VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk




ProQuest Number: 10647412

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10647412

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



Summary of Thesis ~ Studies on Vitamin Byp and Intrinsic Factor

The separation of free and bound vitemin Bqo was studied
using different eystems, Two forms of vitauin By, and four
binders were used end the sepsration effected by charcoesl
adgorpvion, bag dielysis, gel filtration snd ulbrafiltration.,
The results suggest that the separation of freoe-and bhound
vitamin Byp e affected by the form of vitawin Byg, the nature
of the binder and the method of effecting separabion.

Heamurenents of the vitamin B4, content of itons of diet
and meals were umeade uvsing the mierebiologicsl assay wibth
Englena gracilis » strain.  The vesulis ave discussed with
reference to the various aspects of vitamin Byg nutrition in
nan,

A pmlimi:mw gtudy, involwving the freezing of gastric Juice
and fragbionation during thawing, suggests thal eryoconcentration
may heve an application in the concentration of intrinsie factor
binder from gestric julce,

Four previdusly published reports concerming the non-specific
binding of cysnocobalamin in normel humen seliva, tobal body
vivamin Byp estimations in the Live subjeot, the éc’izzi.vﬁ_ﬁias of |
various eobalaming for Duslena srseilis, and the elinical value of
serum vitamin By estimation in jeundice, ave reprinted in their

anbivety .



CONTEINTS

SUMMARY sveesosvonaenransoveasnnssororsonsanassssvessaansons
PRIFACE 4 s vsessssasseononrasnsntnrssesesssaanssnnecsscnssnss
GUAPYER 1 SEPARATION STUDTES vevsoeseressonssnsvorssesesnsoe
ENTRODGCDLION 4 averaaeeronnsserarasssnnnsorasonsvesaaos
SEGPION 1 CHARCOAL STUDIES wysseesaseneranconneennsos
SHOTION 2 BAG DIALYSTS urevvresnnenarnseassannssnsnn
SECTION, 3 GEL FELURATION 4uversssesnsnsenensrescnnens
SEGTION 4 ULLRAFTLIBATION yueessssnsavervasanasnnsoos
SECIION 5  SHPARATION BVALUATION sevesvennnsssorsnoss

CHAPTER 2 THE VITAMIN Iy CONTENT OF ITEMS OF DIEI AND

)
MF&A% [ I N F N R NN R R NN NN NN ENEE R NN NNER NN E N NN NN ]

CHUAPITR 3 CRYOCONCENTRATION OF TRIRINSIC FACTOR 1N CGASL IRIC

JUIGE BEBEPILBANE IR SN A GAN ARV NN E RN RO S A AT PO IR eI e
CUAPEER 4 PREVIOUSLY FUBLISHED BEPORIS sevesnesosvovereanans
INTRODUGTION wuvarssnnnnnssnorsnnnsrssesecassansansess

SECTION 1 THE HON.BPRGIFIC BINDING OF CYANOGOBALAMIN

I NORMAL HUMAN MYIXED SALIVA, AND K6 PARQLID

SALIVA AT VARYIRG FLOW BATES wevesvsnssosne

SEGLION 2 ESIIMATION OF THE COLAL BODY VITAMIN By,
IN ?Hf‘} L:va SUBJ}.‘:GT PENARB R SR AL AN RPN bR
SECTION 3 ACTLVILIHS OF VARTOUS GOBALAMING FOR
EUGLBNA, GRACILIS WITH REPERENGH T0

SECTION 4 CLINJGAL VALNE OR SBRUM VITAMIN Byo
ESTIM_‘IDN IN JAUNEIG}; AERAPLAIATIIET ISR

Rmmﬂlmi\mmﬁ [ R R NN RN NN N NN RN NN RN NN RN N REXENY

ACENOWEEDGEMENTS wasssysnossnarnsvonveonnsavenssnensanyeonsane

Page

W

L.
Yo.
“¢.

9.

Tk,

3.
197.

199 .

doy

Q.

24,

233
sty



SUMMARY

1. Methods of separating free and bound vitumin Byp are examined
using two forms of vitamin Byp and four binders., The baesic

methods were charcoal adsorption, bag dialysis, gel filtration

end ulbrefiliration and veviations on esch method wére also studied,
With one form of vitumain By, and one binder difforent methods often .
produced widely differing results and with any one method the results
were affected by the form of vitemin Pqp end the nature of the

binder.,

2. ‘fm vitamin Bqp conbent of items of dip. and meals were
measured using the microbiologlcal essay with Iuglepa sracilis

g strain., The resulits are discussed with reference to the estimabed
requirenents for vitomin ,B'!E ap Judged by kinetic studies and 'ﬁhe

limltetions to shsovpiion of vitemin Byp.

3. A preliminavy study, involwving the freeszing of gastric juice
and fracbionation during thawing, suggests thut oryoconcembralion
mey have en application in the concenbration of intwinsic factor

binder from gastric juice,

he  Tour previously published reports concerming the non-gpecific
binding of cyanocobalamin in normol umen saliva, total Dody
vitanin By, estimations in the live subject, the activities of

various cobaleming for Hugle ilis, and the clinical velvwe of

gorum vitemin By estdwation in jeundice, @re reprinted in thelr

entiraty.




FRUFRGH

| The work roported in this thesis ds presented in four
chapters,
| The first chapter is a self conibained m&zﬁy, desting with
gome methods of separabing free and bownd vitemin Byae | Youp
mothods were ghudied, eech in some detall, ond sn atbempt hes
~ boen made %o essess the relative merite and demerite of cach
| nethod vie & vis the other,

“.Ifma second chopter, cm' the vitamin Byo content of items of
dist ond weals, was stimlated by work on the measurement of the
Sotal body vitamin Byg in the Lliving aubjeet (reported in Section 2
of the fourth chapter) and by kinebtie studies carried out in

thip departnent.,
| The third chapber reports on a simple method of concenbraiing
the dnwrinsie foobor in gestrie juice., Work on this subject hed
o be Iinived by obher activities ond this report is essentislly
& preliminary etudy.
Ghapser four :’lrwlvdm'i‘mx* praviously published veports of

Joint work corried out in this department.
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CHAPTER 1

CEPARATION STUDIES




Vitamin By, rorely occurs naturelly in the free form
but veualliy atbached or bound to protein. For analyticsl
purposes it ls necessary Lo detach the vitamin and thereafter
to separate the free vitamin from the binder and/or eny
vitamin Byo-binder complex. For evalvation of the efficiency
of | geparation procedures it is essential to have technigues
vhich discriminate quantitatively between free and bound
vitamin Bm . For this purpose charcoal seperation, bag dislysis,
gel filtyabion, ultrafiliration, paper chrometography, elootroe
phoresis end microbiologlcal assay have ell been used.
Separation by microbiological assay is not considered to give
meaningful results (Chenarin, 1969) and it is Aifficult to
quanbify results obteined by peper chromatography end elegtro-
phoresis.  Accordingly the study of separation methods was
limited to four techniques, charceal separation, bag dialysis,
gel filtration and ultrafiliration.

Chanarin (1969) comments that "In general, dialysis, column
chromatography and charcoel adsorption give comparsble results.
The vesults of ultrafiliration are similer to those obitained
by dielysis,® No other consideration about the comparebility of
resulte obtained by different methods could be traced and one
objeet of the study was to £ill this gsp, accumuleting enough

data to permit stabtisbical eveluation, Accordingly the messes



of reactents, vitamin By, and binder, were kopt constant for each
method It was appreciated that what was appliceble 1o one
binder and one form of vitawin By, would not necessarily apply to
other binders ond other forms of vitemin Bm sad so the seops of
the study wes widened by wsing four binders and two forms of
vitamin Bya,

It ie convenient to present the study of each method
saparebely and bo evaluabe the results obtalned by different
methods in a final section., It should be stressed here that
the sindy was a prachleal one and that theoretical considerationsa

relevant to separation methodology were not investigebed,




SECTION 1

CHARGOAL STUDLES



INPRODUGIION

Charcoal has been used in separstion procedures for many
yoarg end wag in Pach used by Laland & Blem {1936) to wdsorb
and esoneentrate the haswmopoietically active fraction in erude
extreets of liver., Hith the developnent of other separntlon
procedures interest in charcoal waned until Hiller (1957) used
it to seporate free and bound vitewin Byp in humen plasma,

A further cliniesl spplication came when Ardenmn & Uhmmm
(1963) used charcoal to separate free and gastrie juice bound
vitanin By, in thelr inbrinsic factor assay. ‘he use of
slbumin coeted charceal was intreduced by Gotblieb el s1. (1963)
vhe referved 4o the separation of free and bound vibwmin Byp by
albuomin coated charcoal as "inatent dislysis®.

Although theve s evidence that albunin cooting modifies
the effect of charcoal (Herbert et al., ?96&.),- there is Jibtle
infomation on the effect of different chareoals, whether rew or
albumin-coabed, and on the effect of varigbions in the concenw
brations of any one type of charcoml, whether raw Qr coated,
in relation to the type of binder and the form of vitawin By,s

the prinary objeet of the work weperbed in this section
wes w0 study the effect of variatdons in the consenbtration of
two choreosls, both raw and dlbumin-goated, en the fsepafa.tiaxx
of free and hound vitamin Bqo In a standard sysbew, using twvo

forms of vitamin Byg (oysnocobalamin and hydroxocobalamin) and




four binders (hwman gastrie juice, hog intrinaie fector
concentrabe, huwwan hile and human rsal!.iva), with the purpose
of obtaining information on the importince of these factors,
in addibion it was in'henc’geﬁ o accurmmlate enough daba bto allow
comparison of the results obbained by the various choarcozl

separations with those obteined by other separation methods,

MATERIALS AND METHODS

The bagis of the method is that free vitemin By, is
adsorbed by the charcoal. After centrifugabion with charcosl
the fraction of vitamln Bqo in vhe supernatent of bthe test
ganple is lherefore taken as the fraction of viiamin Bqan vwhieh
hag been bound to the test binder snd is expressed as wpg

visamin By, bound per wl of binder.

Senerel Irogedure

To nombered 10 ml plastic tubes were ac‘ided, seguentially,
2 ml distilled water, 1 ml binder and 1 ml radicactive vitemin B,,
golution., The tubes were capped, shaken and incubated at room
temperature for 15 minutes, 2 ml of the sppropriate charcoal
guspengion were then added to each tube and the contents again
mixed and incubated at room temperature for 15 mimites, The tubes
vere then centrifuged at 2,500 rev./min for 15 minutes snd the
supemabents deeanted, he rediosetivity in each supemmatant

wos weasured sgeinst a suitable standard. Control tubes conbaining



3 ml distilled water, 1 ml radioactive vitawin Bqg solubion
and 2 wl of the appropriate charcoal suspension were included
in each batoh of sanples,  All tests were done in duplicate
and mean veluss used for celowlations which took sceount of

background redicactivity.

Vitemin Bia Bedioactive (77Co)eyenocobalamin and (#7Co).
hydroxocobalanin were obtained from the Radiochemicel Centre,
Aworsham, ond working solutlons prepared with diatilled water
v0 give final concentretions of 100 mug 0.1 pGi/ml.,  Such
golubions were atored in dark glass boktles abt 4°0. 4m the
cobelenins were rarely stored for more then a week, quality

. conbrol procedures were not used rowbinely b oecasional
batchea wore tested using carbozy wethyl ecllulose (OMC) and
diethylaninoethyl cellulose (DBANC) colume (Keonedy & Adams,
19653 Kennedy, 1967).

Four binders wove vsed - hamen gastric juice (GF), hog
inbringic factor concenirate (HIF), twman bile (BIL) and hunen
salive (SAD),

The hoten gzmi;rié juice was obtailned from patienis etbtending
the Gastrointestingl Clinic of the hospitel. Ap each sample of
fasting, bistmmine stimulated or pentagastrin stimulated materisl
was obtained it wes neuwtralised, using phenolphthalein os

indicator, by the addition of N/10 sodinm hydroxide solution and



{0.

then stoved at -?.O%y Waen sbout 10 litres had been colleched
it was thawed, peoled, filtered through glass wool and stored
in aliquots of .3.() ml. at «209C wntil vequired.

The hog intrinsic factor concentrabe was prepared from a
preparation of hog gastric mucosa, rebailed by Avmour Lid,

100 mg were dissolved in 100 wl distilled water and after
sbanding for 30 minvites ab room temperature the mixture was
contrifuoged ab 2,500 rev./miri to obbain a clear supernatent
vhich was stoved in 10 ml aliguots at -200C,

Human bile vap obiained via T-tubes placed in the common
bile duots of three patients at cholecystectomy five days
previously, The collections were pooled, dialysed against tap
water at 19°C for 18 ho;.lra, and 20 wl aliquots stored at =-20°C,
(The purpose of dialysis was to render the bile acceptable for
in vivo studies, not discussed in this thesis),

.Hmnan salive was collected fronm amff, centrifuged, pooled
and stoved at -20°C,

Initlelly 4% was not intended to carryy out such extensive
investigations with the bile and saliva, Therefore, welabively
small pools were accumulated end rather than use other materisl
wh:icﬁ:l would not he comparoble, invesbigations with bile and saliva
were linibed. _

In these charcoal studies the use of saliva was limited to

eyanocobalawin binding only.

Two types of charcoal - Norit OL activated (Hopkine and

Hilliems) and Norit A neutral (Amend Drug and Chemical Coy. U.5.5,)




if.

the latter gifted by Pr. L.L, MocKonzie of Poston ~ were used,
each in the raw and the albumin-coated states. One batch of
soch charcoal wes uwsed vhroughout. The charcoals were stored
ot 470 and vaw suspensions were mafle with distilled wator in
concentrations (weight/volume) of 0.5% to 104, The 105 .
suepengions of albuminwcoated charcoal werc prapared by adding
10 gremmes of charcoal to 93.3 wl distilled water and 6.6 nl
30% bovine serum albumin solution (Armour Iitd.).  Suspeneions
of lower concentyations weve prepared by dilution from the 107
guspension. The charcosl suspensions were sbored at 4°C and
discarded three weecks after prepavetion. Beceuse of dlfficuliy
in obteining Worit A (vwhich was wsed by Gottlieb ob al., 1963),
the bulk of the work was done with Forit OL which was readily.

awvailoblo,

The ameunt of radieactivity in a sample was meawﬁe& in a
well type seintillation counter, IDL iype 663, with a thallium
activeted sodium ifodide crystel 5,5 om in diemeter and 6.9 om
deesp, surrounded by 10 em thick lead ahielding. “i‘m crystal
was connected to an IDL 1700 mutometic sealer and meosurements
wore uwede aggminat gtandards of the seme volume, appropriate

corrections being made for background radicactiviby.

Statietienl Hothods
Statiotical enalysee were carried out using the Monu~Whitney
U Tost as described by Siegel (1956).



RESUITS

In 211 abowt 1,000 results of duplicate studies were
obbained and these have been summarised ond are presented
in Tables 1 - 8 (pages -2}, In each ave shoun ‘the meen
values and gtandard deviations derived from six duplicate
results obtained at differdnt times.




LABLES

13,

Tables 1 - 8 are the main presentationst-

Table 1 (page
“I.’alale 2 (page
Table 3 (page
Table 4 (page
Table 5 (page
Toble 6 (page
Table 7 (page
Table & (poge

y )
(5)
16 )
17)
19)
19 )
do)

21)

Norit OL Chareoal, coated, end Cyanocobelamin
Norit OL Charcoal, raw, and Cysnocobslamin

Horit A Charcosl, conted end Cyonocobalamin

Nopit A Charcosl, raw,and Cyanocobelamin

Norit OL Charcoal, coated,snd Hydroxocobalamin
Norit OL Charcosl, raw end Hydyoxocobalamin
Borit A Charcoel, eoated and Mydroxocobelamin

Norit A Charcoal, vaw,and Hydroxocobalanin
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Beeaune of the megs of those yaw regulie it has been

thought best to further present then aeccording to the

objects of the study,

With rav charcoals, the relevent results relabing to
oyanocobalenin are in Tableo 2 and 4 {pages 1S and 17 ) vhile
those relating to hydroxocobalemin arve in Tables 6 end &
{pages 11 ond 21}y These were onalysed vweing the Menne
Whitney U Test and the findings, which are more conveniently
presented in bebular than textual forw, are sed oul in
Tables 9 and 10 (pages 23 and 24 ),

A9 .
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I% ie cleay from thene tebles that in the mejority of
instenses (17 out of 27 ineluding control results) the
resulte obteined with one btype of chareoal. are gignificently
different (F<0.058) from the vesults obteined with enothor
type of aharmati; ond thet this ogours with contwels, with
#3d bindeys end with both types of cobalamin,

With albumin.coated charcoals, the relevent resulis
relating 40 oysnocobslamin ave set oub in Tebles 1 and 3
(poges i and 16 ), wilh those relating o hydroxocobalamin
in Tables 5 and 7 (pages I3 and 20}, The snalytical
findings are set out im Tables 11 and 12 (pages 26 and IY)
ond egain it 4s cleer thed in nany instancos (18 cut of 27
in¢luading control resulits) the pesults obbained with one type
of coated charvcoal. differ signilicently (P<0,06) from the

results obtalued unaing anothber type of coated chareoal.
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In generel it can be concluded that the effect of different
charcosls veries according to the binder, the form of vibamin Beg,
the concentration of the charcoals and whebther they are used in

the ravw or glbumin-coated stabes,

Sepulte yeleked do vayietioga in fhe copcentyation of. charcoals
With vaw chavcoals the relevant resulis welated to Noxit OL
pre set out in Tables 2 end 6 (pages 1S and 19 ) end related %o
Worit A in Yables 4 and 8 (pages li and 21 ), A sbtriking and
unexpected feabure of the results was the incomplete vemoval of
oyanoeobelamin and hydroxocobalenin from aqueous solution
{ controls) by low concentrations of both Norit Ok and Nerdt A,
This alone, however, could not fully eecownt for the oversll
patiem which is one of a fall din velue for bownd vitemin Hyp
with inereasing congenbrations eof cherceal, the patitern eecurring
with both types of charcoal, with all four binders, and with both
forms of vitemin }31;3. This pattera ds so abriking that

shatistical evaluation has been considered %o be superfluous,

1% ie convendent to mentlon here the apparent anomslies found with

Nopit OL, concenitration 2.5, where the valnes of both hog
intringde facter bound oyenocobalamin snd hog intrinsic feetor hound
hydrozocobalanin ave significantly less than the control values
(Tables 2 and 6, poges I§ and 19 ),

With albumin-coated charepsls the Pelovant resulbs relsbed
to Norit OL are set ouv in Tsghles 1 ani:iﬁ (pages 14 and 18) and
related to Norit A in Tebles 3 and 7 (pages Iv and 20), The

resulls ave less dranabic than those obbained wiih rew chaveodls

but the pebiem - o fall in the velue for bound vitewin Byp with
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increasing concentrations of charcoal -~ is obviously the sone
in the cases of gastric gulce, bile,and saliva bound to
eyangechalanin or hydroxocobalaning whichever charconl is used,
The pesulits with hog intrinsic factor appear to be an excepbion
but gtatistical enalysis of the results using the Henn-Whitney
¥ Toat disgloses significant differences between valves obbained
wi,th different eanceﬁhraﬁiems of chareoals (11 oub of 26),
showing that this is not the case and that the patbern with

hog intrineic factor, although less obvious, is sinilar do the
others, e results of these statistioal amélya% are sﬂ outi

in Tables 13 » 16 (pages 30 - 33 ),
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Beanite relatod to. the_effacie of elbuain costine of charconls

W ih Nowit OL cherapal. the resulis relevent o the effecis
of albumin coabing related to eyenocobalwwin birding are in
lables 1 and 2 (peges (4 and 1) and related to hydroxocobalamin
binding in Tables 5 and 6 (pages 18 snd 19 ), With Worit 4
charcoal, the resulls relevent to the e¢ffects of albumin coalting
volated to cysnocobalanin binding ave in Tebles 3 and 4 (pages 1o
aad 11 ) and related to hydroxocebalamin binding in Tables 7 end 8
(peges 20 and 24),

With both types of chareoal there arve two obvious effects
of coating: The first is a :c-*ta-;imrh:i.gsn in eontrol vzglm.ws“- obtained,
especially with the lower concenbtrations of charcosl both with
cyanoeobalanin and hydvoxocobalonin, | The second Lo sn effect
wbich in general yesulbs in higher values for bouad vitewin B4,
vhether In the form of cyanocobalanin oy i‘lydm:{ocobalan;ﬂ.n, wien
the ehareeal eoncenbrations are highq

ihe Pesulis were subjooted to stablstlcsl anslyses by the
Mannelhitney ¥ test and the findings are presented in Tebles
7 - 20 (pages 36 - 39).  From these the f.‘onow'mg conclusions
are drawns-

1) In the comtrols with the 0,56 concembrations, the albumin
coabting efffeets a statistically significent increase in the amouni
of vitamin By vemoved by the chaveonl, (i,e. vaduces the control
ralue), vhother the vitamin Bio is cysnocobalemin o hydroxo-

cobalemin and whother the charcoal is Noxlt OL or Wordt A,




3s.

2) The effect of albumin coating with both Nowit O and
Nordt & in concentratdens of 2.5% and greater i alvays to
jnoreage, by sbetlebtically significent margins, the amount of
vitemin Byp bound, irrespective of binder ox cobalamin,

3) This effect ovecurs with hog intrinsie factor at all

eoncenbrations stndied,.
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T

'ne use of chareeal to separate free and bownd vitamin B,

is & well esteblished stage in measurements of the binding
capacily of seram (Hiller, 1957; Grossowies et ol., 1992;
fopenthel eb ali, 1962} Meyer et al., 1963; Kemedy & Adams, 1967),
and dn the assay of lanbrineic facter ln human gasbrie secretion
hrdeman end Chenarin, 19635 Gotblieh et al., 19653 Ohanerin, 1969),
the gproeedure is, therefore, worchy of abtudy in all its sspects
and these selected « the af:{?mi_as of the type and concentration of
chaveoal, the effeats of elbumin ceating end the effecbs of the

fora of vitemin Bqg » ave obviougly only a few of many.

