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nates. However, both species were able to
methylate guanidoacetic acid to form cre-
atine. The low values found in this study for
calf liver are of the same magnitude as those
reported by Cohen(11) for beef liver. Cohen
(12) found that addition of folic acid and
glutamic acid did not bring the levels into
line with those for the rat.

The choline oxidase activity of calf liver
homogenates as compared to rat liver homo-
genates is shown in Table II. These results
indicate that calf liver possesses a much lower
choline oxidase activity than rat liver. The
low activity of the enzyme would indicate a
slow choline turnover similar to that found
by Handler (13) for the guinea pig.

Summary. 1. Using a synthetic milk diet,
calves receiving 1.2% DL-methionine exhib-
ited no demonstrable choline requirement, as
measured by growth and liver ether extract.
On a diet supplying 0.8% methionine, fatty
livers developed in the absence of choline.
2. A study was made of the ability of calf
liver homogenates to methylate homocysteine
to form methionine, when betaine served as
methyl donor; to methylate guanidoacetic
acid, when methionine served as the methyl

donor, and to oxidize choline. It was found
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that while calf liver homogenates would carry
out all of these reactions, the activity of the
calf liver enzymes was very much less than
that of rat liver homogenates.
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Pernicious Anemia. I. Remission by Small Oral Doses of Purified

Vitamin Bi..*
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During studies on pernicious anemia, it was
found, contrary to previous experience, that
partial ‘remission occurred in a patient with
pernicious anemia in relapse who received
minimal doses of purified vit. By» by mouth.
Pérnicious anemia is generally considered to
be the result of a heredofamilial atrophy of
gastric and duodenal mucosa, with absence -of
“imnwsic factor,” a material ‘Técessary’ for

* Aided:‘by grants from the Squibb Institute for
Medical Research and the A.. A. List, Anna Ruth
Lowenberg, and Frederick Machlin Research Funds.

absorption of vit. Bys from the gastrointes-
tinal tract into the blood stream. Megalo-
blastic erythropoiesis of pernicious anemia in
relapse can be restored to normal by overcom-
ing the deficiency in intrinsic factor by (1)
parenteral administration of vit. By, thus cir-
cumventing the abnormal gastrointestinal
tract; (2) oral administration of massive
doses of vit. Bz (1000 to 9000 pg/wk),
through a sort of “mass action” effect; or (3)
oral administration of vit. Bys together with
some outside source of intrinsic factor. How-
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Case la. Pernicious anemia. Submaximal response following oral administration of

vit, By, 5 ug daily.

ever, remissions of pernicious anemia follow-
ing oral administration of small amounts of
vit. By without intrinsic factor (10 to 250
ug/day) have been reported(1-7). Subopti-
mal responses have been seen with oral doses
of 10 pg(1.2). 15 ug(3), 30 pug(2), and 50 to
250 ng per day(1,4-6); but only rarely have
maximal responses to oral vit. Bys in doses of
25 to 130 pg-day been noted(1,4,6). In the
absence of an outside source of intrinsic fac-
tor, remission following oral vit. B;s occurred
regularly only when massive doses of the ma-
terial (3000 ng in a single dose) were given
(8).

As a result of our experience with one pa-
tient (Fig. 1), in whom pronounced reticulo-
cytosis and remission followed oral adminis-
tration of 5 ug/day of purified vit. B2 with-
out added intrinsic factor, similar small doses
of vit. B2 (5.0 to 16.8 pg/day) were given
by the same route to 9 additional patients
with pernicious anemia in relapse, and to 1
patient with megaloblastic anemia of obscure
etiology. It is our purpose to report the al-
most regular occurrence of varying degrees
of remission under these circumstances.

Methods. Diagnosis of pernicious anemia
was established by the presence of macrocytic
anemia, histamine-fast achlorhydria, megalo-
blastic bone marrow, normal gastrointestinal
x-ray studies, and absence of steatorrhea.
The dose of 5.0 to 16.8 ug of vit. B;» was ad-‘
ministered by mouth, one to 3 times daily, in
tablets or capsules, with no particular rela-
tion to meals(6). The vit. By, was obtained
from 2 independent sources,!, and was as-
sayed for and found to be free of folic and
folinic acids. No intrinsic factor was given
in association with oral vit. B;s, and the diet,
which was free of liver and red meats, was un-
changed before and during treatment.

