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"Would you tell me, please, which way I ought
to go from here?"

*That depends a good deal on where you want to
get to," said the Cat.

"I don't much care where - so long as I get
somewhere," Alice added as an explanation.
"Oh, you're sure to do that," said the Cat,

"if you only walk long enough."

Alice's Adventures in Wonderland,

Chapter 6.
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PREFACE
The investigations reported in this thesis
had their basis in some apparently simple
problems posed by the introduction of vitamin 312
in the treatment of patients suffering from
Addisonian pernicious anaemia and other vitamin

B deficiency states. It might be thought that

12
with the exverience gained from the wide use of
vitamin Bl2 in the last decade few, if any,
problems remained about the treatment of such
patients. That there are problems however, is
clearly apparent if only from the widely varying
recommendations about vitamin B12 therapy to be
found in textbooks, monographs and articles.

The onus of solving these problems lies with
the clinician who must bear the ultimate
responsibility for the treatment 6f patients and
this thesis is a record of studies carried out
by a clinician with the object of clarifying
some aspects of the principles and practice of

vitamin 312 therapy in patients with pernicious

anaemiag and other vitamin B1 deficiency states.

2
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INTRODUCTION

It seemed likely that one outstanding
clinical problem arising in the treatment of
patients suffering from pernicious anaemia with
vitamin 312’ namely that of defining adeguate
maintenance therapy, could be solved by meeting
two requirements and applying them to the study
of patients with this disease. The first
requirement was a method of determining the loss
of injected vitamin B12 accurately: wifh such a
method the site and extent of the loss could be
located and measured and an estimate made of the
amount remaining in the body. The second
requirement was a method of establishing the time
for a known amount of vitamin 312 in the body
to be utilised. During investigations into
these reguirements various other problems
relevant to the use of vitamin B12 in therapeutic
practice, were encountered and studied and some
of these investigations are also recorded in this
thesis.

It has been found convenient to present the
magterial in such a manner thet each chapter

appears to be a report of an isolated investigation.
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/It will be obvious however, that ezch apparently
limited inquiry forms an integral part of one study.

Plan of the thesis

The thesis is in two volumes. Volume 1
contains the text with relevant figures and tables
in eight chapters and, a note of acknowledgments.
Volume 2 is an appendix containing tables,
details of technical methods, details of some
of the patients studied¢ and a bibliography. The
pages of each volume are numbered consecutively.
Title pages are coloured for easy reference.

Tables and figures in the text are each
numbered consecutively and are placed as near to
relevant points in the text as possible.

Detailed results, which are presented in summary
or figures in the text are given in full in the
tables in the Appendix; these tables are numbered
consecutively with the prefix A; thus Table 21 is
in the text and Table A.21 in the Appendix.
Technical methods are mentioned briefly in the
text and full details are given in appropriate
sections in the Appendix.

References cited in the text or elsewhere are

given in full in conventional sequence zand form
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/in a bibliography in the Appendix.  Included
therein are titles of several communications
presented to the Second European Symposium on

Vitamin B and Intrinsic Factor held at Hamburg

12
in August 1961. Publication of these communications
originally scheduled for 1961, has been delayed

and rather than await publication, and thus delay
submitting this thesis for at least six months,

- it has been decided to refer to relevant
communications by the title of the abstract or

of the manuscript. The proceedings should be

published by the time this thesis is submitted.

Terminology

Certain conventions have been followed and
a few disregarded. The term vitamin BlQ’
hallowed by clinical usage is preferred to the more

scientific term cyanocobalamin. The term Co

vitamin B12 is used to indicate vitamin Bl2

with radioactive cobalt incorporated in the
molecule: where a particular radiocactive isotope

is incorporated the appropriate prefix is

employed e.g. 5800 vitamin B The term serum

12°

vitamin B level is used, as by most other

12
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/authors, in preference to serum vitamin B,
concentration although, the term concentration is
used in preference to level in other contexts.
The terms dose and injection are often used, as
in pharmacological practice, in preference to the
term mass. The phenomenon of equilibration is
occasionally referred to as mixing. The mass,
dose or concentration of vitamin 312 or Co vitamin
B12 is expressed as microgrammes (ug) or
micromicrogrammes (uug) and the terms milli-
microgrammes or milligrammes have been avoided.
The term control has not necessarily been used

to indicate a normal subject: the meaning will

be clear from the context in which it is used.
Both case initials and case numbers are used.

The former, e.g. Case J.F.A.,for patients,
particularly those with vitamin B12 deficiency
states who were often the subject of more than
one investigation: details of these patients,

and some others of particular interest are given
in a section in the Appendix. Case numbers are
used for patients, most believed not to have

any upset of vitamin B12 metabolism, who were
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/usually the subject of one investigation only.
Details of these patients are given in Tables
in the text and it will be obvious from these
that Case 6, say, of an investigation reported
in Chapter 1 is not the same person as Case 6

of an investigation reported in Chapter 7.
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CHAPTER I

THE URINARY EXCRETION OF ASSAYABLE VITAMIN B
58

12

AND OF RADIOACTIVITY AFTER PARENTERAL Co

VITAMIN B IN MAN.

12

The Concept, Development, Proof and Implications

of a Technical Method.
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The measurement of the vitamin B12
excreted in urine, bile and faeces after
parenteral administration presents difficulties..
Colorimetric and spectroscopic methods are
obviously valueless. Chemical methods are
uncertainly specific, complicated and clumsy.
Microbiological assay methods are not specific,
subject to a considerable variation and are
more suitable for measuring low concentrations

of vitamin Bl then the high concentrations

2
which may be found in urine after parenteral
vitamin Bl2' Isotope dilution and reversed
isotope dilution techniques are theoretically
ideal but are time consuming and technically

difficult demanding rigorous purification

techniques. In addition, the measurement of
injected vitamin B12 excreted in faeces is
complicated by the fact that faeces normally
contain large amounts of vitamin 312, and the
measurement of vitamin 312 in bile is
complicated by the fact that bile inhibits the
growth of at least one microbiological assay

organism.
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Because of these difficulties,

consideration was given to the feasibility of

using Co vitamin Bl to measure the loss in

2

urine directly after parenteral administration.

THEORETICAL CONSIDERATIONS

It is generally believed that vitamin 312,

whether absorbed from the intestine or given

by injection, functions in the body as an active
substance and does not undergo chemical change.
It follows therefore, that if a patient who

had no vitamin B in his body and who was not

12
excreting any radioactive substance in his

58

urine were given an injection of Co vitamin

Byo
the amount of radiocactivity excreted in the

it would be a reasonable assumption that

urine would be a true indication of the amount

58

of Co vitamin 312 excreted. For example,

if this hypothetical patient were given
1000 ug 5800 vitamin B12 parenterally and

20% of the radioactivity were excreted then
that 20% would represent 200 ug 5800 vitamin

B Patients with vitamin By, deficiency

12°
presenting in haematological relapse are the
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/clinical equivalents of this hypothetical
patient and it seemed likely that this
assumption would also apply to them. Proof
that this were so would be agreement between
the values for radioactivity excreted and
assayable vitamin B12 excreted in the urine
after an injection of 5800 vitamin B12.
It was obviously essential that the
normal subject should be studied also.
Because of the large body stores of vitamin B12
in normal subjects however, it could not be
assumed that the excretion of radioactivity

58

after parenteral Co vitamin B would be a

12

true indication of the amount of vitamin B12
excreted. The possibility had to be

considered that injected Cc vitamin 812

might equilibrate, or mix, with the body stores.
Under these circumstances the amount of
radioactivity appearing in the urine after an
injection of 5800 vitamin 312 would not be a
true indication of the mass of vitamin 312

excreted but would represent only a fraction

of it. For example, if a patient with 3000 ug
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/non radiocactive vitamin B12 in his body were

given 1000 ug 58Co vitamin Bl2 barenterally

and 20% of the dose of radiocactivity were

excreted in the urine, then that 20% would

represent 20% of (1000 4 a proportion of 3000) ug

vitamin 312 depending on the extent of equilibration.
Preliminary investigations showed that the

normel subject excreted about 60% of the dose

of radioactivity after a parenteral injection of

1000 ug >8

Co vitamin B12 and it was obvious

that complete equilibration could not have taken
place otherwise this would have represented

2400 ug if the body stores were 3000 ug - an
absurd situation. It was clearly important to
determine whether any significant degree of
equilibration did, in fact, occur and again the

58

method of giving parenteral Co vitemin B

12

and comparing the urinary excretion of
radioactivity and of assayable vitamin 312

seemed to be suitable. If there was good agreement
between the results obtained by the two methods

this would indicate that equilibration had not

taken place whereas if a significant degree
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/of equilibration did occur the amount of

assayable vitamin B in the urine would be in

12
excess of the amount indicated by radioactivity

present. For example, if a subject were given

58

1000 ug Co vitamin B12 parenterally and 50%

of the radiocactivity were excreted and g

total of 500 ug of vitamin B were found by

12
assay then this would be evidence against

equilibretion of significant degree: if however,
50% of the radioactivity were excreted and

750 ug of vitamin B were found by assay this

5800 vitamin Bl

12

would su.zest that the 1000 ug 5

had equilibrated with 500 ug of the body stores

of non radioactive vitamin 312.

Comparison of the radiocactivity excreted
and the assayable vitamin B12 excreted after
>8 in normal subjects

parenteral Co vitamin Bl

2
to determine if there was any significant
degree of equilibration appeared to be an
acceptable procedure provided that the assay
results were accurate. In the example already

given where 50% of the radioactivity were

excreted and the assayable vitamin B12 was
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/750 ug it is obvious that this could happen
not only as a result of equilibration but also
as a result of erroneously high assay readings
when there was no equilibration. The problem
raised by the possibility of such a constant
error in the assay causing misleading results
could obviously be solved by duplicating the
experiment in patients with little or no
vitamin B12 in the body. For example, if a
5800

normal subject were given 1000 ug

vitamin B and 50% of the radiocactivity were

12
excreted in the urine and 600 ug of vitamin B12

were found bty assay this would suggest either
that there had been some equilibration or that
the assay result was too high. If the same
result was obtained in a patient with little or
no body stores of vitamin B12 then it would be

clear evidence that the assay reading were high.

