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which a parenteral dose of 1 mg of non-radio-
active vitamin By, is given two hours after an
oral dose of 2 ug of Co%-labeled vitamin By,
shows slightly greater amounts recoverable in
the urine, this method was used for patients in
the hospital. However, to relieve outpatients
from having to wait for the injection, the
parenteral dose was given to them at the same
time as the oral material.

Various intrinsic factor concentrates in cap-
sule form provided by Merck & Co., Inc.,,
Rahway, N. J., and gastric juice obtained from
normal subjects, were used as sources of intrin-
sic factor.

The urine excreted during the next 24 hours
was collected and assayed for radioactivity by
scintillation counting using a 1 in. X 1 in.
cylindrical Tl activated sodium iodide crystal.
Labeled vitamin B, with a specific activity of
about 200 uc/mg was employed. The 2-ug
dose gave a total count of approximately 27,000
counts/minute.  Background radioactivity
was determined on a casual urine specimen col-
lected prior to the administration of radio-
active vitamin Bj,. In cases where the ex-
cretion of radioactive material was low, the
original aliquot of urine was concentrated by
boiling to a small volume. When more than
one test was performed on a patient, a week was
allowed to elapse between tests to ensure the
disappearance of any radioactive vitamin By,
from the previously administered dose.

APPLICATIONS AND RESULTS

Assaying Intrinsic Factor Preparations

In 27 patients with pernicious anemia the
test was employed to screen intrinsic factor
preparations for activity prior to clinical test-
ing. These patients showed an average ex-
cretion of 0.5 per cent (0.0-1.36) of the ingested
vitamin B,,, and this low excretion was en-
hanced significantly by the simultaneous ad-
ministration of intrinsic factor.

Results, compiled in Table I, show the clini-
cal activity, dose and urinary tracer test re-
sponses of some of the preparations tested.
Clinical activity is expressed qualitatively in
terms of compliance with the criteria estab-
lished by the U. S. P. Anti-anemia Prepara-
tions Advisory Board for the relatiouship be-
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tween initial red blood cell count and maximum
reticulocyte response. Urinary tracer (Schill-
ing) test responses are reported with and
without intrinsic factor in terms of ‘‘Per Cent
of Dose Excreted.” The net responses should
be a measure of potency and, in the ideal case,
would parallel clinical activity. The accuracy
of the net values is +=0.3 per cent of dose.

That a qualitative correlation exists between
the two widely different methods—one meas-
uring absorption or a fraction thereof, and the
other the clinical effect of absorption—may be
seen from Table I. Thus, the four clinically
inactive concentrates, A through D, give but
slight or negligible positive net responses, for
the most part well under 1 per cent. In con-
trast, clinically active samples E, F, and G, and
gastric juices produced net responses well over
2 per cent in almost every case. In one in-
stance, 50 ml of gastric juice increased excre-
tion from 0.2 per cent to 12.8 per cent, a value
typical of the excretion in the average normal
individual. Two less consistently clinically
active preparations, H and I, however, exhib-
ited intermediate net excretions of 1.4 per
cent and 1.8 per cent of the 2-ug dose.

The fact that the active concentrates here
reported appear to produce smaller net excre-
tion than does gastric juice does not imply a
restriction on the applicability of the Schilling
test, but rather reflects the properties of the
samples included in this particular study.
Since the concentrates are of animal origin, the
greater activity of the gastric juice might be
due to species specificity. The variability of
gastric juice specimens from different subjects
is not unexpected in view of the differing capac-
ity of normal individuals to absorb ingested
vitamin By,.

The reaction of a given subject to a potent
preparation is fairly constant as within the
three tests of preparation G in patient DeC.
In general, responses of the same individual
(note subjects McC., M., D. and B.) to differ-
ent preparations parallel the group averages
as well as clinical activity. The extensive ob-
servations with sample G reveal considerable
variation between subjects. Some patients
(V.Z. or N.) in whom the diagnosis of perni-
cious anemia was otherwise firmly established
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TABLE I

Urinary Vitamin B;; Excretion (Per Cent of Ingested Dose of 2 ug Co%-B);) in Patients with Pernicious Anemia with
and without Various Preparations of Intrinsic Factor (I.F.)

