
This report describes a procedure that in
volves the absolute and simultaneous measure

meat of free 58Co-labeled B12 (58Co-B1,) and
IF-bound 57Co-812 [57Co-B12(IF)] using a non
absorbable marker (60Co microspheres) and
incomplete stool collections. Absorption by this
procedure in controls and megaloblastic folate
deficient patients averaged 55% for B12 and
66% for B12(IF) whereas absorption in megalo
blastic patients with pernicious anemia averaged
7% of B12and 34% of 812(IF). These stool ab
sorption data compared closely with simultane

ous whole-body counter measurements. In ad
dition, measurement and evaluation were made
of a 58Co-B1,(IF) :57Co-81, ratio in a single
plasma sample obtained 6-8 hr after test dose
administration. This ratio was .1.1 in controls
and folate deficiency, and 7.8 in patients with
pernicious anemia. These plasma measurements
are rapidly obtained and may furnish diagnostic
information regarding possible intrinsic factor

deficiency when quantitative results are equivo

cal or specimen collection is inadequate.

Since the availability of radiocobalt-labeled vita
mm B12 (B12), measurement of gastrointestinal ab
sorption of this vitamin has continued to be a most
useful and necessary procedure in the investigation
of patients with megaloblastic anemia and patients
with certain gastrointestinal or neurologic disorders
(1 ). In addition, widespread measurement of serum
B12 levels will undoubtedly result in the necessary
performance of B12 absorption studies in individuals

who exhibit subnormal B12 levels.
A great variety of techniques has been used to

measure B12 absorption (2â€”9). The diversity of ap

proaches reflects the advances and availability of
instrumentation and illustrates the attempts to
achieve certain theoretical, quantitative, or practical
improvements in the performance of the test. Be
cause intrinsic factor (IF) deficiency is by far the

most common cause of decreased B12 absorption,
the initial test is usually repeated after an appropriate
period of delay by an absorption study that involves
the simultaneous administration of radionuclide
labeled B12 and IF.

In an attempt to circumvent the problems of such
sequential testing, studies involving the simultaneous

administration of free B12 and gastric juice-bound
B12, each labeled with a different nuclide of cobalt,
have been performed ( 10â€”12). These studies used
Schilling's urinary excretion procedure (2).

This report describes a procedure that involves the
absolute and simultaneous measurement of absorp

tion of free 58Co-labeled B12 (58Co-B12) as well as
IF-bound 57Co-B12 [57Co-B12(IF)] using a nonab
sorbable radionuclide marker (Â°Â°Comicrospheres)
and incomplete stool collections. Results of this
method are compared with simultaneous results
using a whole-body radioactivity counter. In addi
tion, simultaneous studies were performed that in

volved the â€¢measurement and evaluation of the
B12(IF) :B12ratio in a single plasma sample obtained
6â€”8hr after test dose administration.

MATERIALS AND METHODS

Clinical material. In this study there were 36 pa
tients who had been referred to the Nuclear Medi
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cine Laboratory, San Francisco General Hospital,
for B12 absorption studies. All patients were care
fully evaluated as to their hematologic and vitamin
status by routine peripheral blood examinations,

bone marrow aspirations, serum B12 (13) , and folate
levels ( 14 ) . Other studies, including gastric analysis,
uppergastrointestinal (GI) x-ray examination, and
peroral biopsy of the small bowel, were performed
when clinically indicated. Based upon the above
studies, clinical findings, and course, the patients

were divided into the following groups: (A) control
group, consisting of 13 patients without hematologic
or biochemical evidence of 2 or folate deficiency,
whose diagnoses included chronic alcoholism, iron
deficiency anemia, scurvy, psychosis, renal failure,
cellulitis, and psychosomatic 0! complaints; (B)
folate deficient megaloblastic anemia group consist
ing of six patients; (c) intrinsic factor (IF)-lack
B12-deficient megaloblastic anemia group consisting
of 15 patients with pernicious anemia (PA) in re
lapse and one patient who was I 0 years postgastrec
tomy with B12 deficient megaloblastic anemia; and
(D) small bowel B12 malabsorption group consisting

of one patient with biopsy-proven sprue and B12
deficient megaloblastic anemia.