58

Repeated injections of Co vitamin B

12

could be given to vitamin B deficient subjects

12
without prejudicing the value of the results as,

even if equilibration did occur, the injected
58

58

Co vitamin B would equilibrate with

12
Co vitamin B12 remaining in the body from the
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/previous injection. Xor example, if a control

patient were given 1000 ug 5800 vitamin B

12
and 50% were excreted he would retain in his

58

body 500 ug “ Co vitamin B., with 50% of the

12
dose of radiocactivity given. If a second

injection of 58Co vitamin B,, 1000 ug

12

raéioactivity 100% were given and 60% of the
dose of radicactivity were then found in the
uriﬁe this would still represent 600 ug since
the total of the body stores plus the second
injection would equal 1500 ug radiocactivity
150% for practical purposes.

The use of vitemin Bl deficient subjects

2
as controls would not only serve to reveal a

constant error in the assay, if such were present,
but would also give some indication of the

degree of equilibration, if any, which took

place when normal subjects were given
parenteral 5800 vitamin Blz.
With these theoretical conditions in

mind an experiment was planned to throw light

58

on the possibility of using Co vitamin B

12
to estimate urinary losses after injection in
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/vitamin B, , deficient and normal subjects

12
and to investigate the extent, if any, of
58

equilibration of injected Co vitamin B

12

with the body stores of vitamin B

12 18

normal subjects.

PLAN OF EXPERIMENT

The object of the experiment was to
compare the values of radioactivity and of
excreted in the urine

56Co vitamin

assayable vitamin B12

after parenteral injections of

Bl2 in normal subjects, control subjects who

were suffering from vitamin B deficiency and

12

subjects who had been treated for vitamin B12

deficiency and whose body stores of vitamin B12
would probably lie between those of the normal

and control group.

PATIENTS, FATERIALS AND METHUODS

The ccntrol patients were ward inpatients

suffering from vitamin 312 deficiency as shown
by a macrocytic ansemia, megaloblastic
erythropoiesis seen on bone marrow biopsy smears,

a low serum vitamin Bl level and reticulocyte

2
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/response and rise in peripheral blood values

5600 vitamin B. ..

on treatment with parentcral 12

Details of these patients are given in the

Case Reports in the Appendix.

These patients were given injections of
5&Co vitamin B12 daily, or on alternate days,
until a suitable number of results was obtained.
On general principles any other drug therapy
was avoided during the investigation but in some
cases drugs were given deliberately as part of
studies reported elsewhere in this thesis.

In every case it was established that the presence
of drugs or their end products in urine did not
affect the assay result and it was also
established that they did not affect the

amounts of radicactivity excreted.

The 'normel' patients were ward inpatients

with a variety of diseases in which depletion
of body vitamin B12 stores or upset of vitamin
312 metabolism 1s not a known feature. All
had a normal serum vitamin B12 level. These
petients were given a single intramuscular

injection of 5800 vitamin Blz' Some of these
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/patients were receiving treatment at the time
of the experiment and it was established that
this did not affect the assay result. Details
of these patients are given in Tables A.5,
A.12 & 13, A.16, A.20 & A.24 in the Appendix..

The 'borderline' patients were regular

attenders at an outpatient clinic and all had
been diagnosed as having a vitamin B
state when first seen. At the time of the

58

injection of Co vitemin B they were known

12
to have serum vitamin B,, levels at the lower
limit of normal suggesting that their body

stores of vitamin Bl lay between these of the

2
control and normal groups. Details of these

patients are given in the Case Reports in the

Appendix.

The nature and objects of the experiments
were explained to the patients, all of whonm

coopersted willingly.

The doses of 5800 vitamin B12 used were
50 ug 0.3 uc, 54 ug 0.3 uec, 100 ug 0.2 uc,
1000 ug 0.2 uc and 1140 ug 0.2 ue. In

experiments using doses of 54, 540 and 1140 ug

12 deficiency
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58

/the same batch of “ Co vitamin B, ., was used

12
for all patients in each dose group ('matched!

series) and in experiments with doses of 100

and 1000 ug which were conducted over a longer

58

period of time, different batches of Co

vitamin By, were used ('miscellaneous' series).
Urine collections were made for 24 hours

prior to, and subsequent to, the injection of

58

Co vitamin 312 in the normal subjects. In

the case of the control patients a 24 hour
collection was made prior to the first

58

injection of Co vitamin 312 and 24 hour

collections were made thereafter until the

experiment was terminated. None of the
borderline patients had been given any
radioactive isotope and urine was collected
from these patients for the 24 hours after
injection only. There was no reason to believe
that the collections were other than complete.

58

The methods of preparing the Co vitamin

B12 solutions for injections and the methods
of collecting urine are described in the Appendix.

The amount of microbiologically active material
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/in each urine collection was measured by the
Euglena gracilis assay in at least two different
assay batches and the mean results expressed
as ug of total assayable vitamin Bl2’ The amount
of radioactivity was measured and the value
expressed as radioactivity excreted as a
percentage of the amount in a dose. Details
of the assay and isotope techniques used are
given in the Appendix.

The regression equations relating the
isotope values (y) to the assay values (x)
for each group of patients in each dose group
were calculated and the coefficient of correlation
was also calculated. The regression coefficients
in each dose group were compared to each other.
Details of the statistical methods used are

given in the Appendix.

RESULTS

The urine collections obtained prior to
injections of 5800 vitamin 312 were not found
to contain detectable amounts of radioactivity
and the amounts of assayable vitamin Bl

2
in these collections were trivial.
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58

/ Deterioration of the “ Co vitamin B

12
solutions in vitro did not occur as judged by
serial microbiological assays during the time
each batch was in use.

The disposition of patients into experimental
groups is shown in Table A.l1l and full details
of individual results are given in Tables A.2-24
in the Appendix.

The results are summagrised in Figs.l-5
and the essentiesl statistical results shown
in Tables 1 & 2. In each group of patients in
each dose group there was a linear correlation
between the amounts of radiocactivity excreted
and the amounts of assayable vitamin 312
excreted, the coefficients of correlation
differing significantly from zero. In each dose
group the regression coefficients were not
found to differ significantly from each other
(t = <2.0, P =>>0.05). Minor differences in the
results presented in Table 1 and those submitted
by Adams (1961la) are due to the fact that the
calculations were done by different workers,

those in Table 1 being done by the author;
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/a difference in the regression equations in
the 1140 ug series was due to accidental

transposition of results; those given in Table 1

are correct.
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DISCUSSION

Review of the literature

Apart from a report giving resultg from
a smaller series of cases investigated by the
same techniques (Adams 196la) no comparable
investigation appears to have been carried out
in man.

The appearance of radiocactivity in the
urine following injections of Co vitamin 312
to rats and to man had been noted by Barbee
& Johnson (1951) Horrigan & Heinle (1952)

Mollin et al (1956) and others (vide infra)

as an incidental observation prior to the present
investigation. There was also evidence from
extraction, chromatographic and isotope dilution
studies that the urinary radiocactivity was due

to intact Co vitamin B molecules and not to

12
free Co. (Chow et al 1951; Smith 1952, 1953;
McLean & Bloch 1954). Acceptable quantitative
evidence however, that the radiocactivity
excreted after parenteral Co vitamin B12 is a

true measure of the assayable vitamin 312

excreted, such as is reported here, had not been
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/produced.
After the present investigations had been
completed it was found that the conclusion that

the radioactivity excreted in urine following

parenteral Co vitamin B12 was g measure of the
vitamin 312 excreted had in fact been reached
by several workers. The significance of these
reports is difficult to assess as details of
work justifying this conclusion were not given
by Rosenblum et al (1952), Smith et al (1952),
Smith (1953), Harte et al (1953) or Lang et al
(1953), while the evidence presented by
Yamamoto et al (1951) from a few experiments
on rats certainly does not justify that conclusion.
If appears that these conclusions were not
acceptable as the isotope method of measuring

urinary loss of injected Co vitamin Bl has

2
not become a standard technique and the implication

of the finding in relation to the question of

equilibration of injected Co vitamin B._, with the

12
body stores has never been raised.

Discussion of technigues

A possible criticism of the results is that
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/the assay technique used did not give accurate
results within the limitations of the method.

When comparing results obtained from normsl,
borderline and control groups this is not
important as the groups were studied in the
same period of time and any error would be
constants; it is however, relevant when
considering whether the isotope method gives a

58

true indication of the amount of Co vitamin

B excreted by vitamin Bl2 deficient subjects.

12
A significant degree of inaccuracy is unlikely.
Falsely high results, such as occur with the
presence of pseudovitamin B12 (Baker et al
1956a) are virtually excluded by the low values
obtained from the preinjection collections of
urine and by the fact that the injected

vitamin B was pure. Falsely low results, due

12
to the presence of inhibitors to the growth of
Fuglena gracilis, such ss drugs and their
breakdown products, were excluded by the results
of recovery experiments on the urines of patients

taking drugs and a few patients not taking

drugs. In view of these facts it can be taken
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/that the assay did measure urinary vitemin By,

accurately and that the results are wvalid.

The value for assayable vitamin 312 preéent in
the 24 hour preinjéction urine collection was
not subtracted from the value for the post
injection 24 hour urine collection; it might
have seemed logical to do this on the assumption
that the value for the preinjection collection

represented a basal output of vitamin Bl2 in

urine but it is obvious that such a refinement
would not have made any difference to the results.
Ideally the results for the control group

should have been obtzined only from the first

58

injection of Co vitamin B given to a large

12

number of untreated vitamin B12 deficient

patients. The method used is apparently open

to criticism on the grounds that after the first
58

injection of Co vitamin Bl no patient was

2
then vitamin B12 deficient. Strictly speaking
this is so but consideration of the facts
presented in the introduction shows that, for
the purpose of the experiment, it is perfectly

permissible to include all the results obtained
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/from these patients.
| The investigation was deliberately limited
to a period of 24 hours after an injection of
Co vitamin B,,. The amounts of radioactivity

12

and of assayable vitamin B excreted after

12
this period are very small in the majority of
cases (see Tables A.2-4, A.6-10, A.1l4 & 15,
A.17-19, A.21 & 22) and there did not seem
to be any good reason for extending the
investigation to include this period.