Results. A definite reticulocytosis and
hematologic remission of varying degree, with
reversion of bone marrow to normoblastic
erythropoiesis, occurred in 11 trials in 8 cases
of pernicious anemia and in one case of non-
pernicious megaloblastic anemia (Table I).

t We are indebted to Dr. Douglas B. Remsen,
Squibb Institute for Medical Research, New Bruns-
wick, N. J., and to Dr. Nathaniel S. Ritter, Merck
& Co., Rahway, N. J., for generous supplies of these
materials.
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TABLE I. Remissions in Pernicious Anemia (Cases 1-8) and Non-Pernicious Megaloblastic
Anemia (Case 9) on Small Oral Doses of Vit, By,.

~—-Initial count——

~—Max hemogram—,

B,y/day, Hgb, Max reties, Hgb,

Case neg g/100 ml Het, % %/day g/100 ml  Het, %
la 5 5.2 13 22.6/ 8 11.4 37
b 10 9.0 27 6.2/ 9 12.6 42
2a 16.8 5.6 18 9.8/ 3 10.9 37
b 15 8.0 26 9.2/ 8 10.7 36
3 16.8 9.1 27 9.2/ 9 13.3 41
4 15 8.2 26 8.8/20 14 42
Ha 15 8.5 28 9.8/ 9 14.4 13
b 15 9.0 28 8.8/13 14.9 47
6 15 7.6 22 18.0/ 8 11.7 37
7 15 54 18 21,0/ 4 10.2 34
8 10 9.3 30 7.4/12 14.1 46
9 10 5.4 17 21.6/15 12.9 46

Mean* 7.7 23.9 10.7/10 12.6 40.2
Range* 5.2-9.3 13-28 6.2-22.6/3-20 10.2-14.9 3447

* Of cases 1-8 only.

Remission was estimated to have been maxi-
mal in 3 cases of pernicious anemia and in the
one case of non-pernicious megaloblastic
anemia, and submaximal in 5 cases of perni-
cious anemia. Typical responses to oral doses
of vit. By are depicted in Fig. 1-3, and the 9
responsive cases are summarized in Table I.
Maximal reticulocytosis usually occurred on
8th or 9th day after initiation of therapy,
with a cumulative oral dose of from 35 to 150
pg of vit. Bjs. TUnless parenteral By was
subsequently administered, remission after

cessation of therapy usually tended to be
short-lived (4 to 6 months), although remis-
sions persisted longer in some patients.
During these observations, 3 patients with
pernicious anemia similarly treated failed to
show hematologic response (Table IT). Case
4 initially showed no hemoglobin response,
despite a reticulocytosis, on a dose of 5.6 ug/
day, but responded maximally on a dose of 15
ug/day (Table I). Six months later, when
again in relapse, this patient failed to show
any signs of remission on oral vit B;s during
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FIG. 2. Case 6. Pernicious anemia. Submaximal response following oral administration of

vit. By, 15 ug daily.



502

101G By, RO. DAILY

ORAL B;. IN PERNICIOUS ANEMIA

I0uG B, PO.DAILY

T
3 0

1 7457 & " o !: o
1 14091 2 ! P PCV.o~o I

d1ad3s] E4 o | op o I+
1124304 = \l: o-0. OI,n\ ,»N/*‘*EJ?E‘*'_*/’—‘. ::
541042522 I N-I»*ﬁ"’\z' + ‘ "

L 2N A LIy L
34 64159 18 *~|! e o— o— |
24 44104 16- 0o i
14 24 541499 | i
. - i (o] i
Q"E 0= 0 'g_g | | MEGALOBLASTIC X
g & 1013 I}  MARROW N
s € 2 813 | ; NORMOBLASTIC :l
. o o 6o MARROW |
s 3 o R [ f | reTics i
« I a gi :; Mﬂwb\oﬂo :i °

1

T T
WEEKS O ! 3 4

FIG, 3. Case 8.

T T T T T T 1
5 6 7 8 9 10 19

Pernicious anemia. Maximal response following oral administration of vit.

