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SUMMARY
A study of the clearance of a tracer amount of radic-

active vitamin 312 from serum was carried out, so that

nformation on the daily distary requirement of vitamin

=

B12 could be obtainsd by. applying the occupancy principle
to the data. This study was then exiended in order 1o
follow the clearancs of vitamin 312 from the individual
vinding proteins., Information on the whole body centent of
the tracer was usad to estimate the total body B12 stores.

In addition to these kinetic studies the distribution
of vitamin 312 added to serum in vitro was also examined.
Tne ratio of zdded 312 vound to each protein was noted in
differsnt clinical conditions as well as in serun samples
obtained from hospiital persomnel., An investigation was
carried out as to whether the mass of added vitamin BE12
affectad the percentage bound by each protein. It was found
that the results were in no way affected. A brief study of
the forms of wvitamin B12 carried by each transcobalamin was
also made but no specificity was observed.

During the course of the investigations it was observed
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that vitamin B12 was retained on a column of Sephadex (
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bindinz was studied in detail but was found to b
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only in special circumstances. The work was concluded with
2 comparison of ths results obizined with 3ephadex G - 200

and with other senaration materials.




m

The terms cobalamin and vitamin 312 (312) are used
vhaen the native vitamin 212 is being discussed and vwhen
its chemical form is either not known or is of no part-
vance 1o tas stuw

icular rel:

[
[¢7]

v. Hadiosctive vitsmin 212 is

-

e term uszed

ne labelled vitamin

referrsd to =s “° Jo cysnocobalamin (when the vitamin

30
w

is in the cyano-form) or abbrevizted +o 21 go 312,

(hydroxymetayl) vropane -1, 3 -diocl (tris).
In the tablesz the hesding 212 ng/l refers to the serum

re

ner litre but on ceritain occasions to the whonls blood folate

or rad cell folate. The unsaturated serum vitzmin 512 binding

Q

zpzcity in nanograms per litre is referred to as UBEC ng/1
and the azmount of added radiocactive cyanocobalamin bound to
specific carrier proteiﬁs is expressed as a percentzge bound
on each fraction. The fractions are abbreviated to TCO

(transcobalamin O), TCI or alternatively TCI + IIT anscobalamins

I
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H

I + III) and TCII (transcobalamin II). “here detzils of the

the column headed B12 absorpiion alone refers to the percentage

cf a one microzram dosa of radioactiva cyanocobalamin retained



in the body two wasks afier administration, as measured by
wnole tody monitoring. The walue under the heading Bi12
absorption plus IT {intrinsic factor) refers to the
perceniage retainad in the body using the same technigue

f radicactive cyanocodalamin is given with
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z source of intrinsic factor. OCn occasions the capzcity

1

absorb vitamin 312 was measured by the schilling Test using

a ona micregrasm dose of radioactive cyznocobalamin and these
values zre marked with an asterisk. The heading marrow refers
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for normoblastic., The zbbreviation I1iC refers to the maximal
acid cutput usuzlly in response to pentagastrin snd the valuas

stimulation.
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Tae abbrevietion ¥Pi refers to pentazastrin fast achlorhydri

“ihere the actuzl outpul was not measured but the pd fell he-

low. 3 the column simply refers to acid bsing nressent., 1In tadhle

23 the abbreviation slk phos is usad for alkaline phosphsiase, the
value being in international units per millilitres, =nd the
abbrevistions A3T and ALT zre for aspartate transaminass and .
alznine transzminzse respectively, both values teing in intermational
units per litre. The zbbriviaticns m for menth and y for year are

time of treaitment in the

Y

used to indicate the duration o

approvrizate tables,
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T15 DEVSLCETENT CFOXNCVWLBDGE 0F  TiIZ  PLAA

TRANSEQORT CF  VITAMIN B12

This chanter is devoted to an historical review of
the literature on transcobzlamin studies. The review is
an attempt to provide the background to the work which will
be described in later chapters. In this introductory ssction
a great dezl of emphasis will be laid on the different
separation mathods used by different groups of workers, as the
accurmlstion of knowledge has besn dependent on, znd cften
confused by, this variefy of methods. Ths review alsc attempts

transport of vitamin

to clarify how the current concepnts of the
B12 in plasmz in man have evelvsd.

It is common in biological systems for svecific proteins to

-

be invelved in the transport of essentizl molecu The first

evidence that vitamin B12 was bound to protein came when Ross (1)
reportad that heat treatment of ssrum was necessary to release
vitamin B12 for microhiological assay. Faper electrovhoresis

of serum followed by microbiological assay of sectlons of the
strips, showed that the endogenous vitamin B12 in serum was

-y

loczted in the alpha globulin fraction only. This observation

[he

led Fitney et al (2) to positulate the existence of 2 specific

1A -
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serum 312 carrier vrotein, Thewv observed that this carrier

protein had only a limited capacity t0 bind vitami 12.

ol

)

Later studies by iendelsohn et 2l (3) confirmed these findings.

_

miller and Sullivan (4) showad that although the native

vitamin 312 was bound to an alpha globulin pr tein, any radio-
active vitamin 312 which was added to ths serum was pre-
dominantly associated wiih another fraction. They sevsrated

o

the serum by starch gel electrovhoresis and found that the

native vitamin B12 migrated to the anode but most of the

s
’C/O Ky 4 29 4 [ ] 2
added Co labelled B12 migrated to the cathode. 1his radio-
active vitamin B12 was detectad in spite of dialysis, whic

sugzested that it was associated with another vrotein. it

hat at the levels
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of vitamin D12 present in normal serum, the B12 binding proiein
was almost saturated and that the addition of further vitamin
resulted in the excess being bound o other serum proteins.

T+ is worth stating a2t this point that whereas the

et z1 depended on microbiologica
later studies made use of radioactive forms of the vitamin.
Three forms of radioactive cvanocobalamin were avallahle:

8 £ =
© Qo B12 and 0 Co B12.

win

57 Co B12 znd the less freguently used

twoduced either in

[ N

Cne or more of these isotoDnss could be

21 administration) or it could be
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added 1o a2 sample of serum or nlasma - in vitre : The dis-
trivution of the radiocactivity in the szmple was used to
indicate the presence of th2 zdded vitamin B12.
The first indication that more than one specific vitamin
B12 binding protein existed in plzsma came from in vivo studies
by TH2ll and Finkler {5). They observed that vitamin 312
was bound by more than one poriion of a plasma sample which
had been fractionated with ammonium sulphate. The radio-
active vitamin B12 was cleared from the different plasmz fractions

zt different rates and this was cittributasd to the pressnce of

more than one vitamin B12 binding protein. Hall and Finkler (&)
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separated a second B12 bhinding protein from the carrier 1
in the alphe-1 globulin region on a diethylaminoethyl-celluloss
(D3aB-cellulose) anion exchange column. They nqted that this
second binding protein, which they christened the 110 component,
bound the major vart of any vitemin B12 added to the serum in
vitro. The other protein which they named the 210 component and
wnich corresponded to the slpha globulin binder described
earlier, bound only = sm2ll amount of added B12. In a later
study by dall and Tinkler (7) the 210 component was renamed
transcobalamin 1 (TCI) and the 110 component renamed trans-
cobalamin II (=C7I) and this is the terminology which has been
generally adorpted.

o

The separation of the transcobalamins was studied by Hom

-

et a2l {38) usinz a variety of technigues. They found that two

- 1€ -




diethylaminoethyl - dephadex (DIiE-3Sephadex), by 3ephadex
/ \
G-2CC gel filiration and by ammonium sulphatei(IHA)z X4 )
‘\\ ;

separaiion also gave information on the molecular weights
of the two proteins, these being esiimated at approximately
121,000 (TCI) and 36,000 (TCII). 3ach znalytical method
yielded two frzctions in which radiozctive 312 was detected.
It was assumed that the two fraciions yielded by one method
corresponded to the two yielded by another and that they were
due to the complete separation of two vitamin 312 binding
proteins, This zssumption confused the issue for some time.
Studies by Lawrence (9) using zone electropihoresis showad
that vitamin 312 zppeared to he bound by three fractions in
serum : an alpha-1 globulin and a beta globulin (which correspond
to TCI and TCII respectively) and alsc by a binder with
alpha-2 glcbulin mobility. The presence of 2 third vitamin
B12 binding protein in serum was also postulated by Hall and
Finkler (10) when they =sdded Co”! 312 to serum in vitro and
noted that the second radioactivity pesk which eluted from a

Bi%Z-cellulose column did not appear to be homogeneous.




nis observation was probably due to an artefzct
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vroduced by the separntion technigue, possibtly related to the
for the later work (11) has shown that
the second radicactivity pezak eluted from DzilZ-cellulo

contains only one vitamin 312 binding protein. The de~

(o7

monstration by Hom (12} that TCl1l could form complexes an
bind to G ~ 200 at low icnic strength further complicatsd the
picture as 11 became apparent that this new binding protein
could ve & polymer of TC1l. Gizis et 2l (13) 2lso demon-
stratzd a third binder wnen they separated the transcobalanins
on DEAE-cellulose and then checked the two fractions for
homogeneity on Jephalex G - 200, The 'TC11" fraction eluted
from G - 200 as 2 homogzeneous pezk (correspondinz to 2 protein
with a mol@cul r weight of 40,000) but the Tbl fraction
obtzined from DE4AT gave two radioacitivity pezks on G - 200 :
the major one at a large moleculsr weight and 2 smaller binder
which accounted for zlmost 335 of the eluted radioactivity.
They attrituted this to TCl1 contamination.

imilar work was undertaken by Lawrence (11) when she com—

93]
[}

pared the two binders separated by DZii-cellulose with the
two separzted on G - 200. Normzl serum was shown to contain
three binders : a high molecular weight alpha - 1 zlobulin
(TC1) and a high and a2 low molecular weight beta zlobulin
(the new binder and TCll respectively). The high molecular

weight beta globulin binder zpnezrs 1o corresrond to the profein




7hich Lawrence n2d vreviously (S) classified as an zlpha - 2
globulin vinder. 3he demonstrated the vresenca of

binders hv removing the low molecular weight

o]

rotein (TC11)
rom the serum by absorpition on to uncoated charcoal and
T AT

separating the remzining fraction on s DIAZ-cellulose column.

Two pesks of wvitamin B12 binding protein were still 2luted

i

from the colwm althouzh the first pezk wes smaller than in

comparanl ts wnen unccated charcozl zbsorvtion was

®

experimen
not used.

The position was finally clarified by Bloomfield and
Scott (14) who confirmed the presence of a third bhinder as
described earlier by Lawrence. They fractionated 2 serum
sample cn 2 DRAB-cellulose column and found 923° of the

o

)

added radiocactivity eluted with TC11 and 84 eluted with
whereas G - 200 sevparation of another sample of the same serum

C11 and 26%

showed that 747 of the added activity eluted with

o

eluted with TC1. T he rasulis obitained
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from the two different methods was attributed to the presence of
2 third bvinder which eluted with TC11 from DEAE-celluloss =nd
with TC1 from 3ephadex G - 200. The third binder, which they
named TC111, was found in Fifty normal serum samples and was

The proverties of the third binder have teen studied by

{

several grouvs. Rloomfield and Scott (15) showed that in the

Eag

-4y

zbsence of TC11, TC111 had a grezater affinity for 212 than TCH,




AT

and that although it eluted from BIEAZ-cellulose with TC11,

oy varying the conditions it was shown to be lezss firmly held

et al (16) exzmined the possibility that a protein which thew
called binder 111 (and which appears to correspond to TC111)
was a polymer of TC11. They separated the three transcobalamins

on a DEiZ-cellulose column followed by G - 200 fractionation of
the TC11 + binder 111 peak, ;nd showed that gll three binders
took up cyanocobalamin from the gut simultaneously, in pro-
portions depending on their unsaturated B12 binding capacities
r were 'unable to comment on the nziture of the

at the time. The

third binder' and on whether or not it was a volymer of TC11.

o

Carmel (17) showed that the third binder, which i: esent ir

)
el
o]

b

Pe

small zmounts in normal serum, is responsible for the elevate
unsaturataed B12 binding capacity (UBBC) observed in the serum
of patients with leukocytosis., He compared the binder with one
found previously only in the serum of patients with poly-
cythaemisa rubra vera (described by Hall and Finkler (18f and
suggestad that the two were identical.

Immunological studiss showed that the third btinder was

recipitated by anti-sera reacting with TC1 (17, 19). ZEngland

o]

[0}

t 21 showed by immunodiffusion that both TC1 and binder 111 gave
reactions of identity with antiserum raised to szalivary R bindexr,
and from that deduced that TC1 and binder 111 were both circulating

R Yinders and tnerefore closely related. The ferm X hinder had




bteen introduced by Grashack et 2l (21) %o describve the non-

intrinsic factor vitamin 312 binding protein found in gasiric
Juice. The name was derived from the characteristic rapid
mobility of the protein compared with the mobility of intrinsic
factor. {Intrinsic factor is the vitamin B12 binding protein
concerned svecifically with absorption from the gut.) Lore
recenily the use of the term R binder has been extended to
describzs all the vitamin 312 binding protsins which have rarvid
electrophoretic mobility, regardless of the body fluid in which
they azre found, thus covering all the specific B12 binding
proteins apart from TC11 zand intrinsic factor.

Stenman has recently used isoelectric focusing to separate
the transcobalamins from each other (22, 23). He renamed the

R binders 'cobalophilin' in ordsr to avoid the implication of

ifferent body

jor]
v

rapid mobility, as the R binders obtained from

fluids have elecirophoretic mobilities varying from alvha 1o

o3

eta (23). 3tenman characterised the cobzlophilin from different
sources {22, 23) and found it to be 2 "microheierogeneous
mixture" consisting of five or more isoproteins with isoelectric
points (pT) beitween 2.3 znd 5.0. Ile found that the cobalorhilin
from different cells and fluids consisted mainly of the same

=

soproteins in different proportions, The isoprocteins were

=N

divided into two vopulaticns, one vI 2.3 ~ 4.2 and the other

vl 4.0 - 5.0. TC11 had a pl value of around € and therefore

did not overlap with the cobalovhilin isoproteins. It wzs
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sted (22) that these wvariations in the patterns of iso-
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ugg
proteins present could account for the d4ifferenct electirophoretic
mobilities ascribad to the R binders, and for the descrivtion

of TC1l as an =2lpha - 1 globulin and TCI111as having alpha - 2

and beita mobility.

Additional wvitamin B12 binding proteins have been observed
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in the serum of patients with clinicsl abno
binder, the FV binder, was found by Zall and Finkler (18, 24)

in the blood of eigh
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polycythaeniz vara in

relapse. The protein reacted with anti - TC1

W

nd anti-szlivary
R anti~sera but differed from TCl in its electrophoretic mobility.

Cn the basis on Stenman's classification the observation can be

¢

attributed to a distribution of the cobalophilin isoproteins

7

from that found in normal serum. Tae foetal binder

s
s

fere

h

di
described by Kumento (25) as eluting from 3ephadex G - 200 with
TC1l but having o different elscirophoretic mobility is presumably
a2lso due to a variation in the cobalophilin isoproiein pattern.

Affinity chromatography has been used to isolate two vitamin
B12 binding proteins from serum. The separation of TCll in 2

homogeneous form resulted in a two million fold purification

relative to human plazsma (2¢). The plasma content of TCIL1

O

has been estimated tc be 25 & TC11/litre of plasmz (27) with

2 tinding capacity of almost 1000 ng B12/1itre of plasma (28).

The isolation of pure TCll zllowed its properiies to bhe studieiA(ZE).
The molecular weight as datermined by sedimentation equilibrium
ultracentri

zation was 5%,200 and by Jephadex G ~ 150 gel

filtration was €0,000. Sodium dodecyl sulphate polyacrylamide gel

- 22 -




2lectrovhoresis showed that two veptides were vresent.
this it was inferred that the protein was a dimer and that
it consisted of one subunit with a molescular weight of 25,000
and another with a molecular weizht of 38,000. Fure TC11 was
able to bind 23.6 Yg 212/mz of protein and this binding of

vitamin 312 by TC11 shifted the peak of Bi2 absorption from

[re)

361 nm to 384 nm.

4

A vitamin 312 binding protein was also isclated from the

H

granulocytes of patients with chronic granulocytic leukaemia,

using affinity chromatogravhy as the sole purification tachnique

o

(29). A homogenecus protein was obiained from 9,800 fold

',

purification, znd its molecular weight was found to be 56,000

(=

as determined by sedimentation escuilibrium ultracentrify ugation
and 58,200 as determined by amino acid and carbohydrate analysis
The protein had a high carbohydrate content (33) which accounts
for the high molecular weight values (121,000 to 138,000) which
have been reported for the R binders when separated by gel
filtration. The granulocyte vitzmin 312 binding prote n had a
single éobalamin binding site and bound 34.9}15 vitamin B12/mg
of vrotein. No shift in the vitamin 312 absorption pezak was
observed on its binding to the R protein.
Immunological studies using crude or nertially purified

proteins have shown that the vitzmin B12 binding proteins

found in human body fluids can be divided into three d;stinct
groups : intrinsic factor, TC11, =2nd the R binders

IV Tinder, foetal bhinder, the granulocyie bvinder, szlivaxry binder

- 23 -
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and others). Mo cross-r

three groups (30). Variations in the sialic acid content
of the 3 proieins are probably responsible for the hetero-

ganeity observed by 3tenman during isoelectric focusing,

since treatment with sialidase apvsars tc reduce this hetexo-

geneaity.

