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We, THE RADIOCHEMICAL
CENTRE LIMITED, a British Company of
White Lion Road, Amersham, Buckinghamshire, do hereby declare the invention, for
which we pray that a Patent may be granted
to us, and the method.by which it is to be
performed, to be particularly described in
and by the following statement: —
Vitamin B-12, also known as cyanocobalamin, was first isolated in 1948. It is
extensively employed in the treatment of
vitamin B-12 deficiency states, notably
pernicious anaemia.
This application concerns the manufacture
of radioactive forms of vitamin B-12 in
which the cobalt atom present in the vitamin
B-12 molecule is replaced with a radioactive
isotope of cobalt, usually cobalt-57 or cobalt58. such radioactive forms of vitamin B-12
are used extensively in the diagnosis of
vitamin B-12 deficiency states, using both in
vwo techniques (in which labelled vitamin
B-7 is administered to the patient) and in
vitro techniques in which the labelled
vitamin B-12 is used as a laboratory agent
in the examination of samples of the patient's
serum.
Vitamin B-12 labelled with a radioactive
isotope of cobalt, namely cobalt-60, was first
described in 1950 fChaiet. L. Rosenblum. C

streptomyces griseus, on a medium containing suitable nutrients together with a radioactive isotope of cobalt (nowadays either
cobalt-57 or cobalt-58) in the form of
cobaltous ion.
As compared with the preparation of inactive vitamin B-12, that of the radioactive
material presents certain special difficulties.
The object is™ to achieve as high a utilization
of the very expensive radioactive cobaltous
ion as possible, whereas in the inactive preparation, the degree of utilization of the
relatively cheap inactive cobalt is immaterial,
and it can, therefore, be present in excess. In
practice, the yield, based upon the utilization of the radioactive cobalt, that is, the
radiochemical yield, is seldom greater than
20%. A fermentation reaction, with its large
volume of fermentation medium and its
ensuing tedious stages of isolation of the product, raises particular difficulties in the context of radioactive working as regards radiation protection of the operaters ana the spread
of radioactive contamination. However, the
greatest difficulties are encountered when it is
necessary to prepare die radioactive vitamin
B-12 at high specific activity.
When employed for the in vivo purposes
mentioned above, a specific activity in the
region of 1 microcurie of cobalt-57 or of
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in the diagnostic procedures described above,
have been available commercially for about
20 years. Their preparation has employed the
basic method used in the commercial production of nonradioactive vitamin B-12 namely,
the growth of a suitable mould, for example,
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greater than 70% (i.e. 70% of the cobalt
atoms present are of cobalt-57, and 30%
are of inactive cobalt, cobalt-59), and
material of this quality would yield vitamin
B-12 of specific activity only of about 250
microcuries of cobalt-57 per microgram of
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We, THE RADIOCHEMICAL
CENTRE LIMITED, a British Company of
White Lion Road, Amersham, Buckinghamshire, do hereby declare the invention, for
which we pray that a Patent may be granted
5
to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement: —
Vitamin B-12, also known as cyano10 cobalamin, was first isolated in 1948. It is
extensively employed in die treatment of
vitamin B-12 deficiency states, notably
pernicious anaemia.
This application concerns the manufacture
15 of radioactive forms of vitamin B-12 in
which the cobalt atom present in the vitamin
B-12 molecule is replaced with a radioactive
isotope of cobalt, usually cobalt-57 or cobalt58. such radioactive forms of vitamin B-12
20 are used extensively in the diagnosis of
vitamin B-12 deficiency states, using both in
vivo techniques (in which labelled vitamin
B-7 is administered to the patient) and in
vitro techniques in which the labelled
25 vitamin B-12 is used as a laboratory agent
in the examination of samples of the patient's
serum.
Vitamin B-12 labelled with a radioactive
isotope of cobalt, namely cobalt-60, was first
30 described in 1950 (Chalet, L, Rosenblum, C
and Woodbury, D T, Science, 1950, 111,
601—602). t h e test for vitamin B-12
adsorption used currently in the diagnosis of
vitamin B-12 deficiency states is based upon
35 that described by Schilling in 1953 (Schilling,
R F, J Lab d i n Med, 1953, 42, 860-866).
The determination of the levels of vitamin
B-12 in blood, employing radioactive
vitamin B-12 as a laboratory agent, was first
40 described by Ekins in 1961, (Barakat, R M
and Ekins, R P, Lancet, 1961, Part 2, 25—
26).
Radioactive forms of vitamin B-12, for use
in the diagnostic procedures described above,
45 have been available commercially for about
20 years. Their preparation has employed the
basic method used in the commercial production of noil-radioactive vitamin B-12 namely,
the growth of a suitable mould, for example,