Sample Clinical activity Dose Patient No L.F. With LF. Net excretion
A Inactive 40 mg Nic. 1.2 1.5 0.3
B “ 40 mg Nic. 1.2 1.2 0.0

Rem. 0.3 0.5 0.2

C ‘“ 100 mg McC. 0.3 0.9 0.6
S. 0.0 1.0 1.0

D “ 50 mg M. 0.0 0.6 0.6
D. 0.0 1.2 1.2

E Suboptimal 40 mg B. 0.0 1.6 1.6
A. 0.0 2.4 2.4

D. 1.4 3.7 2.3

F Active 60 mg M. 0.0 2.4 2.4
G Active 20 mg Me. 1.0 3.1 2.1
40 mg McC. 0.3 4.0 3.7

“ C. 0.0 3.5 3.5

‘ DeC. 0.0 4.3 4.3

‘ DeC. 0.0 2.7 2.7

‘“ DeC. 0.0 4.2 4.2

‘“ M. 0.0 3.5 3.5

‘“ N. 0.0 1.7 1.7

‘ D. 0.0 3.2 3.2

‘ Ha. 0.2 3.8 3.6

‘“ Eg. 1.0 4.5 3.5

‘o Ho. 1.4 9.5 8.1

‘“ B. 0.2 7.1 6.9

“ Me. 1.0 6.2 5.2

o Tur. 0.6 4.2 3.6

‘ Lyn. 0.2 2.9 2.7

‘“ G. 0.1 3.2 3.1

80 mg C.z. 0.2 3.4 3.1

" V.Z. 0.2 1.8 1.6

H Active 40 mmg K. 0.4 1.7 1.3
Me. 1.0 2.5 1.5

I Active 50 mg Me. 1.0 2.8 1.8
Gastric Juice Normal A 42 ml DeC. 0.0 5.2 5.2
«“ “ “ B 50 ml B. 0.2 12.8 12.6

‘ “ oo 50 ml Me. 1.0 10.2 9.2

o ‘“ o C 62 ml K. 0.4 4.1 3.7

‘“ ‘" Sprue 50 ml McC. 0.3 3.3 3.0
Folic Acid 5.0mg C. 0.0 0.3 0.3
5.0mg DeC. 0.0 0.4 0.4

6.3 mg D. 0.4 0.7 0.3

showed very low excretion with this preparation
of known potency. The use of a smaller dose
of radioactive vitamin B;, would enhance the
percentage difference between tests with and
without intrinsic factor, assuming that the
same absolute amount of vitamin B, were
absorbed. It might prove necessary to detect
such patients by screening with gastric juice
or some intrinsic factor preparation of greater
potency. On the other hand, these low excre-

tion values may reflect increased storage in the
liver rather than deficient absorption, or a
more rapid passage of the vitamin through the
upper part of the small intestine.

In general, preparations which did not cause
an excretion of 2 per cent or more of the in-
gested dose produced insignificant or subopti-
mal clinical responses when fed to patients with
pernicious anemia in relapse. By adopting a
value of 2.5 per cent one would probably ex-
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clude all preparations of doubtful potency.

Because it had been claimed by some that
folic acid enhanced the absorption of vitamin
Bj, from the intestine, 5-6.25 ug of folic acid
were administered together with the radioactive
vitamin Bj; in three patients. There was no
significant increase in the amount of uri-
nary radioactivity.

Differentiation of Sprue and Pernicious Anemia

Tests were performed on 13 patients with a
clinical diagnosis of sprue which was made
when megaloblastic anemia, glossitis, steator-
rhea, and free hydrochloric acid in the gastric
juice were present. All of the patients were in
hematologic and clinical remission at the time
of the test. A low level of excretion unin-
fluenced by intrinsic factor was observed in
eight of the group. For these patients the
average Co® vitamin B;, excretion percentage
was 1.1 per cent without intrinsic factor, and
0.4 per cent with intrinsic factor. In the re-
maining five the excretion ranged from 7.2 to
9.1 per cent without, and 3.6 to 7.8 per cent
with intrinsic factor (Group A, Table II).

In three patients with sprue the Schilling
urinary tracer test was performed with 10
mg of folic acid. No enhancement of vitamin
B, absorption was demonstrated.

Miscellaneous Diagnostic Problems

Seven patients on whom a diagnosis of per-
nicious anemia had been made because of
megaloblastic anemia, histamine-refractory
achlorhydria, and absence of conspicuous
symptoms of steatorrhea, were found to have
an average Co® vitamin BE;, excretion of 0.7
per cent with and without intrinsic factor.
Five of these patients were from Puerto Rico.
Fifty ml of gastric juice from one of these pa-
tients was found to increase the excretion of
Co®-By; from 0.3 to 3.5 per cent in a patient
with known pernicious anemia (Group [,
Table II).