Measurements of GI absorption of B12 by stool
and whole-body counter methods and determination
of 6â€”8-hr plasma absorption ratio were performed
after a single administration of test substances. After
an overnight fast, subjects ingested one capsule con
taming 0.25 ,@gand approximately 0.8 @Ciof 58Co
B12* and one capsule containing 0.25 @gand ap
proximately 0.5 @Ciof 57Co-B12 bound to human
gastric juice [57Co-B12(IF)}t; and an aqueous sus
pension of 100-micron-diam Â°Â°Co-labeled micro
spheres, approximately 0.5â€”1.0@

Measurement of B12 absorption by stool method.
Stool collections were obtained repeatedly in wide
mouth, screwcap plastic jars, from 1 to 7 days after
administration of the test material. It was not neces
sary to homogenize and dilute the specimen before
counting because the ratios of 57Co :58Co :60Co count
ing rates remain quite constant, irrespective of the
geometry of the stool, and @Â°Coself-absorption under
these circumstances is negligible. The content of
5TCo,58Co,and Â°Â°Coin the specimensand appro
priate standards for each nuclide were quantitated in
a dual-crystal scintillation detector system with pulse

* Dicopac Test Kit for Vitamin B@ Absorption; Amer
sham/Searle Corp., Arlington Heights, Ill. 60005.

t Ibid.
@ Minnesota Mining and Manufacturing Co., St. Paul,

Minn. 55119.

height analysis*. The spectrometer was adjusted to
count each of the major photopeaks: for 5TCo,
0.025â€”0.200MeV; for 58Co, 0.700â€”0.950MeV;
and for 6O(@@,@ .050â€”1.450 MeV. Counting efficien
cies were as follows : 57Co, 35 % ; ssCo, 16% ; and
Â°Â°Co,11% . Using data derived from the standards,
corrections were made for spectral overlap. All sam
pies and standards were counted in similar containers
and at the same geometry with respect to the two
crystal detectors. Specimens were counted with at
least 1% precision. The stool content of the mdi
vidual nuclides was expressed as a fraction of the
amount administered. The percent GI absorption of
58Co-B12(IF) and 57Co-B12(IF), corrected for in
complete stool collection by use of the excreted frac
tion of the nonabsorbable marker 6Â°Comicrospheres,
was calculated according to the following formula:

% 01 absorption [5@Co-B12or 57Co-B12(IF)] =

in which

I f@7Coor fasCo) <@
@1-@CO

f57Coor f5@Co= fraction of administered dose of
57Co or 58C0 in stool specimen,

and

f@Â°Co= fraction of administered dose of
OoCo in stool specimen.

Measurement of B12 absorption by whole-body
counter method. Quantitation of the whole-body con
tent of 5TCo, 58Co, and Â°Â°Cowas performed in a
lead-shielded whole-body counter with an 11Â½-in.-
diam scintillation crystal and a 400-channel ana
lyzer. Channels selected for counting encompassed
the energy ranges similar to those described above
for the stool measurements. Counting efficiencies
were as follows : 5TCo, 0.5 % ; ssCo, 0.3 % ; and Â°Â°Co,
0.2%. Countingof thepatientswasperformedusing
1-meter arc geometry. Counts were obtained to
achieve a counting precision of approximately 1%.
Corrections were made for individual patient back
scatter and spectral overlap using data that were

derived from counting each patient during the Se
quentiai administration of each nuclide as described
below. On the initial day of the study (Day 0), after
a background count was obtained, the patient was
given the oral dose of Â°Â°Comicrospheres. The pa
tient was then counted to determine the 100% count

* Large sample gamma counting system with two op
posed 5-rn. Na! crystals (Tobor). Nuclear-Chicago Corp.,
Des Plaines, ill. 60018.
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for 60Co and also to determine the contribution of
60Co in the 5TCo and 58Co major photopeak chan
nels. The patient was then given the 5@Co-B12and
5TCo-B12(IF) capsules. On Day 7 the patient was
again counted in the whole-body counter for 57Co,

