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Due to the fact that the ex&tence of vitamin B12 analogs in biological materials has been much debated, we 
realized on plasma, bile, and feces series of experiences to demonstrate that analogs assayed by radioisotopic 
method in these biological media using intrinsic factor and haptocorrin as binders could not be extraction 
products or dosage artifacts. To this purpose, exposure to light was used to transform all corrinoids (true B12 
+ analogs) to their hydroxo forms. After that all corrinoids were transformed with KCN by cyanilation to 
their cyano forms. This permitted us to separate corrinoids on high performance liquid chromatography into 
only two peaks. These peaks will be subsequently identified by radioisotopic dilution assay as cyanocobalamin 

and/or f3 cyanocobinamides. Because the binding ability of an intrinsic factor to corrinoids is limited to its 
cobalamin forms, our method enabled us to emphasize the existence in biological materials of corrinoids that 
only recognize haptocorrin (analogs of vitamin B12) and not intrinsic factors. 
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Introduction 

Two proteins can bind vitamin B12 at the level of the 
digestive tract: haptocorrin (Hc) and gastric intrinsic 
factor ( IF ).I.2.3 Corrinoids represent a family of tetra- 
pyrrol components.  One of these components  is vitamin 
B12 (cobalamin). Only cobalamin forms hydroxo (OH- 
cbl), cyano (CN-cbl), deoxyadenosyl (Ado-cbl), and 
methyl (CH3-cbl) bind to IF. 4.5 We call analogs, corri- 
noids that bind Hc and not IF or have a better  affinity 
for Hc analogs. Total corrinoids represent the sum of 
cobalamin and analogs. 

Among analogs, we must distinguish cobinamides 
devoid of nucleotide from cobamides that possess, com- 
pared with cobalamins, a modified benzimidazol in the 
e~ position with regard to the tetrapyrrol plane. 6.7 Cobi- 
namides do not bind IF. Cobamides have a lower affinity 
for IF compared with Hc. 

Corrinoids are only synthesized by microorganisms, 
i.e.,  bacteria, yeasts, or algae. 8 Bacteria present in the 
digestive flora synthesize them. 9.1° High levels of cobal- 
amin analogs can be associated with neurologic abnor- 
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malities in cases of cobalamin deficiency." In human 12 
and animal tissues, 13 cobalamin analogs are found and 
can inhibit growth and development.14 These observa- 
tions are at the origin of the development of analysis 
techniques for the evaluation of these analogs. Beside 
the laborious bioautographic techniques, there are nu- 
merous publications using a radioisotopic dilution assay 
(RIDA) for both cobalamin and vitamin B12 ana- 
logs, ~2.15 as well as more elaborated techniques using 
high pressure liquid chromatography (HPLC) for the 
identification of the different forms of cobalamin and 
analogs. ~6~7.~8 We recently published a technique associ- 
ating HPLC and RIDA applied to biological material, t9 
and another study comparing HPLC and high perfor- 
mance capillary electrophoresis. 2° 

Techniques developed with RIDA have been ques- 
tioned several times, as they are founded on the utili- 
zation of affinity reactions whose constants are un- 
known. 21,22 Moreover,  some reagents used for prelimi- 
nary extraction of corrinoids could, under certain 
conditions, transform cobalamin into other corrinoids 
forms and modify its affinity towards the IF binding 
protein. Van Kape117 has shown that OH-cobalamin, in 
the presence of sodium azide, was transformed into a 
corrinoid whose retention time in HPLC was close to 
that of ado-cobalamin. Further,  Gimsing 22 has shown 
that when dithiothreitol was added, the affinity of coba- 
lamins for IF was decreased. 

The aim of this study was to show that vitamin B12 
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ana logs  tha t  a p p e a r  a f te r  H P L C  are  not  m e a s u r e m e n t  
ar t i fac ts ,  but  c o r r e s p o n d  ef fec t ive ly  to cor r ino ids  having  
no  aff ini ty  for  IF.  Two  types  of  s tudies  have  been  devel -  
o p e d ;  one  of  t h e m  cons i s ted  of  a t r a n s f o r m a t i o n  of  all 
p r e s en t  co r r ino ids  ( coba l amins  + ana logs)  in the i r  CN-  
forms  to ob t a in  a b e t t e r  iden t i f i ca t ion  of  co r r ino ids  pres-  
ent  a f te r  H P L C ,  by d i f f e ren t i a t ion  of  " t r u e  v i t amin  B12'" 
and  ana logs .  The  second  s tudy ana lyzed  the  b ind ing  abil-  
i ty of  co r r ino ids  for  bo th  car r ie rs ,  I F  and Hc,  to p rove  
the ex i s tence  of  co r r ino ids  hav ing  no aff ini ty with IF.  

