obviously necessary lo remove thege interfering
iong, and posgibly also other contaminants, from the solution of urine

and radioactive material hefore any isolations on columng of lone

exchange resins could bs attempted.

Abtention was ﬁherafor@ direeted to ways in which these
contaninants could be removed, and the posgihility of exiraciion of
the radloactive material into organic solvents was considered,
Various medifications of 1iquld/1iquid extraction, and other methods
of preparetion and purification of cobalaming have bheen feviewed by

Pawelkiswicr (1962), and Barker and his fellow workers used liquid/
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/liquid extraction with various organic solvents Lo extract
cobalaming from tilssues and organisms (Darker eb al 1960a:
1960h) . It was thought that some type of liquid/liquid
axbraction might be applicable to the present problem of
renoving the radiocactive maborial from contaminants, bub such
an exbraction would only be applicahla to the radioactive
moberial in urine after parenteral radioactive cobalomin if
the material wag in an ovganic form, and did nobt exist as -
inorganic cobalt., There wes evidence that this was so for
cyanocobalamin (Smith 1952: Melean % Bloch 1954), btut there
was no iunformation conceorning hydroxocobalamin, Hovrever,
such on extraction was abtempted, in the hope that a useful

peparation would he achieved,

PHENOL _ PURTTTCATION

In initial studies, samples of urine with added 5700 hydroxo-
eobalamin, in suffiecient concentration to give a visible eolour,
were used,  As phenol is a common organic solvent, ite use in
extraction was investigated. About 10 ml phenol, liquified hy
heating, was added to a spmple of urine, contelning added 5700
hydroxocobalamin, in a separating funvel. After sheking, and
allowing a time lapse of up to elght hours, it was found that only
a small degree of separation into layers took place. The reason

for this was that the speciiic gravity of the liquified phenol was
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not sufficiently greater than that of water to give a good
and rapid separation of Iayers.  Also, the phenol formed
a solution with & considerable amount of the acqueous layer
and took this and thHe materlals pregent in it into the small

volume of phenclic layer which was obtaloed,

It was decided to liquify the phenol with some inert
organic solvent of high density in which cobalamins were not
soluble hefore addition to the solution of urine and hydroxo-
cobalaming  The organic solvent would be required to be
soluble in phenol, bub not in water. This would increase
the deneily of the organic phngse and canse a more rapidA
-separation of layers, However, only a small awount of this
ineprt liquid would have to be used, oy it would reduce the
solubility of the cobalamins in phenol. A solution of equal
voiumes of phenol and carbon tebrachloride wae tried, but 1t
wag found that the amount of radiosclivity taken into the
phenol/carbon totrschloride layer was very low. Thé’relative
concentrations of phenol and carbon tetrachloride were varied,
but the amount of radioactivily extragted into the organie phase
could not be inercased boyond 20-30% of the original radioactivity.
& solution of one volume cresol 1o two volumcs earbon tetirachlorids

wes also tried, but this too pave a very poor exlraction efficiency.

The next inert solvent to be tried in solution with phenol was

chloroform.  Again solutions of varying proportions of phenol/
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J/ehlovoform were tried, and it was eventually found that the
optimum concentration wag o 1/ hy volums solution of these.

This gave an exbraction efficiercy of about 80%.

The basis for this extraction is, of couvrse, the
praeferentially soluhility of cobalamins in phenol as compared
to water, Cobalamins‘are soluble in bholh of these, i.e. in
water and in phenol, but they also form a complex with phenol
(Mervyn 1953), and this greatly inereases their solubility in
this solvent, \ The inert solvent was present in comparatbively
small amounts, and Aid not apprecisbly reduce the solubilities

of cobalaming in phenol.
The exact procedurs finally used was as followsi-

To the urine with added cobalamin in a gepavating funnel
there was added 1/10 of ite volume of phenol/chloroform (1/1
by volume)s The funnel was capped and inverted several times.,
The layers were allowed to separate and the lower phenmiic layer
was drainsd into o besker., The upper agueous layer was further
extracted in a similar way in the separating funnel anobther two
times, and the phenolic Jayers pooled. The aqueous loyer was

digearded,.

The phencolic layer was waghed three times with distilled
water to remove agueouns matter still present. Thie was done by

adding 1/10 of its volume of water to the phenolic solution, and
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separating bthe layers, either by using a separabing funncl op
by centrifugings, The latter was found to be the more rapid
and the more eofficient, The phenolic layer was washed three
times in this way. If it were nol washed, there were many
inorganic lons sﬁilliprasent, and these had an adveprse effect
on subzequent procedures, The final washed phenolic solution

was then subjected to the next stage ol the extracbion procedure.
dJ ;

This oxtraction was firet tried on urine samples to which
5700 hydroxocobalamin had been added in sufficlent concentration
to give a visible pink colour. When the procedure had been
worked out, and when it could be performed in good yield, the
extraction was tried on urine collected after parenteral 5o
hydrozocobalamin, It was found that 40=-80% of the radioactive
material in bthe urins could be extracted into phenolic solution.
To the uvrine there had been added, as carrier, enough non~radio-
active hydroxocobalamin to give a visible colour. Thig was to
provent loss of the amall amount of radioactive material, presumed
to be cobalamin, present, by adsorption on to glassware.  However,
the cxbraction procedure wag also tried on urine collected after
parenteral 5760 hydroxocobslanin, without the addition of caveier,
Virtually the same results were obbained with and without corrier.
This extraction was similarly tried on urine collected after 55Co
eyanocobalanin with non=radiocactive cyanocobalamin added ap carrier.

deganin the same resulbs were obtained with or without carrier, and
(] ?
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about 80% of the radioactivity conld be extracted into the
phenolie solution, The fact that the radiocactive material
in urine collscted after parenteral cobalamins could he
extrected into phenol is evidence for its cobalamine-like

eharactor,

EIHER/ACETONE /TATER DISPIACEMENT

The phenolic solution obltained from the extraction
procedura contained about 80% of the radionctivily praesent
in the original sample, but this was now eoncentrated into
a volume of about 1/3 that of the original solution. As it
is mueh more convenient to work in agueous solution than in
phenolic solution, it was decided to aﬁtampt to displace the
redionctive material from the phenol into distilled watber,
This was tried using the method deseribed by Barker and hisg
colleagues (Barker et al 1960a: 1960b). The basis for the
method liss in the fact that diethyl ether bresks up the complex
which hhg been formed between the phenol and the cobalaming, so
decreasing the solubllily of cobalamine in phenol.  Also, phenol
and dlebhyl ether are mutually soluble, whilst ether and water
are imniscible, and thus the phenol and ether formed a solution,
Cobalanins are ingoluble in ether, so the formation of an ether/
phenol solution further decreased the solubility of cobalawing in

the organic ethor/phenol phase,




The exact methodology adopied was as followsie

To the phenolic solution, in a separating funnel, there
was added three times its volume of diecthyl ether, one timo
1ts volume acetone, and a small amount of wabter, The
resulting ﬁixtura wag shaken up, and the layers allowed to
separate. The lower aqueous phase was drained into a beaker,
To the other/acstone solution, still in the sepavating funnel,
there was added a 1little more water (1/10 of the volume of the original
phenol solution), the mixture again shaken up and allowed ho separate
into layers. As before, the lower agueous was drained into a beaker.
The top layer was further treated with small amounits of water until
all the rodioactive moterial had heen digplaced into the agqueous phase,
as determined by radiometric measurements. The aguecus solubions
thas obtained wore pooled and washed twice in a separating funnel with
1/10 of their tolal volume of ether/acetone (3/1 by volume) to remove

any regidual phenod,

Cceasionally, at this stage, a white cléudy precipitate had
formed in the aqueous extract. The extract was centrifuged and this
precipltate wag counted to ensure no radicactive material was present
in it, then was discarded. On no occasion was the precipitate found

to contaln any radicactivity.

This extraction and displacement resulted in an agueous solution

of the radicactive material, in 60-380% yicld, at a concentration of




ten times that in the original solution in urine. The
possibilities of this téchnique were explored using samples
of urine to which 57go hydroxocobalamin had been added,

When gatisfactory results, in terms of high extraction rates,
were achieved on thege samples, urine collected from patients
after parenteral 5700 hydroxocobalamin or 58a0 cyanocobglanin
wvore subjected to the extraction teehnique. These samples,
either with or without carrier, also gave satisfactory resulis
in terms of extraction rate, even though the urine in these

vag generplly more concentrated,

The aqueocus solution obtained after extraction, was thought
to be almost entirely froe of inorganic ions, as wag later proved
to be the case, but conlained some organic material from urine,
particularly some yellow pigments, and these, teo, had been
concentrateds These pigments were to prove the sourco of a

considerable amount of difficulty in suboequent procedures.

JON-TXCHANGE = CHROMATOQGRAPHY,

Ton~oxchange resing were used in an atbempt to separate and
concentrate the radioactive wmaterial or malterials present in the
aqueons extrocts obtained by the two liquid/liquid extractions.
Thronghout the use of the columns of ione~exehange materisl, the
pogltion of the cobalamina wags Jocalized by colour, if posgible, or

by measurement of the radioactivity in the eluates, or by both these
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netbhode.

To find oul whieh foneosohonge resing vore most suitable,
solutions of eyanceobalanin or of hydrocosobalanin in distilled
wabtor were passed through colunns of vardous loneexchangs naterdala
et ddfferont pH valuos,  In overy omeos o column of abont 20 md
war needs  Speelflontions of the reeins used, and details of thedp

preperation and use are given.

= -

Zagelineh 215 fe/le Porn  (Peroutit Go. Lids)

Thip 18 a phenoldice prosin with the funcilonal groupa -0 and
mi%ﬂ;gg’.i and Lo o ploongly aeid eation anchanger. 20 nl of ths repin
wiae asleopsd in ﬁi}@?ﬁ?ﬁimﬂﬁtﬂwy 28 HOYL for an hour %o convert 1t to tho
e Povme  The vesin wap then trangforred $0 the 100 nl Wwetbs with
g und of rglass wool al the Pool which served ag o container. 1%
was backewnpbed fop o fovr bours a2t o glow Plow rabe using tap vater,
watll the offluent was weutral, then allowed to settle end voppad
with more glage wool. One time the todevolume (20 nl) of 1M HOL was
poseed dowiwards theough the column, followad by zoveral times the
bodwirolune of distllled water. A solubion of hydroxocebolenin in
diatilled ualder waiﬁ pagasd theough She columm of vosin end was
rotained Wy 1%, bub could nok ba elubed by 107 Well, 20 #H01, 107 ¥all +
028 ¥aOl, mixed in squal amountn, nor by 10F 0alls. A solulion of
oeyanocobalanin in distilled yaler was passed Sheovgh another column

of thile roslin, preparsd in the cems way, and the cyanvcobalenin wor
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robained on the column. This could not be eluted by the same

elusnts,

Noither hydrmﬁaccbalamim nor cyanocobalamin could be eluted
from Zoo~Karb 215, so this resin was not sultable for separation

of these cobalamins,

Zeomforh 226/-/M+ form  (Permutit Co, Ltd.)

Thig reain 1s a cross=linked polystyrene with an ~303H
functional group, and is a strongly acid cation exchanger. The
resin wvas treated in the same way as Zeo~-Karb 215, When it had
been converted into its H+ form and washed free of excess rogenerant,
solutions of cyanocobalamin or hydroxocobalamin in distilled water
were passed domwards through columng of resine Agein both
cobalamins were retained by the resin, but nelther could be eluted,

not even by 2N HC1.

Ag neither cobalamin could be eluted from Zeo-Kerb 225, it was

not suiteble for separation of thsse eobalamins,

Dayex 501/=/llr form  (Bio~Rad)

This resin is a strongly acid cation exchanger of a styrene
type in wvhich the functional group is ~S0sl.  The material used was
Analytical Grade 500 (AG 50) with a cross~linking of & (x8) and

particle size 200400 mesh. Tt ig supplied by the manufacturers




in the Na+ form, but was changed to the H+ form by soaking in
2N HCL for o fow hours. The resin column was prepared as

deperibed for Zeo~Karh 215,

Solutions of eyanccobalamin or hyvdroxocobalamin in
distilled waler were pazged downwvards through columns of this
regin in its H+ form. ﬁoth eobalaming were retained firmly
by the resin. However, neither cobalamin could be eluted by
108 WH,CL + 002N NaOM in cqual volumes, 10§ NH,C1 alone,

10% NaCl, nor by 2N HOL, so this resin was not suitable for

the separation of these cobalaming,

Dowex 1/=/0i: form  (Bio=Rad)

This is a strongly basic anion exchanger with a quaternary
ammonium functional group. The matorial used was Analytical
Geade 1 (AG 1) with a eross-linking of 8 (x 8) and particle size
100«200 mesh, It is supplied hy the manufacturers in the Cl=
form, and as it was reguired in the OH- form it had to be converted

t0o this bhefore use.

This resin was prepared by steeping it in alkali (2N NeOH)
for an hour, transferring to o 100 ml burette with a wad of glass
wool at the foob, and back-washing at a slow flow rate with tap
vater until the offluent was neutral. It was allowed to gsoettle,
and topped with glass wool, then fully converted to the OH= form

uging 1N NaOH., It was, finally, thoroﬁghly washed with dietilled
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water to remove oxcess regenerant.

Solutions of hydroxocebalomin or cyanocobalamin in distilled
wvater wore passed downwards through columns (20 ml) of this resin,
but neither of these were veltained by the resin, and so this resin

wvas not sultable for separation of these cobalawmins,

Dowex 1/fw/le form  (Bio-Rad)

The use of this resir in the Cl- form to purify extracts
obtained from urine samples by the double liguid/liquid extraction

desgcribed earlier was explored,

The resin in the Clw= form was prepared simply by waeshing the
resin (20 ml) several times with distilled water then transferring
it Lo the 100 ml burette used as a container. The resin wag
allowed to settle under gravity end topped with pglass wool. The
extracts heing purifled were passed downwards through the column
of resin, alt o flow rate of approximately 1 ml/minute., No radio-
activity was retalned by the resin, but some of the yellow pigments
were vemoved from the extracts. As thie resin has a very high
affinity for Gl=, in this form it retains only very strongly anionic
compounds, which these yellow pigments appeared to be. They could be
seen as a dark yellow band at the topr of the column of resin, No
attempt vas made to elute these pigments, and the resin in the column

was discarded aftor use.

