
We have previously reported that the simultaneous
administration of scandium with Ga@67 resulted in
pronounced decreases in the concentration oiGa-67 in
normal soft tissues whereas the concentration in a
transplanted rat tumor remained essentially unchanged
(I ). Based on our subsequent experience with this

scandium effect, and on other supporting observations,

we recently proposed that different routes are involved
in the initial uptake of Ga-67 by tumor and by normal
tissues (2). We report here the results of our detailed

studies of the effect of scandium on the tissue distribution
of Ga-67 in rats and mice, and discuss the significance
of these findings.

MATERIALS AND METHODS

Gallium-67 was obtained as the chloride,* and con
verted to the citrate form as previously reported (3). The
citrate was also obtained commercially.t Gallium-68,
eluted from a commercial generator,t was converted to
the chloride form by an ion-exchange technique (4).
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Scandium-46 was procured* with a specific activity of
0.3 mCi/ag Sc.

Scandium oxide was purchased commercially,t1 with
a purity stated by the supplier to exceed 99.9%. It was
dissolved in concentrated HCI, and most of the excess
HCI removed by multiple evaporations following addi
tions of distilled water. After assay for scandium content
by the xylenol orange technique (5), the chloride solution
was diluted to give a stock preparation containing 50 mg
Sc/mi in approximately 0.1 N HCI.

The experimental animals were Fischer-344 and
Buffalo ratst and CD2F1 and DBA/2 mice.@Only male
animals were used, in order to avoid any sex effect on
Ga-67 tissue distribution. In each study, animals were
of the same age Â±2wk. The RFT transplantable tumor
(host, Fischer-344 rats) was developed in our own lab
oratory (3). The 5 123C and 7777 Morris hepatomas
(host, Buffalo rats) were obtained from Dr. Fred Snyder
of our Division staff. The P-I 798 mouse lymphosarco
ma** (host CD2FI mice) was donated, and the SaD2
mouse fibrosarcomatt (host, DBA/2 mice) purchased.
Transplantation of tumors was made by intramuscular
trocar implantation in the upper hind leg. In each study
the animals used had been implanted with tumor at the
same time and from the same tumor. The tumor weights
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Ga-67 was measured by whole-body counting, using the
geometry-independent method of Gibbs et al. (6); ap
proximately 50 jzCi of Ga-67 were administered for this
purpose.

RESULTS

Our initial studies of scandium were concerned with
the development of methods for altering the tissue dis
tribution of 68-mm Ga-68 to promote the rapid and
preferential uptake of this radionuclide by bone without
having to administer stable gallium (7). Figure 1 shows
the effect ofscandium citrate administration on the 2-hr
tissue distribution of Ga-68 in the Fischer-344 rat.

Following the observation that Ga-67 showed an Un
usual affinity for malignancies in humans (8) and
transplanted tumors in animals (3), we tested scandium
for its effect on the tissue distribution of Ga-67 in rats
bearing RFT tumors. The results ofour initial study are
shown in Table 1. It is apparent that scandium reduced
Ga-67 concentrations in normal soft tissues, as expected,
but did not affect the concentration in the tumor tissue.
A subsequent study indicated that the most effective
scandium dose for producing this effect was approxi
mately 0.5 mg Sc/kg. A test of the effectiveness of
scandium administration in increasing tumor-to-soft
tissue ratios was then carried out using a variety of
transplanted tumors in both rats and mice. Both early
(Table 2, 4 hr) and late (Table 3, 24 hr) effects were
studied. It was apparent that scandium was effective in
both tumor-bearing rats and mice at early time periods,
but at longer time periods in rats only. Figure 2 shows
a Ga-67 body retention study carried out in Fischer-344
rats and CD2F1 mice. Administration of scandium
caused an elevated excretion of Ga-67 that was partic
ularly pronounced in the rat. A further study (Table 4)
showed that scandium could be administered as much
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FIG. 1. Effect of scandiumadministrationon 2-hr tissuedistribution
of Ga-68 in Fischer-344 rats. Pointsare means of measurements
on four animals.

did not exceed 5% of the body weight at the time of
sacrifice.

Animals (four per group) were injected intravenously
by tail vein. Rats received 2â€”10zCi of Ga-67, Ga-68, or
Sc-46, and mice 0.5â€”I @zCiof Ga-67. Those given scan
dium received citrate at a citrate-to-scandium molar
ratio of 3:1. Gallium-67, Ga-68, and Sc-46 were ad
ministered with citrate at a level of I mg/kg. All injec
tates were adjusted to pH @-.â€˜7.Normal saline was used
as a diluent and the volumes injected did not exceed I ml
with rats or 0.3 ml with mice. Animals were killed by
exsanguination following brief ether anesthesia. Blood
was obtained by puncture of the abdominal aorta, and
tissue samples were blotted as free as possible of blood
before being weighed and counted in a well scintillation
counter. Only obviously viable tumor tissue was chosen
for counting. The concentrations of Ga-67, Ga-68, and
Sc-46 were calculated as percentage of administered
dose per gram of tissue, normalized to a body weight of
250 g with rats and 25 g with mice. Body retention of