As already noted the effect of some drugs
and differing routes of administration was
studied concurrently in some of the vitamin 312
deficient patients to find out if these affected
the amounts of radiocasctivity excreted. It
was established by recovery experiments that the
presenge of the drugs, or their end products,
in urine did not affect the assay result and
it was therefore legitimate to include the results
in this investigation as the object was to
compare the amounts of radioactivity excreted
and assayable vitamin Bl excreted. In fact, as

2
will be shown later none of these measures
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/affected the amounts of radioactivity excreted.

Similarly it is of no importance in this context

that the cause of the vitamin B deficiency

12

state in the control patients differed from
case to case: the fact that they were vitamin 312
deficient is all that matters.

Significance of results

Two facts emerge clearly from the results.
The first, which is of practical value, is that

58

when man is given Co vitamin B12 parenterally,
in the dose range 54 - 1140 ug, the amount of
radioactivity excreted in the urine in the
subsequent 24 hours is a true indication of the

amount of assayable vitamin B excreted: this

12
is established whether the body stores of

vitamin B12 are normel, grossly depleted or
at a value between these two extremes. This
is an important observation beccuse it means

that this direct isotope method of estimating

urinary excretion of injected vitamin 312

can be used with complete confidence instead of
measuring the amount excreted by microbiological

assay. This method, vhich makes use of a very
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/small dose of radioactivity, has considerable
advantages over the assay method. As a technical
method it is inherently more accurate than the
assay method, the isotope counting technique used
having an accuracy of 1 - 2% as opposed to the
accepted error of'tIQO% with the assay technique
used (Ross et al 1957, Killander 1957a, 19584,
Shinton 1959, Girdwood 1960a). In addition

any errors in the assay method may be magnified
by the necessary use of urine dilutions of from
1.10 to 1.1000 depending on the original
concentration although this potential source

of error may possibly be offset by the greater
recovery which occurs, at least with sera,

when high dilutions are used (Girdwood 1960a}.
With the direct isotope method results may be
obtained quickly and with but little expenditure
of time and labour whereas the assay method
requires a considercble amount of work and time
before an acceptable result is obtained. A
‘result may be obtained by the direct isotope
method within a few minutes of the specimen

being collected. Even when urine dilutions are
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/assayed in only tvo different assay batches,
and many samples were assayed in at least three
different batches to ensure accuracy in this
study, the final result is rarely available within
two weeks of receipt of the sample. This interval
could be reduced by using one of the more rapid
assay methods (Girdwood 1954, Spray 1955,
Tiffin & Williamson 1958) but even so the
gain in time with the direct isotope method
would still be considerable. The saving in
labour with the direct isotope method can only
be fully appreciated by those who have a working
knowledge of microbiological assays. In brief
a technical method of some precision has been
shown to be superior on all counts to a laborious
and relatively inaccurate method. It is also
clear that the direct isotope method is more
convenient, rapid and easy to use than chemical,
isotope dilution or reversed isotope dilution
methods and it is unlikely that it is less
accurate than these methods.

The second fact which emerges from the

results, and with equal clarity, is of more
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/academic interest at present. It is that
5800 vitamin B12’ given parenterally in the
doses used, does not equilibrate with the body
stores of vitamin B12 at least in the 24 hours
after injection.

For the purposes of experimental design
it was assumeéd that vitamin 312 deficient
patients in haematological relapse had no
vitamin 312 in their tissues, although it was
appreciated that this was not the case. The
amount of assayable vitamin 312 in the liver
of a patient with pernicious anaemia in
haematological relapse is small (see Chapter 7)
but it cannot be assumed that it is negligible
when considering the question of equilibration
particularly with injections of 5800 vitamin B

12
of the order of 54 ug. The striking lack of

difference bhetween the results for the vitamin 312

deficient and normal subjects in the 54 ug series
in particular implies that if equilibration did
occur at all it did so to no greater extent when
the body stores were normal than when they were

grossly depleted. This seems very unlikely and
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/1t can be taken for practical purposes that
the lack of equilibration is complete in the dose
range of 54 to 1140 ug. rurthermore, in the
54 ug series it is permissible for the regression
lines and standard deviation curves to be extended
to meet the abscissa and ordinate. The regression
line for the normel group meets the ordinate
at the point abscissa O, ordinate 2.8223 and the
regression line Ifor the control group meets the
ordinate at the point abscissa 0O, ordinate
4.2155. The lower standard deviation curve for
the normal group meets the ordinate at the point
abseissa 0, ordinate -7.29 and the lower standard
deviation curve for the control group meets the
ordinate at the point abscissa 0, ordinate -6.03.
As it was not assumed that either regression
line would pass through the point abscissa O,
ordinate O, these findiings are good evidence that
the lack of equilibration occurs in the entire
dosage range up to 1140 ug.

An obvious explanation for the findings
is that the urinesry excretion of injected

5860 vitemin Bl2 is so rapid that there is
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/insufficient time for equilibration, particularly

if the body stores of vitamin B are in

12
‘compartments' or 'subpools'. Observations

on the excretion of injected vitamin B show

12
that it is a rapid process (Chow et al 1950,

Chesterman et al 1951, Krevans et gl 1951,
Sokoloff et al 1952) and observations on the
excretion of parenteral 58Co vitamin 312,
reported in Chapter 4, have confirmed and

elaborated these findings. As a rule, about

58

50% of the total “ Co vitamin B,,. excreted in

12
the urine zfter a parentersl injection is

eliminated within three hours of injection.
Equilibration however, is an extremely rapid
process and to attribute the lack of equilibration

solely to rapid excretion implies that the
58

injected Co vitamin Bl does not enter the

2
'subpools' in the body for an appreciable time.
That this is not the case is apparent from the
results reported by several workers from studies
on the plasma clearance of injected Co vitamin

B Glass et al (1955), Estren et al (1958),

12°
Glass (1959) and Brody et al (1960) all report
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/that the hepatic uptake of radiocactivity is
very rapid while Mollin et al (1956), Miller
et al (1957), Estren et al (1958) and Hall (1960)
all report very rapid clearance of injected

58 from the blood stream. These

58

Co vitamin 312

results show that injected Co vitamin B

12
enters the tissues rapidly. Thus the argument

that injected Co vitamin B does not equilibrate

12
with the body stores because there is
insufficient time for this to occur before it
is excreted cannot be sustained.

Another explanation, which is also obvious,
is that equilibration coes not occur because

vitamin Bl does not exist as such in the body.

2
This, in turn, implies that injected vitamin Bl2
retained in the body is converted to an analogue
or active form. This concept entails a radical

departure from the current notions of vitamin

B12 metabolism (Estren et al 1958) but it

cannot be avoided. Furthermore, there is already
evidence that this may be Tthe case. A recently
isolated enzyme, 5:6 dimethyl benzimidazole

cobamide coenzyme, (Weissbach et al 1959,

Barker et al 1960a) has been identified in
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/rabbit liver in a concentration which, zallowing
for losses in isolation, corresponds to about
80% of the reported vitamin B,, content of beef
liver (Weissbach et al 1959). This finding has
led to the suggecstion that this enzyme, or
similar enzyme (Barker et al 1958, Barker et al
1960ab) may be the main form of vitamin 312 or

B, ,~like compounds which are catalytically

12
active in the enzymatic reactions of living

cells (Weissbach et al 1959), a suggestion
recently strengthened by the isolation of

5:6 dimethyl benzimidazole cobamide coenzyme from
human liver (Barxer 1961). It has also been
reported that 5:6 dimethyl benzimidazole cobamide
> in a

1:1 ratio for attachment to intrinsic factor or

coenzyme competes with vitamin Bl

liver homogenate receptors and that it exerts

a haemopoietic effect equivalent to that of
vitamin 312 when given intramuscularly in doses
of 1 ug to patients with pernicious anaemia
(Wasserman et al 1960). This enzyme, and others
isolated by Barker et al (1958, 1960b) have

distinctive absorption spectra but have not
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/previously been detected in tissues reported
to contain cobalamins. Weissbach et al (1959)
suggest that the reason for this is that the
engymes are rapidly converted to vitamin 312
by procedures invariably used to extract cobalamins
from tissues, such as exposure to light, heat

or cyanide ions. It should be noted that the
isolation of the engymes is very difficult,

all procedures being carried out in the dark

or in a very dim light and nearly always at
temperatures of 0 - 4°c. (Barker et al 1960a).

In addition there is also evidence that
hydroxocobalamin (vitamin Bl2a or Ble), which
forms the bulk of the total cobalamins in some
animal proteins (Tarr 1952), may be the
metabolically active form of vitamin B12

(Smith 1961). This view has recently been
strengthened by the finding that the bulk of the

radioactivity in the livers of dogs given oral
or parenteral Co vitamin 312 was present as

"Co hydroxocobalzmin implying conversion of the
retained Co vitamin 312 to Co hydroxocobalamin

in the body (Rosenblum 1961).
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/ The belief that, in man, vitamin 312
whether absorbed from the intestine or given
by injection, functions in the body as an active
substance is based essentially on five points:
(1) +the clinical and haematological benefit
obtained by the exhibition of pure vitamin Bl2

to patients with pernicious ansemia.

(2) +the results of recovery experiments

in which vitamin B is added to tissues and

12
the effect measured by microbiological assay;
an increase in microbiological activity, low
in the tissues and body fluids of patients
with pernicious anaemia, being obtained
corresponding to the amount of vitamin 312
added (Ross et al 1959, Killander 1957a,
Shinton 1959).

(3) on the results of microbiological

assays of tissues with Ochromonas malhamensis
which is the most specific assay organism for
vitamin By, (Ford 1953) as well as with Euglena
gracilis (Ross & Mollin 1957).

(4) on the findings that the distribution

of radioactivity in the body after an injection
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/of Co vitamin B,, differs from that resulting

12
from an injection of Co chloride (Meyer et al

1956).
(5) on the finding that the hepatic
radioactivity, present post mortem in subjects

who had received Co vitamin 312 before death,

had the solubility and chromatographic

60

characteristics of Co vitamin Bl and that

2
there was no evidence of any microbiologically

active material containing 6000 other than

6000 vitamin By, (Glass & Mersheimer 1958,

Schloesser et al 1958).

