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Stability of Injected Vitamin B,.,-Co"" and Vitamin B12 Content of 
Dog Liver. (26038) 
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lnterpretaticns of biological studies with 
cobalt-labeled Vit. B customarily assume 
that the administered tracer remains in tissue 
as the intact vitamin. The need for esperi- 
mental support for this assumption has been 
recognized by many investigators( 1,2 ) . Scat- 
tered infJrmation indicates that orally adniin- 
istered Vit. B1,-C'o';" exists in  the human. at 
least initially and in part, as undegradetl vita- 
min (3)  . A similar conclusion was drawn 
from examination of urine of rats receiving 
comparatively large doses of the labeled vita- 
min subcutaneously (4 )  . The stability of \? t . 
R I 2  injected a t  physiological doses and re- 
tained by tissue for prolonged periods has 
not received much attention. Reports of es- 
amination of a single dog lilrer receiving 8.25 
pg of labeled vitaniin would indicate that I7it. 
BIZ is stored a t  least partially (up to = 
64$/( ) intact( 2,s). The present communica- 
tion presents results of an investigation of liv- 
ers from 5 dogs receiving 3.6-14 p g  (specific 
activity - 1 mc/'mg) of \'it. B12-Co';'' intra- 
venously. The dogs were sacrificed 5-71 days 
following injection, and tissues were immedi- 
ately stored in the frozen state for 10 months 
until assayed for cyanocobalamin and for 
lion-cyano forms by isotc,pe dilution methods 
( 6 ) .  By this means it was possible to dem- 
onstrate that the administered labeled vita- 
min retained in the livers was present as in- 
tact cobalamin and probably as cyanocobala- 
min. It was further shown by a reverse iso- 
tope dilution experiment ( 6 ) ,  that amount of 
free ccbalt produced was negligible. Finally, 
an estimate of total cobalamin concentration 
was made by direct isotope dilution assay 
(6,7,8,9,10) employing the iiz situ radioactive 
coibalamin-Co"O as tracer, and in certain in- 
stances, with added Vit. B,?-CO>~. The iso- 
tope dilution method for assaying biological 
and pharmaceutical preparations for total co- 
balamins is amenable to moldification by omis- 

sion of initial cyanide treatment, so as to 
yield a value for cyanocobalarnin alone. 

ExperivrzentaL. ,4nimals. One of the dogs 
involved (282) was the subject of an exten- 
sive study of biliary excretion of Vit. Bl2-Co6O 
reported recently ( 1 ) by several of the present 
authors. Three of the remaining animals 
were employed for an irradiation study. Dog 
274 was normal. Relevant information such 
as weights, vitamin closes, and vitamin tissue 
cnntent is compiled in Table I. The radioac- 
tive vitamin constituted but a negligible part 
of total \'it. B,., activity of these livers. 

Proced14rcs. In  the reverse isotope dilution 
assay for total cobalamin, 50 g of tissue was 
homogenized with water in a \Varing blendor 
to a total volume of = 250 ml, and = 10 mg 
( known amount ) of crystalline cyanocobala- 
niin added as carrier. To = 125 ml were 
added = 600 mg of NaNOz and 250 mg of 
KCN, and the whole heated to boJling for an 
hour before proceeding with the isolation pro- 
cedure(9,lO) for purified Vit. B1?. In addi- 
tion to the standard procedure a zinc defeca- 
tion step( 7 )  and more rigorous acid washing 
were introduced. 1ihen only cyanocobalamin 
was sought, initial KCN was omitted. Car- 
rier was of course omitted in direct isoltope 
dilution assays with in situ Vit. B12-Co6O or 
with added Vit. B12-Co57. In  these analyses 
100-200 g samples of tissue were employed, 
and both nitrite and cyanide were added. Co- 
balt chloride was employed as carrier (10 mg 
Co++) for the reverse dilution assay for freely 
exchangeable or ionic cobalt. Approximately 
50 g of homogenized liver cointaining the car- 
rier cobalt was equilibrated by lolng standing 
a t  room temperature and by heating fotr an 
hour. The  homogenate was then filtered, and 
ionic cobalt was extracted as the thiocyanato 
complex by means of secondary amyl alcohol. 
Cobalt was determined colorimetrically by the 
thiocyanate method ( 11 ) . Cyanocobalamin 
content of carrier solutions and of mixed iso- 



TABLE I. Experinieiital Aiiiiiials (Males ]-lV hdniiiiistratioiu. 