Amberlite TRC ﬁﬂfh/ﬂ+ form (Rohm and Hass Co.)
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This is a weakly acidic cation exchanger, made of crosge
linked methacrylic acid, with «COO0H as the functional group.
The resin was prepared in the same way as the obher acidic

cation exchangerg and packod into columns of 20 ml bed=-volume,

Solutions of hydroxocobalamin or cyanocobalamin in distilled
vator were passed downwards through columne of this resgin, but
neither hydroxocohalamin nor cyanacobalamin were retained to any
great extent on this material, and thusg this resin was unsuitable

for the separation of these cobalamins.

Amberlite IR 4/=/0H=~ form (Robm and Haoss Co.)

This resin is a phenolic typs resin with functional groups
-0 and miclear amino groups. It is a weakly basic anion

exchanger.

The resin was prepared in the same way as the other basice
reging and packed into columns, of 20 ml bed~volume. Solutions
of eyanccobalamin or hydroxocobalamin in distilled water were
passed through this column and neither were retained. This resin,

thorefore, was unsuitable for separation of these cobalamins.

Carboxymethyl Cellulose (CMC)  (Whatman)

“Thig is supplied as Cm 70 floc.. It is a cation exchanger
with funetionnl group ~COOH, and a eapacity of 0.7 meq/ml resin.

It was used at a flow rate of 1.8 ml/minute, in a column (20 ml)
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of ls5 cm diameter by 12.0 cem long.

When this melerial wasg firet ohtéined, conditions for
its use were not clear and sevoral preliminary studles were
made to establishs optimum conditions for its use in separating
hydrozocobalamin and cyanoccobalamin. Tor this work, solutiona
of 57c0 hydroxocobalanin or "Bao cyanocohalamin in distilled
water were used, except where atabed othorwise, Solutions

vere sufficiently econcentrated to have a visible colour,

Attempts to Define the Optimum Conditions for the Use of CMC

The ecellulose was prepared by making a slurry of the white
flocculent powder with 045N HC1, adding water, and decenting
the suparnatant aflter the powder had been allowed to settle.
More wator was added and again decanted nfter the pouder had
sottled. This was repeated several times, Hthyl alcohol
was ﬁhen sdded, and decanted, several times. The cellulose
vas then suspended in water and transferred to a 100 ml burstte
plugged with glass wool used to support the column of eelluloze,
It was then allowed to sebtle and topped with more glass wool.
Avout 20 ml Q.IN HCL (one bed-volume) was allowed to drip through,
followed by distilled water until the offluent was neutral. Ac
much conflicting advice on the use of ioneczchange cellulose bad
been received, it was decided to investigale various methods of

uﬁing ity  In particular, the question of buffering the collulose
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was investigated,
Bufifered to vl 4.0

The GMC columu, prepared ag described, waes treated with
20 ml buffer of pH 4.0 (made from BOH buffer tablebts). The
eolumn was not washed through with water. Hydroxccobalamin
In distilled water was passed Lhrough and could be scen
retained at the top of the eolumn in g diffuse bhand. Thig
vas readily elubed by the same buffer, 17 Nall, and Wy

Ol HCLl.  Cyanoccobalamin in distilled waber wag not rebained

on another column of CMC prepared in the same way.

Buffered to pl 4.8

4 column of CMC was bWuffered to pH 46 with acebate buffer
(75 ml 2N WaOH + 2 ml placial HA mede to 450 ml with wabter) and
the colum was nob washed free of buffer. A solution of hydroxo=
cobalamin in distilled water was pasesed through, and some of the
hydrozogobalamin was retoined in a diffuse band., This was readily
eluted by the same buffer, I Nall, and hy Q.1¥ HCl, Cyarocobalamin
in distilled wabor wag pagsed through anobher column of CMO prepared

in the same way, and was nob retained,

Buffered to pH 5.5

e d

The column of OMC was propared ag before; but hefors use, 20 nl

phosphate buffer of pH 6.5 (256.05 g NalipPOy + 2Ha0 -+ 15.5 g NaQHPO4.2H30



in 500 ml water) was passed through the column and the column
wag nob washed with water., Hydroxocobalamin in distilled
water was then passed through and some, bub not all, was
retained in a diffuse band alt the top of the column., Thig
could be eluted with the same huffer of pH 6.5. A solution
of cyanocobalamin was not retained on a column of CMC prepared

in the ssme way.

Buffered to pi 9.02

The column of cellulose was btuffered by passing through the
column 20 ml of a buffer of pH 9,02 (made from BDH buffer tablets).
The column was not washed with water, A solution of hydroxo-
cobalamin in dietilled waler was passed through bult there was no
retention of hydiOXQGObalamin. Similarly, a solution of cyano-
cobalenin in distilled water was passed through a column of CMC

at pl 9,02, but again there was no retention.

Egliy‘ﬁ+ form ~ non-buffered

A column of OMC was prepared as described. After the passage
of 20 ml 0.1¥ HC1 through the column to make sure the cellulose
was in its fully H+ form, it waa.washed thoroughly with distilled
water to remove excesy regensrant, A solution of hydroxocobalamin
in digtilled water was passed thraugh and the hydroxocobalamin wag

retained firvmly on the column. A solution of cyanocobalamin in




b

distilled water was passed through a column of CMC in ite
He form, and it was not retained. Hydroxocobalamin could
be eluted uging 17 NaCl or O.IN HC1l. The use of O.1N HCL
wog preferrved because thisz elubed the retained material
and converted the column to the M+ form at the same time,
a0 that, after washing with distilled water, the column was

ready for re-use,

As this was the gimplest way to use the CMC, and as it
gave good results with solutions of cyanocobalamin and hydroxa-
cobalamin in distilled water, both separately and mixed, it was

decided to use it in this vay.

4 purer batch of CMC was later obtained direetly from the
menufacturers, The previous material was old sbock which had
been in the laboratory for gome time, This purer mabterial
required only suspension in water and transferrence to colums
before use, However, it wvag always found to be advisable to
treat the colum of cellulose with 20 ml 0,1 HC1, to make sure it
was fully in the H+ form. If this were nolt done, the cellulose
was likely to be contaminated with atmospheric ions, which would
hinder the retention of hydroxocobalamin, The eellulose was

Tinally waghed with distilled water, 1o remove excess regencrant.

Dicthylaminoethyl Cellulose (DEAXC)  (WWhatman)

This celluloss is supplied as DE 40 (DE 11). Tt is an anion

7
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exchanger with a low capacity of 045 meg/ml. It was used as
a column (20 ml) 12.0 om long by 1.5 cm diameter, at a flow

rate of 1 ml/minute. It was used only in its OH= form.

A column of this material was preparved simply by suspending
the povder in weter and transferring it to the 100 ml burette.
The ceollulose was allowved to pebttle under gravity and care wae
taken not to pack'the material too firmly as this reduced the
flow rate. The column of cellulose was topped with o plug of
glasg wool. Before uge, the column was washed with 0.1 N NaOH
(20 ml), to meke sure it was fully in the OH~ form. It was

then washad thoroughly with water to reomove excess regenerant.

Nelther hydroxocobalamin nor cyanocobalomin were rotained
on this column, However, its use in removing agnionic impurities
from hydroxocobalamin had beon reported (Smith et al 1962} and it
wag thought that it might be of use in purifying the extracts
from vrine. Accordingly, extracts were passed through columns
of NBALC in its OH« form, and it was found that it retained most
of the yellow and orange pigments in the urine extract, as distinet
bandae, It aiso retainad a certain proportion of the radicsctive
material and this proved to be of use, as will be described lator.
Most of the material held on the DEATC could be eluted using
0,1 NaOH, but some of the plgments could only he eluted using
0.,5N ¥aOH, The NaOH hoth eluted material held on the cellulose

and regenerated it to the OH~ form,  After washing with distilled
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water to remove excess NaOH the column of cellulose was ready.. -
for re-unge, On certaln cccasions, the material held on the':
DEABC column was eluted by 1% NaCl.  The column then had to

be regenerated with NaOH and washed with water hafore it could

be re-uged,

Conelumion from Studies on Jonwexchanse Chromatogrephy

In viewy of the results of these investipations it was
decided 1o pass the extraet from urine pbtained by the
oxtraction/concentration technique, through Dowex 1, in ils
(1~ form to remove pigments, which were strong anions,

This resin did not vemove any radiosctive mabterial. The
effluent from this column was passed through DEARQ in ite

OHw form to‘rmmava obther anions, and Cinally theough CMC to
remove cations. The ume of DEAEG and OMC thug enabled the
radicactive naterial 1o be divided into three fractions.

Anionic material waé retained on the DEAEC and could he eluted

by 0.18 NaGH, Basic material was retained on the CMC and

could be eluted using 01N HC1l. Heutral material was not
retained on either of these, bubl was pregent in the final solution

oblained after the extract bad been passed through all the columns.

STMMIARY,

Prom the results of the investigations degeribed in this section,
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T hee boer compon practise fo nse radionetive oobalaming
to peasare the upinary loon afber paventeral doslng. Thie
appanrs b0 be valid whon wadionetive cyanogobolemin fe uged, as
thaye 4o song peost that $he radionotive maberial found in ueine
ie eyancootalanine (Jnith 1962:  Molaan 4 Bleoh 1954), In the
enso of redicactive hydvorccolnianin, however, thore lg no such
evidanas,.  Horsover, the work dono proviously o eyanccobalamin
would not now Be conslderod o ba corelusive as tho atandards
wead for conparlgon yore protobly not pave. T8 wag, thevefore,
dosided o voluvesbigate $hds polud and also bo Invesdigate the
natupe of the yadiongbive moterlal v urlos afbtse pavonberal
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el

materind found in wrine aftoe parentorald !{1‘0 hydrorneobalapin
4% . . . N
r g eyavaeshalasin.  In e labtier, the mbtepial frvrenbigntad
. I T & 1ot ke 3 - a4 {;?»; . *
wos bhat which woas in wedue after the adddtion of “'fo lydrowsesbalemin

o pools off wrino.

B ol b a3
sAnive Shdlos.

Dupns of avanseobaionin aud of hydroncpobnlanin were wrapaped
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ng deserdbad in Seoblon 1,  Thy dose of 50 fpdroxoeobaianin
wng 0484 ue 1000 ua/d nl, avd of “Spg eyanoeobalanin vas

D¢ ue/ 1000 ug/H wl.  ALL the subjesbe uweed in bhis study wero
vord dnepationte, who bad no kaoun depangonont of cobalewmin
patabolion, nor ronal noe hepotdo disonse. Subjsebs weore gliven
papuntorald radiosotive cobalanin ot 10 pane end 211 urine papoed
in bhe subsoguent 0 hones colleatsd In donk plass botilos.
In copiain syporinsnie, those bottles had been eberilizsd by
subooloving at 15 Ih/saddn, Por 15 nioutes, snd v thene oxpoviments

praged into the bottloso,.

wnine was

RERINCERS AN Rl

Urine woels wvore made by pooling overnipght urine collnetions
Crom various appavonely novmel siaflf and famdly weubeprs, To these
wope added approprinte anounts of oo hvdponocobalanin o give
el the sowe eovesvirabion of vrodlosetive natorial ao wos Shought
bo he dn the urine collzsebad afber poronberal Ty hydvoxcoobalanin,
It how beon phown dn Seotion 1 that about 408 of the injeated duse
of ypadlonetivivy is sporeted ond 1t wos obworved that abont 5060 ml

nrine wvan pasged overnight,  Thue 0,17 ue/400 ug wan odded to each

80 ml of poolad wlne,

Auaduiionl Peasedise,

Thin vayw an deseribsd in Scclion 2, and conpisted cosentintly
of the Iollowing clepsse

1,  Idonid/lguid esbrection using phenol/ellovatorn (1/1 by volume),




¥

to extract the radienedive maberiol In Bha wedne dnto phonolie
golubion,

2e  Bookedtisplacewsnt of the madionetive maderisl dndo disdilled
vator uging ebhev/aeotona (370 by volune) .

3 Toneozohangs chpomalop m;@my of the axbrocts thus oblained on

Dowex 1 in $ts Ole forn, DEARD and 000,

Iy tho work doseribed in thisz seotion, nonsradiconedive
cobalanin was added as carrder 1o the uvpine hafove axbrootion.
Thig carrdler vas added Lo prsvont the padiosobive sataerinl,
prohably eobalaming, progont ln very small amounis, belng lost by
gdrorption on o glsaswars, and o otahle s position of the
avtalaning to bo Isealiesd viovally bhrougheut tho oxpsydnsenial
worite  The additdon of earrisr &id nob arpear Lo meke any
differenos o tho romltin obinined,  Afbor parenternl a7 7%
hydrozoeobaldanin, 5 ng eryatalline none-pedinaetive hydroxoocialanin,
obtnined from "w. Vevvin, of Glane Léde, was added to cseh urine
eolisetlon, § mge of bthis matorial was olve aflod to oach 8GO ml
pogled upring o whioh 57 fo hrdrozooobaianin Tad already boon addad,
Afber parontoral o o eyanveobnieming 5§ ng lyvophilised noneradioe
aetlve ayanoeobalaning, ohiofiued feon Dre. Mepvyn of Gloxe Tid. as

8 g8, wao added b0 wach updne colloetion.

Venauponent, of Aadlonotded iy

NN S A R nmwm v

andioackivity vas nensuved using the apparatue slroady desoribad,




7

Hovever, ag small volumes were being dealt with, 10 ml aliguots

vere counbted in the well of the crystal. This snobled small

anounte of radiosctivity to be counted with greater accuracy.

Fech panple being counted wes thoroughly wixed and its total

volume measured. 10 ml was taken from i1 by means of a pipethte

and the amount of wadioacetitvity in this determined. Tha container
in which it was counted wag a polythene uckelt wilh an external
Aiameter slightly smaller than that of the well, These buckete

were of standard size and so introduced no additional counting errors.
By calevlation, the totel amount of radiosctiviity in the semples was

determined.

The radioactivity of the origlinal urine collection was talken as
1006 and the radioactivity of the exitract, obtained by the double
Tiguid/liguid extraction, compared to this to give the percentape
officiency of the exbraction. The radionctbivity of the extract was
then token as 1007 and the radioaebivity of the fractionsg separabed
by ion-exchange chromatography comparsd to it to give the rolative

percentage of each of those.