It is now clear that none of these
findings is evidence against the concept that
vitamin 312 does not exist in the body or exists
in the body to only an insignificant degree

and that injected vitamin B is converted to

12
an active form in the body. The fact that a
chemically pure substance induces relief from
signs and symptoms does not necessarily imply
that the cause of the signs and symptoms was
deficiency of that substance - at least five

analogues of vitamin B appear to be as

12
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/haemopoietically active as vitamin Bi,
itself (Blackburn et al 1957). The fact that
the distribution of radiocactivity in the body
following an injection of 6000 vitamin 312
differs from that following an injection of
60Co chloride can only be taken as evidence

that the metzbolic pathways of these substances
or their derivatives differs. The procedures
involved in microbiological assay and
chromatograrvhic techniques may alter the chemical
structure of the active principle: even with such
a refined technique as the reverse isotope
dilution method it is salutory to note that the
radioactivity in the liver of dogs given

Co vitamin Bl2 is largely in the form of Co
vitamin 312 if nitrous acid is used in the
preparation of tissues and largely in the form

of Co hydrcxocobalemin if the tissues are
prepared with papain or trypsin (Rosenblum et al
1960, Rosenblum 1961). The extreme instability
of the coenzymes particularly when exposed to
visible light, cyanide ions or mild acid

hydrolysis (Weissbach ¢t al 1959) must be
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/remembered in this context. It may be that the
problem lies not in the techniques but in the
preparation of tissues for analysis but this

does not affect the issue. liezrly all the
microbiologically active materigl - 'assayable
vitamin Bl2' - in the tissues is in the bound
form. Bincing implies at least a physical change
since the assayable vitamin 312 in liver is
microbiologically active but not dialysable

(Pitney et al 1955, koss & Mollinm 1957). It
is possible that the process of binding also
involves chemical changes in the structure of

injected vitamin B This speculation,

12°
however tempting as an explanation for some
of the facts must remain a speculation only at
present.

For present purposes it is enough to know
that the amount of radiocactivity excreted
in the urine in the 24 hours after an injection

58 at least in the dose range

58

of Co vitamin B

12’

0 - 1140 ug, is a true measure of the Co

vitamin B excreted as judged by microbiological

12
assay whether the body stores of vitamin 312
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/or its active principlie are normal or depleted.
Investigations using this direct isotope method
of measuring the urinary loss after parenteral

Co vitamin B,, will be reported in subsequent

12
chapters. For convenience much current terminology

will be retained although with the full
appreciation that it is inaccurate: for example

the term 'body stores of vitamin B12' will be

used rather than the more precise term 'body
stores of the metegbolically active form of

vitamin B, ,' and the term 'vitemin B deficiency

12 12
state!' will be retained in preference to the

clumsy but more accurate term 'deficiency state

relieved by vitamin B the deficiency being

12’
of an as yet unidentified active principle

probably an analogue of vitamin 312"
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SUMMARY

The -difficulties in measuring the amount

of vitamin 312 excreted, especially in urine,

"after injections of vitamin Bl are described

2
briefly.

Theoretical considerations affecting the

58

use of Co vitamin 312 in measuring the urinary

loss directly are discussed, particular attention
being paid to the possibility of equilibration

of injected 5800 vitamin B with the body stores.

12
An experiment, planned to examine the

feasibility of using 5800 vitamin B to measure

12
urinary loss after injection in normal, vitamin

B deficient and 'borderline' subjects is

12
described.

The results show that there is linear
correlation with a coefficient of correlation
differing very significantly from zero between

the. vitamin Bl excreted as judged by

2
microbiological assay using Euglena gracilis

and the radioactivity excreted after

58

injections of Co vitamin B in doses of

12
54 - 1140 ug in all groups of patients. The
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/regression coefficients for normal, vitamin
312 deficient and 'borderline' subjects do not
differ significantly from each other in each
dose group.

The literature on the subject is reviewed
and the validity of the techniques discussed.
The significance of the results is discussed
and it is concluded that the amount of
radioactivity present in the urine in the 24
hours after an injection of 5800 vitamin 312
in the dose range O - 1140 ug is a true
measure of the amount of assayable vitamin 312
excreted. The ease, simplicity and accuracy
of this method - the direct isotope method -
are stressed. It is also concluded that the
results demonstrate lack of equilibration of
injected 5800 vitamin 312 with the body stores.
The nature of this phenomenon is discussed and
the likeliest explanation is considered to be
that vitamin B12 does not exist as such in the
body but in an active form. The nature of this
active form is discussed in the light of recent

work.
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CHAPTER 1I

OBSERVATIONS ON THE URINARY EXCRETION OF -

5800 VITAMIN B12 BY NORMAL AND

VITAMIN B12 DEFICIENT SUBJECTS AND ON THE

EXCRETION OF 5800 VITAMIN Bl2 BY VITAMIN

B DEFICIENT SUBJECTS GIVEN REPEATED

12
INJECTIONS OF 20CO VITAMIN B, -

INJECTED
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One might expect that a vitamin 312

deficient subject would retain in his or her
tissues a greater proportion of an injection of

vitamin B12 than a normal subject. One might

also expect, particularly in the case of the

vitamin 312 deficient subject, that with repeated

injections of vitamin Bl the amount excreted

2’
would increase, pari-passu with the increase
in tissue stores, possibly reaching a stage

at which the tissues were saturated when virtually

all the injected vitamin Bl would be excreted.

2
Reference to the literature showed that

there was general agreement that the vitamin

Bl2 deficient subject excreted the same amount

of vitamin B after an injection as did the

12
normal subject; there was also general agreement

that the amount excreted increased as the body
stores were augmented by repeated injections.
Critical appraisal of these reports however,
left room for doubt about the conclusions and
as the urinary excretion of parenteral vitamin
312 can be measured directly with ease and

58

accuracy by using Co vitamin Bl2 it was

o b
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/decided to reinvestigate these points.

PLAN OF EXPERIMENTS, PATIENTS & METHODS

Two separate experiments were undertaken.

The first experiment was designed to find out

if vitamin B deficient subjects excreted

12
significantly different amounts of injected

58

Co vitamin B in the urine than normal

12
subjects. For this purpose the amounts

excreted by nine previously untreated vitamin

B deficient subjects after an intramuscular

12
58

injection of 100 ug 0.2 uc Co vitamin Bl

2
were compared to the amounts excreted by thirty

one normal subjects each given a single

intramuscular injection of 100 ug 0.2 uc

5800 vitamin B12 and to the amounts excreted

by eight chronically anaemic patients who

had normal serum vitamin B12 levels and were

also given a single intramuscular injection of

58

100 ug 0.2 uc Co vitamin B12' Similarly

the amounts excreted by twelve previously
untreated vitamin 312 deficient subjects after
an intramuscular injection of 1000 ug 0.2 uc

5800 vitamin B12 were compared to the amounts
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/excreted by fifteen normal subjects given a

single intramuscular injection of 100 ug 0.2 uc

5800 vitemin 312 and to the amounts excreted

by nine chronically anaemic subjects who had

normal serum vitamin Blz levels and were also

given g single intramuscular injection of

58

1000 ug 0.2 uc Co vitamin B, ..

12

All the vitamin B deficient subjects had

12
a macrocytic anaemia, megaloblastic erythropoiesis

seen on marrow biopsy smears and a low serum

vitamnin B12 level and all responded to

parenteral 58Co vitamin Bl2' These patients are
listed in Tables A.25 and A.27 and full details
of each case are given in the Case Reports in
the Appendix. The normal subjects were those
studied in the investigation reported in
Chapter 1 and details of these patients are given
in Tables A.1l2, A.1l3 and A.20. Details of the
chronically anaemic subjects who had normal
serun vitamin B12 levels are given in Tables
A.26 and A.28 in the Appendix.. |

Urine was collected from all subjects

for 24 hours prior to, and subsequent to the
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5800 vitamin Blz‘ Solutions of

Co vitamin B12 for injection were prepared

/injection of
58
as described in the Appendix. Several different

batches of 5800 vitamin B were used and each

12
batch was agssayed microbiologically each week
it was in use to detect deterioration. The
isotope counting method used is described in
the Appendix. The values obtained from the
three groups of subjects in each dose group
were compared by an analysis of variance.

The second experiment was designed to find out

58

if the proportion of injected Co vitamin B12
which was excreted altered as the body stores
of vitamin B12 or its active form, were
replenished. This was done by measuring the
radicactivity excreted by vitamin 312

deficient subjects given repeated injections of
the same dose of 5860 vitamin 512‘ The doses
used ranged from 54 ug 0.3 uc to 30,000 ug

0.1 uc and thirty subjects were studied. All
presented with a macrocytic anaemia,

megaloblastic erythropoiesis seen on marrow

biopsy smears and a low serum vitamin B12
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/level and all responded to treatment with

5800 vitamin Blz' In addition five

other patients (Cases F.A., J.McF., I.R., A.S.

parenteral

& R.T.) who had presented with evidence of
vitamin B12 deficiency and who had previously
received parenteral vitamin B12 and were in
full haematological remission were studied by
the same method. The investigation in Cases
F.A., and I.R. was interrupted and during this
period they were given 1000 ug vitamin 312
intramuscularly each month. In some patients
the effect of drugs or different routes of
administration on the excretion of 5800
vitamin 312 was studied concurrently. As
will be shown later, in Chapter 3, these were
without effect and it is therefore legitimate
to include the results obtained from these
patients in this investigation. Details of the

patients are given in the Case Reports in the

Appendix.

Urine was collected for 24 hours prior to

58

the first injection of Co vitamin B12 and

for 24 hours after the injections of vitamin B12‘
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/In some cases where injections were given
frequently 24 hour collections were made
uninterruptedly for the period of the
investigation. Solutions of 5800 vitamin 312
for injection were made up as described in the
Appendix. Several batches of 5800 vitamin Blz
were used and each was assayed microbiologically
each week it was in use to detect deterioration.

The isotope counting method used is described

in the Appendix.

In both experiments gll patients were aware

of the nature and objects of the experiment and

all cooperated willingly.

RESULTS
No radioactivity was detected in any urine

collected prior to the first injection of
58

58

Co vitamin B12. Deterioration of the
Co vitamin B12 solution in vitro was not

observed.

First experiment

The amounts of radioactivity excreted by

the vitamin B12 deficient subjects are given in
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/Tables A.25 & 27, by normal subjects in Tables
A.12, A.13 & A.20 and by the chronically anaemic
subjects with normal serum vitamin Blz levels
in Tables A.26 & 28 in the Appendix. These
results are summarised in Figs. 6 & 7 and the
essential statistical results in Table 3.

