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ABSTRACT OF THE DISCLOSURE 
Method for determining vitamin B12 in aqueous samples 

by contacting said sample with radioactivity labelled 
vitamin B1 and with particles of water insoluble polymers 
to which substances capable of binding vitamin B12 have 
been bound, thereafter separating said particles and deter 
mining the radioactivity. 

-ammu Tomas 

The present invention relates to a method for determin 
ing vitamin B12 in aqueous samples e.g. from body fluids 
such as blood serum, and a reagent to be used for the 
method. 
The invention characterized in that particles of water 

insoluble polymers to which a substance capable of bind 
ing vitamin B12 has been bound by covalent bonds, are 
contacted with the sample fluid and with a certain quantity 
of vitamin B labelled with a radioactive isotope, where 
after, subsequent to the reaction between vitamin B12 and 
the substance capable of binding vitamin B12 attached to 
the particles having taken place, the particles are separated 
from the sample fluid and the radioactivity of the particle 
material and/or in the fluid is determined. 
The method can be utilized for qualitative and quantita 

tive determination. 
In the present instance the term "substance capable of 

binding vitamin B12' is meant to signify a substance con 
taining proteins or polypeptides or, optionally, carbohy 
drates possessing a specific ability to bind vitamin B12. 
A well known example of such a substance is intrinsic 
factor, a muco protein from the ventriculus mucous mem 
brane. Another example is a protein fraction from blood 
plasma which is capable of binding vitamin B12. 
The invention is based on the discovery that substances, 

e.g. intrinsic factor, exist which are capable of specifically 
binding vitamin B12 and that this binding takes place ir 
respective of whether vitamin B1 is labelled with a radio 
sotope or not. The binding of labelled and unlabelled vita 
min B12 to the substance capable of binding vitamin B12, 
e.g. intrinsic factor, takes place in proportion to the con 
centration of labelled and unlabelled vitamin B12, respec 
tively. 
The major advantage presented by the present method 

is that the substance capable of binding vitamin 
B12 is not in solution but is very securely bound to an 
insoluble carrier and thus the labelled vitamin B1, which 
in the determination reacts with and is bound to the sub 
stance capable of binding vitamin B12, can be readily sep 
arated from the unbound, labelled vitamin B12 by, for 
instance, a simple centrifugation or filtration. The test 
is easily performable as known quantities of particles with 
the substance capable of binding vitamin B12 attached 
thereto can be dispensed before hand in, for instance, test 
tubes, and may be stored without losing their binding 
property. The total procedure, including the separation 
of the free labelled vitamin B12 and the bound labelled 
vitamin B12, can be effected in one and the same test tube 
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2 
without any extra additions of precipitating agents or the 
like. 
The labelling of vitamin B12 with a radioisotope can 

be effected in a conventional manner, a suitable isotope 
for the purpose being selected. A radioisotope of cobalt is 
particularly suitable for the purpose. Vitamin B12 labelled 
with a cobalt radioisotope is accessible commercially and 
many hosiptal laboratories are now equipped to measure 
this isotope. 

Particles of water-insoluble polymers are used as the car 
rier of the substance capable of binding vitamin B12. The 
polymer is selected so that it contains or can be provided 
with suitable reactive groups, e.g. amino groups, hydroxyl 
groups and carboxyl groups, to make possible binding of 
the substance capable of binding vitamin B12, e.g. intrinsic 
factor, to the polymer by bridges with bonds of covalent 
character. 

It is particularly suitable to select polymer particles 
comprising a three-dimensional network, held together 
by covalent bonds. Such particles, even if they are capable 
of swelling in water, are completely insoluble therein and 
can therefore not release any of the polymer material or 
the substance bound thereto by covalent bonds, e.g. dur 
ing washing procedures. Examples of such polymer parti 
cles are grains of polymers obtained by cross linking sub 
stances containing a plurality of hydroxyl groups, such as 
carbohydrates and sugar alcohols, e.g. dextran, starch, 
dextrins and other polysaccharides and polyvinyl alcohol 
with a bifunctional substance, e.g. bifunctional substances 
of the type X-R-Z, wherein, for instance, X and Z 
are each halogen or an epoxy group and R the residue 
of the bifunctional substance, e.g. an aliphatic radical 
containing from 3 to 10 inclusive carbon atoms. 