Tyne af Chareoal

Ardeman & Chenarin (1963), vho were the firet to use charcoal
in an dnbrinsic facior assay, wentloned only that the oharcosl they
uged was acld washed and acbivabad by heating, Sohulieb et al,
(1965), who introduced the use of slbumin-veated charcosls, used
Horit & gud stated that bhey had Pfound other "finely powlered chape
coals® 0 be equally sabiefactory, They also sbabed thab
achivation was wnecesvary snd that they had found one “coarse!
ghavooal to be unaccepbeble, In his recent monograph, Chenarin
{1969} does nob speeify any type of charcoal when describing an
inteinsic factor asspy provedure and does not mentien it in a
brief review of the vse of chareoal in separation of free and
bownd vibenin Byn.

Workers who have based thsly techniques for intrinsic factor
assey on the wethods of Ardemen & Chanerin (1963) and Gottlieb

et al. (1965) have somebimes used different chaveosls. lrvie (1966)



Wi

for exsmple wesed B.DH, activated charcoeld end in this laboratory
we have used Norit OL (Adamo ot al., 1967; Kennedy & Adame, 1967),
partly because of diffieulty in obtaining Nowit A and partly
because of advice thet Norit Ok was virtually identicsl to Norit A.

I scems veasonable to conclude from the results that the
substitvtion of one type of charcoal, whethor raw or coabed, for
another in the type of system used, &ll other facleors being
constant, mey remult in o sigaificently different velue foy bound
vitemin Byg. The qualification is importanit, The resulis do
not supporbt an everall ecoaclusien, and oven if they did it wuld
not neeegssarily be generelly applicable. They do, however, show
that whether one type of charcosl doss or docs net have an effect
vibich differs from snether depends on the binder, the type of
vitamin Byo end the eoncentration as well as the type of charcoal
and vhether the charesal is coated or not., The value of the
rosvlbta lies not din the lindbed comparisons bul in the demonstra-
tion of the imporiance of these factors, It would be unrealistic
to bolieve that these are the only fectors and this point will be
dealt with later,

4 would have been satlefactory to ©ind ressons foy the
obsorved differences but roplies to enquiries sbout seurces,
nenufacturing procmasés and physicel charaeteristies of the

chareosls have nod been helpful,

Coneantration of Chergos

The importenes of the concenbration of chareoal has not
previougly been studied in detell and recommendations gbout this

sopeet are donfusing. Ardemon & Chanerin (1963) uvsed o "knife




edge”, about 100 mg and Chanarin {1969) s8till recommends this,
Gobtlieb et al. (1965) used 2.50 slbumin coated charcoal

suspension, lore dmporbent then the working concentration of
chareoal may, in fact, be the vatio of charcosl to vitawmin Bqp

in the assay tubes, This mey vary considerably in "stondard!

methods as can be seen in Teble 21 (page 43 ) in wbich the dab..

have been teken from the intrinsie foctor assay protocols,

H2 .




Vitonin ﬁm ¢+ Charcoal
lavthowy ratio in each assay tube
Jng vitenin By ;g/mg charcoal
Ardejen & Chanerin {1963) 500
Gotilich et al. (1965) 150
Rbdbro ot al. (1965) 200
Ixvine (1966) 4,000
Adems ot al, (1967) 150
" Chanaein (1969) 1,000
Current, series
0.5% 10, 000
1% 5,000
2456 2,000
5 1,000
106 500
Zable 21 Variations in rotie of Vitamin Byg ¢ Chavcosl

in Inbrinsic Pactor Assay Protocols.

k3.
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it de clear from the resulis of this etudy that the
concentration of charcoal, perticulsrly vaw charcoal, may have
o dramatie offech on the resulis, In the case of vaw chercoals
this was nobd vnexpeoted fox 1t has been shown that raw chareenl
can adsorb binding proteins (Gregory & Holdsworth, 1949) and
can adsorb vibtamin Ryp ~ intrineic factor complex from gastrie
Juice (Ardeman & Uhenarin, 1963). The mognitude of the changes
was, however, uncxpected., The effects of changes in concenw
tration of coabed gh&mml.& were much legs dramotie bub were
clear ent with most binders srd thepe resulis will be discupsed
in relabien to the offects of conting.

The results shov that the concentration of charcodl, raw
or eoated, can significently affect results. That this invelves
chenges in the vitamin B4 3 charcosl yatic may be an inportant

Pactor,
Bifecks of Coating

The eoating of charcegl by elbumin was introduced by
Gottliob ot al. (1968) who rogarded “he cost 28 a “molecuwlar
glave™ vhich allows the passoge of small moleoules, such aa
vitamin By, but the barping of lerge melecules sych as bound
vibamin B2 complexes.

The results of this study leave no doubt thab coabing
medifios the effect of chaveoal, The fact that the effeet was
glvays statlstieslly significant with chaveoal coneentrations
2.5% or greater, regardless of bindew, Lype of charcosl or type

of vitamin Bep, might be regarded as supporbting the molecular
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gieve conceph, Thal coaied charcoals in low concenbrabions
remove wove vitanin Byo, eyapocobalamin ox hydroxecobaleunin,
from aguecus soluiblons than unoosted chexecoals does not support
this consent., Relabed to this point are the anomalous resulis
for controle end hog inbrinsic factor bound vilamin Bqg vhen
2.5% Yorit OL was uvsed. The control reswlits were greater, and,
if this were expliceble by the presence of protein in the
intrinsic factor solublon, would nob support the concept.

With both cogted charcosls in the bilewvitemin By, aystem, the
pattern of resulis, which shows a steady decroase in the value
of bownd vitenin By with inerease in the concentrailon of
charcoal, slse rvaines doubts at least in relation to the
sieving of free and bound vitamin Byp, Pinsdly there is the
oddd by that slihough the effect of coating wes sigaificent at
conconbrations of 2.5 and greater, irrespeetive of type of
chareoal, vitemin Bys or binder, it %ré always significent with

the bog intrinsic fagtor « vitamin By, system,
Binder Fogton

Thie last poind serxves to introduce the "binder factor! in
charcoal separabion systeus., The slopes of the velues obtained
with the variouvs binders and varying conecentrvabtions of charcosl
are different and this seems 1likely to be due to differsnces in
binders or binder-witemin Bqp complexss, Idttle is known
aboub the fundamental process of binding and nothing of the
moleculay structure of the binding egent in the variovws binders

+

used in this study. Beyond stressing the fact that the binder




is a factor of iupertance there is nething to contribute,

?_;r;i‘ e.of Vitanin Bio

Iy is w@li @s"iséblw}wsl that the hiﬁding; eapesici‘ty aof one
binder fou ayanoe@balamin nay differ from its capapiby ‘:f.‘a"r
h:,relmmccfbalamin (Bouriedel ob aa:l..-‘, ‘l?%), and this afwa was
xm;'%s atﬁc’iieé in detall, It is worthy of note that, in the
géri‘tsx’él étuelﬁ.eas;_, 'uncea'!;m% aharmaia paneved the same snount
of ayanca@ba:l.muﬁ.ﬁ end hydrexocobalanin bul goated Nopit OL
charcoal removed more cyanocobalamin then hydroxocebalemin.
This ig dnimpovtant in systems, such as bhe intrinsio factor
assey system, where the upbeke of cyanocobslamin ig measured,
buk gystens .Ln which other forms of vitemin Bygo ave being
meézaaﬁmri would wegquire athontion. |

Il‘h is net possible to tell frem the resulis whether any
ﬁﬁ;ng"lea veault is correct in terms of the separation of free
ond bound vitemin Bya . This guestion cen only be considered
»:m the light of results using other scpareatieon btechnigues and
this will be examined later,

A pesuls of this study may be disquiet about the genersl
applicability of charcosl sa}-mi‘ati@m of frea gnd beund
vitemin By, unless due regard is pald to the ﬁ.mpor;mme of ‘the
factors diseussed, The method hos meny advantages and its
m&ﬂts and demerits, compared wi.éh other separation systeus,

will be discussed later,

ho.




SECTION 2

BAG DIALYSIS

L.



Separation of large and small molecules by dialysis using
membranes is o long established and well known procedure which
ig believed to operate by a sleving mechenism. A recurrence
of interest in dialysis hag been stimilated by developments in
nembrane technology end & very wide range of nmembranes 18 now
available.

It wes decided to eveluaté dialysis as o method of seporating
frae end bound vitemin Bp using five membrenes, two forme of
vitemin Byg (oyanocobalemin and hydroxoecobslamin) and the four
‘binders {gesiric juice, hog intrinsic factor, bile end saliva)
used in the chercogl separation study: The masses of reagents
vere the ssme as in the chawcoal sindy.

In order to gain information about the operating time secales,
prelininary studies were carried out with aqueous solutions of

cyenocobalenin and hydroxocobalamin (i.e. both in the free form).

Sulbable lengths of tubing were noaked in woter for 30 minutes
ond an end of each lengbh wee knotled. The test material, slways
10 wl, wos pipetied into the tubing whiech was knotted ab the free

ond to encleose the 10 nl of test maserisl snd about § nl of alr.




The snc was then suspended by & thread in & waber bath conbalning
50 litres of bap water which was mainteined at 37°C by a heater
and i-.lwmostat* and constantly egltabed by a slirrer. DPialysis
was conbinued for periods of np to 72 hours, The sac was then
removed and the radioactivity of the sag and contents counted
egaingt a suitable stendard ae desoribed previously. The sac
was then spllit open end washed with running tap woter and the
radionetivity adhering fto the sae messured., Two velues for the
vitamin Byo vetained were therefore colewlabed w the uncorrected
value from the radicsctivity of the sac mnd contents, and the
ecorrected value from the radicachivity of the sac and conbents
winus that adhering to the sae,

Since theorotically the vitemin Byg retained is bound, (the
small molecules, including frec vitawin Byp, having been dislysed
out), the results were further expressed ag mug vitemin Bqp bound
por nl of binder,

The masses of reagents used were the same as in the charcosl
atudy i.e, 100 xgmg(57f3m)oymacmbalmin ea‘(ﬁ%m)hyémmmb@lwm

and 1 nl of the relevant bindsr,

Dialysin Hexbranes.

Mive membrones were studieds-
Suprophan  Cuprophan tubing, 55 mm flabt dlemeter, was donated by
Dr. WM, Mulr of the Bicengineering Unit, Strathclyde University.

This cellulose ffilm, regenerated from ammoniacsl copper hydroxide
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solukion, has yelatively lerge pore dimensions (20 mm) and mn
upusually high ultrafiliration rate compared to othey cellulose

filme (Muir ot al., 1970).

This cellvlose tubing, flat diometer 60 mm, is

regenerated from a zanthate derivative snd wes also donated by
Dp. Muir., Like cuprophen it dleplays en vnusually high ulitres
£iltration rate (Muir et al,, 1970) end has relabtively large

pore dimensions (20 om),

Vioking(247328) ihis mutordal, obtained frem the Sedentific
Instroment Centre Lid, ; is a seanlesy regenerated cellulose tubing
(viscose proecess), having a flat diameter of 30 mm, It is sbabed

by the reteilers to huve sn everage pore dimengion of 2ok 10,

Nojox 21 Vhis tubing is used in the Homburger Artificiel Eldney
and & supply wae obtained from Professor 4,0, Kermedy of the

i%yq:], infirvmery, $lasgow, Teehniocal debaile of the manafecturing
precess and specificatlons were not obtalnable.  ‘the materisl used

had a flay dianeter of 28 mn,

Belle  This eollulose material, also supplied by Pr, Vuir, is
mepufas tured in Germeny and has & flat diameter of 7R mw, No

other details were aveilable,

Exelininexy Studies
Praliminary stulies wore carried oub with sach membrene o

deternine whether the rate of loss of free vitawin Byy varies with
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the form of vitawin Byp and with the type of mewbrane, For
this purpose six sace of each membrane, edeh sac conbalning
100 mpg vitewin Byo in 10 m) of wnter, were prepaved as
deseribed previously snd dialysis of all paes stavbed

sluul taneously.  Ab sulveble iniervals one sac was removed
and the amount of vitowin Byy rebained ecalovlated. The six
valwes obbained ab various dlmes were plobted as a percentage
of the duiblal vitemdn Byp againet tine and, on the assumpiion
that dlalysls was proceeding as a first order funetion, the
time ob which 508 of the maberiel was lost (T4) wes found from

inspection of the plots, The time requived wntil 1% vas

voloined (I exhaustion) wap calewlated obtaining A from mﬁrﬁm
i
. Ak . . n‘

gnd from the function 40 = o” where b0 = mmount of vitawin Bya

, A
ab bime zero and At the amount ab time © in hours, FBach study

with each membrame and each form of vitemin B4y was performed on

two sepsrate oceasions,

Sepsrarion Sindies

Separation studies were performed with the two forms of
vitamin Byo and the four binders used in the chercoal study.
In this procedure the 100 mag of radioactive vitamin Bqz and 1 wl
of stendard binder preparabion were made up o a volune of 10 wl
with distilled water. Hoch study was repested on six separate
oceasions, the wines for dlslysis (dotemmined from the preliminary
studies) being 24 hours for coprophsn, nephrophen end kalle

membranes, AB hours for nojax 21 mewbrene and for visking membrane




with eyenocobalamin, and 72 hours for visking membrane whon
hydroxecobalamin wag used.
Boeaupe of the shorbage off bile and saliva the investigations

uith these binders were limited to cyenocobalamin binding only,
:‘éy ﬁ.i,,‘l g.g..‘l Q’ﬂ I & j.bgq 3

Statistlical analyses wewe carried out using the Wilcoxon
Hatehed-Pairs Signed-Ranks Test and the Mam-Whitney U Test,

both of which are described by Blegel (1956),

RESULYS

The results of the preliminsry studies with agueous solwbions
of cyonecobalemin and hydroxocobalowin end oach ef the five
membrones arve sumnarised in Fable 22 (papge §3 ) and some results

are prosented graphicelly in Fig.1 (page su ).
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: Qbse&rv:;& Galoalnted Dialysis
oo T A% - Time

1 Mexbrane ' 'Vi}sam:m Bqo (Hours) {(Houra) ?gizggﬁﬁ
Cuprophen | Cyanocobelamin 14 18 1046 24
Hephrophan | Cysnocobalamin 13 1.5 10 2,
Visking Gyanocobalanin 8.8 12,0 80 49
Nojax 21 Jyanoeabalanin 6.0 7.8 52 48
Kelle Gyenocobalemin 3o 3.8 25 24,
Guprophan Hydroxocobalamin 2 3.0 20 24
i} eﬁlnmphm*a Hydroxocobalenin 2.0 2.8 18.6 24,
Visking Hydroxecobalemin 110.5 20.5 136 72
Hojax 21 Hydroxocobalamin » 9.5 12,5 83 48
Kalle Hydroxoeobalemin | 4 45 30 24

Loble 22 Times in hours found for less of 50F agueous solutions

of cyanocobalamin and hydroxocobalamin with various

nesbpanes (T%),

from the moximum values for T% (see text).

ihe values for T 1% were caleulated

The bines

alloved for separation atudies ave slso shown,
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Prom these resulbs and esleulotvions it is clear that the
time which shouwld be allowed fox Asaz:;mm'b:ima of free and bouwed
vidgmin By, by dlalysis varices not only from membrane to merbrene
but alse with the type of vitemin Bqo. Accexdingly, teking the
vesulbs ond calevlations, ahd allowing for convenience in
leboratory procedures, it was decided to ellow dialysis Yo proceed
for R4 hours vhen using cuprephan, nephrophen and Ralle monbranes,
Poxr 49 hours when using nojax 21 mesbrane, 408 bouws dialyeis
time was allowed when uelng visking mombrans and cyanocobalemin

snd 72 hours when using vieking membrane and hydronocobalamiin.

The results of the sopavablon studies arve suwmmarised and
progscabed in Teble 23 (puge St ) which relatos to cyanocobalemin
binding and in Teble 24 (page s ) which relates to hydroxoeobelemin
binding, Yor each membrane, each binder end each foxm of vitemin By,
are shown the nesm value and standerd deviation for uncorrvected ond
correeted emovmts of vitamin B bound per ml of binder, the valuwes

being derived fron six separabe exporiments.
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Uncoyreoted values ware compared stebiotically with tho
corrasponding corrvected velue weing the Wileoxen Matched~Paira
Bigned=Ronks Test. AL other vdlucs wvere analysed statistically
yaing the Manne-Whitaey U Test, P values ablained are shown in

Tables 25 » 30 (pages 3 - 4),
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DISCUSSION

It 48 clear from the results of the preliminary studies
with aqueous solutions of eyanceobalamin (fra@ eyanocobalamin)
that the time élapsing wntil 50% of the oyanocobalawin had been
logt varvied from membrene to membrane., The fasbest rates of
loss were Found with cuprovhen and viephrophan and the slowest
with visking, the other two membranes occupying intermediate
positions. Lt is velevant 1o note that cuprophen ond nephroe
phen vere pubsequently reported to have higher ultrafiliration
rates then visking (Muir et al,, 1970), Similer findings
ocenrred when agueows solubions of hydroxocobalamin were dislysed.

Within the limitations of the number of results, the velues
suggest thet with each membrene the time taken for 50% loan uas
greater with hydroxocobelamin than with cyanocobalemin., This
point was not further investigated as the purpose of these studies
wes to provide information about sultable times for dlelysing free
and bound materiels, It might, hovever, be worthy of study.

The times selected for the separation of free and bound
vitamin By by dialysis should have been adequate for removal of
free material, except possibly in the cases of visking with
syenocobseleomin and nojax 21 with hydroxocobalemin., In the latter
case, it might have been wige to allow 72 hours, but in the case
of visking it was felt that a period longer than 72 houvrs was
undesirable perticularly in view of the tempersture at which
dielysis was performed, The temperature {37°0) sclected for

vhe procedure can be criticised on several grounds, mainly
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because Lt neszeng degradation of bioders end dissocisiion of
vitomin Bqy from the vitamin Byy - binder complex. It was
felt, however, that the disadvemtages would be offset by the
incressed rate of loss at 3790 cowared 4o the rate of loss
at roon hemperatiure.

the results show thab the type of membrane could affect
the resulis of dialysis separabion in s statisticelly sigoaificunt
namer, depending on the binder and the form ot vitamin 312 and
the cholce of correchad or uneorrvected values, Again the
imporbance of the "binder factor? and the "vitemin Bqp factor®
previously commented on in the charcoal studies is apparent,
Although the corrected value was always less than the corresponding
uncorrecved value, the magnitude of the diflerences wap remarkably
varied, renging from trivial (o difference of 0.5 wug, d.e. 1.6,
between the mean values with gestric julce bound cysnocobalamin
and cuprophan) to considerable (a reduetion of nearly 508 with

Fd

bile bound gyanocobelanin and kelle)s There vas no cleay pattern,
relabing to magnltude of correction, with binder ar fype of
vitamin Bin, The difference hetueen -amﬁéatm& and uwneorrected
values, however, was least with cuprophan, whers the coxrected
value was never wore than 7,60 less then the uncorrented value,

and greatest with visking, nojex 21 snd kelle, where the corrected
values were for the wosk part (14 oub of 18) greater than 20%

less Then the uncorrected values. The magnitudes of the

differences ave further displayed in lables 31 & 32 (pages b7 and 6% ),




Cuprophan] Nephrophay Visking Néjaxv21 Kalle
) 1.8 16.4 172 ﬂ. 1801 | 242
HIF | 3.9 17.5 29 oy v31' 4|28y
.BZEL 746 2547 d 39.3 #.8 43‘5
o ,;{;;o | 9.8 749 | 2@.6 23.2
Iable 31 Cyanocobalamin

The values in the Teble are the differences
betuesn uncorrected end coprected values
oxpressed as a percentage of the uncorrected,




3 -

Cuprophan | Nephrophan | Visking [Nojaw 21 | Kelle
GJ 5.5 12,7 30.0 1544 28.5
HIF 546 2146 25.3 4545 301
Taba a. 32 Hydroxocobaleamin

The valves in the Taéble are the differences

betuween uncorrected and corveoted values

expressed as » percentage of the uncorrected.
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Desplte some very smell dlfferences, the corvected
values are sluays significantly less (P<0.050) then the
corresponding uncorreched valuea when statistically snalysed
using the Wilcoxdn Matehed-Pairs Signed«Ronks Test.

The problems posed by corveclted end uncorrected values
are well hnown bubt 1ittle undersiood from tho practical aspect
vhich ig, in cssence, vhether one value or the othoy is "elght"
or fwrong®. YThis point will be consideved furthor vhen the
rosults obtained by dialysis are compared to those ebtained

by other peparation methods.




SECTION 3

GBL PILIRATION

Yo.




1.

TH IRODUGT TON

Gol filtrabion is a relatively new method of fractionabing
and separating molecules, and a varlety of agents, such as
nodified dextrans, agerose gels snd polyacryﬁn:i.de gels, ave now
avallable for this purpose.

ifhe uge of gol filtration for the separation of free god
bound vitamin Bys was first reported by Daisley (1961) and by
Kakei & Glass (1962)., Yhe method has been mogt used in
vitamin By, work to effect separation of vitamin Byo in the
free slate from that bound to the plaswa cervier proteins,
transcobalawing 1 and 2 (Hom ot al., 1966; Lawrence, 1966);

om, 1967),
MATERIALS AND MEVHODS

Studies wers undertaken using the modified dextran
Sophadex G-25 fine (Phermacia Ltd.), with a borosilicate glass
columa 30 em long end 1,5 em in diemebter and having suitable
end pleces and a nylon bed supporting net (Sephadex X 15/30 H
Phaymacia Ltd.).

the gel was prepared by hydrating 10 g of Sephadex G=25 fine
with 1 libre of distilled waber for 3 hours. The bulk of the
supernatant was decanted and the slurry transferred to the column,
vhich was clamped in a vertical position as indieated by plumb
lines. Uhen a layer of gel a fow centimebtrss thick hed formed,
the column outleb was opened snd wsber allowed to flow out slowly.