The mean values in each dose group do not
differ significantly from each other: in the
100 ug series P = 0.76, P = »0.05 and the
standard error of a single measure is 12.01:

in the 1000 ug series F = 0.16, P =>»0.05

and the standard error of a single measure is

150440
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NUMBER MEAN VALUR
DOSE i
PATIENTS OF o CRITED
RESULTS
% dose
Anaemic
Normals 31 32.9903
iAnaemic 8 o7 1000
Non B12 deficient Te
1000 ug iBlg deficient 10 587166
Anaemic
NOI'ma.lS 15 5#07666
Anaemic _
EI\Ion B, deficient 2 569800

Table 3: showing mean values excreted by anaemic vitamin

B12 deficient patients, normal subjects and patients
with chronic anaemis and normal serum vitamin B12
levels, given injectiqns of 100 ug and 1000 ug

5800 vitamin 312. The mean values in each dose

group do not differ significantly from each other.
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RESULTS (cont.)

Second experiment

The amounts of radioactivity excreted by

patients given repeated injectiomns of

58 . . .
Co vitamin Bl2 in the dose range 54 - 30,000 ug

are shown in Figs. 8 - 42. The amount of
58

Co vitamin Bl retained by each patient,

2
obtained by subtracting the amount excreted
from the amount injected, is shown in Table 4.
Full details of individual results are given
in Tables A.2 - 4, A.6 - 10, A.14 & 15,

A.17 - 19, A.21 & 22, A.29 - 48, As there was
obviously no constant trend to an increase

in the amounts o Co vitamin Bl excreted

2

during the observation periods, the results

were not subjected to detailed statistical

analysis.
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5800 VITAMIN B

- Pwisorrons 12 | 58o B, BBoa
GIVER? RETAINED
ug ug ug
A.H. 10 x 54 540 14,66
H.McG. 10 x 54 540 401
J McM. 10 x 54 540 L9
J.c. 17 x 100 1700 1185
¥.C. 18 x 100 1800 1042
J.F. 9 x 100 900 451
H.F. 16 x 100 1600 726
J.AM. 8 x 100 800 585
K.McD. 17 x 100 1700 790
G.G. 18 x 540 9720 2731
JJ. 15 x 540 8100 2292
F.A. * 12 x 1000 12000 4195
J.A. 12 x 1000 12000 L4104
I.C. 16 x 1000 16000 4O,
J.D. 12 x 1000 12000 3132
S.J. 8 x 1000 8000 2272
E.McB. 12 x 1000 12000 5760
JJicF. * | 12 x 1000 12000 4469
M.P. | 12 x 1000 12000 4116
I.R, * 18 x 1000 18000 6229
A.S. * 12 x 1000 12000 5271
J.S. 18 x 1000 18000 5598
S.S. 14 x 1000 14,000 4718
R.T. * 12 x 1000 12000 5007
c.D. 16 x 1140 18250 5727
H.XK. 14 x 1140 12960 5681
A.E. 10 x 5000 50000 7125
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CASE 5850 vIrARIN B, gTOTAL GALCULATED

INJECTIONS 5%, B, 5% B
GIVEN RETATNED

ug ug ug
7.G.G. 10 x 5000 50000 9500
J.H. 6 x 5000 30000 5760
J.0M. 12 x 5000 60000 84,60
D .McC. 18 x 10000 180000 61,80
M.McD. 15 x 10000 150000 43500
C.Mel. 14 x 10000 140000 50820
S.R. 17 x 20000 31,0000 83300
C.B. 6 x 30000 180000 41760

Table L: showing amounts of 5800 vitamin B12 given and

amounts retained calculated by subtracting the amounts

excreted in urine from amounts injected in the cases

from which the results in figs. 8 - 42 were obtained.

The cages are listed in alphabetical order in each dose

groupe.

vitamin 312

either before or during the observation period.

Cases marked with an asterisk all received
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DISCUSSION

First experiment

Although there is general agreement in the

‘literature that normal and vitamin B12

deficient subjects do not excrete significantly

different amounts of injected vitamin B this

12
conclusion, either stated or implied, is based
on flimsy evidence in most publications. The
reports by Chow et al (1950), Conley et al
(1950) and Krevans et al (1951) are based on
results obtained from the same patients, three
of whom were vitamin B12 deficient and two of
whom were normal; those by Conley et al (1951)
and Unglaub et al (1954) from results from two
vitamin B12 deficient and two normal subjects
while Chesterman et al (1951) drew their

conclusions from observations on one vitamin

B deficient patient and ten normal subjects.

12
Acceptable evidence justifying the conclusion
that there is no significant difference in the
amounts excreted by vitamin B12 deficient and

normal subjects was provided by Sokoloff et al

(1952) who studied six vitamin Bl2 deficient
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/patients and six normal subjects receiving
injections of vitamin 312 in the dose range

42 - 211 ug, by Mollin & Ross (1953a) who
studied five vitamin Bl2 deficient patients and
five normals in the dose range 40 - 1000 ug

and by Reizenstein (1959b) who studied six
vitamin 312 deficient subjects and fifteen
normals in the dose range 0.3 - 1.0 ug. When
evaluating these results it must be noted that
no allowance was made for the fact that renal
function may be severely impaired by chronic
anaemis (Bradley & Bradley 1947). These results
therefore form a basis not for comparing the
amounts excreted by normal and by vitamin 312
deficient subjects but only for comparing amounts
excreted by normal and by vitamin Bl2 deficient
subjects with renal insufficiency due to chronic
anaemia. It was for this reason that a third
group of patients who were chronically anaemic
but had normal serum vitamin 312 levels was
included in the present investigation.

Ideally a group of patients with low serum

vitamin B12 levels and other stigmata of
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/vitamin B,, deficiency but who were not anaemic,
should also have been studied: such patients
have been described by Adams (1957a) and
Killander (1957b) but are uncommon and a
sufficient number of results from such patients
could not be obtained. The alternative of
treating vitamin B12 deficient patients with
folic acid or blood transfusion to eliminate

the effect of anaemia on renal function,

was not considered Jjustifiable.

When the results obtained in the
investigations reported in Chapter 1 were
analysed, it was noted that the mean values of
radioactivity excreted by the vitamin Bl2
deficient subjects did not apparently differ
greatly from those excreted by normal subjects

58

given the same dose of Co vitamin Blz‘ 1%

was appreciated that a detailed analysis of these
results would not have yielded a wvalid result,
as, amongst other things, the population of, as
0pposed t0 the number of results obtained from,
the vitamin B12 deficient patients in each dose

group was small. The present method of
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/investigation was therefore chosen to clarify
the point and it is clear from the results that
the amounts of radioactivity excreted affer

5800 vitamin

injections of 100 ug and 1000 ug
812 are not affected by chronic anaemia or by

chronic anaemia and vitamin Bl deficiency:

2
it seems extremely unlikely therefore that

vitamin 312 deficiency in the absence of anaemig

would affect the amounts of radiocactivity
excfeted.

It would not have been surprising to find
that the amounts excreted by the vitamin Bl2
deficient groups of patients were significantly
less than the amounts excreted by the normal
groups of patients, suggesting that depleted

58

tissues 'soaked up' the injected Co vitamin

B12 but this is plainly not the case. The
regson for this is not clear. Several factors

may be involved and the rate of excretion of
injected 5800 vitamin B12, the rate of binding
of injected 5800 vitamin B12 to tissues, the

capacity of the tissues to bind injected

5800 vitamin B12 and the blood level of injected
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/5800 vitamin B,, must all be considered.

If the renal excretion of injected Co vitamin 312
were very rapid it is conceivable that a
proportion could be swept out on the renal tide
before it could be bound to tissues whether
depleted or not. Although the renal excretion

58

of injected ““Co vitamin B., is rapid (see

12
Chapter 4) it does not occur at such a rate as
to provide such an explanation for the results
unless it were also shown that the process of

58

binding of injected Co vitamin B to tissues

12
took some time. This is very unlikely in view

of the rapid clearance of injected Co vitamin Bl2
from the blood stream, (Miller et al 1957,

Estren et al 1958, Hall 1960) and the

rapid uptake by tissues as shown by external
counting (Estren et al 1958, Glass 1959, Brody

et al 1960). Apart from the rate of binding of

injected Co vitamin 312 to tissues there is the
possibility that the capacity of the tissues

to bind injected Co vitamin Blz is limited whether
the tissues are depleted or not. This factor

alone is unlikely %to be of much importance as
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58

/the amount of “ Co vitamin B12 retained after

an injection of 50 ug is about 40 ug whereas
about 800 ug is retained in the same period after
an injection of 10,000 ug: it might be a major
factor however, if the amount bound were also
related to the concentration of free injected
5800 vitanin Bl2 in the blood stream. The blood
concentration is greater after injection of a
large dose and as a general rule the actual
amount, as opposed to the percentage of the

dose retained, increases gs the dose injected

is increased. If the binding capacity and amount
bound were related to the blood concentration

one might expect a greater amount to be retained
after an intravenous dose than after intramuscular
administration of the same dose. This does not
occur with doses of 100 ug and 1000 ug at least
(Chapter 3) but this is not necessarily evidence
against this theory as the rate of excretion

is faster after intravenous than after intramuscular
administration leaving less injected vitamin
available for binding. Other tactors too may be

involved. It has been suggested that vitamin B12
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/does not exist as such in the body and that
injected vitamin 312 is converted to an active

form (Chapter 1. Adams 196la). It would be

reasonable to expect depleted tissues to

retain more injected active form than normsal
tissues but not necessarily reasonable to

expect a difference when an inactive form or
precursor was injected. The fact that the
inactive form is converted to the active form
in, or after the process of binding is not
evidence égainst this explanation. When the
active form or forms of vitamin B12 are
established beyond doubt it will be important to

study the amounts excreted by normal and by

vitamin 312 deficient subjects as was done in
this study to determine if this is a relevant
factor.