Tn studies usine serun labelled with 2! Co B12 added in

- o~ ~
T {

vitro, radloactivity was eluted frem a Sephsdex G - 20

column

(]

in fractions other than those corresponding to the vitamin

L : I . 5T o
312 binding proteins already mentioned. “hen a2n excess of Co 312
was added, four peaks of radicactivity were detected (28).

The first peak, named TCO by Hom and Ahluwalia was 2luted st

the same time as ,

rotein pesk, This protein was

+

consistently found in G -~ 200 fractionation as g vitamin 312
binder over the ranze of 75 to 20,760 ng B12 added/litrs of serum.

4

A41though TCC accounted for up to 5.2% of the unsaturated 212

binding cavacity the protein has never besn studisd in zny

detail. One explanation for its occurence suzgested by Honm

and Anhluwalia was that TCO is a complex of TCII, similar to

the complex formed in low ionic strenguh buffer. The secon

and third peaks of radiocactivity noted by Hom and Ahluwaliz (28)
corresponded to TCI and TCIIT 2s discussed above, The fourth

paak of radiocactivity eluted from the columm was attributed 1o
"non-pyrotein bound o1 Co B12 and o7 Co not associated with vitamin

; 7 - . . . ‘s
B12",. This free > Co was ascribed to radiochemical impurities

in the isotope preparation and not fto disintegration during gel

Y.
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filtrztion. In a similar study 121l and Finkler (10) zdded
larze amounts of vitamin 312 to serum in vitro and observed

that the excess B12 4id not remain free but was bound by

3

TC11.

e

1252 hinde
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S were cCcon-

jo N

her that 7C1 an

sidered to be sscondary or mon-specific binders. 4 secondary

DEAS—-cellulose wit .1 sodium phosphste huffer. The binder
was only found when large amounts of vitzmin 312 were asdded

to the serum {2t least 300 ng B12/litre of serum) and the

o]
[0]
H
[¢]
[O]
1
ot
W

an
(0]
o]
)
ct
ey
o]
4]
O
c.'.

(

k{
)
e
04
&)
}.J
ot
o’
g
[o%
=
V]
U
}_A
[
Q

£
0]
]
[N
W
o+
&

appear that this secondary binding is wery 'loose' and that
although it is able to survive DWA-ce2llulose fractionation

the vinding does not withstand gel filtration.
It is evident from the number of artefacts of separation

-

wnich have been described that care is neede
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zny results which zppear to sugsgsst that a new vitamin 312
binding protein is present. TC11 in particular appears tc be a
very labile prdotein, complexing with itself z2nd winding to

Sephadex G - 200 in the presence of low ionic strength buffers (12)

and also forming complexes with heparin. Heparin is a stron:

u;

cation exchanger aznd therefore it is able 4o bind TC11 which
has a strong 2ffinity for the cation exchange resin carboxymethyl-

lution of the vitamin
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are no longer eluted with phosphzte huffer but with TN ¥all
solution i.e 2% the same time 2s TC1 (20). It is possible
thaet it was this effect of heparin which was observed by
¥all and Finkler (10) when they described the heterogeneity
of the TC1 peak eluted from DEAZ-~cellulose. In vitro s{udies
(20) nave also shown that the proverties of TC11 and binder
111 ars slierad following & ~ 200 separation; ths =2luted
pinders have a decreasad affinity for vitamin B12, and TC1
and binder 111 can no longer be separatsd on DBiZ-cellulose.
Zthylenediaminetetra-acetic acid (ED72) also affects the
properties of the transcobalsmins. In the nresesnce of EDTA
57 -
more [ Co B1? eluted at the peak corresponding to.TC11 on

Sephedex G - 200 than when no 3IDTA was present. The sxplanatio

for this observation (32) was that TC11 is

(89

whichh was proposed
present in serum a2s a complex held together by bivalent
cztionic tridging. In the presence of EDTA the cations are
unavailable and TC11 does not associate.
Information on the role of the transcobalamins in the

transvort of vitemin Bi12 in the bloodstream has come from studies

he zdministration of radiozctive B12 eilther orally

9
ot

o

following
or parsnterally. Y211 and Finkler (5) observed that there

. . . 857
was a difference in the rate of clearance of the -

gncvanocobalamln
from the fractions corresponding to the two traznscobzlamins,

57 N N 4 s
They gave “'CoB12 to volunteers, both orally and intraveneously

and observed thzt the vitamin B12 was initizlly seleciively wound

te TCi1 (7). The radiozctivity was rapidly cleared from TCH




re-zpreared bound to TC1, in amounts which incressed for
the first twenty-four hours. This rapid clearance of

TC11 bound 312 was also observed by Jom (33) when h

[

injected a TC11 - 5700'39 comnlex into volunizers and showed
that only 32.1% of the dose was still present at 10 minutes
vost-injection. He detectad 57(}b 12 bound to TCY =2t

4 ~ 2 hours, and by twenty four hours observed that all the

radiozactivity was bound to TCI1.

hE
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nt theory for the roles of the itranscobzlamins
was proposed by Chanarin et 21 (18) %hen they attempted to
glucidztz 2 role for binder 111 in the transport of vitemin
312. They observed that an oral dose of 5700 B2 Was bound
by all three transcobalamins simultaneocusly and suggested

that this Pinding was in proporiion to the unsaturated B12
binding czpacities of the proteins at that time. In a further
study ty the same group (20), 57Co B2 was observed to . be still
bound to TC11 at 8 - 10 dsys after oral administration, The
theories which have besn suggested for the roles of the
transcotalamins in B12 transport are discussed in greater
detail in later chapters.

Information about vitamin 312 transport proteins has also
come from studies of paitients with an inherited deficiency of
one of the binders. These cases are extremely rare, however,
only one family has been described as ﬁaving members with =
+

TC1 deficiency (34) and only two cases of families with TC11

deficienciss have been reported (35, 3¢).




clinical abnormality observed in

either of the two brothers whe had the slpha - 1 globulin
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no vitamin B12 binding capzcity. It must be emphasised that

although the brothers appsared to lack 211 R binders there

4

;28 no evidence of any metabolic B12 deficiency and the ability
of tissues to store B12 was not impaired.

In contrast to the clinical normzlity of these two brothers
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confirmed by experimenis with anti - TC11 antiserum. <
to massive amounits of vitamin B12 could be due to the existence

of seccndery or non-specific B12 binders, to diffusion, or as has




been proposed by Fitzig et al (36) to ihe appearance of 2 new
choratic mobhility similaxr to
TC111 and foetzl binder. The infant described by Hitzig et al
%as unahle to synthesise immunoglotulins prior to 312 therapy
+

mit this dafect of the imnmune system was corrected after treaitmen

hegan., The significance of this finding is not yet knowm.
ilthough the two groups of serum B12 binding proteins

have besn studied in some detail the terminology used still

zives rise to some confusion. In zddition tc the nomenclatwra

.
.

waich hes been described, otiner workers have given the

O]

by Gullbersz (37, 33}, In the work to be described

it is provposad to retain the term 7011 and to use TC1 + 111 1o
ers present in serum. Ihe 720 binder has

veen considered separstely in the in vitro exneriments zs

there is no information yet on whether it is a TCI1 complex or

should ve regzrded as an R binder,



™1 + 111 TC11

T2l end Finklsr (&) 210 comrponent 110 component

Y31l and Finklexr (7) TC1 TC11

Grasbeck et 21 (21) R bvinders

Stenmen (22) cobalophilin ’
Gullbverz (37) TCL TC3

Gullberg (38) LEP SBE

Tahle 1 Transcobalamin Homenclature




zone electrophoresis pH 8.6 (9,11)
DI All-cellulose elution (14)

G-200 elution (8)

CM-Sephadex elution (8)

CM=celluloge elution (27)

iso clectric point (23)

ot erch block electrophoresis pH 4.5 (27)
adgorption by uncoated charcoal (11)
role in B12 transport (27)
(NH4)QSg]precipitation (8)

corbohydrste content
molcecular weight
no of subunits
no of bindirg sites
amount of B12 bound ( pé;BlZ/mg protein)
B12 absorption peak shift on binding
gite of gynthesis
reaction with
1) anti B (30)
ii) anti TC1 (30)
1ii) amti TC11 (30)
promotes uptake of B12
by i) Hela cells (27)
1i) reticulocytes (41)
plasma content ( pe protein/litre) (27)
total binding capacity ( ng B12/litre plasma) (27)
approx. % saturation (27

TC1 TCt1
&y ST A
M NaCl phogsphate buffer
TC1 & 111
mol wt 121,000
garly
early
2.3 - 5.0
anodal
no

bindg endogenous B12
2.5 - 3.5 M

33% (29)

around 55,000 (29)
1(29)

1(29)

3449 (29)

Wo(29)

granulocytes (39,42)

.
+

£

no

no

60
700 - 800

50%

Tebla 2 ¢ showing differences in the properties of the transcobalaming.

TC11
[

phosphate buffer

TCH
mol wt 36,000
late
late
6
cathodal
yes
bindg newly sbsorbed Bl2
1.5 = 2.3 M

none (26)

around 55,000 (26)
2(26)

1(26)

2846 (26)

Yes(26)

liver (41)

=
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yes
yes
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TIE APPLICATION OF THE CCCUFANCY
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FRINCIFLE TC IN VIVO .

THR METABOLISM QOF VITAMIN B12.



TA3 CCCUFrAlCY FRINCIFLE

The occupancy principle provides z means of relaiting the flow
of a sutstzance into a system with its capacity and occurnancy.

The foundaticn of the theory wss described by Berzner (43 - 47)

}e

and it was prozounded in a form applicable to the anzlysis of
principle has been utilised in studies of thyrexine sscretion
(49), iron metzbolism (50), calcium absorption (51), tavroid
icdine content estimation (52) and drug dosage studies (53 - 55),
but it has never been applied to the analysis of the data obtained
using radiocactive vitamin 312.

The occupancy principle is the mein analytical ﬁeihod used
in the studies described in this chapter and therefore it is
apcropriate to restate the essentizls of the orinciple with
varticular reference to the metabolism of vitamin B12.

The application of the occupancy vprinciple to kinetic

stidies of vitamin B12 metabolism requires certzain assumptions

t is assumed that the radioactive vitamin

b
H
9]
t
)

<t
e

to te made.
B12 (in this case Co cyancobalamin) is a true tracer, that
is, it is treated throughout the system in the same way as the
non-radioactive vitamin B12 which has come from the diet.

Cyanocchzlamin is not a naturally occurring form of the vitamin,

eithner in food (5¢) or in human tissue (57) but there is evidence

_.31._




that it is rapidly converted to biological forms (57). A&

second reguirement for fhe zpvlication of the occuvanecy principle
is that the system is in = steady state, that is, the entry flow
to any compzriment is balanced by the exit flow and thus the
amount of substance in any compariment is constznt. It

follows from this that the flow through the system is zlso

o]
I
®
9]
m
3
c*.
()
o9

constant. Sma2ll variations in ths input flow, re
by variations in the dietary intake, c%n however be neglected
because the bhody turnovsr time for vitemin B12 is long. The
final recuirement for the application of the cccupancy principle
is thzt the tracer materisl is introduced into the flow which

iz to be measured.
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Te salient features of vitamin B12 metabo
presented schematically in figure 1 (a). The dietary intake
is represented as P which, since the system is in a2 steady staie,
) L

is equal to the sum of the faecal excretion X and t

!;j

excretion By. Only a part (FA) of the total flow is zbsorted
')
and this constitutes ths entry flow into plasma. The remzinder,

ED’ is excreted directly as a component of the fascal excretion %_.
L

- - - . 4 -
Cf the amount which is excreted into bile, a vart {¥,) is
4

reabsorbed, and the remainder {3,) contributes to the fotal

pas

faecal excretion 3,

I-;_J
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he Jlerivation of the Occuvancy Zrincinle

-

at time t = C. At time t later, a fraction fi of the tracer

will be in a particular part i of the system., The walue of

\
ot
Y

)

fi at any particulsy time 1 is deroiad ass fi (f
At the time of the injection there-is obviously none of

the tracer in part i. The fraction rises to 2 maximum, different

for each part of the system, as the tracer is carried into each

vart by the flow of stable material., The fraction then falls

to zero as all the tracer is carried out of that part. It is

assumed that the tracer is treated in exactly the same way as

the stable materizl. Clearly, by the time all the tracer hzs

been removed from the part, all the stable material which entered

the sysitem before the injection of the tracer will also have

been carried out of the part in question. In other words, the

total content of stable material in that part, called its

cazpacity, is made up of material which en+éred the system after

the tracer injection. 3ince the input flow, ¥, is constant,

in any short time &k an amount 78t of material enters the system.

Tracer znd stable material behave in the same way so an amount

7St.fi (%) of this maf rial will be opresent in part i at time

t later. The totz2l amount of stable material in part 1 is,

therefore, made up of 211 those elementary contributions from




the time of injection of the tracer until the time when tracer
actlivity in the part i has fallen to zero. To be strictly

correct this latter time is revresented as infinity. Thus,

o
cepacity C; = F \fi (t) at.
<

The latier integrzl is termed tha occunancy of part i =2nd is
symbolised by®i. It is simply the arez under the activity/tims
curve for the part in gquestion where activity at each iime is

measurad as a fraction of the total injected zctivity.

(=
/i

Tne extension to the rsal situation where the tracer
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not injected instantansously is now sira

ot

of administration of the tracer is not imporitant, 23 ths inpu

-

may be regarded as a series of instantaneous doses. . Bach

J)

of these elementary doses will have the same activity/time

curve in that part of the system of inte ré t, but displaced

in time from the others. However, it is only the azrsa under the
totsl activity/time curve that is renuired. This is equal to
the sum of the areas under the slementary activity/time curves,
whatever theilr relative displacement in time. The derivation

a2bove is thus valid whatever the time scale of administration

%

of the tracer. Differsnt rztes of administration will produce
ectivity/time curves of different shapes but of the szme zrea.

Thus, the occupancy principle is obtained : (oapacity)i
equéls flow % (occupancy)i for any part i of the system. 2Ry

making serial activity measurements for any part znd determining

_34_.




the amount of siable meterial in that psrt, the total flow F

through the system mzy e deduced from the eguztion:
- (capacity}. : . .
flow = i Thus, by measuring tne serum 312 level

(occupancy)l

and by making serial zciivity measurements following oral

=T

L Eag

of vitamin B12 mzy be obtalned. Purthermore, since the flow

is a constant of the system the ratic of capacity fo occupancy

L os . Cﬁ . CG - Cc. =
for any nart is the sams, - = 7 Rl
Ba Sg =S

If the ratio of capacity to occupancy for plasmza is found as
above and wnole body occupancy is deduced from serizl whole
body zctivity measursments, the whole body cspacity of 312 may
be estimated.

The occupancy princivle may be used To deduce either the

daily dietary intaks of 312 or the abscrbed flow into plasma,
depending on wnether the tracer is ziven orally oxr intravenously.

If the tracer is given orzlly then it is introduced into 2 flow

which is coming entirely from the outside and which includes

an unabsorbed component ED as well as the absorbed flow F,.
I Fey

On the other hznd, intravenous zdministrsiion of the tracer is
eguivalent to introducing it into the entry flow into plasma
since there is rapid mixing and all points of introduction into
vlasma are equivalent. The flow that i1s measursd is then fhe

dietary absorption ¥, only and the recirculation is not included.

This point is mzde clearer by redrazwing the relevant part of

i
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thz schemstic disgram 23 in Fiszure 1 (b). The recirculstion

flow ¥, i3 separzted from the distary ahsorpition flow =,
AL ey
wnich is the only flow entirely from outside this pariticular

systemn. The recirculztion is now seen as somefhing totally

within the systsm being considered. As such it will not be

. . T -~ . . - . N . .
the system in TFigure 1 (b) following intravenous adninistration
of tne trzcer.

5

It was zssumed that the Injected tracer mixes rapidly
‘Wit the stable B12 z2nd is treated in the same way as B12 newly
&bsorbed from the gut. It therefore follows that the area
under a plzsma activity/time curve for unit activity entering
the plasma will be the same, whether it enters directly by
injection or indirectly from the gut. 3Since the activity/time
curves of all units of activity entering the plasma are
additive the total arez under a measured plasma activity/time

curve would be proportional to the toizal activiiy entering

plasma. In the case of intravenous injection of tracer

-
Q
Q
Q

f the activity enters the plasma, whereas with oral
administration only the absorped friction enters the plasma.
The ratioc between the plasma occupancies in the two cases is
therefore esgual to the fractional intestinal sbsorntion of

vitamin 212, The capacity of the plasma does not change and

.

therefore 1t is possible to calculate the two different flows

the totzl dietzry intzke of B12 and the absorpiion flow of

Sl
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Pizure 1%} : A schematic diasram of the essential features

of vitamin B12 =zhsorpiiomn.