Methods and materials 

Chemicals" 
Crystalline OH-Cbl,  CN-Cbl, MeCbl, and AdoCbl were ob- 
tained from Sigma (St. Louis, MO USA),  crystalline CN- 
Cobinamide from Calbiochem (La Jolla, CA USA),  and CN 
(57 Co) Cbl (specific activity 220 ~Ci/txg) from the Radiochemi- 
cal Center (Amersham, France). Cadmium acetate, glacial 
acetic acid, triethanolamine, tert.-butanol, methanol, acetoni- 
trile, Amberl i te  XAD2 and RP18 column (5 txm silica, 250 
mm length × 5 mm internal diameter) were obtained from 
Merck (Darmstadt,  Germany).  Sep Pak C18 cartridges were 
purchased from Waters Associates (Milford, MA USA). IF 
and protein R (non IF) were obtained from porcine gastric 
mucosa (respectively, ref. 1-6006 and N-1883 from Sigma). 

Biological fluids 
All samples were handled in the dark or in dim-red illumina- 
tion. Plasma was separated from the whole blood collected 
on EDTA (1 mg/mL), within 1 hour after puncture. Bile and 
feces were collected with no additive. Bile was collected by T- 
tube draining of the common bile duct of hospitalized patients 
after surgery on the biliary tract. 

Extraction of corrinoids 
Corrinoids from plasma, bile, and feces were extracted with 
hot ethanol to denature and precipitate corrinoids binding 
proteins as described.~9 To avoid the nonspecific binding of 
OH-Cbl to thiol and/or histidine residues of proteins, the 
samples were pre-incubated for 2 hours at room temperature 
with an excess of cadmium acetate (0.2 tool/L). :~ 

Reverse phase HPLC 
Before HPLC, the extracts of plasma were desalted on a Sep 
Pak C18 cartridge as described previously. 2~ Bile and feces 
were desalted by two successive treatments with Amberli te 
XAD2 and with Sep Pak C18.1v 

HPLC was performed at room temperature using a two- 
pump gradient system (Gilson, Villers-le-Bal, France) and a 
detection at 365 nm using an Holochrome (Gilson) spectro- 
photometer.  Evaporated extract was dissolved in 0.2 mL of 
bidistilled water and filtered through a 0.45 txm filter (Milli- 
pore, Illkirch, France), before injection of the whole volume. 
Corrinoids were separated on a RP18 column. The elution 
mobile phases consisted of 0.085 M phosphoric acid titrated 
to pH 3.0 with triethanolamine (phase A) and acetonitrile 
(phase B). A 10-50% linear gradient of phase B was per- 
formed in 20 min at a flow rate of 0.5 mL/min. The effluent 
was collected by (l.5 min fractions, each containing 200 IxL 
borate buffer for raising the pH (0.082 mol/L di-sodium tetra- 
borate (10 H20), pH 9.20, 0.02% bovine serum albumin 
(BSA) (wt/vol). 
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Radioisotope dilution assay 
The concentration of corrinoids was determined in duplicatc 
in the HPLC fractions using a RIDA described previously" 
and adapted from Kolhouse. t-~ The fractions eluted from 
HPLC were evaporated to dryness and redissolved in 500 ~tL 
of bidistilled water. One hundred ~tL of the sample were 
needed per test tube. The test tubes were protected from light 
during the assay. Test tubes containing HPLC fractions and 
CN-cobalamin dilutions used as a standard curve were ex- 
tracted at 100 ° C for 15 rain after adding 24 fmoles of CN 
(~TCo)Cbl in 1 mL of 0.082 M di-sodium tetraborate (10 H:O) 
buffer (pH 9.2) containing 0.02 M NAN3, 0.1 M urea, 0.3 
mmol/L KCN, 0.3% thioglycerol, 0.05% DTF (wt/vol) (pH 
9.2), and 0.02% BSA (wt/vol). 