Othar Methods

A1l glassware was steoped for ab leasbt an hour In elther
chromic acid or Nivsersey Pyroneg then rinsed six times in tap
vater and finally rinsed in distilled wabter, Chemleal reagente
were Annley where pospilbles. Waber, from o high copacliiy alle

glass sbill, supplied by Baird and Tatlock Ltd., was genevally



wited, bab ccsaniongdly Blgosted water wes wvesd,  Hherdile
dlatilied water for nefing the solutlions for Injsobion wae

ghtained Crom the PIntd Infunicn Iohoratorion,
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Snalvass of Inisabion Selutions

R Y s

fiy lonwoxchangs ahvomsbograshy, reproseniative injootion
dogor {0.74 v/ 006 w1/ ul) of g hydronoeobalanin vora
sapsrated into thres fractions. This wap done on two soparale
seeasions,  Nepresentative fndsetion dosss (024 ao/2000 ur/b nl)
woro sabjseted to the extractioneoncordrotion procoduce hefove
jonwoxnhnnge chromptonraphy o male sare Shat this boohnious had
no debrinonial effeet on bydroxoeoinlendn. Thig vss done by
adding ao injeetion dose (D04 ve /1000 ue/b =i} do 1 1iteo watep
amd pabjactiog the rasliing solutdon to the extrnetionfoonseniration
procedai, thon geparating tho thron fraetions by lopmoxchangs
ahronatogrophy. The rolative proportions off the three fraotions
in the infection dose, beforo and afler oxtraction/oonceniration,
are shewn In Table 6, and these show that the dose aontaine move thao
707 bhasic cobalomis ond that the swlvsedion/ewnesndration bochulone
conaun no apparent damnge to this cobnlamin, Tho Masie acotalomin

fa, pragamably, hydvomocobalanis

Siadlordy, hefors any work wes dong using oevanovcobnlanin, a

. o . B ‘ 4
yepromontative dose (0.5 ue /1000 ue/s 1) of 0o eymnocotnlandn was
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SAVPIE PROPORTION OF GONSTTTURNTS ¢
NEUTRAL] BASIC ANTONIC
Before Exbraction 10 7 2
12 7, 11
After Fxlraction 7 80 15
TABLE & Results of Analysce of Representabive Samples

of 1000 ug/0.19 ue 57(:0 Hydroxocobalanin Before and Asbor

Txtraction/Concentration,
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soparated Into thres feactions by lon-exehangs chrosatography.
Anobher veprosontailie dose was added to 1 Ilire water,

subdected Yo the oxtraction/oonpontration proeciuve, then
aepavated indo thees eompononts by iov-oxehangs ehvomsiomraniy.
This Iatter wae done on thraes nepavate ogenslong, Roesulde

ave shown in Table 7 and these show thet the dnjection solution
containg wora than 700 neutrel cobalanin, presumably oyangs
aobglanin, and that bhe sstreetioneoncentration yrecedure caupod

MY apparant ORanEc.

Rutianetive Mabentad in Jelny mc Prsbiesyl

5700 Swiponoachalomin = n rive? Stedies

|3 {4 4 #
Muﬁm‘”kt’%} i AR ,,.,{E{,{ .Lﬂ »w«wﬁﬂ Eir L

Baven subisobe vors glven parantoral 3gg bydrorassihainnin
{02, ue /2000 ve/8 nl) and the yediosebive pntorinl found in
The wine in the saboeguend 10 hovrs sopavratsd loto dhres frastions.
The emilte aro shown in Yalblde 8 vhers 1% ean be gseon thad in all
aaaas lose Ghan balf of the rodioncdive maborial is in o bagle form
{39.22), the repaindor being in an enionic Poen (34,39), and o
noutpal form (23,49). Howsver, these urine ecollsotions werae made
without rogeyd te oberdlity and 16 wog poseibls that bneberiod

infeetion conldd have canosd some ohorge In dho rediosctive onterinl.
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SAMPIR PROPORTION OF COHSTITURNTS ¢
NEUTRAL BASTC ANTONIO
Defore Bytraction 72 13 11
Afbor Extraction . i2 12
72 14 14
84, ) 9
TARIR 7 Results of Analyses of Representative Samplos

5 : 2 [l
of 1000 ug/0.4 ue "’800 Oyancgobalamnin Bofore and After

Extraction/Concentration.




EFFICIENCY PROPORTION OF CONSPITUENTS ¢
CASE tlo, of

mz:ogvm NEUTRAL RASIC ANTONIC

1 80 2645 3045 4240
2 82 3540 2740 3340
3 81 15,0 39.0 4540
4. 92 115 320 480
5 77 22,0 4240 95
6 74, 2246 4243 2743
7 75 2045 3345 3842
MBAN 8041 239 35.2 3343

TARIE &

after Parenteral 1000 ug/0e24 uo

Subjects,

57

Reagulls of Aralyses of Extracts of Urine Collected

Co Nydroxocobalamin in Normal
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A.

Sterile Gollections of Uwine

To gange this possibllity, iwo subjects were given
parenteral 57Co hydroxocobalamin (0s24 ue/1000 ug/6 ml)
and urine collected directly into sterile bottles. Tach
eollection was subjected to the extraction/concentration
tochnique as soon as possible after the collection period
(10 hours) had finished. The results from these two
subjects shown in Table 9, are comparable to those obtained
when urine had been collected without regard to sterility.
The radloactive mabterial in urine was found to be composed
of approximately 41¢ basic, 38% anionic and 192 neutral
components,

However, this conversion of hydroxzocohbalamin to other
compoundg could have token place either in the body or in the

urine. In an attenpt to obtain information on this problem

_the effect of urine on 5700 hydroxocobalawin was studied,

Tin vitro®,

Radioagtive Matorial in Urine after the Addition

54 . . 1 :
of ’700'ﬂydroxocobalaq;n and Tneubation ~ "in vitro" Studies

At Room Tomperature (17°0),

The efflect of urine on hydroxocobalamin "in vitro" at
room temperature was investigated by adding 5700 hydroxocobalanin

(0412 ue/500 ug/3 ml) to 500 ml pooled urine. After mixing,
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CASE No. | EFFICIENCY PROPORTION OF COWSTITUBNCS f
of
RECOVERY NEUTRAL | BASIC AHIONIC
A
8 82 1040 4740 4045
9 52 2840 36,6 | 35,0

CABTE C

L

Results of Analyses of Exitraects of Urine Collected

With Regard to Sterility afber Parenteral 1000 ug/0.24 ue 0o

Hydroxocobalamin in Hommal Subjects.
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Khes pesulting solubion war inoubsted at roon temperatiare
(7% . Alionots were lalon Immedinteldy ofter nixlng
wad ad eonvenlent intorealss Fach aliquob was subjecbed
Lo the ontrectionooncontration propeture and sepavahod
dnke theao frections by lonwoxelionge chvomategraphy.

Thin wao dong on bhees A ferent pools of uwrine and fhe
resnlis ave shown in Table 10, Feom bhoss vesnldn 16 is
aloor that ardine hns .&n elfent on hydroxoeobnlanin and

that 4% ocowrs Junedistely afior mixing, 1AL01s change being

ohgopved wibh $imo,

At Bndy Tommesetven (3790

LR

Howovod, uringe speitds gulie o considerabls #ima in the
bladder ob 3770 and 1% is pozodble dhat a temporatuve of 3790
would dnereass $he npount of cobyersion of hydroxoeohslamin
wlth fime.  WAEh thde in wind, thoe ofTeod off o pool of urino
(500 w1} on oo hydvonceobalamin (0,12 uwe/600 gl wns
inveptipateds Afber oddition sf the hWydroxooobtaimnin to the
uping, the nlabure wag shalkan and fneubstad ob 3790, Aldquots
woie boken at 3 and 24 hours of incuboblon, sobjeoted do the
antractionfeoncentretion tacknioue and soparated into thres
frootlons using lonsabanpgs cloeosstogrephy.  The ronulis,
chewn it Table 11, osugeecht that corwersion bas been caprried

¥

3
furbhop ad 37 O




SAMPLE

TIME AFTER

i

EFPICIENCY

PROPORTTON

oF

CONETTTONNTS ¢

ap1ne go of
HYDROXO- RECOVERY NEUTRAL BASTC ANTOHIC
COBALAMIN %
KRS,
Yool 1 0 45 6 &7 20
24, 62 12 a7 17
Pool 2 0 76 1 60 7
2L, 76 25 46 20
Pool 3 0 73 Y, 60 21
3 60 A, 59 20
R4, &0 20 58 20
TABIE 10 Resulte of Analyses of lxbtracts of 500 ml Pools of Urine

. s , ;
with Added 500 ug/0.12 ue 9700 Hydroxocobalaming  The Mixtures were

incubated at 179C.




TR AFTER EFFIOTERCY PROPORITON  OF  (ONSTITUERTS ¢
AODING 4700 of
HYDROXO- RECOVERY NEUTRAL BASTO ANTONIC
CORATAMIN g
HRS.
3 63 27 52 17
2, 63 35 49 17
TABLE 12 Resulls of Anglysea of Extracts of & 500 ul Pool of

LY - a ‘ f"r& 4 > -
Urine with Added 500 ug/0.12 ue 500 ypdroxocobalaning  The Mixture

was incubated at 37%.,
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From thege ®in vitro® atudion 4% 4o clony thad oring

4ol f bag on offecdt on Wydperccobalamin convexrbing song

¥

off 1t to nentral ond some bo anfonio mobsrind,

Stumazy off Reemitn - *’?é“t:; Hydposmoshndnamin

ey

The Lacts privine feon this wvork ore Lthat aftey paventornl
g fdroxosobatonia the redivaetive malopial fonnd in aeing
oxighs ae aepproxcimitely 357 basio feaction, 2479 noubrel fraction,
and 5% aniondo Practlion. 1% 4g Jikely that eaoh of theso
frootdone de s cobalamin ap bhoy aves all exbresiable inte phanol
and eon he displscsd Dron Lhis by wther, Thie conversion of
wydrozcoobalamin toe other eolimiaming ds not opuwed wholly by mpine

albar 1t han been voided, nor doos 1t acem 4o be caused by baoteris,

, . £
Moengasion - + ? 1o ﬁvﬁirwaaumimm

Ap no othar york hag been paidiabod to date on thin subjloect
and e the msohonien of alesvance of hydvozocobalamin from the
blopd gbreom by he kidwey s oob hoowey 1% 1o nob possidble to
Form oluay ideap atioat bhe Tosabion and weehanian of the obuorved
gonveralon of hpdvoxcoobelamin Lo obhee Dorms.  However, the facb
that some degroo of convarsion wan oonssd By welne Ltoelf wenld
saggent thot converaion may take ploge gftor the hvdrozoocialnmin
hag Jofft the Dilood oteeams  TH do poseddble thab b fo o paraly

chomical rosetion, noh aflecbing tho cobalanin molecule, btut affocbing




fe.

only ‘{;hw Tigend on the certral cohalt abon, The neture of the
Blipse feactlong obtolned, bosla, anienio and nsuteal has vob
been ageorbalned, but 4% gooms Jlkely that the bagie matorial

A

—

3 hydvorcootalamin and She nouiral eyancoobalamin,
The nature of tho sniovio meberdnld o quite wikoown, bub
oeondd bo olthor o dogrodebion product, o.g. o rod anid, op

an anlonie complox of the eobelanin noleculo,

Radionetive Matenind Awn Thelno after Yewonboyal

Mw R Aty ey

S8no pyanosohalamin « "in vive® Htwiles

0 <l M‘vaﬁtumm'r

. ey
Two subjecls were given parenboral 250

“Ga oyanocobalani
(025 ua /1000 ug/b ml), and tho results of amlycos of the wrine
ooblons (10 hours) after extractionfopnoentyration and Loy
guchangs ehvonatopraphy shown in Tabla 12, Feor Yhooo, it in
olony thab oyohocobalamin e oxepebed as povs than 700 pouteal

gobalamin

L 2o hoown thnt eysnocobelamin $o eleared purely by
slomernlay Miltrotion (Matkin b ol 18612 YNolp ob al 19463,
and fron the veenlbs obleined 40 appears o be sxerobed painly
ag o hewtral eobalamine Tt evors Iihely that thlp o oyano-

eotnlanin, hub this has not been conelusively proved mepeoly iy

uning eolumn ehromsbography. T8 L6 fg oyanooobalamin, thon



CASHE No, RRFPICTRNCY PROPORTION OF  CQONSTITUENTS ¢
of
RECOQVERY NRUTRAL BASTIO ARTOMIC
10 a7 7045 545 Ha5
11 a7 335 He5 a0
815 640 727

TABLE 12

Regults of Analyses of fxtracts of Urine Collected

20k )
after Porenteral 1000 uz/0.5 ue ““Co Cyanoccobalemin in Normal

Subjecta
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tho pomile obbalued pre in sgeesnend wlth those of othep

vorkers {Enith 1069 Melean & Rloch 19543,

Sy At CORCRueTon

—-L

It hae boen shom that alter parenteral sdwindebreation
of e hydroroeotnlomin (D4 ue/1000 ve/5 1), the radic~
active patorlal found In the uweine dn the Lirsi ton hours
affter Injeetlon oan be sopovabed indo bhres components using
tho deaimlouss daveloped pod deseribed in Section 2, Thege
cmponenta dre a oede, an antonis and o neutiald cobndsmin,
found in the rolativo properbions of approvimately 358, 3654,
and 255, raspeotively. TFeldonos was found which sopgosted

that this obougo say bo caneed o part by wwine Lteelf.

¥ . £ W 3 1

T hos also bosn ghowm thnt alber parenboral 5500 oponow
cobotonin (05 w3000 ne/6 v} the redicsctive matordel found
In the weino din the fres den boues albor injectlon ie almost

wholly in the fore of a nowlral cobolnnin,

“he chemical noturs of bhoge vardous eouponents uas nob
faebher lovastipgated ot thde stase as teoklnioguos Doy obaractore

ieabion of eobaloaming wore nob anfflclently dofined.

Trveebipgations into possille teahnigues for Jeolsatlon and

ahavectordretion apo degeribed 1n the next gseobion.