More slurry was then sdded until. the coluvmn was packed.




M.

Before charging the colwm the excess eluent (uater)
above the gel waes removed by gentle suction and the outlet
opened wntil the oluent had soaked into the gel. The outlet
vas closed snd the semple was then pipetted carefully onto
the gel bed. The outleb vwas again gpened and the effluent
colleeted in 2 ml volumes in greduated veasels, After the
sample had entered the gel the colum was topped up with
vater ond this was continved throughout., The flow rate of
the effluent was 0,5 nl per minute,

The samples for separation were composed of the reagents
ap uoed in other separation stundies, i.e, 1 ml of bhinder ond
100 g ( 5700 ) cobalamin,

The radicsctivity in each 2 ml sample of effluent was
neasured as desoribed previously and the tobal amount in each
poak obtained by addition of individusl values, The propsriion
of bound and free x‘mlioau‘bivitjr was eoleulated from the values
for each peak and the resulis were further expressed o mpg |

vitamin By bound per ml of binder,

RESY LS

The effluent flow rate of 0.5 wl per minvte provided good
separvation of the free and bound fractions in all cases vhen
cyanocobalomin wes used, Representative resvlta are shown in
grephic forms in Figs, 2 and 3 (pages 73 and 7% ) in which the
firvet peak 18 the bound materisl and the second peak the free

materigl,
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The meen velues and ebandard deviatlons of six
separations of cyenocobalawnin binder mixtures are set oub
in Teble 33 (pege 14 ).

Sepapabion of free hydroxecobalesin snd hydroxocobalanin
bound to the verious binders could notv be effected as both

the free and the bouwnd frections were rebtained by the gel.

The failure to frasetionate free and bound hydroxocobalamin
is of iuterest, Gel filtratdon dis thought to achieve separation
by a stecvlc effect (Bephadex Litersture), the large molecules
feiling to penetrate the inmediabe environuent of the cross links
between the gel cholng nd the gel mabrix., Yhe smell molscules,
on the other hand, do so and are therefore eluted after the large
molecules, 1t iy knoun, hovever, bthat some substances beheve in
a wey uhich dees not conform o this steric concept. For exsmple
sdgorption may occur when a hydrvomyl ion (Sephadex Literature) on
“the sample complexes wivh the polysaccheride frameworic of the gel
and indeed this night explein the anomalies observed with hydroxo-
cobaleanin,

It ~iﬁa posgible that the phenomenon which venders separation
of free and bound bydroxocobalamin by gel filtration iwpracticable
might also sericusly interfers with the separation of other free
and bound paturally occurring cobslaming such as methyleobalamin

g

and coenzyme Bqa.  in such elrcumgtancss thers might be a case for




6,

gonverving the naturelly ocourying eobaleming to gysnecobalamin
by treatment with potassium or sodivm eysnide to permit the
separation of free and bound compounds.

The phenomenon might slso have practical application in
the separation of cymoeobalemin fyom ite photolybic produch
hydroxocobalemin, compienenting the use of the cation exchenger
carboxy-methylwcellulose which reteins hydroxocobalanin but not

eyanocobeleamin {Kennedy & ddams, 19653 Kemnedy, 1967).
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SHCTION 4

ULTRARTETRATION

13.



INIRODUGLEON

Ultrafiltration may be defined as the separatdon of

- golute-golute or solutessolvent complexres by the use of
senl~permeable membranss and sbatic pressurve. The
applications of wlivafiltration have brosdencd by developments
in membrane technology eand by the introduchtion of cemmevoilelly
availeble systems, The effect of two ultrafilirvation systems

on the separstion of free and bound vitomin Bip was studied,

MATERTALS AND MEPHODS

Syaten 1. L0 dpore T tpafiliretion).

The vitrafiltration cell used was a commereielly availeble

Willipore 25 mm U~F eell, capacity 17 ml, having a polycarbonate

berrel and polypropylene end fittings, the mewbrane being
supported on a stainless sheel support sereen., Tho wmembrencs
vged were Millipore Pellicen, type PSED, 25 wm in dlaseter with
m effective aren of 3,9 em® and a flow rabe (with water) of
0,17 nl/minute at 85 pounds pen squave inch. Afbex the test
solution was placed in the cell, the vacont volume was flushed
with nitrogen, the cell connected to & veservolr of compressed
nitrogen (Bzrims;ﬁ Oxygen Goupeny) snd the pressure in the cell
ralsed to and mainteined at 85 pounds per squers inch,
Prelininary studies were cexwvied oubt with seluvlons of

radivactlve cyenocobalanin and hydvoxocobalemin 100 mug in 5 wml

water {free vitamin By, solubions), ‘he first 2 wl of

9.
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effinent (ulbrafiltrate) were collocted, the volume being
determined by welghing the collecting vessel before and

during wlirafliliration, end the vetentlon of the solute
galouwlated from the formula R = 100 (1 w%?ﬁ , vhere B is

the selute rebention am a percentage, Ue the concentration

of the solute in the effluent, and Co the concentration

in the initlal {originel) cell charge. It was expected

that the value for R with agueous solutions of {ree vibtumin Iﬂw
would be zero (Millipore Application Report AR-21 1969),

Thig, however, did not prove te be so (on three cecasions the
valuo for A obtained with cysnocobalemin renged from 13,25 =
7.5 and the velue for H obtained with hydroxocobalamin ranged
from 50,06 ~ 66,9%), A wssh through methed wes btherefore tricd,
En this bechnique, vltrafiltration wes conbinued until flow had
geased, the sysbem was depressurized and § nl of waeter plaeced in
the cell snd the gyeten reprossurigsed and wltrafiltrabion
continued wntil flow hed sgain ceased, With this technique

R values spproximabing o zers were obbalned.

Separation studies vere carried out with mixtures of radio-
aotive vitomin Byg, 100 mpg, and 1 wl of binder (the four stendard
binders as described previously were agein used), the total volume
of the best solubion belng § wl. As in the preliminary studies
two values for B were obtained with cach test, Une was obteined
using measurements teken during ultrafiltration (formula method)
and ig subsequently referred to ss the uncorrected velue, The

second was obibeined by the wash through method and ie subsequently




roforyed to as the corrected velue, 8Since, in theory, the
bound vitamin B'!% wag rebained, the resulte could be further

exprossed as mpg vitemin By, bound per ml of binder,

The apparatus used, shown in Fig, 4 (pege 92}, wag
congtructed from Quickfit glassware and Vigking /32" ecllulose
tubing, % inch flat diameter, and was the some as that deseribed
by Gregory (1954) snd Gregory & Holdsworth (1955),  After the
introduction of the test solubtion a negative pressure of 100 mm
of wercury was applied by a vaouwnn pump snd the first 2 ml of
vitrafilirate, vessured by weighing the collecting vessel before
end during vltrafiltration, was collected, The value for B
(the percentage retention) was caloulated from the fovmmla
previously describet.

Preliminary studies with rediocactive cymocobalemin and
hydromecebalenin, 100 mpg in § ml of water (i.e. free vitamin Byp
solutions) were carried oub, and again the values obtained for
B were apprecisbly greeter than the expected value of zero,

{On three ocensions the velue for R obteined with eyanocobalemin
renged from 29.9% - 32.%F and with hydrozocobalemin from 27.3% «
38,3,

Aecordingly, it was decided to caleulate the results of
separation studies of binder~vitamin By, mixtures, firstly by
the formala method (uncorrected value) and secondly by eorrecting

this result (corrected value) using the B value obtained from a
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contral system in which en agueovs solution of vitamin Byg

(rec vitaain B’l;?,) wag ulbrafiltered simultaneously with the
vluder~vitenin 812 mixiures, The correction was accomplished
by ealoulating the percentage of free vitewin By, in the

control ultrafilivate from the control value for B,  Since
this should, theoretically, have been 100f, the free vitanin Em
value obltained from the binder-vitawin By, test could be
proporbionately adjusbted and thus the corrected value for bound

vitemin Bz was obtained, For exemplet-

1} R control = 23,59

% Free vibamin Byg in contrel ultrafiltrvete = 76,55
2} B test = V4.9

Uncorrected value mpg vitamin Byg bound = 74.1

g vitemin Bqp free = 25.9
3) but from control result free vitamin Byg

reprosente only 76.5% of expected 100%

4) Correoted ('E.ar:x't} mpg vitewin Byo free = 33,9

5)  Corrested (test) mpg vitemin By, bownd = 66,1

As beforve the resulis (uncorrected and corvected) were
expressed o8 mpug vitanin Bqs bound per ml of bindewr.

With both systems, radiosctivity was mensuved againet
suitable standards, as previously described; allowences belng
made for volume changes and backgrouwnd redlosetivity.

Also e before, each best was carcied out on six separate
oconsions, However, because of the shortege of bile and galiva

the sbudies with these binders were limited to cyanccobslemin




binding using the MWillipere system and were excluded compleltely

from the Vacuun system studies,

Stallsbice] Hebhods

Statistical analyses were carried out using the Wilcozen
Hatched-Feirs Signed-flanks Toat and the Mann-Whitney U Yesy,

both of which are deseribed by Slegel (1956).

BESULLS

The vesults are presented inm Tebles 34 = 37 (pages 8§ - 83 )
in which ave shown the mean values and stendard deviations derived
from gix results oblained at different times. The resulils
relating to Millipore wlbrafiltration are in Tables 34 and 35
(pages 95 ond 86 ) and those relating to Vacuum wltrafiltration

in Tebles 36 and 37 {pages §4 and 92 ).

3. .
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£9.

Uncorrected values were compared statiotically with the
gorresponding corrected value using the Wilcoxon Hatohed-Falrs
Signod-fanks Yest, ALL other velues were enalysed statistically
weing the Mana-Wnitney U fest, P values obtained are shown in
Tavles 38 - 41 (pages 9% = 93 P

With bile and. saliva the only resulis obtained are with
cyemocobalanin hinding and using Millipore ultrafiltration,

Thus only uncorvected end coprechad vealues were compared.
The Wilcoxen Matched-Palrs Bigoed-Ranks Test rovewls that with

both bindors the P value 18 0,050,
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DISOUSSION

It was perhaps worealistio to expect that vltrafiltration
wovld present fewer problems then eny other seperation method
bubt the literature on the subject induced misaporehensions,

the vege of ultrafiltration in the separation of fres and
bound vitamin By, was introduced by Gregory et al., (1952) who,
finding no nicrobiologically ssseyable material in the wlira~
filtrate of wilk asswned that the vibaumin By in milk was bound
(Gregory et al., 19523 Gregony, 1954), In these and other
publications (Gregory & Holdsworth, 1955), there is no mention
of eontrol studies with vitewin Dy, in agueous solution (free
vibamin 812).

The equipment described by Gregory (1954) and used in one
of the current siudies was crude and it was haped that the
conbribution of more technically satisfactory equipment and
nembrenes with known molecular permesbility would be edvantageous,
The membrane used in the Millipdm wltrafiltration system (PSED)
is phated to have a melecular cub off in the region of 25,000,
this being found by studies with substances of known molecular
weight, Although it was appreciated that molecular weight alone
is not always a relisble guide to membrene perfornance, it was
navertheless considered probable thal the retention of free
vitamin Bqp, with a molecular weight of 1,500, would be zero
aud this was supported by the wenufacturers' data (Millipore
i"lanual,‘mﬁc)). Lt is obvious that in the case of vitamin Byp and

PSED membrenes, factors other than molecular weight are at work,



95,

but the nature of these ig not clear, One possibility is
that the vitemin Byp polarices ond concentyates on the
membrene surface, especidlly since the system was not agitoted.
However, the raillosctivity on membrenes, rinsed after uwse, woe
negligible. Discussion with represeniatives of the manufacturers
Joft the ilmprespion thet while vltyafiliration studies arve usnolly
gonducted by the formule wnethod thore are cecoaglons when this
mothod is unacceptable, i.o. when resulis by o wash through methed
are more momningful.  Although our studies with free vitemin Bqg
eppear 1o support this, it does not necessarily meen that the semo
applies with separabion studies, bubt 1t doep seem likely.

The statistical enelyses (Tobles 38 = 41, poges fo=q3)
reveal thobt method of wlirefiltretion, fora of binder and vitamin Byp
md cholce of weorrected or corrected volves, affeect the results in
a pletinticelly significant mamner, A8 with dialyeis, the corrested
values are sluays significantly less (F<0.050) then the corresponde
ing wacorvected velves, irrespeotive of the megnitude of the
difference, when analysed weing the Vilcoxen Matched~Palrs Signede
Renks Test, 0Of the other comparisons, analysed using the Manne

Wndiney U Test, most (12 out of 16) are significant (P<0.050),




SEPARATION GVALGATION
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Hach of the methods sbudied - charcoal separvation, bag
dialysis, gol filtrabion end ulirafilitveiion - is a well known
geparation procedure and all heve boen used to effect separation
of free and bovad vitemin ?513;

The merits and demerite of each method, vis a vis the other,

can be sumparised as followniw
1) Charcog). Separation

This was o very rapid procedure regquiring little manipulative
gkill snd only simple reagents. It con be applied to a very
large nueber of semples in o working day. The reproducibiliiy,

88 judged by the standard deviasbion expressed as a percentage of
the mean, was caloulated for each charcosl preparalion and each
cobalawin and binder and tebulated (Tebles 42 ~ 49, pages 98 = (05).

In generel, the velunes are high and there is a tendency
towards a rise with increasing concentrations of chareoal, alithough
this was nob invariable. The reproducibility was very good when
Nopit OL coated chercosl was used to sepavate hog intrinsic factor
bound and free cyenccobalaming, and vhen Norit OL coated emd Noyit &
coated charcosls were used o separate hog intrinsic factor bound
ond free hydroxocobalemin. This must be regarded as a peint in

Pavour of charcosl separation, ab lesst in some circumstances.
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When used to separate free end bound radicschbive cyanoe
cobalamin, as in the assey of intrineic faclor in gastric julce
or intrinsie factor antibodies in serum, the cost rises to
accomnt for the isotople resgents end equipment, This however

applies to all the separabion methods.

This technique was time consuming and laborious but
requiring modest maﬁiptﬂatﬁxe skill and enly simple equipment,
Only o moderave mumber of samples con be processed deily,
Because of the time scale neceesary, diesoeistlon of bound
vitemin B4y Secms probsble snd a souese of error, The
reproducibility, as judged by the standaml deviatlon expressed
as a percentage of the mean, was calenlated for each wembrane
and each cobelomin and binder (wneorrected and corrested),
lhe peproducibilities sre tebulated (Tables 50 and 59 s Dages lov
and lo?)¢

The rveprodueihllity of results using the various membranes
varied wvidely, vanging from 4.0% to 45.9%, with no one mewbrane

giving & low velue in every cirvcumatonce.
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3) Gel Filieatien

The apperatue for this mebthod is more costly thon for the
other mothods, The technique is very loborious, wnless a
fraction collector is used, which adds to the cosl, and the
enpacity for deeling with wul tiple samples is Jow. Some skill
19 newessary in the preparation of columns and the introduction
of mgberials into the colusme, One acméic«ioz'ablea Timitation,
not shaved with the other metbods, is ~i;hat separation of free
and bém‘ac‘x hydpoxecobalamin is not praciicable, although this
might be possible 1T conversion of hydreozocobslamlin to cysne-
cobalamin were incorporsted as a stage, the reproducibility,
as Judged by the stendard deviation expresset as a percentage
of the mean, wes agein celoulabed (Pable 52, page (o ),

The reproducibility was remarkably good when Sephadex G205
wag used to separate salivasbound and freec ayenocobalomin bub

pather poor with the othex binders especially bile,
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4) Ulizefiltretion

The opparatus moy be sinple 0r relatively complex if
commerceially available systems are uaed and the cost varies
proportionately.  The neniplative skill roquived is modest.
The speed of the precedure varles, but the capacily for dealing
vith multiple samples is low. Reproducibiliby, as judged by
the stendard deviation, expressed as a percentage of the mean,
wea celewlated for eoch ultrafiltration method, uwncorrected
and corvested, and each aabalam:\i.n end biuder, The resulis ave
tabulated (Tables 53 and 54 pages U2 and 113 ),

Here sgain the veluves varied widely, from 2% to 53.6%.
In all cases the velues for corrected resulis were greater thon
the corresponding uncorrected values, Tor the most part,
Millipore wltrafiliration was the more impressive, with very low
valpes being obteined in the Millipore separation of free and

hog intrinsic factor bound eysnocebslamin (both uneorrected ond

.

corrected), of free and salive bound cyenocobalamin (uncevrected),

of free and gostric juice bound hydroxocobelamin (uncorrected),
and of froc snd hog intwyinsie factor bound hydroxocobalamin

(uncorrocted),
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ALl these points are fairly clear, VWhat is not olear,
however, is how the yesulis cbtained by one method ecompare
wi.th those obbained by another method., (The tem "agcuracy?
cannot be used ag there 18 no reason to believe that results
obtoined by one method are ony nearer the truth - if there is
such a thing in seperation work ~ than thoso obbained by enother).
No record of werk designed to evalvate comparability of results
cen be traced, Mﬁh&mgh Chenavdn (1969) states "In genoral,
colunn chromatography and chevcoal adsorplion, when properly
used give comparshle raﬁul'ﬁa. The results obtained by ultraw
Pilsration ere similar to those obtained by dialysis".

In en attenpt to clerify the problem of comparebility of
vesults obtained by different methods, all the resulis veporhed
in the previous sections were collected end studied, Ingpection
roveoaled on astonishing range of valwes and this ds best shown
graphieally In Fig, 5 {poge b ), the resulis being obtained with
the separabtion of free and gavbric jJuiee bound cyenocobalemin.
Similer wide ranges were found with eysnocobalamin and other
binders and elso with hydroxocobalamin (Figs. 6 = 11, pages 17 =122),

The renges of resulis are srtificially “gmm‘a becanse of
inelusion of all results, including some of vhich, as mentioned In
the appropriate soction, must be regerded with resevve. Noverw
theless, it was thought wise to include these resiilis, ab least
in e prelininary enalysis. Anaglyses of resulis, svhdivided by
bindor and fovm of witemin By, by the KwmekaleWallis One-oy

Analysis of Varience by Renks (Siegel, 1956) confirmed the




suspleion that significent differences existed, Accordingly,
poirs of vesulte were smalysed by the i‘if@nnulriiai tney U Test or
the Wilcoxdn Mabtehed-Pairs Signed-Ranks Test (Sﬁ.egei}., 1966)
and the resulis are set out in Tables .55 - 61,{pages 123 « 129)

in which ave given the values of P for each paly of results.
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So far, all the yesulte obtalped in this study have been
included dn the analyses., In principle, thig seems 0 be
the correct epproach, bubt in practice, tho sheer mess of
regults tends to be somevhat overuheluming snd to obseture
the issnes, As already noted, there are sound ressons for
omitting some results. For example, those relating to
peparation veing lov conoentrations of charcoal in which
control studies showed incomplote removal of vitamin By, from
Exqueou_é solutions irnpﬁ.yj.ng that the test resulte were probably
overestinates and also wncorrvected wlirafiltration resulis
vhich were similerly considered as overestimetes, In addition,
in oxder to simplify the comparisons, il seens reasonable to
omit other vesults obtained by methods vhich for one resson or
another ave not generally used, Into this cabtegory come
1) vesulis obtained by bag dielyeis using membrenes vhich ave
not generally availsble or widely used 2) results obtained with
visking membrene which have been covrected as this is not a
generally practined procedure 3) vesulte using vncoated
charcoale, partly because of the evidence that they con adserb
binders and binder-vitemin By, complexes as well as free
vitamin Bqg, partly becmuse of the striking precipitote pabtern
found with increasing concentrations of raw charcoals and partly
becense raw charcoals are nolb generally used.