58Co, and Â°Â°Cocontent. Whole-body 60Co content
was an indicator of the maximum amount of non
absorbed 58Co-B12 and 5TCo-B12(IF) remaining in
the bowel. As the amount of whole-body 6O(@Owas
negligible at Day 7 in all patients studied, the amount
of nonabsorbed 5@Co-B12and 57Co-B12(IF) remain
ing in the bowel can be assumed to be negligible. The
patient then received an i.m. injection of 58Co-B12.
This i.m. dose contained the same activity as the
oral dose of 5@Co-B12. After approximately 4 hr the

patient was counted to determine the spectral over
lap of @Â°Coin the 57Co channels. The patient was
then given an i.m. dose of 5TCo-B12equal to the pre
vious oral dose of 57Co-B12(IF).

On Day 14 the patient was counted a final time
for 5TCo, 58Co, and OO(@Ocontent. After making ap
propriate background, spectral overlap, and decay

corrections, the GI absorption of 5@Co-B12and 5TCo
B12(IF) was calculated according to the following
formula:

% GI absorption [5@Co-B12or 5TCo-B12(IF)] =

(57or5@CoDay7â€” (57or5@CoDayO)@
(57or5@CoDay14 _(57or58CoDay7)@<

in which

(57 or 5@Co Day 0)

volved as described above. Using data derived from
counting the standards, corrections were made for
spectral overlap. Specimens and background samples
were each counted repeatedly for 20-mm periods
for a total of 100â€”240mm/sample, to accumulate a
total number of counts that would result in a net
counting precision ranging from 5 to 20% , as esti
mated by the use of nomograms for standard error
(16). In the 5-mi plasma sample, 57Co and 58Co
were expressed as a percent of the oral dose.

The plasma absorption ratio B12(IF) :free B12
was then calculated according to the following
formula:

in which

% 5TCo
plasma absorption ratio =@ 5SCo'

% 57Co= amount of 57Co in 6â€”8hr plasma sample
expressed as a % of the oral dose of
57Co-B12(IF),

% 58Co= amount of 58Co in 6â€”8hr plasma sample
expressed as a % of the oral dose of
5@Coâ€”B12.

@0

â€˜I,a,
a,
C

0
0

0
U

0

U

Day

= patient background counts in

5TCoor 58C0 channels,

(57 or @Co Day 7) = 5TCo or @Co counts on Day

7,

(57 or ssCo Day 14) = 57Co or ssCo counts on Day

14.

As no flushing dose of B12 is administered, the un
nary excretion of the labeled B12 is negligible and

therefore may be ignored in the above computation.
Plasma absorption ratio. At 6-8 hr after the oral

administrationof the 5@Co-B12and 5TCo-B12(IF)
capsules, a 10-mi heparmnized blood sample was oh
tamed. This sampling time was selected because it
is close to the time of maximal plasma radio B12
levels after administration of the oral test dose (15)
and yet can be obtained in the usual working day.
After centrifugation, 5 ml of plasma along with
appropriate background and standard samples were
counted in an automatic, dual-channel, well-type
scintillation counter. The instrument was set to count
each of the major photopeaks of the nuclides in

12 14

FIG. 1. Patternoffecalexcretionofâ€˜Â°Comicrospheresinfour
subjects. Thesq results, obtained over 2 weeks by whole-body
counting (WBC), are expressedas percentage of dose remaining in
body.

0

0
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TABLE 1. SIMULTANEO
VITAMINB12ABSORPTIONBYUS

MEASUREMENT OF FREEAND
INCOMPLETE STOOL COLLECTIONINTRINSICAND WHOFACTOR

(IF)-BOUND
LE-BODY COUNTERMETHODSâ€¢/0

absorptionStoolWhole-body

counterGroupNo.812Bi4lF)

Bu Bi4IF)

Control 13

SIMULTANEOUS ABSORPTION OF B12 AND B12(IF)

657

(31â€”78)

53
(40â€”71)66

(43â€”86)

67
(61â€”90)52

(35â€”68)

58
(43â€”62)64

(57â€”70)

69
(55â€”85)167

(0â€”18)34 (16â€”61)12 (4â€”19)42 (27â€”59)

Folate deficient megaloblastic anemia

Intrinsic factor lack vitamin B,., deficient megaloblastic
anemia

Small bowel vitamin B,@smalabsorption 1 0 0 6 8

ber of stool specimens separately from many of the
patients, it was found that close agreement of the
stool and whole-body counter methods was attained
when greater than 50% of the stool specimen was
collected; however, 30% of a complete collection
is sufficient for diagnostic purposes.

