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In vivo labeling of red blood cells with Tc-99m was possible after prior oral admin
istration of SnC12, both in rats and human volunteers. Absorption of oral SnCl2 was
low but sufficient for more than 95% labeling efficiency. Prior i.v. administration of
stannous chloride is known to induce in vivo labeling of red blood cells with pertech
netate. We have observed that such labeling is possible even after oral administration
of stannous chloride. Nearly 95% of the circulating radioactivity and 93.7% of the
administered radioactivity was in RBCs 30 mm after i.v. injection of @Â°â€œTcO4in rats
that werefed 5 mg ofstannous chloride (3.13 mg Sn2@ion) 2 hr before injection. Red
blood cells from four human volunteers could bind pertechnetate, both in vitro and in
vivo, after oral administration of 100 mg of SnCl2. We have obtained a blood-pool
image of the human heart by labeling the RBCs in vivo by this method. We have also
studied various parameters affecting the in vivo binding of RBCs with Tc-99mâ€”such
as the amount oforally administered SnC12, the time ofinjection ofradionuclide after
oral SnCl2, and the optimum timefor the imaging.
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A number of procedures have been described for
the in vitro labeling of red blood cells with [@â€œ@Tc]
pertechnetate (1-5), but none has gained popularity
because in all these techniques separation of red
blood cells from plasma is required before the Ia
beling. Of late, various investigators have observed
in vivo labeling of red blood cells with Tc-99m after
prior i.v. administration of stannous ion (6-11). Red
blood cells labeled in this manner may be useful for
blood-pool scanning (12-14) or for equilibrium
gated blood-pool images for myocardial ejection
fraction. Stannous ion in different chemical corn
plexes has been used in varying amounts for this
purpose. The optimum conditions of labeling have
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not been clearly defined. The present study was
undertaken to find out whether it was possible to
produce in vivo labeling of RBCs after prior oral
administration of stannous ion.

MATERIALSAND METHODS

Anhydrous stannous chloride was dissolved in
concentrated HC1. This solution was diluted further
with normal saline to the requisite concentration
(usually 25 mg/ml in 0.05 N HCI). For oral admin
istration in clinical studies, the powder was weighed
and enclosed in gelatin capsules.

Technetium-99m was obtained from low specific
activity Mo-99 by methyl-ethyl-ketone extraction

and was finally dissolved in normal saline.
Wistar rats weighing 300-400 g were used for the

animal experiments. Animals were divided into
three groups: a) those administered varying
amounts of SnCl2 orally; b) those to whom an equiv
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alent amount of normal saline was given as control;
and c) those to whom 5 @gSnCl2 was given intra
venously 2 hr before injection of Tc-99m for corn
parative studies. Two hours after either oral or i.v.
administration of SnC12, 2 ml of blood were col
lected from the animals by direct heart puncture
into 0.5 ml ACD solution to study in vitro binding
of Tc-99m to RBCs. The same rats were then in
jected with 20-25 @Ciof pertechnetate in normal
saline to study in vivo binding of the Tc-99m to
cells. Rats were injected through the penile vein.

Determination of labeling efficiency. Five micro
curies of pertechnetate were added to the blood
collected as above for in vitro labeling. The mixture
was incubated at 37Â°Cfor 30 mm, and the activity
of the whole blood was determined. The blood was
then centrifuged, the supernatant removed, and the
RBCs washed twice with normal saline. The ra
dioactivities in cells, supernatant, and washings
were counted. The activity in cells was expressed
as a percentage of total blood activity.

To study in vivo binding of Tc-99m to RBCs, 2
ml of blood were collected in ACD, 30 mm after
i.v. injection of 20-25 @Ciof pertechnetate. Blood
was then centrifuged, supernatant removed, and
red blood cells washed twice with normal saline.
Activity in the cells was expressed as a percentage

of the total blood activity.
Organ distribution studies. These were carried

out in all three groups of rats described above, 30
mm after i.v. injection of pertechnetate. The radio
activity in various organs including blood is ex
pressed as percentage of injected dose. Total blood
volume in rats was taken as 7% of the body weight.
All possible precautions were taken to maintain ad

equate geometry during the counting of various or
gans, and we accounted for 100 Â±10% of the in
jected activity.

Optimum oral dose of stannous chloride. Four
groups of rats (each group containing four animals)
were given graded amounts of SnCI2 orally (500 @g,
I mg, 3 mg, and 5 mg) to find out the dose that
gives maximum binding of Tc-99m to RBCs in vitro
and in vivo.

To find out how much of the orally administered
stannous chloride was absorbed, organ distribution
studies were done in a group of four rats after oral
administration of 5 @Ciof â€œ3SnC12containing 5 mg
carrier. In these experiments only Sn-I 13 in equi
librium with In-I 13 was counted.