Cmigaion of those results Limited cowparisens to those

obtained by two albumin-conted charcoals (Norit OL in concan=




~trations of 2.5, 5% end 104 and Norit A in concentrations
of 2.5% and 10%), bag dialysis using visking tubing, gel
filbration using Sephedex G-26, and wlirafiltration using a
Millipore membrene snd a visking membrane (Vacuum system),
These limlted comparisons of ryesults; obtained by selected

methods, are seb out in Tables 62 » 68 {pages 132 « 138),

131,




139,

MEITIOD

Other seleoted methods which give
comparable {statistically insignificantly
different) results,

CHARGOCA

ks

2e5

Chareoel coated Norit OL 5%

Charcoal coatedNorit OL 107

Charcoal coated Norit A 2,5%

Bag Diglysis - Visking uncorrected
Ultrafilitration - Millipore corrected
Ulbrefiliyetion ~ VYacuun coreected

[
s
-t

Charcoal coated Nowit OL 2,50
Gharcoal coabed Nopit OL 105

Charecoal coabed Norit A 2,58

Charcoal coated Norit A 10%

Bog lMialysis - Visking wcorzected
Gol, Filtration - Sephadex Ge25
Ulbrafiltration » Millipore corrected
Wtrafiliretion « Yacuum eorrected ...l

)

105

‘Charcoal conted Norit OL 2,56
Chareoal. coated Nordt OL 5%

Charcoal coated Norit A 2,5%

Charcoal coated Norit A 105

Bag Dialyeis » Vieking uncorreeted
Gel Filtrabtion = Sephadex Ge25
Vlirafithration « Millinore corrected

BOATED

HORIT 4

10%

A Ulgrefiliration = Milliore

Charcoal coabed Norpit OL 2.5%
Charcoel coated Norit 2L &%
Charcoel coated Norit OL 107

“Bap Bielyeis « Visking uncorrected

Sovreched )
Chercoal cooted Norit OL 5%
Chareoal coabed Norit OL 10/

e

RN

BAG
DYATNST

GEL ‘
PLLTRA®
ZION

Visking
Uncorrs

(
S ected)

Baphadex
Gens

Gel Filirabion = Sephedex (25

Chareoal coated Norit 0L 2,4%

Charcosl eoabed Norit OL 5%

Charcoal cosbed Norit OL 104

Oharcoal coated Nordt A 2,56

| Ulbrefilbcation = Millinoxe corrected. ...
Charcoal eoated Norit OL 5%

Charcoel coated Norit OL 103

Chareoal conbed Norit A 107

Millipore
(Corracted)

Charcoal. coabed Norit OL 2,5k

Charconl costed Norit OL 4%

Charcoal coated Norit OL 105

Charcoal coated Norit A 2,5%

Bag Binlveis = Visking wncorvaeted |

Vacuum

FILTRATICH

e

. 22

B (Gorracted). |

i@h&é-

Charcoal coated Norit OL 2,55
. Chareoal. conted Norit, OL 5% A

Gastric Julce and Cyenoccobalamin

Comparigon of Belected Methods.
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METHOD

Other selected methods which give
comparsble (stabistically insignificantly
differsnt) ye

, il
Charcoal coated Norit OL 54
Ultpafiltration = Vocuum correcied

R o5
Ghareoal coated Norit OL 2,%%
Chareoal coated Nopdit OL 10k
# Ultrafiliration = Vacuum corrected
o 55
e
b
P ‘ .
2 Chareoal coabed Vorit OL 5%
Charcosl coated Norit A 2,5%
1 106
e
@
© }:&3 ) a i e 03‘ g
ot b harcoal coated Noyit OL 105
-8 245%
@ I
d
0% Wane
BAG Vieking |
DIALYSIS(Unoorps None
Gl
FILIRA- Sephadox | Heb,
TION . G-28
w Billipore
& (Corrected) Hone

| Shazconl. coated ozt OL 5

Gasbrie Juicé ahd Hydroxocobalamin

Charcoal ceated Novit OL 2.5%

Comparison of Selected Methods.

Wheve no other sclectad bechnigque was comparable

“None' has been inserted.

Where no resull was

obbained N4, (fot spplicable) has been inserted.
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METHOD

Other selected methods which give
comparable (statistically insignificently
diflerent). resulis,

2.4 5

Charcosal coated Nerit OL 5%

Ghareoal coated Hopit QL 10%

Chorcosl coated Norit & 2.5%

Charcoal coated Morit A 108
ULbrafiliration « Millipore corrocted

g5

ORIT

Charcoal coated Norit OL 2.50 .
Charcoal eoated Norit & 2.5%

Charcoal. coated Nowit A 106
ULtrefiliration - Millipore corrected

5

10%

Charcoal coated Worit OL 2.5%
Bag Ddalysis -~ Visking wncorrected

CHARCOAL
GOATED

2450

bt

S

&

7]

:

Chayeoal conbted Nopit 0L 2,66
Chareoal coated Nowit OL 55
Chareonl eonted Nowdt A 105
Gel Filtration - Sephedex G-25
Ld3trafilipetdon « Millipare copreched
Gharcosl coated Noplt OL 2,55
Charcoal coated Norit OL 55
Chareoal coated Horit A 2,55
Gal, ¥Filtrgtion - Sephadex G-25
Ultrafiliration = Millipore coprected, . .

BAG Visking
DIALYSTS (Uncory-
aried)

Charcoel. coated Norit OL 106

GEL
FLL TR

Sephadex
Guas

Charcoal co&*beaci Noyit A 2.5":?3
Charcosl coated Nowit A 10D

i
: Millipore

1

i

4 (Coxrrected)

43

ATI0

Choronel. coated Horit Ol 2. 57
Charcoal coabted Norit OL 5%
Chareoal coated Norit A 2,556

Vaeuum
(Correctod)

TLIRA-
FILIR

Charconl. conted Nordt A 104

None

Lable O

Hog Tntrinsie Tactor and Cyanocobalamin

Comparison of Selected Methods,

Where no other selected technigue Was comparable
"None" has been inserted,




— e —

Other selected methods waich glve

MUTHOD comparable (statistically insignificantly
difforent) resulio,
Gharcoal costed Nowit OL 5%
Chareoal coated Nowit OL 10%
255
Charcoal coaoted Norit OL 2.5%
Charcoal eoated Norit OL 104
b
& )
5%
=}
-
m 5
o Charcosl coated Norit OL 2.5%
3 Charcoal cogted Norlt OL 5%
b
Lt 10/
s
> @
o o3
4 &
s Charconl. coabed Nordt & 105
2]
- 2055
et
b4 ‘
P w y + o
o , {ihavconl coated Nowit A 2,55
Ultrafilivabion = Vecuum correched
BAG Vigking -
DIALYSIS (Uncoppe
coved )
" GEL
FILTRA- Sephadox Nads
| LEON G
g Millipowe None
H (Cotrected)
48
5 Vacuun P .
% (Coppected) Bag Vﬁia&.yam - Vislking ymoorrecte

oy
=

k)

e Hog Incrinsic Factor and Hydroxocobslemin

Gomparison of Selected Methods.

Vhere no other selecbed technique was compareble
"Hone" has been inserted. Where no result was
obtained N.A, (Hot applicsble) has been inserted.
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Other selected methods which give

FLIIRA=  Sephadex
TION . Ced5.

METHOD comperable (statistically insignificantly
Aifferent) resulbo, _
2,50 Hone
Charconl combted Nordit & 105
- Ulspafilirvation - Millipore corvected
rl #
&
et
it
n3
{:} e ™ " o o o R
o Gel Mltration « Sephadex Ge25
& Ultrafilteabion « Millipore corrected
it}
=2 10%
ok
wl £
et
W
4 2.5% | None
Gt
= ; Charcoal coated Nowit OL 5%
105 Uldrafiltration -~ Millipore eorrected
BAG  Visking
DIALYSYS (Uncorre| None
eeted)
v

Charcoal coated Norit O 105

Gharooal conted Norit OL 55
Charcosl coated Norit OL 10%

=5 \g» » .
& Millipore 5 PRIy :
B (Goprocted) Gharcoegl cooted Worit A 106
aE oo
B (Correched) | ot

Table 66. Bile and Gyanocobalamin
: Comparison of Selected Methods,

Where no other selected technique was comparable
"None™ has been inserbed, Wheve no result was
obtained N.b, (Hot applicable) hes been inserted.
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Other selected methods which give

MERHOD comparsble {statistically insignificently
diffarent) vesulls,
25 None
&
5% Nene
£t
4
boind
@ Chareoal coated Nexit A 105
R
< 105
)
o 8
v 5
&
a5
23 )
¢
o
& Chareoal coated Norit OL 10p
10%
BAG Visking
DIALYSTS (Uncorye | N
ected)
GiTL,
PIITRA« Sephadex | NeA.
TION . (w2’
o Millipore .
E?n (Corrected) Heh.
o
B Vaeuum
& e Wi,

S o (Borrected)

Bile and Hydroxocobalemin
Comparison of Selecbed Methods,

Where no othor selected technique wag comparable
"None" has boen inserted, Where no resuli was
obbained N.4, (hob applicable) has been inserted.
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MITHOB

Other selectod methods whieh give
comparable {statisticslly insignificently
different) results,

Chaceosl coabed Noyit Ob 5o
Bag Dialysis - Visking uncorrected
Hlirafiliration « Millipore covrecied

2o 5
Charcoal coated Norilt Ol 2.5%
" Ghaveoal coabed Norit OL 104
< Charcorl coated Nowit A 2.5%
- Bag Dialysis « Visking wncorrected
i: 2 Ulbrafiliration -~ Millipore corrected
#3
3 )
< b ‘ Oy e ) ' = .. T o sret 7 !
ey ' sharcoal ccabed Norit OL 5,::
i ia O Charcoal coated Nordt A 2,56

}mg ﬂ&alj&lﬁ -~ v‘iﬁsking xmcwmched
Ul tealdd o= il linore corrveched. .

i:hamoa‘l, ema,t,ed’, Nombﬂ& &4

FIUPRA Sephadex .
BION . Ge25

2.5% Charcoal coabed Norit OL 104
e Charcoal coated Norit A& 10%
ﬁ Gel. Piltration « Sephsdex Ge25
= Cnapcout coated Yorit A R.5H
107 Gel Filiration = Sephadex GeRs
Charcosl coated Norit OL w.b};\
BAG Visking | Chavcoal coated Norit OL 5%
DIALYSIS (Uncorre | Charcosl costed Noprit OL 103
ected) | Ultrefiltraiion = Millipore corrected
NETA Charcowl eoated Norit A 2. 55’»

Uharconl coabed Horit & 106k

g Millipore
53}; (Corrected)

| Charcoal coabted Norit OL 10%

Ghaveoal coated Nowit OL 2,55
CGhiaranal. coated Norlt Ol 5k

Bag Dialvoie = Viskine wncorrectod.

&
- fi% Vaguum

126 {Gorranted )

% NLA,

Lable. 8.

Seliva ond Lfyanocobalamm

Gomparigon of Selected Mebhods.

Where no result was obbained N.A, (not applicable)
hes been inserted,.



1%9.

From the complote set of resulis and frow the limited
comparisons, the following conclusions seenm veasonable.,

1) Beparation mebhods which giVe'ﬁtatistically insignifiecantly
different results when applied to one form of vitesmin Bi, emd
one binder, do not necessarily give sbetistically insignificantly
different resulis when applied to the same form of vitamin 312
and a different binder, or vhen applied to the same binder and

a differsnt form of vilamin B,,.

2) CGonelusions derived from studles using cne separatlion method,
one type of vitamin Byp, and one binder are applicable only to
thav sysvem emd exbtrapolation of resulis is liable to lead to
erroneous conclusions,

3) Genevelisations such as those made by Chanarin (1969) sbout
comparebility of separabtion methods ave ill advised.

Purthess evaluation of results is therefore discussed with
reference to the hinder and form of wibemin Byo and to the
meribs and demerits of each methed: In this evaluation,
d@ﬁcripﬁiéns of the charcoal separation mebhods will be limited
o the btype of chareoal and the concentration of the sharceal
suspeasion used in the interests of brevity and convenience.

Ag wes pointed out in the section demlinngithran&ramml separabion
gtudies, it ie more satisfactory to express the mass of chareogl
added with reference to the masg of vitamin Byp in the test

solutien.



n,.of free. and. ganbels. i\.@i%%. nd..cvenegobalanin
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1,55, paget23 and Table 62, nage 3%

Beparabion with Norit 0L combted charcoal 5% geve i‘esuj.%fs
comparable o those ebbained by all other welthods ama i}f{;rﬁ_{: oL
coated charveosl 10F gave results comparable with those obtained
by &1l other methods excepht wlbtrafiltration, vacuum caarrecte:d,
Because of this and beceuse of the ﬁaasé,— simpliciby, speed and
csapmi.tj {0 process ‘mu?!;t:?.}jale sampléaa “the charcosl separstion
methed with Nowxit 0L coated 56 and 106 appears to be the one
of choice in this situation. | |

Senavavion of free and gastele iuice bound hvdroxocehalamin
ﬁ. Q. 56, page |24 and Tebla 63, pope 133) :

‘ Tﬁe rosulbs | sshm{ a styriking difference fyom those with the
ééme b‘lmiar and am*bhw form éﬂi‘ vitanin Bio, enphesleing again
the m;amrtmma of the form of vitamin Bygs  The results with
Norit & coated chavceal 105k, with bag ﬂia;l.yesa‘.s visking (wicorrected) :
e:;nx:‘l with Hillipore zﬂ,‘brafi,lﬁraﬁim (Wrree%aé), sre not comparable
4o those obtalned wsing any other metbod, end separabion by gel
:E’il*i;;m*t;ian is dmpracticable. Compareble yesults were obbained
with Horit OL c:oa‘oeﬁ charcoal 2.5% and 4% and ulﬁrafilt?atian

vacvnn (corrected )«

Separetion.of free snd Antadnsic fector bound eyapocobalemin
(Zabla 57,.page 23 _and. Lahle Gl page 134)

{he results with vltrafiltration vaouuwm (corrected) are not
compavable to those obtained using sy other wethody The most

aceeptable methods appear to be Nowit OL coated chareoal 2.5%
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Norit A coated charcoal 2,56 and 105,each of vhich give
comparsble resulbts with five other merthads. When comparsd
0 the resulis with gastric juice bound and free cyenocobslamin

the iwmportence of the binder factor is agein 1llustrated.

Sopar nmﬁ*ﬂwzwmﬁ..t pingic. feglor bound. hydroxogobalanin

The comparsbility of results is extremely poor and gel
filiration 48 :ixnpractiéable. There nay be o case in this

gituation, therefore, for converting hydroxocebalewin to cymno-

cobalanin,

Here again comparebiliby of resulis de poor, Norit OL coated
charcoal 2.5%, Norit A coated charcosl 2.5% and bag dialysis
visking (uncorrected) not being compersble to sny other wethod,
Since results with Norit OL costed chercosl 10% are comparablo
£ those cbtained wiih gel filtration and ultrefiliration

Hillipore (ecorreeted) it may be considered the mest aceepbable

method.

Apart from the fact that gel filtration is impracticeble
211 that can be s8id here ig that Norit OL eosted chareosl 106

and Horit A coated charcool 106 give comparable resulie,
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abion o and. galivg bound cyanogohalanin
Table. 6, naze 129 and Table 68, pae 133)

Here, comparability is generelly geood, However, there ig
ne single method thal can be regarded as owbsbandingly {
:i:é‘px'esmmat.ive . |

Inglysis of the resulbs from the aspect of the binder and
B “th@. form of vitawin Bqg brings out some points of interent,

With gestrie juice s binder, eowparable remults were
obbained with Norit OL eoabed charvceal 2:5% end 5% and ultrew
filtration vacuum method, whelther the vitamin Byp form was
‘Gyanocabalamin or hydroxocobalanln,

With cyenocobalaning, the results with Millipore ulbraw
filtration were always comparable tca these obbained with
Horit OL coated charceal 5% irrespective of binder, In waddition,
there was compexabllity of results with bag dialysis visking
{uncorrected) esnd Norit OL coated charcosl 108 snd with gel
filtration snd Nerit A coabed charcosl 106, with gastric juice,
hog dntriusic factor, amd saliva but net with bile,

With hyﬁmmcéba]mzin, the main feature is the ilumpraghicability
of vusing gel filtration., Tu general 1t aleo appears thal
comparable results arve less comwon then with eyanogobelamin.

Although the resulis are perhaps disappointing in thab no one
separation bechnigque proved superier to the others, the final
conclusions do, for the wmest part, verify predictions mede before

the work was starbed, Those areie
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1) When applied to the sapear*zs;%idn mf‘ free sud bouns
vitamin By, different metheds do not necessarily give the
sane resulte,

2) In prectice thé choice of methed probably depends on
empedioncy end eircwsgtandes rather then on any &ai@ntifia
p@int.

3) In any separation method the results are effected by
the binder and the form of vitaain DByp.

4) Gemerslisntions sbout the compavability of results
obteined by differaat separetion methods such as those by
Chanarin (1969) ave migleading.

5) To peswie anything in separstion work sad to proceed

on this asgumpblon is to invide trouble.



CHAPLER 2

The Vitamin B, Content of Items of Diet and Meals

IR
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Information about the daily need for vitemin Byp can be
obteined in three ways.

Pirstly, by treating vitemin Bip deficient patients and
observing the smellest daily dose of vitamin Byp which
glleviates the deficlency., 4n vai.dvanbage of this methed is
that the deily dose can be given parventerslly enabling fmétcrs
which linit absorpiion of vitamin By o from the gut to be
disreganded, A flaw in this meﬁhe@ is thet the smallest
emount whlch alleviates &efigi#my is not necegsarily the same
as the smount reguired te maintein the sitatus quo in normal
subjecta, If ‘t,he deily need is related to the bedy store
neas of vitamin Byp then ;Exhe amount which will alleviate ‘
defia%ienay will be amail,- in proportien to the depleted abéma,
wheroas the normal daily need will 66:: wuch greater, being in
proportion 0 the atamﬁs‘ which are ten or more btimes greaber,
For this reason the suggesiion by Sulliven & Herbert (1965) that
about 0.1 ng is the minimel daily requirement, l.e. the amount
which will sustain normality (Herbert, 1968), must be treated
with reserve.

The seeond method is by measurement of the amount of

- vitemin Byp in the diebs of normal subjects., The dissdvantage

of this method is that, becewse of the limitabion of the
abaerpﬁion of vitamin Byp, the measurement i of inbeke and notb

of amount sbsorbed or of requirement. Uevertheleas infermation
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about dietary intekes ig of value and daily intakes of between
1 and 85 ug have heen reported (Jollife & Petermon, 1956;
abren et al., 1958; Crasbeck, 1960; Chung et al., 1961).

A'Eha third method of estimating daily need is by kinetic
gtudien based on long term whole body tufnéver neasureaents of
administersd redicactive vitamin 913.' In the last few years
such studies at this hospital end 8t the Scottish Rosearch
Reactor Gentre have led to the conclusion that the daily need
for vitemin Byg is veleted to the body store mass of vitamin Byg
and is nommelly in the vange 0.1 ~ 0.2% of store mass per day
(Adams & Boddy, 19683 1971; Boddy & Adams, 1968), This
estimate is in reasonsble agreement with resulis obtained by
others using a similar approach (Bozien et al., 19633 Heyssel
ot al., 1966),

Our own estimates of body vitemin Bysy store mess in patiénts
who had mo evidence of vitamin Bip deficiency ranged from about
1,000 to about 6,000 pg (Adems et al., 1970) « (see page 203),
| With ciaily arnover rates of 0.1 ~ 0.2% per day the extreme pange
of deily needs would be 1 = 12 mg and daily intakes of bebween
1 end 85 ng reported by Chung et al., (1961) would meet those
roquirenents

| It was appreciated that dietary studies had been carried out
abyoad, mainly in the U.8,A,, but it was thought worthwhile
undertaking a study in the papulétian in vhich the body vitanin Bqp
stores end kinetic studies had been performed, Disoussions with

dietitians and nubritionists suggested thet it would be worthvwhile




measuring the vitamin B,, content of items of diet and meals
rather than oaleulabing the intake by reference to tables and
o study was planned with the following obj ectives.

1) The measurement of the vitemin By content of items of
diet ap prepared for consumption, this being done on several
samlaias of each item taken at intervals in order to obtain a
range of values for eadh item.

2) The measurement of the vitamin By content of meals as
prepared for consumption,

3) To compare the vitamin Byp content of meals as measured
directly, with the content as calowlated from values for
individual items of the dlet.

4) To f£ind out how our estimates of vitamin By, intake
compared with those reported previously and how they accorded
with estimates of daily need and intake,

In addition, observations were nede on the effeet of
cyenide on the measurement of vitamin Byp in focde and on the
relative smounts of vitamin Byp in the supernatant and deposit

of food homogenates,

MACERIALS AND METHODS

The amount of vitamin B12 in items and meals wes measured
by microbiological assay by the method of Hutner et al., (1956)
using Euglena gracilis, 4 strain, as the best orgenism,

.
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The majority of items studied were prepared in the hospital
iedbchen bul semne, mogtly tlomed, were obtained commercially and
o few wore obteined from demestle sowrces, In geweral, large
anounts were examined, usuelly between 20 and 100 grammes,

The semples wore washed under yupning water to remove gravies

if necessary, welghed and 1f nececssery reweighed after removal
of bone and obvious fat, The sample was then homogenised with
water in a Wariag Blendor or M,8,B. Atomix homogeniser tc e
sutbable volume and aliquots stored at -20°C,  After thawing

' and rohomogenising with a Silverson microhomogeniser, each
pliguob was assayed in duplicate on at least two oceaslons,

At least one vacovery experinent was performed with each aliquot.
Fm;; this purpose cyanocabﬂamin was added to the assay tubes so
that the concentration of vibamin Hyg should have besn raised by
10 wpg/ml ebove that due to the sawple., The difference bebween
the actual end expected increase was expressed as percentage
vecovery, L.e. if the observed increase was 7 wm/ ml, the z‘acavei'y
vas 70%, the expected incresse being 10 ppg/ml,

For studies of the relatlive sctivities of whole homogenate,
sapernatent end deposit, several aliquots were prepared, Some
were centrifuged and the supernatents and deposits separated and
each made up Vo the valune @i‘ the parent sample, The whole
homogenate, supernatant sample and deposit sample were assayed

sinultanecusly on at least two ogcasions,
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Whole. Meals

AL meals studied wewe r@plicm;es of those prepared in
the hospital kitchen and served to éatien‘o& and staff,
Bach item was measvred and mmeaéured after disearding inedible
material mand a homogenate prepared as for ﬁm items, In
addition to the rouline assay and recovery study, the effect
of odded cysnide was studied with ten samples.

fl”’mlimilmry gbudies on the effect of adding cysnide to
aggay tubes containing cymecmﬁa.‘tainin in econcentrations of
5 = 50 jg/ml. showed that Buglena mrowth was not inhibited until
A0 ;:C} of 1! sodium cyanide hed been added, /40 ml of 4“5 sodium
cyanide was therefore chogen for the experiments as this was well
below the -to:x{ic lovel for Buglens yet adequate to convert all

cobalamineg present in the sample te cyanocobalamin,

RESULTS
. Burly rosulte showed a marked fall in activity of meny
spmples when asseyed for the second time, . This was suspected
0 be related to the rafréaz:mg and rethawing of the sample and
wag sbolished when the sample wes rehomogenised with a Silverson
miccrohomogeniser after rethawing, Hehowogenisation waa
therefore adopted as a roubine practice and only resulis

obtained vweing this procadure are reported,



- Bffeet of Cyenide

The effiect of adding cyanide wos studied with ten whole
meal homﬁgmé.’ceﬁa the watrested and eyanide treated samples
being assayed simultmwbualyg In no instance was there any

effect on the activity.