A hemoglobin-coated charcoal suspension was used to ad- 
sorb the free corrinoids and to remove them by centrifugation 
at 2000g for 15 min as described. 25 The results obtained with 
IF-RIDA were considered to represent the "true Cbl'" concen- 
tration and those obtained with Hc-RIDA the total corrinoid 
concentration. The standard curve of the two RIDAs was 
established using six solutions with respective CN-Cbl concen- 
trations of 55, 110, 220,440, 886, and 1770 pmol/L. 

Effect of dithiothreitol and sodium azide on cobalamins 
was checked. For this purpose, RIDA was performed with 
and without these two components. The study was realized 
on six plasma samples. 

Transformation of corrinoids by light exposure and 
KCN treatment 
Standards of OH-, CN-, Ado-, CH3-cobalamin, and CN- 
cobinamides, as well as samples extracted from plasma, bile, 
and feces were exposed to a 100-watt tungsten light at a dis- 
tance of 50 cm for 90 minutes. Standard concentrations were 
of 15 ~mol/L. Dilutions of biological samples were those of 
the samples before HPLC analysis. Under these conditions, 
Ado- and CH3- forms were transformed into the OH-form. 

After this first step, different preparations were incubated 
for 90 minutes with 0.2 M 10 2 KCN to transform OH-forms 
into CN-cobalamin and CN-cobinamide. The treated samples 
were then analyzed in HPLC, and the binding capacity of 
present corrinoids toward the carriers IF and Hc was measured 
in the isolated fractions. 

Results 

Test of stability of corrinoids 

To p la sma  with a low B12 and analogs  level were  a d d e d  
ind iv idua l ly  the d i f ferent  forms of  cor r inoids :  O H - ,  
CN- ,  ado- ,  CH3-  coba l amin  and C N - c o b i n a m i d e .  A n  
ex t rac t ion  with e thano l  was then  ca r r i ed  out  in the  same 
s t anda rd  condi t ions .  A f t e r  cen t r i fuga t ion ,  the superna-  
tant  was ana lyzed  in H P L C ,  and cor r ino ids  measu red  
in f rac t ion  af ter  R I D A .  Fo r  each  coba l amin  form,  only 
one  peak  a p p e a r e d  whose  r e t en t ion  t ime was that  of  
the  s t anda rd  form (Table  1). W h e n  C N - c o b i n a m i d e  was 
a d d e d  to the  p l a sma ,  two peaks  were  iden t i f i ed ,  the i r  
r e t en t ion  t imes  c o r r e s p o n d e d  to those  of e~ and 13- CN- 
cob inamides .  

T h e r e  was no d e n a t u r a t i o n  of  coba lamins ,  at least  as 
far as the i r  aff ini ty with I F  is conce rned .  This  s tabi l i ty  
has been  ver i f ied at each s tep  of  ex t rac t ion  p rocedu re :  
e thano l  ex t rac t ion ,  Sep -pak ,  c h r o m a t o g r a p h y ,  and  
H P L C  fo l lowed by R I D A .  
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Table 1 Percent corrinoids having an affinity with IF in the different steps of the analysis. 

% true B12 % true B12 % true B12 RT (min.) RT (min.) 
Corrinoid after extraction after Sep-pack after HPLC after HPLC standards 

OH-Cbl 97 _+ 2 99 _+ 4 95 -+ 3 14.5 + 0.5 14.7 _+ 0.5 
CN-Cbl 100 _+ 1 99 _+ 1 96 -+ 2 17.2 + 0.2 17.2 _+ 0.3 
Ado-Cbl 98 _+ 2 97 _+ 5 97 + 2 18.5 _+ 0.3 18.7 + 0.4 
CH3-Cbl 100 + 0 97 _+ 3 98 +_ 2 20.4 _+ 0.4 20.6 _+ 0.5 
CN-Cobinamide 0 _+ 2 1 + 1 2 +_ 2 16.0 _ 0.5 15.9 _+ 0.5 

18.3 _+ 0.5 18.5 _+ 0.2 

The initial B12 value of the plasma was not taken into account. RT = retention time. Each corrinoid analysis was performed in triplicate. True 
B12 was defined as corrinoids detected by IF-RIDA. 