Vit. B,, in 
Days post- liver 

Vit. BI2-CoGO inj. a t  Liver pg vit. Total 
Dog Wt  (lb) dose (pg) sacrifice wt (g) B1,-Com pug Comrnen t s 

~~~ ~ ~~ ~ 

582 52 3.6 5 906 ,7 400 Biliary fistula experi- 
nieiit 

274 32 14.3 25 650 3.4 400 Normal 
Kcceivecl 890 R x-rack 276 22 3.6 i 0 304 .3 i 3 

328 35 3.6 77 420. .& M15 a tion uriilat er ally 
320 31 3.6 7 1  400 .4 84 Bila  t e r  a1 irradiation, 

- 

total dose 290 R 

* topic products isolated from liver was deter- 
mined spectrophotometrically. Radioactivity 
was measured by gamma ray scintillation 
counting in a well-type NaI.Tl crystal. 
When CoZ7 and C@) labeled tracers were both 
presezt , gamma scintillation spectrometry 
was employed to distinguish between modifi- 
cat i olns . 

Confirmatory evidence of the identity of 
recovered radioactivity with cyanocobalamin 
was obtained in all cases. In 2 instances, 
identification was made by chromatography 
on paper ( 1 2 )  using 0.01 % KCN in secondary 
butanol (water saturated) as a develolping 
solvent. This correspondence was established 
in all cases by determining radioactivity and 
colcr (where possible) distribution coefficients 
between the immiscible solvent pair water- 
butanol. 

Results and discussion. Table I1 is a sum- 
mary of results of reverse isotope dilution as- 
says of 5 livers. This table contains percent 
recovery od radioactivity as cyanoco balamin 
alme and as total cobalamins. In all cases 
but the liver of dog #276, both total and cy- 
anocobalamin account for approximately 

TABTIE 11. Recovery of Iiij ected Cyanocobalamiii- 
CqB0 f rom T)OP Tivvs .  

% Coso recovered Dist. coeff. 
As cyano- As total 

Dog eobalaniiii cobalamins R'act. Color 

282 99 103 1.18 1.31 
100 100 1.25 1.21 

574 98 98 1.23 1.18 
92 104 1.26 1.16 

276 56 97 1.34 1.20 
66 98 

328 96 95 1.26 1.24 
320 94 95 1.25 1.21 

- - 

100% of total radioactivity suggesting that 
the administered Vit. B12-CoGo which resides 
in these tissues is still present as intact cyano- 
cobalamin. Paper chromatography of total co- 
balamin isolate from a sample of liver from 
dog #274 revealed but one component in 
which radioactivity and Vit. BIZ color (visible 
and spectrophotometric assay) coincided. 
Final confirmation of the cobalamin nature of 
the radioactive isolate is seen in the values of 
distribution coefficients (Columns 4 and 5 ,  
Table 11) determined colorimetrically and 
radiometrically. The essential equality of 
these 2 values (in a given isolate) supports 
the common origin of color and radioactivity, 
i.e., cyanocolbbalamin. It was also noted, in 
agreement with an earlier report(2), that ra- 
dioactivity was distributed uniformly 
throughout the liver since different samples of 
a given tissue exhibited comparable (within 
10%) cpm/g. 

Reverse dilution assay of one liver sample 
(dog #274) for free or readily exchangeable 
cobalt yielded a value of = 1.0% of total 
radioactivity. Further purification would 
probably lower this value still further. Ob- 
viously, appreciable degradation of Vit. B I Z  

to low molecular weight (ionic) colbalt com- 
pounds does not occur. 

In  view of the apparent stability of injected 
Vit. BI2-Co"O retained by liver, this endoge- 
nous labeled vitamin was utilized as an in situ 
tracer for the isotope dilution assay of liver 
fcr total cobalamin content. Isolation was 
performed as described in the reverse dilution 
procedure for total cobalamins. No attempt 
was made tol distinguish between cyano and 
non-cyanocobalamins. Values of total co- 
balamins are listed in Table 111. Radioactiv- 



ity (Co"") distribution coefficients ( lid,,t ') re- 
ported in column 5 again support the sup- 
position that the isolate is authentic \-it.  H I ? .  
Furthermore, a paper chromatogram after ad- 
dition of carrier vitamin to the isolate from 
dog r"2 71 consisted of a single radioactive 
spot which coincided with the location of 
visible color. Vsing initial (10 months in 
frozen state) assays, the isotope dilution 
method gives an average cobalamin concen- 
tration of 0.36 p g j g  of liver. This is of the 
order of \?it. R12 concentrations reported for 
mammalian livers ( 13,14) . The drop in suc- 
cessive assay values for the dog livers is at- 
tributed to a gradual decrease in tissue co- 
balamin content, despite storage in the frozen 
condition during the over-all lapsed time of 
= 2 years. A similar loss in activity was 
observed by microbiological assay ( 15) with 
L. Ze ichzmi i i i .  This may be due to micro- 
bial infestatioi; while specimens were thawed 
for sampling. That retained Vit. Bls-Co';" 
constitutes an authentic tracer is demon- 
strated by the agreement with values (Table 
111) obtained from dilution experiments with 