Uhele Honogenabe, Supernatent, and Depdsit

- the rala'bive sctivities of the supernatonts and deposite
compared to the parent sawple were studled in six itemp of food
end the vesuldn are pet out in Toble 69 (page 152}, It was
clear frowm these vesulis theb esasny of the supoernatant zlone,
vhich ds technically somevhat easier then asssy of the whole
hﬂ)m@g@n&‘m? would notk give resulbs comparable to sssays of the

whole homogenate and the metter was not pursued.

Food Ltems

Velves of less thun 0.1 ug/100 g solid item or less than
0.1 ng/ 100 ml Ligquid item were regarded as negablve values and
were ob'ﬁaixi@d from ab least ene sample of each of ‘bhf:"; following
.V:i'{;‘e)mm.«
Apples, apeleote, banenas, Freneh beans, baked beans, white bread,
broun bresd, broth, cabbage, osrrots, custard, com flakes, jem,
masarondi, .éraxag@s, peas, peaches, pr.aars, porridge, potatoes,
vinespple, vlce, sago, soups, épaglmi;ti, sproubs, tea, turnip,
Ttems vhich had velues greater than 0.1 1ng/100 g polid item

or greater then 0.1 ug/100 nl liquid item are listed in the order




uaed by HeConce & Widdowson (1969), Tablle 70 (pages'#%) shous
values for meat and poultry, Teble 71 (page!sS) for fish,
Table ‘72 (page /st ) for éle,if‘y products and Table 73 (p&g@ 154 )
for miscelloneous ivems, The method of preparation, the
number of sanples, tlﬂ.}a mean value end, in most cases, the
abandard deviabion and the wesn percentage recovery of added

cysnocobalaming ave showa for each item inm the Table.

151,
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Whole L

Tten of Fooed Homogenate { Supematent Deposit
: g/ mil ppg/ml ppg/ml

Braised Liver 462 332 106
Fried Sausage 1085 090 181
Chicken Fricasee 273 _ 119 192
Roeslt Roof 199 180 303
Boiled Cammen 255 146 116
Fried Haddock 1026 593 ‘ 510

Tapla, 69 The Activity as wug/ml of Cyanoscbelawin
in the whole homogenate, supernatoant snd deposit
of six items of food, The mean value of two
assays wag haken and all samples were the pame

volune .




able 70.
Bavon (CGammon  Boiled ) 0.313 (0.18) 108
Beef Brisket Boiled 6 1.194 {0.10) 108

#  Bump Braised 6 0.799 (0.34) ™!

" Sirloin Roast é 1.017 (6.27) 118

" Shoulder Curried 7 10305 (0.64) 96

" " Stewed 5 1.385 (0.66) 102

" “ Minced 6 0.872 (0.43) 134

" Comed Tinned 6 12741 (0.58) 8o

(Froy Bontos)

BeefBurger 6 1,633 (0.67) 103
Beef Ulive, Sausage &

Rump Steak Braised 5 1,386 {0.14) 94

Beef Slice 6 0,924 (0.23) 79
Chicken Casserole 5 0.327 {0.12) 113

" Curried 6 0.555 (0.39) 63
" Pricessee 3 0,251 é6
" Roasgt 5 0.550 (0.24) 104
% Bpeasts Tinned & 0.209 (0.08) 86
(Yo O1de Deke~Duboh)
Hem Baked 6 0.518 (0.14) 112
Ham & Pork Tinned 6 0.551 (0.06) &2
Ham & Ghicken Roll 6 0.894 (0.12) 56
(Crosse & Blackwell)
 Kidney Sheep Braised 5 79.125 (25.21) 81
u Ok u 3 5.870 59
Laib Chop Braised 7 1.350 (0.67) 103
" Leg Roasbt 6 1.633 (0.39) 110
liver Ox Braised 6 75850 (19.34) 65
Luncheon Meat Timed 7 0.791 (0,20) 5
(Ye Olde Oake - Duich)
Hoat Roll 3 1.557 100
Mubten Showlder Boiled 5 1.264 (0.50) 111
i Log Roast 2 1.058 95

/continued
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TPEM }:ﬁa. of Mean Value & 3,0, Mean .
Samples ng/100 g Recovery ¥
Mubton Ple 2 0.315 90
Foyle Chop Braised 2 - Q.397 18
" Leg HRoast 6 0449 (0.23) 93
Bensages 6 0.668 (0.42) 76
" Boef & Pork 6 0,400 (0.09) 105
Tinned .
Saunsage Roll 2 .12 98
| 8pam 6 0.586 (0.22) 91
Bueetbreads (& Sence) Ox 4 0.940 (0.31) 95
Stenk & Kidney Plo 3 3937 108
Tongue Ox 6 3,301 (1.03) 95
o Lonb  Tinned é 3.865 (0.80) 0
(Go1d Dish)
Tripe (& Souce) 4 0.301 (0.38) 67
Turkey DBreast Roast 6 2.228 (1.81) 96
Veal Fricassee 3 0,910 1085
" Jellied 6 1.435 £0.42) 89
Vel & Han Pie 2 0.233 96

Aphle J0. The Vitemin Bqp content of items of Meat snd Poultry,
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Tten Bo. of | Hoon Volue & 8.0.| Mesn
Samples pg/ 100 g ﬁa‘govery

ooy ot Mimmed, o | 2w Gz o
%ﬁiﬁiﬁgéﬁ‘mmeﬂ (Vorwegion) 64 11,006 (1.44) gg
%gzzﬂ glegzj:}gimed (Tapavese) 6 0.5%2 (0.18) 102
Cod Fillete - Fried 2 0.843 1 86
Gutlet. Poached % 0861 109
fisheake. Grilled [ 0.687 (0.28) 109
Tieh Fingers. Grilled (Birds lye) 6 0.474 (0.15) 98
Haddock ,. Pried 6 0.929 (0.19) 87
L Grilled 7 1.178 (0.54) 65
L Poached 11 0,703 (0.22) 93
?ﬁﬁlﬁeﬁ%mm’ Tinned 6 8,491 (2.59) a1
Hepring. Grilled 5 5,302 {2.22) 107
" Pickled 6 8.010 (1.,17) 86
Kipper Fillets. Timned (Johm West) 6 10,127 (2.56) 96
" Poached 4 6.549 (2.75) 88
Pilchards, Timed (John West) 6 11.903 (1.87) 57
Brawns, Timned (John West) 6 0.546 (0,20) 104
Saimon, Tinned (John Weat) 6 2.585 (0.60) 75
Sardines. Timed (John Wesb) ) 12,407 (2.04) a6
Shrimps,. Timed (Sunnea) 6 6787 (0.15) 97
TPuna. Tinned (Jomm West) 6 4638 (1.06) 72
Whitdng. Fried 3 1,000 83

Table 71

The Vitamin Bqgp content of itoms of Bish.




Tar No. of Meozn Velue & 8,0, Maon Remver;l
ven Samples p&g/ 100 g ov pﬁ’g’/ 100 ml ‘ %
Choese - Brie 4 1,292 (0,280) 86
W Cheddar 6 04772 (0.21) 8z
n Gheshire 4 0.894 (0.35) &3
i Danish Blue 6 14178 (0.29) 90
" Processed 7 0.829 {0.41) 99
Bge -  Boiled é 1.025 (0,60) 81
0 Fried 6 0,605 (0.232) 37
i Soranbled 6 0,299 (0411) 62
Teo Cremm 7 0,414 (0.11) 75
Milk - Fresh wlole 7 0,648 (0.23) 71
f Pastenrised 10 0.394 (0.89). 9K
i Bvaporated, 7 04150 (0.03) 75
Unsweshened
(Cernation)
Yoghurt 6 0,175 (0.07) 73

L Telle W2 The Vitomin B, content of Dairy Bvodusts.




No. of

Mean Velue & $,D,

, Mean Rae@vm‘y-
Lven Sanples ng/100 g y
Black Pudding 4 0.294 (0,004) 68
Haggis 6 1.073 (0.36) 73
Rico Krispies 2 04134 65
Scobch gg 6 0,750 (0.28) 79

Eable 73

The Vitamin Bip content of Hiscellaneous

Itens of Pood.




Meal Protein | Galorie | __ vitauin Bya (ug)
(B4, contoining items) em(r%gnt ?{ﬁl“? . Dipect Codeuloted
8 oaL/ Aseay | Meon Ronge
1) Fried eggt i
Sheap kidney . A 275 52,000 { 27,1261 9.82 7~4@.4§9
2) Bacons Tried eggt
L MRk 21 520 1 2,080 | 0.589] 0.251~ 1.052
| ) Poached eutlet 17 4] 1.902 0.689] 0.530- 04809
.4) aausageaa Seranbled '
egg 22 516 14640 | 00974 0.380= 1,569
"5) Bacons Eerambled s
i ! ogg 23 | 460 0,323 | 0.262] 0,081~ 0,444
"\'6) Rice Ked.oplest |
 Baoons Milk 15 381 0.412 1 0.513] 0.2680- 0748
7) Biee Krisgpiess
Poached egg: Milk 15 FAVA 1.380 | 0.856] 0.456% 1.310
8) Rice Krispieos . ‘
- Beef Slicet Milk. 19 516 1143 | 0.921] 0,478« 1,362
| 9)~$ausage$?,Mxlk : 14 986 0.320 ] 0,586 0,306~ 1,082
{10) Friod Haddock 23 525 0,329 | 0,659 0,389 0,92
111) Uinee .« 62 884 1 0.604 | 1.208] 0783« 2,577
112} Hosst Boef b =6 518 7,50 | 0,680 0.291= 0.949
13) Bolled Heof 30 566 1,750 | 0.810] 0.674= 0,946
14) Pried Heddock ‘ a2 462 1457 1 0,641} 0.379= 0,903
15} Pried Haddooks :
C IGGB Graam . :’2}1- 3’93 Gc"?@{} 1.022 03;561' 1;1@54
16) Roast Beef # 649 1,360 | 04471 0.209= 0,685
17} Braised Liver:
~ Sausages b 41 841 T7.066 | 59,370 129.090-93.812
18) Bﬁmt L&znm
119} Sueetbreads 2 595 0.351 | 0,479 0,163« 0,796
20) Minges lce Cream 25 é31 1,785 | 13701 0.799= 2,627

/ continued
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Vibamin By Py (ng)

Meal Protein| Calorie
(B4, containing dtems) | Zontent V@lue. YT R yep
(g) (can) Agsay Moayn, Range
21) Meat Roll 19 502 0.775 | 04669] 0,396~ 1,086
22) Poached Haddook 25 414 1.0 0.478] 0.168- 0.777]
'23) Cupried Beef 18 542 14697 | 1.057] 0,405~ 1.707|
24,) Steak & Kidney Pic 23 484, 0.560 | 4.260] 0.546~ 8,105}
25) Meat Rell 18 616 0,621 0.8871 0.526m 1,439
26) Vesl Fricnssee 37 389 0575 | 1.019] 0577« 1.767
27) Lania Chop 17 507 0.221 | 0.310| 0.104= 0.531
28) Roust Laub 21 384, 1.100 | 0.996] 0.520- 1.472
29) Poached Cutlet 32 | 622 1,155 | 0.471] 0.176- 0,766
30) Mince Pie 30 489 0.908 | 0.802{ 0,480~ 1.580
31) Roagt Beef 40 921 0453 0,620] 04291~ O-WQ
32) Steak Pio 36 857 0.683 | 0.734) 0.530= 1131
33) Mineo: loo Groam 37 638 0.740 | 1.588] 0.934= 3,072
34) Pickled Horring 16 264, 11,030 | 7.850] 5.556-10,143
35) Sweetbreads, 33 642 0,888 1,015 0.346m 1.685
36) Mince Piet lce Cresm} 23 552 1.509 | 0.619] 0,371 1.220
- 37) Boiled Bggs Milk 21 485 0.908 | 1.259! 0.588« 2.006
38) Boiled Chicken: Milk| 22 563 0,140 | 0.444] 0.225= 1,042
39) Ohicken Croguette X 199 0,112 | 0.098] 0,026~ 0,170
40) Figheake 9 24,3 0.507 | 0.436] 0.163= 0.709
41) Hubton Pie 15 07 0.226 | 0.296] 0.234= 0.361
- 42) Minece 27 317 0.652 | 0.732] 0.438= 1,443
43) Boiled Bgg: Cheese: '
Milk 17 493 0.759 | 0.430) 0,146 0.784
44} Chicken Pricessee 25 272 0,185 | 0.226] 0,174~ 0,259
45) Span 5 170 0.200 1 0,205} 0.051~ 0,359

caloulabed) .

and calorific value for each mesl.

The Vitamin Bia content of Whole Heels (direct and
Aleso shown are the protein conbent
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Hhole Meals

45 whole meals wers exmmingd, The vitemin Byg conteining
constituents of sach meel mmd the vitemin By, contents of each
meal. as found by assay {(direct value) and by celewletion from
values for items (calmilsted value) sre shown in Teble 74 {pagesss) .
Also éhmm in the Table are the protein content snd calowifie
value for each meal. Omall volomes ef milk such as used in btes
are not ineluded and when milk is dtemised the volumes were of
the oxder vweed with cereals gnd porridge, JIn the cslevlabions
of vi:tamﬁn B1p content of meals from values fop lbews, ranges
wore used in preference Lo mean values, The img@&r were usually
the mean plus or minwe two standerd deviabiens. Lfy; however,

the nwnber of samples was small ov if the distribution was shkewed
the observed renges were used. The recoveries of added cyanoe
cobalanin were in keeping with those found In the ditenm study and

renged from 58 - 1306 with o mean of 835,

LSEUSBION

. Although informetion on the vitamin ‘1312 content of foodstuffs
has accumulated end is aozfmmmeﬁ in the report by MeConece &
Widdowson (1969) and has been weviewed by Robinson (1966);
Chenarin (1969) anc"i Love (1970) the practical velue of much of
the information on the celeulastion of the vitamin Bis content of
diets ie limited, In the first place meny of the earlioer reports

were bosed on methods, sueh as the rat grovth asesy, which are now
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regarded og less than gsatisfactory, Sscondly little accownt
vhas been belken of the variation which might be expected in any
tisaue oven vhen seamsonol and geographical factors are exeluded.
Finelly, and most importent of all, naérly all reports deal witﬁ
ravw food and altheugh it moey be possible to make some allowence
for welght changes in cooking (McCance & Widdowson, 1969) it ie
impossible to alleow for loss or destmuetion of vitemin B‘!Z in
cooking (Benerjee & Chatterjea, 1963; Heyssel ot al., 1966) which
'mew be as much as 27H (Hoyssel et al,, 1966).

The technical aspects of the study - the necessity for
re:hmnegcjaniﬁa'bion of pamples, the effect of added cysnide and the
relative activities of the supernstants and deposits of
honogenates were of intersst,

Tﬁ&t homogenates which had been prepared, frozen, Uhaved,
gpompled and refrogen had a marked fall in activity when further
thawed and sampled,uwas unexpected,  Although it le a weoll lmown

 phenonenon -l:i.n relation to the eetimatien of cortisol in urine
“and alkalina phosphatese in serum, it does not eppear to havs been
reperbed previously in relation to vitamin By, t:s.:a:;myA ﬁiﬁh Buslong
on humen serum or urine, or humen or rab +issue homo genates,

The cavse was not identified other then being welated to re-
freozing ond rebhawing and it was eeas:f.ly;we;re@me by fuprther
homgénisa.tion of the retbawed sample prior to a,sﬁsa;'y'.A

The lack of effeat of mﬁlder}.vcyanide way notb .w.rz;rieaﬁmg.
Although of establiéhed velue in assays with &“f;;ggg},ggg”lm
legchmanndid (Chanarin, 1969) its use in assays with ,L,gg}gpg
gracilis is, at best, marginel (Anderson, 1965). In view of
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our obsexvations that hydroxocobalunin, methyleobelanin ond
cosnzyme Hqa hove the sowe growdh prowoting effach fov Ingleng
vhen bound Lo humen serxwe op Llver honogenabe, @lbhough not in
sgueons solublon, 1t ssemed wlilely thoed eyenide wouldd have an
offeet, at loast by conversion of obther cobolewing o oysnoe
cobaladn (dons & Modumn, 1971).

Hor were tho wesulbs of the apsoys of uhole homogenates,
superneharts ond deposits sarprising. In the abosnce-of
protealyble treatment 45 seemed wililely that olther the supope
nabants or doposito would eonbaln 213 the aebivity., “Yhe resulis

of o limited study (Teble €9, page ) mede 14 olear Yhat assoys

ey

of superpatants or deposits cowld not bo substlluied for asssye
of whole homagoneden

Prow euperdence of the range of vitenin 3312 valtues in norwrel
man tlasues 1t waz expochted bhat s sinilerly wide renge would
be found in the aniwal lsoves which constitnted the vitesin Bqp

.

conteining ltews of food., This proved (o be the case allthough
e .‘i."aaﬁggq} und gresker Tthen expocted with poma items snd Loss than
gxpeeted with others, | Seogennl, variations conld have Loon o
footor determining the range of vilues for sny one itesm bub as
ganples of the sane ites had to be eollected ab lrvreguler interdole
(intorvals venging From o woek Lo six months) it wse Bot posalble
o siudy this peint. . Une ocxoeption wee with pustourised sillk
vhere the results supporbed the findings of Xarlin (1969) of en
shoence of sensonsl varlation.

I is deubtfud 40 eny worthwhile conclusion gsn he drawm

feom the pesulits sbout tho offects of ccoltng or of different
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methods of cooking or of the processes involved in tioning
on the vitamin By, content of any one tissue., In part this
is becanse of the necessarily irregular collection of dbems
end in part becaunse of the welght chenges in cooking, To
examine this aspect with any degree of preecision it would be
ab least desirable to examine the raw tissue end then semples
from the same source after cooking., The results for milk
hovever are in aceém with others, reviewed snd confirmed by
Karlin (1962), of a loss of vitemin Byp with pasteurisation.
Bimilerly it would be unﬁiw to compare values for cooked
foods shown in Tables 70 -~ 73 (peges 153 =I5 ) with those
reported previously for vaw foods becanse of weipght changes
and loss or desbrucbion of witamin Bm in cooking, I is of
interest, however, to compare values for items which apparently
have similar preparatory processes end some findings are setb
out in Table 75 (page b ),  Those:aseribed to Lichtenstein et
6l., (1961) have been teken from Uhanarin (1969) as it proved
impossible to obbtain the original or a copy. (he daba reported
by Lichtenstein et al,, (1961) were not included in thet reviewed
by MeOance & Widdowson (1969). Even this sort of comparison is
of limited value vhon it is appreciated that bthe term sardine
noy be epplied to nine blolopically different fish cach having
o notive hebitat thousends of miles from another (Love, 1970),
Comparison of values for the vitemin Byo of meals obtained
by assey of vhole meal homogenates (direct walue) with those

obtained by calevlations based on values for vitamin Bm of items
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‘Vitemin Byy ng/ 100 g or uz/100 wl
Ttoms of Food
Jdchtenakein MeCanoe & This Series
et al.,(1961) | Widdowson (1969) | Mean end S,D.
Milk = Raw - 0.3 0.648 (0,23)
Milk - Pasteurised 0.36 0.3 0,394 (0.09)
| ¥ilk - Evaporated 0.132 2.0 0,150 (0.03)
Cheddar 1099 «1,17 | 20 0.772 (0.21)
Cornod Beof 1,84 o 1741 (0.58)
Salmon (Tinned) 6.89 2.0 2.585 (0,60)
Sardine (Timed) 8.34 1040 1 12,407 (2.04)
Grab (Tinned) 743 0.5 0.532 (0.18)
Tone, {Tinned) 2.8 . 44638 (1.,06)
Lable 75 Uomparigon of Vitenin By, Values of Itoms of Diet

.ﬁepéx"oed in this peries with those reported previously.




of food (calevlated value) showed agreement in 26 out of 45
:zmalg:f exanined,  Without qualification such a re;z:‘m?}.tp ean only
be regéréked a8 poor ai;cl not one whieh could be used to supporh
& cape thet ealculation of z:%iq_mxy vitemin By, dntake gives
resulba campar@blé to thoso obbtained by direct neasuvenent

There ave, }mwevew,ﬁ gone facteors which qu&lify.;lshiw
conelusion. It could be argued thet direct messurement will
inevitably tend to give e higher value than the coleulnted
value because of the inélu.zaien of souens and gravies snd such
which may be vich L‘im» vitomin Byp V(}kayasel eb al., 1966) in
whole meal haiuogena,{;m; It ia relevant to nobe bhat in the
19 instences in which there was dissgresment between direct and
- eolevlated valves, the divect measurements gave higher values
than the calenlated im 13 instances, the reverse being the case
| dn 6 dnstences (Table 76, page bt ), |

I*t; night alse be argued thal the terms of the comparison
vere too limited, The caleulated valves for meals were obtalned
t1.si.ﬁg vﬂa% for i.f;eméz wlth a renge based on the mean plus or
winug twe stendard deviations ox, as in & fev cases whw_z the
distribution of values was skéwed m-*kmsa nuzber of velues lesa then
“four, om the observed renge of values. It soems likely that the
&xg&*é@mem'b between glirem't and caleulated values for means would
have been grenter if observed ranges hod been used threughout,
BH, could aﬁim be argued '@ha‘b the negnlivde of the disagrecments
was go small in man;g? oases a8 to be negligible and certainly if

disegreenents of less than 0.2 ug are disregerded the sgreement
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rises to a wore impressive 76p (34 out of 45).

