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In organ scannings a large dose of short-lived radioisotope increases the photon output and makes
possible to achieve images of high quality. In addiation, with the scintillation camera multiple views
of an organ can be obtained routinely and even stop motion scintiphotographs are feasible avoiding
respiratory movements.

The advantage of colloidal preparations labeled with short-lived nuclides, such as **#In or %= Tc,
is that large doses can be used for scanning of the reticuloendothelial system i.e. the liver, spleen and bone
marrow, because of the low absorbed radiation dose to the patient. The preparation of '**"In colloid
for liver scanning has been reported by Goodwin et al®.  The present authors searched for a simpler and
more efficient method of preparing colloidal 113mIn and developed a *3In sulfur colloid using a reaction
of sodium thiosulfate with #mIn, This new radiopharmaceutical was evaluated clinically especially for

bone marrow scanning. The methods of preparation and some results are reported.

Preparation of 13"In Sulfur Colloid
1) 1mTn was eluted with 6 ml of dilute hydrochloric acid (pH 1.5) from a 50 mCi 1188n-113m]
generator and was transfered to a 20 ml vial.

2) 209, gelatin solution was added to the eluate in the vial so that the final gelatin concentration
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was | mg/ml.

3) Next, 1.5ml of 0.02 M Na,S,0, (sodium thiosulfate) solution was added.

4) The mixture was heated in a boiling water bath for three to five minutes until its appearance
became opalescent.

3) After 1 ml of sodium phosphate buffer solutior. was added, the preparation was cooled by tap
water,

6) Using a pH-meter, the solution was adjusted to pH 7.0 with 1 N NaOH. The total preparation
time was less than ten minutes.

7)  Prior to injection, the final production was sterilized by autoclaving at 15 psi for twenty minutes

until it became clear.

Organ Distribution of !*mIn Sulfur Colloid
For a study of the distribution of the colloid in the various organs of rats, animals were sacrificed
thirty minutes after its intravenous injection and the radioactivity in each organ was measured separetely
with a scintillation counter. The results expressed as per cent of the administered dose are shown in

Table 1. The concentration of the ¥mIn activity was 82%, in the liver and 1.6%, in the spleen. A low

Table 1. Distribution of ***»In sulfur colloid in rats thirty minutes after intravenous injection

()fé;ns Do:;e (%) ave;'z;gge of three rats
Liver 82.0
Spleen 1.6
Kidneys 0.9
Lungs 0.5

concentration of '3mIn activity in the lungs indicates the abscence of macroaggregated impurities. The

remaining activity was taken up mainly in the other RES including bone marrow,

Clinical Resulis
Figure 1 shows a liver scan with one mCi of "8mIn sulfur colloid fifteen minutes after intravenous
injection using a 3-in. diameter Nal (T1) scanner. The quality of the scan is satisfactory and the spleen

can also be seen distinctly. Chronic hepatitis was suspected in this case.

fatind LG

Fig. 1. Liver scan (T.M. 51y) made with 1 mCi of "*mIn sulfur colloid
5 minutes after intravenous injection.
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Figure 2 shows a normal bone marrow scan of the pelvic region obtained with ten mCi of 18mIp
sulfur colloid, forty-five minutes after intravenous injection, using a dual 3-in. diameter Nal (T1) isosensi-
tive scanner®. With such a large dose of "#nIn, an excellent scan of the bone marrow could be obtained
in cases with normal bone marrow function.

A whole-body linear scan of the same patient is shown in Figure 3.  The picture represents a distribu-

tion which corresponds to that of the RES in man.

Fig. 2. Normal bone marrow scan of the pelvis (K.I. 59y) made with
L0mCi of "*mIn sulfur colloid 45 minutes after intravenous injection.
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Fig. 3. Whole body linear scan of the same patient shown in Fig. 2.

Radiation Dose and Toxicity

The absorbed radiation dose to the liver was estimated to be 0.5%5 rads per mCi of 13mIpD),

In this respect, 1*In sulfur colloid is the most sujtable agent for bone marrow scanning since the
radiation dose to the liver as the critical organ is low, although a Jarge amount of radioactivity is required
for bone marrow scanning. Sulfur colloid was used intravenously previously during the 1930 for the
treatment of arthritis with repeated single injections of 1-30 mg and these amounts proved to he nontoxic®,
The toxic dose in small animal was observed as 30-40 mg per kilogram of body weight®. For scanning,

the amount of sulfur colloid administered to the patient in a single injection is less than 1 mg.

Dissucussion
The method of preparation of the 13mIn sulfur colloid is rapid and simple. The reaction of sodium

thiosulfate with ¥ [n*++ in acid solution may produce "8"In,S,. This compound can not be com-
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pletely precipitated chemically, even though it is insoluble in water, because the amount of 18mIn jn
solution is extremely small. Much of the sulfur colloid is produced from the thiosulfate and hydrogen
jons in solution. We asume that the 132In,S, combines strongly with the non-radioactive sulfur colloid
forming a stable and complete 13=1n sulfur colloid. The biological behavior of this preparation in animals
and man supports the assumption of the formation of a suitable radioactive colloid. A high liver concent-
ration of 18=Tn was observed in our preliminary experiments without use of a sodium phosphate buffer.
Consequently, in preparation of the !#»In sulfur colloid, sodium phosphate is not necessarily required.

The absorbed radiation dose to the liver was calculated to be 5.5 rads for 10 mCi of **=In sulfur
colloid used for bone marrow scanning. The same dose to the liver is obtained per 150 pCi of *Au
colloid used for conventional liver scanning®. However at least 1 mCi of colloidal '*®Au would be
required for a bone marrow scanning.

Because of the 1.7 hr. half-life of 1#=In, the activity of !%»In remaining in the whole-body will be
found less than 1 pCi at twenty four hours after administration of 10 mCi of 18mIn sulfur colloid assuming
no excretion. Therefore other radioisotope studies the following day will not be affected by the previous

scanning. This is one of the advantages of **»In sulfur colloid over 9mT¢ colloid with a half-life of 6 hrs.

Summary
usa]y sulfur colloid was prepared for scanning of the RES in man. This agent can be produced
rapidly and easily by heating a mixture of sodium thiosulfate, 18n]p eluted from a generator with HCI
of pH 1.5 and some gelatin.
Liver concentration of 132In sulfur colloid in rats was 829,. Liver and bone marrow scans were
carried out with good result in man and low radiation dose. The preparation was found to be most suit-

able for bone marrow scanning.
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