A group of five rats was fed 50 mg SnCl2 and
observed for a period of 3 mo. No untoward effects
of this administration were seen. However, elabo
rate acute or chronic toxicity studies involving
blood chemistry, organ histology, etc. were not car
ried out.

TABLE 1. EFFICIENCY OF BINDING Tc-99m TO RED
BLOODCELLS

94.92 96.44
(92.2â€”98.70) (95.5â€”97.5)

After 5 @g.iv. SnCl2 94.8 94.25
(92.6â€”96.3) (91.7â€”96.4)

Controls 23.22 30.6
(22.4â€”23.9) (27.8â€”33.0)

* Figures give % of total activity in blood; mean of

four experiments, with range in parentheses.

Human studies. Four volunteers were orally given
200 mg of SnCl2 , contained in gelatin capsules. Two
hours later, 5 ml of blood were withdrawn for in
vitro RBC labeling studies. Five millicuries of per
technetate were then injected intravenously, and
after 30 mm the blood-pool images were obtained
with a scanner or a gamma camera.

RESULTS

Table 1 shows the efficiencies of in vitro and in
vivo binding of Tc-99m to red blood cells in rats,
after prior administration of5 mg SnCl2 orally, 5 p@g
SnCI2 intravenously, and in controls. The efficiency
is virtually the same for in vitro or in vivo binding,
irrespective of the route of prior administration of

SnCI2 . In control animals the binding efficiency was
as low as 23-30%. Note that for in vitro labeling
of RBCs, prior separation of cells from plasma was
not essential.

Table 2 gives the results of organ distribution
studies 30 minutes after i.v. injection of 20â€”25p,Ci
of pertechnetate in the above three groups of ex
perimental animals. In these, most of the injected
radioactivity is in the blood, whereas in controls
circulating radioactivity is very low. In the oral
group, 93.7% of the injected pertechnetate was in
the blood compartment, assuming 7% of the body
weight to give total blood volume. In this group,
three out of four experimental animals had close to
95% of the injected radioactivity in blood, and only
one had 73.5%. Liver, intestine, and carcass all
show high activity, probably due to their large
blood pools, but the stomach and thyroid show very
little activity. As expected, very high concentra
tions of Tc-99m were observed in thyroid and stom
ach in control animals.

Table 3 shows the binding efficiency of red blood
cells for Tc-99m after prior oral administration of
different amounts of SnCI2 . With 5 mg of oral SnCl2
(3. 13 mg Sn2@ion), the binding efficiencies in vitro
and in vivo were 95. 1% and 96.8%, respectively.
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TABLE 2. ORGAN DISTRIBUTION STUDIES IN RATS, 30 MIN AFTER IV. INJECTION OF @TcO4.
(MEAN OF FOUR RATS; FIGURES IN PARENThESES SHOW RANGE.)

Blood (2 ml)

Liver

Spleen

Kidneys

Stomach

7.50
(6.14â€”9.07)

24.30
(19.0â€”28.3)

0.40
(0.27â€”0.58)

3.44
(2.77â€”4.33)

2.66
(1.76â€”3.23)

21.33
(13.50â€”26.63)

I .27
(1.08â€”1.79)

0.30
(0.15â€”0.59)

0.39
(0.11-0.53)

42.54
(37.34â€”54.48)

103.74
(99.69â€”106.47)

93.70
(73.5â€”110.8)

8.29
(6.47â€”9.21)

24.75
(17.85â€”31.06)

0.76
(0.45â€”1.12)

3.51
(2.85â€”4.02)

2.52
(1.50â€”3.27)

21.38
(14.10â€”25.99)

1.61
(1.42â€”1.98)

0.65
(0.43â€”0.84)

0.62
(0.36â€”0.79)

41.52
(36.89-49.23)

105.63
(98.70â€”113.24)

97.75
(83.79â€”113.55)

1.69
(1.15-2.27)

7.69
(6.88â€”9.10)

0.085
(0.1â€”0.18)

0.79
(0.73â€”1.49)

14.46
(10.25â€”16.80)

9.03
(7.28â€”10.31)

0.91
(0.67â€”1.13)

0.32
(0.19â€”0.40)

1.67
(1.26â€”2.10)

58.04
(51.60â€”62.31)

95.78
(88.95â€”98.95)

20.84
(19.80â€”22.34)

Intestine

Lungs

Heart

Thyroid

Carcass

Total activity accounted for:

Total blood
(7% of body weight)

five rats appeared to be well tolerated by the ani
mals without any apparent untoward effects. Simi
larly all the four volunteers who took 200 mg SnCI2
orally did not report any discomfort.