BEOTION 4

Furbhsy Pxpeprdnontel Dnventleations nnd
Devolopment of Techniguaes for Isolalion

and Ghavanberizatlon of Cobolomine,
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The pature of the three componamts of the radioacbive
maherdnd in wrine afbor prenternl rediosetive cobaloming
A Min vitere” and "in vivo® urine samples was otill wnknown,

Thoeso Lrections had been lsolated by the technioues doveloped
i Beotion 2, but they had not bhoen somplotely ehavracberiged.
They 43 show cobalamine1ike characher in thet they wepre
axtractable into pisnel, aod they wore ddentlfied as basie,
nenbral and anlonle conponontes,  Work on the sherectordeation
of thoewo fraotions wae wndertokon, snd ivvestigabions inbo
posaibile mebhods of Purbhay ﬁ:t?.%:).’i&ifﬁﬁﬁ,i}&’i and eharasborisation ara
deseribad bolow,

Ag in Seobion 2, bthe work deseelibed lwee i nol conveniontly
ddvided into the convenidonal headings, buk will be deseribsd in
the opder in whiech 3% was done.

In the worlh deporibed in Section 3, caryier had heen added to
pach ueine collection to facilitole soparation of Sthe vadionebive
maboriad fron the obbop matsvdels prevent in weine, This wunsg
sntisfaetory for guanitilative work, ag 4% hod beon found that the
addition of cazelor did not alisy the rolutive propurdions of the
vadioactive gabevials present. T4 waa nol, however, sabiafnctory
for gualitative word es,in tbhds, bhe sature of the setual radionctive

mmberisls fowd An neing wes under lnvesbigation,

Ao 1% has besn eagbabhlished theb abont one balf of bhe dogo i

mrepeted altor porentoral adpiniebration of rediczotive colmlanin
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(see Section 3), this would give a concentration of approximately
500 ug/500 ml overnight urine. After exbrection/concentration

this was possibly only 350 ug/50 ml. As thiz was inpuffficient

o work on satiefactorily, especially as this amount is the sum

of thres components, 1t was obviously necessary to pool the extracts
obiained from several Min vivo"” or “in vitro® urine samples though

sach of these was dealt with separately,

Tor "in vivo" samples, adminiptration of rvadiocactive cobalamin
was mode as deseribed, and urine collected overnight (10 hours).
No carrier was added and the urine collection subjected 4o the
exbtraction/ooncentration teclnique. Txtracts from several urine
collections were then pooled and sepavated inbo components by ione
exchange chromatogrephy., This wag repanted several bimes and pools
of the three fractions were built up. There did not appear to be
aty reason 1ot to pool the urine oxbrscits, nor to pool the separste
fractions obtalined. Similarly, "in vitro® samples, with added
5700 hydroxocobtalanin, were made and subjected to the extraction/
concanbration and ion=exchange teehniques without added caprrier.
Agelin, pools were bullt up by pooling the extracts before column
chromatography, and by pooling the separate {ractions oblained from
several ion~exchange chvomatography runs. HMoch of the preliminary
work was done on "in vitro® sanples and the fractions obtained from

them, as bhese were very much eagler to obtain,
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The pooling of several batches of radioactive material
excreted in urine increased not only the amount, but also
the volume of the final fracbion which was belng investigated.
ixcept where stated otherwise, sach fraction, from %in vivo! or

in vitro® urine samples, wag subjecbad Lo the same investigations.

CONCENTRATION __BY _ RUAPORATION

The fractions were concentrebed using a rotary evaporator,
nede by Weight Scientific Co.. Thig ap@afatus made it possible
to evaporate tham to dryness using very little heat, so reducing
the risk of degtruetionfof the material., The material deposited

ont the flasgk was resuspended 1n a few ml dishilled water.

However, the three fractiong thwus obbtained still contained
yvellow combaminants and attempts were made to remove some of this

»

colouration by furthesr purification,

CHARCOAY,  TREATHENT

Adsorption of abb&lamins onn to charcoal was used in the original
attempts to isolate vitamin By, and hag rempined a useful method for
removing contaminants,  Basieally, the method involves adsorption of
materials on to chareoal and differential elntion from 1t. The use
of charcoal for parification of cobplamins has been reviewed by

Pavelkiewics (1962),

For thess investigabtions, fractionsg obtained from the Min vitro®
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(ﬁ?ﬂ@ hydeononchnionin) urine sanples wore woed.  The solubion

of radioselive mberlals, after svaporaticg, and resuspannion

in o fow ml dietilled wator, wos trooted vith activabed chaveoal

(o 110Y.  This chovoonl wan obbainsd as o gifs from v, Hervyn

o Glano $ide, who had found 1% suiiable for purposes simliar to

thoen o be desoribed hevro. A leife edgs of obaveond wap added

Ho the solulion io o teot-lube and the tube stoppored and shoken.

The bube wan canbpiinged ab 2000 rpo for 10 slnbes, and the
gupavngbont desanded, 1t wap found, W weamuvenend of rediocsetiviiy,
what ths oharcoal had tekon up ll of the vadioactivily, and hence all of
the oobolanineiile conpounds.  The chaveonld nlso seemed to take up
nopt of tho pigeents obill renaining ap contaninonte, ae the supops-
nobanh wvas eluar and colonyless.  The ehareoal wns yoshed with
dietillod wator, and She eadlonetivity ropained £ienly abiached to

tihe ohavoonl, as ol by the aboencs of radlonctivity in the washings.
Thy plgmenbe aloo rempined abtached to the chareosld ao Judged by the

Inek of eolour in the weohings,

Ao Llutdlon adbh Aoneous Aoelong.

Blubion of the radionetive mubarlal from chareoal woa teded
uping solutions of acotong and water (Ford % Pordsr 1993),  Solubtions
of warying oroporblong of aoebone nprd wnler wore fded, Wt in coeh
gago 10 nl of the polution uas ndded Yo the charecosl 1o the teebetubo,

ond the tubs gbopporod, oshaken and eenbrifuped. Tha supsenatont was

docanted and counbed, The amount of radioaotivily in the suporngtont
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vag compared vo that in the original solution., The recovery
rates for various acetone concentrations ave shown in Table 13.
60% aqueous scetone gave the highest recovery rate, but this
was only 50~60%, and it eould not be inereased by increasing
the volume of the eluting solution. Tho resulting aguoous
acebone solution was again evaporated to dryness, and the
maberial deposited on the flagk resuspended in a fow ml
distilled water. Iitile ivprovement had been mode on the
purity of the materisl as the yellow pigments appeared to

have heoen takon up by the charcoal, and eluted from it along

with the radioactive material by the agueous acetone,

It was thought that a preliminary treatment of the urine
aample, before extraction/concentration, might remove some of
the impurities and also make the extraction/concentration end
subsequent procedures more eapy and more efficient. Such a
prelininary treatment wvag tried on Win vitra“(5700 hydroxo~
cobalaminjurine samples. The urine sample was shaken with
charcoal (e 110) and centrifuged at 2000 rpm for 10 minutes,
The supernatant was decanted and counted, and it seemed that
all the rodioactivity hed been adgsorbed on to the charcoal.

This was verified hy counting the charcoal. It was then washed
several times with digtilled water and elution atlempled using

60% agueons acetone, Again it was not possible to get n recovery
of more than 50-060¢ of the radicactivity. This could not be

Inoreased by using different concentrations of acetone, nor by
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ELUTING  SOIVERT ¢  BLUTED
% ACETONE

100 0
80 36 .
50 60
AQ 40

o - o " a g

TABIE 13  Tlution of 57Co Hydroxogobalamin from

Charcoal by Aqueous Acetone,
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using a larger volume of eluent. As this recovery was oo poor
for the first stage of purification this method was discarded.
However, it was fell thal the use of charecoal conld be adapted
to give good resulis. The uplake of radiozebive malerial hy
chavcoal was very high and so this presented no problems. The
problem vag to find something which eluted the radiocactivity in

good yield, but did not interfere with subsequent steps.

B, Elution with Phenol/Chloroform

It was decided to try as eluent bthe solution used for the
original extrection of urine, i.e. phenol/ehloroform (1/1 by voluma),
as 1t has heen established that cobalamins are soluble in this
solution. Accordingly, an "in vitro" (5700 hydroxocobalanin) urine
sample uas shaken with - charcosl and centrifuged at 2000 rpm for
10 minutes. The chareoal was wasghed with dietilled water to remove
inorganic ions, which had also been adsorbed on to the charcoal,

It was thon washed with phencl/chloroform several times so thet the
final volume of phenol/chloroform was approximately 1/5 thet of the
original urine volume (about 100 ml). It was found that the radio-
activity was eluted from the charcoal in A0 yield.  Increasing the
volume of the eluent did not irerease the amount of radiosctive
matorial eluted. This yield was acceptable because this methed
dispensed with the stage of phencl extraction of the radleoactlive

natorial from uvrine which would be done in only 80% yields, The
: y
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}}i’mmlfeka’lar{}i“mrm solutlon veguirad o be woshod only onco

with wator msx ore being sw '9;1%5{::'&&&;:@ '&d the ebhormeetons et
dioplacowent, The z'“ son for this wez thad the wator woshing
af ths ehaveond had alvesdy » e:m%mﬂ noat of the inorgatic
combaninanis.  Thiz modificd moblod gave a Final efflceioncy

of Juah less bhap SOf The axtrects obtained in tbhis way

wors poseed theough floneanohovgs eolunrs in bhe sane way ag
thosz obtained hy the fivsd method,  Pech extreed sgain yielded

bheae Lracbions in the same rolative poroaninapos.

Chavenal tpostmont and olotion with shenolfehlovolorn had,
howaver, rouoved mors of dhe yollow plgnonts than the originel
shxaotion/ooncentration bad,  Thors weve alill some vellow
plonents remalning, ospecially in the sulonie froodion oluted
feom the DEABL, apd 1t was fosped Shot bhaope would intorlore wibth
aubsecnont Wientlfication of bths compound,  The other lwo Cractions,

basie and neabral, hod very mpuah Jess econtaninobing mpberdial proesent

ond the poasibility of identifying thesoe seenad sueh belbop,

Yo Prolisdnary Alendd Woahlve wf Ohayoogd

A K S RAR A

bofors Tlation with Phonel/Chlorotown

AT AR A

tne othey atbempd mrr wade o obdain a purer anbract on
slation from the chaveoal. Oharsoal containing radicaetive material
e &, .
waa ohiained ty ehabkion p 500 nl Yin vilre® {«‘-“” fo hydroxozobalonin)

urine sample with shareonl, conteifusing and decanbing the supaye
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natanh, After wasbing dhe chereosl onge with water 1t wuns
washed onee with 25 ol 2 HeOll, 4o an atbenpd to rowove nove
Gf Lho yollow plmesnts, This vas parldnlly sweeessiful in
that plonents yore elubted by the alkall, ap coudd ho soen by
the aolonr of the oluete,  APbey woashing the ahoveosl with

»

alkall, 1t wee ogaln washed vith water, veing 150 wl; bhen
the radiosobive maberial vae eluded with phonol/chlovolomi.

The exbtrast thus oblained vas mabjepled S0 Adn~axehango
chromatography, as bofore.,  This nebhod pave o purey oxbract,
again separabde inte theee gomponents in the pome relative
parcontages ag bofere. Yhose Dractions wern also mors papifisd

thay thoze feown gpreviows exteaotions, bot thers wore s$i1l somno

dpurdities present, especially in the pofonlie fysction.

The anount obtained off each of ths thres frections vas very
aondt, but thope war o vigible colouwr In esah frecbion,  The
potnboal and besle Pregtions wove plak, bub the anlonde was ovonge,

nrebably dus S0 contamingation.

The fepetions from both 2la vitro? {(brdeoxonobalonin) sanplos
prd in wive® (hpdroxoestalamin end oyanceohalanin) samples,
é;zhi;st;ﬁ,ﬁ:&@i by any of the methods deseribed in dhds Jentlon op in
Bogtion 2, wvore subjected to varlous oxpevimoninl obsorvaiiong in
an attenpt o ehavgcterdee Shame  Jone Inventigations pequird

avaporation 4o dryness oand recunpenelon in n fowr wl dletdiled watow,




bat for obhovs thoe froeliong wvers ottdisd in poroe ddlute
golation such go Bhat in which they yare oblalned Lrom

the forwsxohange ahromobogranhiys

TSI TYATNT Y P S0P A MTLA FT
ERERARALIQN. . OF_ STAYDARDS

hn the peberlals under Invosblgotion were thought to bhe
polmiaming, stondorde of known codbalanive worn premmrad,.
Theno atounderds, of oyonocobalomin nnd hdvoxoeobalanin, wore
pubjeetod to the same Inveosidgelions as the unlnoun moberdels,
for comparison purposes. Thay wees wodo by adding Cybamen Q000
{1000 ug eyencocbtelanin) op Hedisolel (IOD0 up hydrexcoobaluardn)
to 400 ml tap woter and traating the pesuliding solulions by the
Lipat deseribsd extrestionfeoncenteation tootrioue.  Tuch exbraot
ahtnined In thde way wop yun bheouch DEAZS and M ecolumms.
The hpdvozceobaleonin, boing boeic wag refelned on the O¥0 colum,
from whleh 1t was elubed, an was the basic fractlon from veine,
by O30 HEL.,  The solution thug obialned waz svaporated to emnl)
veoluge asing the rotary avaporetor, ond dsed as hydrozccobalamin
atandard.  Gyanoechaionming, belng nentral, was not rotalned an
aithor eolumn, but was collestod ns an effflusod from bhe M columm.
This solotion was ovaparatod to o Do nf welng bthe robary svaporator

and ueod as standevd eyanosobalamis.
(
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SPECTROPHOTOMETRY

The spectra of the unknown compounds and of the standards
ware recorded, in comparatively dilute solubions, using an
Optika (U.X.) Speoebrophotometer, for the range 220520 mu.
This covers most of the Infra-~red and visible ranges, Thig
photoneter is the property of the University of Strathelyde
Pharmaéolcgy Department, and permission to use 1t was kindly

granted to the author by Professor Stenlake.