streptomyces griseus, on a medium containing suitable nutrients together with a radioactive isotope of cobalt (nowadays either
cobalt-57 or cobalt-58) in the form of
cobaltous ion.
As compared with the preparation of inactive vitamin B-12, that of the radioactive
material presents certain special difficulties.
The object is"" to achieve as high a utilization
of the very expensive radioactive cobaltous
ion as possible, whereas in the inactive preparation, the degree of utilization of the
relatively cheap inactive cobalt is immaterial,
and it can, therefore, be present in excess. In
practice, die yield, based upon the utilization of the radioactive cobalt, that is, the
radiochemical yield, is seldom greater than
20%. A fermentation reaction, with its large
volume of fermentation medium and its
ensuing tedious stages of isolation of the product, raises particular difficulties in the context of radioactive working as regards radiation protection of the operaters and the spread
of radioactive contamination. However, the
greatest difficulties are encountered when it is
necessary to prepare the radioactive vitamin
B-12 at high specific activity.
When employed for the in vivo purposes
mentioned above, a specific activity in the
region of 1 microcurie of cobalt-57 or of
cobalt-58 per microgram of vitamin B-12 is
all that is necessary, and this specific activity
present no preparation difficulties other than
those already described. For use in saturation analysis methods for the determination of
vitamin B-12 levels in blood, specific activities
in the regon of 200 microcuries of cobalt-57
per microgram of vitamin B-12 are desirable.
The highest possible specific activity of a preparation of vitamin B-12 labelled with cobalt57 is 356 microcuries of cobalt-57 per microgram of vitamin B-12. In practice, it is difficult
to prepare cobalt-57 of isotopic abundance
greater than 70% (i.e. 70% of the cobalt
atoms present are of cobalt-57, and 30%
are of inactive cobalt, cobalt-59), and
material of this quality would yield vitamin
B-12 of specific activity only of about 250
microcuries of cobalt-57 per microgram of
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1,457,027
vitamin B-12 even if no inactive cobalt were hydroxide at 100°C for 2 minutes or at 22°
present in the reagents employed in the pre- for 10 hours. The preparation of a new
paration of the fermentation medium Some cobalt-free corrinoid was reported by
cobalt it inevitably present in the formenta- Koppenhagen, V. B. and Pfiffner, J. J, J Biol
5 tion medium, and it is a matter of extreme Chem, 1971, 246, 3075—3077 who grew
difficulty to keep the levels sufficiently low. Chromation (ATCC 17899) on a medium
If, for example, one employs 30 m G of containing 5,6 - dimethylbenzimidazole. This
cobalt-57, of 70% isotopic abundance, then if corrinoid was identified as a - (5,6 - dione is to obtain vitamin B-12 of 200 micro- methylbenzimidazolyl) hydrogenobamide. It
10
curies of cobalt-57 ner microgram of vitamin may be converted to a - (5,6) dimethylenzB-12 (that is, of 56% isotopic abundance) imidazole) cobamide cyanide (that is, cyanothe total amount of cobalt that may be pre- cobalamin) by treatment with cobaltous
sent as an impurity in the fermentation chloride and cyanide ion.
Cobalt has an electron configuration such
medium is only 1.3 micrograms. Typically,
15 for a nreparation on this radioactive scale, 1 that a cobalt atom in the vitamin B-12 molelitre of a medium containing high concentra- cule is attached, not only to the corrin ring
tions of glucose and of a variety of inorganic and to the 5,6 - dimethylbenzimidazole, but
salts is employed. When it is realized that also to another group. In naturally occurring
the maximum limit of cobalt specified for vitamin B-12, this group may have a variety
20
Analytical Reagent erade distilled water is of identities, including hydroxyl, methyl, and
500 micrograms per litre, the difficulty of the adenosine; in commercial vitamin B-12, the
task of preparing a fermentation medium with group is usually cyanide, because cyanosuch low levels of cobalt will be appreciated, cobalamin is more stable to storage and transand it is not surprising that a high percentaee port than hydroxocobalamin. The nature of
25 of production runs fail to yield vitamin B-12 this group is, however, not critical to the
biological activity of the compound. We use
of the desired specific activity.
For these reasons, we have sought to the term vitamin B-12 to convert the comdevelop a method of production of vitamin pounds with various different groups attached
B-12, labelled
with
such
radioactive to cobalt.
The preferred method for the production
30 isotooes of cobalt as cobalt-57 and cobalt-58,
which does not involve the use of the radio- of vitamin B-12 labelled with cobalt-57,
cobalt-58 and possibly with cobalt-60, inactive cobalt in a fermentation reaction.