For this purpose grains of the commercially accessible 
product Sephadex can be used, for instance; this product 
containing dextran cross linked with glycerine ether 
bridges, obtained by treating dextran with epichlorohydrin. 
SephhadeX and products obtained in a similar manner are 
capable of swelling in water but are insoluble gel grains. 
They contain hydroxyl groups and can thereby be easily 
Substituted by other groups, e.g. such as those containing 
amino groups or carboxyl groups, and are well suited for 
producing bridges, by covalnet linkages, to the substance 
capable of binding vitamin B12, e.g. intrinsic factor. 

Other examples are reactive derivatives obtained by 
treating a copolymer of dextran with epichlorohydrin 
(Sephadex) with cyanogen halides such as cyanogen 
bromide. Such reactive derivatives will readily react with 
intrinsic factor. 

Small particles are preferably selected so that a larger 
contact surface is obtained. 
The substance capable of binding vitamin B is bound 

to these carrier particles, by covalent bonds, under con 
ditions which are so mild that its reactivity is not reduced 
to any appreciable extent. Because of the covalent bonds 
the substance capable of binding vitamin B12 cannot be 
loosened and washed out from the particles. Used for 
chemically binding the substance capable of binding vita 
min B12 to the polymer particle are reactive groups con 
tained in this polymer such as amino groups, hydroxyl 
groups and carboxyl groups, a bridge having covalent 
bonds being established between the substance capable of 
binding vitamin B12 (P) and the polymer particle e.g. of 
the type: 

P-NH.CS.NH-Polymer particle 
P-NH.CO.NH-Polymer particle 
P-NFN-Polymer particle 

The bridge established between the substance capable 
of binding vitamin B12, e.g. intrinsic factor, and the poly 
mer need not be determined as to its structure and per 
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mits a great variation in its selection because the purpose 
thereof is only to prevent the substance capable of bind 
ing vitamin B12 from being washed out. 

During the analysis operation a solution of vitamin B12 
of known concentration is suitably used as a standard. 
The radioactivity determination can be effected by 

known methods, e.g. with the assistance of scintillation de 
tectors. 
The quantity of particles having the substance capable 

of binding vitamin B12 attached thereto is selected, inter 
alia, with consideration to the degree of sensitivity re 
quired for the test. 
The quantity of labelled vitamin B12 added for the re 

action is selected, for instance, so that about 40-60% of 
the labelled vitamin B12 is bound to the substance capable 
of binding vitamin B12, when no competing unlabelled 
vitamin B12 is present. The incubation may be effected at 
different temperatures but is preferably carried out at 
temperatures between -- 4 and 25 C. It is not necessary 
to continue the reaction between vitamin B12 and the sub 
stance capable of binding vitamin B12 to completion. The 
incubation is interrupted after, for instance, two hours, 
but may also be interrupted later, e.g. after 24 hours. 
It is important that the reaction time and temperature are 
selected equal for sample solutions and standard solu 
tions. 

In that the method is simple, rapid, practical and gives 
accurate analysis results it is well suited for quantitative 
determinations, even for routine work, and permits the 
determination of very small amounts of sample substance. 
The method determines free vitamin B12. In serum, for 

instance, vitamin B12 is bound to a protein. Thus, in the 
determination vitamin B12 is released before the deter 
mination, e.g. by heating with hydrochloric acid. 

Excess of protein capable of binding vitamin B12 in 
serum, for instance, may also be determined by means of 
the present method, in that particles having a substance 
capable of binding vitamin B12 attached thereto and Suit 
able amounts of labelled vitamin B12 are added to un 
treated serum whereafter, subsequent to the particles hav 
ing been separated, the radio-activity is measured. 
The invention also includes a reagent for use in the de 

termination of vitamin B12. This reagent contains par 
ticles of water insoluble polymers to which have been 
bound, by covalent bounds, a substance capable of bind 
ing vitamin B12, in dried, e.g. lyophilized form. 

According to an embodiment of the invention such a 
reagent may be contained in a sealed ampoule. 
The invention also includes a test pack for the deter 

mination of vitamin B12 chiefly comprising one or more 
sealed ampoules containing particles of water insoluble 
polymers to which have been bound, by covalent bonds, a 
substance capable of binding vitamin B12 in dried, e.g. 
lyophilized, form and one or more ampoules with vitamin 
B12 labelled with a radioisotope in dried, e.g. lyophilized 
form. 
The invention will be further illustrated in the follow 

ing by means of detailed examples concerning the deter 
mination of vitamin B12 in blood serum. 

EXAMPLE 1. 