The spectra of the standards could be recorded easily but
gome Aifficully was anéaum%ered in recording the spectra of
the unknowm compounds,  In the Infra-rad range, there scomed,
in each case, to bhe some substande absorbing very strongly, as
ghown in an example of a spectrum in Figare 9. The interfering
subsbance was thought to be possibly elther phenol or NelOH,
To test if it was phenol, the selulbion whose spectirum was being
recorded wag ewbracted using hexane, and the spectrum of the
hexane recorded. {see Wiguve lb). If phenol had been present,
there should noy have appeared three peaks at about 280 mu.
These psaks did show up,but,by their helght, it was judged that
there wag insufficient phenol present to interfere substantially
with the spectrum of the compound being investigated. Thus the
subgtence causing interference seemed likely to bhe NaOH, though

the origin of this was not clear, except in the case of the snionic
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maborial whioh was oloted Orow the DEAEC by 0N HalH,

Hewover, this Inberference wae gbill present in tho solublion
gantalning the aciondo material sven ywhon 1% had beon elabed
fpom tho %i)%\:;’s,‘f":é aming 3 Ha0l. The solintion undor invesbipntion
won dilnted dn an attemph fo dilube ont thile iuterferonce, but

B0 meh dilutdion was requived thed the speotran of thoe conpound

$hualf van lost.

a4

The speetra of dhe wabknown componnds could be obbtalned fov
the vipible pange, bub this was nol of very maoh balp in
idertifying tho malerdal, (311X ob ol 1962}, An exompls of a

apeeteun In the vloible roglon 1o shown dn Yigars 1.

PARTICION  CHIATRARATYY

i o

Partltion chromtosenphy vas tried aoing columas of ¥hatsan
foliuloss Pordor (Stepdued frado).  Oolumnz of 20 m) wore uped
and yovs propoved simply by sueponding the pouder in dilatilled
wator and trapsferring 1% to the 100 ol buroebide which sorved to
contain the celiulose, Tt vas allowed 4o seldtle under peavity
awd toppad wlith a plug of glage wool, It wan now proady {op
use, and the polutlion being ehromatopraphed was applied gandldy,
afbor evannration o o smell volume, to the top of the eolumn,
Wy ollowing 4% fo run dom the gides of the buretis,  Howevsy,

thops was no rebontion of eny of Lhe conpidinents of the solubion
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on bhe eolumne Mo rebonlblon ves oheerwved with any of the
fractions wder leveniisation, nov with fthe standards, eo

no parkivion abudies condd be casvdied out ou gellilose.

Siniior avudics wore buied on coluwmer of Yhaltwan Hoo 1 Filter
priere  Comperadally avsilable papor elippings veve gteeped

in epough distiiled waber fo thorouphly soak them, thon
homogeolved 4n g Horsroo? miser antll o bovopsnoous masg g

beon ohipined,  This wap poeked doto a column in o 300 nl
Warobhe, and agelin parbition ohromstomrapbie studies uape
attemptod using connentrated soluiions of the dlfferont fractions.

Ho gronter retonbion wes obospved on this maberinl,

Byantustiy bthe stande2d provedurs of sartition ehromstopraphy
oo paper (Mhatman Mo 1) wawr beded, and thig promisad suconsn.
Begending ehromsiograpby uao usod, booanpse of the simplieity of
tha necesoery apparaity, and ehromatogeons wero rag for up Lo
elghl howrs,  The apporatue wsed Initlalldy was "howme-node!,
copsiebing of a 3 Jiore boakoy, with o shoet of polyithena acrose
the hops held down undor the dm of the beeker with an olastie
band.  The paper wvas suspuded on an orange stlok eud do size
and attochel to the sldey of the beakar with ezm?l.f.is:atapm Thin
makoes bl apparatus gave satlefoctory pomite, ol lowing shrips

of papor up bo 12 en long bo be weeds  Toords the end of the

wvork, sgquare banks sultable for paedition ehronatography wore
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obboldnad, wivh plateszloon 1ide and metel framen for golvans
and papor. Por use in those favkso, Whalmen mako o spoolal
ghue of No. 1 papar, with holes alzesdy ont Lor the frane.

Ho bettor posulie wers obinined with Uhis apparabuc,

Porditior ohwormatopraphy on paper wan tried using the
wore dilubs golutions obbaingd dirsotly {rom the lonweszehangs
aolmgns, and dying Yo leenlize tho unknown paterials hy
avtoradiogeaply on Hodok Filme, ae thn opove wore aot viaiblo,
Tho gmount of roadiceebivity prespent wos found Lo be ton low bo
bave an offact on bl flos afber two weoke, and waiting longop
way aoth considerad pmaeticable,  The selutions of the wvaprlous
feactionn wave thon cornconirated sufficlently to pive vigible
spota on poper,  Partitlon olwogniggpanby on nopopr was dono
vaing thess eorcentrated solutiong, wiih wabler as the sinklonary
phase, Two doveloping zolvenbds were nsed wilh puegess, though
obhevs wors Wied withoit suecesg. The twe suceesslul solvent
gyobomns wore sec-biatonol/plasial aestie acid wator in tho ratieo
W0/2/50 by volune, and 907 aseebutonol satweated with watop,
with 10§ seeelmboned sdded.  Acetohe was also teled as o dovelopiog
aolvont o for times, Wb eith 1i16tls auweeesn.,  Other solvontbs
pyatonn wera alose teiod ot none gave o swceaseiil seperation of
vhe standerds, oyonveobalanin and hydeozosobalanin, propoved ae

despribods  The solvents trled wnmwessofully vers 999 acotone/1¥
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glacial HAs Ho0 saturabed with phenols 25% Amyl acetate/75%
ebhyl aleohol: 50¢ phenol/50¢ chloroform: 50% Amyl acebate/50%
ethyl alcohol. As this technicque did not in every case give
well~dofined spots partibtion chromatography was alsoe tried
using the two sec-botenol solvents, bub adding 2 ml 0.1 M
vergene solution (ethylenediamine tetracetic aeid) to 153 ml
of bthe former, and 2 ml 0.1 M versene golution to 100 ml of
the latter. The versene complexed inorganic lons in the
paper and 80 prevented them from causing btaillng of the spots.
In every run, standards, drepared as deseribed, were ineluded

with the unknowns.

BLEGIROPHORESTS

The apparatus neccssary for this was obtained from Shandon ILtd.,
and consisted of a polythens electwophoresis tank with a glass 1id,
which conld bhe connseted, throvgh a Power Pack, to the malns.

With this Power Pack, the voliage and current could be controlled
and could be seb at elbher conglant veltage or constant current,
In the york degeribed heore congtant voliage was used so that the
voltage did not alter during the course of the slectrophoresis.
This gave more consisbent resulbs, The tonk had a polythene

bridge, slotted st the ends, across which paper could be fitted,

Electrophorssis was tried using twvo buffers, 3¢ glacial acebie




104

acld in water, giving a pH of 3, and a phoasphate buffer

(Na PO, o 2Ma0 = 1545 g, NolipPOs.Rllg0 = 26405 g in 500 ml

water) giving a pH of'ﬁgé. It was tried first on
comparabively dilute solutions of the waterial under
invesbigation, and localization of the apolts attempbed

using avtoradiography, as was tried with partition
chromatography. Again no satisfactory resulis were obtained
as there was not enough radionctivity present to have an

effect upon the photographic £ilm, alt least in the time
available. Blectrophoresis was then tried on more concentrabed
solutions of the compounds under Investigation so that the spots
on the paper could bhe localized visually., Thieg proved to be

succassiul,

Eleetrophoreses were genorally run at 300 volts for up to
five hours. Again, one or hoth of the standards. were run along

with the wknowns.

SUMMARY

Several methods of extraction and conecentration of the radio-
active material exereted in urine afber parenteral radiocactive
cobalaming have been invesbigated and deseribed. Techniques for
characberization of the components of the radicactive material,

separated by these methods, have also been investigated. It was
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found that the most satigfactory methods for characterization
were electrophoraesis al pH3 and pHb.4, and pevtition
chromatography on paper in sec-butanol/scetic acid/water
(100/3/50 by volume) and 90¢ ace~butanol/water. For these
characterigation techniques, concentrated solutions of the
unknown components were used, so that bthe matorials conld be

localiged visuwally,

An application of these methods and technigues is deseribed

in the next asction.
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SECTION 5

Qualitative Analyses of the Radioaotive
Material Found in Urine. Afber

Paventoral Radiocachive CQobalaminsg
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In the last section, there havo bheon described various
metheds for iszolation and characterization of the components
of the radloactive material in urine, whoss presence was shown
in Section 3. These methods were applied Yo the various
fractions, from both "in vitro® (hydroxocobalanin) and ™in vivo®
(hydroxocobalamin and eyanocobalamin) samples, in an attempt to
astablish their nature. This gave a posaible total of 9
substances to be ldentified, 3 heing basie, 3 neutral and 3 anionic.

Fach of these was investigated in the same way.

MATERTALS AND  METHODS

The materialg and nethods used for injeetiong and urine

collectiong were as previously deseribed,

UIn vivo" Studies

following either parenteral 5700 hydroxocobalamin (0.2 ue/1000 ug/
6 ml) or 2o cyanocobalamin (0.4 ue/1000 ug/6 ml) in normal patients,
urine was collected and extracted by the first deseribed nethod of
extraction/concentration. IFor urine after eyanocobalamin, this proved
to be satisfactory, and the extracts so obtained were passed through
Dowex 1, DEAEC and CMC to give three fractions. As mosl of the
radioactive material after eyanccobalamin was neutral, this was the
only fraction investigated further. Afber hydroxocobalamin, this
exbraction/concentration proccdure did not give sufficiently pure

extracts, so these urine collections were extracted by the charcoal/
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/alkali method., Again, using ion-exchonge columns, three
froctions were collected. Tach of these was further investiratbed,
Vhen 1t was considered that enough of these four {ractions, one
after cyanocobalamin and three after hydvoxocokalamin, had been
collected by pooling, they were each evaporabed to dryness and
ropugpended in a small volume of distilled water.  The nature of
thess fractions was then investigated using elecirophoresis and

chromatography.

t¥n vitrot Studles

0424 ve/500 ug 50 hydroxocobalamin was added to each 500 ml
pooled overnight urine, The solublons were thoroughly mixed then
extracted by the first desoribed method of extraction/concentraiion,.
If the extracts thus obtained were not sufficiently free fronm
conbaminants, other urine pools were treasted by the charcoal/alkali
method, to give a purer extract, The extracts obtained from elither
of these methods were passed through colums of Dowex 1, DEAFRC and
CHMC and separated into three fresctions. Pools of these froctions
were bullt up and vhen 1% was considored thalt sufficient material
bad beon collected, the fractions were evaporated to dryness and
rosuspended in a small volume of distilled walor.  The nature of
the three components thus oblalned was investlgated using electro~

phoregis and partition chromatography,

Standards, preparsd az described, were used for comparison
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with the unknown materials in the techniques used for
i

identificatbion.

RESULTS __AND __DISCUSSION

Standards

To make sure that the extraction/concentration techniques
did not elter the olectrophoretic and ehromatographic behaviour
of the standard cobalaming, electrophoresis and chromabography
wore done on these before and after extraction/concentrabion.

Results of eled¢trophoresis and chromatopraphy are shown in

Flgures 12, 13, and 14.

Cyanoeobalamin =~ “In vive" Studies

Thies was the mogt obvious investigobion to tackle first
ag most of the radiocactive material present in the urine collected
afler parentberal 5800 eyonocobalamin was neutral cobslamin (see
Seetion 3)., This was the only fraction after cyanocobalamin
investipated, as the amounts of the other two were very small.
As eyanccobalamin is neubral, it seemed likely that this noutral
exerebion product was cyanocobalomin, This was shoun to be the
gase using electrophoresis at pH 3 and pH 6.4, and partition
chromatopraply in the two secebutanol solvert systems. The results
are shoyn in Figures 15 to 18, vhere it can be seen that the neutral

material shows the same behaviour as the cyanocobalamin standard.
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CNBI2 OHBI2CNBI2 OHBI2
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?1lg. “lectrophoresis in Acetate
Duffer of Sampl”e of standardg

before and after extraction.



(1

SOLVENT S6C-BUT/H20

FRONT
4 -
%
CNB12 0HB12 CNB12 0HB12
Before Extraction After Extraction

Fig. 131- Partition Chromatography of
Samples of Standards before

and after extraction.
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SOLVENT ISec.-BUT/HA/HjOj
FRONT

CHB12 0oMB12 ICWB12 OHB"
Sy I After Extractiofi

Partition Chromatography of Samples
of Standards before and after

extraction.
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pH3
CNBI2 NI N2 CNBI2
Before InVivo InVivo After

ExtractionCCNB|2) O0CNBI2) Extraction

LAAMA/W

Fjg. 15%*- Klectrophorcsis in Acetate Buffer
of Cyanocobalamin and Neutral Fraction#

from "in wvivo'"’ Cyanocobalamin Studies.



CNBI2 Nj N2 CNB12
Before In Vivo In Vivo After
Extraction CCNBI2) CCNBI2) Extraction

Fig. ISf- Electrophoresis In Phosphate Buffer

of Cyanocobalamin and Neutral PVactlon,

from "In vivo" Cyanocobalamin Studies.
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SOLVENT Sec-BUT/HjO
FRONT

CNB12 CNB12 H\ N2
INVIVO IN VIVO

Ex“racbon fCNBU* ICNBt2\

Fig. 17i- Partition Chromatography of

Cyanocobalamin and Neutral Fraction,

ftpan "in vivo" Cyanocobalamin Studies.



nu

SOLVENT sec-BUT/HA/HoO
FRONT

-M
NI N2 » - CNIB12 CNB12
IN VIVO {fimm) in vivo tewwe)

Fig. ISi- Partition Cliromatography of
Cyanocobalamin and Neutral Fraction,

ftran "in vivo" Cyanocobalamin Studies,
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Gyapccobalanin = Discussion

Other workers bad already put forward the suggestion that
this was so, and took some steps to prove the polnt (Smith 19523
Melean % Bloch 1954), but due to the present state of inereased
Inowledge their results wvould not now be accepbed as valid.
The work described here confirms their work and adds to it, hy
ghowing thalt, so far ag can be judged al the present date, the
neutral radioactive material found in the urine after parventeral
5800 evanocobalamin behoves as ceyanceobalanin., It is concelvable
that as knowledge of cobalamin chemigtry and biochemistry inereases
the proofs put forward here will be ineonclusive, bul ot present

they are sufficlent,

Dydroxocobalanin «~ "in vivo" and ¥in vitro" Studies

2 B O

Tdentification of the fractions found in wrine sfter 57G0

" hydroxceeobalanin, given by parenteral administration, was rather
more Aifficult. Thig was dus Lo the swmaller amount of materials
involved, because of the three fractlons obbtained, and to the
pregence of urinary pigments which were retained on and eluted from

the ilon~exchange columns along with the radiosctive material.