From this discussion it is obvious that no
simgle factor can explain the results and that
the answer probably lies in a complex
inter-relation of several factors all operating

simultaneously. Further investigations on this

problem are in progress.
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/Second experiment

It has been shown that vitamin 312

deficient subjects in haematological reiapse

do not excrete significantly different amounts

58

of injected Co vitamin 312 from normal

subjects at least as far as the first

58

injection of Co vitamin B12 given to vitamin Bl

2
deficient subjects is concerned. This does not
imply that the »roportion of injected vitamin

Bl2 which is excreted will not increase as the
body stores are augmented by repeated injections
and this, in fact, has been reported to occur

in vitamin B12 deficient patients (Sokoloff

et al 1952, Mollin & Ross 1953a), in normal

subjects (Chesterman et al 1951, Sokoloff et al
1952, Estrada et al 1954), in omne leukaemic
patient (Mollin & Ross, 1953a) and in one rat
(Harte et al 1953). In all but one of these
investigations the technique adopted was to
measure the urinary loss, after a single injection
of vitamin B12’ by microbiological assay, to

give 'saturating' intramuscular doses ranging
from 20 ug daily for two weeks (Chesterman et

2l 1951) to 1000 ug daily for seven days
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/(Mollin & Ross 1953a) and then to measure the
urinary loss after a second injection. The
conclusion that the proportion excreted increased
as the body stores were increased was based

on the finding of @n increased amount excreted

after the second injection. In only one
investigation was the possibility considered
that the amount excreted by any one patient
might vary from day to day. Mollin & Ross
(1953a) measured the daily excretion after
injections for four days and then, finding that
there was no significent variation, 'saturated’
the patient and then measured the amounts
excreted after two further injections and found
that the amounts excreted were greatly increased.
It is obvious from the results shown in Figs.
8 - 42 that this could have occurred by chance
and it is likely that this is the explanation
for the findings of the other authors who have
investigated this problem.

In a few cases studied in this series
there was an apparent trend to excretion of

greater amounts with repested injections of
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/5600 vitamin BlZ: in a few others the reverse
appeared to be the case. From the overall
picture, however, it seemed likely that these
apparent trends would have disappeared had the

observation period been extended. The results

were submitted to Dr. R. A. Robb who advised

that they were such clear evidence against a
constant trend to the excretion of greater or
smaller proportions of the amounts injected

that statistical analysis was unnecessary.

The results also show that it is very unlikely
that there is any stage of tissue saturation with
5800 vitamin B12 or its active form at which

the amount excreted increases in a plateau

like manner. Had there been such a stage it
might not have been obvious when larger doses
alone were given but would have been obvious when
smaller doses were given. The overlap of total

amounts of injected 58

Co vitamin Bl2 retained

in the body shown in Table 4 is additional evidence
in this connection. The amounts of 5800 vitamin
312 retained were calculated by subtracting the

amount excreted in the urine from the amount



(82)

/injected and range from values much less to
very greatly in excess of those found in normal
tissues by microbiological assay (see Chapter 7).
To secure retention of amounts in excess of the
normal stores it was necessary to give large

8 : i i .
doses of 2 Co vitamin Bl such doses were given

23

to patients with vitamin B deficiency states

12
in haematological relapse and for reasons
already given in Chapter 1 it can be assumed
with confidence that the radiocactivity excreted
was a true measure of the amount of 5800
vitamin B12 excreted.

The extraordinary capacity of vitamin B12
deficient subjects to retain very large amounts
of injected 5800 vitamin B12 has not been
described previously. As the amounts retained
were often greatly in excess of those present
in normal tissues it seems probable that this
capacity is also enjoyed by normal subjects.

If this is the case it is surprising that this
phenomenon has not been utilised by nature. It
may be that the extent of the body stores of

vitamin B or its active form is limited by

12



(83)

/the small amounts which can be absorbed from
the intestinal tract and that the amounts present
in normal tissues represent a nice balance
between intake and expenditure allowing for all
eventualities other than complete deprivation.
The ease with which very large amounts
of 5800 vitamin B12 can be stored in tissues
is particularly interesting in relation to the
treatment of patients with vitamin B12
deficiency states and the findings suggest that
it would be a practical therspeutic proposition
to treat patients by massive injection therapy,
the so called 'stosstherapy', to ensure retention
of enough vitamin B12 to meet the demands for
years. No toxic effects were observed in any
patient in this series at any time and all have
been followed up for at least one and a half years
and the majority for longer periods. One
obvious problem with massive injection therapy
however, lies in the difficulty of knowing how
much vitamin 812 any one patient will retain
from an injection or series of injections.

It is clear from the results that the proportion
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/of each dose which is excreted varies not only
from-patient to patient but also in the same
patient at different times. Unless the amounts
excreted were measured, and the amount retained
known, such a method of treatment would be of
limited value. To some extent this problem
has been overcome (see Chapter 6) but other
factors such as the utilisation of injected
vitamin Bl2 must also be considered. This form
of therapy is discussed again in conjunction

with observations on these factors in

Chapter 8.
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SUMMARY
The amount of vitamin B12 excreted after
intramuscular doses of 100 ug and 1000 ug has
been studied in normal subjects, in vitamin 312
deficient patients in haematological relapse and
in patients with chronic anaemisg and normal

levels using the direct
58

serum vitamin 312

isotope method of measuring the Co vitamin B

12
excreted in the urine. No significant difference
was found between the mean values obtained

from the three groups of patients in each dose
group. The findings and possible explanations
for the findings are discussed.

A series of vitemin 312 deficient patients
in haematological relapse and a smaller series
of patients who had been treated with parenteral
vitamin 312 were given repeated injections of
5800 vitamin 312 in doses ranging from 54 ug
to 30,000 ug and the urinary excretion of
radiocactivity was neasured. There was no
constant trend to an increase or decrease in

amounts excreted with repeated injections as

might have been expected. The amounts of
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/5800 vitemin B, retained in the body ranged
from 400 ug to 83,000 ug. The findings are
discussed, particular reference béing paid to
the significance of the findings in relation

to massive therapy with vitamin Bl

2’
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CHAPTER III

OBSERVATIONS ON THE EFFECT OF SOME DRUGS

AND THE ROUTE OF ADMINISTRATION ON THE

58

URINARY EXCRETION OF INJECTED “~CO

VITAMIN B12 AND ON THE DIURETIC EFFECT OF
58

INJECTED “°CO VITAMIN B12’
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From the therapeutic and economic aspects
the urinary loss of injected vitamin 312
represents a waste which is considerable when
large doses are given. It seemed worthwhile
therefore, investigating the effect of some drugs

58

on the renal excretion of injected Co vitamin

312 in order to find out if they affected the
amounts excreted and thus to gain information
relating to the mode of excretion and to any
possible means of reducing the amount excreted.
At the same time it seemed logical to compare the
effect of intravenous and intramuscular
injections on the excretion of the injected
.vitamin and to investigate the claims that

vitamin B12 has g diuretic action.

PATIENTS, MATERIALS & METHODS

The effect of drugs or different routes of
administration was studied in thirteen patients.
All came under observation with a macrocytic
anaemia and megaloblastic erythropoiesis seen
on marrow biopsy smears and all had other
diagnostic criteria of vitamin Bl2 deficiency

states. Nine patients were studied when they
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/were first seen in haematological relapse;
four (Cases F.A., J.McPF., I.R. & A.S.) had been
treated and were in haematological remission when
the investigation was begun. Details of the
patients are given in the Case Reports in the
Appendix. The study of Cases I.R. & F.A. was
interrupted and during this time they received

1000 ug vitamin B intramuscularly each month.

12
All patients were cognisant of the nature and
objects of the experiments and all cooperated
willingly.

The method of investigating the effect of
the drugs was to compare the mean value of the
amounts of radioactivity excreted in 24 hour
collections of urine after injections of
5800 vitamin B12 with the mean value of the
amounts of radiocactivity excreted by the same
patient in the 24 hours after injections of
58Co vitamin 312 given with the drug being
tested. Similarly the method of investigating
the effect of differing routes of administration

was to compare the mean values of amounts of

radiocactivity excreted in the urine in the
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/24 hours after intramuscular administration with
those obtained in the 24 hours after intravenous

administration. During the investigation,

injections, or a series of injections of

5800 vitamin 312’ were given with or without the

drug or by different routes of administration
alternately or at random. ZEach patient received

58

at least twelve injections of Co vitamin Bl

2

of which half were given without the drug and

half were given with the drug or by a different
route. The drugs studied were probenecid

(Benemid -~ Merck, Sharp & Dohme), mersalyl
(Mersalyl Injection B.P. - British Drug House),
chlorothiazide (Saluric - Merck, Sharp & Dohme)

and vasopressin tannate (Pitressin Tannate in 0il -

Parke Davis). The doses of 58

Co vitamin 312
used were 100 ug 0.2 uc, 1000 ug 0.2 uc and

1140 ug 0.2 uc.

The effect of probenecid was studied in
five patients. Cases F.A. and A.S. were given
probenecid orally 0.25 g. q.i.d. for 48 hours
prior to, and 24 hours after, intramuscular

injections of 5800 vitamin 312 which were given
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/et intervals of at least one week. Cases N.C.,
J.S5. & C.D. received short courses of probenecid
0.25 g. orally gq.i.d. during which time two

5800

or three intramuscular injections of
vitamin B12 were given at 24 hour intervals:
each course of probenecid began 24 hours before
the first injection and ended 24 hours after the

last injection of the series.

The effect of mersalyl was studied in three
patients. The drug was given intramuscularly
in a dose of 2 ml., at a different site but at
the same time as the intramuscular injection of
58 . .
Co vitamin B12.

The effect of chlorothiazide was studied in

two patients, both of whom received 2.0 g. orally

one hour prior to the intramuscular injection of
5800 vitamin 312‘

The effect of vasopressin tannate was studied
in one patient who was given 2 ml. intramuscularly
one hour before the intramuscular injection of
*%co vitamin By, at a different site.

The excretion of 5800 vitamin 312 after

intramuscular and intrevenous administration was
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/studied in four patients; the effect of drugs

58

on the excretion of Co vitamin 312 given
intramuscularly was also studied in two of these
patients (Cases M.C. & J.S.)

The diuretic effect of vitamin 312 was
investigated by analysing the values for volumes
of urine excreted in 24 hour periods by vitamih
B,, deficient subjects in haematological relapse

12
58

who were given repeated injections of Co

vitamin B12 in doses ranging from 100 ug 0.2 uc
to 30,000 ug 0.1 uc at intervals of 24 hours or
longer. The mean values of urine volumes
excreted in the 24 hours after injections of
5800 vitamin B12 were compared to the mean values
of 24 hour urine volumes excreted on days when
no radioactivity was found in the urine and to
mean values of 24 hour urine volumes for the
periods 24 - 48 - 72 hours after injection when
some radioactivity was excreted.