Tas occupancy princivle has a major advantage over
comeartmental analysis (58) 25 it dces not assume that the
tracer is uniformly distributed within vools. This is cften
not the case and the pools zre not necessarily physically
ecvivalent to =any marticular organs. In the case of the
occupancy principle the measurements are made on defined parts
cf the system and therefore zny calculatioms made refer

ne disadvantags of the occupancy
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unanbisuously to t
principle waich it shares with all forms of exponentizl arnalysis,
is that mezsurements have to he made until the zctiviiy in

the part of interest is affectively zero. In the case of

vitanin 312 with its long btiological half-life these measurements
can be unduly proiracted. However, after a long time has elapsed,

and when the tracer has fully equilibrated with the stable material,

) Ces . . . . t
the activity/time curve bacomes a single exvonential is =t

arez to infinity under this ta2il is equzal to

to the directly computed area under the earlier pzrt of the

activity/time curve.
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be claar, from what has been said in the previous

It will
312,

he occupancy principle can be used to obtzin a
The term
in the literature

saction, that T
nt of the plasma flow of vitamin

mMeASUuren
on vitamin P12 metabolism but it may be equated wita the
been used to denote
v

o’

'flow! is not one which is commonly found

terms '"need! and 'requirement' which have
; ahsorhad from the diet

the mass of vitamin B12 nor
& nealthysubject. Istimates of th
hefore, tut there is poor asresment beiween the results cbiair
bv the differsnt methods. Tae study waich is reported in
section was undertaken in order to obtain estimates of
m datz analysed by the occupancy vrinciple.
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SATERTALS AMD FRETICDS

Fatient Detalls

Ninetéen subjects took part in this study. They were

o

given Co 312 and their plasma activity was measured at

various times therszafter, Hine of them had been treated

to seventeen years. The nine had 211 originally presented
with symptoms of A macrocyitic anzeniz, megaloblastic
ervithropciesis and 2 low serum vitamin B12 level and 211 but
one (case 5 who had vreviously undersone total gastreciomy)

h ad a histamine or pentagastirin fast achlorhydria. Xone of
these pztients could zbsorb orzlly acdministered radiczctive
cyanocobalamin normally but all did so when the dose was given
with a source of intrinsic factor. For the sake of brevity
this grouv of patients is subsequantly referred to as the

P4 (pernicious anzemia) group. XNo patient in tais group
received vitamin B12 therapy in the month before the study,
or, with one exception (case 3), during the study. 4 group

of ten patients who presented with various conditions, and who

3

made up = control zroup, were also studied. Deia2ils of bvoth

groups of subjects are given in tables 3 and 4.
The purvose and nature of the study was explained to 211 -

the patients and their verbal and written consent was obtained.




Case

No  Age Sex  Clinical State Hb B12 Dose and route of 2 Co Byye
1 76 M PA. Treated 5 m 13.9 1825 O.O9}Jg 15.0 pCi IV.

2 68 M L " 9 m 14 .7 380 0,08 ™ 15,0 m ©

3 67 M e 11 i 1449 200 0,12 " 15,0 " n

4 69 M o " 14y 14 .4 240 0,09 " 15,0 " "

5 65 F L 17y 12.2 520 0,12 " 15.0 " L

6 57 F PA. " 6y 13.9 120 0,10 " 15.0 " oral (+IF)

7 66 M " " Ty 1442 - 0,09 " 15,0 nweooom

8 67 F L noo 9y 12.6 1000 0.09 " 15.0 " neooom

9 72 M L "o 12y 14 .5 250 0,09 " 15.0 " LA

Tabled ¢ Showing details of 'Pernicious Anaemia' group of patients.



Case

No Age Sex Clinical State Hb B12 folate Doge and route of °!Co Bio.
g/dl ng/l1  ng/l

10 80 F CVA. Carcinoma colon 13.8 400 - O.O9}ug]5.O‘PCi oral

11 65 F Myocardial infarction 13.3 360 5.0 0,09 * 15.0 " n

12 88 F Peripheral vascular disease 9.8 280 3.2 0,10 " 15,0 n»n n
Myelofibrosis

13 81 F Ducdenal ulcer 147 750 3.5 0,10 " 15.0 " "

14 52 F Secondgry carcinomatosis 9.2 250 246 0,08 " 15,0 " Iy

15 67 B Pancregtitis 127 250 - 0,08 » 15,0 » "

i6 58 F Renal Calculi.Pyelonephritis ©10.8 300 20.0 0.12 " 15.0 " "

17 72 P Ulcerative colitis 11.5 260 - 0,10 " 15,0 "

18 63 F Myocardial infarction 11.0 140 $20.0 0.12 " 15,0 " w
Treated folate deficiency

19 59 F Chroniec renal disease 9.9 . 400 6.0 0,11 " 15,0 n "

Tables &4 Showing details of the 'Control' group of patients.




22diocactive B12 nrenarations

=

The “7Co B12 dcse was 15 FCi 57 'Co cyanocobalamin
centaining C.08 to 0.12 Fs of witzmin B12., This dcse was
administered either orally or intravenously The radiozctive
preparations were made up from siandard solutions (specific
activity zporoximately 150};Ci<ﬁg> obtainsd from The
Radiochemical Centre, Amersham. The intravenous dose was

sterilised by Millivore filtrzition and given in a volume

of 5 ml-. The oral dossz was made up to 100 ml . with water.

&

Sample collection

2C ml samples of blcood were obtzined by wvenspunciure
at intervals up to a vear after the administration of the
rzdicactive vitamin 312. The blcod was collected into clean,
but not sterile, glzss tubes znd was centrifuzed within three
hours of collection to separate the serum. 5 ml . zliguots of

the serum were stored in plastic tubes 2t -207C.

~

Serum vitamin B12 levels

Serun B12 levels wesre determined by a microblological

fe]

assay using Lactobacillus leichmennii performed by the staff
of the Department of Hasmatology, 3outhern General Hospitzl,

Glasgow., & standard of known vitamin 212 content was asszyed

- 40




Radioactivity measurement

Nany of the samples contained very little radicactivity,
so the following method was used to maximise the sisni
of the counting results. Hach serum sample (volume 1 ml) was
alternzted with 2 background szample of lbcal tap water
;

- = ) 45 T By S ~ o~ = - + ey 3 —~
(volume 1 ml}, it the bveginning of each batch of sliernaiing

serum szmples and tap water samvples a2 standard was counted.

]

This standard contained either 0.02) or C.05: of the dose
administered 1o the vpatient znd was obtained from the same
vatch of isotove. The radioactivity was measursd in z re-
frigerated two channel gamma scintillaiion spectrometsr
No. 3002) with a sodium iodide well-tyve

b 57f\ Y, 3
he Co photop

3
Y
Q
N
b}
H
"
3
Q
[0]
e

crysial. Zoth channels were set to detect t
using & narrow window in order to minimises the bsckground
activity 4 counting period of 5 minutes was chosen and the

hatch Was re- cvcled until each sample hzd been counted zbout

2
d
.C‘
3
0
=3

W

ten times. The resulis were vprinted on a teletype an

on paper tape. In this way each sample and background was

counted for about 50 minuies in total. Any errors due tc changes

in counter efficiency or background level could be eliminated

by using the background values on either side of the sample,
™e results were analysed from the paper tape by =z Varian

€20/L - 100 mini-computer. 3tatistical analysis of the approx-

imately 1850 S5-minute backsround counts in ezch run showed that

- 41 -




on every occasion fhe actual standard deviatlon was wery
closely esqual to ths square root of ths background count,.
and that individual wvslues were normally distributed zbout
the mean. No systematic variation in the tackground was

detected znd so the mean value was used for calculation

The zporoprizte S5-minute counts for each serum sample
and for the standard were summed and the relevant totzl

5

ne procduct of the mean background

ct

background was derivad as
and the number of times each sample was counted. This total
background value is subject to statistical variztion with =2
standard deviation egusl to the square root of the number
of counts. 3Since the probaebility of the background _ifferingb
from the mean by two standard deviaticns is 1 in 20, any
tctal sample count which exceeded the total background by
less than this amount was discard2d as being totzlly in-
distinguishable from iz.

These procedures were carried out for both the counting
chammels, a3 they had slightly different counting efficiencies.
The two measurements of sample activity obiained however zare not

-

tatisticzlly independent since, on the whole, the sams detector

0]

are in the slightly different settings and in the sitatistical

W
B
o
0]
[
3
0]
N
e
1
0]
el
O
[
Q
I~

Fluctuations in the counting windows. To ma

the slightly different results from the two channels the




average vzlue of the two final results for each sample was
cbtained. This final value was expressed as a perceniage of the

administersd dose per litre of serum.

Resulits
It was apparent from a plot of the serum results against
time of loz/linear zravh naver (for sxamples see Fizurs 2)

(about 300 days in the cases obssrved for the longeat time)
could in sgeneral be described by a trivle exponential function.

A1) = 4y exp (-e¢t) + A, exp (~=t) + A5 exp {-o¢t)

The ﬁethod of deriving the parameters varied slightly with the
guality of the actuzl data but for most cases the results from
about day 14 onwards were fitted to a double exponsniial curve.
The value of this function was calculated and the result

was subtracted from the observed valus a2t each of the earlier
times of measurement. These difference values were then fitted

hase of

'

to 2 single exponential curve, describing the sarly
plasnz. activity

Both the single exponential and the double exponantial
fitting routines used zn iterative method fto obtain z least

the function to ths actual data values rather than

2y}

sguares fit o
the less zccurate method of fitting the exponents to the
logarithms of the data values, The fitting routines began

<+

timates of the require

[
Le]
L
31
e
:3
D
ot
D
H
03]
~
<

by deriving crude es

fittinz the logaritims of the ezrly and late values to single
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L2 SguAaAres ol

the differ

values for the parameters, the sum of

rences betweaen each obssrved value and

that czlculated from the ecuation at each itime was found. 3By

tzking derivatives the
all changed by a small

the gre=test rsduction

0]

descent.’)

Ul

steepast
the new
until a further change
sum of
out as the "least scuz
The values of the

activity curves for 18

b=t
]
3

(or in some

In stating this eguality it is

component

for each patient (excanu for thosze with too

S

are given in table 3.

The sum of sguares

sguares significantly.

gth of time over
obtaine

cccupancy, may be cal

initial values of the parameters were
amount in such a direction as to give

in this sum of sgquzres

was recalculated for

values of the parametesrs and the process was iterated

of the parameters did not reduce the

The finzl values were printed

escribing the total plasma

patients are given in table 5. together

wnich thez results used in their

d. The area under each activity/time

the paramete of

[
0

culated from

cases double) varameters,

= A /o< -+ _‘::_?—/ccz -+ ‘6‘3/0<3

i
assumed that the third exvonential
rate of decline of the plasma
values. The vzalues for the plasma occupancy

it short a study veriod)



Case Study Time A =< 1= half- A2 =t 2 half- A3 o< 3 half- Occupancy
No (days) (%/1) @h life (a)  (%/1) lire (a)  (%/1) life ()
1 1~ 28 1.3 .096 Te2
2 1-7 1.02 W12 549
3 1 - 325 1.26 32 2.2 1.49 061 11.4 034 .,0033 211 389
4 1 - 238 697 A1 1.7 63 .090 7.7 084  ,0012 587 .800
5 2 - 321 o e54 24 2.9 720 063 11,20 - .033 L0023 307 278
6 2 - 325 31 1.10 63 +26 .091 7.6 028  ,0027 260 .138
7 3 ~ 168 10.01 e25 2.8 .76 +012 57
8 2 - 213 7.6 .38 1.82 38 .058 12 068 ,0019 361 0622
9 3 -84 .26 .26 2.7 W17 012 58
10 3 -~ 84 .55 .22 362 .23 .0022 321
12 1-84 .56 .21 3.3 .40 08 25
13 1 - 154 65 11 6.2 .16 ,0058 120 0321
14 1~ 49 1.85 013 5.1 31 018 38
15 21 - 28 2.82 41 1.7 1.12 068 10,2
16 1 - 262 55 033 241 062 069 9.9 037 00023 297 2263
17 1 - 140 3469 .16 443 17 0044 157 0621
18 1~ 67 .81 .50 1.4 1.11 072 9.7 losing weight
19 1~18 2.5 <96 »72 1.20 048  14.4

Table 5: Showing results for

in vivo plasma clearance studieg




nalf half half
4 life A 1ife A 1ife occu
1 2 3 :
211 patients 2.07  3.10 L7000 21 L0394 291 L425
Ep 0.£3  0.45 ki 5 .025 AS L0830

211 oral 2.55 2.5 . 39 32 .12 2t L3860
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.035 101

orzl T4 4.55  1.5% .38 34 .048 311 . 380

RO 2.5 C.50 .13 14 .020 51

IV control 2.04 2.55 o7 1€ .10 227 A42

0.4¢ 0.71 LT 5 .07 70

iv ri 1.07 3.98 04 10 .05 358 LAS5

3iIa 0.14 1.0% .28 1 017 113

Takle & : showing the average values of the parameters
describing total plzasma activiity curves.
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An estim

3

from the data from the subjects who had

serum vitamin B12 level. This estimats

te of the daily flow of vi

tamin B12 was derived
a2 fairly constant .

725 obtained from

the plasma occuvancies which ars related to flow by tne

equation shown earlier :

Flow = capacity

Blasma,

ocecupancy

_45_
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1. The vplasma turnover of wvitamin EB12

Travious descriptions of the disappearance of intra-
venously administered vitamin B12 suggested that there was 2

rapid initial phase followed by 2 slower rate of iturnover (59).

suggested that the biological

1,

nalf-1ife of B12 in plasma was zbout & days and this was

(mean = 3.1 days) and 7.6 to 58 days (mean = 20.9 days).

o

Mollin et 21 (59) observed a delayed clearance of vitamin B12
from the plasma of subjects with untreated pernicious

anaemia. This difference was not apparent in ths present study

because the patiesnts in the PA group had all received treatment

B
o0

prior to the study.



Bstimates of the dietary inteke of vitamin B12 gave

z measure of its flow into the body tut not into plasma,

because only a nroportion of the ingested B12 is absorbed.
These 23itin=ites have taen obizained from aszavs of mezls
znd of

items of diet and have ranged from 0-7)1€ ver da
(the minimum value found by Feeley and loyer (62)) to =
maximum value of 3;.6}L9 2r day reported by Chung =% al (63).

The actual value was considerad to be dependent on the cost

of the diet, protein content and natnre of the proteins

h

W
u
159

present, The values quoted for fatty foods such as ezgs
milk may be underestimated because of the low recoveries of
B12 from extraction prior to assay (5€). An sstimate of the
average daily dietary zbsorption of vitamin B12 has 21so bheen
obiained from kinetic znalysis (53) and a value of 1,22]&g

or veovle living on a Testern diet.

H
L
0]
@
£
5
u
O
0]
ch
®
R
Hy

Bstimates of the flow of vitamin 312 have zlso teen obtzained
from studies of the dz2ily loss. The amount of B12 excratad
could reasonably be iaken té reflect the daily need, -as this is
the amount of B12 which must be replaced to maintzin hodyv stores,
Thrae methods have Teen used to estimate the losses by excretion:
kinetic analysis, whole body monitoring gnd a theoretical

alenls . . ot 3 : 3 )
caleulation based on the length of time reguired $o deplete the

- A7 -



vody stores after total rectomy (€4). The loss of radio-

za
active vitamin B12 has been monitored over lengthy pericds of
zroups of workers (€5, 6€). Cn the assumption

of enuilibration the less was found to corresvond to (0.71Y%

to 0.27 of hody stores per day. Translation of this

v Pos

R
{

i
ol
iy

vitamin B12 bul assuming a va o
2.5 mg. then the daily loss is of the order of 2.5 to S.O)lg
per day. The estimated loss by kinetic anzlysis (58) was
1.2)1@ per day. Grasbsck (€4) assumsd that the loss of B12
after total gzstrectomy could be descrived by a single ex-

penential function. e observed that the mean time for

four yezrs after toizl

[}

development of megaloblastic anasmisa wa
astrecionmy and assumed that this was due to depleiion of the
the normzl. e calculated that

this loss was at =z rate of 0.15 to 0.3 per day which is egual
to 6 ~ 12.Pg per day assuning bhody stores of 4 mg.

The dally reouirement for wvitamin 312 has also been

estimzted by 3ullivan and Herbert (7). They studiesd the amount
of parenteral vitamin B12 required to induce a remission in

Py

patients with pernicious anzemia. A value of 0.1‘rg pexr day

t if the daily need is related to the body siores

et
)
®
i
2]
g
U
ci-
a
Q

of 312, as suggested by Adams and Boddy (€5), then the requirement



only a provortion

relzpse than in 2 normal subject.
Iven making allowances for the faci thail
of the amount of vitamin 312 which is ingested is absorbed,
thers are obviocus discrapancies between the estimstes for
dietary intazke and for the daily loss (or amount reguired
The results obtained from the present study,
j&%

for balance.)

z2lthough limited tc seven of the subjects, range from 0.3

ver day to 2.7}1g per day (see table 7). The mean value
25 one would expect,

absorpition flow (0.84};8

of tne daily dietary flow (1.43
an thes mean value for the
igures suggests that on average
d.

Q

This v

is higher th
per day). The ratio of these tw
spovroximately 597 of the daily intske of 312 is z2bsorbe
zlue accords well with what is known of the fractional
of cyanocobalamin at a doss of 1}1g {guoted Ty



Case Jerum Jerum Flov
Mumbar Route Cecunancy (8) Conacitv . (C) (ﬁz/day}
3 1v . 389 18¢€ 0.5
4 1V .80C 216 0.3
5 v .275 FiXels! 1.7
€ oral .138 149 1.1
8 oral LE22 1700 2.7
1 oral . 321 175 0.5
1€ 17 L2863 24T 1.3
17 1V L6217 256 0.4

Table 7

The sestimated flows of v

e
Lo

amin R12.



JECTICE 3
i duibabes S Lo

Introduction

ilthough there is agreement that the transcobzl=nins.

e

are specific carrisr proteins for vitamin B12 thers 1s 3Cme

doubt about the precise role of each transcobalamin in the
metabolism of vitamin B12. In an attempt to resolve this point
the studies described in the previous chapter were extended to
vield information shout the distribution of tracer R12 on
the transcobalamins.