Mrat of all, the poasibility of the anionle material in

particular being a degradation produet was investigated. This vas

ot
done by giving a normal suhj@cb)? Co hydroxocobalanin (0.24 ue/1000 ug/
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/6 nl) parenterally et 10 pem. ond collecting urine until 8 a.m.

To this there was added 2 ml 0.25% potassium eyanide solution.

The resulting solution was mixed and allowed to remain al: room
temperature (17°C) for thirty minutes. It tms then subjected

to the oxtraction/concentration procedure, and chromatographed

on Doyex 1, DEALC, and CMO, The rasults, shown in Table 14,

show that all the radionctive material bhad been converted to a
noutral cobalamin, pregumably oyanocobalamin. ‘These results

oxeluded the possibility bthat the anionic material was a

degradation product, c.g. a red acid,'é form to which the cobslamin
nolecule is readily degradad, and whose nature 1ls described in

the Introduction. The anionic material must, therefore, be an
anionic complex in which bhe ligand occupying the sixth position

on the cobalt atom is anionic, so meking the wholsa molecule anionic,
With inorgenic cyanide this ligend is replaced hy (GNe, which comploxes
gtrongly with trivalent cobalt; to give the neubtral cobalamin,
cyanocobalamin. In the same way the basic cobalamin obtained jin
urine, must contain a basic group ou the central cobalt, and this
again bas been removed by KON and replaced by ON-, to give the neutral

cohalemin, eyanocobalamin,

A. Bydroxcepohalamin - *In vitre" Studies

As it has been shown that adding 5700 hydroxocobalamin to urine
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Min vitro™ gives rige to three fractions with the same column
chavacteristics as thome fractlions obtained fyrom the "in vivo®
sudies using 5760 hydroxocobalamin {see Section 3), it was
decided to twy, first of all, to characterige conclusively the
feactions from the ™in vitro” gbtudiss. The main resson for
thia decision wag the comparvative ease with which pools of urine
could be obbained ag comparsd to the problem of finding sultable

subjects for injection.

Accordingly, the nature of the three fractions, obltained ty
the extraction/eoncentration technique, was investigated by the
mathods described and the results are shoyn in Figures 19 to 24
for the nentral and besie fractionz. The régulis show lhat the
hagle fraction beohaves as hydrozecobalamin, and the neutral fraction
as cyanocobalamin. Fo satisfactory resulbts could be oblained from
the anlonic fraction, and the other methods of purification of the
urine pools using chercoal/alkali did not lead to any betber resulis.
A sample of the chromatograpby results obtained are shown in
Figure 25, where it can be geen that the spot of the anionie material
shows g great deal of talling ond streaking. This was quite unw
gatiasfactory and no conclusions could be drawm from it. A further
attenpt at purificﬁ%ion.ﬁaﬂ made by cubtting oubt that part of the
paper containing the red portion of the anionic material after

partition chromatography in sec~butanol, and eluling from the paper
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SOLVENT sec-BUT/HiO
FRONT
CNB12 N
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Fraction from "in vitro"

Hydroxocobalamln Studios#
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SOLVENT sec-BUT/H20
FRONT

CNB12 B 0HB12

, IN VITRO
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Fig, P2f- Partition Chromato Taphy of
Standards and Basic Fraction
from "in vitro" Hydroxocolmlamin

Studies,
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Standards and Anionic Fraction*
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veing distilled wvater. The resulbting solution was again
evaporated to a small volume and partition chromatogrepby

on paper repeated, but still no satisfectory cleare-cut

spotg were obtained, The difficulties here wers due to

the presence of urinary pigments, which were very difficult to
remova, and also, of course, to the small amount of the material

undar investigation,

B, Hydroxocobalomin = "In vivo" Studies

The *in vivo® characterlzation proved even more difficult,
and the only fraction for vhich satisfactory evidence was
obtained wag the neutral waterial. Thig had been obtained by
the oxtraction/concentration procedure and jon-exchange
chromabography, and it was shown to be eyanocobalamin.
Partition chromakograms are shown in FPlgures 26 & 27. Consistent
and clear-cut results could not be obtalned for either the basic
material, nor for the anionic complex, and fractionz ohbbained by
the charcoal/allkali method did not give any betber resulis. The
further the purifieation methods were carricd the less maberial was

there to work on and it was evenbually decided to sbop at this stage.

One point worth noting was that occasionally the hydroxocobalamin
standard, instead of giving s well~defined spot on partition

chromatography scarcely moving from the origin, gave two spotbs.
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SOLVENT sec-BUT/HA/H20
FRONT
A
CNBI2 N
IN VIVO

(OHB 12)

Figh 26—  Partition Chromatofrraphy of
Cyanocobalamin and Neutral
'Yaction from "in wvivo"

Hydroxocobalamln Studies#



/30

SOLVENT sec-BUT/ HiO
FRONT

¢

CNB12 N
IN VIVO

(OHB12)

Fig# 27*- Partition Chromatography of
Cyanocobalamin and Neutral
Fraction from "in vivo"

Hydroxocobalamln Studies.
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One of those had an Rp of about 067, while the other was diffuse

with an Rf of aboubt 0.3. An example of thig is shown in

Pigure 28, The reason for this could not be pinpointed, but

it most likely lieg in the inherent ingtability of hydroxccobolenmin

to contaminants, possibly in the atmogphers.  Albhough this change

in partition chromnlbography charactoeristvics was observed, the
behaviour of the solution on the CMC was the same, i.e. it was
retained gtrongly by it. The ™in vivo" basic fraction from urine
nleo cccagionally showed this same behavicur. On the ion-~exchange
chromatography, the taglce froction was retained on CMC, but on
partition chromatograpby two spobs wore obaerved, one moving with

an RBe of sbout 0.3 and the other with an Bp of 047 in hoth sec-butanol
syebeng,  An emanple is shown in Mipure 29, This conld possibly be
token ag svidence that the basie "in vive" fraction is hydroxocobalamin,

bubt 4t ig not conclusiva,

Uydroxocobalamin = Discussion

o previousg rosulis concerning the nature of the radiocanctive
material excrobed In urine after parenteral hydrvorccobslamin have
bgen published, so the findings deseribed here cannot he compared
to those of other workers. It has been shown that these fraclions
possibly arise from contact of hydroxaaohalaminlwith arine (see
Section 3}, and the nature of one of these fractions hag now been

ghoun 0 be eyanocohalamin, This mey have arisen from contach
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SOLVENT sec-BUT/H20
FRONT

CNB12 0HB12

Fig. 23t- Partition Chromatography showing
Anomalous Behaviour of

Hydroxocobalamin.
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SQLVtMT *BUT/HA/H.O
FRONT

IN VIVO
(OHBI2)

Fig# 29i- Partition Chromatography showing
Snomaloufi Behaviour of the Basic
Fraction from "in wvivo"

Hydroxocobalarain Studies.
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with the small amount of cyanide which ig excereted in wrine,

as only a very minute amount of c¢yanide wonld be required

to give rise to the amall amount of cyanocobmlamin isolated.
Bridence has besn put forward that the basie material is e
changed hydroxocobalamin, and it has been shown that the
anionic material is a complex and not a degradation produet,

go lending welght to the suggoestion that the observed compourds

in wrine are causmed by the sction of urine on hydroxocobalamine

SUMMARY AND CONCYLUSTION

It bhas been shown that after parenteral administration of
5330 eyanocobalamin, the radioactive material found in urine is
in the form of eyanocobalamin, and that after parenteral 5760
hydroxoeobalamin, the radicactive materisl found in urine is a
mixture of cyanocobalamin, a basic cobalamin, for which there is
some evidence thalt it is hydroxoccobalamin, and an anionic complex.
On addition of 5700 hydroxocobalanin to urine ®in vitro, in
comparable amounts, there is formed a wixture of cyanocobhalamin,
hydroxceobalamin, and an anionjc complex. In all ecasos, the
anfonic material was wneharacterized, bub wag shown te be an anionie
complex of the cobalamin molecule, and not o "red acid” degradation

produch.

These resulbs are in agreenment with thoss of other workers for
b}

eyanocobalamin (Smith 1952: WMeLean & Bloch 1954), bub no provious
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Investigationg appear to have been underitaken for hydroxocobalamin,
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SECTION 6

Comparison of the Amounts of Redicactive
Material and Microbiologically dctive
Materlal in Upine After Paranteral

5?00 Hydroxocobalanin




The investigabions into the nature of the radiosctive
naterial in urine after paventoral radiomctive cobalamins
began from an enguiry as to whether the assumption that
the amount of radioasctive mabterial excreted could be taken

a9 a measure of bthe amount of cobalamin excreted was valid.

The work so far deseribed has confirmed that the
radioactive material in urine is cyanccobalamin. However,
it has not shown that the amount of radioactive material
and the amount of eyanccobalamin are equel. Similarly, for
hydroxocobalamin, it hag so far been shown that the radio~
active material present in urine can be divided into three
cobalaming, but it has not hesn shown thal the amount of
radiocactive materinl and the smount of cobalamin excreted are
equal. The work degeribed in this secltion was deslgned to
find out vhether thesge amounts, afber both eyanocobalamin and
hydroxocobalamin, were equal, and thus whether the amount of
radioactive material oxcreted in vrine ls a measure of the

amount of cohalamin exereted in urine.

This was done by comparing the amount of radioachbive
material in the uprine with the amount of mierobiologically

active material, as measured by Buglena gracilis strain sz,
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VATERTAYS AND  METHODE

CLINTCAL MATERTAL

Growp 1:  This group consisted of 20 ward in-patients with a
variely of disesses, none of which were kaown Lo he associated
with derangsd cobalanin mebtabolism. A1l had normal serum

vitamin B, levels, This was considered Lo be a group of normals.
Faeh patient was given a single parenteral doge of 50 hydroxo~

cobalamin,

Group 22  This group contained 3 patients, Fach had a macrocytic
anacnia, megaloblastic mavrow, histamine-fast achlorhydria and low
serum vitamin Byo level on admisszion, At a later date they were
all shown to bave Addisonian pernicious angemia. 1 patient received
a single intramsenlar injection and the obther 2 patients were given
repeated parenberal injectlions at 72-~hourly intervals. 1 was given
10 injoetions and the other 12, This was considered to be a group

of controls.

INJECTION DOSK

A stepile sclution of 57Go hydroxocobalanin was used, as described
in Section 2, 2 ml (0.0046 ue) 7Co Wydvoxccobalamin was mixed
aseeptically with 1 nl Redisol~H (1000 ug/ml), giving an injection
dose of 1000 ug/0,0946 ue/3 ml.

URTHE  COLLECTTIONS,

ALY urine was collected into clean dark glass bobtitles. From
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each patient a pre~injection urine collection was made. Fach
was bhen given parentersl 5760 hydroxocobolanin and urine
colleeted for the subseguent 72 hours in 24-hourly periods.
Theoge subjects in Group 2 who recelved more than one injection
yere treated at 72-hour intervals and urine ecollectiong made
wntil 72 hours gfter tho last injection. Pools of uvrine from
normal subjects were made hy pooling 24~hour ¢collections from

various staff and family members.

MEASUREMENT _OF _ RADTOAGTIVITY

The amount of radioactiviity was measured ag deseribed in
Section 1, using Yend=on® counting of 450 ml aliquots of each
urine collection, The total amcunt of redicactivity present
in each urine collaction was expressed as o percenbage of the

injection dose,

VATER = AND  GLABG-WARE

Glass-distilled watbter, made in our own laboratory, was used.
For microbiological assay work, sberile dletilled water wos used,
Glans-ware was steeped in Diversey fYpyronegt or chromic acid for
at least one hour, then rinped six bimes in btap water, and finally

ringed once in distilled water, Steriliszation and care of glasg-
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MICROBIOLOGIGAL  ASSAY

This was used to egtimate the amount of vilamin Bl% progent
in gerum from subjects used in a3l the invesbigations descrihed
in this thesis and also to esbimate the amount in the urine
collections. To ensure accuracy, samples wore assayed in

duplicate in at least two different assay batches.

Samples

Blood was collected by venipuneturs into sterile universal
conbainers., The blood was allowed to clot, then centrifuged,
and the serum transferred to sterile bijou bottles (5 ml).

These were sbored at =20°C until required {or assay.

Collections were made ag described, and were dilubed with
sterile distilled water immediately the collection period had
finighed., WNecessary dilutions afber injection of cobalamin,
wvere as shown balowi-

(a) pre-injection = no dilution necessary
(b) 1~2/ hours = dilute 121000 or 1:100
(e) 24=48 hours « dilute 13100 or 1:10

(d) 48=72 hours - dilute 1210 or not at all.
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The medivm used at firgt was that deseribed by Hutner
ot al (1956) and ite composition is shown in Table 15,
In Jater work, commercially available Difco Fuglene By,
Dehydroted Medium, of the same composition, was used. Ho
differences in assay results were observed using the home-

made and commercial moedia,

Targe volumes (10 litres) were made up at a time using
aterile diatilled water. Single etrength medium was dispensed
in 500 nl aliquots in sterile MRC bhlood bottles sealed by a
rubber hung and metal sorew cap. Double strongth medium was
digpensed in 15 ml aliquots in sterile universal containers.
After dispensing, the medium was steriliged by autoclaving at

15 Ib/sgeine for 20 minutes.

Stoclk Cultures

Stock cultures of Tuglena were maintained in single stresgth
medium, containing 0.05¢ tryptone and 20=-40 uug eyanocobalamin/nl.
These ware sub-cultured every two weeks, afber washing with single

strongth nedium.

