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The availability and the favorable radiation char
acteristics of O9mTchave suggested the possibility of
using it to label erythrocytes for scintigraphy of the
spleen. Unfortunately, no reliable method of accom
plishing this has been described. In the one case in
which labeling has been reported, details of the
analytic pfocedure used to determine the stability of
the binding were not given (1 ) . Furthermore, having
developed a suitable analytical method of assaying
the stability of the 99mTc tag, our laboratory was
unsuccessful in obtaining good labeling with the
reported technique.

In order to develop a simple and efficient tech
nique for the analytical assay of this label and to
improve the tagging yield by using a technique simi
lar to the one widely used for spleen scanning with
51Cr-labeled red blood cells (2), this experimental
work was undertaken.

MATERIALS AND METHODS

Ten milliliters of human blood were added to 2.5
ml of ACD solution. The erythrocytes were separated
from the plasma and suspended in physiological
saline solution. Then 100 @gof Na2CrO4 and 1 mCi
of o9mTc@pertechnetate were added. After incubating
at 37Â°C for 15 mm, 5 mg of ascorbic acid were
added. After 1â€”2min at room temperature, the pH
was neutralized by addition of 0. 1 ml of isotonic
NaHCO3 ( 1.39% ). The erythrocytes were then cen
trifuged and washed twice with normal saline. Fi
nally, they were resuspended in their own plasma
and heat-altered by incubation in a water bath at
50Â°Cfor 20 mm.

Samples were assayed by electrophoresis. With
isotonic NaHCO, as a buffer, free pertechnetate ml
grates toward the cathode ( 10â€”12cm after a 30-mm
run with a voltage gradient of 16 volts/cm) while
the erythrocytes remain at the origin. The electro
phoresis has to be carried out at 4Â°Cbecause of
heat release due to the high ionic strength of the
buffer. Also, aliquots were centrifuged and the cells
washed four times with normal saline. Cells, super

natant and the four washings were counted in a
scintillation well counter. The corresponding values
are shown in Table 1.

Rat red blood cells were similarly tagged with
9omTc,and after their intravenous injection, scanning
was carried out at 1 hr, 4 hr and 24 hr (Fig. 1)
using a Picker 3-in. Magnascanner. At the end of
the experiment the two animals were sacrificed and
the radioactivity was counted in blood, liver, spleen,
kidneys, heart and lungs (Table 2).

A comparative assay between our proposed
method and Fischer's (1 ) was carried out using
mouse red blood cells. Groups of three animals were
injected intravenously with one of the two different
types of tagged red cells and sacrificed 5 or 24 hr
later. The radioactivity was counted in blood, liver,
spleen, kidneys, stomach, small intestine and thyroid
in a well scintillation counter with total counts of
2,500â€”5,000.The radioactivity in each sample was
compared with suspension 0. 1 ml of injected oomTc@
tagged RBC standards. Table 3 shows the results
of these determinations.

In order to determine the nature of the oomTc
labeling, the radioactivity distribution pattern was
studied electrophoretically (with isotonic NaHCO3
as a buffer) in tagged mouse red cells prepared ac
cording to Fischer's and to our technique. Electro
phoretic runs of intact and hemolyzed erythrocytes
are shown in Fig. 2 and Table 4.

@ The blood clearance of o9mTc@tagged erythrocytes
labeled by our technique was studied in a dog. Fig. 3
shows the values of the radioactivity in cpm/5 ml
whole blood withdrawn at 0 mm, 15 mm, 30 min,
1 hr, 2 hr, 3 hr, 4 hr and 24 hr after the intravenous
administration of the tagged red cells.

RESULTS AND DISCUSSION

By combining the radioactivity yield after tagging
(percentage of total 9amTcincorporated into the RBC
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and remaining after the washings) and the electro
phoretic determination of the firmly bound o9mTc
in the washed tagged RBC, the actual yields are:
for the Fischer et a! method 0.2% and for the chro
mate plus ascorbic acid method 10.7% . The dcc
trophoretic assay of intact and hemolyzed OsmTC@
labeled erythrocytes suggests that the radioactivity
is bound mainly to the hemoglobin fraction. After the
electrophoresis of hemolyzed erythrocytes the radio
activity remaining at the origin is probably associated
with some hemoglobin retained by the cellular
stroma (Fig. 2) . The labeling process could be in
terpreted as follows: The Na2CrO4, acting as a
penetration carrier, allows the oomTcO4_ to reach

