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Hydroxocobalamin: Physiological Retention in the Dog.

(26162)

HEeLEN R. SkEGGs, Epwarp J. Hanus, Arice B. McCAULEY aND VINCENT J. Rizzo
(Introduced by D. K. Bosshardt)

Merek, Sharp & Dolme Research Division, West Point, Pa. and Merck Chemical Division,
Raliray, N. J.

Therapy aimed at maintained elevation of
Vit. By. in the body is hampered by the
rapid urinary excretion of the vitamin and
consequent need for repeated administration.
The therapeutic efiectiveness of a single in-
jection of a small amount of cyanocobalamin
in pernicious anemia, with rapid excretion in
the urine of larger amounts has been estab-
lished(1). Indeed. Reisner and Weiner(2)
state that individual doses of Vit. B, above
50 ng are not warranted since they exceed the
renal threshold value, are rapidly and quanti-
tatively excreted, and do not prolong the
period of remission. Mollin and Ross(3)
find that hemapoiesis is normoblastic when
serum Vit. By, levels are maintained at 100
pg or more. but that megaloblasts appear in
the marrow of pernicious anemia patients
when serum levels fall below that figure. In
the opinion of Mollin and Ross, tissue Vit.
By, deficiency must be extreme before serum
levels fall below normal and megaloblastic
anemia develops. To restore the depleted
tissues to their normal range of 1 to 2 mg.
considerably more Vit. B,. is needed than for
producing hematological remission and they
suggest that 5-1 mg doses, administered over
a 2-week period, with retention of 20 to 30%
of each injection would constitute rational
initial therapy, followed by maintenance with
monthly injections of 100 ug. This consti-
tutes a more intensive therapy than recom-
mended by Unglaub and Goldsmith(4), but
is supported by reports(5,6) that therapy
adequate to produce a hematological remis-
sion may be inadequate for reversing the
neurological disease pattern in the Vit. By,
deficient individual.

Apart from its physiological role in main-
taining normal metabolism, Vit. B;s has been
reported to exert a pharmacological effect in
a variety of conditions such as non-specific
neurological disease and neuroblastoma in in-
fants(2,7,8) when massive doses, 1 mg or

more, are administered repeatedly. Thus, it
appears that there would be a therapeutic ad-
vantage in certain disease states to maintain-
ing an elevation of the Vit. By, circulating in
the body. To this end considerable effort has
been directed toward the search for forms of
Vit. B;. that upon injection would be better
retained by the body and maintain elevation
of blood levels for a longer period of time.
This effort has met with some success in de-
velopment of effective depot forms of cyano-
cobalamin(9,10).

We are reporting in this paper that high
and prolonged serum levels are obtained in
dogs after injection of aqueous solutions of
hyvdroxocobalamin.®* Since this substance is
injected in true solution its retention must be
due to other factors than a depot effect and,
therefore, the term physiological retention
has been used to describe this phenomenon

Experimental procedure. Dogs were in-
dividually caged and fed standard rations
throughout the experiment. They were se-
lected at random from animals being held
for future pharmacologic study and, except
for those which had received antibiotic ther-
apy for infections, had not been on previous
medication. Since this study was concerned
with maintenance of elevation of serum Vit.
B1a levels, samples were not collected until
5 hours post injection, when preliminary in-
vestigation had revealed that the levels fol-
lowing administration of aqueous cyanoco-
balamin had passed their peak and maximum
rate of decline.

Solutions of the cobalamins to which 0.9%
benzyl alcohol had been added as a preserva-
tive were sterilized by filtration and injected
into the gluteal muscle (500 pg). Blood was
obtained by venipuncture of the jugular vein

* Hydroxocobalamin has been referred to in the
literature as vit. By, and vit. By, (11). Aceording
to Smith(12) it exists as aquocobalamin except in
alkaline solutioms.
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TABLE T. Comparison of Effeet of Single Injections of Hydroxocobalamin (H)* and Cyano-
cobalamin (C) on Vit. By, Serum Levels of the Dog.
mug vit. By, activity/ml
Hr after administration
No. dogs 0 5 24 48 96 168
Exp. compared H C H C C H C H C H O
1 2 .60 .61 15.70 13.20 3.98 1.32 1.86 .91
2 2 33 .42 18.60 3.31 4.68 1.41 2.51 .84 1.06 .79
3 2 B2 47 1910 851 4.22  1.60 2.54 143
+ 2 28 .32 12.60 4.03 269 1.10
5 2 23 .26 3430 3.31 452 141 1.93 .85 116 .62
6 3 A6 .33 31.80 566  6.76 214 2.84 1.56 1.51 .94 61 .52
6AT 3 .20 30.85 5.37 2.88 1.55 b7
7 2 29 .26 7240 422 10.10 1.27 4.22 78 1.26 4
Avg 28 36 2510 533 4.98 1.48 2.57 1.05 1.27 .79 .78 48
P value <0.05 <.001 <.001 <025 NS

