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INTRODUCTION

The measurement of gastrointestinal bleeding is
often difficult. The evaluation of gastrointestinal
bleeding by the usual chemical methods is of
limited value from a quantitative standpoint. The
guaiac test, which is the most commonly employed,
may fail to identify small amount of gastrointes-
tinal bleeding. The benzidine test, although more
sensitive, may occasionally result in false positive.

In 1954, Owen and colleagues? first suggested
the use of 3Cr labeled red cells to evaluate patients
with gastrointestinal bleeding. Subsequently, stud-
ies on the use of this method have been reported
by Owen,? Roche® and Ebaugh,® and it is now
an established means of determining the presence
of blood in the stool, particularly in cases which

other methods have failed.

PRINCIPLE

Erythrocytes can be readily tagged with %Cr
(as for red blood cell mass and red cell survival
studies) without significantly altering them. The

patient’s own red blood cells can be removed,
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fagged and reinjected; then collection and measure-
ments of the amount of radiocactivity in the stool
can be employed to determine actual gastr'ointestinal
bleeding.

A comparison with the amount of activity in a
sample of the patient’s blood can be also used to
estimate the amount of gastrointestinal bleeding

during a specific time period.

PRELIMINARY EXPERIMENTS

In order to employ 5Cr method for the mea-
surement of gastrointestinal hemorrhage, the follow-
ing conditions should be met:

1. 5Cr is not normally excreted into the feces
from circulating erythrocytes in significant
amount and

2. Provided 5!Cr is not reabsorbed from the
intestine once it has reached that area.

The author has tried to obtain information

through the preliminary experiment on;

1. How much 5Cr is absorbed from the gas-
trointestinal tract when it is Introduced into
the stomach or duodenum of normal subjects

and



2. What proportion of 5!ICr within the circula-
ting red blood cells appear daily in the feces

of normal subjects.

MATERIALS AND METHODS

Healthy medical students and medical doctors
have been subjected to this study and all the
subjects were free from hook-worm ova in at least
5 fecal examinations and negative in occult blood
reaction (benzidine).

(1) Tagging of circulating erythroeytes:

Ascorbic acid technique which is usually applied
in measuring the red cell survival time with 51Cr
has been employed for %!Cr tagging in this experi-
ment:

1) Obtain blood in a plastic or glass syringe by
venepuncture and add 10 volumes of the blood to
1. 5 volumes of sterile acid-citrate dextrose solution.

ii) Add sterile Nay®'CrQO; slowly and with
continuous gentle mixing of the blood. The admi-
nistered radioactivity should be as low as possible,
but in any case no more than 2 uCi/kg body
weight. The isotope must have a specific activity
such that less than 2 pg of chromium are used
per ml of packed red cells. It should be in a
volume of 0.2~1.0 ml. If necessary, to achieve
this volume the solution of isotope should be diluted
in sterile 0. 9% NaCl. This diluted isotope solution
is then added to the blood using a sterile technique.

iii) Place in water bath at 37°C for 15 minutes.

iv) Add 100 mg of sterile ascorbic acid, mix
well.

v) Sample is re-injected intravenously. Aliquot
must be retained to prepare the appropriate stand-
ards to measure the blood volume.

vi) Collect blood samples from a vein opposite
to that used for the injection by venepuncture,
with as little stasis as possible.

(2) Study of 5!Cr absorption from the gas-
trointestinal tract:

Certain amount of SCr tagged erythrocytes
(more than 15 ml) has been introduced exactly
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into the duodenum of examinee via Levine tube
and the tube was washed 5 or 6 times successively
with 20~25 ml of water. The tube was removed
after thorough cleansing and decontamination.
Then, stool, 24-hour urine and venous blood were
obtained daily and their radioactivities have been
measured. Depending upon the state of bowel
movement, the days required for disappearance of
radioactivity in the stool were varied. In subjects
with diarrhea, radioactivity disappeared within 3~4
days after administration and the activity could he
measured up to 7~10 days in constipated subjects.
In general, however, the stool has-been collected
for one week after administration. The results were
expressed in terms of percent of the administered
51Cr, except for the activity of blood, in which

results were expressed in terms of counts per

" minute per milliliter of blood.