TABLE1. COMPARATIVESTUDYOF THE
RADIOACTiVE DISTRIBUTION OF 99mTc IN
TAGGEDHUMAN BLOODREDCELLS(AS

PERCENTOF THE TOTALO9mTc)

Number ofbatches412Erythrocytes10.1
Â±0.332.31 Â±4.0Supernatant49.5
Â±0.951.00 Â±3.6lit

washing18.7 Â±0.810.45 Â±1.02nd
washing10.0 Â±0.44.28 Â±0.33rd
washing7.0 Â±0.41 .26 Â±0.44th
washing5.2 Â±0.4<0.1%ELECTROPHORESISErythrocytes1

.9 Â±0.522.8 Â±4.6Free
pertechnetate99.1 Â± 1.276.5 Â±8.2

TABLE2. RADIOACTIVITYDISTRIBUTIONIN
RAT 24 HR AFTERINTRAVENOUSINJECTION

OF 9OmTC@LABELEDBLOODREDCELLS
(MEAN VALUEOF TWO ANIMALS)

Blood0.234.0Liver0.168.0Spleen6.81.0Kidneys0.88.5Lungs0.168.0

4 hrs the interior of the erythrocyte. Also, the use of chro
mate will minimize the ion-adsorption phenomenon
on the cell membraneâ€”a situation which could be
critical when carrier-free radioisotopes are used. Sub
sequent treatment with ascorbic acid reduces the
chromate to CrS+, and the ascorbic acid also could
chelate partially the Feâ€•present in the iron-porphy
rim prosthetic group, thereby enabling it to complex
the pertechnetate in a fashion similar to that used
in the preparation of the 99mTc@iron complex (3).
Also the reduced Cr3@ probably does not facilitate
exit of Tc04 from the cell. In this method of red
cell tagging the pH has to be lowered by the addition
of an excess of ascorbic acid and then neutralized
after a very short period ( 1â€”2 mm) ; otherwise, it

will induce a high rate of hemolysis clearly observa
ble by electrophoresis. Figure 2 shows the results
of a sample deliberately hemolyzed by letting it stand
15 mm in acidic conditions.

The possibility of a Cr@@pertechnetate complex
formation was assayed by electrophoresis of the in

. . . go cubation mixture without the red cells. After reduc
rat Inlected with Tc-tagged eryth

tion with ascorbic acid, all of the radioactivity was

1 hr

24 hrs

FIG. 1. Serialscanning
rocytes.
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ing physicochemical properties such as cellular per
meability.

The artificially induced spherocytes are retained by
the spleen, while the intact erythrocytes, if any, will
remain in the blood stream. When the erythrocytes
are mechanically damaged or broken, the hemoglobin
will leave the cells and will be taken up by the liver
as well as by the kidneys. The presence of extracel
lular @@mTc@hemoglobinwifi result in a lower spleen
to-liver uptake ratio (Table 5). A comparison of the
tissue distribution of @mTc@hemolyzederythrocytes
and those prepared according to Fischer's method
(with a large amount of adsorbed pertechnetate)
shows a different pattern: the hemolyzed red cells
produce a higher radioactivity in liver, spleen and
kidneys, while the amount in stomach, small intes
tine and thyroid is smaller (Table 3). These values
are in agreement with release of @@mTc@hemoglobin
from the tagged erythrocytes and also indicate that
the samTc@hemoglobinbonds are being slowly broken
down.

This situation also is reflected in the blood-clear
ance study. Less than 10% of the initial radioactivity
remains in blood at 2 hr, and the biological half-life

-I- is about 9Â¼hr. We assume that the remaining ac
tivity is oomTc@hemoglobin(or Â°@mTcslowly released
from tagged hemoglobin) produced by the slow
disintegration of tagged red cells.

The autopsy data corroborate the in vitro findings,
showingthat when Fischer's techniqueis used, the
radioactivity which remains in the cell is mainly
located intracellularly as free @@mTcO4_.Washing
the tagged cells, however, does not rinse away all of
this intracellular free @@mTc(Table 1). On the other
hand, the presence of chromate ion facilitates the
eliminationâ€”an experimental fact which substan
tiates the assumption that the chromate ion acts as a
penetration carrier.