Procedure
This was slightly different from thal deseribed by Rezs (1952)

Hutner et ol (1955) and by Ross et al (1957) in that single strengbh
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CONSTITUBNTS OF BUGLENA  Byo  GRONLH  MEDTIUM

Amounts for 5 litres double glrength Medium

( or 10 litres single wgtrength)

KHn I’O&

Mg 80, . 7Ha0

I-Glutanic acid

Ca CO5

Sucrose

Al Aspartic acld

dl Malic acid

Glycine

Ammonium succinate
¥ rriturate

* Metal Mix

N Triturata
Thiamine HNC1

Suerope

+ Metal Mix

3.0 g
La0 g
3040 g
048 g
150,0 g
20,0 g
1040 ¢
250 g
640 g
Duh g

De22 2

1.0 ¢
900 g8

See Table 15 B
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medium was used throughoub.

Solutiong for assay containing finnl concentrations of
0.0, 1.25, 2.5, 5.0, 100, 15,0, 25.0 and 50,0 uug cyano-
cobalamin were prepaved by adding suiiable amounts of solutions
of known c¢yanccobglamin content, wade up in single strengbh
medium, to appropriste amounts of single sirengith medium to

glve a total volume of 4 nl,

The eyanccobalanin standard solutions were made from
compercially available oyanocobalamin, Cytamon, diluted in
single strengtbh medium to give solutions containing 20 uug/ml
and 100 nug/ml. ©The solutions for nssay were made by adding
0.25, 0u5, 140, and 2.0 ml of the solution containing 20 uug/mnl,
to 3475, 3.5, 3.0, and 2,0 ml single strength medivm to give
gtordards containing 0 to 10.0 uwug eyanccobalamin,  Similerly
for standerds containing 10.0 to 50,0 uwug eyanccobalanin, 0.4,
06, 140y and 2,0 ml of the solution containing 100 uug/nl were
added 1o 3.6, 3.4, 3,0, and 2.0 wl single ebrength medium.

Thege gave the required final concentrations.

Bamples for assay were propsred by adding 0.1 or 0.2 ml of
the test solulion bto 3.9 or 3.8 ml single astrengbh medium, which
was dispensed by an antomabic burettes The dilutlon of the test
solution was thus 1:40 or 1:20. Samples were aseayed in duplicate

in aluminium ecapped Pyrex rimless glass test tubes (6"x8v). After
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prepavation as describsd above, all solutions wore heated at
100% in a water hath for 15 mimutes. Afber eouling they

wore inoculated and ineubated.

This was prepared from Peyeok-0ld subeultures. They
ware washed 3 times with single gbrength medium and resuspended
in.a aultable volune of this before use. One drop of this

augpengion ves added to each tube by means of a sbterile Pagbeur

The incubation period wasz 5 days in o porspex water bath
(oee Tigure 30). The bath was illuminated from below by two 30
watt fluorescent strip lights. An even temporature of 28,5°0
vas maintained by twoe 150 watt "Queenshorongh' aguarium heaters
conniected by a Sunvie type 102/4 relay to a mercury contact
bhermomoter, A "Handilah® gtirrer was usged to keep the water

clireulating.

Resdings
These wore made in a Unicam 8P 300 GP coloupimeler. The

valnes for the unknoun sampleos were calenlated from a curve

congtructed from the valuss obltained from the standards., Optical

cells with a light path of 2.5 mn were used to allovw readings to

be mode without diluting,
ks
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Pig. 301- Diagram of Microbiological Assay Tank.
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Preparation of Glass-warce and of Metal Gaps

311 glags=-yare used for microbiologlical assay was kept
strictly for this purpose. After use it was steeped in Diversey
tPyroneg! or chromic acid for at least ons hour, scrubbed and
rinsed at lspst six times with tap wabteor. It was then dried,
The test tubes were cappsd and all the glosgeware sterilised

by steam heat,

The metal caps were boiled thrse times In nine changes of
tap vater, They, too, were dried then put on the test tubes

beffore stborilleing,

RESULTS

All results were tested by statisbical analysis and a
comparison of the amount of radionctive moterial, as a percenboge
of' tho dose, with the amount of microbiologically active material
is shown graphically in Migures 31, 32, and 33. The analyses
shoy a highly gignificant correlation between these amounts.
Results avre showm, following parenteral hydroxocobalamin, for the
pericds 1=24 and 24«48 hours only, as not enough subjects excreted
significant amonnts of wadioactive mabterial in the period 48-72 hours
to give sufficient data for onslysis. The agreoment bebween the

amount of radicactive material and the amount of microbiologiecally




b8

RADIOACTIVITY
% DOSE

.

90 - NORMALS @
d® CONTROLS O

70

50 -

30 - o

10+

100 © 300 & 500 .« 700 900 1100
Microbiological Actlvity -ug Vitamin B2
CNBI?

Fige 31lte " Seattergram of Rosults obtained from the
d=2f T collsctiong of Urine after injection

e 243
of 1140 ug 5800 gyanocobalamin.  The regression

line for the controls is shown. (J.F.4.)



m9

Radioactivity

°/o DOSE
80

A o NORMALS (@)

Q
CONTROLS (©)
60-
404
[ ]
o]

ha [ ]
20

) ]st 24 hrr Col/lections

¥ T 1 ' i ¥ |}
© o) 200 400 600 800

Microbiological Activity- ug Vitamin Bio

Fige 328~ Secatbergram of Resulbts obtained from

the QwR4 hyr colluctions of Urine ofter

- t‘r‘

-
injection of 1000:ug: Go Hydroxocobalamin

in Wormale and Controla. The Regresaion

Lines for both groups are shown.




[50

Radioactivity
°/e Dose o
16+ CONTROLS
(0)
121

NORMALS
(o)

2nd 24 hr. Collections

T T T T

40 80 120 160
Microbiological Activity-/ug Vitamin Big2

Mg 333 Seatbergran of Resulbs obtalned from the

2Umi 8 T collections of Urine after injection

I
of 1000 ug 2 ?Go Hydroxocobalemin in Normals
and Countpols., The regression lines for both

groups ave showil.
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active material is geod after bolh hydroxocobalanin and
cyanocobalemin.,  'The latter, done by Adams (19562) in

this Jaboratory, is cuobted for completonesg. After
parenteral hydroxocobalamin, in normals (nonwvitamin Bao
deficient) and canlrols (vitemin Bya deficient) the regression
lines do not differ significantly in sither the period 1-24

or RL-LS hours,

However, the implications of these resulis can only bhe
accepted if certain conditiong are fulfilled. Thege conditions
aro that the three fractions oblained after hydroxocobalamin
(#e0 Section 3) have bthe same microbiological activity as eyano-
cobalamin, and that wrine, & very complex golution, hag no offect
o the growth of Fuglera. Certain further investigations were

undertaken to find out i these conditiong were fulfilled.

FURTHER  BEXPERIMENTAL THVESTIGATTONS

Oy

The firgt point invoatigat@ﬁ wag the acbivity of wvarious
cobalaming for Tuglena, and some of this is deseribed in detail
in Appendix 2, wvhere the velevant findings are that cyanccobalamiu
and bydroxocobalamin have the same microbiological acti vity.
This point was further invsabigated using a bateh of 5760 hydroxom
cobalamin, 0.1 ue/0.01 ng/ml, which wvas analyzed and Found to
contain 3.5¢ neutral compound, 63% basic compound, and 20% anionic

compound,  The neutral material was probably eyenocobalamin and
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the bagic material hydwoxocobalamin.,  The original solution of

this moberial was diluted with sberile diﬁtiil@d water and

asgayed using ¥uglena, on thres different occaslong. The mean
assay result was 0.009 ug/mwl in terms of cyanocobalamin.  The
concentation of the solution was guoted to be Q.01 ug/ml and

thig would suggest thot o solntion of mixed cobaleming - probably
cyanocobalomin, hydroxoeobalamin, and arionie materisl with the

game ion-~exchange behaviour as thab found in urine, has the same
microbiological activity for Huglena as pure cyanocobalamin.

As it bas alveady boon esteblished that hydroxecobalamin and
cyanceobalamin bave the same microblological actlivity, these results
would imply that the anionic materiazl elso has the same microbiological

activily as cyanocobalamin,

The next investigation concerned the_@ff@ct of urine on the
growth of RKuglena, Thig was investigalted hy adding 500 ug hydroxo-
cobalamin to 1 litre pooled wrime.,  An oliguot of this solulion wasg
dilubed with sterila digtilled water and assayed on throe different
oecasions.  The mean assay result wasg 0,5 ug/ml, the game as the
gtated original concentration. These invosbtigations showsd that
urine had no effect on Bugleona growth, as it has already been shown
that ﬁhe three components formed on the addition of hydroxoecobalamin
to urine (sse Section 3) A11 hewve the sone mieroblological activivy

as cyanocobalamin,



SUMMARY _ AND  DISCUSSION

As the nedessary conditions were fl{illed the implications
of the resulbs obtained for the compaprison of the amouat of
radioactive maberial and the awmount of microbiologzically active
material could ba taken ag valid., The significant corrvelation
hetween these values, in both the firet and second 24 hours after
injection can thersfore be taken as evidence that the amount. of
radioactive moterial excroted is o true measure of bthe cobalamin

oxerotdd,

The similarity of the slops of the ragression line obbnined
from thoe vitamin By, deficilent and non~deficlent subjects would
puggest that the injected cobalamin did not equilibrote with body
stores to a significant degree. lHad theore beon a significant
degrea of equilibration then the amount of radioactive material
would have represented only a fracltion of the amount of miero-

biologically active material.

One reanson for lack of equilibration may possibly he that
excretion of cobalamin is so ropid that there ia not sufficient
time for absorption inte tlssues to oceur, but this explanation
ig excluded by consideration of observations using body counting
trehnioues (Glass 1954¢ Glass 1959t Glase ob al 1955) which show
that absorplbion of materinl into tissues oceurs very rapidly.

Another possible veason is the fact that body stores are protein



bound and hence not frée to equilibrate (Wijmenga et al 1954),
and this explanntion lg very much more feasible. Yel another
reason may he bhe fact that body storss arve probably in the
eoongyme form {Weissbach et al 1959). These Jlast two reasons
are probably in themgelves sufficient fo explain the observed

lack of equilibration.

HoweVer, whatever tho reason for lack of equilibration
it means that, as has been done for many years, the redicactive
materinl excroled can be taken as a maasure of the cobalamin
exeratod, after bobh hydroxocohalamin and eyanocchalamin,
Practically, this i of great value as it mesns the moasurement
of nrinary loss of cobalamin can he done hy measurement of
radiosctivity in the urine instead of tedious microbiocloglesnl
assay. This hag, of course, been done up till now, but without

proof of the validity of the assumpbion made, Such proof has

now bheen put foruvard.



APPERDIX 1
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Ploans ond Serum Bindine of Oyonocobalomin and Hvdroxocobslamin

The methodology used in thio investigotion waes that descrihed
by Gottliob et al (1955). It consishts essentially of separaling
protein bound eobalomin from non~hound cobalamin by albumin-coated
charcoal. The non-hound cobalamin ig adsorbed on Lo the charconl,

and can be readily romoved from solution.

MATERTALS _AND _ METHODS

Ll

& . - s .

2{Go hydroxocbhalanin and 5700 cyanocobalanin were obitained
freeue-dricd from The Radiochemiecal Centre, with an activity of 10 ve/
o221 ug. noh of these was diluted in Aiptilled water to a

concentration of 0,01 uc/z;zlo fmg/ml. A1l waler used in this work

vas glasg~1lstilled in owr own laboratory.

The solution of albuminecoated chearcoal was made by mixing 10 g
tWorit A' charcoal iv 200 ml water, with %.57 ml 30¢ bovine serum

albomin made to 200 ml with water,

The serum and plasma were obtalned frowm apparently normal staff
members aged 18=42 yosrs, with a mean age of 30 yenys. Blood was
takon by venipunchure uging o sterils syringe. %erum wae dollected
in elean gterile universsl containers, snd plasma collected in sberile

containers toe vhich a known amount of =olid anticoangulant had been
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added, The snticoagulants used are dotalled in Table 16,

The plasma or serum was separvabed from the cells and this
B I

was used in the investigntion. It was kept at «R09 when

not in use,.

The amount of radiocactivity in the aolubtions was measured
uging the spparatus already deseribed. As all the soluiiens
concerned had a volume of less than 10 ml the "all in® method
was useds  Standards containing 0,01 we/4210 wog vere used,

with a total volume of 6 ml.

Lrocedure

To 2 ml saline (09%) in o polythene tubs, I ml scrum or
plasma was added, followed by 1 ml (4210 ung/0.01 ue) 5750
hydroxocobalamin or cyanocobalemine The mixture wes shaken,
then 2 ml albumin-conted ¢haveoal added. The mixture was again
shaken, then centrifuged at 2000 rpn for 5 minmbtes, and bhe supop-
natant (6 ml) decanted and counbeds The nuount of radiosctivily
in the supernatant was compared to thalt in the standsrd, and by
ealenlation the amount of cobalamin bound hy the serum or plasma

wag found: Tach sample was done in duplicate and the mean result

talkkon,

RESUTTS
AT AN

The vesults for the various anticoagulaats ave shown for each



fodinm Oxolate

Sodium (liratbe

Ammoniun Oxalatbe

Potassian Oxalate

Haparin

16 mg
60 mg
12 mg

8 mg

40 mg

TABLE 16  Solid Anbicoagulants

(Amounts for 10 ml Blood)
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cobalamin in Tables 17 and 18.  The meun valuss sre also given,
along with the ratio of the mean binding capacity for hydroxoe
cobalamin to that for oyanccobalanine The reproducibility of
the method is demongirated in Table 19 vhere the results of
several eabtimations on three different pools of serum are given.

DISGUSSION

AT i S P Wt

The most striking fact from these resulis ds that pldsma and’
gepun have a much greater binding capacity for hydroxocobalamin
than for eyenccobalaminge  The mean result is that 1t is 1.7 times

greater,

in Pable 19 it ean be ssen hhat the method of asbimation of

binding capaclty gives reproducible resulis,



CYANCCOBALAMIN

AMMONT M
& S0DITUM SOPTUM

POTASSTUM TOXALATE CITRATE HEPARTN SBERUM

TOXATATE
1 3368 1083 1143 1928 1743
2 1488 192/, 1233 2180 1539

e bm R TR WA iy

3 2210 1353 1190 1879 1368
4 1849 1258 1443 2105 1228
5 P651 23180 1579 2330 1759
) 2015 1974, 1143 1699 1218
1549 Lo . -
7 1500 1549 1368 1423 1313
8 2647, 1504 1669 1940 1554
9 1549 1203 1098 1624, 1443
= 1368 11ae 1083 1259 1218
MEAN 2020 1542 1250 1836 1449

in uug/ml.