Effect of dithithreitol (D TT) and sodium azide 
(NAN3) 
Effect of DTT and NaN3 on cobalamin extraction and 
RID A is indicated in Table 2. No significant differences 
were observed between vitamin B12 or total corrinoids 
level with or without DTT and NAN3. 

Transformation of corrinoids after light exposure 
and KCN treatment 

Development on corrinoids standards Light exposure of 
corrinoids standards enabled us to produce,  under our 
experimental  conditions, a complete transformation of 
ado- and CH3-cobalamin forms into OH-cobalamin. 
The incubation with 0.2 10 2 M KCN provokes a trans- 
formation of OH-cobalamin into CN-cobalamin (Figure 
1). There was no alteration in standards of CN- 
cobalamin and CN-cobinamide. pH conditions in HPLC 
led to the presence of two CN-cobinamide peaks, cor- 
responding to the e~ and [3 CN forms. 16.24 

Application to biological samples In plasma, few analogs 
are present. Before treatment,  several peaks were pres- 
ent in HPLC. They correspond to a function of their 
affinity toward IF and Hc, either to cobalamin forms, 
or to cobinamides, or to a mixture of both of them. 
After KCN treatment and light exposure, a main peak 
corresponding to CN-cobalamin, and two minor peaks, 
whose constituents only bound Hc, were obtained. The 
retention time of these two peaks were that of ~ and t3 
CN-cobinamides (Figure 2). 

In bile, analog levels vary considerably from one 
patient to another.  Two extreme cases were chosen. 
The first bile presented a 3% analog level (bile #1) ,  
the second one, a 95% analog level (bile #2)  (Figure 
3). In the first case, before treatment two main peaks 

were found. Their retention times were that of ado and 
CH3-cobalamin. They disappeared after treatment and 
were replaced by a new peak whose retention time was 
that of CN-cobalamin. In the second case, results before 
and after treatment were similar: there was a peak 
whose retention time was that of CN-cobinamide, this 
product was not transformed after treatment.  

The identification of each peak was realized from its 
retention time and the binding capacity of its constituent 
toward IF and Hc carriers. In the first bile, corrinoids 
present recognized both two carriers, while in the sec- 
ond bile, corrinoids present, identified by the main 
peak, only recognized HC (Figure 3). 

In feces, where the analog level is always very high, 
the action of light and KCN in the same standard condi- 
tions provoked a transformation of present corrinoids, 
and the appearance of only three peaks, whose retention 
times were that of CN-cobalamin and c~ and [3 CN- 
cobinamides (Figure 4). 

Discussion 

The checking of the composition of plasma supple- 
mented with the different corrinoid forms (OH-, CN-, 
Ado-, CH3-cbl, and CN-cobinamide) showed that the 
different extraction and measurement steps did not pro- 
duce artificial vitamin B12 analogs. In the same way, 
analogs were not transformed into vitamin B12. In fact, 
for each B12 form no corrinoid recognized Hc only. 

This procedure showed that the whole handling of 
vitamin B12 enables true quantitative B12 values to be 
obtained, without any measurement artifacts. More- 
over, when analogs were extracted alone (without B12) 
there was no binding with IF. All these observations 
validate the techniques used with regard to the specific- 
ity towards analogs. 

Table 2 Effect of DTT and NaNa on cobalamin extraction and RIDA 

with DTT & NaN3 without DTT & NaN3 

Vitamin B12 Total corrinoids Vitamin B12 Total corrinoids 
(pg/mL) (pg/mL) (pg/mL) (pg/mL) 

M +_ S.D. 215 _+ 86 233 _+ 78 208 _+ 85 229 _+ 54 

Mean values and standard deviations are expressed as M -+ S.D. (n = 6). 

J. Nut r .  B i o c h e m . ,  1 9 9 3 ,  vo l .  4, S e p t e m b e r  5 4 5  
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noids extracted from human plasma, Total corrinoids represent the 
sum of vitamin B12 plus analogs. 