The invention accordingly provides in one volves the isolation and purification of a aspect, as a novel material in its own right, (5,6 - dimethylbenzimidazolyl) hydrogeno35 vitamin B-12 labelled with cobalt-57, the bamide followed by its reaction with the corisotopic abundance of cobalt-57 being responding radioactive cobaltous ion under
sufficient to give the compound a specific conditions designed to ensure the maximum
utilization of the radioactive cobalt followed
activity of at least 250 mCi/mg.
The invention also provides in another by addition of a stoichiometric excess of
40 aspect a method of making vitamin B-12 cyanide ion to the reaction medium to convert
which method comprises reacting a - (5,6 - hydroxycobalamin to cyanocobalamin and
dimethylbenzimidazolyl)
hydrogenabamide, separation of the labelled vitamin B-12 from,
with cobaltous ion, which cobaltous ion con- the reaction mixture. The mixture after comtains an abundance of one or more radio-, pletion of the reaction is highly complex.
45 active isotopes higher than that found natur- In addition to cyanocobalamin and unchanged
ally, and recovering the labelled vitamin cobaltous ion it contains a variety of organic
compounds containing cobalt-57 resulting
B-12.
a - (5,6 - Dimethylbenzimidazolyl)hydro- from reaction with impurities in the starting
genabamide is a vitamin B-12 precursor material, from decomposition during the
50 whose molecule is identical with that of course of the reaction, and in certain cases
vitamin B-12, except that the cobalt atom from reaction between the cobalt-57 and the
(and the group which is attached to the impurities in the solvent. Cobaltous chloride
cobalt atom in the molecule of vitamin B-12) and cobaltous sulphate are suitable starting
materials. It the cobalt is present as a comis missing.
55
Vitamin B-12 belongs to a class of chemical plex, this should be one which is readily discompounds containing a porphyrin-like sociated to yield the free ion.
It it is desired to obtain the maximum yield
structure known as corrin, and the class is
known as corrinoids. Toohey (Toohey, J I, of cyanocobalamine, cobalt-57 (based upon
Proc Nat Aca Sci, 1965, 54, 934, Fed Proc, utilization of the cobaltous ion, cobalt-57) the
60
1966, 25, 1628) reported die formation by vitamin B-12 precursor should be employed
microorganisms of a number of cobalt-free in excess. On the other hand, when the
corrinoids which could be made to incor- highest possible specific activity is required,
porate cobalt by reaction with cobaltous the cobaIt-57 should be employed either in
chloride, e.g. by heating with 0.01 molar stoichiometric amount or in excess, so as to
65 cobaltous chloride and 0.02 molar ammonium minimize the contribution from any trace of
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vitamin B-12 itself (or other forms of cobalt)
present as impurities in the vitamin B-12
precursor. In practice, successful preparations have been carried out using ratios of
between 50 and 0.2 molecules of vitamin
B-12 precursor to each atom of cobalt.
The reaction is preferably performed by
reacting the vitamin B-12 precursor with
cobaltous ion, cobalt-57, in an organic solvent
e.g. ethanol or aqueous ethanol, or in an
aqueous medium within a broad pH range
preferably from 4 to 8 in darkness to
minimize decomposition of the vitamin B-12
precursor and of the vitamin B-12 produced.
A suitable range of temperature for performance of the reaction is 20° to 80°C.
While the process can be usefully applied
with any abundance of a radioactive isotope
of cobalt above that found naturally, it is of
particular advantage, for reasons explained
earlier, with cobalt-57 in an isotopic
abundance to provide labelled vitamin B-12
having a specific activity of at least 150
m/Cimg. TTie radioactive isotope of cobalt
employed may, however be cobalt-57, cobalt58 or cobalt-60 according to need.
The advantages from this new method are:
1. Better yield in terms of radioactive
isotope (taking into account the ease of recovery of starting material if this is
necessary).
2. A process more easy to adapt to the
requirements of radioactive working.
3. No loss of specific activity because of
the ease of adequate removal of unwanted
cobalt impurities from the small quantities of
inactive reagents employed. Any process for
labelling vitamin B-12 by exchange of cobalt
atoms must inherently involve loss of
specific activity.
There follows a discussion of the experimental conditions used for the reaction.
Preparation of the metal-free precursor of
vitamin B-12 a - (5,6 - dimethylbenzimidazolyl) hydrogenobamide.
1. Chromatium (ATCC 17899 and other
strains) was grown in the presence of 5,6 dimethylbenzimidazole essentially as described by Koppenhagen V.B. and Pfiffner J.J.
(Journal of Biological Chemistry, 1971,
246, 3075—3077). The strains were pro-