Although the resulbs seem to form a bagls for debate and
discussion,it can tentatively be coneluded thet, from the
clinioal and nubedlionsl aspect; & reasonshble estimaie of
the vitamin By, econtent of a meal cen be obtained in most cases
by ealewlation from velwes for individual items,  Alsge
caloulated estimates are more likely to be underestimated when
compared to dlvect measuremsnts.

In stating this sowevhat guarded copclusion it muat be
emphasised that both direct and celeulated values are obtained
from meaguvements by wmicyobiological aseay, In spite of
recovery values whilch suggest that, fer the wmosbt pert, the bulk
of the vitawin Byy in the test substences was avalleble te
the orgemlsm end that there was no jnhibition of grewth 1t would
be mmise te assume 'hﬁa‘i:. the reswlte necessarlly veflect the
touth. Tt mey be that the values veparted here sre shoun to be
erreneons when a now method of measuring vitwwin B, becoues
available,

“he gignificance of the resvlte in relation to our group's
estimetes of body vitawin By, store mess and deily ne«d for
ritemin Bio to wainteln stores ils not as easily evaluated as
might have been hoped or suspecbed.

A the slaplest level, the problem is whether the observed
resulvg accord with theoretical values, With a turpover rate
of 0,1 = 0.2} of body stores per day and with body stores of
1,000 - 6,000 g the extreme renge of meed will thus be 1 - 12 ng

daily =lthough in the majority of 'c&saa who have stores of less
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than 3,000 ng it will be 1 « 6 pg daily, On the suggestion
that, all the vitamin By, in food is aveilable (Heyssel et ol.,
1966) ond on a rule of thumb basis that about half of the
amovnt ingssted is sbeorbed this need requires an inteke of
2 = 24 ng delly to cover all cases and o 2 = 12 pg daily to
cover the majority.

Ihe results of the direct mea@ﬁmmem of the vitamin B'!.'Z
content of meals can ke presented in such a way that they fit
in with these theoretical requirements ebialned by kinetic
studisa and body store determinations, 4t con be showm for
ingtance that the average vitemin By, content of breakfast is
6.8 ngy of lunch 4.2 pg, and of supper 0.35 ng waling an avergge
daily intake of 11.4 pge SBuch a presenbtation of the facts
giVésav the ilmpressgion of reasonable agreement bebween the
theoretical requivements and the anount of vitemin By, in diet
but on eloser lnspection this is grossly misleading, In the
first plage this presentabion overlooks the fact that the average
velues ave grossly biased by a minority of resulits, Ffor instande
‘the a#erag@ breakfast vitanin 313 ia’é.ﬁlpg but if one value of
52 ng is excluded it falls to 1.15 ng. Similerly the average
lunch vitemin Byg 48 42 ug but If one value of 77 ng is axciudeﬁ
it f£ells to 1.6 pg and if two obhevs of 11 and 7 ng are also
excluded it falls fnrthar to 0.9 ng, Thus with the exclusion
of only two out of forty five results the sverage delly dietary
vitemin By,, obteined by ndding the avérmges for cach meal,
falls from 11.3 ng to 3.1 ug and to 24 pg if two other resulis

are alse sxeluded,
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Bxeluding veey high velues simply beoavse they ave

wpusval may not be generally lacaaptable but there is a further
venson for doing so, which is aleo ebscured by sinple presens
bation of averages for all vslues. This is the liwmitation to
abamﬁticm of vitamin Bm ab between 3 and 5 pg dese level
(Gless st al., 19545 Swendseld ot al,, 19543 Collender & Hvens,
1955), Up 4o this dose Level tho rule of thurb thet about
helf of vhet is ing@smﬁ is abswﬁé&.‘ is a reasonsble generale
isation, but with greatér dose levels, this does not oppear to
be 80, Thus with cysnocobalamin about §05 is sbsorbed from a
1 mg dome but only 206 from e 5 ng dose and 5% from a 25 ug dose
(Adems. b al., 1971). :Boomuse of the block to ebsorption theve
might be a case for "covreoting" all weal viteuin Byp velues of
greaber than 3 ug te 3 ug end if thie were done with the presented
pesults the aversge breakfast vitamin Bip would be 1.3 mg, the
average Iﬁnch vitamin By, 1415 ug,  These and the aversge
supper vitanin Bip would give en evérasge dally inteke of 2.86 ng.

| fhese vesults are not anliy lower than those previously
reported for dietary vitamin By, dntakes by men bub are less then
was expecbed from ;!';hes kinetic stndies mnd body store determinations.
Paking sach thrlce daily mesl to combain 1 vg and assuning
shaorption of half of this the need for balanece would be met if
the atores were in the remge of 750 « 1,500 ng vhich is at the
very lowest Limit reported by us, If all the intake of 3 ng was
absorbed then this wowld maintein balance with stoves of 1,500 -
3,000 ng which is within the limite. = Thus to equate the resulie

of the kinetie studies, body vitemin B, store determinations
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ond ddetary vitanin iim it do desirable o postulate chaorpbion
of nove thon SOF of the vibamin By o dn ddel,  This conld be

the cave, There ia evidence that food avlmilates the
shaorption of oyenooobelonin E_ﬁ%»mm}::mm ob ol., 19645 Slegel ob
e, 1961) slthongh this ds debatable (Veller et el., 19613
Hoyosel ob al,, 1966), VUnpublished yesults from our group ehaw
an jnerenge in chsorption of cysmocobalemin (1 pg) £rom S0F o,
635 vhen pentegastedn wes given.,  If from saoh 1 pg baken thrice
dndly o tobel of 1.9 ng were ahuorbed then the reswlis wwld £4%
4 with bedy sioves of 940 « 1,900 pg wileh ds dn keeplng with
mopt of eur body store yestlis md kinetis stedies, The
colovlabions do pot etrobell ceesdulity too far but 4t st he
ednibbed that Yellingbon would probebly heve described them na
”élqam run™,

&Lghovgh tha pressabation of results does nob pernlt precise
comparisons theye gap bo ne doubi thet dhe resulis ave more in
hoaping with the dnbokes on the "poazr? dhet (g ob al., 1961)
waleh ranged from 1.1 - 8.1 pr with o nom of 2,7 ng per day then
uith the daily inbakes of 5 pg (Bstren et al., 1958), 6 ng
(Jol1i0fs & Petornm, 1956), 7 ne (Grishook, 1960) md neans of
16 ng for Tov eost? dleto mnd 31 ug for "high cost® dlets (Chung
ab 6o, 1961). Lt ds not oleor vy our ¥aluen shouwld be o low
gnd comparable ta those Pound dn diebs supplyling sn aversge d@w
inbeke of 1,000 kilooedories and 32 g protolsn ond vhich wopre
congldored w0 be "grosely wbritionslly Insdequete? (Chuag ot o,

1961), It seoms waldkely from the protedn content and eslovific
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values of the mesls studied (date celenlated by Mrs, Aileen Wilson
B.Sc, » Chiof Dietitien, Sonthern General Hospital) that they come
into this category (Table 77, page V12 ). The difficulty is
compounded by details of the "poor™ diet whlich show that the
weollly intake of vitemin B,, appears o have been derived from
two Fried egps, two helpings of becon and an wnspecifled quembtity
of wilk, ln tuo m@l‘alm

Little work has been done on the vitemin Bqp conbent of
foods and diets in the last decade. The resul:s presented here
sugpest thet further vork is called for to yesolve confileting
opinione on the vivamin By content of diets end daily intsake of

o anin :ﬁai 2
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CHAPTER 3

Cryoconcenbration of Intrinsic Factor in

Gestric Julca,



174,

A method of concenbraving the in-ringic fsctor in gastrle
juloce which involves little labouy and the use of simple
equipment would sppear to be of intorest and value, In this
paper some findings, which suvggest that cryoconcentration mey

be such a methoed, arve prasenied,

Gestric juiece, seccreted spontencously or afcer pentagastyin
stimlation, wvas obtained from patients with a veriety of
diseases, undepgoing gastric secretory studies. After
aspdration, bthe maverial was filtered through gless wool snd the
pil adjusbed with decinormal sodiuvm hydroxide solution to pH7, es
measured e¢lectyometrically. Aliguots of 20 ml from the
aevbralised individval asplrates were dispensed into cylindrical
polystyrene conbeiners with an ingide diameter of 2.5 cm and
stored st «209C until assayed botween three and ten deys labter.

Alleguots wers thawed on a beneh abt voom Lemperature,
usnally sbout 200, and the fireh half or quarter to thaw wes

collected separately. The vitamin B, binding capacity of ovach

12
fraction was measured by the radio-immuno apsay mebthod of

Gottlich et als(1965) the difference bebween the tobal biuding
capacity end the binding capacity after the addition of serum

containing antibody to intrinsic factor (i.e. non-specific




binding capacity) being the intwinsic factor binding espacity,
‘he binding capacity of the original was derived from the
measurenents in each fraction, these having been perfowmed
simulbaneously, The serum,containing antibody to intrinsic
factor,used throughout was from & pool obtained from ten
petients with perniclous snaemia, The radloactive vitamin By,,

(57c0) cysnocobalemin, wos obtalaed from the Radiochemicel Centre,
Amepshen,

The masses snd volumes of reagents were 0.7 uml of gastydce
Juice, 01 ml sevuw and 7.0 mag vitemin Byp the volume belng
made vp to 3 ml with distilled water. 2 nl 2.5% bovine serum
albumin éoated Hordt QL charcoal (as described previously -
pege Il ) veve ndded to sepavete free end bound vitauin Byp,

Preliminary studles suggesbed that én increase in the
concentiration of binders dn gastyic juice couwld be achieved by
freozling snd fracblonation during thawing and detalled sbudies
wore performed ag follows,

1) Ubservations were made on the effect of fractionaling
frozen 20 ml volumes of gastric juice into a flret thawed
fraction of 10 ul and a second thawed fraction of 10 al.
Twenty samples of julee from twenty patients were used,
| 2) Ubservetions were made on the effect of fractionating
R0 wl volumes of gastrie juice into a fireh thawed frection of
5 wl and o second thewed fraction of 15 ml., Replicetes of the

samples used in the provious study were investigated.
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3) Observetions of the veproducibility of results during
such fractionations wers made using twelve samples each of
20 m). prepared from the seme pool of gastric juice used in

the separation studies (pz;ges Yoda

Lractionation. of 20 ml. sarples into fractions of 10 wl apd 10 ml
The vesults are summarised and doteiled in Table 78 (page I77).
In all instences the first thawed fraction hed a higber tobal
binding capacity per ml then the parent moberial, The intrinsie
factor binding cepacity per wl of the fivat thawed frection was
greater than that of the parent materiel in sixtesn instences and
leas in two, there being two samples dn vhiech it was sbsent from
both the pavent sa.x@la and the thawved fractions. The nonwspecific
binding capecity per ml was greator in the flrst thawed fraction
then in the parent material in nineteen instences end less in one,
Plots of toial binding capacity per nl of parent mabterial
against percentage incremse in cvoncentyation of toial binding
capacity per ml in the firat thawed (10 nl) fraction and intrinsic
factor binding capacily per nl of parent material against
percentage increase in concentration of intriunsic factor binding
copacity per nl in the first thawed (10 ml) fraction are shown in
Fige, 12 and 13 (pages 13 and i7), Not shown in the latter plot

are the two percentage decreases (=23.20 and «4.3%).
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% Increase in Concentration of Total Building Capacity/ml (First Thawed (10 m1) Fraction.)
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Plot of total binding capacity per ml of
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in concentration of totel binding cepacily
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rat thewed) and 15 ml,
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The yesults are sunmarised and detailed in Teble 79 (page 130).

The total binding capacity per ml was greater in the first thawed
fraction than lu the parenl meberial in elghteen inshances and
less in two., The inbtrinsie factor binding capacity per fl of

the first thawed fracidon was greaber than that in the parent
meterial in eleven instances and less in seven, intrinsic factor
being sbsent from both the parent sample snd the thawed frections
in two samples, The non-gpecific binding capacity per wml of

the thawed fraction was greater than in the parent material in

gixbeen inetances and less in four.

Reproducibility

Six 20 ml samples from the same pool of gastric juice were
thaved into frections of 10 ml and 10 ml end another six semples
from the same pool into fractions of 5 ml (first thawed) and
15 ml on six sepavate ocoagions and asseyed, The resulbs ave
summarised aﬁd detailed in Tables 80 and 81 (pages 132 and 193 ),
I Mean values and standerd deviations were caleulated end so the
! reproducibility, as Judged by the standard deviavion expressed

88 & percenbage of the mean,
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The proceduve of coneentrating o constiiment dn o
aolutlon by freosing and collevtion of fractione during
thawing - which we hove selled eryoconcentratlon fox
convendence « i well koown,  JIndeed 1t is esid to have
haen wirf},aity' weed in an eve of prohibition In the Udhhe.
to ducrease the concentravion of sthyl alcohol in cortain
boveragen.  In oplie of this wide gensral aceepbonce in
the £i:3d of appiicd solence,libile ds huown aboud the
ohonge which coours in the ddetribabion of & gpluto in g
golvent duplug the change from the ligndd to the colid state
and any referengen to tho theoretical or precbicol aspects
of thile in velation to the vitanin Byp binders in gastwic
Juivs hove not boon found,

b de oleay from the pesulis thet the most common effoot
of the procetuve used, is on increase in bhe goncenbration of
both datrinsie foctor binding capaciity per rl and nopespeclfic
binding copaodty por ol in the fdrst thewed fraction, whethor
this wag 10 nl or 8§ ml. It is algo elesy that in gone
inotences (espoctally with 85 ml first thawed) the lnercann in
eoncentrabion of one binder was dispyoporbionately grenter or

gnailer then the inoresse op decysase in the concenseaiion of

V3L,

the othere  Tho reasons for this are not clear bub analysis of

the vomilie as in Teble 82 (page \3b) may heve o rolevenco,
Whether in thowing ond fractionation of 20 wl volumes of

gasbrie julce o hebior resulb, in terma of ineressed




concantrotion of binders, is obltained when the first thaved
froction ds 10 »l or 5 nl is nob entirely clear, In general,
hovever, o5 has been noted, an increase¢ in concentration of
binding ~ totel binding cepacity, non-specific binding cepscity
end dntrinsic factor binding capaciity = was more common when
the firet thawed fraction was 10 ml, It thus seems Likely
that for 20 ml volumes frectionation to & £ivst thawed volume
of 10 ml is the bebier procedure,

Theve is lititle doubt from the results that o worthvhile
dnerease in the concentration of binders ln gastwie Juice con
be achieved by the very simple procedure we havo used,

However the plots Figs. 12 end 13 (paggeﬁ 1% and 179) aud others
not included suggest thait the percentoge increase is greater
with low initlal concentrations snd less wiith high initial
coneentrations -~ in other woxds there is a law of diminishing
veturng., This potential limitation to the prsctical value of
the method yequires further study.

This preliminary study has shown that cryeconcentration
eppears ‘o have spplication in the conceantration of intwinsic
factor binder in gastric juice. The full extent of ivs value
and Timitebions will only be eia,ri;i:‘iérl by further study, which
ghould take account of such factors as somple volume snd shape,
durabion of freezing, temperature snd possibly aleo the effcets
of repested freesing and thawing in the preperatlon of pooled

genples,

1es,
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CUAPTER 4

Previously Published Reporis,

7.
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. INTROBUGLLON

Tole chapter includes four previocusly published veporbs of
joinl work carried out in this Qeparbtment,. Tables and figoveo
© heve therefore been numbered ss publlished and so are not in sequence
with those gccurring previously in the thesis, The relevant
veforences, hovever, are incopporated in the refercnces ot the

end of the thesis,



SEOTTON 1

The nonwspecific binding of Gyanocobalamin in
nowimal humen mixed seliva, smd in parotid saliva

at varying flow rates.

d, ‘homson, J.F, Adams, Blizabeth H, Kenmedy,
DK, Mason and Fiona O, Melwan.

Departuent of Medlcine, Southern General Hospital,

Published in Clinical Science (1969). 36. 401,
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SUMMARY

1. The cysnocobalawmin binding ecapacibty of normal humsn
mized and parotid seliva has been studied waing ELLTY —
cobalanin and albumin-coated charcoal. 1t is confirwed that
this binding is pot due to intrinsic -ﬁ'ﬁemr but 1o a none
spocific binder,

2. A large veriation in binding eapacity was found in
apparently normal persons,

3. No definibe patbern was obbained at levels of binding
ob different tines throughout the day, nor fyom day to day.

Lo  hovels wore studied in parotid saliva at different
flow wates. This showed thal the resting binding pover was
usuglly the highest mnd any stimulabion produced a sharp fall,
bat thereafter, despite further stlmulaiion, the level remained

aluost conshant .

Humen saliva was shown by Castle, Townsend & Heath (1930)
te lack inbringie factor activity by which is now meent the
sapaciby to promote the absowpiion of vitamin Byn. Heerstecher
& Mlvgelt (1951), however, showed that salive could bind
vitemin Byo, a feature in couwmon with intrinsic factor, and
suggested that the cepacity to bind vitamin By, was in some way
relobed Lo intrinsie factor capacity. 14 is now clear that this
is not the case (Gygr@y et al., 19543 Grgabac}c, 19563 Jeffries &
Sleisenger, 19633 Simons eb al., 19643 Englend, Ashworbh &

Toylor, 1967) end the Lorm non-speeific binder has been used to

1q0.



deseribe binders which do nod possess dnbringlc factor activity.,
Yhe binding capacity of salive for vitemin By, was studied
by Besrstecher & Altgelt (1951) using o biclogleal asgay and by
Bertoher, Meyer & Miller (1958) using o dialysis method, Both
groups found a wide range of normality but differad sbout the
veriations found in individuals with time, In view of the
doubt about the role of salivary binding in the absorpiion of
vitamin By, we relnvestigated these ond other aspecte of

salivavy binding.

MATERIALS AND MBTHODS

delive was oblbained from healthy medicel ov paramedicel
personnel with good dentel hygiene and their smoking hablis were
noted, Mixed saliva was collected afber expectorvation iun poly-

sbyrene containers, Parotid salive was obtained by cannulation

.

ag deasribed by Kerr (1961), the salivary flow for each colleation

pericd being rocorded by the method of Mason, Handen & Slexander
(1966) in order tw ensurve that the pattern of f£low was consbtant
and rogular, Samples wers stored at -209,

The binding capaelty was messuved by the method of Gottlieb

eb al, {1965), The principle of the method is thal oysnocobelamin

iz adsorbed by albumin-coated charcoal whereas gyanocobalamin bound

to intrinsic factor or nonespecific binders is nobt adsorbed,
The separation of free and bound frections in a solubion cen thus

be achleved by addition of albuminegoated charcosl and centrifuge
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~abion. Binding of cyanocobalsmin by intrinsic factor can
be prevented by the addibion of serum containing antibody to
intrinegle factor aad a measure of the noneapecifilc binding
capacity can be obbeined from the binding capacity estimated
with at’ad wlthout sentibody. The exact method used was as
follows,

In a polystyrene twbe of eapaeily 10.0 nl were plpetbed
sequentially 2,0 ml 0.9% saline, 0,1 nl saliva snd 0.1 ml
serun containing antibody to intrinsic faatufa Mter mixing
by inversion thrice and incubation at moom temperature for
10 min, 2.0 wl (5VGo)cymnoaoba1&min (7.5 ng/ml) were added,
the contents mixed and incubated for a further 10 min.
Albumin-coated charcoal solubtion 2.0 wl was then added and
after further mixing and Jncubation for 10 wmin the tubes were
centrifuged abt spproximately 2000 g for 15 min, The super
natint was decanted sand counted in e wellwtype scintiliation

counter, The values obtalned were compared to those obiained

from standards containing 4.2 wl saline end 2,0 ml (57bo)cyanev

f92.

cobalanin. The efficacy of the charcoal solution was evaluated

by conbrol tubes containing 2.2 wl seline, 2.0 ml (57Co)cysno~

cobalanin and 2,0 nl albuminecoated charcoal. Betimations were

made in duplicate end the mesn values expreossed as ng CyaOcCe

balamin bovnd by 1.0 vl saliva.
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a%.

Haterials.ngad

(%700 )vcy'%mncobaa‘.l.auuin was obtained from the Rediochemiecal
Centro, Amersham, and was diluted 0 o concentration of 7.5 ng/ml
with distilled water and stored at +4°. The chemical. purity
wos checked by column chromatography uneing carboxymethyl
cellulose end diethyl aminoethyl eellulose (Kennedy & Adams, 1965),

Serum containing antibody 'blcmkmg the bindiag of cysno-
cobglamin and inurinsic factor was obteined from patiente with
peraicious aneewis the waterisl used being from a pool of serum
from six patienta. The pooled material, stored at -20°, was
effective in reducing the uptake of oyanocobalamin by 0.1 wl
pooled neutralized human gestric juice from 40 ng/ml to 15 ng/wl.