Three patients over 80 years of age with a
low-grade macrocytic anemia and histamine-
fast achlorhydria were found to have Schilling
test values of 3.7, 1.7, and 1.69 per cent with-
out, and 3.1, 1.3, and 1.68 per cent with in-
trinsic factor, respectively (Group C, Table II).
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This was considered to be poor vitamin Bj»
absorption due to an unknown cause.

Two patients were tested who had crippling
combined system disease and mild macrocytic
anemia, and small amounts of free hydrochloric
acid in their gastric juice. They had been con-
sidered to have pernicious anemia despite the
latter finding, because their anemia and
neurologic symptoms appeared to respond
clinically to injections of vitamin Bj,. Their
Schilling test results were, respectively, 4.5
and 9.8 per cent without, and 5.4 and 12.9 per
cent with, intrinsic factor (Group D, Table II).
While these patients may have had vitamin
E,; deficiency, it was certainly not due to failure
to absorb vitamin E;, because of lack of in-
trinsic factor.

In two children with pernicious anemia in
whom the diagnosis had been established
laboriously, by clinical testing,® despite the
presence of free hydrochloric acid in their gas-
tric juice, the diagnosis was easily reconfirmed
by use of the Schilling test using an intrinsic
factor concentrate of known activity and com-
paring the results with those obtained without
intrinsic factor (Group E, Table II).

Every hematology clinic inherits some well
patients who have had a diagnosis of pernicious
anemia made on clinical grounds in the past,
and who got well on liver or vitamin By,
therapy which they have continued to take.
Prior to the advent of radioactive vitamin By,
it was impossible to determine whether or not
such individuals really had pernicious anemia,
and since no one cared to risk a neurologic re-
lapse, they were continued on therapy, some-
times for years. By determining the radioactive
vitamin By absorption it is now possible to make
a more accurate diagnosis in these patients and,
in some instances, to relieve them of the neces-
sity of continuing to take injections. Table II
shows the Schilling urinary tracer tests on two
such patients (D and B) (Group F) for whom
it was concluded that the diagnosis of perni-
cious anemia was probably incorrect, since
their vitamin B, absorption fell within the low
normal range, without the addition of intrinsic
factor.

Urinary tracer tests were also performed on
four patients with polycythemia vera, one with
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TABLE II
Urinary Vitamin B,; Excretion (Per Cent of Ingested Dose of 2 ug Co® B,;) in Patients With Sprue and Miscellaneous
Conditions )
Group T Patient No I.F.* With I.LF.* Folic acid
A. Sprue Go. 0.4 0.0
Ge. — 0.0
J. 1.4 1.6 1.2
F. — 0.5
C. 1.4 0.8
R. — 0.2
0. — 0.0
E. 1.0 0.7
S. — 3.6
A. — 7.8
B. 9.1 6.2
M. 7.9 5.5
Be. 7.2 —
B. Diagnosed pernicious anemia (Megaloblastic Br. — 0.0
anemia, no free HCI) Ber. 2.1 0.9 3.8
(First 5 from tropics, may be sprue) Fr 0.3 0.6
1.7
T. 0.3 0.7
Ma. 1.0 0.9 0.7
J. 0.3 0.4
L. — 1.0
1.5
C. Patients over 80 with no free HCl, mod. macro- Pr. 3.7 3.1
cytic anemia Fi. 1.7 1.7
D. 1.7 1.3
D. Combined System Disease with free HCI Gei. 9.8 12.9
7.7
Ger. 4.5 5.4
E. Juvenile Pernicious Anemia (Free HCl) C.Z. 0.2 3.1
V.Z. 0.2 1.2
F. Diagnosed pernicious anemia in the past, no D. 6.6 9.9
longer anemic B. 6.3 8.3
G. Polycythemia Vera Cr. 25.2 29.5
Ch. 17.5
Bl 7.2
V. 7.8
E. 1.4 2.7
0.5
Secondary Polycythemia M. 16.9
Acute Leukemia K. 3.9

@ Some patients who exhibited no absorption with intrinsic factor were not tested without intrinsic factor.

* I.F.—intrinsic factor.

secondary polycythemia, and a patient with
acute leukemia. The values obtained were
25.2, 17.5, and 7.2 per cent in three of the
polycythemia vera patients and 16.9 per cent
in the patient with secondary polycythemia.
The patient with acute leukemia and another
with polycythemia vera with a leukemic blood
picture showed low excretion values of 3.9 and

0.2 per cent, respectively. (Group G Table
II). Two patients with severe hepatic cirr-
hosis showed excretions of 10.1 and 20.9 per
cent, respectively.