CONTROLS f FOLATE
I.F. DEFICIENT

DEFICIENT

RESULTS

The pattern of excretion of the nonabsorbable
60Co microspheres in four subjects is shown in Fig. 1.
These studies were performed by whole-body count
ing of the retained 60Co and show a very rapid initial
excretion of approximately 50% or more during the
first 2 days after ingestion. Variation in bowel habits
are reflected in the character of the retention curves.
In three of four subjects, essentially all of the ac
tivity was eliminated by 1 week. In one subject
a small amount (3.5% ) was retained at 1 week and
was followed by a progressive decrease to less than
1% by 14 days.

Measurements of gastrointestinal absorption of
B,2 and B12(IF) by the incomplete stool collection
and whole-body counter methods for the different
patient groups are summarized in Table 1. As de
termined by the stool method, the absorption of B,2
and B12(IF) are quite similar in the control and
folate deficient groups. A marked decrease in mean
B12 absorption is noted in the B,2 deficient groups,
with no overlap evidenced by the other clinical
groups. Improved, but somewhat subnormal, B12
absorption is noted with B12(IF) in the IF-lack
group. Excellent correspondence is noted between
the absorption values obtained by the incomplete
stool collection method and those determined by
the whole-body counter method. The mean dif
ference between these two methods is 5 % with a
range of 2â€”8%for all groups. In the 3 of the 13
control subjects whose absorption was measured
simultaneously with and without IF by both meth
ods, the range of differences was 0â€”5% (mean,
2.5 % ) . In the three of the six folate deficient sub
jects whose absorption was measured simultane
ously by both methods, the range of differences was
3â€”S% (mean, 3.3 % ) . In the 6 of the 16 patients
with intrinsic factor deficiency, the range of differ
ences was 1â€”8% (mean, 5. 1% ) . By counting a num
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FIG. 2. Distributionof Bis(IF):Bi,absorptionratiosin all sub
jects studied as determined by measurement of plasma @Co:MCo
ratio 6â€”8hr after ingestion of test material.
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TABLE 2. SIMULTANEOUS MEASUREMENT OF FREEAND INTRINSIC FACTOR (IF)-BOUND
VITAMIN B12ABSORPTION:B12(IF):B12ABSORPTIONRATIO

1.1
(0.8â€”1.4)

1.2
(0.9â€”1.9)

1.3
(1.0â€”1.6)

Control

Folate deficient megaloblastic anemia 5 1.0
(0.7â€”1.3)

1.3
(1.2â€”1.4)

1.2
(1.1â€”1.3)

Intrinsic factor lack vitamin@ deficient megaloblastic
anemia

15 7.8
(1.5â€”31.0)

6.8
(1.9â€”31.0)

4.3
(1.7â€”7.4)

Small bowel vitamin 812malabsorption 0.6 0 1.3

The distribution of B,2(IF) :B12 absorption ratios
in all subjects, as determined by the measurement
of the plasma 57Co :58Co ratio 6â€”8hr after ingestion
of the test material, is shown in Fig. 2. For com
parison, these plasma data are summarized for the
different patient groups and are shown with corre
sponding absorption ratios derived from the stool
and whole-body counter data in Table 2. Although
the mean plasma ratio is approximately 1.1 in the
control and folate deficient groups, it is markedly
increased to 7.8 in the IF-lack B12-deficient group.
These plasma ratios correspond closely with ratios
derived from stool data and reasonably well with
those derived from whole-body counter data.