(8) Study of 5Cr excretion from tagged
circulating erythrocytes:

Certain amount of 5!Cr tagged erythrocytes has
been injected intravenously and stool was obtained
daily until the radioactivivity has been disappeared
in collected feces. Saliva, gastric juice and duodenal
juice were also obtained. In obtaining duodenal
juice, particular attention was paid to differentiate
A bile from B. Because of the unpleasantness of
preparing and transferring fecal homogenates and
the inefficiency of counting small aliquots in a
well scintillation counter, the author has used
gas-fired laboratory incinerator or electric incine-
rator recommended by Buchanan et al.® and
Wagner.® After the samples were incinerated and
were made constant in volume by adding 3ml of
distilled water, their radioactivities have been
measured using well scintillation counter. The
method is considerably more sensitive than counting
of aliquots of hdmogenized feces, and most of the
unpleasantness of sample method is eliminated.

The radioactivity of the fecal aliquot was com-
pared with that of 3 ml of blood obtained from

the patients. The results were expressed in terms
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of ml of blood with a radioactivity equivalent to

‘that found in the stools during the period of study.

Samples of heparinized whole blood were obtained

.on the first and the last day of collection period.

The percentage excretion is then determined by

the formula:

9% excretion—

Total cpm in stool
Average cpm per ml. of cir-

culating level on first and last

in Measurement of Intestinal Blood Loss—
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Urine activity was measuted in 3 ml of undiluted

sample and the activity was compared with that

of blood obtained on the same day.

RESULTS

In order to measure the excretion rate of 5Cr

in feces and urine, and to observe its relationship

day
‘Table 1. Per cent recovery in feces and excretion in urine of red cell labeled *!Cr given by mouth (Group‘A)
Hb RBC Het | Serum iron % recovery
Subject B!ood -
No. BVER | (g/100mD) | (mill/mm?) (%) (ug/100mD) | in feces in urine |0 cutr:t:llauon
1 : 5 14.8 4.8 44 121. 8 86.5 0.6 87.1
2 5 14.9 4.8 47 107. 8 88.2 1.2 89.4
3 5 14.8 5.1 45 123. 4 90. 7 0.7 91.4
4 5 15.0 4.8 45 114.5 87.5 0.5 88.0
5" 5 14.2 4.7 44 111. 4 85.7 1.0 86.7
Average 5 w7 | 48 45 115.8 87. 8 0.8 8.5

Table 2. Per cent recovery in feces and excretion in urine of red cell Iabeled *'Cr given by mouth (Group B)

l . % recovery
Subject | Blood Hb | RBC Het | Serum iron g

No. given (g/100ml) | (mill/mm?) (%) (ug/100mbD | in feces in urine % cu;lt\;llatlon

6 10 14.0 4.9 45 119.0 90.1 0.7 90. 8

7 10 14.6 4.9 43 111.0 88.7 0.5 89.2

8 10 14.9 5.0 44 114.0 92.5 15 94. 0

9 10 14.6 4.9 45 109.8 91.2 12 92.4

10 10 14.2 45 44 120.5 87.5 0.7 88.2

Average ] 10 4.5 4.8 44 114.9 90. 0 0.9 9.9

Table 3. Per cent recovery in feces and excretion in urine of red cell labeled ¥'Cr given by mouth

(Group C)
[~}
Subject | Blood Hb RBC Het | Serum iron % recovery

Neo. EIVER | (g/100mD) | (mill/mm?) %) (rg/100mD | in feces inurine |72 cu::;llatlon
11 15 15.4 I 49 45 102.7 9.5 0.8 97.3
12 15 57 sl 16 118.5 %.5 0.7 9.2
13 15 45 | 49 15 124. 4 5.8 10 91.8
14 20 49 | 49 15 116.7 89.7 0.5 90.2
15 20 156 | 52 16 102.5 9.7 12 96.9
16 20 4.5 ' 4.8 1 112.8 97.7 0.7 98. 4

Aversge | 175 | 151 | 49 45 112.9 913 08 | 91
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Fig. 1. Relationship between the amoint of admini-
stered blood and recovery rate in feces.

with the administered 5Cr tagged erythrocytes
volume, the experiment has been undertaken under
a different dosage of administration and the follo-
wing results have been obtained.