DISCUSSION

The relative simplicity of the Schilling uri-
nary excretion tracer test makes it a practical
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tool for the screening of patients on an ambu-
latory basis. The test provides useful infor-
mation as to whether or not the patient is
absorbing vitamin B, from the intestinal tract.
As yet we have available no figures comparing
results in the same patient fed Co%-labeled
vitamin B, obtained with the methods of stool
assay, hepatic uptake measurement, and uri-
nary excretion. Thus, we have no way of
knowing how much of the total amount ab-
sorbed from the intestine is excreted in the
urine, and the test is therefore only semi-quan-
titative. However, the results of repeated
tests in the same individual are reasonably con-
sistent under the same circumstances, and do
permit the evaluation of the presence or ab-
sence of intrinsic factor, its role in a given case
of poor absorption, and even the relative activ-
ity of different intrinsic factor preparations.

Since the Anti-anemia Preparations Advisory
Board of the U. S. P. still requires that anti-
pernicious anemia products be clinically tested
in three patients with pernicious anemia in re-
lapse, and such patients are becoming increas-
ingly difficult to find, it is exceedingly useful to
be able to screen intrinsic factor preparations
for activity, and to reserve the clinical testing
for those preparations of proven worth. Un-
fortunately, the conditions established by the
Board for clinical testing permit a dose of
vitamin By, (15 ug) that will produce partial or
even complete remission by itself in some pa-
tients with pernicious anemia. It appears in-
evitable that some responses actually due to the
vitamin B;, will be attributed instead to in-
trinsic factor preparations which are, in fact, of
inferior potency. Some ‘‘clinically active”
preparations (H and I, Table I) exhibited in-
ferior excretion responses. If one were to set a
minimum net value of 2.5 per cent as a crite-
rion for potency, nearly all preparations of
questionable activity would be excluded.

The test has also served to throw light on
some of the factors influencing the absorption
of vitamin B;,. Like others,®7 we have found
that unless there is a deficiency of intrinsic fac-
tor to begin with, additional intrinsic factor
does not increase the amounts of vitamin Bj:
excreted in the urine (and presumably ab-
sorbed). In particular, the data from pa-

REISNER, GILBERT, ROSENBLUM, AND MORGAN 139

tients with sprue indicate that some factor
other than intrinsic factor is essential for proper
vitamin B;, absorption, a point which was
proved both indirectly by impaired vitamin
B,; absorption by such patients, and directly
by the demonstration of intrinsic factor activ-
ity in the gastric juice of one of these pa-
tients. Glass has suggested® that there is a
receptor protein in the mucosal cell of the in-
testine which accepts and binds vitamin B, in
a manner analogous to the iron-apoferritin
system described by Granick.? Evidence for
such a protein-B;, complex has been provided
by Wijmenga.® A defect of this sort may be
responsible for the failure of vitamin Bj; ab-
sorption in sprue. .
Sprue is a syndrome of malabsorption fre-
quently accompanied by a severe megaloblas-
tic anemia. This anemia responds to folic
acid given orally or parenterally, and to paren-
terally administered vitamin By;. However, the
latter substance is usually ineffective when
given by mouth to patients with sprue. Ra-
dioactive vitamin B;, absorption studies indi-
cate why this should be so. In the group of
patients with low urinary excretion values, in-
significant amounts of oral vitamin B;, are
absorbed, and in the group with normal uri-
nary excretion values, there is probably no de-
ficiency of vitamin B,,. The occasional patient
with sprue who fails to respond to parenteral
vitamin B,, probably falls in the latter group;
such patients usually respond well to folic acid.
Many regard sprue as a state of folic acid de-
ficiency, sometimes primary and sometimes
secondary to the steatorrhea. Our studies in-
dicate that although in sprue the patient may
well have a folic acid deficiency, there is a basic
abnormality in the absorption of vitamin By,
in many of these patients which is not due to a
generalized malabsorption syndrome. This
absorptive defect is present even in the ab-
sence of other manifestations of malabsorption,
such as steatorrhea and poor glucose absorp-
tion, and is not influenced by either intrinsic
factor or folic acid. In general, the Schilling
test excretion values appeared to be slightly
higher in the patients with sprue than in
the patients with pernicious anemia, suggest-
ing a slightly higher absorption of vitamin
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By.. It may be that the infrequency of com-
bined system disease in patients with sprue is
due to the fact that they absorb a little more
vitamin B, than do the Addisonian anemia pa-
tients. However, that neurologic manifesta-
tions do occur in sprue is attested to,!" and
several of our patients did show no urinary
excretion of vitamin B, whatsoever, by the
tracer test. It is therefore our opinion that
the treatment of choice for patients with sprue
is parenteral vitamin B,,;, to which oral folic
acid may be added as a supplement.

