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THE PRESENT STATUS OF
VITAMIN B1 2 IN PERNICIOUS ANEMIA*

EDWARD H. REISNER, JR.

RSM55 [NTROBE states in his book, Clinical Hernetology-"A con-
| fusing array of 'B vitamins' . . . have been shown to be

related to blood formation." In the past pyridoxine,
riboflavin, nicotinic acid and folic acid have been shown

CRSESERS to play a role in hematopoiesis, and now vitamin B12
has been added to that group. It is the purpose of this paper to review
briefly the steps leading up to the discovery of vitamin B12, to discuss
some of the facts we now know about it, and to show you the records
of cases treated with it by Randolph West and myself.

Ever since the discovery of the effect of liver in pernicious anemia,
successively more potent extracts of liver have been produced in the
effort to isolate the active antianemic principle. These attempts were
retarded by the necessity to test the potency of liver fractions by tedi-
ous clinical trial methods. With the discovery of folic acid a new
technique of bioassay was developed, depending on the fact that cer-
tain bacteria required folic acid to achieve optimum growth. In I947
Shorbl reported that the growth requirements of Lactobacillus lactis
Dorner for liver extracts paralleled their antianemic potency. This pro-
vided an in vitro method of testing the potency of such extracts and
expedited the research culminating in the isolation from liver last year
by Rickes and his associates2 of some reddish crystals, designated vita-
min B12. Simultaneously, the same substance was isolated by English
investigators under Smith,3 using the traditional clinical test methods.

Vitamin B12 is a red crystalline substance with a molecular weight
of I63o.' It contains cobalt, nitrogen and phosphorus but no sulphur.,
It is extracted from liver in exceedingly small amounts and can also be
obtained from a variety of sources in nature, including the manure of
cows, chicks and other species6 and has recently been reported to be
found in the liquor produced in the production of streptomycin. Its
potency in the treatment of pernicious anemia was reported by West7
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and confirmed shortly by Spies8 who also found it effective in sprue
and nutritional macrocytic anemia. Its outstanding feature was its
potency, doses as small as 4 micrograms being adequate to produce a
maximal reticulocyte response.

The first patient treated was a 66 year old white female with perni-
cious anemia, a patient on the wards of the Kings County Hospital,
made available to Dr. West through the courtesy of William Dock.
Following a single injection of 150 micrograms a maximal reticulocyte
response of 27 per cent was observed and the blood count rose to nor-
mal and is still over four million, ten months later, with no further
therapy.

Having established the efficacy of the material, a series of trials
was instituted to establish the limits of potency, using patients on the
First and Fourth Medical Divisions of Bellevue Hospital. It was found
that a single injection of as little as 3 to 6 micrograms produced a
maximal reticulocyte response, and a total dose of 56 micrograms in one
patient effected complete hematologic remission, which was maintained
for four months before relapse, with no additional therapy. A dose of
one microgram a day was found to give a maximal reticulocyte re-
sponse and restore the blood count to normal. A daily injection of
I/IO of a microgram was ineffective, but remission occurred when this
was increased to 34 of a microgram daily. One-half a microgram daily
gave a submaximal reticulocyte response. From these experiments the
unit potency of B12 was fixed at approximately one unit per microgram,
a unit being defined as the amount of antianemic substance required
daily to effect and maintain hematologic remission in a patient with
pernicious anemia.

The next problem to investigate was the effect of B12 on the neu-
rologic lesions of combined sclerosis. One of the Bellevue patients had
exhibited early cord lesions at the onset of treatment with one gamma
a day, and at the end of fifty-three days of treatment had a negative
neurological examination. Four patients with more severe neurological
disease were treated at the Columbia-Presbyterian Medical Center by
Dr. West. The dose employed here was 25 micrograms a week. There
was marked improvement in ability to walk, and gain in subjective and
objective motor strength and coordination. The neurologic signs such
as Babinski and Romberg signs tended to diminish or disappear. Vibra-
tory sense on the other hand improved slowly and only slightly. These
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patients have now been followed for eight months, and on 25 micro-
grams a week have maintained their improvement and shown no sign
of relapse. In general the neurological results of treatment with B12
seem to be as satisfactory as those that might have been obtained with
vigorous liver therapy.

Meanwhile other workers have been investigating various aspects of
B12 treatment and reporting their findings which will be briefly sum-
marized. Hall9 reported beginning disappearance of megaloblasts from
the bone marrow as early as i 8 hours after the injection of B12. Bethell10
demonstrated that a substance probably the same as B12 was excreted in
the stools of patients with pernicious anemia in relapse, and that this
substance when extracted from their stools and given parenterally,
caused remission. Berk et all' reported that when B12 was given by
mouth it was ineffective unless gastric juice was given with it, an ob-
servation confirmed by Hall.12 From these facts it has been suggested
that the role of the intrinsic factor of Castle may be to promote the
absorption of B12 from the gut, and B12 has been suggested to be the
extrinsic factor.
The question will at once be asked about the relationship of B12 to

folic acid. Bethell10 reported that the response to B12 was inhibited by
folic acid antagonists. Sturgis13 has reported that B12 is ineffective in the
so-called pernicious anemia of pregnancy, which is cured by folic acid,
and Luhby reports that B12 is likewise ineffective in the treatment of
acute megaloblastic anemia of infancy, which also responds to folic
acid. Folic acid and B12 probably operate at different levels in the
process of hematopoiesis.

It has been shown that thymine in a ratio of several thousand to
one can replace folic acid in the growth requirements of Streptococcus
lactis R'4 and Lactobacillus casei.15 Spies16 gave thymine in similarly
large doses to patients with pernicious anemia and sprue, and obtained
restoration of the blood count. Like folic acid, however, thymine had
no effect on the neurologic lesions in these conditions.17 Wright18 has
shown that the growth requirements of L. lactis* can be met by substi-
tuting thymidine for B12 in a ratio of Io,ooo to i. Thymidine is the
desoxyriboside of thymine and from the foregoing evidence it is tempt-
ing to postulate that the role of folic acid is to act as a coenzyme in
,the' formation of thymine, which is then converted to its desoxyriboside
by the enzymatic action of B12. We have attempted to treat patients
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with pernicious anemia with thymidine in dosage up to iSo micro-
grams, without notable effect. While such an hypothesis is attractive
it is probably oversimplified and fails to take into account a wealth of
accumulated evidence concerning the role in hematopoiesis of other
factors, including xanthopterin,19 and other pterins. Most recently a
highly potent hematopoietic substance called B1420 has been announced,
but this claim is awaiting confirmation at present.

Finally, the presence of cobalt in B12 is certain to excite interest
because of the fact that this element has been implicated for many
years in the production of experimental polycythemia.2' With the aid
of its isotopes it is now possible to learn more about the fate of cobalt
in the body,22 and the presence of this inorganic ion in B12 may ulti-
mately be of great help in studying the formation and role of this
vitamin. Two of our patients were treated by West with cobaltous
chloride with no effect, before they responded to B12.

To summarize, it would appear that vitamin B12 is identical with the
long sought anti-pernicious anemia fraction of liver. It has an anti-
anemic potency of one unit per microgram of crystalline substance,
and brings about complete hematologic remission, and improvement of
the neurological lesions comparable to that obtainable with liver. In
the light of recent observations it would appear that our twenty-year-old
concept of extrinsic and intrinsic factors in pernicious anemia may
have to be modified, and to end in the vein in which I started, the
"array of B-vitamins" has been extended, and the confusion, which I
have tried tonight to dispel to some extent, is still very dense.
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