(a)
105

cessed as described below, and the crude products obtained gave closely similar results in
experiments on the insertion of radioactive
cobalt (Co-57) for the production of Cyanocobalamin Co-57.
2. Quantities of 200 to 300 g of the wet
cells were processed essentially as described
by Koppenhagen V.B. et d. (Journal of
Biological Chemistry, 1973, 248, 7999—
8002). The crude product contained about
10% of the metal-free precursor of vitaminB-12 as judged spectroscopically by its
extinction at 490 mm. It was employed without further purification in the work described
below.

60

65

Insertion of radioactive cobalt (Co-57) into
the metal-free precursor of vitamin B-12.
3. The crude metal-free vitamin B-12 precursor and cobaltous chloride (Co-57) were 70
dissolved in a variety of solvents (including
ethanol, dimethyl sulphoxide and dimethylformamide) and permitted to react, in die
dark, for periods varying from a few minutes
at 80°C. to several days at room temperature. 75
Insertion of cobalt was shown to take place
under all the conditions examined. It proved
convenient to employ ethanol as the solvent
for the crude metal-free precursor and to
add to it cobaltous chloride (Co-57) in a 80
small volume of neutral aqueous solution to
give a final solvent composition of 75% to
90% of ethanol. Reaction was allowed to proceed for 48 hours in the dark.
4. In early experiments the cyanocobalamin 85
(Co-57) was recovered by the addition of
carrier (non-radioactive) hydroxocobalamin
followed by potassium cyanide (to convert
hydroxocobalamin to cyanocombalamin). In
later experiments, high specific activity 90
cobaltous chloride (Co-57) was employed
and the cyanocobalamin (Co-57) was isolated
without the addition of carrier.
5. The ratio of metal-free precursor to
cobaltous ion (expressed as the number of 95
molecules of metal-free precursor to the number of atoms of cobalt) was varied over a
very wide range, the number of molecules of
metal-free precursor per atom of cobalt varying from 0.2 to 50.
100
6. Yields are defined on the basis of the
percentage of the cobalt-57 incorporated into
cyanocobalamin, thus:

activity of Co-57 recovered as cyanocobalamin
activity yield—
activity of Co-57 employed as cobaltous ion