The preparation of 58

Co vitamin B12 for
injection and other technical methods used are
described in the Appendix. A t test was used to

compare two mean values and an analysis of
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/variance to compare three mean values obtained

from the same patient.

RESULTS
The results of the investigation into the
effect of drugs or differing routes of |
administration on the renal excretion of injected

58

Co vitamin B are shown diagramatically in

12
Figs. 43 - 55 and the essential statistical
results are set out in Tables 5 & 6. Full
details of individual results are given in
Tables A.7, A.9, A.10, A.18, A.19, A.21, A.30,
A.31, A.33, A.34, A.36 - 38 in the Appendix.
None of the drugs tested had any significant

58

effect on the amounts of injected Co vitamin

312 excreted and no significant difference was
found between the mean values excreted after
intramuscular and after intravenous administration.
The results of the investigation into the
diuretic effect of vitamin B12 are given in Table T
with the discussion of the findings. Details of
individual results are given in Tables A.8, A.1l7,

A.31, 4.41 & 42, A.45 - 48, No significant

diuretic effect was found.
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DISCUSSION

In the study of the effect of various

drugs and different routes of administration

on the excretion of injected 5800 vitamin 312
any information gained would have been
particularly relevant to the treatment of

patients with vitamin B deficiency states and

12
for this reason it was decided to confine the
investigations to patients who required treatment
with vitamin B12° The results reported in
Chapter 2 had made it clear that there was no
constant trend to an increase or decrease in the

58

amounts of injected Co vitamin Bl excreted

2
with repeated injections, whether the patients

were in haematological remission or relapse when
treatment was begun, and the precaution of randomizing
or alternating injections with or without drugs

was therefore unnecessary although probably desirable
on general principles. The study of the diuretic
effect of vitamin 312 was confined to patients

receiving vitamin B being in the nature of a

12
preliminary investigation. The results made it

clear that further investigations in other
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/patients were unlikely to be of wvalue.

Effect of drugs

The lack of effect of probenecid is

disappointing from the practical aspect. This

drug is best known as a uricosuric agent, its effect
being due to inhibition of resorption of filtered
urate but is also inhibits tubular excretion of

a wide variety of chemically unrelated substances
(see 'Benemid' Annotated Bibliography 1957).
Detailed investigation of the effect of this

drug on the excretion of injected vitamin 312

was clearly desirable in view of its unique
properties and it was disappointing to find
that it was without effect. Had it been found

that probenecid reduced the amount of injected

5800 vitamin 312 excreted it would have been

58

reasonable to assume that injected Co vitamin

B in part at least, excreted by the tubules;

12 %
however, the fact that probenecid does not affect

58

the excretion of injected Co vitamin B

12
cannot be held as conclusive evidence that there
is no tubular component to the excretion of

vitamin B12’ particularly as it has been shown



(102)

/that probenecid does not affect all tubular
secreting mechanisms (Beyer et al 1951).
When treating patients with vitamin 312

deficiency states in haematological relapse with
58

repeated injections of Co vitamin 312 it

was noted that the amount of 5800 vitamin 312
excreted was not related to the urine volume,

(see Tables A.2 - 4, A.6 - 10, A.14, A.1l5,

A.17 - 19, A.21, A.22, A.29 - 48). This did not,
of course, mean that a drug-induced diuresis |
would necessarily fail to affect the amount
excreted and it was necessary to study this point
in detail. The mode of action of chlorothiazide
and mersalyl is not fully understood but it is
likely that their main action is to interfere

with tubular function causing decreased resorption
of water and electrolytes (Lewis 1961, Spencer
1961) the former acting on the proximal tubule

and the latter on both the proximal and the distal
tubule (Lewis 1961). Part of the action of
chlorothiazide is due to carbonic anhydrase

inhibition but there is evidence that its diuretic

effect is not solely due to this action (Matheson
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/& Morgan 1958) and there is also evidence that

while it shares a method of action with mersalyl

it also has an action via a further mechanism

which is not related to carbonic anhydrase inhibition

(Ford 1957). The amount of injected 58

Co vitamin
312 excreted was not significantly affected by
chlorothiazide or by mersalyl and it appears
therefore that the excretion of injected

5800 vitamin 312 is unaffected by the common
mechanisms by which a diuresis is provoked.

In view of the results obtained using
probenecid and the diuretics it seemed unlikely
that vasopressin, which causes tubular resorption
of water, would affect the amount of injected
5800 vitamin ]3]_2 excreted and this proved to be
the case.

It has already been noted that the failure
of probenecid to affect the amount of injected
5800 vitamin B12 excreted is not, in itself,
evidence against the presence of a tubular
component in the excretion of injected vitamin Bl2'

This also applies to the lack of effect of the

other drugs. Taken separately these negative
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/results are of little value. Taken together
however, the results at least give rise to a
suspicion that the amount of injected vitamin Bl2
excreted is predominantly a function of the

glomerular mechanism with little or no tubular

component. The fact that the glomerular filtration
rate may be reduced by chlorothiazide is not
important here as this effect is small in the
sbsence of renal disease (Spencer 1961).

If it is the case that the urinary loss of
injected vitamin 312 is a function of glomerular
filtration only, it follows that the only method
of reducing the loss 1is by reducing the blood flow
through the kidney. The only practicable method
of doing this at present is by using hypotensive
drugs and it is clear that the attendant risks

far outweigh any advantages which might be gained

by their use. It seems reasonable therefore
to conclude that at present there are no
practicable methods of reducing the loss of
injected vitamin B12 in urine other than by
reducing the amount which is presented to the

kidney for excretion. This might be achieved
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/by very slow administration over a long period

or by the use of 'slow release' depot preparations.
The former method can scarcely be called
practicable and has not been investigated; the
value of the latter method has been investigated
and some comments will be made on the value of

a depot preparation in Chapter 6.

Bffect of differing routes of administration

It is usually the case that when a drug is
given intravenously the amount excreted is greater
than when it is given intramuscularly. This is

clearly not the case with 58

Co vitamin Bl2 in

the doses used and it is of some practical
importance to know that the amount lost in the
urine is no greater when the intravenous route of
administration is preferred to the intramuscular
route. The most likely explanation for this
finding is simply that absorption from an intra-

muscular site is very raspid and there is evidence
that this is the case (Glass et al 1955, Glass

1959). Whether this is the complete explanation
for the finding is not clear. Other factors may

well be involved but their nature and significance
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/is obscure and unimportant at this stage.

The diuretic effect of vitamin 312

A diuresis often occurs when patients with

pernicious anaemia in haematological relapse
are treated with vitamin Bl2' This is usually

ascribed to an enforced reduction in the
circulating plasma volume as a result of the

increase in circulating red cell mass. A
diuretic effect, as distinct from this
phenomenon, has been claimed for vitamin 312
by Barnard & Weitzner (1949) who attributed it
to the effect of the cobalt ion on the renal
vascular tree. This claim was refuted by
Jalili (1950) and Bedford (1951) who also
studied normal subjects and patients with a variety
of diseases not including vitamin B12 deficiency
states in haematological relapse. Support for
vitamin B12 as a diuretic however, still exists
(Mascherpa et al 1957).

The problem was investigated by analysing
results obtained from patients with vitamin 312
deficiency states in haematological relapse given

repeated injections of 5800 vitamin 312 on
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/alternate days or at longer intervals. The

post treatment diuresis was clearly seen in some
cases but these values are still suitable for
analysis. The results in Table 7 show that the
mean urine volumes for the 24 hours after
injections of 5800 vitamin 312 were always greater
than those which did not contain radioactivity

but this difference is not statistically significant

(p -_.-)0.05). The conclusion that 5800 vitamin Bl2
given parenterally in doses ranging from

100 ug to 30,000 ug, has no significant diuretic
effect in patients with vitamin B,, deficiency
states is therefore unavoidable. When these
findings are considered together with those of
Jalili (1950) and Bedford (1951) it seems very
unlikely that vitamin B12 has any significant

diuretic effect in any circumstance.



(109)
SUMMARY

The loss of vitamin 312 in urine after
parenteral injections may be considerable. As
a method of blocking or reducing this loss would
probably be of therapeutic value the effect of
some drugs on the renal excretion of injected
5840 vitamin B,, was studied to find out if the
drugs affected the amounts excreted and to gain
information about the mechanism of excretion.

The effect of probenecid (Benemid),
chlorothiazide (Saluric), mersalyl and vasopressin
(Pitressin Tannate in 0il) was studied by
comparing the amounts of radioactivity excreted

after injections of 58

Co vitamin Bl2 given with
and without these drugs. No drug had a significant
effect on the amount of radiocactivity excreted.

58

The findings suggest that injected Co vitamin

Bl2 may be excreted by glomerular filtration only.
Methods of reducing the urinary loss of injected
vitamin B12 are discussed in the light of the
findings. It is concluded that the only
practicable method of reducing the loss is by the

use of depot preparations.
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/ The effect of intramuscular and intravenous

administration on the amount of injected

58

Co vitamin B excreted was studied by a

12
similar method. It was found that the mean
amounts excreted were not significantly different.
Reasons for this finding are discussed.

The claims that vitamin Bl2 has a diuretic
effect were investigated by comparing the values
for 24 hour urine volumes excreted after injections of
58Co vitamin B12 with those when little or no
radioactivity was present. No significant difference
was found implying that 5800 vitamin Bl2 has no

significant diuretic effect in the doses used.
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CHAPTER IV

OBSERVATIONS ON THE MODE AND RATE OF

EXCRETION OF INJECTED °0CO VITAMIN B,

BY THE NORMAL KIDNEY AND BY AN
ARTIFICIAL KIDNEY.
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The failure of various drugs to affect the

amount of injected 5800 vitamin 312 excreted

in urine stimulated some further enquiries

into the mode of excretion of injected vitamin 312

by the kidney. It was convenient to investigate

the rate of excretion of injected vitamin Bl2

at the same time.

Observations on the mode and rate of

58

excretion of injected Co vitamin B by the

12
human kidney and by an artificial kidney are

reported in this chapter.