\'it, BI2-CoL7 i n  the cases of livers 282. 274 
and 328. 

No1 attempt was made, in performing liver 
assays by  direct isotope dilution, to differen- 
tiate between cyano- and non-cyano forms, 
only total cobalamins being determined. \.it. 
BIZ activity appears to exist in tissue, at 
least in part, as hydroxocobalamin or other 
non-cyano analogues( 16.17). This is in con- 

trast to the olbservation that injected cyano- 
cobalamin is retained by liver essentially un- 
changed. I t  is unlikely that digestion with 
nitrite alone would generate sufficient cyanide 
ion to convert non-cyanocobalamin-CoG@ to 
the cyano form. It is more likely that the vita- 
min BIZ present in tissue, being derived from 
exogenous sources, is ingested as a non-cyano 
analogue, whereas injected cyanocobalamin is 
retained intact. That  residence times in 
tissue between 5 and 71 days yielded the same 
complete cyano-cobalamin-Co"" recoveries in- 
dicate the great stability of this compound in 
ti s u e .  

Summar!. 17t. RIs-C'o"'' injected intrave- 
nously into dogs is retained by dog livers as 
an intact cobalamin, probably as cyanoco- 
balamin. This was demonstrated by the 
method of reverse isotope dilution. Direct 
isotope dilution indicates an average total co- 
balamin concentration of 0.36 pg/g  of dog 
liver. The authenticity of retained Vit. B12- 

. introduced by injection, as an  isotope c' t ;o 

dilution tracer was demonstrated by simul- 
taneous analysis with Vit. B12-C~T)i. Degra- 
dation of Vit. BIZ  to ionic cobalt is negligible. 

The authors are greatly indebted to Mrs. Helen 
R Skeggs, Merck Sharp S- Dohme Research Labora- 
tories, for microbiolcgical assays. They wish to 
acknowledge the assistance of Mr .  P. G. Gethard 
from these same laboratories for certain isolations 
and measurements contributing to Table 11. 
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Vitamin BIZ Activity of 5,6-Dimethylbenri.,imidazolylcobamide Coenzyme for 
the Chick. (26039) 
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The isolation and properties of 5,6-dime- 
thylbenzimidazolylcobamide coenzyme (DBC 
coenzyme), which is structurally similar to1 
Vit. BI2, have been described( 1,2) .  This co- 
enzyme is required for conversion of gluta- 
mate to P-methylaspartate by cell-free ex- 
tracts of Clostridiunz tetanomorphum ( 2  ) ,  and 
also for isomerization of methylmalonyl-ColA 
to succinyl-CoA( 3-5). The DBC coenzyme 
has activity similar to that of Vit. B12 for sup- 
porting growth of Ochomonas nzalhanzensis 
and the Vit. B12-requiring mutant of Esckeri- 
chia coli(2 ) . Since presence of the coenzyme 
has been demonstrated in rabbit liver, it  is 
reasonable that this compound may also be a 
coenzyme form of Vit. BI2 for higher animals. 
In the present study, activity of the DBC CD- 

enzyme was compared with that of Vit. B,? 
for supporting growth of young chicks. A 
second parameter used for assessing DBC co- 
enzyme activity was suppression of formi- 
minoglutamic acid (FGA) excretion by Vit. 
BI2-deficient chicks. This metabolite of his- 
tidine, which is excreted in negligible quan- 
tities by normal animals, was found to! be ex- 
creted in large amounts in urine of Vit. B12- 
deficient rats (6 ) .  The same finding has been 
observed in Vit. Bls-deficient chicks (unpub- 
lished data). 

Methods. Day-old female New Hamp- 
shire chicks were distributed into groups of 

8 chicks each and maintained for a period of 
4 weeks in electrically heated batteries with 
screen wire floors. The chicks were weighed 
at  weekly intervals. The diet was fed ad Zibi- 
t UfllZ. 

Diet C62, which was used throughout this 
study, had the same composition as Diet C47 
( 7 )  except that 200 g of the glucolse was re- 
placed by an equal weight of hydrogenated 
vegetable oil (C‘risco) in each kg of diet. 
Alsol, the Salts A used in Diet C47 was re- 
placed by an equal quantity of Salts N(8).  
Vit. B12 was incorporated in this diet a t  lev- 
els shown in Table I. 

Since the DBC coenzyme is destroyed by 
light, it  could not be given in the diet. The 
chicks that received either Vit. BI2 or the 
DBC coenzyme by injectioln received no Vit. 
BIZ in the diet. In each case, aqueous solu- 
tions of supplements were injected intraperi- 
toneally. The chicks fed a suboptimal level 
of Vit. BI2, 5 pg/Iig of diet, served as the ref- 
erence group in determining quantity of either 
Vit. BI2 or DBC coenzyme to be injected. 
Folod intake of this group was measured 3 
times weekly and the groups receiving the 5 
pg level of “supplement” by injection received 
exactly the same amount of Vit. Br2 or DBC 
coenzyme as Vit. B12 eaten by the reference 
group. For convenience, in tables and text 
reference is made to weights of Vit. B I Z  and 