500 ug of each preparation were inj. into the gluteal musele of 2 (3) dogs per experiment.
Blood was obtained for serum analysis at indieated interval. Values are expressed as geometric

mean,

* Hydroxocobalamin in Exp. 1 through 4 analysed as 75% of total eobalamins. Purity of
hydroxveobalamin in Exp. 5-7 was reported to be 909.
T These data not included in the statistical analyses.

0, 5, 24 and 48 hours post injection. Serum
was drawn off after clot formation and kept
frozen until assayed.

Vit. By» was determined by the microbio-
logical assay procedure employing L. leich-
mannii, ATCC 4797(13) with the following
modifications:

(1) Double strength assay medium was
supplemented with 200 mg/liter each of
guanosine, guanylic acid and calcium chlor-
ide, and 1 g of DL-a-alanine. The final mix-
ture was adjusted to pH 5.8.

(2) L. leichmannii was carried in single
strength basal medium supplemented with
0.1 mug per ml of Vit. Bys for several 24-hour
transfers prior to use as an inoculum, return-
ing to stock milk culture every 2 weeks. The
inoculum was prepared by washing the cells
3 times with sterile physiological saline, re-
suspending in saline, and diluting 1 to 5,000.

(3) Cyanocobalamin was used as the
standard in the range from 10 to 100 pug per
10 ml single strength medium. Hydroxoco-
balamin was equal to cyanocobalamin in mi-
crobiological activity.

Serum samples were diluted with water and
assayed without further treatment. Because
of serum protein precipitation in the assay
tubes, assays were read titrimetrically instead
of turbidimetrically after 72 hours incubation
at 37.5°. All glassware employed, both in

collection of blood samples and in the assay,
was meticulously cleaned.

Results. A comparison of serum Vit. By
activity after injection of 500 ug doses of
cyanocobalamin and hydroxocobalamin is
shown in Table I. All sera in a given experi-
ment were assayed simultaneously. Although
an equivalent total cobalamin dose was ad-
ministered, the hydroxocobalamin samples
were not chemically pure, so that in fact the
first 4 experiments compare an actual hy-
droxocobalamin concentration of 375 and the
last three 450 pg with the 500 pg dose of cy-
anocobalamin. Regardless of this discrep-
ancy, the serum cobalamin concentrations
following administration of hydroxocobala-
min are consistently significantly higher than
those following administration of cyanoco-
balamin. Hydroxocobalamin was adminis-
tered in a stabilized solution in Exp. 5, 6 and
7. The data shown in Exp. 6A were ob-
tained simultaneously with those in Exp. 6
on dogs injected with the same concentration
of hydroxocobalamin in water and show that
the stabilizing formula does not alter the in-
herent activity of the hydroxocobalamin.

The prolonged serum concentration ob-
served after injection of hydroxocobalamin
suggested that, in comparison with cyanoco-
balamin, it is more readily taken up by body
receptor sites. It was therefore of interest to
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TABLE II. Comparison of Total and Bound Vita-
min By, in Serum after Administration of Cyano-
cobalamin or Hydroxocobalamin to Dogs.

myg vit. B,,/ml

1y after LLydroxocobalamin Cyanocobalamin
admin, Total Bound Total Bound
0 264 160 305 165