The patients with sprue-like absorption pat-
terns, who had been diagnosed clinically as
having pernicious anemia because of histamine-
refractory achlorhydria, are difficult to classify.
Because most of them (five of seven) were from
the Caribbean region, it was tempting to call
this disorder ‘‘sprue with achlorhydria.” Simi-
lar patterns were observed in three additional
patients over the age of 80 who had no history
suggestive of sprue, and whose low-grade mac-
rocytic anemia had responded erratically to
parenteral liver extract and vitamin Ej,.

The existence of low serum vitamin E»
levels in the aged has been reported by Chow!!
and that the aged sometimes also have poor
vitamin B;, absorption not influenced by in-
trinsic factor was demonstrated by Glass and
others.!? These elderly patients certainly do
not have pernicious anemia, if one reserves that
diagnosis for patients whose poor absorption of
vitamin B, is demonstrably corrected by in-
trinsic factor. Unless they had a history of
some clinical manifestation of sprue they should
not be thus designated either. At the present
state of our knowledge it is best to consider
such subjects as examples of defective absorp-
tion of vitamin B,; due to an unknown cause.

The diagnostic usefulness of the Schilling
urinary excretion test is obvious in establishing
whether or not a patient has pernicious anemia
and will benefit by injections of vitamin By,.
There are undoubtedly many people now re-
ceiving such injections who really do not need
them.

SUMMARY

Twenty-seven patients with pernicious ane-
mia showed an average urinary excretion of 0.5
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per cent of an ingested dose of 2 ug of Co®-
labeled vitamin B, when tested by the method
of Schilling. The ingestion of normal gastric
juice increased this to values ranging from 4 to
12 per cent. The intrinsic factor concen-
trates studied increased the excretion of radio-
activity to values ranging up to 7.1 per cent.
A net excretion of 2.5 per cent or greater ( as
measured by the Schilling test) is a good
criterion for an expected optimal clinical effect
of the intrinsic factor preparation used in pa-
tients with pernicious anemia in relapse.

Nine of 13 patients with sprue showed an
average excretion of 1.1 per cent which was not
enhanced by intrinsic factor. This is inter-
preted as evidence that in some patients there
is a deficient absorption of vitamin B;, from
some cause other than intrinsic factor de-
ficiency.

The urinary tracer test was useful in various
clinical states to prove or disprove the diagno-
sis of pernicious anemia. The existence of a
group of patients with megaloblastic anemia
due to deficient B,; absorption, not caused by
lack of intrinsic factor and without symptoms
of sprue was demonstrated.
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The Modern Scapegoats

‘““People hate scientists. There is no use in beating about the bush here. The
scientist is in danger of becoming the scapegoat for the helplessness which the public
feels. And if an immense revulsion of public feeling does lead to the destruction of
the scientific tradition, then the world may again enter a dark age as it did after the
Goths destroyed Rome. It is not impossible that the whole mechanical and in-
tellectual society which we know could be abolished by a great wave of fanaticism.

* * *

“What the lay public does when it hates the scientist is what it does also when
it hates policemen and ministers of state and all symbols of authority. It tries to
shift the responsibility for decisions from its own shoulders to the shoulders of other
people. ‘They have done this,’ it says. And ‘They’ is always the law, the govern-
ment—or in this case, the scientist.”’

—]J. Bronowski. Bull. Atomic Scientists 12:10, 1956.

The Honour of Abuse

‘.. .As to the Abuses I meet with. . .you must know I number them among my
Honours. One cannot behave so as to obtain the Esteem of the Wise and Good,
without drawing on one’s self at the same time the Envy and Malice of the Foolish
and Wicked, and the latter is Testimony of the former. The best Men have always
had their Share of this Treatment, and the more of it is in proportion to their different
and greater degrees of Merit. A Man has therefore some Reason to be asham’d of
of himself when he meets with none of it.”

—Benjamin Franklin. London, March 2, 1767.
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