Determination of vitamin B12 in blood serum 
(A) Preparation of particles having a substance capable 

of binding vitamin B1 attached by covalent bonds.-Fine 
ly grained particles of the product Sephadex (G25, super 
fine) were used as a starting material, the product being 
dextran cross linked with glycerine ether-bridges and sub 
stituted with p-nitrophenoxy-hydroxy-propyl-ether groups 
to a substitution degree of 200 pmol of nitro groups per 
gam of dry substance. 10 g. of the substituted Sephadex 
product was introduced together with 50 ml. water into 
a two-necked flask, whereafter the temperature of the mix 
ture was maintained at 35° C. The mixture was agitated 
and at the same time 25 ml. of a 5 N aqueous solution 
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4. 
of sodium hydroxide and 6 g. of sodium dithionite were 
added, for reducing the nitro groups into amino groups. 
After approximately 30 mins. further 5 g. of sodium 
dithionite were added. The reduction process was inter 
rupted after about one hour whereafter neutralization 
took place with dilute hydrochloric acid, the solid sub 
stance being removed by filtration, and washed with dis 
tilled water on a suction filter. 

10 g. of the above obtained Sephadex product sub 
stituted with p-amino-phenoxy-hydroxy-propyl groups 
were introduced into a reaction flask together with 100 ml. 
of a 10 percent Solution of thiophosgene in carbon tetra 
chloride. The flask was sealed with a plug and the mix 
ture agitated for about two hours. The obtained mixture 
was cooled in an ice bath, whereafter the flask was opened 
and the contents removed by filtration. The residue of 
filtration was washed with a 0.1 M aqueous solution of 
Sodium hydrogen carbonate, distilled water and acetone. 
The residue was then dried in a drying oven at 60-80° C. 

2 grams of the Sephadex product obtained according 
to the above Substituted With p-isothio-cyanato-phenoxy 
hydroxy-propyl groups were swollen in 6 ml. of a 0.1 M 
aqueous solution of sodium hydrogen carbonate. The agi 
tator was connected, whereafter 4 ml. of the same so 
dium hydrogen carbonate solution containing 95 mg. of 
intrinsic factor were added in a dropwise manner. The 
mixture was agitated for 24 hours at 20 C., and then fil 
tered. The residue of filtration was washed with a 0.5 
Maqueous solution of sodium hydrogen carbonate to re 
move unreacted substances. The product can be dried 
carefully, e.g. by lyophilization. 

(B) Determination.-The analyses are suitably effected 
in glass or plastic tubes of 50 x 10 mm. in dimension. 
A 0.05 M tris-buffer with pH 7.4 containing 0.9% of 
NaCl, 0.1% of bovine serum albumin and 0.01% of so 
dium azide was used as a diluent. Prior to the analysis the 
vitamin B12 in the serum was separated from serum pro 
tein by heating with hydrochloric acid in the following 
manner: 0.5 ml. of serum--0.5 ml. of a 0.9% percent so 
lution of NaCl added with 2 micro grams of NaCN per 
ml.--1 ml. of 0.1 N HCl were placed in a boiling water 
bath for 20 minutes, whereafter the solution was cooled 
with running cold water. 
The determination is then carried out according to the 

following, for instance: 
(1) 0.25 ml. of serum solution treated according to 

the above is introduced into each of two tubes. 
(2) 0.25 ml. of standard solutions of different concen 

trations of vitamin B12, e.g. 1000, 400, 100, 40, 10 and 0 
pg./ml. diluted in the aforesaid buffer with addition of 
two micro grams of NaCl per ml. are each introduced 
into two tubes. 

(3) 0.1 ml. of a solution containing 1 nanogram of vita 
min B labelled with 58Co per ml. diluted in buffer with 
an addition of two ug. NaCN per ml. is added to all tubes. 

(4) 1 ml. of a homogenized suspension of the polymer 
particles (1 mg. per ml.) to which intrinsic factor has 
been bound by covalent bonds is added to each of all 
tubes. 

(5) Incubation for 3 hours at room tempreature or 
4. C., the tubes being slowly rotated. 

(6) The particles are centrifuged down at 3000 rp.m. 
for 5 minutes. 

(7) The particles are washed twice with a 0.9 percent 
solution of NaCl. Subsequent to the last removal by suc 
tion of the supernatant the tubes are placed in counter 
tubes for estimating the radiation from the bound labelled 
vitamin B12. 

(8) The number of “counts' for a certain time from 
the standard tubes is set on a “counts-dose' diagram on 
lin-log scale, from which the amount of vitamin B12 in the 
unknown samples can later be calculated. 

Alternatively, subsequent to centrifuging in item 6 above 
one ml. of the supernatant is transferred in counter tubes, 
whereafter the radiation from free labelled vitamin B12 
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can be estimated. “Counts' from the standard tubes can 
be entered in the same way into a count-dose diagram in 
lin-log scale and the amount of vitamin B12 in the un 
known test samples can then be estimated graphically in 
the same way as above. 