DISCUSSION

In the performance of absolute quantitation of
B,2 absorption by stool measurements, the use of a
nonabsorbable stool marker obviates the necessary
and most difficult task of complete stool collections.
A number of different radionuclides in a variety of
chemical forms have been used as nonabsorbable
markers (1 7â€”22). The requirements for a nonab
sorbable radioactive marker are : (A) that it is not
absorbed; (B) that its appearance rate in stools is
approximately similar to that of the nonabsorbed test
substance; and (C) that its gamma-ray spectral emis
sion allows for the simultaneous quantitation of
marker and radiolabeled test substance by conven
tional instrumentation. A suspension of Â°Â°Comicro
spheres was used as a nonabsorbable marker in the
present study because of the character of its spectral
emission and its appropriate behavior in the GI
tract (Fig. 1).

The relative frequency of decreased B12 absorption
due to an IF deficiency often necessitates a second
B12absoi@tion study with administered IF. This sec
ond study must be repeated after an appropriate
period of delay of 2â€”7 days, depending upon the

technique used, in order to avoid the effect of overlap
of the test doses. Aside from the difficulties to the

patient and the necessity of repeating the entire pro
cedure, such periods of delay often result in paired
absorption measurements performed under different
conditions. The ready availability of B12labeled with
different nuclides of cobalt has made possible the
simultaneous administration of free and IF-bound
B12, thus circumventing the necessity for and the
disadvantages of sequential studies (10â€”12). Prep
aration of IF-bound B12 in a relatively stable form
for the simultaneous free B12 and B12(IF) GI ab
sorption studies has been achieved by use of normal
human gastric juice as the source of IF (10). Com

plete binding of all IF sites is accomplished by
exposure of the gastric juices to an excess of radio
active B12 followed by dialysis to remove the re
maining radioactive B12 in the free form (10). The
preparation used in the present study was similar to
that described above, with the appropriate modifica
tions for capsular dose.

In Table 3, the absolute GI absorption results of
simultaneously administered free and IF-bound B12
by both the incomplete stool collection and whole
body counter methods in this study are compared
with absolute absorption results obtained in other
studies of sequentially administered free B,2 and B12
with IF determined by whole-body counting, hepatic
uptake, and complete stool collection techniques
(8,9,23â€”30) . Not only is there excellent agreement
of values obtained by the two absolute methods used
in this study, but also these values are in close corre
spondence with the majority of results obtained in
other studies. This close correspondence of results,
especially in the IF-deficient group, indicates that
there was no significant in vivo exchange between
the free and the gastric juice-bound B12 in this study.
The somewhat decreased mean absorption of B, 2(W)
in PA patients, as compared with mean absorption of
B12(IF) in normal subjects, is the result of malab
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% of doseabsorbedFolate

deficientmegaloblasticSmall
bowelControl

Author Method B@ Bi4IF)IF

deficientanemiamalabsorptionBts

Bis(IF)Ba., B,4lF)Bis B'u(IF)

Turnbull (23) Stool

SIMULTANEOUS ABSORPTION OF B12 AND B12(IF)

ments. There are two possibilities that could account

for this difference in ratios. The difference could be
real, reflecting the relatively limited number of pa
tients studied by each of the investigators, or it could
be related to the relatively low counting precision.
However, the reasonably good internal agreement
between plasma ratios and stool or whole-body
counting ratios supports the validity of our higher
ratios in the IF-deficient group.

Because collection and handling of the specimens
are relatively less difficult with urine than with feces,
the Schilling procedure remains the most widely used
method. Aside from this obvious advantage, there
may be some problems and limitations with the urine
method. The problem incurred by incomplete urine
collections is somewhat circumvented by the meas
urement of B12(IF) :B12 absorption ratio on the
urine specimen. The limitation of the Schilling pro
cedure is that the result is an index of absorption and
not an absolute measurement of absorption. Fur
thermore, the necessity of giving a pharmacologic
amount of B,2 as a flushing dose will modify the
patient's hematologic picture. While stool specimens
are more difficult to obtain than urine, they do re

suit in absolute measurements of absorption and do
not require a flushing dose of B12.

sorption of B,2 in the small intestine secondary to
B12 deficiency per se (31).