(1) Recovery rate in feces and excretion rate
in urine after the oral administration of 5ICr tagged
erythrocytes.

The recovery rate in feces and the excretion
rate in urine, which is correspond to $ICr absorp-
tion from the gastrointestinal tract, have been
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measured after introducing 5ml, 10 ml, 15ml and
20m] of 5Cr tagged erythrocytes into the ducde-
num of 5 normal healthy subjects with negative
occult blood reaction respectively. The results were
shown in Tables 1, 2, 3 and Figure 1.

In Group A, where 5 ml of 5Cr tagged eryth-
rocytes were administered, the recovery rate in-
feces ranged from 85.7 to 90.7 per cent with{
an average of 87. 8 per cent. The excretion rate;
in urine in the same group ranged from 0.5 to
1. 2 per cent with an average of 0.8 per cent and’
the total cumulative rate ranged from 86.7 to
91. 4 per cent with an average of 88.5 per cent.

In Group B, where 10 ml has been introduced,.

the recovery rate in feces was 90. 0 per cent in

average, ranging from 87.5 to 92.5 and the:
urinary excretion rate was 0. 9 per cent in average,.
ranging from (.5 to 1.2 per cent. The total
cumulative rate was 90.9 per cent in average and!
it has ranged from 88.2 to 94.0 per cent.

In Group C, where 15~20 ml has been adminis-
tered, the recovery rate in feces was 94.3 per
cent, ranging from 89.7 to 97.7 and the urinary

excretion rate was (. 8 per cent In average, raging.
from 0.5 to 1.2 per cent. The total cumulative:
rate was 95.1 per cent in average.

(2) 5ICr excretion rate from gastrointestinal tract:

Table 4. Excretion rate in salivary gland, gastric juice, duodenal juice, and feces of red cell
labeled 5!Cr administered intravenously

Duodenal juice :
Salivary gland Gastric juice Feces
A bile | B bile

(cpm/ml)—(background) (ml of “blood”/day)
12)sl4|s|1]2|3]a|5|1]2]3 4’5]123]4|5 1]2345
o o o o 1| 1| 1 af a]-1| 1| ~1 o o 1 -2 -2 o o oogo7o7o7 10
~2 1-2-1| o-1] 1| o~i-1| 1| 2 1| 1} o o -1 -1 -1l —1/1.0/ 1.5/ 1.2 1.5 1.0
-1 o-2 o o-1-1 11— o -2 o 1 o o -2 o -1 1 -11212151012
o~1 o-2—-1| o—2-1 o-1 -1 o o 1l -1] -1 -2 o o 015071007710
o—2 o-1-1-1 o o o o o o —1 -2 o o of of oos61012070s8
1.0,0.8 0.7 1.2/ 1.0

0.5 0.6 0.6/ 0.5/ 0.6
Average | | | | | | ] | ] ] 0.9 09100909
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after the intravenous administration of 5!Cr tagged
erythrocytes.

It has been widely known that the majority of
S1Cr tagged erythrocytes administered intravenously
excrete in urine. However, the other route of
excretion is still remained unclear. The author
has injected 15ml of 5!Cr tagged erythrocytes
Intravenously to 5 normal healthy subjects, and
collected 5ml of saliva, gastric juice and duocdenal
Juice to measure radioactivity with well type scin-
tillation counter.

Stool was also collected for 4~7 days after
injection and their radicactivities have been mea-
sured after incineration with electric furnace.