TABLE1. EFFECTOF SCANDIUMON TISSUEDISTRIBUTIONOF Ga-67 IN RATSBEARINGRFT
TUMORS

Tumor2.30 (l,80_2,50)t2.80 (2.30â€”3.50)â€”2.30 (1.80â€”3.00)3.30(3.10â€”3.80)MSLiver0.83

(0.79â€”0.88)0.17 (0.16â€”0.18)HS0.86 (0.76â€”0.94)0.21(0.19â€”0.22)HSSpleen0.92
(0.86â€”0.95)0.12 (0.11â€”0.13)HS1.30 (1.10â€”1.40)0.20(0.19â€”0.21)HSMarrow1.20
(1.20â€”1.30)0.20 (0.14â€”0.30)HS0.77 (0.69â€”0.88)0.17(0.16â€”0.18)HSMuscle0.23

(0.21â€”0.26)0.03 (0.02â€”0.03)HS0.14 (0.09â€”0.18)0.01(0.01â€”0.01)HSFemur0.91
(0.84â€”0.96)1.50 (1.40â€”1.70)HS0.95 (0.76â€”1.20)1.50(1.20â€”1.60)HSBlood1.70
(1.60â€”1.80)0.25 (0.14â€”0.31)HS0.12 (0.09â€”0.16)0.08 (0.07â€”0.09)MS

.MSmarginallysignificant,P=0.01â€”0.05;HS=highlysignificant,P<0.001.
t Percent administered Ga-67/g; mean (range).
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TABLE2. EFFECTOF SCANDIUMON 4-HR TISSUEDISTRIBUTIONOF Ga-67 IN VARIOUS
TUMOR-BEARINGRATS AND MICE

2.80 (1.70â€”4.00)@
0.57 (0.38â€”0.75)
0.76 (0.49â€”1.00)
1.10(0.97â€”1.40)
0.18 (0.12â€”0.26)
0.81 (0.58â€”0.98)
1.10(0.89â€”1.30)

Tumor
Liver
Spleen
Marrow
Muscle
Femur
Blood

5.90(3.80â€”9.20)
0.24(0.14â€”0.35)

0.19(0.12â€”0.25)
0.18(0.13â€”0.23)
0.04(0.02â€”0.08)
1.40(1.20â€”1.80)
0.35(0.24-0.42)

â€” 4.20 (3.10â€”5.10)

MS 0.58(0.51â€”0.68)
S 1.20(1.10â€”1.40)
HS 1.10(0.94-1.20)
S 0.17 (0.14-0.19)
S 0.65(0.61â€”0.68)
HS 1.00(0.92â€”1.10)

4.00(3.40â€”5.10)
0.14(0.12â€”0.15)

0.14(0.13â€”0.15)
0.17(0.14â€”0.20)
0.02(0.02â€”0.02)
1.25(1.10â€”1.40)
0.31 (0.29â€”0.32)

HS
HS
HS
HS
HS

HS

MouseP-1798 Mouse-SaD2
Tumor
Liver
Spleen
Muscle
Femur
Blood

6.70(5.30â€”8.00)
4.00(3.20â€”4.40)
3.50(3.10â€”4.20)
0.80(0.50â€”0.99)
4.40(2.70â€”5.90)
5.00(3.70â€”6.30)

10.00(9.60â€”11.00)
1.20 (0.91â€”1.50)
0.97 (0.76â€”1.20)
0.09(0.06â€”0.13)
6.80(5.60â€”8.50)
1.90(1.30â€”2.60)

S 8.60(7.00â€”12.00)
HS 4.90(4.40â€”5.90)
HS 5.40(4.50â€”6.90)

HS 2.00(0.96â€”4.80)
â€” 5.90 (3.70â€”9.20)

S 9.50(8.50â€”11.00)

10.00(7.80â€”12.00)
2.70(2.30â€”3.60)
2.50(2.00â€”3.40)
0.32 (0.2 1â€”0.63)

13.00(11.00â€”15.00)
5.00(1.90â€”7.90)

S
S

S
MS

*PreviouslyreportedindifferentformatinRef.1.
t MS = marginally significant, P 0.01â€”0.05; 5 significant, P 0.001â€”0.01; HS highly significant, P < 0.001.

* PercentadministeredGa-67/g; mean (range).

as 4 hr before Ga-67 and still exert an enhancing effect
on relative Ga-67 tumor uptake.

Theseexperimentsraisedthe questionof whether
scandium was being taken up by tumor tissue itself. The
data in Table 5 clearly show that scandium has no
preferential affinity for the RFT tumor up to a level of
0.5 mg Sc/kg.

DISCUSSION

The studies reported here clearly indicate that in the
rat and mouse, administration of scandium makes the
Ga-67 uptake higher in bone and lower in soft tissues
(Fig. I and Tables I â€”4).This alteration in tissue distri
bution is in turn accompanied by a greatly reduced body
retention ofGa-67 (Fig. 2).