HPLC fractions were collected each 0.5 minutes in 
a tube containing 200 ~L 0.082 M dinatrium tetraborate- 
decahydrate buffer, 0.02 M bovine serum albumin, pH 
9.2. Thus, a good discrimination between ado-cbl and 
CN-cobinamide was obtained, and the resolution im- 
proved compared with our initial procedure, z9 

The study of the composition of different biological 
samples (plasma, bile, feces) has shown that variable 
proportions of analogs can be observed. Plasma propor- 
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different human biles. Bile #1 was mainly composed of cobalamin. 
Bile #2 was composed of cobinamide. Total corrinoids represent 
the sum of vitamin B12 plus analogs. 

tion is very low in normal subjects (5-15%). Analogs 
are the main constituent of feces corrinoids (70-90%). 
In this study, we describe two extreme cases of biles 
containing 3 and 95% analogs. These observations show 
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that the presence of analogs after extractions and RID A  
cannot be due to an artifact, as they are not systemati- 
cally present. These results confirm those obtained with 
the supplemented plasma and affirm the existence of 
vitamin B12 analogs in vivo. 

Two constituents of the extraction medium included 
in the RIDA:  (DTT),26 and NAN3,16 could, respectively, 
alter the cobalamin structure and transform OH-cbl into 
a product having a retention time in HPLC close to that 
of ado-cbl. Our present results show that, in our usual 
extraction method (HPLC and RIDA conditions) there 
was no alteration in the B12 forms studied, at least 
until the HPLC step. The DTT and NaN3 components  
intervene only in the last step, which is that of the 
RIDA.  At this stage, each corrinoid has already been 
identified by its retention time, and the only perturba- 
tion that could alter the assay would be a transformation 
of true vitamin B12 into cobinamide. We demonstrated 
that this was not the case. An eventual transformation 
of OH-cbl into ado-cbl or other  cbl form is not a prob- 
lem, as all forms are voluntary transformed in the CN- 
cbl and CN-cobinamide forms by adding KCN to ho- 
mogenize the affinity against carriers, at least for cobal- 
amins. Anyway, to be sure that DTT and NaN3 have 
really no effect, plasma was analyzed after RIDA,  both 
in the presence and the absence of these two compo- 
nents. The results obtained were similar in both cases. 

As far as bile is concerned,  earlier studies have shown 
that corrinoid concentration was four times that of 
plasma, this difference being due only to analogs. 27 Her- 
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bert demonstrated in the human the existence of an 
enterohepatic circulation of corrinoids. 28,29 We also 
showed that bile takes part in the clearance of free 
analogs or those bound to Hc. 3° 

Contrary to bile and feces, in which the only cobina- 
mide peak, which occurred after light exposure and 
KCN treatment,  had a retention time corresponding to 

CN-cobinamide, the major cobinamide peak in 
plasma had a retention time similar to that of the 13 CN- 
cobinamide. The peak whose retention time was similar 
to cx CN-cobinamide was very low. These results lead 
us to conclude that the partition c~ and 13 depends on 
the medium. We have shown that there is an equilibrium 
of the a to [3 ratio after HPLC as a function of the KCN 
concentration. 

The existence of analogs has been previously demon- 
strated by other authors. Kolhouse 6 has shown that in 
the rabbit most analogs bound with a low affinity to IF, 
and their ileal capture and absorption was very low 
compared with cobalamin. Analogs that bind tightly to 
IF are captured by the ileum, but in most cases they 
remain at that location. At the blood level, most analogs 
bound with a great affinity to transcobalamin II, and 
they are all transferred towards tissues in the same way 
as cobalamin. 

The transformation of cobalamin and cobinamide 
forms into CN-cbl and a and [3 CN-cobinamide in bio- 
logical fluids like plasma, bile, and feces, followed by 
a RIDA,  enable us to simplify the identification profile 
of corrinoids, and to better  differentiate what binds IF 
(Cbl) from what only binds HC (analogs). 

In conclusion, we demonstrated that corrinoids that 
do not recognize IF exist in biological material at vari- 
able concentrations. The fact that some corrinoids do 
not bind to IF is not due to an alteration in vitamin B12 
during the different phases of extraction and chromatog- 
raphy, or during the subsequent RIDA. 
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