By, 10 pg daily.

successive trials on 3, 10 and 15 pg/day, but
at this t'me he had developed carcinoma of
the stomach. Case 7, who showed a re-
m:ssion on the initial oral medication of 15
ng daily (Table I), failed to respond to a
s'milar oral dose following another relapse 9
months later (Table I11), whereas parenteral
vit. By was effective. No response to 5 ug
of vit. By» was noted in one case of pernicious
anemia in relapse (Case 10, Table IT), but a
larger dose and longer period of observation
were not attempted in this patient.
Discussion. 1f intrinsic factor is indeed
necessary for absorption of vit. Bjs, it ap-
pears that some intrinsic factor must have
been present in gastric and duodenal mucosa

of our patients with pernicious anemia in re-
lapse.  Similar conclusions regarding the
quantitative rather than qualitative change in
gastric secretion in some cases of pernicious
anemia were reached by others(9,10), who
suggested that the red cell level in pernicious
anemia is determined by actual amount of in-
trinsic factor secreted in the gastric juice.
Since crystalline vit. By, was used in these
studies, it is recognized that absorption may
have been facilitated by the purified nature
of the material, just as ferrous sulfate is ab-
sorbed more easily than food iron. This,
however, is not a satisfactory explanation in
itself, since regular remission with oral use of
purified vit. Bi» has not been reported(1-7).

TABLE TI. Cases of Pernicious Anemia Which Failed to Respond to Oral Vit. B,,.

——Initial count—y

B./day, Hgb,

~—Max hemogram—

Max reties, Hgb

$
Case ng g/100 ml Het, % Ye/day £/100 ml  Het, %
4% 5.6 5.3 16.5 6.6/ 8 6.4 20
5 8.4 27 1.8/18 8.4 27
10 6.9 27 5.0/ 4 7.2 24
15 7.0 23 5.4/26 70 23
7% 15 6.6 20.5 2.6/16 6.6 20.5
10 5 8.2 25 21/ 8 74 25
Mean 7.1 23,2 1.4/13 7.2 23.3
Range 53-84 16527 2.1-6.6/4-26 6.4-84  20-27

* Same numbers as in Ta,ble-’I.r
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Although the fasting state may facilitate ab-
sorption of vit. B;2(6) from the gastrointes-
tinal tract, absorption occurred independent
of the fasting state in our patients.

The action of oral preparations containing
both intrinsic factor and vit. Bis cannot a
priori be attributed to their intrinsic factor
content, since as has been shown above, re-
mission may follow the use of the vit. By,
alone.

Studies on vit. By, metabolism in this
group of patients are still in progress. Pre-
liminary results in some of these patients sug-
gest that remission occurs without a rise of
the serum vit. By, level above relapse levels
(less than 20 ppg/ml),

Summary. 1. Hematologic and clinical
remissions were induced 11 times in 8 pa-
tients with pernicious anemia in relapse, and
in 1 patient with non-pernicious megaloblastic
anemia, by small oral doses of purified vit.
By» without added intrinsic factor. The ef-
fective dosage range was 5 to 16.8 ug per day.
2. Unequivocal failure occurred in 1 case of
relapsed pernicious anemia. 3. These results
further confirm the suggestion that in perni-
cious anemia there is a quantitative rather
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than a qualitative change in gastric secretion,
and that variations in the amounts of intrinsic
factor remaining in pernicious anemia pa-
tients may be responsible for varying re-
sponses to oral vit. By2. 4. A trial period of
vit. By, alone should precede any study with
a vit. By, plus intrinsic factor preparation.
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During the past year the Al-steroids have
been employed clinically to a considerable ex-
tent. These compounds are synthetic deriva-
tives of hydrocortisone and cortisone, differ-
ing from the parent steroids by the insertion
of a double bond in the 1-2 position of the
steroid nucleus.  Al-hydrocortisone (AL4-

* Supported in part by a grant-in-aid from Upjohn
Co., Kalamazoo, Mich.

t This work done during tenure of American Heart
Assn, Research Fellowship.

1 The authors are indebted for technical assistance
to Doris F. Tippit, Mary C. O’Brien and Tiona L.
Hughes.

pregnadiene-118, 17a, 21-triol-3,20-dione)
has been produced under various commercial
names: metacortandralone, prednisolone, del-
ta-cortef, hydeltra, meticortelone, and sterane.

Clinically, the Al-steroids appear to be
3 to 5 times as effective as the parent com-
pounds(1-3). A similar ratio has been found
for glucocorticoid activity (liver glycogen de-
position, eosinophil response)(3,4). How-
ever, results of in vitro studies of anti-inflam-
matory potency have not been reported. It
is possible that the apparent advantages of
the A-steroids over the parent compounds are
attributable to differences in absorption or