As shown in Table 4, S!Cr radioactivity was
not detected in saliva and B-bile, whereas the
negligible amount of radioactivity was detected in
gastric juice and A-bile within 1~2 days after
inje;:tion. The radioactivity of collected stool was
equivalent to 0.9 ml of blood in average and it
has ranged from 0.5 to 1.5 ml

DISCUSSION

Owen, Bollman and Grindlay? (1954) have
shown in two dogs that most of the 5!Cr-labeled
erythrocytes placed into the stomach of these
animals is recovered in the feces and most of
excreted radioactivity from 5'Cr in circulating
erythrocytes appeared in the urine, and fhey have
suggested that marking circulating erythrocytes
with 5Cr and measuring stool and blood radioac-
tivity comparatively would be a mean of determi-
ning the exact quantity of blood loss from gast-
rointestinal lesions. In a subsequent report, Owen
and his colleagues? showed the validity of this
method in clinical cases of portal cirrhosis with
esophageal varices. In 1957, Roche et al,¥ Hughes-
Jones,” and also Bannerman® confirmed the
results in patients with anemia from chronic
gastrointestinal bleeding.

Roche® reported that the fecal recovery of SICr

was 96.7 per cent in man. In Hughes-Jones

series,” six anemic patients were studied with
this method and the estimated blood loss from
the intestine correlated well with the rate of loss.
of 51Cr from blood.

The author obtained the similar results through
the present experiment and it has been understood
that the amount of administered 5Cr tagged ery-
throcytes should be more than 15 ml in order
to obtain particularly high level of fecal recovery
of 51Cr. The absorption and excretion of 5ICr
through gastreintestinal tract should be small if
this method being utilized for the detection of
gastrointestinal hemorrhage.

Owen et al.? found that less than 0.1 per cent
of the injected radioactivity recovered in the feces
per day, which was equivalent to less than 1 ml
of blood and Roche et al® reported that there
was little fecal excretion of radioactivity (average
1. 27 ml of “blood” per day) after administration
of 3'Cr labeled erythrocytes. The radioactivity in
the stool of normal person was reported as equi-
valent to 0. 3~2. 0 ml of blood per day by Ebaugh
et al.# and as less than 2 ml of blood per day by
Hughes-Jones et al.” The author has detected
SICr radioactivity in the stool of healthy subjects.
which is equivalent to 0.9 ml of blood per day.
The radioactivity of this grade in the stool seems.
to be not related with hemorrhage and the author
has categorized as hemorrhage when the measured
radioactivity is more than 2.0 ml of blood per
day. In order to investigate the origin of such a
radioactivity in the stool which is not related to
hemorrhage, we have collected gastric and duodenal
juice along with saliva after the intravenous admi-
nistration of S!Cr tagged erythrocytes and their
radioactivities were measured. We have detected
radioactivity of low level in gastric juice and A-
bile shortly after injection and we have postulated
that the radicactivity in the stool not related to-

hemorrhage is probably originated from gastric:
Juice and A bile.
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SUMMARY

1. Sixteen normal healthy subjects free from
occult blood in the stool were selected and admi-
nistered with their 5Cr labeled own blood via
duodenal tube and the recovery rate of radioactivity
in feces and urine was measured. The average
fecal recovery rate was 90. 7 per cent (85.7~97.7
%) of the administered radioactivity, and the
average urinary excretion rate was 0. 8 per cent
(0. 5~1.5%)

2. There was a close correlation between the
amount of blood administered and the recovery
rate from the feces; the more the blood adminis-
tered, the higher the recovery rate was. It was
also found that the administration of the tagged
blood in the amount exceeding 15ml was suitable
for measuring the radioactivity in the stools.

3. In five normal healthy subjects, whose cir-
culating erythrocytes had been tagged with 5ICr,
there was little fecal excretion of radioactivity
(average 0.9 ml of blood per day). This excretion
is not related to hemorrhage and the main route
of excretion of such an negligible radioactivity
was postulated as gastric juice and bile.

4. A comparison of the radioactivity in the
blood and feces of the patients with 5!Cr labeled
erythrocytes seems to be a valid way of estimating
intestinal blood loss.
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