Albuminecoated charcoal was prepared by mixing equal volumes
of froshly prepaved 5% activated eharcoel (Norit OL) in distilled
tmi'se:‘:f and 1% bovine serum albuwmin (Armour Litd) in distilled wator.
The albunin~coabed charcoal solubion was é;’é;omd at +4° and dige

corded 3 weeks after preparation,

Microbiological assays of saliva for vitamin By, wove
porformed by the method of Huiner, Bach & Ross (1956) using
comnercially available asssy medium (Difco Ltd) and Buglena

.graeilis =z strain as the test orgenism,

The variation in results from a single assay on one occasion

and on repeated aspays ab weekly intervels, the effect of storage

on binding capacity end the difference in binding capacity



9 .

resultidg from contrifugetion wers studied in two experiments.
Tu both, mixed ssliva was collected, ome helf dispensed in

2 wl aliguots and stored and the other half cenbtrifuged and
the supernpteant dispensed in 2 wl aliguots and stored, The
main studies eneonpassed the binding capacity of random semples
of uncentrifuged mized salivae, the diurnal, end deye-to-day
variotions in binding capselty of wixed salivs, the capacity
of parotdd saliva and the effeet of stimmlation of flow on

the binding eapacity of pevebid saliva,

No mieroblologlesl activity vas delecled in any sauple of
wixed or paretid salilva.

In no sample of seliva was the binding cepaclly affected
by the additlon to the system of serum conteining sntibody to
intrinsic factor binding.

Ihe variation in veswlis for o single assay (intra assey
variation) was emall (Table 1, page'as), The wemn binding
capacity of six sliguots of one sample of wncentrifuged mixed
saliva assayed together was 39.36 ng/wl snd the stendard deviation
1ol ng/ul.  The wean binding capaciby of six aliguois of the same
golive centrifuged prior to dispensing was 35.8¢ ng/ml and the
sbondard deviabion 0.2 ng/ml. The wean values differ
slgnificantly (P<0,001).

The variation in remilts frowm sesays at weelly intervals

(inter ageny veriation) was greator (Table 2, page 195 ).  The mesn




ray.

Tasre 1, Differences in the non-specific binding capacity of cyanocobalamin by

human mixed saliva caused by (a) centrifugation, (b) intra assay variation (ali-

quots all obtained from one sample of saliva and estimations all performed in the
course of one experiment)

Centrifuged saliva Uncentrifuged saliva
Non-specific binding Non-specific binding
Estimation  capacity of B;, (ng/ml} Estimation capacity of B, (ng/ml)
1 36-4 1 401
2 37-0 2 395
3 339 3 40-1
4 366 4 384
5 354 5 313
6 36:0 6 38-8
Mean 35-88 Mean 39-36
SD 02 SD 11

TasLe 2. Differences in the non-specific binding capacity of cyanocobalamin by

human mixed saliva caused by (a) centrifugation, (b) inter assay variation

(aliquots all obtained from one sample of saliva and estimations performed at
weekly intervals)

Centrifuged saliva Uncentrifuged saliva

Non-specific binding Non-specific binding
Estimation  capacity of By, (ng/ml)  Estimation capacity of B, (ng/ml)

1 503 1 51-6
2 536 2 46-8
3 453 3 41-5
4 38-3 4 437
5 45-8 5 552
6 479 6 472
Mean 46-86 Mean 46-00

SD 52 SD 34
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binding cepucity of six aliqué 8 of anotheor sample of un~
contrifuged mixed salive was 46,00 ng/ml and the stendard
deviation 3.4 ng/mls the mesn binding cepacity of six aliquots
of the same sauple centrifuged prior to disponsing wasg

46,86 ng/ml and the standard deviation 5,2 ng/ml,

No trend to an increase or decrease in birding capecity
wes found in the resulis for the seme samples agsayed at weekly
intexrvels for 6 weeks,

The binding capacity of random samples of wncentrifuged
mized seliva from ten subjecte vanged from 33.4 to 101.4 ng/nl,
the meen being 56.9 ng/ml (Table 3, page 199 ). Ro pelation to
smoking hebits was noted. Jn five subjects the day-towdoy
variation in binding cepacity of uncentrifuged mixed seliva was
evaluated by ssseying, in the same bath, sanples obbained at the
seme time each day. he vesults (Table 4, page 197) shov a marked
individual variabion, the percentage veriation for the mean renging
from =75 to +5% in ono cage to -26F to 245 in mother,

The diurnal variation was sbudied in five subjects on one
aceasion and in two of these on two occasions, The resulis
(Pig, 1, page 112 ) agoin show marked individusl varictions.

The binding capacity of perotid selive at various rabes
of flow was studied in eleven subjecto on one occasion and in
oix of these on three occasions, In the majority of cases the
cepacity fell with an dnorease in filow rabe end the patlem was

reprodugible from day to day (Fig. 2, page 119 ).




TABLE 4, Non-specific binding of cyanocobalamin by mixed saliva obtained at the same
time on consecutive days

TasLe 3. Non-specific binding of cyanocobalamin by random

samples of mixed saliva

Non-specific

Subject Sex Age Smoker binding capacity
(yr) of B, (ng/ml)
E.HXK. F 25 No 34:4
FF. F 35 No 662
M.C. F 26 Yes 101-4
M.S. F 25 Yes 754
S.S. F 25 Yes 72-8
JF.A. M 40 Yes 432
P.McG. M 28 No 334
D.J.McN, M 29 No 434
G.L. M 25 No 62-8
T.D. M 26 Yes 360

Non-specific binding capacity of B;, (ng/ml)

Subject Sex Age Smoker

(yr) Day 1 Day 2 Day 3 Day 4
T.D. M 26 Yes 49-6 835 732 63:1
P.McG. M 28 No 327 40-0 365 414
L.E.B. M 24 ? 685 655 61-7 574
EH.K. F 25 No 40-6 27-3 327 356
F.F. F 35 No 486 549 522 —

191.
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Cyanocobalamin bound (ng/ml)
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2 |
Parotid salivary flow rate (ml/min)

Fic. 2. The non-specific binding of cyanocobalamin by human parotid saliva at different flow
rates (a) on one occasion in each of five subjects and (b) on three occasions in each of six subjects.
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DISCUSSION

The range of binding capecity of mixed salivae in oup
subjeets is greater than thal found by Beerstecher & Altgelt
(1951) or by Bertcher et al. (1958) but our mesn value
corresponds closely to the mean of 55,5 ng/ml found by the
former although higher then the 28,5 reported by the latter,

The capecity of mixed seliva is remarkeble in relation
‘o the absorption of Bya., In theory mixed saliva could bind
the free fraction of the B12 in food, which amounts to aboub
20f (Heyssel et el,, 1966; Reizenstein, 1959; Admms et al,, 1968)
and render this fraction unavailable to intrinsic factor.

In additlon swallowed saliva could compete with intwrinsie factor
in the stomach for the By, liberated from food in the process
of digeation.

The volume of saliva secreted esch day ranges up to 1500 ml
(Gamble, 1954) end with o mesn binding capacity of that found in
random samples, this daily outpul would have a capaclity te bind
83425 ug of Byp, emounts vhich are not only in excess of the daily
need vhich is unlikely to smount to more than 10 ng (Adams & Bodﬁy,
1968; Boddy & Adaus, 1968)‘but are greater than the average
amoun ta navally present in o novwel high cost deily diet (31.6 pg
By netivity) (Chung et al., 1961).

Several factors may limit thls potentielly harmful effect of
saliva on vitemin Byp status. Firstly, a mechenism for the
destruction éf salivary binder in gastric juvice was postulated by

Boerstecher & Altgels (1951) but this, if present, is incomplete
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o8 shoun by tho recovery of salivary binder from gastric juice

by Simons (1964). Secondly, mechanisme by which ingested
cobelaming are bound preferentlally by intrineic factor in the
presence of non~specific binders, or by which cobalemins bound

to nonwspecific binders are removed end bound by dntrinsic

factor. HWe are not eware of unegulvocal evidence that in vivo
binding of cobslemins by saliva does, or does not, interfere

with the uptake of ¢obalomins by intyinsic factor, However,

it ls velevant to menbion thet we have recently observed in a
patient with 'pemiaious enaemia that absorption of charcoal bound
cyanocobalamin, given immediately before hog intrinsic factor,

was only slighﬁly lesa than when the cobalamin was given with

the hog intrinsic facltor, suggesting that trensfer of at least
some cyanocobalamin from charcoal to hog intrinsic factor oecurred
in vivo, A third factor which might be relevent 1ls the amount

of intrinsic factor secreted daily. This is grossly in excess

of the amount required to ensure absorption of the daily needs of
vitemin Bqn (Axdfz:mm, Chenavin & Doyle, 19643 Rfdbro, Christiensen
& Schvarts, 1965; Lrvine, 1965, 1966), end it is poseible that
this excess may be dictated by a need to swaup the competition for
cobelomins by non-specific binding. A final fector may be the
morked reduction in binding capscity of salive when payotid selivary
flow is stimulated. This response was remarkably reproducible
fmm‘day to day in subjects tested on repoated occesions., It may
be a physiological defence mechenism vwhich has the purpose of

winimizing the potentlelly harmful effect caused by secretion of
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lavge amouats of non-opecific binder. The mechanism of +this
reduction dn binding cepacity associated with inoressed flow
rete may be simple dilution, bubt in the absence of a good marker

it has not been possible bo study this point.
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SEOTION o2

Lgtimation of the totel body vitamin Bys

in the live subjech.

%, Adams, H,L. Tenkel smd Miona C, MeBwan,

Departmenta of Medloine and Surgery, Southern
Generel. Hospital, Glasgow,

Published in Clinical Science (1970). 32. 107.
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1. Values for total body vitamin By, were caleulated
for eightesn pationts by giving a tracer dose of radloactlve
gysnocobalanin and measurding the redicectivily sand microw
blologicel activity in liver viopeies obitained au laparotony.

2e The values for totel body vitamin By, ranged from
960 to 5984 wz with o mean of 2528 pg. Tive valves were
greater and thirteen less then the mean.

3s Significant correlations were found between the
seoom vitemin Byg and tobal body vitawin Byg, the serum
vitemin By, and the hepatic vitamin By, and the hepatic Bq,

and the total body vitemin By,.

INTRODUCTION

Horlk published to date on the vitemin Byg conteni of the
body relies walnly on caleulations based on m-lerob:i.olpgiual
analysis of tissues obtained post mortem from patients with a
wide variety of diseases, Mewn values of 2689 ng, 3900 pg
and 5000 png with ranges of 1634 to 3475 ng, 790 to 11,100 ng
and 3480 to 10,950 g have been suggesbed by Xurlov (1961, 1962),
Grasbeck, Nyborg & Reizenstein (1958) and Heinrich {1964)
respectively, and Adems (1962) reported & mean of 2221 pg with
a vange of 953-4304 pg from a combined isotope dilubion and
microblologicrl assay procedure,

The only report on the vitamin Byo content of the body iv
the Lliving subject is one by Reizenstein, Bk & Matthews (1966)

in vhich an average velue of 3030 ng was obtained by kinetic
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analysia of values for whole body re’eention,' faecal exeretion

end plagus clearvance after parentersl radioective vitamin Byg.

e are not aware of any othor eetimates of botal body vitemin Byo
in the living subjech and so wo repar{: here our expericnce with

53 pmce&ure by which approximate values were obtained by relative-
1y simple me‘éhoda in this situation. Although limited in aécpe
and applicabtion we believe it has a plece in studies of vitamin Byp

metabolism in man.

MATERIALS AND METHODS

The bhasic pr:i.ncij;ﬂ,e is that of isotopo diiut:‘i.on vhich assumes
that, at a finito Lime after adminigtration, a tracer dose of
vadioactive material ig distrlbuted throughout the body in
proportion to the endogenous non~radicschive material. Previous
uork suggests that equilibration of an intravenously adminisitered
doge of 100 ng redicactive cysnocobalemin with body s.'tm*@:ss of
i tamin B9 ocours 5 to 10 days afler Injection and that the loss
of radivactive materdsl fmm the body between the time of
injection and equilibration is of the order of 5% {Adsms & Boddy,
1968), Thus 'i:he total amount of vitamin Byo in the body can |
be caleulated by neasurenent of radioasctivity and vitawian Byg
gontent of 2 switeble tilssue obtained after equilibration and by
alloving for the loss of rvadiosctive material fryom the body,

Ou this bhesis patients ref.‘érr-ed for elective surgery were

approised of the nature of the study and, after o sample of blood
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had been obhLained for serum vibemin ﬂ1a egtination, wwra.given
50 ng 5.0 uCi (5760)cyanocmbalamin in 5.0 nl wabter intrevenously.
A% operation, which was porformed 6-20 deys later, a wedge of
Livey was obteined, waually from the antero~inferior aspect of
the left lobe, and heonostaesis sccured by subures hefore the
major procedure. The tisoue was welghed in a Stanton analyticel
balenee and stored at «20% if nocessary before homogenization
vith vater in a Yotber Blvehjm or 8ilverson wicrohomogenizer
to a volume of 20 wl., The activity waa measured in a wellelbype
scintillation counter IDL type 663 with o thallivum activated
sodium iodide erystal, 5.5 cm. dlameter ond 6.9 em. deep,
shiielded by 10.0 oma. lesd snd connected to sn IDL 1700 avtomeiic
scoler using three sbandards cach conteining 1.06 of the doss in
20 wl water. &b least 10,000 counts were obtained from every
pample. The homogenate wes then further homogenized with water
in a Waring Blender to suitable dilubtions for mleroblological
assay by the method of Hubner, Bech & Rose (1956) using fuglens
gracilis 4 obrain as the test orgenism, and commerclolly available
medivm (Difeo Laborstories Ine,), The homogonate and serum semple
from each patient were apsayed together on ab least three occasions,
(57Co Yoyanocobelamin was obbained from the Hadiochemical
Gentre, Amershom, two batches being wsed in the study, ‘he
naberial was dlssolved in distilled water and dispensed in 5 ml
alicuobs in davk glass anpoules after sterilization by Millipore

filtration. {he smpovies were stored at +4°, Hefore use of a
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bateh an supovle was taken ab rendom and the purlbty of the
solution tested by column chromatography using carboxyw
methylecellulose and diethylesmino-ethylecollulose, ‘fhe final
ampoule in each batch was tesited similarly. The rablonsle of
these procedures, described in dotall by Kennedy & Adems (1965)
& Kennedy (1967) is that eysnocobelanin, being neutral, 48 not
I;@‘bza:i,ned by either material vhersas hydroxocobalamin, which
results from photolysis of cysnocobalamin (Smith, 1965), is
retoined by the cation exchanger carboxy-methylecellulose and
the Yred acids', which rosult from radiochemical decomppsition
of aysnocobalamin {Smith, 1965), are retained by the anion

exchanger dlethyleaninowetbhyl-oellulose,

RESULIS

¥ighteen patienbs were atudled, the relevent informalion on
each being given with the sgsential resulis :}.n Table 3 {page o8 ),
There wes no morbidity in the series. Thers won no ovidence, by
the methods used, that the (7700 Jeyonocobalemin scz»lu“b:i.ens‘ tested
had deterierated during storage,

e smount of vadloagtivity in the liver biopeies renged
from 0.0535 to 0.3838% of the dose and the microbiological
astivity expressed as cymnocobslamin ranged from 0.9058 to
7.7263 g per biopsy end from 0.41 to 1.75 ng/e tissue, mean
1,06 ng/g. ihe total body vitamin Byg velues were calculated
from the velues for radiosctivity and vitemin Byp in the biopsies

assuning retention of 955 of the dese and ranged from 960 to 5984 ng
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with a wepn of 2528 ng; five values were greater than the mesn
and thirieen lose than the wesn, Serum vitemin Bqo values
wore esbimated in seventesn subjects (eollection of the sample
from one patient having been omitted by accident) and rsnged
from 199 to 670 pg/mi, mean 459 pg/uwl.

Slgnificant eorrelations were found betwesn the velues fop
sevum vitemin Byo dn pg/ml (x) end total body vitewin By, in
ng {y) in seventeon patients the regression erquation beings

¥ = 6,0634 % ~ 207.8946 (r 0.54; P<0.05)
end betwoen the values for servm vitemin Byo in pg/ml (x) and
hepatic vitanin Begy dn yg/g of tissus (y) in seventeen patients
the regression egueblon belng:

¥ = 0,001674 = + 0.2357 (x 0.53; P<0.05)
and between the hepatic vitamin By in ng/g tissue (x) and the
total body vitamin Big in ng (3’) in elghteen patients the
regression equation belngt

y = 22504866 x - 237.0602 (r 0.63; F<0.01)

DISOUSSEON

The validity of the resvwlits depends on three premises.
Pirst, that the (ﬁﬂaﬁey&mmhalm:{n hed equilibrated with the
noneradioactive vitanin By, in the body when the Jiver biopsy
wos obbained., Second, that the wicroblologicel assay procedure
ueing cyenocobslanin stendards messured the liver vitemin B,,.
Pinally that the use of san arbitrary value, in this case 954,

for dose of tracer retained in the body at the time of the liver
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biopsy is seceptable for caleulation of m*tai body vitamin Bqa
valuess

P—mbably the mosh contentious m%“ these premises is the
first., There is conbroversy as to vhether orally ox
parenberelly sdministered radlosctive vitamin By, does, ox does
not, equilibrate with the non-radiocanctive stores in the body.
Reizenstein, Matthows & Bk (1964), Reisenstein, Bk & Mattheus
(1966) and Schiffer, Gobn, Price & Cronkite, (1968) do notb
congider that equilibration oceurs within a finite time and
the firet two groups of workers link this opinion with the
concept of at least thres pools im the body. Hoinrich (1964)
while alao favouring e mulbipool é;ra tem accepte thab
equilibration oecurs but only afber 240-300 days after
administration of vedicactive vitemin Bqp.  Others have
coneluded from studies in animals that equilibration ccours
more rapidly (Cooperman, luhby, Toller & Marley, 1960% CGrasbeck,
Ignative, Jamefelt, linden, Moli & Nyborg, 1961; Hewman, O'Brien,
Spray & Witbs, 1962% and sinilar conclusions have been resched
from studies in men {(Bozien, Ferguson, Heyssecl, Meneoly & Darby,
;1963; Hoyswoel, Bozien, Darby & Bell, 19663 Boddy & Adems, 19683
Adems & Boddy, 1968), Wiith the excepiion of the time scale
:;sug.;g@s ted by Heinrich (1964) the differences of opinion about the
time teken for equilibration are less contentious belng related,
in part at least, Yo the mass of the dose given snd possibly also
to the species ptudied, In humens given 5000 ng doses

parenterally the loss of whole body rediccetivity did not occour
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at a gteedy rate, which uas taken as evidence of equilibration,
for several weeks (Boddy & Adems, 1968), whereas with doses of
100 ng parenterally the rate of loss was steady after 510 days
(Adsme & Baddy, 1968).

We feol that the measurement of liver vitamin Byp, vhich
is meinly coenzyme Bqn (Toohey & Barker, 1961; &‘i-t;ghlberg, Radner
& Norden, 1967), by micrebiologicsl assay using eyanocobalamin
standards is acecepbtable, our opinions being based on the resulis
of recovery studies with cosnzyme Bip added to liver homogenates
in vitro. The velues for vitamin B, are greater then those
found by Pitney, Beard & Ven loon (1955) and Jhale & Gadgil (1960)
bub mre compevable to those repoerted by Blum & Heinrieh (1957),
Ross & Mollin (1957), Pitney & Onesti (1961), Adams (1962),
Joske (1963), Auderson (1965) end StShlberg et al. (1967) also
using Buglens gracilis as the test organism,

he use of an arbitvery value for the propertion of dose
rebained in the body at the time of liver blopsy was based on
data reporbed by Adems & Boddy (1968). In this study the loss
of whole body radiocactivity by normal subjects given 100 ng
( 57¢0) cyenocobalanin intravenously was initially rapid bub efter
5«10 days, by which time ebout 5% had been lost, settled to &

s U

rate of 0,1-0.2% per day, We folt, therefore, that a suitsble
overall sllowence for loss in the time between administration
of the smaller dose used in this study and liver biopsy would be
56,  The ideal procedure, of course, would be to use a whole
body monitor to obtein a 100f value aftor sdministration of the

tracer dose and to repeat the measurement on the day of operation
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to obtain a value for vetained dose, Consideration of the
velues involved, however, makes it doubtful if the results
vould be materially affected by such a procedure even given
a monitor with the sensitivity and performence reguired in
émh o aﬂ.imamién... Iﬁ view of the doubta, however small,
which must elways abttend the uvse of arbitmry.\ralues wé
regard it as prudent to regard the estixﬁa.taa 6£ total body
ritanin flm obtained by this method as appmx:imaﬁe values.