Hzl1l and Finkler (7) have produced evidence +that vitamin
B12 2bsorbed from the small howel is transported selectively
on TC11 and that the biological half-1ife of the TCl11l - B12
complex is relatively short. Tals theory is supporied by studies
by Zom (33) in waich he injected a TC11l - 5700 B12 complex and
noted that all the radioactivity had been transfarred to TCL
by 24 hours. Chanarin et al (1€) and Fngland et 21-(20) on

the other hand belie&e that the vitamin B12 absorbed from the

gut is tound by the transcobszlamins in proportions depending

- 50 -



on their unsaturated B12 binding capacities at the time of
absorption, and that TCll does not have a specific function
in this transport.

Serum samples from the subjects described in the previous

g

section wers fractionatsd on 3ephadex & - 200 in crder to study

. . . . 7 v .
the distribution of S'Cc B12 on the transcobzlamins. Tne percentage

of the original activity btound by each fraction of the serum was

iy

plotited z2gainst the time after zdministration of the dose. The

7
tioclogical half-life of the TC1 + 111 - “'Co 212 znd of the
TCll - 5700 B12 complexes could be obtained from the respective

activity/time curves. It was hoped thzt from an analysis of

estimate of the distrivuticn

5

he data by the occupancy principle

of stzble vitamin B12 could be obtained. The ocpupancies for
TCL + 111 bound 312 ané the TC11 - 812 fraction were ovtained
by integrating the respective activity/time curves and, from

the ra2tio of the occupancies, the ratio of the capacitiss was

calculated (since the flow is consiant. If it is azssumed that
211l the vitzmin 512 present in the serum is bound to either TCL

+ 111 or TC11 then, since the tetal serum B12 is known, the
2bsolute amounts of stable B12 on each protein can he

ascertzined.

- 51 -




As described in section 2.

The serum samples were allowed +o thaw at room temperature
prior to fractionation. Visitle insocluble materizl was chserved
in some of the szmples znd these were filtered in order to
prevent the column membrans from hecoming clogged. This
filtration was through a disc cut from cellulose zcetats

electrophoresis pzper supported on a sintered glass base

I3

~
[V
Q—*—
<k
1)
Q

(Millipore Corporztion hed to a water vacuum pump. The

samples from one subject (case 11) had visible lipzemis and would

isc. In crder 1o

o

not filter through the cellulose acstate
remove tns fat the samples were centrifuged 2t 2,000 x g for

4

twenty minutes and the serum was removed from below the surface

Sechadex G - 200 chromatogzraphy

12g of 3ephadex G - 200 (Phermzciz Fine Chemicals AB) was

allowed to swell for three days in apvroximately 500 ml, of
tris-HCl buffer pd 8.0 containing I¥ MaCl being decanted once
in order to remove the 'fines'. Nost of the buffer was poured
cff, leaving a thick slurry of gel which was deaerated with a

vber vacuum pumnp at 2 pressure of zypproximetely 2.7 kra.

The degassed slurry was poured into a3 chromatographic column




give

L26/70) to
) of approximately 300 ml

A4 m]l serum samples ware S

eluticon with dega

maintained by s

o

In an attempt to prevent bacterisl gr

buffer was sterlllseﬂ by veoiling

W

zdded to it.

Ui

of sodium azide was

'J
a2m

2 continuous process, in an Ultrcrac

ut 560 mm.
mn by upward

at a flow rate of 12 ml/hour

12000 Varioperpe¥ pump).

owth in thz column the

ey .
Cifm)

and 0,0Z%
plaes were collected as

(T
(e

TR
Lk

\_/

fraction ccllector

eacnh samole representing 30 minutes' elution from the column.
The optical density was continuously monitored at 280 nm using

a Uvicord 11 (LXB) linked to a choppe

Although the radicactivity was recove

of buffer collected (the bed volume)

were eluted before ancthesr sample was

The serum samples from one patie

same column whenever this was possibl

3

calibrated with an in vitro lahelled

same patient before the in wivo sampl

szmples from each subject, were fract

ne ammnles

1ate =

d)

radioactivity (i.e.

attempt to minimise any effects of radioactive contamination

accumulating on the column,

r bar recorder (LKB).

red in the first 300 ml

a

=

further 300 ml of buffer

added to the column.

nt were all run on the

Te column was

S

gample of serum from the

es were sevarated. The
ionated in order of increasing

l\)

were separated first) in :

I




Radiozactivity measursment

T™ie & ml fractions eluted from the column were ccunted
in the zutomatic gamma scintillation spectrometer described

in section 2, for = convanisnt langth of time (usn=lly 20

2

minutes per sample) and a gravh of the number of counts 2zainst
the fraction number was made. TFrom this graph (for examples
see figures 3 - 7) the dip between the two radioactivity peaks

was identified and the two lowest values were zllocated, one

to each peak. The fraciions wers pooled in threes, outwardly

t

t

[20)

from this point, until all the tubes containing radiocactiv

¢

had been incorporatsd. COccasionzlly it was impossihle %o

decide where the true minimum values lay. “en this happened

the peak valuss were comparsd with those on vprevious sepzrations
from that subject (including the in vitro run) and the position
of the minima were obtained from a sample whose pezk corresvonded
with that from the prohlem sample. The results were calc téd
from thesz pooled fractions (volume 18 mls) which were counted

Py

for AC to 100 minutes depending on the activity vressnt in the

®

samples. The samples from the first patients studied were counted

for one period but later samples were measured as multiples of
twenty minute counting times, in order ioc minimise any changes in
the background. Only statistical wariations in the background

were observed however, as described in the studies reported in

the praviocus seciion.
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A

& standard of either 0.02% or 0.05 of the dose which

had been administered to the subject was counted a2t the same
time and under the same conditions as the pooled fractions.

,

in acecurate estimate of the background radiation was obtained
from frequent measursmenis during each batch of samples and.
this was subtracted from the number of counts obiained from
the sample. The remaining ac ivitv, due to the sanmple, Wwas

Gl

expressed as a2 percentage ol the administerad dose per li-re.

of the original dose/litrwe of serum were included in the
results. Aftsr the samplas from some subjects had been studied
the protocol was z1tered slightly to include the mezsurement

of the radiocactivity present in the 4 ml serum sample prior

to fractionation. The inclusion of this step meant that the
percantage recovery from the column could be estinmated. Any
results from samples which indicated = recovery of over 1205
were discarded in case this was due to contamination from the
columﬁ. Relatively few samples were discarded for this reason,

normally only the first ones or two samples fractionated after

the in vitro separation. The recovery for the remaining samples

s
/,?

was in the range 8C - 1200,

Txperiments on rates of recoverv with samples labelled in
vitro (and thus with more radicactivity present) have shown that
+he normal recoveries from a column are 20 - 1007, It was ohserved
thzt in the vivo samples with a recovery of over 1207 tne

increased radioactivity was preconinantly zssocizted with the TC11
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Results and Discussion

1, The distribution of 2luted radicactive B12

Table B shows the percentage of the eluted radiocactivity

which was bound to TCll at = given time after z2dministration

X
]

3

of ths nare is a marked variation in the results

w
W

1-1

acer
obtained from individual subjects, for example, ihe percentazge

of activity bound to TCll at 3 days post-injection varies

from 47 (case 17) to 40.4; (case 1).

The data presentad in table 8 could be used tc support
either of two contradictory theories, depending on which subjects
are selected. The results from cases 3 snd 18 could be used to
back up the view of Héll and Pinkler (7) and Hom (33) for

at 24 hours after injection the rzdioactivity bound to TCll

wzs only 2.5 and 8.¢ vespectively. If on the other hand tne

for the theory that TCll might have a role in lzte transport.
This theory was originally proposed vy Benson et 2l (69 ) to
explain the observation of TCll bound 512 in subjects who had
baen deprived of recent'dietary 312 and in patients who had
undergone total gastrectomy.

I+ must be emphasised at this point, that with the

211 of the patients studied in this seciion hound in vitro
2 T - , .
zdded 5 Co 312 4o both TCL + 111 2nd to WC1Y. The binding pzitterns



~ -
Case Number

ime after
ection 1 2 A 14 15
5 hour 73.3 72.7 77.9 72.0 £2.£
1 nour 72.8 71.2 72.2 £ALT 53.5
hour €4.7 44.9 €2.8 £9.7 33,3
houxr 53.7 33,9 55.0 38.9 31.5
hour : 36,1 24.8
nour 57.1 50.0
hour 26.1
day 4E.B 21.0 36.7 18.7 15.1
day 10,7
day 40.4 16,4 18.4 9.7 8.3
day 10.¢
week 42.4 14.3% 23,9 4.0
week 2.1
week
weak 10.¢ 5.2

Pable Ba) : showing the percentage of eluted =activity

bound by TCII.



Time after
dose
4 hour
€ hour
8 hour
10 hour
12 nour

24 hour
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69.7

32.9

19.3

showing the percentage of eluted
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activity bound by TCII.

35.0

11.1
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14.8

11.8
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dose 3 5 ¢ 8 16 18 19
1 dasy 2.5 | £7.9 41,8 50.9 8.6
2 day 2.3 39.3 32.3 14.0 £.0 2.1
3 day 3.0 25,1 46,7 9.5 5.3 1€.4
L day 5.7 17.1 €.4 4,2 14.2
5 day 1.8 16.8
€ day 39.7 3.7
7 day 10.7 o 3.2 3.7 11.3
3 day 41.0 12.4
S day 1.8 3.8 To1

10 day 135.9

11 day 2.0

12 day 2.7

14 day 11.4
15 dey S.0

1€ day 3.4 5.4

22 Cay 7.¢

23 day 2.5

29 day €.7 7.9

37 day 0.4

Table Sc) : showinz the percentage of eluted

activity bound to TCITI.




ohsarved for cases 3 and 13 wers not due to the absance of

Support for thes theory thet M1l has a role in the transport

o

of 312 apart from that described as 'post-abscrption' has

come from studies by !

i
-4

[

ocbserved TCll bound

i

211 (70). H
312 in the plasma of a terminal cancer stient 51 days after
an oral dose of 1.12 Pg/ZZ?)&Ci of “'Co B12. 4t 4 hours

g57 of the eluted radicactivity was tound to TC1ll, falling

The fraction bound by TCll remzined more

N
N
®
ct
jon]
o0
<
3
»

to

Tis late phase of TC1l transport was detected in only a few of
the subjects studied in this series possibly because the radio-
activity present in the serum was very difficult to measure

accurately at tais late stage. The studies by TEngland et al

0]
b
!,l .
3
o
)]

(20) also detected TC11l bound B12 a3t relatively lat

2t 8 — 10 Aays after an oral cdose 18,: of the rescovered radio-

o

3
03]

activity was bound to TCll in the serum from one subject and

307 in the serum from the other.



o]

hound by the relevant fraction of the serum wWas tlotte

against time on log/linsar gragh paper and =2 double or

o+

riple exponentizal function was fitted o tue data by &
least sguares iterative procedure as described in section 2.

itted functions are shown in figures 8 and 9.
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Resulis were obtained from only eighteen of the nineteen subtjects

hecause the serum from case number 7 could not be completely

fractionzted on 3Sephadex G - 200, A fresh serum sample was

obtained from the subjéct and 5700 312 was addsd in vitro

put it wasstill impossible to separate the rédioactivity

into two components. Figure 10 shows the distribution of radio-

activity in a fractionated sample from c2s@ 7 compared with the

type of separation norm2lly observed.
;

The resulis from the fractionated serum samples for 1

hteen patients are shown in table 2.

el

g

Gral administration : e results for TCl11l vound 312 from most

subjects were best fitted by a double exponential function. The

first component of the function had a rapid turnover <ta§ =

N

0.23 - 0.67 days) and this was followed by a second phase
2.6 - 3 days in all except ons subject). In two of the

. 14 ~e - -
subiects { cases € and 12) there was 2 £inal section with = very
\ / N

lonz hslf-1ife £.% and 27 .4 dzys vasoectivelv). A measure
5 2 .

of the TCl and 111 hound activity could be obtained only for

- 58 -
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<pPmMm

1200 9

\Coo

800 1

eoo 1 sAamMPLE FRomMm

<ASE 7.
Hnoo 1

o0

e 24 32, “Ho ug
FRAUTION (NOMZER

[\
Y
Hpoo
1200
tcoe 4
oo
SAMPLE  FRoM
oo 1 NORMAL  FPoOoL.
LOO
200
1o L 32 “qo “43
FRACTIoN NOMGEBER
Tizure 10 : A comparison of the G - 200 separation of 2 serum

sample from case 7 and of one from 2 normal vool.




TC11 bound activity ' TC1 & 111 bound activity

Case length A (%) nglf Iy half Ay half I half length Ay half A half
No of 0 life O life 1 life 2 life 3 of life 1 2 1life 2
study (a) (a) (a) (a) study (a) (a)
1 7 5.4 0,024 2.09 Ny - - - 7 0.70 »40 65 16,7
2 28 542 025 1.27 A6 - - - - 28 75 24 1.1 549
3 51 - - - - - - 0,06 8.2 58 1.27 2.4 1.43  13.1
4 7 3.5 038 1.45 J1 - - - - 14 0.58 2.0 0.51 22,9
5 - - - - - - - - - 95 - - 0.86 7
6 29 - - 1.0 58 - - 0.04 6.3 116 - - 0.19 8.8
8 73 - - 4,0 67 1.98 2.9 - - 73 - - 0.62 12.5
9 7 - - 15 46 0418 3.0 - - 14 - - 0.26 8.5
10 21 - - 4.1 0 24 60 2.6 - - 21 - - 0.35  13.6
11 12 - - 3.5 24 0,93 2.8 - - - - - - -
12 21 - - 1.6 40 - - 0,08 27.4 o8 - - 0.68  19.5
13 - - 4.6 023 0,17 1.5 - - - - - - -
14 35 1063 025 1,85 46 - - - - 35 o4 0,04 2,03 743
15 28 8.4 021 2.3 42 - - - - 28 1.0 0696 2.7 708
16 7 - - 4.2 30 0.19 1.9 - ~ 53 - - 0.92 7.0
17 28 4.1 0,018 1.27 0.5 - - - - 28 3.0 0,05 3.4 5.2
18 39 - - 0.21 96 -~ - 0,04 17.7 39 - - 1.42 18
19 18 - - 5434 42 - - 0.15 14,6 18 - - 097 17.1

Tgble ¥ 3 Showing fractionated results of in vivo plasmwa clearance shudies.




5 of the 7 subjects, and in each ca2se 2 single exvonential
function was fitted to the data points. Tae half-livss
ranged from 8.5 davs to 19.5 davs and were slightly shorter
in the FA group (mean valus 9.9 days) than in the controls

(mean value 16.5 days).

Intravenous administration : Zleven of the eightesn subjects

cazme into this category. Tne TC1l - 312 was initially clesred

N . N

- i v - = S et oo = = AP

rom the plasma (ty = 37 minutes), 2 phase waich
2

o

very ravidly

was not observed in the orzl groupn due to the slower rate of
entry of the tracer into the plasma. In the oral patisnis
the maximum plasma activity was reached at 10 - 12 hours after

7Co 3812 obscured

N

.

intake and so the graduzl azccumulation of

the phase of rapid clearance. This rapid phase was followed

by a second vhase, corresponding to the clearance observed in

the orzl group (tbz = 0.3 - 0.96 days). In a few of the subjects

another exponential could be fitted to the datz points 1o

give the final part of the function., The TC1 + 111 - B12

activity/time curve also showed an initial rapid

to that described for TC1l - B12. This was followed by a

second section with a long half-life (t,x = 5.2 to 22.9 days).

There did not zppear to be any significant difference between

the results observed in the PA groub and in the control group.
Table 10 gives the mean values for the half-lives of the

different groups with the resultis expressed as + 3.E.M.

The first estimate of the half-life of TCl1l - 212 came

from Hall 2nd Finkler (7) in a study of the clearance of zn




+,0079

TG T
to (a) t1 (a) t (a) by (a) b, (a) 6, (a) t2 (a)

A11 025 .48 2.4 14 .8 0.18 1.8 11.9
Patient .007 T to.6 Y8 T 0.7 0.7 5.5
A1l - o4 245 16.8 12.6
Oral ulT:! t 0.6 *14.9 4.5
ALl 025 54 - 13.5 117
I.V. o007 o 4.8 T 6.1
Oral - .28 2.3 - 16.5
Normal + .08 + 0.7 + 4.2
Oral - 57 2.9 - 9.9
P.A. + 10 + 043 + 2.2
I.V. 022 51 - - 10.4
Normal 1.0038 .3 £ 5.6
I.V. 029 61 - - 13.1
P, A .13 - - t 7.0

Table 103 showing average helf-lives for clearance of Byo from the transcobalamins.




‘mp1l - 312 complex dis-
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! had 2 half-life

P

appeared completely after © - 24 hours an
in the region of 1 hour. Further studies however showed
that the initial clesrance of TCll - 312 was even more rapid,
for half of an injeciad dose of TCiI - B12 left the rlasma

in under 5 minutes (77 ). In a similar study om (23)
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injected TC11 -

h
O

and observed a half-life o .3 days for injected TCL - B12.
Zesults obtained by Zngland et al (20) gave much higher values :

ects and

Ce

the half-1life of TC1l - 312 was measured in thres sub
found to be 8 hours in one, 27 hours in another and 28 hours

the short half-1life

a

jol)

in the third. ZEngland et 2l attribute

observed by previous workers to th artial damage of the

]
td

7 - . - . - .
T™C1l1 -~ 5'Co B12 complex prior to reinjection. It must be pointed
out however tnat the previous studies with intravenous ad-
ministration were making observations on +he initisl rapid phase.
-3 y 4.1 57n — ] %
Zngland et al gave the Co B12 orally and therefore could not

expect to detsct the phase of rapid turnover. The apparent

7
all the 5‘Co 312 from TC1ll by about 24 hours (7) was

loss of
t ob:hly due only %o =z failure to detect the low levels of activity
present.