EXAMPLE 2 

Determination of vitamin B12 in an aqueous sample 
(A) Preparation of particles having a substance capa 

ble of binding vitamin B12 attached thereto by covalent 
bonds.-10 grams of a copolymer obtained by reacting 
dextran with epichlorohydrin (Sephadix G25, superfine) 
were swollen, with agitation for 3 min., in 200 ml. of a 
solution of cyanogen bromide, containing 10 grams of the 
latter per 100 ml. of water. There were then added an 
aqueous 5 M solution of sodium hydroxide with agitation 
to a pH-value of 10.7. This value was maintained constant 
for 8 minutes. The temperature was maintained at 20° C. 
in the whole procedure. The mixture was then transferred 
to a glass filter and washed carefully with water to neutral 
reaction. The particles separated off were shrunk by wash 
ing with acetone. The particles were dried carefully and 
could be stored at, e.g., -20° C. 

2 grams of the obtained particles activated with cy 
anogen bromide were swollen in 6 ml. of an aqueous 
0.1 M solution of sodium hydrogen carbonate. The stirrer 
was switched on after which 4 ml. of the same solution 
of sodium hydrogen carbonate, containing 100 mg. of in 
trinsic factor, were added in a drop-wise manner. The mix 
ture was agitated for 24 hours after which filtration took 
place. The residue of filtration was washed with an 
aqueous 0.5 M solution of sodium hydrogen carbonate to 
remove unreacted substances. The product could be dried 
carefully, e.g., by lyophilization. 

(B) Determination-This procedure was carried out 
in a manner similar to Example 1 (B). 
What we claim is: 
1. A method for determining vitamin B12 in an aqueous 

sample, which comprises contacting particles of water 
insoluble polymers to which a substance capable of bind 
ing vitamin B12 has been bound, by covalent bonds, with 
the sample and with a certain amount of vitamin B12 la 
belled with a radioisotope, and subsequent to the reaction 
between vitamin B12 and the substance capable of bind 
ing vitamin B12 attached to the particles having taken 
place, separating the particles from the sample liquid and 
determining the radioactivity of the particle material. 

2. A method according to claim 1, wherein the radio 
activity is also determined in the fluid. 

3. A method according to claim 1, wherein vitamin B12 
labelled with a radioisotope of cobalt is used in the de 
termination. 

4. A method according to claim 1, wherein the sub 
stance capable of binding vitamin B12 which has been 
bound to the polymer particles by covalent bonds, is in 
trinsic factor. 

5. A method according to claim 1, wherein the deter 
mination is effected quantitively. 
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6. A method for determining vitamin B12 in an aqueous 

sample, which comprises contacting particles of water 
insoluble polymers to which a substance capable of bind 
ing vitamin B1 has been bound, by covalent bonds, with 
the sample and with a certain amount of vitamin B12 
labelled with a radioistope, and subsequent to the reaction 
between vitamin B12 and the substance capable of binding 
vitamin B12 attached to the particles having taken place, 
separating the particles from the sample liquid and de 
termining the radioactivity in the fluid. 

7. A method according to claim 6, wherein vitamin B12 
labelled with a radioisotope of cobalt is used in the 
determination. 

8. A method according to claim 6, wherein the sub 
stance capable of binding vitamin B12 which has been 
bound to the polymer particles by covalent bonds, is 
intrinsic factor. 

9. A method according to claim 6, wherein the de 
termination is effected quantitively. 

0. A reagent for use in the determination of vitamin 
B12, containing particles of water insoluble polymers to 
which have been bound, by covalent bonds, a substance 
capable of binding vitamin B12, in dried form. 

11. A reagent according to claim 10, wherein the 
reagent is in lyophilized form. 

12. Sealed ampoules containing the reagent as claimed 
in claim 11. 

13. Test pack for the determination of vitamin B12 
chiefly comprising one or more sealed ampoules contain 
ing particles of water insoluble polymers to which have 
been bound, by covalent bonds, a substance capable of 
binding vitamin B12 in dried form and another ampoule 
with vitamin B12 labelled with a radioisotope in dried 
form. 

14. Test pack according to claim 13, wherein the 
particles of water-insoluble polymers to which have been 
bound by covalent bonds a substance capable of binding 
vitamin B1 is in lyophilized form. 

15. Test pack according to claim 14, wherein the 
vitamin B12 labelled with a radioisotope is in lyophilized 
form. 
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