0f the cnrmla'&ioné between serum, hepatic and total
body vitamin B12 which we report, two are novel and oﬁa,
that bebween servm and hepatic vitemin Bep, complements the
finding by Anda;'sm {1965) of o correlation betwaen these
neasurements in & large series of vitamin Byp deficient
patients and the c:i.r&mmhanti&l evidence for a relationship
adduced by Gi\xanar;in (1969) from selected data on vitamin Byz
deficient end vitawin Byn repfi_.ate gubjects étndﬁ._ed by Joske
(1963), Anderson (1965) end St3hlberg et sl, (1967), In his
own results Joske (1963) did not f£ind o correlation probably
hecause, as he states, the reauita wéﬁa cbtained mainly from
patients with parenchymal liver disease which mey upset the
balance between the serum and hepatic vi-i;am:i.n- Byas We think
;i,t‘unwiae. at present to draw any contlusions frém the correl-
ations otﬁer {hzm the geﬁeml cmnaiéerahim that the serun
vitemin Byp per unit of volume, the hepatlc vitemin By, per
unit of mass and the totel body vitamin By, would appear to be

related to each ather,
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Whether the velues for total body vitemin Byp we report
cen be regarded as representelive of normelity is conjectural.,
Certainly we have doubts about regarding a patient with Crobn's
disease as noxmal from the polnt of view of vitamin Bqg
netebolisn and the faet that patients with duodenal uvlcers heve
a higher then nomnal oubtput of intrinsic factor in response to
histanine (Rgdbre, Christiensen & Bchwartz, 1965) might vaise
dovbts ebout this group, In this commeetion it mey be relevant
to note that the wesn total body vitamin Bip for the seven
patients with duodensl ulcers was 3288 pg and for the six patients
with gall stones was 1867 ng, These values ave significantly
dlfferent when snelysed by the Menn-Whitney 2 tail test (P =
0.014) but tho mean value for the uleer pabieonts is heavily
loaded by inclusion of two very high resulls and when ‘these are
excluded the significence disappears (P = 0,§3), Within these
Timitetions end the obvious problems assoelated with the estudy
of normal subjecls we feel that the resulits at least provide
materiel of relevaence and interest in studies of vitamin Bqg

nebabolism in man.
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SYNORBIS

Goengyme Big end wmethyleobelemin in water are less active

in promoting growth of Buglena grecilis & strain than the same

egoncentrabtions of oyanocobslamin and hydroxzecobelamin which are
equally active, When bound to hunan serum or humen liver
homogenatie, haw;evm*, the sctivities of these four eobalaning

do nob d:i.ffer ﬁzigmifficzamly with one excoption, The reaults
suggest that the BDuglena assay veing oysnocobalemin standards

is not satiefactory for quantitation of coensyme Bz and methyle
cobalomin in water but aecep‘b&bia when eoaﬁzyma Byp ond mothyl-
cobelamin are bound o serun oy liver, Sulphitocobalamin in
vaber is as active as cyenocobalamin and hydrvoxocobslomin bub
nitritocobslamin is less active. Factor B, the monoearboxylic
aeidy of Qymoaobaﬁ@nin and hydrozoeobalanin, end the dicarboxylic

acid of cyanocobalemin in water were inactive,

The messurcment of the 'vitamin Byan' concentration in tissues

by microblologlcal assay using Puglena graeilis is a widely used
procedure, Iuglena grecilis varient bacillaris was used by
Hutner, Provasoli, HStokstad, Hoffman, Belt, Franklin, end Jukes
(1949) and by Rose (1950 and 1952) who deseribed techniques
applicable to elinilcal material and the 4 slyain was used by Hutner,
Bach, end Ross (1956). Previous studlos of the growthwpromotiag
affects of cobaloming and other substences for Buglens grecilis,
summerized by Buith (1965), prme&em the discovery of the roles of
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nebhyloobalenmin and coenzyme 5312 in humen nebaboliem (Toohey
and Barker, 1961; Lindstrond and $t8hlbers, 1963; StRnlbers,
Roduer; and Norden, 1967), and as the sctivity of these
cobaloming and certein anelogues for Huglene gragilis % gtrain

had not been studled, it scened desirzble to do so.

In all studies the assay methodology was essentislly that
of Hutnor ot al. (1956) using Fuglena gracilis % strain ond

conneraially availeble medium (Difeo Leboratories Ine,), ‘he
indubation period was five days ab a bath temperature of 29°C
and illumination by two fwarn white' 30 wabt fluorescent tubes,
Somples weve sssayed in triplleste and the optical density of
the eultures was measured in a Unican B8P 300 photometer using an
Flford 204 filter end cells with an opbicel path of 2.5 mny
Solutions of cysnocobelamin, hydroxocobalemin, cocnzyme Iya,
methyleobalanin, sulphlitocobalemin, nitritocobalmnin, factor B,
and the ‘red moids' ~ the monocarboxylic acid of cyanocobelemin,
the wonocarboxylic acid of hydromocebelamin, and the dicarboxylic
acid of cyameabalmniﬁ - were nade available in lmown concentrabtion
by Dr. L. Mervym of (laxo ltd., Various batches of oymnocobalanin,
hydroxecobalenin, wethylcobalanin, and coenzyme By, were wsed, the
congentrations being confirned by absorpbion speetramebry with a
Unican 8P 800 spectrophgtometer. Unless otherwise gtated,
solutions were stored abt +4°C and all manipuletions except those
imvediately preceding microbiological asssy were coarried out in a
dim red light.
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Toitially all samples were a.asayéﬂ on at least three
occasions in finel concentvetions of 1.25; 2.5, 5, 10, 15, 25,
and 50 }aﬁgfnﬂ. ond the vilues compared to. ﬁmsa obibained with
oyanocobalamin at the same final concentratlons: In view of
the results further sbudles were undertoken as followss
(1) the effcet of inér‘eas‘mg concantrations of factor B and
the 'wed acida'y (2) ropested assays of aqueous solukions of
coenzyme 8qq emd.methylaobalamin in concentrations of
750 mpg/nl and 75 png/nl; end (3) repented assays of cyanos
cobslanin, hydroxecobalamnin, mebhyloobelemin, end coenzyme By,
in agueous solubion and hound to pools of sorum and homan liver
homogenete, Tor the lastw-named study materials were prepared
in & ddm red light at 17°C by adding 4,000 ppg cobalamin in 1 mi
water to 9 wl poueled tissue, and afber nixing for 15 win,
dispensing in aliguots of 1,25 wl in plasiic fubesj dilutions
of the seme batch of éysnccobalanin vsed in the preparation of
tost aémples were prepaved for use as sbandard at the same time.
Batehes of ghtandawds; blanks, and test semples were then incubated
at 179 for 12 hours, exposed to daylight for 20 minutes, ond then
stored at «20°C in the dark mbil assayed, Bach babeh was
@saam& once and then dlscarded. Assays were porformed ab
intervals of one week, The test samples vere assayed at dilvtions
- of 1420 end the asetivily was compared to that of the cyanocobsalemin
gstendarde whieh, after fingl dilution at 1.20, hed velues of 2,5,
55 10; 15; 20, 255 30, 35, 40, 45, 50,end 60 mpg/vl, The serum
pool wag prepared from blood obteined from aight }wélthy sgubjectn

and was stored in glassware at ~20°C, The liver homogenate pool,
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was prepered from equal volumes of liver homogenates (1 g per
1,000 nl), the tissues being obtained at necropsy on eight
patients who had died of cerdiac or cercbrovascular disease and

had not received antibiotics,

RESULLS

The activities of agueous solubtions of hydroxocobalamin
émc}. sulphitoeobalanin viere elvays the sene as those of simllar
éomantra@ions of cysnoeobnlamin in the range 1.25 to 50 upg/ml
a8 judged by the optical densities of the culitures, Methyl-
cobelamin, coenzyme Hip, and nitritocobalapin were always less
agtive then corremponding concentrations of cysmocobalamin in
the range 1.25 to 50 ppg/ml and thoir sctivities were about
655 that of eyasnocobalemin,

- Foetor B and the red acids were inactive at low concentrote
ions, At a concentyation of 10,000 mpg/ml factor B hod en
activity equal to cyemocobalamin 10 npg/ml end the monocarboxylic
acid of cyanocobalemin at 100,000 }1;zg/r;ﬂ. vas as active as cyanow
cabaleamin 50 p;wg/ml. The monocarboxylic acid of hydroxocobalamin
and the dlearboxylic acld of cyanocobalamin were inactive at
concentrations up  and including 200,000 }1}zg/m3..

- Hn aqueous soluiion of coenzyme Byp 750 ppg/ml. assayed on six
occaslonn gave o msan valuve of 483 }l}zg—;/ml (staxxdard déviation & :.4)
as expressed from the cysnocobelamin standards and a solution of

375 }A)Jg/ nl a value of 266 ppg/nﬁ (standard deviation 65.0) the
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rolative activities being 645 and 684, Similarly, six assays
of nethyleobalanin 750 ;z;:tg/fa‘ﬂ, gove o mean velue of 544 ypg/ml
(standard deviation 123) an activity éf 7eh and methylcobalamin
375 mpg/ul o mean value of 232 wpg/nl (stenderd deviation 96)
o activity of 627,

The results for eight aseeys of eyonocobalemin, hydroxo-
cobalanin, methyleebalanin, snd coenzyme Bio in aqueous solution
and bound to peoled btissues are summarized in Table i (page 220)
Malysis of the results by the Wilcoxon test (2 tall) showed signie
ficont differsnces in the wresulis from agqueous solutionsg of eyano=
cobulemin and coenzyme Byn (P <0,01), oyanocobslemin and methyle
cobalemin (P<0.01) » hydrogpcobalemin snd coenzyme Byp (P<0,01),
hydroxocobalomin and methyleobalamin (P<0.01), snd in the resulis
from serumebound hydroxocobalamin and seyumebound coenzyme Byp

(P <6003) N

The most intoresting resulis ave those relating to the
"phyaiological cobalamins' - coenzyme Bqo, methyleobalemin,
hydroxocobalomin and cysnocobalomin, Photolyels of coenzyme Ben
and methyleobalamin leads to the formation of hydroxocobalamin
widoh was found by Robbins, Hervey, and Stebbins (1950) to be as
acilve as cyanocobalemin for Buglens grecilis var. beecillaris
and econflirmed fox* the & strain in this sﬁﬁﬂy, The results of
ansays of several batches of coenzyme Bqp and methylcobalemin of
known, that is spectrephotometric concentration, were therefore

unexpected, Purther enquirles were indlcated because these
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resvlis raised the suspicion that values obtained by EBuglens aassey
of tissues were underestinates. Beconse of the considereble
interassay varietion (see Boss, Hutner, and Bach, 1957; Anderson,
1964) repebislve sssoye were necessary. The results formelized
gtatistically the previows finding that coonzyme Byp ond methyle
eobalanin in water have sn acbivity which ds significently inferior
w0 simllar concentrations of cyanocobalemin and hydroxocebalamiz,
In addition it is elear thet this inferiority is abolished vhen
the cobalaning are bound to serum or liver homogenate, bthe sole
excepbion being serume~bound coenzyme and serumebonnd hydroxocow
balemin, Aoy explanation of the resulbs must teke inte account
the fact thab hydromocobalemin is a product of photolysis of
coenzyme Bqp and methylcobalawmin, and this suggests that other
products of photolyeis act as lnhibitors *t;ca the grouth of Buglena
unless tlssues are also present, Yreaituent of coenzyme Byp da
w&*bwﬂ with potnssiun eyeanide, befors and afber photolysis, by
prolonged photolysis in serobic conditlonn, and by entoclaving ab
15 1b for up to 30 ninutes did net effect the ecbivity, and pbiompis
at isolating an dohibllor from solubions of photolysed coengyme Byg
wore unsuccessful,

From the preetical aspeet it is clear that quentitation of
gsolutions of coenzyme Bip end methyleobelemin in water by Euglene
sesey vaing eymnocobaleamin or hydroxocobalemin gtendards will result
in a significant undevestimate of the tme concentration.

The absence of significent differences, with ond exception, betwcen
cobalanins bound to servn or liver homogenate does not necessarily
meon, however, that quantitation of servm or liver-bound coenzyme Byo

and methyleobalanin can be achleved with cyenocobalamin or hydroxos
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woobelonin standerds, Taking the mean values for cyenocobalamin
or hydroxoceobalemin, pool serum, and pool liver hompgensie

(Toble L, poge 220) the recovery rates for cysmocobolamin and
nydroxocobulamin pdded to liver ave 98% and 911 respectively wvhich
give rise to confidence, With pool serum, however, the recovery
robes for cysnocobalamin snd hydroxocobalamin are 65%F and 726,
Such low rates give rise to doubis about the quentitetion of servme
bound vitemin Byo bub ney, however, simply be manifestations of
the inhibitory effect of serum on fuglena srowth (Andevson, 1964).

The use of the conventional termms for coneentration of
eobalamine, that io mess of golute in volume of solution, was
convenient in this etudy. On oceasion this convention may result
in migleading results and it ds relevent te point oub Hhat ‘
cdlovlation of the resulbe in terms of woleribty does nob alffect
the conclusions.

There is no evidence that nitritocobslamin, factor B, and the
vhree 'red acids' tested play a pert in vitemin Byp metebolism in
wan end the resulis are of little practical intersst, Ve aseribe

| the trivial activities of the red acids and factor B as due bo
troges of sysnocobalamin end the resulis for factor B accerd with
| those Qound by Coates end Kon (1957) using Buglene grecilis var,
bacillaria. It scoms inherently more lilely that the lack of
B acbivity of factor B and the 'red a€ids' tested is due to

conglderasble differences in structure than 0 the presence of

inhibitors,
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(linical value of serum vitemin Bz estimation
in jaundice.

J.F, Adens, T, Howan, Ulizebeth H. Kennedy, ond
Fiona G, Molwan,

Poavisiiead 1N

Digestion (1971) wLress, 4. 289.




A reised serum vitvamin By level has been reported to be
a comwon flnding in liver disease and to be of dlagnostic and
prognostle value in clinical practice. Provoked by results,
vhich did not accord with many published views aund which
caused anxiety clinically, we reinvesvigated the value of
gerun Bqg estimation in diagnosis end prognoslis in cases of

joundice seen in hospltal practice.

MAYERIALS AND METHODS

Sera received in the Biochomiastry Department and found
o heve a bilirubin concentration of ’!El mg/100 wl or move
wore further anelysed for total protein, albumin, alkaline
phosphatase sud glutanic oxaloacebic transaminase by
appropriate leghnicon Autoanalyser me ‘chodé,' zine sulphate
turbidity (Kunkel, 1947), “bhymél turbidity (Maclagen, 1944 ),
glutemle pyruvate tronsacinase (Boehringer Kit No. 15986 TGAK)
and vitamin Byn (Hutner ot al., 1956). A

the date on each patient was roviewed albt least a year
after the initiel sample was obtained end a final diagnosis
was established on the basls of all the avalleble information,
Gases of chronic myeloid levkasmia end megsloblastic ansemia
vere Aeaxcluded in view of the kmown abnormelibies of vitamin Byg
metabolism in these conditions and cases in vhieh a final
diagnosis could not be esteblished with confidence were algo

exoluded.

o
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& Ltotal of 152 sets of resulis from 100 jauwndiced patiente
were included in the final survey. For convenience, 5 main
diagnostic categorics wepe recognised hepatitis (27 cases),
obetructive (38 cases), cirrhosis (15 cases), cerdiac {14 cases),
and wiseellancous (6 cases), The highest observed serum
vitemin 312 level in each patient is shown by di&gnuubiw
category, in Figure 1 (page 221) together with velues obtained
from 100 hespitel inepatdenbs with a varisby of disesses excluding
rensl, hepatic and haematologloel disorders. Abmommally high
values, thebt is values ocublside the normal range, were found in
5 cases of hepatitis (18.5%), 6 cases of obstructive jeundice
(15‘7%), 2 eases of eirrhosis (13.,3%) and 3 cases of cardimc
joundice (21,4%)., A single resuls below the lower limit of the
normal range was obtelned from a pavlent with obstructive jaundice
due to gall stones presenting 5 days post parbum.

The hepoatitis group included infective hepatitis (11 cases),
alooholic hepatitis {7 cases), chronic active hepetitis (3 cases)
and homologouns Bermn Joundice, leptospirosis end drug-induced
jeundice (2 cases sach)., There were 31 cases of uncomplicated
neoplagble disease in the obstruetive group, the origin of the
tomour being pancreas (11 cases), bronchus (8 cases), stomach
and unldentified (4 cases each), bile duet, gell bladder, ampulla

and breast (1 cese each)t gall stone alone was found in 3 cases




23Y.

*quatyed yome un

toseT Clg uTwsqTA TNISS PBAXOSGC 280USTY SUfL

snoau| DeIp sIS| sn} any |siew
~BN9OSIN| -JBD |~oyin)|~eday | -2ni3sqQ | -JoN
R 1 U
M ’ 4 < :
i b T #epow 3 |
. H ¥ . w m w
3 . M -
. Sy B 5B 3
; ¢ K E
- . M 1}
: . : ~ % rooe o
. . ....a 1 - ~n
: i : - 000t 8
. ' 3
. L oozl =
L oovt
- 0091 m
- 0081
. L ocoz




228,

ond bogeother with hepatome, carcinoma of gall bladder, portel
elrrhoois and hae:ﬁoly'tic enacmia (1 camse each). The cirrhosis
group consisbed of 10 cages of portal eirrhosis and § of biliaxry
clrrhosle and the miscollaneous group of haemolytic annemia

(2 cases), Hodgkin's discase, acute leukaemia and chronic
lynphatic leukaemie (1 cese each), |

The cardlac group consisted of patients in chronde
oongestive cardiac failure Gue to valvular discase (9 cosesn),
wyoeardial ischeemia (3 cases) and cor pulmonsle (2 cases).

Of the 33 potlents with neoplestic disease in tho series
29 came - laparotomy end/or necropsy. OFf these 29 o primery
or secondary growth in the liver was found in 14 and 3 of these
had o serunm vitamin Bqo level ebove the upper linit of the
noraal range., in 2 ceses the primery lesion was in the panoreas
and in 1 in the breast. Two other cases in the group of 33
neoplestic cases also had high serum vitemin Byp levels, and in
both cases ‘"the liver was considered to be free of secondary
deposits frem the primary pencreatic growth at laparotomys
nolther case came to necropsy.

Correlations were sought between the sorum vitemin By, level
and other measuremenis in the ontive series, diagnostic categories
and subgroups. The coefficients of correlation reached the 55,
lovel of significance in the case of the serum vitamin Bqg lovel
and. the serum glubtemic oxaloacetic transaminase concentration in
patients with infective hepatitis and homologous serum Jaundice

and the Fhb-level of significance in the case of the serum vitamin
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1531? level and bilircubin concentration dn the patients with
obslyuctive jaundioe to gall stone, carcinoma of pancyeas

and. cavcinoma of the biliary trects.

DISGUSSLON

The results puggest that the distribution of saefum
vitemin Bqp values in jeundiced paﬁie.-x;ma differs from normal
end shows that abnormelly high values were found in roughly
sgual proportions in the 4 maln diagnostic categories.
The proportion of gbnovmelly hish values both overall and
subgroups is smaller than has been reported but this is duoy
in part, to considerable diffevences in what is accepled as
the upper limit of normelity.

ihe accepted upper Linlts range fyom values betuvcen 400
and 500 pg/ml (Jones ot al., 1957; Rachmilowitz et al., 19565
Rachnilewitz and Bliakim, 1968) through 600-700 pg/ml (Moynell
eb al., 1957; Stevenson end Beard, 1959) to our own of 940 pg/ml
vhich corresponds clomely to that of Neasle et al. (1966).
This has the result that in portal ecirvhosis for example the
incidenco of sbnormally high serum vitemin By values is about
50%, os Judged by the various standards, in the 145 casca studied
by Lear ot al. (1954), Meynell et al., (1957), Cowling and MacKay
(1959), Holdsworth ot al. (1964) and Nachnilewitz end Brielkim (1968),
whereas only sbout 20% had values above 940 pg/ml. Similerly,
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the very high incidence of abnormslly high volues in patients

with chronic cardise failuve studied by Rechwilewitz et al, (1959)
falls to a proportion comporable to that in the present series
wien judged by the range of normelity used in the present series
and, conversely, the relatively low incidence of sbnormelly high
values in our cardiac patlents rises to a proportion comparable

%o that found by Rachmilewitz et al. (1959) when judged by their
renge of nowmelity, It i velevant to assesswent of the diagn-
ogtle value of the test to point oub that a reduetion in the
upper 1imit of normality used by us to, say 700 pg.;;/ml to inelude
‘about 90k of the normal population does not affect the approx-
imately equal proportion of abnormally high values in each mein
dlagnostic category. The problems of delineation of normel end
sbnormal resulis, which in practice are further complicated by
microbiological assay variation (Rasg et al., 19573 Ander.e‘an, 1964.)
do not, however, explain the absence from our vesulis of very high
values notebly in cases of infective hepatitis, Values between
23000 and 5,000 pe/ml. or even more weve found not uncommenly by
Cowling and MacKey (1959) end Holdsworth eb al. (1964) and
frequently by Rachmilewitz snd Bliokinm (1968). It is known from
perial studies in infective hepatitis that the servm vitamin Bqo
lovel con fall from grossly abnormal velues within a few days
(Rachmilewits ot al., 19565 1958) ond thab remerkable fluctusiions
con occur even within hours in carbon tetrachloride poilsoned

gninels (Stein et &l., 1956; 1959), Such trends seén move Likely




to account for our umasually Jow inecldence of 2 abnormally
but modestly, reised serum vitamin Bya levels in 11 patienta
with infective hepatitis end 2 with homologous serum jaundice,
than geographical, racial or nubtritional factors, VWhatever
the explenation, two peints of praciical imporbence are cledr;
firabt thot the normal renge of values for eny test should be
defined locally and secondly that an estinate of the froguency
of sbnormal values should be obboined under similar conditions
before the best is applied for dlagnostic purposed.

In cnses of melignant diseaso, o ralsed serun By, level
was considersed by Grossoviez et al. (1957) to indicate the
presence of hepatic metastoses, Further oxperience roporied
by Cowling and MacKey (1959), Nelson and Doctor (1962),
Holdsworth et sl. (1964) and Rachmilewits and Eliskim (1968)
has confirmed that thia is often the case bub that the
frequeney ie not such as to be of diagnostic value, Opr results
emphagise this point. |

In enicteric liver disease there is evidence that o raised
serun vitamin By, level ds valusble in esteblishing a diagosis
of introhepatic infection (Holdaworth et al., 19643 Neale et al.,
1966) end there is evidence that serial sorum vitamin 81 levels
may have prognostic value in cases of progressive hepatitis
(Holdeworth et al., 1964; Rachmilewitz end Bliokim, 1968),
In ictoric diseasc, on the other hand, our results lead us to
the conclusion that the tés*'ﬂ has no value in the management of
the individuwal patient, at least under the gonditions in our

hogpital practice.
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