Tne results reported by Hom (33) for the hzlf-1life of the
7 -~ .. .
TCl -~ > Co 312 complex correspond very closely with the values

observed in the current studies. Although Hom descrired the

complex as TCl - 312 it was frsctionated on 3epaadex G - 200 and



is therefore dirsctly comparable with the TCLl + TC11l hindex
discussed here. TIngland et al (20) on the other hand studied

the clearance of TCl - 312 and TC111 - R12 separately and

ohtzins valuss of 1.9 -

it was the middle part of the function which was observed,
;

Tnis had a mean half-life value of 1.8 days in the present

study.



e v
3. The distribution of endogenous 212 on the serum hindinz vnroteins

The activity/time curves were plotted for the TC1 + 111

Lound B12 and for the TCll bound 312 and tha respective funciions

Iy
ct

rom the

were integrated to obtain the plasma gccupancies
data from sach patient. 3ince the total flow of wvitamin 312
into the system is constant the ratio of the capacity to

occupancy of any vart is egual %o the same ratio in any other

part:
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Tf it is assumed that the B12 present in serum 1is a1l hound

eithaer to TC1 + 111 or to TC1ll then, since hotr the total

OI‘A

-y

capacity (serum B12 lavel) znd the individuzl occupancies

)

voth fractions are known, the absolute amount of B12 vpresent on

eitner binder can be calculated:
o
o = 1 x C
1 — 1+ 2
8
1+ 2

Te absolute amcunt of B12 bvound to TC1 + 111 was obtained

v}
O
N
oh
5
U]
C“‘
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o
A
4

13 this value was also axpressed as a percentag

NV
D

serum 212. The results {table 11) show the wide ran

- (o _



Serum

Case 3 5 312 TCL + 111 Zound 0
Mumber TC1 + 111 jinieiul {ng/1) {ng/1) TC1 + 111
1 L1€1 .022 - - -
2 L0956 .010 202 291 90.4;-
3 L3114 .007 18¢ 182 97.8,.
4 .185 .017 216 156 21.7
5 .087 - 263 - -
e .024 .012 149 33 L. 4,
8 .112 .122 1700 815 £7.5
g .0%2 .018 182 117 €4.3
10 1069 .037 L4858 292 £5.2
11 - .050 417 - -
12 L1591 .041 254 209 82:3 ¢
13 - .019 175 - -
14 .213 .016 231 215 93,17
15 .318 017 237 273 95,14
1€ .0%3 .023 347 277 79.8,.
17 .257 .010 256 248 ST
18 . 369 - .013 124 120 96.8
19 .239 .064 £50 513 78.9

Tzble 11 : 4n estimate of the amount of native
B12 bound +to TC1 + 111.




obtained, indicating the veriation between individuzal subjscts.
The percoentags of the endogenous 312 which was bound to TC11

saried from 2.2 (cass 3) to.52.7 (case 8) with a mean value

~

of 19.2°:, 4 high serum 512 level was noted in case g and it

n overspill
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on to TCll. It nzs been previously estimated that TCL has
the capacity to bind only 700 - 800 ng B12/1itre of serum (27}
B

and this is consistent with the amount of

td

The distribution of native vitamin B12 has been studied
by Hall (27}. He observed that TCl had a potential capacity of
70C - 300 ng R12/1itre dbut that it was normally only half saturated,
i.e. carrying 350 - 400 ng/l. TCll on the other hand has 2
capacity of 986 ng B12/1itre {28) but normally less than 2 of
the available TCll is used st any given time during ahsorption.
Thus about 20C ng 212/1itre of plasma 1is carried by TC11 and

350 - 400 ng/l by TC1 + 111, Alternatively this could be expressed

25 4.8 - 5.47 of the total B12 hound +to TC1l.

- £3 -



TIT APITICATICH CF TS CCCUPANCY TRINCIPLY

Tn the studies describad in section 2 it was appreciated
that an estimate of thae whole body stores of wvitamin B12
could be made with data obtained by whole body monitoring

lvsis with the occurancy vrinciple. In view of the

followed by ana

or total body 312 by wvarious

Q
-y

very wide range of wvalues gstimate

nterest to pursue this

=

thought to be of

1
}.l-
d-
4
0
)

techniques,

It has already besn shown that the ratio of capacity to
occupancy for any part of a system is equal to the flow of

mother subsisnce through the system. Thais flow into thz system

ot
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3
i_l
4]
o'
D
‘..J.
v
&
=
Ul
®
[&7]
h
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is the same no matter which part of the sys

the measuremants of capacity and occupancy. Lae equation

- vlagma whole body

h == = -
e ;

plasma whole body

whole body x plasma B12

cceuvancy
- plasma

Tanis exvpression can be ussd for estimating whole bvody 212 content

regardless of whether the tracer is given orally or intravencusly.

The reduction of the whole hody occupancy in the case of oral

sdministration is by the same factor as tne reduction of plasma

- 64 -



occupancy because hoth are due to ths unabsorbed fraction.

Thus the ratioc of the occupancies is not altered.

{

in estimate of the vody siores of 312 was also obtained
from the unfractionzted plasma da
the system has eguilibrated then = measure of the totzal body

12 can be obitained, from the plasma content of 312.

|
™
w
I




"ole body measurements of radiocactive vitamin B12
were made on four of the subjects described in section 2 :
czses 5, £, 8, and 1€. Details of their cliniczl states
and of the doses of radioactive itracer which they recsived are

given in ftables 3 and 4. Ths methed used for calculating the

for measuring serum 312 levels.

“hols body monitoring

At frenuent intervals zafier the administration of the
57 . : i ]
Co B12 whole body B12 measurements were made in 2 shielded
room whole body monitor. The radiation was monitored by six
€M dismeter x A" thick sodium iodide scintillation detectors.
These detectors were arranged in a circle round the patient's
vody and attached to z vertical framawork which was driven slowly

nd of the subject to the other. The amount ¢f radio-

]

from one
activity opresent was summed throughout the scan which took
5 minutes. Appropriate corrections were made for background
radiation and for natural hody radicactivity.

The uss of the whole body monitor z2llows a direct measure
of the body radioactivity to he made. It gives accurate resulis

even at lengthy intervals after the administration of the isotope.
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1]

losses become so small that accurate

Q

within a few days thes:

mezsurements can be made only by serial whole bedy monitoring.

j

1. from whole bhodv monitoring

)

aprlication of the occupancy principle to the data obtained by
whole body monitoring are given in tadle 12, The stuly continued
for over 300 days in 2ll four cases. The measursments of t

wnole body retention fall very closely (figure 11) on 2 single

ential curve:

©
”
el
O
3

i

A (%) 4 exp (-eet)

Tne occupancy is taken 2s the integral of this function to

infinity @ AO/GC. The fact that AO is not equal to 1007 for

the intravenous cases is probably due to rapid unphysiological

1

is has the

=

loss of zbhout 10 of ths injected fracer 312.
effect of reducing the whole body and plasma occupanciles by ahout

107" but it does not affect their ratio.

N
.

from assuming eguilibration of tracer and hody stores

The re

[0}

ults obtzined in section 2 can also be used to estimats

[N

the total body content of B12, On the assumption that the tracer

B12 has

o

quilibrated with the endogenous 312 the datz can be

1

used to calculate the total body B12 on the isotope dilution

(o}

principle. If 0.1 of the tracer is present in one litre of

N
3
1




Case
Humber

(93]

1€

Half
A o 1fe 8. o
GO a a
89.7 .00103 637 825
77.3 .00108 640 715
€9,0 .00130 535 533
94.5 00112 619 844

.

L]

)
-3

oW

.138
(622

L2863

lasma bedy

12 212

ng/l meg.

468 1.4

148 C.77
1700 7.5

347 1.1

from data obtained by whole body

monitering.

showing estimated whele body B12 content
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Thne value of the tracer present at any given time was obtained
from thz zctiviiy/tims curve, The resulis obiained ars showm

datz derived from the four subjects who were used for the whole

7 .
body monitor studies., The percentage of o Co B12 retained

,
po
i3
ok
s
o

this can be ussad

S
&

is available for these subjecis an

e

calculation instead of assuming 1005 retention . The amended

results for these four are given in table 14,

~- (8 -




Casz MNumber

Davs afisz
tracer givan 3 b 5 4 a g
50 0.194 0.251 0.851 0.552 2,073 0.2
100 0.EEL 0,292 2.03%35 0.€37  3.091 0.3¢4
130
1490 0.569
150 0.88¢ 0.313 2.305 0.784 3.469
200 1.094 0.327 2.376 0,903 3.778
240 0.343
250 1.329 2.48% 1.014
300 1.431 2.6 1.1¢4
320 1.55
Case Humber
Days after
tracer given 12 1% 14 15 16 17
5C 0.273  0.,14¢£ 0,193  0.125 0.655 0.183
80 0.33
100 1.1C4  0.193 0.131 1.197  0.233
135
150 4.379 0.269 : 0,287 1.388  0.291
1€0 0.282
180 10.583 0.332
200 0.435 1.509
250 1.693
260 1.735

showing estimated values of whole vody
stores {in mz. ) assuning egquilibration of

tracer 812 and endcgenous 312.




librztion Bquilibration Thole body
007. retained (porrected) monitoring
2.6 2.3 1.4

1.2 0.90 C.77

3.8 2.6 1.5

1.7 1.€ 1.1

showing a comoparison of the estimated
total tody B12 ohtained by different
methods of analysis.

(values in mg)




Rstimates of the whole hodyv stores of vitamin B12 have
bhean largely based on the microbiological assay of tissues

obizined vost mortem from vatisnts : thres varying estimates

were ohtained. These were 2,689 mz., range 1.€34 - 3.475 mg

N\ . - . N . - - -
%.48 - 10.95 ng. (74). 4 combinad isotope dilution and micro-

nwiolozical assay (75) save values of 2,221 mg. (range 0.953

Cnly two estimates of totzl B12 stores have besn made from
data from living subjecis. The first was a study by Reizenstein
et 21 (58) in which an average value of 3.03 mg. was obitained by
kinetic snalysis of vsluas for whole body retention, fascal

excretion and plzasma clearance a2fter parenteral administration

second estimate of total dvody B12

=

of radicactive vitamin B12.
was calenlated for eighiteen patients by gziving =2 tracer dose of
radioactive cyanocob®zalamin and measuring the radiozctivity and

microbiological activity in liver bhiopsies obtained a2t lzaparotomy.

study by Adams et al (7€) was based on the iszotope dll tion
principle and assumed that equilibrium had:occurred by the time
of the liver biopsy ( & - 2¢ days later.) Values ranging from
0.9€ mz. to 5.984 mg {(mean 2.528 mg) were obtained.

The estimated wvalues for whole beody B12 content obtained by .
whole body monitoring with analysis by the occupancy princirple

are lower than most of the values obtained by the methods

!
N
o)
t




described above. They range from 0.77 mg. to 1.5 mg, wiitn
2 mean value of 1.2 mg. Three of the four subjects nmonitored

efore

=

were from the PA group (cases 5, € and 8) and the

were not strictly speaking in a steady state since their

&

0g

input flow of vitamin 512 would be lower than their outflow.
The body stores of 312 will be graduslly depleted in these
subjects., It is of intersst to mote that althougn the lowest

estimate is from a P4 tne two Wrighest values were also obtained

s

¥

from FA patients. The estimated stores in 211 four patients
were lower tnan the results obtained by assuming eguilibration
from the data from the same four subjects.

The results shown in table 13 suzgest that equilibration
cannot occur until at least 150 to 20C days have elapsed after
administration. Tne steady increase in the estimate obitained
from the d2ta from any given patient is due to the fzct that

the amount of tracer in the serum initially is higher than

it would have besn if eguilibration had occurred.

- 70 -
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biclogical or radio assay. The
Aistribtution of this endogenous Bi2 on carrier profeins is

more diffiecult to evaluzte. It czn be done hy separation of

the sérum on G - 200 followed by an assay of the 312 content of

use 2nd the small amount of B12 on TC1l =24ds to the technical
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problems. The addition of a mass of radioa
followad by fractionaticn to identify t
tound by each carrier protein gives information only on the
diztrivution of the added 312 and says notaing about the
distributicn of endogenous B12. It was thought that if smaller

amounts of B12 wers added and if this added B12 were sslectively

bound to say TC11l then this could he of vracticsl importance in
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determining the amount of endcgenon
would also give information on the relative affinities o
transcobalamins for added B12. iccordingly an investigation of

the distritution of B12 added to szrum in vitro was initiated.




aterials and Methods

20 ml blood samples ware obiained by venspuncture from
ten hospital patisnis, none of whom were on vitamin 312

+ad into clean but not sterile
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the addition of radicactice vitzmin B12. The radioactivity was
measured in a thallium activated sodium icdide crystal
(IDL type €£3), 55 mm diamater and 69 mm deep, shielded
by 100 mm of lead. M™e crystal was linked to 2 counter
ratemeter 13 310 ( J and P Tnginesring (Reading) Ltd). The
sample was counted for one minute then applied to 2 column
of Sephsdex G - 200.

Tonr radicactive vitamin B12 solutions were prepared from
s standard solution of el Co cyancobalzmin (specific activity
150 Fﬂiéyg) obtained from the Radiochemical Centre, Aimersham.
4dditionzl vitamin B12 was furnished from the diluted contents
of zn esmpoule of 1 mg/ml cyancobalamin B obtained from Glaxo
Ltd., Gresnford, Inzland. Tae following amounts of radioactive
312 solution were added to 4 ml. of serum to give the reguired

concentration:-

__'73..



1. 25 ng/1 0.1 ml of 1 ng/0.2 }10i/m1 solution

2. 50 " 0,2 ml "

3. 100 " C.4 ml "

4. £2-& o 0.1 ml of 2.5 nz/C.05 )lCi/ml solution
5. 125 " 0,2 ml "

£, 250 " 0.4 ml "

7. B00 i 0.2 ml of 10 nz/0.2 }ACi/ml solutior
8. 750 " 0.3 ml "

9. 1000 " 0.4 ml r

10. 5000 " 0.2 ml of 100 nz/0.25 lei/ml solution

The nunber of solutions preparsd wes kept to 2 minimum since
the potential srrors in dilution were thouznt to be greater
than the errors due 1o the variation in sample volunme.

Tns samz 3ephadex & - 200 column was used for each separztion.

Tie column eluant was collectsd as previocusly dascribed

and the fractions were counted for 1 - 5 minutes (depending on
. . N\ - . '
the activity present) in 2 Fackard well-iype gamma scintillation

Fad

f known radiocactive 312 content was

]
ot
Q

spectrometer, A standa
counted. in both the zutc samma counter and the counter ratemster,
A corraction factor was obtzined which allowed a direct comparison
of the results obtained from the.two instruments. The recovery
of radioactive B12 from the colum could be calculated although

the added and eluted sanmples were counted in differsnt instruments.

- TA -




The results sho'm in tables 15 and 1€ demonstrate that
the mass of added vitamin B12 does not alier the pattern of
its distribution beiween the carrier proteins. The percentage

of eluted activity bound to TCll in the samples from pool 1

2.1 .. Tne mean and standard daviation were calculated for

+ €.1% pool 5 60.2 + 3.7° 2nd pool & TA T + A3
The unsaturated B12 binding capacities of thres of
the serum pools could be estimated from the recoveries obiained
when a large mass of vitamin B12 was zdded. In the cassz2 of
pool 1 only 28. €. of the added radicactivity was eluted with
the transcobalamins when 5000 ng 312 was 2dded/litre of serum.
This is equivalent to a UBSC of 1430 ng/1l. Recoveries of
34,7 and 16.4,. were obtained waesn 5000 ng/l and 10,000 v g/
were zdded to pool 5. The QBBC for pool 5 is therefore 1688 ng/l.
then 5000 ng of B12/1i{re was added to pool 6 a recovery of
32,3 was observed which corresponds 1o a_UBBC of 1615‘ng/1.
The remzining vitamin B12 was noﬁ eluted as a pezk of

radiosctivity (as described by Hom and snluwalia \28,,. Instead
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Ostimzted
3arum TCO TC1 - 111 TC11 Recovery
4 g
0 22,4 77,655 99.5
o) 21.9." 78.1% Q1,4

0.67 21.9 77.57 77.57"
0 22.7 7737 83.5

0 24.0° 7€.C7 8%.77

0 22,37 77.

N
[e9]
]
°
N
;

0.7-  22.9/ 76,2 93.8:°
0.8  20.8" 78.47 8.5

1.6 17,07 81,4 28.¢€"

3imilar results were obtained in experimenis with

A
5 other serum pools (see table 1€).




ilass of B12 Added 2

ne/litre

25 70.4

50 74.0

84

168 70.4
250 71.5 €51
500 70.4
1000 74.8 €6.1
2000 61.3
2060

50CC

10,000

Table 16 :  showing the percent

Tool Number

4

75.%

5 &
55.6  71.7
58,7  72.9
£3.6  T79.6
£2,7

are of added 312 bound

to TCIT and its variation with ths mass of

B12 adde

Io¥




activity eluted gra

.('w-L(
assnciated with the
- 200 is discussed in

pinding of free 21

next secition.
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SEPARATION CF  TRED  AND  TRANSCOBALAMIN BOUND B2

The literature on the use of Sephadex G - 200 to sevarate

free and transccbalamin bound radioactive vitamin B12
; 57 . R
sugzests that when an excess of ~ Co B12 is present it is

gluted as a2 clearly defined peak which bhecause of its smzller

\d
—
Ny

—
nN
0

~
.

molecular size comes later than the protein bound
A1l the radioactivity which is initroduced into the columin
L Fas F-d 57 kot LERR] N R s
the form of Co B12 elutes either in the transcobalamin
bound or free vitamin B12 peaks.