Binding capacity of Serum and Plasma,
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PR N R P, . — -

IYHROXOCODALAVMIN  BINDING

P, 1 Pe2 Pe3
12/10/65 2870 2475 2344,
5/10/56 2668 R574, 2691
10/10/65 2700 2500 2230
10/10/66 2575 2270 1450
MBAT 2703 24,55 2231 TABLE 19 A
CYANGCOBALAMIN BINDTIG
P.l Pe2 Pe3
‘ .
5/10/66 1420 1635 1340
11/10/65 1383 1519 917
10/10/65 1310 1520 1310
10/10/55 1613 1722 1208
MEAN 1432 1599 1242 TARLE 19 B
RATIO OH/CN [ 1.988 1.535 1.798

TABLES 19 A & B

Gonsistency of Results on Repeated Agsays.
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APPENDIX 2

Mierobioloedanl Asaay of Different Gobalaming

The usual standards for the microbiological assay using
Buglona gracilis strain z, ave wade from commercially available
eyanccobalamine. During the course of the investigations deseribed
in thls thesis the question of the microbiological activity of
different cobalaming erose. Many cobalaming and similar compounds
were obtained as a gift from Dr. Mervyn of Glaxo Litd..  The mothod
of assay uged was a8 deseribed in Becltion 6,  The results ars
described below and shown ir ftabolar form in Table 20, The nature

of each compound i also deseribed,

Lo, Oyanocobalanin
The nature of this compound has already boen deseribed ( ch)
This wap used as the standard, with an arbiteary sctivity of 100,

and all others compared to it.

2s...JMonoearhoxylic Acid of Gvanocobalanin

This iz one of the ®red acids?, and conslats of the ey&mocabalamih
woleceule, with the cyanide group present, bul with one of the side
chaing on one of the pyrrole rings alboered Crom mGGNHQ, an amlde group,
to ~CO0H, a carboxylic acid group. On agsay, a solution of this

compound contalning 0.2 ug/ml had the same setivity as a solution of



]63

MATERTAL

ACTTIVITY

O

CYANOCOBALAMIN

Monocarhoxylic Acid
off CYANOCORATAMIN

Dicarboxylic Aeid
of CYARQCOBATAMIN

HYDROXOCOBALAMIN

Monocarboxylic Acid
of HYDROXCCOBALAMIN

FACTOR B

METHY LOOBAYAMIN
NIYRITOCOBATAMIN
SULPHITOCOBATMAMIN

ComENZYME  Byn

100  (Standard)

100

o O

o
o

100
50

FABLE 208~  Mlerobiological Activity of

Different Cobalaming, using Buglena Gracilis

Strain Z.




A

100 uag /il eyanceohbalamin.  This means that this compound
hae an activity for Tuglena of only 0.2, This is probably

due to some cyanoccohalamin present as an impurity.

2 medticarboxylic Acid of Cvanocobalamin

Thig again is a "red acid" of cyanoccobtalamin, hut in
this two of the amide eide chains ~(0NH,, have been changed
to the earboxylic acid grouping «~000H, giving a dicarboxylic
neid. A 0.2 ug/nl solution of this compound had no growbhe

promoting activity in the mlierobiological assay, giving an activity of 0.

b . Hydroxocobalamin

The nature of this compound has alresdy heen desgeribed (V.i)
4 standard curve of this material was the same ns that: given by
eyanocobalanin, and is shown in Figure 34. Tius this material has

an acltivity of 100,

5e.wtionocarboxylic fAeid of Hydroxocobslamin

This is a moncaclid of hydroxocobalamin in which one =-CONH.
group is replaced by a =-U00H. 4 0.2 ug/nd solution of this had
no growth-promeiing activity for Fuglena, thus this had an setivity

of Q.

Go . JFoctor B
This compound, shoun in Figure 35, is cyanocobalamin without
I. 3 2 )

the nucleotide. A abandard curve was atiompted uging this compound,
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Fige 34s= Assay Curves of Cyanocobalamin

and Hydroxocobalanin,
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NH:-CO-CH:-CH; CH, CH, CH:—CO
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c NN " Nen,
N\ I CH
CO-CH:-CH; CH, \
CH, CH1-CH,-CO-NH;
NH
i
(l:Hz
CH;-CH-OH

i, 35-’1» Structure of Factor B.
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bub no growth was obzerved. A 10 ug/nl solution of this
compound had the sawe achbivilty as a 13150 ung/ml solution
of cyanocobalamin, Thig is an activity of only 0.1 and

ig possibly due Lo a small amount of contaminant eyano-
cobalomin,  This result is in agreemsnt with those alveady

published (Coates & Kon 1957).

-

7. Mathyleobolamin

This compound, alvesdy deseribed (¢ ® , is light sensitive,
being photolyzed to hydroxocobalamin. A standard curve wasg groun
using this compound, and it was found to give values of about 2/3
those given by eyanocobalamin (activity of 67). The assay curves
are shown in Pigure 36. On aggey of solutions of methyleobalamin,
a solution of #24 uwug/ml, made vp in the dark, gave a mean value,
from tyo assays, of 503 uug/ml, whils a solution of 412 wuas/ml
pave o mean velue, Crom two aspaye, of 250 wg/ml. Theas results

give an activity of 4l.

Afber exposure to Light, the solution condeining 824 uug/ml
was again aseayed on two oecasions, and gave a mean valug of

3 -

620 ung/ml, an activity of 75,

8, L teitosobalanin

This compound contains the cobelamin molecule in which the

sixth pogition on ths eentral cohall ls occupied by the nitrite
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Fige 363 Assay Curves of Cyanocobalamin

and Methyleobalomin,
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group, =0y,  This compound, like methylcobalamin, is Light
sengitive, A standard curve of this compound gave values
about 2/3 of thoss given by cyanccohalamin (activity of 47).
The aseay curves syre shown in Wigurve 37. On aseay of
solutions of this compound, mede up in the dark, s solution

of 808 ung/ml gave o nean value, from two assays, of 483 uug/ml.
4 solution of 404 uwug/ml gave o mean value, from two assays, of

323 uug/ml.  These resulis give an activity of 70.

fhor exposure to 1ight, these solutiong wore again aseayed
on two oceasions, and gave results of 503 wug/ml and 350 weg/ml,

vegpoctively. These results give an activity of 74.

Dt mmnlphi tocohalamin

E

Thiz compound was made by mixing hydeoxocobalamin with UngS0g.
Sulphitoeobalamin conbaing the cobalamin molecule with the sixth
ligand spaca oceupied by -503.  Standard solutions of this compound
ware mode by making a golutlon of known amount hydroxocobslamin, and
adding an equivalent amount of inorgaenic sulphite., The resulting
solutions were diluted to the appropriste concentrations for asasay
standards, then assayed. The standard curve (Pigure 38) was the
same a8 that Lor eysnocobalamin, showlng that the two compounds have

an equol activity (100) for Inglena,

10, Coengyme Bio

The ngture of this compound has already boen desciibed (QL é)
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and Hydroxocobalamin + Sulphite,




Ae it ds light pensibive, all manipulations prior to assay were
performed in the dark. A standard curve (Figure 39) was lound

to givo 1/2 the values given by eyavocobalamin {acbhivity 50).

Cyanocobalamin, hydroxocobalamin and sulphitocobalamin were
found to hove an equal aetivity (100) for kuglena.  Hitritoe
cobalanin and methyleobalamin asssyed at about 2/3 value (activity
70) and coongzyme Baon at 1/2 (activity 50). The three "pred acids®
tesbed, and Factor B, did not have any microbiological activity

(octivity O).
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SUMMARY

This thesis degeribes 8 quallitabive and quantitabive
gbudy of the materials found in urine afier parenterel
eyanocobalamin and hydroxocobalamin. The investigations
developed Iin different directions, and, for convenience,
each sspect is repovrbed in o selfwcontained section, although

the various aspects are inbtere-dependent.

1y The amount of radionctive material in urine was investlgated

for pericds of up to 72 hours after parenteral administrations

of cobalomins in vartous groups of subjects, Tt was found thatb

in comparable groups the porcentage of the dose oxerebed after

1000 ug hydroxocobalamin was significantly less than that aftor

1000 ug eysnocobalamin, Il was also found thal the amount of
roadioactive material in urine after hydroxocobalamin was significantly
less in avaemic subjects, regardless of Lhelr vitamin By, status,

bhan in non-anaemic subjecta.

2¢  Ixperimental Invesbigations relating Lo methods of isolation
of cobalaming were undertaken to enable a quantitabive shudy of the
maberials in urine to be carrisd out. Technigues applicable to
urine wers developed for the isolation and separation of cobaleaming,
They consisted of two licuid/ligquid extractions followed by ione

exchange clwomatography.



1) 8"

3¢ Thege mebhile m:az%ze appliad o overnipght colloetions of
urina, Pod poread mubjeots, alier morenderal cobalaping.
Feowap fourd that the radioseblive maberial eonldd be divided
Into thess Sractions « beglie, anlenie and neuteal,  After
oyenopobniamin, the balk of the pediosetive matorial wos
noubral, bt afber hydroxoeobalamin, in hoth sbovile and
nopeatoeilo colleotions, wan conpopsd of 357 hanle, 388 anionie

g A neutral,

e "Tn vitre” abtudiocy en hydroxocobalanin in seine wors
condueted,  Thops slowed that nwpeine albers o secaportion of

the hpdrozoosoiolanin peoduoing anlonte ond meutral waborial.

e Tho chomieal natnpre of the throee compononbs wap invogbinsbad
by Ineuba®leon of wwring, colleeted afbor parentoral hydrosecobalaning
with KOY ab 1790, 411 the sadionedivo matseial bhsn behaved ne o

newbral cobalauln, premgeably eyanceobalaning showlng that the thess

fenotione contained the dndast cotalanin nolseula.

B The Qifferont madionobive mebterdals in urine wops charaobord sed
W the uze of standord techniouas wodified Do the parpore. In ovepy
ense, the noubral material wag ahousd o Yo evaneocobalanin and bhe

Ik

ardonie uwnehipreotoriecd, The bwele aodorial Pron Yin viterey hydroxos-
aetalamin studiog way phom to B hydroxcectalaning, and thave ung

gsome avidencs thet the Tagio maetepial from *in vive! gtudies vag



also hydroxocobalamin.

7o The amounte of vadioactive meterial avd microbiologleslly

active material ih urine after paronteral hydroxocobalanin were
compared in vilamin Byp deficient and non-deficient subjects.
These amounis correlated slignificontly in both groups., Urine
hod no effect on the growbh of Unglena and the various cobalamling

in urine a1l bhad tho same microhiological activity for Huplens

Dol

pracil

.

L8 a0 cyarocobalamin.,  The resulbs imply that there ig no
equilibration betweon bhody storoes and injected cobalamin, and
algo indlcate that the amount éf rodiocacvive material excreted
in urine can he btaken as a measure of the amount of cobalawmin

axeroted.
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This thesis deseribes a qualitaltive and quantitative
gbudy of the materials found in urine after parenteral
cyenccobalanin and hydroxocobelamin. The invegligations
developad in different directions, and, {or convenlencs,
each aspact is roported in a self-conbained section, although

the various aepects are interedependent.

The amount of radicactive maberial in urine was investigated
for poriods of up to 72 hours after parenteral adminigtrations
of cobalaming in varions groups of subjeets. It was found that
in comparable groups the percentage of the doge excreted after
1000 ug hydroxocobalamin was aignificantly less than that after

1000 ug cyanocobalamin, Tt was nlao found that the amount of
¥

radiocactive material in wrine after hydroxocohalamin was significantly

leas in ansemic subjects, regardless of their viitemin Byn staius,

than in non-anaemic subjects,

H

Fapsrinental investigations relating to methods of isolation
of cobalamins were wdertokon to enable a quantitative gbudy of the
materisls in urine to be carried out. Yechnigues appllecable to
urine were developad for the isolation an? mepavabtion of cobalaming.
They consisbed of two liquid/liquid extractionsg followed by ion-

exchangn chromatography.



Thage methods were anpiied to overnight colloections of
urine, from normsl subjects, after paventeral cobalsming,
It wes found that the radiocactive malerial could he divided
snto three fractlons o paaic, snionic and neutral.  Afber
cyanocobalamin, the bulk of the padicactive materlal was
nenvral, bat afbor hydroxoeobalawin, in both gberile and
non=gberile collections, was composed of 35¢ basic, 35Y anionic

and 259 noutral.

Uin vitro? studies on hydroxecobslamin in urine wepe
corducted. Theee shoyed that uring alters a proportion of

the hydroxocobalamin producing anionic and nentral matorial.

The chemical nature of the llwee components wes investipalted
by incubalion of urins, collectaed aflter parenteval hydeoxocobalamin,
with KON at 179C. 811 the radiosctive material then behaved as a

neutral cobslamin, presumably ceyanocobaizmin, showing that the three

fractions containod the irtact cohalamin wmolecule,

The different vadiocactive materigls in urine were charvacteriged
by the vee of gtandard techniques modificed for the parposs, In every
easza, the neuitral mabterial was shown to be cyanccobalamin and the
anionic uncharactsrized. The hasic material frdm "in viiro® hydroxo-

colwlanin studies was shown to be hydroxocobalamin, and there was

zome avidence bhat the basic moterisl from Pin vivo! gstudiss wvasz



also hydroxccobalamin,

The amounte of radiocactive material and microbiolegically
active material in urine afbter parenteral hydroxocobalamin were
conpared in vitamin 812 deficiont and non-deficlent subjectls.
These anounts corvelated signiflcantly in both groups. Urine
had no effect oo the growth of “ugleng and the verious cobalaming
in urine &11 had the same microbilological activity for VYuglena
srecilis as cyanocobalamin., The reeults imply that there ig no
eonilibration betysen body stores and injected cobalamin, and
also indicate that the amount of radicactive meterial exereted
in uwrine can be taken as a msasuwre of the amount of cobalamin

oxerated,