(b) yield (as a percentage of
theoretical yield) =

55

actual yield of cyanocobalamin Co-57
the theoretically possible yield of cyanocobalamin, Co-57

4

1,457,027
It will be noted that of the metal-free precursor is employed in an amount greater
than, or equal to, 1 molecule of metal-free
precursor per atom of cobalt, the theoretically
possible yield is 100°;,. But if e.g. 0.5 molecules of metal-free precursor are used per
atom of cobalt, the theoretically possible yield
is 50%.
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7. As would be expected, the best actual
yields were obtained when the metal-free
precursor was used in excess. Thus a series
of 5 experiments was carried out using a 20
fold to 50 fold excess of metal-free precursor
in aqueous ethanol at room temperature as
previously described. The actual yields varied
between 34% and 56% and average 51%.
8. In a series of experiments in which between 1 atom and 2 atoms of cobalt were
employed per molecule of metal-free precursor, die yields were approximately 10% of
the theoretical yield. There were indications
that these yields could be improved by a
better choice of reaction conditions (e.g. by
working at higher temperatures and at higher
concentrations).
Isolation of cyanocobalamin (Co-57)
9. A variety of procedures was employed
to isolate the cyanocobalamin (Co-57) from
the reaction mixture. Typically the reaction
mixture was evaporated to dryness under reduced pressure, dissolved in water, and
applied to a column packed with polystyrene
heads (Amberlite XAD-2). The column was
washed with water (to remove inorganic
cobalt) and then the cyanocobalamin fraction
was eluted with a 20% solution of tertbutanol in water. Final purification was by
well established procedures employing cation
exchange resin (e.g. Amberlite IR 120) anion
exchange resin (e.g. Amberlite IRA 400)
carboxymethoxycellulose and DEAE cellulose.
Amberlite is a Registered Trade Mark.
Identification and radiochemical purity of the
Cyanocobalamin Co-57.
10. Radiochemical purity is the proportion
of the Co-57 in the product which is present in the chemical form of cyanocobalamin.
The identity and radiochemical purity of the
final product was indicated by paper electrophoresis, by thin layer chromatography in
several systems (notably silica gel using
methanol/water and on cellulose using secbutanol/water/acetic-acid)
and
by
the
method described in the British Pharmacopoeia (1973) monograph on Cyanocobalamin (~>TCo). In experiments in which
no carrier hydroxo- or cyanocobalamin was
added, the identity and chemical purity of
the final product was demonstrated by its
absorption spectrum as described in the
British Pharmacopoeia (1973) monograph on
Cyanocobalamin.

Specific activity of the Cyanocobalamin
(Ci-57)
11. The specific activity (or specific
radioactivity) of the final product was determined from its total cobalt-57 content, and
from it as total cyanocobalamin content as
measured spectroscopically as described in
the British Pharmacopeia 1973 monograph on
cyanocobalamin. •
EXAMPLE 1
In this example a ratio of about 2 molecules of vitamin B-12 precursor is employed
per atom of cobalt.
To about 2.5 /<g of a - (5,6 - dimethylbenzimidazolyl) hydrogenobamide (present in
25 ug of the crude material prepared in
sections 1 and 2 above) was added to 3.0 ml
of ethanol. A solution of cobaltous chloride
Co-57 (0.40 mCi in 0.054 ,«g of cobalt, corresponding to an isotopic abundance of 82%)
in 0.4 ml of water, pH 7.0 to 7.5, was added
and the solution was maintained at ambient
temperature, in the dark, for 48 hours. Carrier
hydroxocobalamin and cyanide ion were
added. The crude reaction mixture was
divided into two portions and each was
evaporated to dryness. The portions were processed by different methods, namely, the use
of XAD-2 resin as described above, and
extraction of the cyanocobalamin into cresol/
carbon tetrachloride 1:1, washing of the
organic phase with water, and back-extraction
into water by addition of n-butanol/carbon
tetrachloride 2:1. Examination of the resulting crude B-12 by electrophoresis in each
case indicated a yield of cyanocobalamin in
the reaction mixture of 50 to 60% (based
upon cobalt-57).
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EXAMPLE 2
In this example a ratio of 5 molecules of
vitamin B-12 precursor is employed per atom
of cobalt.
About 340 /<g of a - (5,6 - dimethyl- 105
benzimidazolyl) hydrogenobamide (present in
3.4 mg of the crude material prepared as in
sections 1 and 2 above) was dissolved in 2.0
ml of water to give a cloudy orange pink
solution. A solution of cobaltous chloride 110
Co-57 (20 mCi of Co-57 in 2.7 «g of cobalt,
corresponding to an isotopic abundance of
82%) in 3.0 ml of water, pH 7.0 to 7.5, was
added and the solution was maintained in a
sealed vessel, in a water bath at 80°C, in U5
the dark, for two hours.
At the end of that time a 5% aliquot of the
solution was processed, after addition of
hydroxycobalamin carrier and cyanide ion, by
passage down an XAD-2 column and elution 120
with 20% tert-butanol in water followed by
electrophoresis. The electrophoresis strip
contained a number of areas of radioactivity,
including a sharp peak corresponding precisely with the narrow pink-coloured band 125