Fractical experience however aas not supported this view.
In-the first place the free vitamin B12 pezk frequently was

not obsarved. 3Secondly rates of recovery of 20C - 300%: werse

[o7]

occasionally observed when an in vivo labelled sample was
fractionated on a column in which the preceding sample had

57
been 1labelled with Co B12 2dded in vitro and which therefore
containad substazntially more radiocactivity. The excess ox

R

additional radioactivity was eluted with TCII to a much greater
extent than with TCI but it was not confined to TCII.
These observations suggested that thers was retention of

free vitamin B12 on the 3Sephadex columns and possibly alsoc that
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waes binding of TC11 - B12 fo the Jjepnzdex. This latter
Tom (12) and attributed to

This explanation does

the use of low ionic strengta buffers.
not account for ths tinding i e present studies
retention of unbound B12 on the

it asccount for the
2 problem were therefore

nor does
Turther investizations into tha

column.

carried out.




aterials, methods and rasulis

Demonstration of the retention of B12 on columns.

B

> on 3ephadex columns

-1
)]

The retention of vitamin B
#as demonstrated initially by the recovery rates observed. It
was consistently shown that 1f an in vitro 1labelled serum sample

Co 212 was fracticonatsd on a column

wmich was used next for an in vivo labelled sample containing
57 .
< Co B12, then racoveries of

ayproximztely 0,001 )LCi of
200 ~ 3007 could be obitained from the in vivo sample. Tai
effzct could not be shown when two samples of approximately
egual radiozctivity were used because the rssulting increase
in recovery would be only ébout 5l
Te fact that vitamin 312 was being retained on columns could

2150 be shown by the identification of radioactivity in the gel.

It was possible to locate this radicactiviiy by measuring the

colurm in the whole body monitor and also by dividing the gel
into aliquots and counting in the auto gamma counter.

A column which had reached tha end of its useful 1ife and
was being discarded was & 3 into approvimately & mi
fractions. As far as was possible the fractlions were obtained

without mixing because it was hoped that it would be possible
to locate the vposition of the radicactive B12. The colurm
fractions were counted for two minutes zach in 2 Fackard auto-

zammz scintillation spectrometer., The radioactiviity was




and with the nylon support membrane 2t the bottom of ©
column. Jome radioactivity was found throughout the column

snd thare was 2 subsiantizsl amount associated with the top

membrans. Tae total radioactiviiy prs s52nt was eculvalent

Tt had been ohserved that after the columns had been in
use for 2 - 3 weeks bacterial growth appeared on the lower

nylon membrane. This growth was in spite of the use of
B B < > . Py Falad
0.02:0 ( /V> of sodium azide in evexy batch o T huffe In 2n

attemot to see if it was the presencs of the bacteria which was

responsible for the retention of o1 Co B12 on the gel an

H

entirely fresh column was DIre pared. A sample oI radioactive
vitsmin B12 solution (10 ng B12/O.O25)1Ji) was added to the
columm with buffer and blue dextran golution. Cnly 257"

of the 2dded radioactivity was recovered in the fractions
corresponding to the elution volume of vitamin B12. The
residual radiozctivity in the column was measured by counting it
in the waole hody monitor. Radioactivity corresponding to

0.003 pli (+ 10;%) was detected altnough O. om}L (757 of
0,025 yCL) was expected. ost of the radioactivity must have

eluted gradually with tne buffer which was run through the

column bhetween samples.



§

2. A study of methods of »amovings B12 from 3ephadeX.

This study arose from the observaiion that serum could
pick up 312 in transit through a column. Althouga most of
he radioactivity had besn removed from the column descritved
zbove, it was decided to apply a sample of serum ito whlicl No

= 3,

radioactivity had been sdded in order to see if it could

. 7 . . .
vick up o1 Co B12 from the column. Yormal human serum did not

bind any of tne remaining radioactivity pre ent. The experiment
was repeated with a preparation of hog intrinsic factor because
it has a greater affinity for vitamin 312 than that of
serum. 4 very small amount of radiocactivity was hound

(c.occa Ci) by the hog intrinsic factor. A sample of chick

serun chtained from the Trmunolozy Depariment, Testern Infirmary,

rzdioactivity r {0. 0065}1 Ci) was ‘vound by the chick serum zlthough
id v

it contains a very av itamin 312 binder.



1

. . ~ 57
The tinding ol 57 g 212 to 3evhadsx is an

[t
'_lt

moortant

practical point which i disrezarded can give rise to mis-

s small amount of this B12 can be removed from the 3epnadex
by serum in transit. This is therefore a2 problem only wien
the serum contzins very little radiozctive B12., Thare appears
o be some o7 Co B12 which is held on to the gel very firmly
and it is no% removad even by an avid binder like chick serun
binding protein.

There is no evidence that the gel is able to remove o7 Co B12
which is bound to the transcobzlenins for the rasults obtained

;

from a2 serum DOOLl are consistent regardless of whether the sample

is fractionated early or late in the 1life of a2 column.




plasma of healthy subjects. YMethylcobalamin is thas prae-
dominant form (€0 - 80,7) but adenosylcobalanin and
hydroxocobalamin are zlso present and cyanccobslzmin is
occasionally observed (57). 4s there nave been no reports
of +the distribution of thess forms on the traﬁscobelamins,

the present studies vwere undertsken to examine the possibility




I+ is xnown that some of the forms of vitamin B12 are

d in consequence all the procedures
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described in this section were carried out in the dar

A fresh column of Jephadex G - 200 was set up in 2
dark room illuminated by two T1ford 'safelignhis', and the
column was calibrated with 24 ml. sample of serum to waich
o7 Co cyznocobalamin vad besn 2dded. The elution volumes of

he two transcebalamins were noted. RBuffer was Tun through
the columm for several days in order to remove 25 mach of the
cyanoccbalanin 25 possible.

Blood samples were obtained from four subjects by venevpuncture
with 2 foil-coverad syringe. The vlood was transferrsd to glass
tubes also wrapped with foil and centrifuged sfter clotting.

The serum WAS reﬁoved in the dark room and alignots were stored
ot -20°C in foiled plastic tuhes.

4 ml samples of_serum were anpplied inrdarkﬁess to the
colurm znd the eluent W3S colleot,a in 30 minute fractions as
described before., Thes?2 fractions wers pooled to give a TC1 +

111 szmple and a TC11 sample, 2nd the samples were stored in

o . o
foil wrapped containers at -207C.
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L

™is part of the work was carried out by Farcuharson

snd full details of the method are given elsevnere (77). Brisfly,

coagulated protein produced was removed by filtration and the
cobalemin was extracted with phenol/caloroform (1 : 1 v/v).
hase was ihen shaken with diethyl ether/distilled
water/acetone (4 : 21 v/v) to extract the cobalamin into
the zqueous phase., This agueous phase 72s rotary evaporated
to 2 small volume.

e cobalamins present in this extract were senzrated by
thin-lzyer chromatogravhy. The concentraticns present are
so low howevar that visualisation of t¥
bio sutograpay using a vitamin 312 depsndent . coli mutant and
a tetrazolium growth indicator in an azar overlay. Tne growth
zones of the organism give a measure of the forms of vitamin B12
present.

e exitraction and tio autographic procedurss were carried
out for three samples from each of four subjects. In each case a
sample of unfractionated serum was studied in addition to the

frzctions corresvonding to TC1 + 111 - B12 and to TC1ll - RB12.
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s results obtainad from sach subjsct show that all the

forms of vitamin B12 observed in the serum are present in both

the TC1 + 111 =2nd TCll extracts. In zll subjects methylcchbalamin

he cases respactively. Tull details ars given in table 17.

There is no evidenca in this study to support the view

trznscobzlamin., The obsarvailion of cyanoco

from three of the vatients was initially thousht to be due to

the czlibration run on the column {wnich used

ve considered to be genuinely presen




Form of 1 2 3

Cobalamin

Preosent TC1 & 111 TCM TC1 & 111 TC11 TC1 & 111 TCM1 TCt & 111 TC11
Methyl + + + + + + + +
Cyano + + - + - - - +
Adenogyl + + + + + + + +
Hydroxo + - - - - + - -

Table 17:

showing the

formg of 812

pregsent on the transcobalamine.




AT/ AT ARITRT “T T - :
MICPDALAYTN  BINDING  FATTHRY  IN 100 STBJIECES

Tittle is ¥nown zboutl the wav in which vitamin B12

‘s
other than the fact that when cone is atsent th T?Xboun%

by thoss which are present. For this reason & study of
the patterns of the binding of added Co B12 was initiated.

Jerum Samples wers obtainad from control subiects and also

Tn addition to the study of the distribution of =added
812 the amount of 312 bound was s21so considered. A comparison

of the unsaturated B12 binding c=pacity (UR3C) cbtained from

3erum samples were obtained from 10C subjects. 1In order
to facilitate analysis and presentation of the resulis they
have been grouped accordin 1£ly to the clinical state of the
dcnor. The nine groups and the relevant clinical detai ils of

each subject are gilven here.

Fernicious anaemia

G
H
¢}
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o]
[

Cases 1 -~ 16 in this group of nineteen all presented with

ot

rin

megaloblastic erythr opoiesis and all 1z A a pentagas

fast achlorhydria, Three of the vatients wers not anzemic

on prassntation @ c¢ise 3 presented wizth suh-acute comoined




S iy e A
GSLenarition,

during investigations

o

serum vitamin 312 levels
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macrocviosis, 111 o

on prasantation except cass 10 who had ingested larze zmounts

On zdmission his serum B12 level was 200 ng/1 tut

w23 obsarved and one wa=k affer admission the erytarcpciesis
was found 1o e normoblastic.
Included in this group of patients are two {casss 17 amd

18) who had previously undergone total gastrecitomy and who,

like cases 1 ~ 1€ wers unable to ahsorb radicactive vitamin

Cne cf these vatients (case 17) had received paranterzl vitamin
B12 since the operation and ti
developnant of a mezaloblastic ansemia five years after the
operation. Case 19 had a defect of intrinsic factor mediated
absorption of vitamin B12 which differsd in important resvects
from that which is found in pernicious anzemia hut which
vermits her enitry inio this group. 3he presented a2t the
ze of 2¢ with =2 megaloblastic anzemia and a low serum 512

level., Treaiment with parenteral vitamin 312, folic acid and

vitamin C induced a hzematological response but waen treaiment
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oresant in her zastric juice, =bsorpiion tests with radio-
active vitamin B12 showed sub-normal atscrpiion when the
dose was given alona but normal absorpition when the doss

&

was given with a source of human or hos intrinsic factor.

Grouo 2 :  lafent vitamin B12 deficieney

levels but evidence of latent wvitamin B12 deficiency in the
form of a low or bhorderline serum vitamin 312 level and mal-
zbsorption of vitsmin B12., The condition was regarded as

o~

latent because cytolozical evidence of vitamin 3
. .. =

pou §

wa3 either absent or not sougnt. In ten of the patisnts
haematinic therapy had not besn given before the samples were

obtained, the 1wo sxcepiions bheing cases 30 and 31 in whom

I
o]
H

the course of another study and thelr impaired capacizty
ahsorvticn had teen shown to be unrelated to hypozlycaemic

drug therapy. The two patients with malabsorption (cases 24

both had other evidence of malabsorption and had partial
villcus atrophy on =2 small bowel biopsy. The patient with
gastritis (case 2£) presented with paraesthesiase of the limbs.
The vatients who had previously undergone.partial sastreciomy

came under chaervation for 2 variety of reasons and their
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serum 212 lavel a3 part of ths gensral oXam-
inaticn. Case 31 pressnted originally witn thyrotoxicosis
and during routine immunologzicael survey was fo nd to have
parietal cell antitodies., This observation lad %o
sastroscopy and gastric biopsy whlch showed an atropnic

serum vitamin

oW

to abhsorb vitanmin

Tim

4]

3

The nine patients in this Zroup 211 h2d a normal
capacity to absorb vitamin 312 but zll, at =ome

nad 2 low or hordserline serum vitamin B12 level on more than
one occasion., The ssrum vitemin B12 levels were sstimated
in casss 32 and 33 becanse the cliniczl history sugzested

melnutrition; in cass 34 because the presenting sympron
raised the possibility of vitemin 512 deficiency and in czse
25 pecause a macrocytosls was noted on routine peripneral
tlood film. C=zses 36 and 37 both had anzemia without dis-

tinguishing features but accompanisl by 2 very high I.3.3.
and in both patients serum 312 levels of 80 - 140 ng/1 were
observaed over z period of several montis. Tn cass 33 the
serum vitamin 312 level was determined because of the history

rectomy serum

1evel had been obzerved 1o remain pelow 107
after pzriurition.
- 90 -
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¢ne patient in group 4 (case 4€) and two natisnts
. I - - < ~
in zroup 5 (czses 49 and 51) zlso ha=zd the common features
of this group but bacauss they nresantad with a2 megaloblastic
snsemiz they hava been included in othar groups.
Grous 4 ¢ eraloblastic anzemis due 1o folate

deficiency
s zeven patients in this with

hropoiesis and low serum folate levals and
211 were subseguently found tc have a no mal capsclty to

dioactive vitzmin

B12. C(ne patient (c

was not anaemic on presentation and the haematologiczl

were precipi

5

no

1

mez2loblastic anaemia, the

and alco

It could no

casas what the cauas of tae

tated by the presence of 2 high

spital
astiological facitors were considered
holism.

Tolycythaeniz seconfary

was considered to be an

z3e 43 and myelofibrosis in case

clearly established in the remaining

<
W

3

deficiency was. The possible

setiolegical significance of a carcinoma of the rectum which

had besn excised five years previously in case 46 was also
not clear. 4s alrsady noted case Aé also comss into the
category of a patient with a borderline or low serum vitamin-
312 level but a normal capacity to shsorb Bi12.

0
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Cyoun 5. @ Miscellanscus mezaloblastic anaemias

with a mezaloblastic anaemiz mat in no case 2s the aetiolog
of the snaemia been defined with acceptabtle precision. Case
54 presented with a mezalohlastic anaemia apparantly due

to folic acid deficiency, but refused consent for various
invaestizstions. 3he was diascharged from hospital on
oral folic acid and did not ras-attend until 18 months later

by which time she was zrossly myxoadematcus. Althougy

(=

not ansemic at that time her serum vitamin 312 level was

found to be low and her capacity to absord vitamin 312 was

also low. (ase 472 was 2 vlind, ill-nourished, verminous

woman with obvious loczl secondary carcinoma of the vulva.

Cn admission there was evidence 10 sugzzest vitamin 312 deficiency
but she had a normal capacity to absorb vitamin 312, Treatment
with vitamin 212, folate and vitamin ¢ oproduced some tenefi

Lo

but st still anaemic when shs died foux nonths later.

-
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o
)

nritis, refused investigations,

anzemia which was considered to bte megaloblastic but which

responded incomplately to vitamin 312, folic acid and vitamin C.




0ase 5% had presented with 2 memaloblastic anaemia and

clinical features suggestive of iarfans Syndroms. The diagnesis

of cvatatnionins synthetase deficiency was establl isaed bud

1zstic anaemia was never satisfactorily

{
)
[
@]
o’

definzd. Case 51 was noted to have a mild anzemia wnile
convalescent from 2 myocardial 1 nfarction and the evidence
suzrested folate deficiency. &After one month of treatmsnt

R12 level remzined at a

\d

with folic acid however, ithne serum
vorderline value in spite of the normal capacity to 2bsorh

nd the patisnt can therafore also be classified

1)

vitamin B12

p

§

in group 4. A similar situation occured in case 4% who
was found to have 2 me3a 1oblastic znaesmia after a hasmatemesis.

Although the patient was treated with folic aeia for a leng

period of time, the serum vitamin B12 level remained persistently
in tne rezion of 30 ng/1 in spite of a normal capzcity to

This group of eleven patients was studisd because of the

ymnovwn relationshiv between liver function and vitamin B12.

the finzl disgnosis was established at laparotomy or post—
mortem. Cases €1 - £5 had parenchymal liver disease and the

di=zmmosis Was estzblised by conventional technigues including

1ivar biopsy in every patisnt. Jamples wers taken at different

_QB_




+imes in thres patlients with no treatment in the intervening
seriod, in case t3. Yteroid therapy had been insiituted anc.