-F
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TABLE3. RADIOACTIVITYDISTRIBUTION5 HR AND 24 HR AFTERTHE INTRAVENOUSINJECTION
OF 9@@'TC-LABELEDERYTHROCYTES(GROUPSOF 3 ANIMALS)

(Percentage of Inlected dose/gm)

5 hr 24 hr

Method I
and hemolyzed

O.3( 0.4â€” 0.3)
4J( 5.5-. 4.5)
5.1( 5.8â€”5.0)
3J( 4J- 3.0)
4.2( 4.8â€”4.0)
1.4( 1.7-. 1.1)

35.0(45.0â€”15.0)

Method I
and hemolyzed

0.4( 0.6- 0.4)
1.1(1.3â€”1.0)

2.5( 3.3-. 2.2)
1.0( 1.2â€”0.8)
0.6( 07â€”0.4)
0.3( 0.3-. 0.2)

15.0(18.0-14.0)

Method I
0.2( 0.3â€”0.2)
4.8( 5.6â€”4.2)

44.2(58.3â€”40.8)
2.5( 3.0â€”2.0)
0.6( OJ- 0.5)
0.5( 0.6â€”0.4)
5.0(5.0â€”5.0)

Method II
0.2( 0.3â€”0.1)
0.9( 1.1â€”0.8)
1J( 1.8- 1.3)
0.5( 0.6- 0.3)
3.4( 3.5-. 3.2)
0.6( OJâ€”0.6)

15.0(20.0-12.0)

MethOd I Method II
Blood 1.1( 1.2â€”.0.9@*e 2.5( 2.9â€”2.0)
Liver 20.8 (21.3â€”20.6) 3.3( 4.1â€”2.9)
Spleen 86.7 (90.0â€”83.0) 5.9( 6.7-. 5.0)
Kidneys 3.2 ( 4.0â€”2.7) 1.3( 1.5-. 1.2)
Stomach 5.6 ( 6.8â€”5.2) 32.6(36.0-31.6)
Small intestine 1.3 ( 14-. 1.0) 4.9( 5.4-. 4.1)
Thyroid 25.0 (30.0â€”15.0) 400( 450-.350)

Method I = using chromate + ascorbic acid
Method II = accordingto Fischeret aI
I = Mean value

C. = Range

found to migrate as pertechnetate, ruling out the
possibility of complexing by Cr@+. It should be
pointed out, however, that because of the well-known
reactivity of chromium with proteins, this metal could
play some role in red cell tagging, presumably chang
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FIG. 2. Electrophoresisof intactandhemolyzed @Tc-tagged
mouse erythrocytes.
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TABLE 4. ELECTROPHORETICSTUDY OF
VOmTc@LABELEDERYTHROCYTES(MICE)

T@,.*5./.hrs
@Tc-Iabeled
erythrocytes

Hemolyzed
@Tc-labeIed

erythrocytes 2.1 18.1 2.5 45.3

a Fischerat al method(1)
b = Oromate -f- ascorbicacid method
Heparin was used Instead of ACD solution

3.1 62.4 3.5 14.2 93.4 23.4

95.4 36J

N.u@

FIG. 3. Bloodclearanceof @Tc4aggederythrocytesin dog.

CONCLUSION

The labeling of erythrocytes by our method pro
duces a yield of incorporated radioactivity (oomTc
bound to the cells) 10â€”SOtimes higher than the
previously proposed technique. A penetration into
the cell of the aOmTccarried over by the chromate
ion and the subsequent complexing by the reduced
iron of the hemoglobin seems to be the mechanism
involved in this tagging reaction.
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TABLE 5. RATIO OF RADIOACTIVITY DISTRIBUTION
BETWEENSPLEENAND ADJACENTORGANS

(MOUSEEXPERIMENT)

Liver 4.10 1.80 1.08
Stomach 15.4 0.18 1.21
Kidneys 27.0 4.49 1.37

I = Chromate method
II = Fischer'smethod
III = Chromatemethod + hemolysis

9.20
73.6
17.6

1.89 2.29

0.50 4.16
3.40 2.50

Mouse erythrocytes have shown higher fragility to
manipulationthan rat erythrocytes.This factor ap
pears to account for the lower spleen-to-liver ratio
in mice than in rats. As shown in Table 3, the larger
amounts of radioactivity found in stomach and thy
roid with Fischer's preparationcorrespondsto the
high amount of free pertechnetate found electro
phoretically.
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