5 20.6 6.25 8.81 1.05
24 5.28 1.60 1.80 638
48 1.61 852 782 290

500 pg of cach preparation were inj. into gluteal
muscle of 2 dogs. Avg values are given,

determine whether there was a difference in
amount of bound Vit. By. activity in the se-
rum of dogs injected with the 2 cobalamin
analogs. Using the charcoal absorption tech-
nic of Miller(14) to remove free Vit. By., the
sera from dogs in one study group were as-
sayed before (total) and after (bound) norit
treatment. The results are shown in Table
II. The amount of bound Vit. B;» in the
serum of dogs injected with hydroxocobala-
min was greater than in dogs receiving cy-
anocobalamin. Preliminary studies had es-
tablished that the concentration of charcoal
employed was adequate to remove either of
the free cobalamins up to 50 mpug.
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FIG. 1. Binding of cobalamins by normal dog
serum.
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The difference in binding capacity of dog
sera for the 2 cobalamins was clearly demon-
strable in vitro. Fig. 1 shows that when se-
rum was incubated with varying concentra-
tions of hydroxocobalamin and subsequently
treated with charcoal to remove free cobala-
min, the concentration of bound Vit. Byg, as
determined microbiologically, increased in
proportion to the original concentration to
which the serum was exposed. On the other
hand, serum binding of cyanocobalamin was
proportionately less as concentration was in-
creased, as Miller had found, and appeared
to level off at a relatively low concentration.
A possible explanation for the difference in
serum binding may lie in the chemical sta-
bility of cyanocobalamin which limits the
sites at which it may be bound as compared
to hydroxocobalamin which readily dissoci-
ates and may equilibrate with a variety of
serum constituents.

Discussion. Most of the cobalamin found
in tissue is known to be bound to protein and
a large part of it is present in the noncyanide
form(15). The data presented here suggest
that hydroxocobalamin may be more avail-
able to tissue receptor sites than cyanoco-
balamin. By whatever mechanism it is re-
tained for longer periods in the circulating
blood, the time interval for effective tissue
saturation is increased. If the amounts
bound in serum are indicative, tissue binding
generally may be increased. Preliminary
clinical studies(16) in normal subjects indi-
cate that this may be the case, since there ap-
pears to be in man slower disappearance of
hydroxocobalamin from site of injection, in-
creased liver uptake and less rapid urinary
excretion when compared with cyanocobala-
min. Thus while hydroxocobalamin is not a
“depot” compound in the usual sense of the
word, it appears to have physiological “de-
pot” activity.

It has long since been established that hy-
droxocobalamin is as effective as cyanoco-
balamin in treatment of pernicious anemia
(17). If there is any virtue to the supposi-
tion that prolonging the availability of co-
balamin will be of therapeutic advantage in
treatment of certain neurological disease, hy-
droxocobalamin may prove more effective in
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these conditions than cyanocobalamin.
Summary. Hydroxocobalamin, when in-
jected intramuscularly into dogs, produces
more prolonged elevation of serum Vit, By,
than does injection of equal quantities of cy-
anocobalamin. The possible physiological
significance of this observation is discussed.
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Frolicher(1), using an iz vive technic,
showed that the terminal ileum of the rat has
the ability to absorb cholates more rapidly
than does the upper jejunum. The upper je-
junum, in turn, was shown to be a better
cholate absorber than the duodenum. The
present investigation confirms and extends
Frolicher’s findings.

Methods. The experiments were per-
formed on adult, male, albino rats (Holtzman
Co.) which had been fasted for 24 hours with
access to tap water. Extract of Ox Bile,
N. F. (Wilson Laboratories) was used as a
source of conjugated cholate. The bile salts
in this preparation consist principally of so-
dium glycocholate and sodium taurocholate.

* Aided in part by research grant from Arthritis
and Metabolie Diseases Inst., U.S.P.H.S.

t This investigation was carried out during the
tenure of a predoetoral fellowship from Nat. Can-
cer Inst.,, U.S.P.H.S.

1 Present address: Dept. of Physiology, Univ. of
Texas, Medical Branch, Galveston.

An approximately 1.0% solution of Extract
of Ox Bile in distilled water was used as the
initial test solution. The cholate concentra-
tion of this solution in the various experi-
ments ranged from 11.6 to 13.2 pmoles per
ml.

An in vivo isolated loop technic was used.
An attempt was made to overcome two major
problems often encountered in such technics:
(a) the progressive decrease in intralumenal
hydrostatic pressure, and (b) the difficulty
in completely removing all of the remaining
test solution from the loop at end of experi-
ment. '

Each animal was anesthetized with sodium
pentobarbital (about 40 mg/kg, I.P.); its ab-
domen was opened in the midline; and a seg-
ment of small intestine, roughly 10 to 15 cm
long was cannulated at both ends. The posi-
tion of the segment along the intestine varied
from animal to animal. The bile duct was
tied off if it entered the loop of intestine se-
lected.  The cannulae were connected