Jerum from this groun of &

a5 a conirol group. All were

in zocd haalth, Tae majority of subjects were younz and
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from six cases of tobacco amblyopia and two

/. 3. Foulds, Tennent Tnstitute of Cpthalmology, Yestern
Tnfirmary, Glassow. The diagnostic criteria were determinad

Tetails of the disgnosis made for ezch of the twelve patients

included in this group are given in table 2t.
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10 - 20 ml s2mples of blodd were obtazined by venepunc

6]

and the blood was collzacted into clean but not sterile glas

tnbes, The samnles were allowed 1 ot at room te ature
and were centrifuged within 3 hours of collection to separate
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Rzdicactive vitamin B12 solutions

To each 4 ml sample of thawed serum an aliguot (0.1 ml)
o0f standard radiozctive solution was added. This soluticn

contained 100 ng of 512 per ml and also O.E%Pu; £ 7' Co B12

per ml and will be expressed as 100 ng/O.Z?PCi/ml. marlier

work was carried out using a 20 ng B12/ml solution of cyanocobala

with betwesn 0.1 and O.S}uCi/ml. 0.2 ml of this solution
was added 1o each 4 ml serum sample., These standard solutions
were prepared from f7 Co B12 specific activity 210 jm

obtained from Fhilips - Duprzr BY Folland and from Co B12

specific activity 150)@Ciéﬁg obtainad from The Radiochemlcal

Centre, Amarsham. The additional cyanccobalamin in the standard

solntions was added by the dilution of the contenis of an

ampoule of 1 mg/ml cyanocobalamin BF obtained from Glaxo Lid.,-

ML
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perforned by the staff of fne Depariment of Naematolozy,

of the serum samoulss was measurad by the method of Gottliedb
{70 s r 12 A ~ 57
et 21 (78) with minor modifications. an exXeess Ol Co B1Z

7
51 Co B12 was added to 0.2 ml of serum. The sample was

1ef% for a few minutes whersupon the unbound vitamin 312 was

- o - . x - N\
removed from the serum by absorniion on to 23 (w/v)

albumin-coated charcoal. 4 30% solution of bovine albumin

3]

from Armour T harmacsutical Co. Ltd., Basthourne, “ngland

was used with Norit 'A' charcozl from the imend Drug Aand
Cnemical Company Jnc., Yew York. & fresh charcoal suspension

was prepared for every batch of UZDO determinations. 0.5 ml

£ charcozl susnension was added to the serum and the nixture

o]

was ghaken at room temperature for 5 minutes and then counted

for radicactivity for 1 minute (in a sodium lodide crystal

-4

linked to a counter ratemster IS 310). The charcoal was
reroved by centrifugation at 1000 g for 15 minutes. The super-

-

natant, containing the serum Tound 312, was counted for
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cren (totel added)

Practicnation of serum samples

o 2 . ~ I [y L o~ N I3
of wvitamin B12 {2500 ng/litre of serum) was added %o many

of thsz samoles. The amount of this added 312 which was bound
by a sample could be calculated from the percentaze of the
zlded activity which eluted from the column bound to the

transcobalamins., A second estimate of the UBEC could Tbe

obtainad. for meny of the samples in this way.

Radioactivity messurement

he samples were counted in a Fackard well-tymas auto
czmma scintillation spectrometer as described eariier. A
cyanocobalamin was counted with the
samples and azain prior to fractionation when the 4 ml serum
ssmple - Co 312 was counted in the sodium iodide crystal
linked to the scaler ratémeter. Thus the results could be

expressed as a percentaze of the added activity.

- a7 -




RE3ULT3
Te results of the studies in which vitamin 312 was =2d3ed
to serum and its distribution on the transcobalamins was

established are prasentad in tables 18 - 2{. The relevant
clinical data 2are 2lso incorporsted in these tables. The
distribution of the results in the contrsl subjects (group 7)

is shovm in table 24

.

The serum samples from the subje in group 3 were
taken beczuse of =z history of low serum B12 levels. The
level of B12 measured from the sample a2t the time of study
was sometimes higher than the level which had been determined
previcusly. This increased value mey bas a true reflection of
the 312 content or it may be due to bacterial contamination
of the sample.

The estimzates of unsaturated 312 binding capacity
obtained by charcoal absorption are also showm in iables 18 -
26, These estimates were plotted azainst the estimates
obtzained by G - 200 and the distribution of wvalues is shown in
fizure 12. A linear correlation was found with the regression
equation v = 130.5 + 0.94x. The correlation coefficient (x)
was 0.83 which is significant at the p = 0.01 level {n = 88).

The ssrum B12 levels obitained in the control subjecis

~

almost all fell within the 'normal' range of 160 - 700 ng/l.

=3

he two excapiions to this were the samples obizained from the
two lahoratory workers who routinely use cyznocobzlamin in their

investigations!




Pretresgtment Post Treatment

Sise Age Sex  Hb folate B1l2  UBBC TCO TCl TC2 Time Hb folate Bl2 UBBC TCO TCl TC2
g/dl  ng/l  ng/l ng/1 % % % g/al ng/1  ng/l ng/l &% s 4
1 75 F 101 12.8 60 1295 3.9 3049 65.2 - - - - - - - -
2 62 M 1065 10.8 30 1307 5.1 2043 T446 - - - - - - - -
3 52 M 12.7 20,0 30 1195 2.8 31.9 65.3 1m 13.9 ~ 1650 520 4.7 10.5 84,8
4 14 F 5.0 9.2 20 1084 1.3 646 92,1  5m 146 - 1250 833 0.7  24.1 75.2
5 68 M 15.7 76 70 1413 0 22.0 78,0 1y 16.1 - 1250 1303 4.1 10.8 85,1
6 52 F 5.7 6.0 30 1564 1.6 1442 8442 ly2m 1407 40 750 2045 149  14.3 83.8
7 59 F 6 o4 34 20 1692 4.1 14.7 81.2 2y6bm 18.9 - 2400 4510 0  42.3 57.7
8 78. M T o4 4.0 40 1038 2.4 31.3 6663 2yém 15.0 - 3800 1319 5.3 11.1 83.6
9 58 M 6.7 4.2 80 - - - - 1y 13.2 - 200 3200 1.3 42.5 56.2
10 65 M 8.7 9.0 200 - - - - 3y 14.8 - 600 1469 3.7  17.3 79.0

Tabled8 Showing results from patisnts with established vitamin Byo deficiency states (continued overleaf).




Casge Pretregtment Posgt treatment
No Age Sex Hb folate B12 UBBC TCO TC1 TC2 Time Hb folate B12 UBBC TCO TCl TC2
g/l ng/l  ng/l ng/l % % b /a1 ng/1  ng/l ng/l1 % 4 %
11 68 T 9.0 8.5 25 - - - - 6y 12.1 - 1000 1917 5.6 6.5 8749
12 65 F 9.0 8.5 25 - - - - 6y 139 - 120 - 2.4 20.6 770
13 67T F 1343 9.6 80 - - - - Ty 1246 - 1000 4750 0 31.3 68.7
14 62 M 6.0 7.6 30 - - - - 8y 1449 - 480 1256 7.1 11.3 81.6
15 59 M 8.7 - 40 - - - - 8y 15.4 - 1500 4086 2.2 7.6 90.2
10y 14.8 - 3700 4669 1.4 544 93.2
16 74 T T4 - 60 - - - ~ 10y 14.9 - 360 1382 3.8  22.8 73.4
17 63 F  14.0 - - - - - - 12y 14.2 5.2 750 1758 5.5  22.8 T1.7
18 65 F 10.6 80 40 - - - - 17y 11.7 - 520 1344 1.9  11.5 86.6
19 26 B 3.7 - 50 - - - - 2y9m 14.8 3.2 290 1070 1.0 6.1 929
4y8m 13 .6 3.8 100 1196 0 6.5 9345
S5yTm 13 .6 - 100 1187 1.5 9.9 88.6

Tghlel8sShowing results from patients with established vitamin.312

deficlency statese.




Case
No

20
21
22
23

24
25
26

27
28
29
30

31

Age

63
61
9
75

42
69
65

64
56
66

95

34

Sex

= =

oo

=

=

Diagnosgis

Dighetes

1]

11}
Glossitig 312
1002150

6 m later

Enteropathy

"

Cagtritis B
801140 12

Post Gastrectomy 6y

" 16 y B1p 80:100

" 20y
1t 14y

Thyrotoxicosis
Byo 120,

2l

g/al

15.1
14.1
13.1

12.8
13.2

11.9

14.1

1367
140
14.0
13.2

16.4

11.5

folate

ng/l

4.8
1600‘
12,0

4.0

2.6

3.0

76
542
742
5.8

alone

5.0
3.0
4od

1765

#
7.0

19.2

2646
14,0
12.6
18.0

10.5

16 .4

B1? absorption

+IF

4740
39.1
3645

4065

E'3
243

41.0

42.5

9.0
4246
540

397

marrowv

normo
normo

normo

normo

normo

noxrmo

- normo

MAO
meq
PFA
PFA
PFA

PFA

Bl2

ng/l
120

95
70

140

120

220
110
160

60

200

1300

UBBC
ng/l

1545
1629

1397

1420

1927

1583
1635
1444
1606

1490

1093

0.6

1.1

365
3.3
3.0
4.1

242

5.4

TCl1 TC2

7

18 .4
2062
25 .6

2049

2349

14 -8

144

24.3
1945
373
13.4
33.8

123

Tableld: Showing results in patients with latent vitamin Byp deficienty (Group 2)

* Denotes Schilling Test reosult.

%

75.8
7602
6943

778
15.1

84 .6
84.5

1242
JURY:
597
8245
64 .0

8243



B12 absorption

Case
No Agse Sex Diagnosis b folate alone +IF marrow MAO  Bl2 UBBC TCO TC1 TC2
g/dl’ ng/l meq ng/l ng/1 % % %
32 79 ¥ Malnourished 11.2 20,0 37,0 48,0 - - 140 1345 4.6 T3 88,1
1 m later 11 o8 — o~ - - - 140 1304 6-3 9-5 8[102
33 81 F Mglnourished Bi2 120:150 1l.4 3.6 14.6* - - - 230 1452 0 26,2 73.8
34 74 B Glogsitis 312 110:100 14.7 244 39,0 28,0 normo Pr'a 210 1188 4.3 2442 7145
3 75 F CVA.312 10032100 12.9 5.6 35.OA 42.0 - - 160 1620 2.6 14.8 82.6
36 69 F  Anzgemia ESR 100
ZB]2 1305140 102 T4 72,0 56,0 normo - 180 1477 3.3 9.1 8766
37 66 F  Anaemia ESR 100
312 80:160 129 = 67.0 28.0 normo acid+ 155 - 6 5.9 92.5
2y 6 m later 12.5 3.0 - - - — 100 1285 1.9 6.7 91.4
2 y 10 m later 12:5 - - - - - - - 5-5 8,0 8605
38 49 M Post gastrectomy
18 J :812 100:110 11.6 4.0 37 o0 48 0 normo - 160 1147 805 902 8203
39 41 F  Pogt partum 312 8060 12.3 8.0 30.0 22.0 - - 180 - 0.8 3345 6567
40 51 F  Post partum B._, 100 *
7 Yy later 1209 308 19 .0 - - acid+ 170 -— lt7 507 9206
Ty 3 m later 12.2 = - - normo - - - 2.6 644 91,0
8 Yy 18.teI‘ 12-4 3-8 -— — - - 120 - 104 706 9100
10 y lgter 12.8 - 44.0  43.0 normo - 190 1124 3.7 6.6 897

TableRWShowing results: Patients with low serum vitamin B

to gbsorb vitamin.312 ( Group 3).

12

levels but having a normal capacity

* Denotes Schilling Test results.




Case

No

41

42

43

44

45

46

47

Age Sex
29 F
28 M
58 r
68 F
68 T
63 P
42 ¥

TableZ2l

Hb folate
g/dl ng/l
6.5 1.8
10.4 1.6
l7o9. 242
546 2.2
549 242
8.5 1.2
443 0.8

Pretreatment

B12

ng/l

270
140
480
190
240

80

130

UBBC

ng/l

1243
1059
1882
2439

1392

987

7C0

%

0

54

2.1

6.1

TC1

%

42.8
10.1
38.7

9.9

10,7

944

TC?2

572

8445

59 .2

88.2

8745

84 .5

Time

5
6y6m

10m
1y
lylm
ly6m
1lyTm
2yTm

Hb

g/dl

12.6

17.5

13.7

11.0

12.2
1143

15 44
13.5
12.5
12.4
1544
13 .7

Post treatment

folate
ng/l

»20.0

>20.0
> 20.0

@1 oW
oo R ol RN

°
~,

Showing results of patients presenting with megaloblastic anaemisg
due to folate dsficiency (Group 4).

B12
ng/l

220
220
750
220

320
130

380
280
200
300

UBRC
ng/l

937
1774
1504

1646

1184

1068
1018
1679

TCO

%

un
-
N

3.7

3.9

2.1

TC1 TC2

4 %

14.3 8045
23.7 726
10.2 8549

2447 7342




Case
No Age Sex

48 74 F
9 M X
50 63 P
51 64 F
52 7 M
5y 43 M
54 70 P |

Ho
/a1

11.6
645

10.4

Té6

To2

106

folate
ng/l

0.6
3.4

1.4

55,0

30,0

Pretregtment

Bl2

ng/1

80

60

160

90

70

400

UBEC
ng/l

1297

1104

1248

TCO TCl
i 4

0 27.8

0.7 2246

2,8 9.0

Tgble 22 : Showing results from patients progenting

# Denotes Whole Blood Folate

TC2

7242

767

88.2

Time

1y6bm

Post treatment

Hh folate Bl2
g/dl  ng/l  ng/l
645 5.2 700
8.5 10.r 3700
16,3 )20.0 80
13.00 ¥20.0 300
11.4 - 140
72 2.4 »1000
- - 257
- - 160
13.7 20,0 90

UBRC
ng/l

1144
375

1464
1072

2176

1362

2210

TCO

3.9
1.8

0

0.9
344

2.6

TC1 TC2
%

11.5 86.7
22,1 7642
24,0 76.0
243 757
26.5 135

T4 91.7
8.6 88,0

215 7549

with megaloblastic anaemia of unclassified origin (Group 5) .




Case
No

55
56
51
58
59
60

61

62
63

64

65

Age Sex
86 F
60 T
83 F
70 Jiy
87 P
62 P
37 F
66 F
25 P
30 P
53 F

Diggnosis

Carcinoma pancreas

Gallstones

Biliary cirrhosis
" 1 year later

Macronodular cirrhosis
Chronic persistant
hepatitis '

Active hepatitis -
at onget
2y later

Cirrhosiss FPortocaval:
shunt 4 y
6y

Bilirubin
P mol/l

308
291
492
362
243
103

147
446

65

19
22

Alk
u/m
220
237
983
248
362
32T

372
508

78

78

83
50

70
95

Ast
iu/1

22
140
90
67
39
7

440
296

T2

28

68
21

29
32

Alt

iu/ 1

11
88
60
60
20
236

425
112

47

40

90
25

21
23

Hb
g/dl

10.5
11.7
10.0
14.0
10.5
15.5

11.3
12.8

11.7

139

Bl2

ng/l

>1000
»1000
400
440
%1000
270

600
640

750

860
130

500
400

UB3

ng/l
2047
1282
1950
1068
3601
1857

1303
1642

1294

1565
1308

1435
892

TCO

2.6
6.0
1.9
4.3

0.8

I~ W (V2
-~J 1N B

N

N2 RV
.« =
Ul s

—\]I\)
.

Table 23 : Showing results in patients with jéundice and liver disease (Group 6)e

TC1
o

17.0
9.8
20.0
16.9
591
4.7

10.3

7.8

TC2
/0

80.4
84.2
78.1
78.8
40.1
919

9242
85 .2

89.5

76 46

87.8
71946



Case
No

66
617
68
69
70
71
72
13
14
75
76
T
78
19
80

Age

AT
24
50
22
24
24
40
20
20
20
51
20
23
23

L)

Sex

F
M
F
F
F
M
F
F

4

T

F
F
F
F
r
b

B12

ng/l
440
860
500
270
660
300
440
500
160
160
250
600
330
170
710

UBBC
ng/l
1168
890
1352
1232
1229
974
1088
1145
1404
1686
1793
1090
1366
1103

833

TCO

4.7
10.8
345
8.7
649
4.8
3.7
44
53
3.4
346
6.6
6ol
8.4
357

TC1

#
10.2
11.2
11.7
12.2

8.9
10.9

9.9
12.8
14.0
24 46
1646
20,2
11.9
1749
11.1

Table 24 3 Showing results in control subjectse




Cage

No Age Sex Diagnosis Bl12 UBBC TCO TCl TC2
81 50 M Tobacco amblyopia. Alcoholic 250 - 1.3 3.8 9449
82 52 F " " 130 1760 3.4 3449 61.7
83 66 M " " 260 1472 447 17.7 776
84 12 M " " 190 1939 245 17.4 80.1
85 52 F " " 200 1171 343 8.7 88.0
86 68 M " " 430 1819 4.0 25,2 70,8
87 13 M Lebers disease 150 1234 4.8 9.6 8546
88 13 M " " 800 1135 245 6.1 91.4

Table?sBhowing results in patients with toxic

amblyopia and Lebers diseage (Group 8).



Case

No Age Sex Diagnosis Bi2 UBBC TcO TCl TC2
ng/l ng/l % % i

89 46 F Acute myeloid leukaemia 550 1240 2,1  10.5 87.4
90 71 F Chronic lymphatic leukaemia - - 0.9 13,9 &5.2
7 w later - - 0.6 31.7 67.7

91 35 F Drug overdose 190 1684 4,1 16,8 T79.1
92 39 F Enteropathy. On folate and diet 190 1164 4.0 14.8 81.2
93 58 F Chronic renal discase 300 2181 2.0 11,5 8645
94 70 M Cerebrovascular accident 400 1422 £.2 13,9 81.9
95 68 T Rheumatoid arthritis 150 1128 2.9 8,2 88.9
96  8m M Anaemia ? type - - 2,8 15.4 81.8
97 47 r Hypertension 530 2028 4.2 23,8 T2.0
.98 80 F Peripheral neuritis 170 304 3.9 G4 8947
99 59 M 1 n 160 1169 0 28.2 71.8
6 m later 200 1857 0 36.9 63.1

100 5 T Daughter of Case 19 660 1948 5.0 8.8 86.2

TableReshowing results in patients

with miscellaneous disease (CGroup 9).
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Figure 12 : A comparison of the unsaturated B12 bhindinz

capacity of serum samples as estimated by a2lbumin-

coated charcoal absorption and by Sephadex G - 200.