5
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3. A method as claimed in claim 1 or 2,
due to cyanocobalamin. From the data
obtained, it was calculated that 2.0 m G of wherein reaction is effected by heating the
cyanocobalamin, Co-57, was present in the reactants in darkness in an aqueous or
aqueous alcoholic medium at a pH of from
reaction mixture (10% yield on Co-57).
5
The bulk of the reaction mixture was pro- 4 to 8.
cessed, as described previously, without addi4. A method as claimed in any one of
tion of carrier. Upwards of 1 mCi of cyano- claims 1 to 3, wherein a stoichiometric excess
cobalamin, Co-57 at 90% radiochemical of cyanide is added to the reaction medium
purity was recovered (50% yield as Co-57). to convert hydroxocobalamin to cyano10 The amount was too small to permit a deter- cobalamin.
mination of specific activity, but the
5. A method as claimed in any one of
calculated specific activity was 300 uCi/ug).
Forms of vitamin B-12 in which die claims 1 to 4, wherein from 0.2 to 50 molecyanide group is replaced by a hydroxyl or cules of a - (5,6 - dimethylbenzimidazolyl)
15 other group can readily be made from cyano- hydrogenobamide are used per atom of
cobalt.
cobalamin by known techniques.
Purification of the starting materials by
6. A method as claimed in any one of
known techniques, give rise to improved claims 1 to 5 and substantially hereinbefore
results.
described.
7. Radioactively labelled vitamin B-12,
20
WHAT WE CLAIM I S : —
when made by the method claimed in any
1. A method of making vitamin B-12 which one of claims 1 to 6.
method comprises reacting a - (5,6 - di8. Radioactively labelled vitamin B-12 as
methylbenzimidazolyl) hydrogenobamide with claimed in claim 7 having a specific activity
cobaltous ion and recovering vitamin B-12
of at least 150 mCi/mg.
25
characterized in that the cobaltous ion con9. Vitamin B-12 labelled with cobalt-57
tains an abundance of one or more radio- and having a specific activity of at least 250
active isotopes of cobalt higher than that mG/mg.
found naturally, whereby there is recovered
radioactively labelled vitamin B-12.
STEVENS, HEWLETT & PERKINS,
30
2. A method as claimed in claim 1, whereChartered Patent Agents,
in a - (5,6 -" dimethylbenzimidazolyl)
5, Quality Court,
hydrogenobamide is reacted with cobaltous
Chancery Lane,
chloride or cobaltous sulphate in an aqueous
London, W.C.2.
or aqueous alcoholic medium.
Tel. 01-405 8393.
Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1976.
Published by The Patent Office, 25 Southampton Buildings, L o n d o n , W C 2 A 1AY, f r o m
which copies may be obtained.
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