PATIENTS, MATERIALS AND METHODS

Observations were made on five patients
admitted to hospital with a macrocytic anaemia,
megaloblastic erythropoiesis seen on marrow
biopsy smears and low serum vitamin B12 level.
Details of these mtients are given in the Case
Reports in the Appendix. With one exception all
had been treated with parentersl °°Co vitamin By,
prior to the present study. The doses of
5800 vitamin B12 given to these patients in this

study ranged from 100 ug 0.2 uc to 1140 ug 0.2 uc

and were the same as each patient had received



(113)

/previously. Case J.G.G. had not been treated

prior to the present study and he was given

5000 ug 0.2 uc 5800 vitamin B12'

Urine was collected for 24 hours prior
to the injection of 5800 vitamin Bl2 and for
hourly or half-hourly pericds for the next
6 — 8 hours and from then until 24 hours after
the injection. One patient (Case M.W.) had a
catheter in situ for reasons unconnected with the
experiment: in ithe others urine was voided naturally
during, and at the end of, each collection period.
All patients were encouraged o drink as much as
possible during the observation period. The
patients were cognisant of the nature and objects
of the study and all cooperated willingly.

The preparation of 5800 vitamin B12 for
injection, and other technical and statistical
methods are described in the Appendix.

The excretion of vitamin 312 by an artificial
kidney was studied during hesemodialysis performed
to relieve uraemia in six patients with anuria

due to renal failure. Details of these patients

(Cases AK 1 - 6) are given in the Case Reports
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/in the Appendix. A Kolff twin coil artificial
kidney unit was used: operating instructions and
details of this machine are given in the Appendix.
Samples of blood and bath fluid were obtained
before injecting 1000 ug vitamin Bl2 into the
cannula connecting the machine cutflow to the
patient, that is, intravenously. Samples of

bath fluid were taken at intervals thereafter

and the vitamin 312 content was estimated by,

microbiological essay. All samples were assayed
together in at least two cifferent assay batches

and the results given are ithe mean values
of the assays. Recovery experiments were done
on the bath fluid to detect the presence of

inhibitors to the growth of Euglena Gracilis.

RESULTS
The results are shown in Figs. 56 - 61
and the essential statistical results are given
in Tables 8 & 9. Detailed results obtained in
individual cases are given in the Appendix in
Tables A.49 & A.50. No radiocactivity was
found in any pre-injection collection of urine.

Recovery experiments with bath fluid taken
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DISCUSSICN

It was obvious in both experiments that
the amount of injected vitamin 312 excreted
per unit time was greatest soon after injection
and that it diminished later (Figs. 56 - 61).
This suggested that there might be a correlation
between the logarithm of time and the amount
of vitamin 312 excreted.
In the case ¢f the results obtained from the
vitamin B12 deficient patients, analyses showed
that there was a coefficient of correlation,
which differed significantly from zero in all
cases, between the amount excreted in each collection
period, expressed as a percentage of the dose
given and the logarithm of the mid point of the
collection period i.e. log. 3.5 in the case of
the collection from the end of the third hour to
the end of the fourth hcur after injection.
The coefficient of correlation differed significantly
from zero in all the analyses whnen the vslues

for the final collection period to 24 hours after

injection were excluded and was significantly

different from zero in all but one of the analyses
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/when the vslues for the final collection
bperiod were included (Table 8). It is obvious
that this correlation would also apply if the
amounts excreted were expressed in absolute
terms instead of as percentages of the dose
of radioactivity excreted.

In the case of the results obtained from
the artificial kidney experiment a coefficient
of correlation differing significantly from gzero

was obtained in all cases between the total

assgyable vitamin Bl2 in the bath expressed in
microgrammes and the logarithm of the time in

minutes at which the samples were taken (Table 9).

The relationships are not exponential in
the true mathematical sense but are of a type
commonly referred to as exponential in biological
work and will be referred to as such for the sake

of brevity.

Significance of results in relation to the mode

of excretion of injected vitanin Bl2

The artificial kidney can be regarded
conveniently as an atubular nephron in which

excretion occurs by filtration only. Because
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/the excretion of vitamin 312 by the human

kidney is exponential, as is the excretion of
vitamin 312 by the artificial kidney, it does not
necessarily follow that the excretion of vitamin 312
by the human kidney also occurs by a process of

filtration only. The results show that the two

patients, Cases J.D. & C.D., who were given 1000 ug

58

and 1140 ug ““Co vitamin B. _, intravenously,

12
excreted 276 ug (27.6 and 24.2% of the dose
respectively) in the first hour after injection
(Table A.49) whereas the artificial kidney
excreted 75, 100.5, 138 and 172 ug in the same
period after an injection of 1000 ug vitamin 312
given by the same route (Table A.50): as there is
no question of resorption of excreted vitamin 312
by the artificial kidney and as the ‘dialysing
area' of the artificial kidney is somewhat

greater than that of the human kidney these

results appear to imply that the human kidney

excretes injected 5800 vitamin Blz not only by
glomerular filtration but also by tubular excretion.
It must be appreciated however, that the blood

flow through the type of artificial kidney used
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/is much less than through the human kidney.
Unfortunately it was not possible to measure the
flow rate through the artificial kidney during the
experiments as flowmeters were not available:

the only method of measuring the flow rate was

to drain the machine outflow into a measuring
cylinder at the end of the diélysis: by this

crude method flow rates in the region of 250 ml.
per minute were obtained and subsequent experience
with the same machine fitted with a flowmeter

has shown that it is extremely unlikely that the
flow rate would have exceeded 400 ml. per minute
during any of these dialyses. It will be
appreciated that a flow rate of even 400 ml. per
minute is almost certainly very considerably less
than that through the kidneys of the non anuric
patients studied. The fact that some of the

non anuric patients were anaemic is not important
here as this has been shown to be without effect

on the amount of injected >

O . . .

Co vitamin 312
excreted in the urine (Chapter 2). With these
facts in mind the results are more in accord with

the concept that vitamin 312 is excreted by
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/glomerular filtration only, rather than by
glomerular filtration and tubular excretion, in
keeping with the finding that drugs which are

known to act on the tubules do not affect the

excretion of injected 5800 vitamin Bl2

(Chapter 3).

The pattern of excretion with different routes

of administration

The greatest amount of injected
5800 vitamin Bl2 excreted in any collection period
was found in the first hour after injection when
this was intravenous, as in Cases C.D. & J.D.
(Figs. 58 & 59) and later when this was
intramuscular as in the other cases (Figs. 56,
57 & 60). This is probably due to flooding of
the blood stream and presentation of a large
amount of 5800 vitamin B12 to the kidney after
intravenous sdministration whereas after
intramuscular administration the delay in
absorption, short though it is, (Glass et al 1955,
Glass 1959) entails a delay in the presentation

58

of the injected Co vitamin B12 to the kidney

so that the greatest amount excreted is found
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/in the second hour after injection.

Excretion in the 24 hours following injection

It has been stated by Smith (1960) that

an appreciable proportion of an injection

of vitamin B,, is excreted in the first 8 hours
after injection but that little more appears
after 8 hours. There is good evidence for this
in the report by Mollin & Ross (1953a) as far

as doses of 40 - 80 ug are concerned. It is
obvious from the results presented here however,
that this is not the case with injections of the
order of 1000 ug or more. The facts that
excretion is exponentigl and that the proportion

excreted increases as the dose injected is

increased (see Chapter 6) are the main reasons

why significant amounts should be excreted in the
8 - 24 hour period after large injections but not
after small injections. Another factor which may
influence the amount excreted in the 8 - 24 hour
period after large injections is the route of

administration: the delay in absorption attending
intramuscular administration will naturally

prolong the entire process. It is interesting to
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/note that the amounts excreted in the

6 - 24 hour period after the intravenous
administration of 1000 ug to Case J.D. and
1140 ug to Case C.D. were 13.9% and 10.6%

of the dose respectively whereas the amount
excreted by Case il. ¥. in the same period after
intramuscular administration of 1000 ug was
22.5% of the dose.

The fact that significant amounts are
excreted in the 8 - 24 hour period must be
appreciated in any investigation of the amounts
of vitamin,Bl2 excreted after parenteral therapy.
Had an 8 hour collection period been used when
investigating the effect of different routes of
administration on the amount excreted it is likely
that an erroneous conclusion would have been
reached - probably that greater amounts were
excreted after intravenous injection. The formula
relating the amount excreted to the amount
injected put forward by Chesterman et al (1951)
was based on amounts excreted in the 0 - 8 hour
period after injection only and will therefore

underestimate the amount excreted when large
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/doses are given. This point will be referred to
again in Chapter 6.

Excretion later than O - 24 hours after injection

It is convenient to consider the question

of excretion of injected vitamin B in the

12
period following the 24 hours after injection

at this stage. During the investigations
reported in Chapters 1 & 2 many patients were
given injections at intervals of one or more days.
When injections were given daily the final
collection period Was usually the 24 - 48 hour
period after the last injection: when injections
were given at intervals of more than one day the
amount of radiocactivity, and in some cases the
amount of asssyable vitamin B12 excreted, was
measured in several 24 -~ 48 hour periods. It

is not possible to summarise the findings but

reference to Tables A.2 - 4, A.6 - 10, A.14 & 15,

A.17 - 19, A.21 & 22, A.29, 31 & 32 will show
that significant amounts of radioactivity were
rarely found in the 24 - 48 hour period when doses
of 54 - 1140 ug 58Co vitamin Bl2 were given and

reference to Tables A.7 - 9, 4.17 - 19, A.21 & 22
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/will show that the amount of asssyable vitamin B,
excreted in this period was very small. From
these results it is clear that excretion after
injections of up to 1140 ug is complete within

24 hours for practical purposes in the vast

majority of cases. Note however should be taken

of one exceptional case: on nine occasions after

58

sixteen injections of 1000 ug “ Co vitamin B

12

Case I.C., excreted in the 24 - 48 hour period,
amounts of up to 22% of the dose injected

(Table A.18). No obvious reason for this was
apparent. The injections were given in the usual
manner and there was no reason to doubt the
accuracy of the urine collections. Poor absorption
from the injection site is an obvious factor

but different sites were used. No explanation

can be given other than suggesting that this
constitutes a biological abnormality not previously
described.

From what has been said one might expect
the excretion of significant amounts of injected
5800 vitamin B12 in the 24 - 48 hour period when

large doses were given. Reference to Tables

































































































































































































































































































































































































































































































































































































































































































































































































