Although the simultaneous administration of free
and IF-bound B12 results in a number of logistical
and theoretical advantages in the absolute quantita
tion of GI absorption as described above, it also
affords the opportunity to determine an absorption
ratio of IF-bound to free B12 in the same biologic

specimen. The measurement of this ratio theoretically
can be performed on stool, blood, or urine when the

Schilling procedure is used and does not require the
complete specimen collection that is necessary for
quantitative studies.

The B12(IF) :B12 absorption ratio has been meas
ured in previous studies using the Schilling urinary
excretion test after the simultaneous administration
of radiolabeled free B12 and gastric juice-bound B12
( 10â€”12) . Results of these studies are compared in

Table 4 with the absorption ratios determined in
plasma in the present study. A close agreement of
absorption ratios is noted in all groups with sufficient
IF (control, folic acid deficient, and intestinal mal
absorption). Although similar in diagnostic speci
ficity, a somewhat higher absorption ratio determined
in plasma was noted in the IF-deficient group as

compared with results obtained from urine measure

TABLE 3. COMPARISON OF ABSOLUTEMEASUREMENTSOF VITAMIN B,@ABSORPTiON

69
(53â€”86)

Hepatic 52
(40â€”69)

Stool 66
(43â€”95)

Stool 71
(50â€”90)

Stool 63
(20-90)

WBC 61
(38â€”80)

WBC 70
(45-80)

Hepatic 72
(45â€”99)

Wac â€”
(31â€”80)

WBC 49

(30â€”80)
WBC 52

(35â€”68)
Stool 57

(31â€”78)

12
(0â€”26)

5
(0-19)

9
(0-22)

15
(9â€”30)
12

(0-35)
3

(0â€”9)
3

(0-17)
4

(0-11)

(0â€”32)
10

(0â€”22)
12

(4â€”19)
7

(0-18)

56
(28â€”78)

50
(25-85)

15
(4â€”31)

50
(30â€”69)

44
(27â€”56)

42
(22â€”59)

34
(16-61)

13
(0â€”25)

12
(10â€”14)

16
(1â€”28)

6

0

13
(0â€”28)

4
(2-7)

(0â€”33)
8

0

40
(27â€”53)

72
(50â€”90)

64
(57â€”70)
66

(43â€”86)

32
(13-50)

58
(43â€”62)

53
(40â€”71)

47

69
(55-85)

67
(61â€”90)

Arias,etal(24)

Halsted, et al(25)

Krevans,Stal(26)

Mollin, et al (27)

Reizenstein, St al (8)

Bozian, et al (28)

Weisberg, St al (29)

Finlayson, St al (30)

Cottrall, et al (9)

Fish,St al (presentstudy)

Fish, St al (present study)

S Mean (range).
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bowelAuthor

Method Control IF deficient anemia8,., malabsorption

Katz, et al (10) Urine 2.6 â€”
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TABLE 4. COMPARATIVE MEASUREMENTSOF B12(IF):B12ABSORPTION RATIO

1.0
(0.7â€”1.2)

0.6

1.0
(0.8â€”1.2)

(0.8-1.5)
1.2

(0.8â€”1.8)
1.1

(0.8â€”1.4)

Bell, St al (11)

Bell, St aI (12)

Fish, St al (present study)

Urine

Urine

Plasma

(1.6â€”3.6)

(2.0â€”6.0)
3j

(1.7â€”9.6)
7.8

(1.5â€”31.0)
1.0

(0.7â€”1.3)

The use of the nonabsorbable marker precludes
the necessity of a complete stool collection and
homogenizationâ€”two other features that have made

stool methods difficult or less desirable. The use of
the nonabsorbable marker also allows one to monitor
accurately the adequacy of the collection. The deci
sion as to whether to use the Schilling procedure or
the incomplete stool collection method should de
pend upon the needs of the institution and facilities
of the laboratory. In any case, the plasma B,2(IF):
free B12 absorption ratio should serve as a valuable
adjunct to quantitative absorption studies. The ratio
can be determined relatively rapidly; it can serve as
a control to the quantitative method; it can aid in
the interpretation of borderline quantitative results;
and it can furnish diagnostic information regarding
possible intrinsic factor deficiency when specimen
collection is inadequate.
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