DT3CUSIICH

The initial prohlem which is vresented by thase rasults
is to decide what can reasonably o2 described as normal.
The distridbution of samples in tne control group may or
may not be Gaussian. If it is assumed that they can be
described by a Gaussian Adistrivution then the noynal range

to be mean + 23.D. Over S5% of

Ay

of walnes could be faken
normal population are included in this range

This would give normal values of:-

inlee 1.2 - 10,00
70T + IIT 4.8 - 22,47
nCIT 71.4 - 90.2

£311 outwith these ranges. The TCO pezk was not consistently

obsarved and therefore the lower limit of the range was not

applied. Thae only sample waicn bound more than 10% to TCO was

®

found in the control zgroup. 1t was found that fority-two

samples (of 2 total of 137) fell outwith this 'normal' range.
Thirtesn of these bound more than 20.205 of added activity to

TCIT and twenty-nine bound either less than 71.4ﬁ 4o TCII ox

more tnan 22.4% to TCI + I1T or voth. The twenty-nine samples were
reducaed to the eleven 'most abnormal' i.e those which bound more

than BOf'to TCT + ILI. These samples are 1isted in table 27 =8 are

{
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showing results from patisnts who bound
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more than 307 of added Co B12 to TCIL
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the samples walch bound morsa than 0.2 to TCIL.
The mean vpercentage bound to each profein was calculated

for the patients in each groul, 2as Was the standard deviation.

‘

they are abnormal, 1s ot ¥mown. They are not related T

(@]

2Ze Or SeX nor arse they confined to, nor even predominant
in, any one clinicael group. The nossibility thst they night
;

correlate with serunm level or with the unsaturated

B12 binding capacity was also ex mined and eliminated. Xo
corralation was found besiween Tow serum 212 level and the

percentaze of sctivity bound by TCT + TIL. The samples

e group (low sarum 312 but normal sbsorption)

mCI deficisency. 1o such t+ranscobalamin deficiency was otzervad

nowever inasmach 2ll thes samples bound SoOme séded 312 to

s3]
6]

0CT+

g
i
L ES

=i

I

-

P
ot

seams reasonable to conclude that measuremants of the
distribution of added 212 on the transcobalanins nave no practical

value at the present time, apart from the casss of transcobslamin




T o < T+

Group No. of

Number samples . mean D mean 5D
1 - prs g 2.7 1.7 21.5 a4
1 - post 20 2.7 2.7 16,7 1.4
2 13 3.1 1.7 21.4 7.6
3 15 3.3 2.3 12.0 a.7
4 - pre ¢ 2.2 2.4 20.3 15.9
4 - post 12 2.5 1.€ 22.2 13.7
5 ~ pre 3 1.2 1.5 10.8 2.7
5 - post Q 1.6 1.5 17.7 7.4
6 14 3.7 1.7 15.0 ~ 13.8
7 15 5.€ 2.2 13,6 4.4
3 5 3.3 1.2 15.4 10.6
< 14 2.6 1.7 17.2 9.4

137
mable 28 :  showing a comparison of the mean values

of the percentage of added B12 hound by

samples from subjects in each group.




deficiency. It is possible that 1 details of the mass of

312 on the transcobalamins were xnown then the resulis might

They did not examine serum tui reported that

for humen gastric juices, rile and saliva there was no
significant difference betwesn the rssulis obizined with
el filtration (G -~ 10) and with coated charcoal. In contrast

to this 2 wpoor correlation (r = 0.48) was found by Hom and

wlal 3

. N A ) . ,
thluwalia (28) for UB3C valuss as measured by 3ephadex G - 200
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ATTERNATIVE




o]

sophedex G - 200 was used for tas ssvnaration of the major

cobalzmin oinding nroteins throughaout the studies described

in the preceding chapters., It was caozen initially becamuse

their findings. Gel filtration with Serhadex G —~ 200 is 2
Y 2 3 \
slow tachninue (each sepzaration takes two days; but the

resulis show 2 high dagres of ceonsistency.

<t

1lternative fractionation materiasls have bean proposed racently

he tranzcobhzlamins. This chapter describes

have bezn made.

- 10% -




D747 - ecellulose chromatosravhy

me11 and TC111 using D3IAE - celluloszs {14). Sxteriments
were thersfore carried out with 2 view to using Diad 1n
conganculon with 3evphadex G - 20C in order to obiain

results for all three proteins.

Vaterials and mathods

3 1 ml. sample of serum Wwas appi 1lied tc az column
(Pharmecia ¥9/15) containing il ~ cellulose anion exchange
resin ("matman DE23, Thatman Riochemicals, Maidstone, Kent).

1

The resin had been pre-treated in accordance with the man-

i-

afacturer's instructions. The serum sample had been labelled

. 57 , . . <
with Co B12 and the excess B12 removed with albumin-coated
charcoal a5 described defore.  The serum was eluted from the
jon-sxchange resin with approximately 20 ml. of 0.06 It
phosphate buffer followed by 30 ml. of Tif NaCl. These fractions
were counted for radioactivity in a sodium icdide well
crysizl connected to a counter ratemeter X3 31C.

The buffer eluant + approximately 30 ml. of distilled
water were concentrated to 4 ml. by ultrafiltration with an
smicon cell (model 52) at a pressure of 33 kFa supplied
from a nitrogen cylinder (British Cxygen Company). The sample

was filtered through a UM - 05 memtrane which retainsz 211

3
molecules > 500 4.:L.TU. The filtrate was checked and found

-104_




e~ 3

A% ~ c21luloss column was concantrated in 2 similar fashion.

the .ephadex G - 200 column described earlier. Tae fractions
waica eluted were sacn counted for 10 minuies in the Tackard

sutomatic gamma countar.

84,9 of the wadioactivity which was recovered from the

PR

'

1743 cellulose was eluted fronm the columm with buffer and

{

T and TCIITI according to

1

therefore corresponded to TC
Rloomfield and dcott (14). The remaining 15,19% 2luted with
molar saline and was therafore TCI. "hen these twc fractions
were run on 3ephadex G - 200 they poth contained approximately

1
r

34% nigh nolecular weight binder and £6, low molecular weignt
pinder {actual valuss for 1ow molecular weight were tuffer

eluant 6.1, 331t eluant £6.5).

o)
!
=
®
H
®

Mhree samplaes of ssrum from the same normal DO

ot

obtainad and the experiment was repaated. The percentaze of
recoverad activity which was eluted with buffer was 84.5,
az. 7  and 82.17. These values are similar to those reportec

by Bleomnfield and Scoth.
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TCI +
TCO TIL TCITI
buffer eluant (1) 2.8, 25.4 4.8
" 1 (2} 16, 4 53,6 30.G
s2lt eluant (1) 1.8 32,4 €5.8.-
" " (2) 4.8 29,49 €5.2

At this voint the sxperiments wers discontinued because

b T m

the DHAD - cellulose fractionziion did not apvear to separate

3
(]
-

from TCII and TCIII. It would have been useful to have

TCI
AN T

7

studisd the reverse separation : fractionation of the

e

III verk from G - 2CC and also the TCI

i~

peak from G - 200 on

DEAD ~ cellulose., This was not pos
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vresence of IM 22Cl in the buffer used For gel filiration.
- .
Discussion

Zxperiments of this nature have zlso Yeen carried ocut by

iy

Gizis et al (31). They fractionated the DZiAR - cellulose buffer

I4

eluant on Jevhadex G - 20C and observed only one peak {2t 2

o

molecular weizht of 36,000). The diagram which illustrates
this observation does not howsver show = clean sharp peak
2t this voint and it could possibly be interpreted as containing

more than one B12 binder. They also separated the TCI peak
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2% 0o B12) corresponded to the alution volume of TCI and

-

3imilasr studies have also hasn carried ouit by Bloomfield

that the buffer eluznt

two proteins (TCIZ and
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o
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]
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TCTII) by virtue of thalr Aifferent 2lution volumes on

that the s2lt eluant from DIAT was homegensous on Sephadex.
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it the time of the experiments reporte

the failure to show tha .t the salt eluant from TRAT contained

amiliarity in

o4
ck
O
}_J
W
o
=~
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only one protein was attributed
A

nandling the ion-ezchange material. Consistent results

from-+the simple elution of the sample

ML
fo¥]

were however obta

from D2AT. It is possible that the oroverties of the proteins

- 3,

sre sltersd in some way follow ming ion-sxchangs chromztecgranpny
.L

This view is supportad by tae orservation of Tngland et al

(20) that the transcohalamins are vary 1abile proteins
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Tltrafiltration

1

for the Amicon

D

A yariety of membrane sizes ave availadbl

2n if any of

9]

i14ration cell and 1t was decided 1o

ck

sparation of the

0}

thess would te sultable for the
The molacular weights of the 7312 bindinz vroteins walen have

workers heve varied

v
<
o)
e
h
=
(&)
1
[
i
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s}
o]
]
o

h)
Ui
o}
h

been reported ©
~ 1T SN T el
s1ightly out values of 36,000 (TCIT) and 121,000 (50T + ITL)

seam to ve reasonable estimates.
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Waterials and methods

Py

Mese experimants were Carr i=sd out using 0.5 ml. ©

serum labelled with o7 Co B12. The unbound wvitanin 212 was

W
4}

removed by absorption on ts albumin-coated charcoal

A in the c2ll

B
#
Ry
0
(@]
3
o
e}
0]

described eaxrlier. 1ae 38T

ss.) and the

(model 52, imicon Corporation, Lexinzton,
volume was made up to approximately 50 ml. with infusion

saline (0,15 Hall). The call was attached %o 2 ¢ylinder
2 .

socluticn.

v
=
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< ]
)
0]
0
bt
)Jc
]
[t
03

around 5 ml. the cell was topped U

This was repeated until a total volume of 150 ml. w=as 2luted

e suitable for this study : the X7 - 50 which retsins molaciles
> 50,000 4.1LU and the X - 100 which retains those with 3

molecular weight greater than 100,000,

Results

membrar A comparison of these resalts with G - 200 fraction-
ation showed that not all of the TCII bound radioa ctivity was
passing through. oven less of the TCII - 7 Co R12 was filtered

in the exverimsnt with the X - 50 membrane The results

}.-: .
,)
4]
H
O
Q
o
6]
’_4
n
+
(6]
3
ot

obtained hy imicon cell ultrafiltration were ne

nor comparable with thoze from 3Jephadex G - 200 (see table 29)




serum Amicon : Jephadex

coa | — = P AT A s
numbear retained (TCI + III) filtrate (iC;L/ TCL + LIT
1 £3.C 32.0 26.0
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Tzhle 29 showing the differences in the =zeparation

>

results obtained from 3ephadex G - 200 =snd

4111 samples were concentrated at z pressure of

5% k¥a except 4b) which was at 2 pressure of

{1

1€€ ¥ra.,  The uwltrafilirztion was through =n

¥ - 100 membrane in each case.




AY
as 2}, b), c) =tec.
The mo=t disconcerting aspact of the resulis

af serum from case 4

o~

£7.5° of. the radioactivity was made up of

Tiltrate
1 17.0
2 12.7’;;

3 10.6."
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was the rate
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when the

the following
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e use of sphy to produce ypure

troteins has allowved mora accurzts sstimntes of the moleculsr
weights of $thae two transcobalamins (26, 29 to he mads.

are in tha range of 50,000 - £0,00D0., Frevious reports
of 121,00C for TCI IIT were due to =2 nigh carbchydrate

content whaich is responsible for its altered elution from

e the result for only one of its vevtide chains, as thare

is now evidencs molecule is z dimer.

D
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o
N
<k
5
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<
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o

In the light of this new information there is no reascn

to expect that the »roteins can be sevsrated by uwltrafiltration.
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Ammonium Sulvhate precivitstion

The vwolyfrazciionation of serum by protein precipitation

) 2SQA, was first reported

»

I~ v
R
1

Y]
1]
o
E.
o+
)
o)
]
D
H

or the separation of the vitemin 312 oinding
proteins by two separate ZTOUpS (81, 82}, Althouzh
differing =lightly in the details the two metncds described

are very similar.

¥aterizls and 'lethods

Yethod 1 {Carmel)

A simple one-step separation using 0.5 ml ssrum, 1.4 m!

+

J1
—~3

0.411 KQHIO and excess Co B12. The unbound 312 was removed
by adding this mixture to 2 tubse containing s pellet of 1 : 20
hzemoglobin-coated cnarcoal (prepared by centrifuging 1 ml

of coated charcozl suspension and sucking off the supernatqnt.>
The serum bound B12 (in the chzrcoal treated supernatant; was
sdded to s tube containing 4 ml. of 3x (HRA) 53, 2nd mixed

by inversion. The'mixture‘was incubzted for 30 minutes

=t room temperature followed by centrifuzation for 15 minutes

at 3,000 x g. Tae TCTT hound B12 waz precivnitaited under these

conditions hut the TCI + III bound 312 remained in the supernstant.
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. , o . Y as
incubated at 37 C for 20 minutes, and dia
against C,041 sodium phosphate containing 0.85,% ¥all

(final ¥’

"\'j
1
IS

~
c.{,
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®
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Half the sample was

. . N . /-
mixed with 0.1 ml of I.)il sodium acetate (pi 7.8) and

brought to final volume of 4 ml with distilled 190.
1,19g of (HH >9 36, was added and dissolved in small zmounts,
Lt 4 I
o} . - .
The sample stood 17 - 18 hours at 4°C before centrifugation

at 17,300 x g for 30 minutes at AOC. The TCII - B12 was
precipitated by this process and TCI + IIT bound 312 was
left in the supernatant.

Jerum samples from ten subjescts were used in the
experiments described hers. An aliguot of serum from each

hadex G - 200 which meant
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i

that a comparison of results was possible. The sample

were

]

chosen from patients who appesared to have an sbnormal tinding
patiern

The procedure described by Carmel was followed exactly, avart
from the substitution of albumin-coated charcoal for hzemoglobin-
ccated charcozl. TFour samples were prepared for each subjects :
to two of them 2 (NH4)2 304 was added and to the remaining two

XA (FHA‘ 30,. There is ambiguity in the paper ahout which of

the two concentrations of ammonium sulphate solution was used,




mis method described by Begley and Hdall was followad with

the removal of frea 312 by albumin-costed charcoal (1 ml)

- £ o .
Tne results {the mean value of duplicate samples}

are given in table 30. The orecipitation with 2 mamenium

3
N
[¥]
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e
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e
3
e
fad
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®
o5
v
ot
ok
=
[ 8
9]

G - 200 : very 1ittls protei
strength and these results are not included in the table. .
A& good correlation was obtained between G - 200 and 31

. > . . N\ ~
ammonium sulphate precipitation (r = 0.94, n = 10} and 2

£

betwesen the Fezley and Hall method and G - 200 g2l filtration
hetwesn the results obiained from the two cherceal mathods
{r = 0.728, n = 10}. Taese results =2re significant 2t the

p = 0.01 level.
Discussion

The two methods described are basically very gimilar :
tha main differences are in the wuffer used, the tength o

time allowed for precivitation and in the speed of entrifuzation.
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3

The pellet obtained is firmer a2fter nigh speed

o3

disturbing the precipitated oro

centration of ammenium sulphate in ine final solution is 2i1
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Oarmel zmmonium Pezley & Hall
Case sulphate armmonium sulphate
N0 vracipitation pracipitation & - 200
L 23.50 Q70 ¢2.1

o P~ >~
. [}. —
O \O o
> (Y] -
L) . *
NN B
0 jen] fon
(@] AN N
v » -
N O 0
S
N [@s] W
~nN a8} ~3
- L] .
NN

M
(o
\D

s

N

o]

o

.

W
w0

L]

Y]
\

Table 30 shoving parcentage of zdded activity

bound by TCII zs determined by three

gifferent methods.




pracinitated whereas to oktain precipitation of TCI + Iir

ons must use 2 2.5 to 3.5 ammonium sulphate solution (8)
Ditner of the two methods described here would be sultable

o))
®

£ added B12 into @CI + TII

O

o

i

for a ravid routine separation

TIT -

bound B12 =znd TCII bound 312. The method described by Bezley
snd Fall is slightly mors laborious but gives rassults which

compare w2ll with those obtained b

o
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¢
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ot
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o’

obtzined from the Carmel msthod are in nine of 1
higher than those obtained xy G - 200 =nd in all ten cases

higher than those from the 3eglev and Hall Method Although
a very good correlation Was obtzined btetween fhe wvalues

obtainad by tae Carmel method a t test of the differences

ot

between thnese resulis and the others showed that thers ¥as

n the values. This is due

®

a significant difference betwe
to the increased magnitude of the rasults obtzined by the
Carmel method. Thers was no significant difference at the

p = 0.01 level between the results obiained with 3ep

G - 200 =2nd with tue Begley and Tall precinitation tec’

gives resultis which ars closer to those ohtained with & - 200

than was found using the Caymel mathod 81) +this study was
] / ;
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nacessary to use a larje

comparizons of the meihods.
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In addition to the thres ssparation methods described,

the 312 binding proteins have been fractionated bty conventional

methcds of protein separation e.g. polyacrylamide

el

o

electrovhoresis as well as by soms more unusual methods.

Included in the latter category are:
[ LY

ii) the absorption of TCIIL on a microfine precipita
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of silica (fu3o G32) (84).

iii) +the separstion of the proteins on chargad celluloss

filters : trapping TCII on cellulose-nitrate filters

snd TCI on Di-81 filter disecs. (85).

IRy
l

Tt is possible that one of thess separation methods would
&

also be useful for rapid diagnosiic purposes. ‘hether this
information would be of value clinically is perhaps another

mztter, for the spresad of results observed in ths preceding

chapter mizht indicate that information on the distribution

of added B12 would be of 1little practical value.
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