TABLE 3. EFFICIENCY FOR BINDING OF Tc-99m TO
RED BLOOD CELLS, 2 HR AFTER INDICATED ORAL

ADMINISTRATION OF SnCI2
(MEAN OF FOUR EXPERIMENTS; FIGURES IN

PARENTHESES SHOW RANGE)

TABLE 4. ORGAN DISTRIBUTION STUDIES IN RATS
2 HR AFTER 5 mg â€œ3SnCI2BY MOUTH
(MEAN OF FOUR RATS; FiGURES IN

PARENTHESES SHOW RANGE.)

53.9
(47.7-56.7)

59.7
(39.9-84.1)

65.5
(60.03-69.8)

93.1
(88.7-94.5)

60.3
(52.5â€”73.8)

58.9
(54.1-63.4)

84.7
(79.9-87.9)

96.8
(96.4-97.5)

1.0 mg

3.0 mg

5.0 mg

Organ

Total Blood

% administereddose

0.0675
(0.06â€”0.08)

0.12
(0.03â€”0.23)

0.005
(0.0036â€”0.0075)

0.026
(0.012â€”0.099)

68.53
(58.50â€”74.99)

32.25
(23.54â€”46.92)

0.91
(0.103â€”1.78)

0.033
(0.009â€”0.042)

0.004
(0.001â€”0.007)

0.13
(0.011â€”0.23)

102.03
(100.43â€”106.65)

Liver

Spleen

With smaller amounts of oral SnCl2 , the binding
efficiencies were low.

Organ distribution studies, carried out 2 hr after
oral administration of 5 mg (5 MCi) of 113SnCl2, are
shown in Table 4. At 2 hr, barely 0.07% of the
injected dose was present in the blood. Similarly
there was only negligible activity in the liver and
kidneys. Most of the activity was not absorbed and
appeared to remain in the gut. The results suggest
that SnCl2 is poorly absorbed from the gastrointes
tinal tract. This explains why a large amount of
SnCl2 must be administered orally for in vivo RBC
labeling.

Fifty milligrams of SnCI2 administered orally in

Kidneys

Stomach

Sm. intestine

L. intestine

Lungs

Heart

Carcass

Total activity accounted for
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Neither in the animals nor in humans did we
observe any untoward effects from our large oral
doses of tin. However, more elaborate toxicity
studies may be needed if this method is to be used
on a routine basis. There are, however, grounds for
believing that the toxicity of Sn2@ion, administered
orally, would be low. Stannous tin is used in the
preservation of foodstuffs and the permissible quan
tity under Food and Drug Controls in the U.S. is
300 mg/kg (15). Tin salts have been mixed with
molasses and given orally as a mechanical anthel
mintic (16). The dose was half an ounce daily for
several mornings.

In summary, efficient in vivo labeling of red
blood cells is possible by prior oral administration
of SnC12. Since the SnC12 is given orally, only one
injection of pertechnetate is necessary for blood
pool imaging. A patient can swallow a capsule con
taming SnCI2 2 hr before coming to the hospitalâ€”a
procedure akin to the administration of KCIO4 be
fore brain scanning.

Since submitting this paper, we have studied 28
patients and obtained excellent blood-pool images
after administration of only 100 mg of stannous
chloride orally before the injection of pertechne
tate.
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FIG. 1. Blood-pool scmntiphotofrom a patient with pericar
dial effusion, 30 mm after i.v. injection of 5 mCi @mTcO4.
Subject was given 200 mg SnCI2orally 2 hr before injection.

In human experiments the binding efficiencies,
both in vitro and in vivo, were over 95% in all
subjects (mean 96.65%, range 95.57-97.50).

Figure 1 shows a blood-pool scintiphoto obtained
after prior oral administration of SnCl2 in a patient
with pericardial effusion. About 5 mCi of @TcO4
were injected in this patient 2 hr after SnCl2.

DISCUSSION

It appears that red blood cells can be labeled with
Tc-99m, both in vitro and in vivo with about the
same efficiency, after prior oral or i.v. administra
tion of stannous ion. In rats the required i.v. dose
was 5 i@g,but the oral dose was as high as 5 mg.
Smaller amounts administered orally to rats gave
lower binding efficiencies. The oral dose required
to induce RBC labeling is nearly a thousand times
higher because oral stannous ion appears to be
poorly absorbed. This was observed in studies car
ned out in rats with orally administered â€œ3SnC12.

In human trials the oral dose of 200 mg was se
lected more or less arbitrarily. The dose extrapo
lated from animal experiments would be 500-600
mg for a 50-kg man, but we thought it prudent to
start with the lower dose in our initial experiments.
With this dose, we could obtain binding efficiencies
that were as high as 95% and 93.7% of the mean
percentage administered dose. As Fig. 1 shows, a
quite impressive blood-pool image could be ob
tamed with this protocol.

Obviously more work is needed to find out a)
whether less than 200 mg would give acceptable
labeling efficiencies in humans, and b) whether the
waiting period between oral SnCl2 and i.v. pertech
netate could be reduced. We selected a waiting
period of 2 hr more or less empirically.
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