Ford-Hutchinson and Perkins (9) have reported re
suIts from both in vitro and in vivo studies that show that
scandium binds preferentially to transferrin, a major
binder ofGa-67. Gallium has also been reported to bind
to lactoferrin (10). We have also observed a strong
binding of Sc-46 by plasma proteins in in vitro experi
ments (unpublished results). We feel that the increased
excretion, increased bone deposition, and decreased
soft-tissue uptake of Ga-67 that is produced by scandium

administration result from a blocking by scandium of
Ga-67 binding sites on plasma proteins. Similar alter
ations in tissue distribution are produced by the ad
ministration of stable gallium (7), and such alterations
have been shown to result from the saturation of Ga-67

binding sites on plasma proteins by stable gallium (II).
Thus with both scandium and stable gallium adminis
tration, Ga-67 appears to be forced into an unbound or
loosely bound state, which enhances its renal excretion
and bone deposition, resulting in turn in decreased Ga-67
uptake in normal soft tissues.

When we tested the effect of scandium on the tissue
distribution ofGa-67 in a tumor-bearing rat (Table I),
we obtained the expected decreased concentration of
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Fig. 2. EffeCtof scandium administration on body retention of @-67
in Fischer-344 rat and CD2F1 mouse. Points are means of mae
surementson four animals.
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TABLE3. EFFECTOF SCANDIUMON 24-HR TISSUEDISTRIBUTIONOF Ga-67 IN VARIOUS
TUMOR-BEARINGRATSAND MICE

Tumor
Liver
Spleen
Marrow
Muscle

Femur
Blood

5.80 (5.40â€”6.10)t
0.80(0.78â€”0.82)
1.20(0.98â€”1.30)
1.20(1.00â€”1.30)
0.17 (0.15â€”0.19)
1.30(1.20â€”1.30)
0.18(0.15â€”0.19)

7.70(6.80-8.80)
0.25(0.15â€”0.36)
0.23(0.15â€”0.35)
0.29(0.13â€”0.57)
0.02 (0.0 1â€”0.02)
1.60(1.40â€”1.70)
0.09(0.06â€”0.10)

S 7.10(5.50â€”9.30)
HS 0.55 (0.52â€”0.59)

HS 1.50(1.30â€”1.70)
HS 1.00(1.00â€”1.10)
HS 0.08 (0.06â€”0.11)

HS 0.51(0.43â€”0.59)
HS 0.06(0.04-0.08)

5.90(3.90â€”7.60)
0.25(0.16â€”0.33)
0.29(0.23â€”0.33)
0.26(0.19â€”0.29)
0.01 (0.01â€”0.01)
0.96(0.69â€”1.10)
0.07(0.04-0.09)

HS
HS
HS
HS
S

MouseP-1798 Mouse SaD2

Tumor
Liver
Spleen
Muscle
Femur
Blood

6.00(4.10â€”8.10)
5.00(3.80â€”5.80)
4.40(3.30â€”5.40)
0.64(0.40â€”1.20)
9.60(5.60â€”13.0)
0.92 (0.7 1â€”1.10)

4.70(3.80â€”6.10)
2.50(1.70â€”3.10)
2.70(2.10â€”3.50)
0.16(0.11â€”0.21)

12.00(9.80â€”13.0)
0.65 (0.39â€”0.87)

â€” 13.00 (11.00â€”15.00)

S 6.70(5.80-7.80)
MS 4.40 (3.80â€”4.90)
MS 0.31(0.27â€”0.38)
â€” 8.60(7.80â€”10.00)

â€” 2.30 (1.70â€”3.10)

12.00(11.00â€”13.00)

5.80(4.70â€”6.70)
5.50 (4. 10â€”7.40)

0.17 (0.12â€”0.25)
8.90(8.20â€”11.00)
2.10(1.20â€”2.80)

MS

0PreviouslyreportedindifferentformatinRef.1.
t MS marginally significant, P 0.01â€”0.05; 5 significant, P 0.001â€”0.01; HS highly significant, P < 0.001.

t Percent administeredGa-67/g; mean (range).

Ga-67 in normal tissues, but, to our surprise, the con
centration of Ga-67 in tumor tissue remained un
changed. This behavior of transplanted tumor tissue
appears to be general for both rat and mouse tumors at
4 hr (Tables I and 2), but only for rat tumors at 24 hr
(Tables 1 and 3). This difference between species is,
possibly accounted for by the more pronounced effect
that scandium has on the body retention ofGa-67 in the
rat (Fig. 2).

The pronounced difference in the behavior of tumor
tisue and normal soft tissue produced by administration
of scandium strongly suggests that in the initial biodis
tribution phase, Ga-67 enters tumor tissue and normal
soft tissues by different routes. As indicated above, ad
ministration of scandium appears to force Ga-67 in the
directionof an unboundor looselyboundstate.Under
such circumstances, tumor tissue can apparently corn
pete effectively with the renal excretory process and the
depositionof Ga-67 in bone.Thissuggeststhat uptake
of Ga-67 by tumor tissue involves primarily an unbound
or loosely bound form of gallium. Apparently this route
is not of importance in the entry of Ga-67 into normal
soft tissues.

Since we are attributing the effect ofscandium to its
blocking of Ga-67 binding sites on plasma proteins, our
observation that the uptake of Ga-67 by different tumor
tissues does not change when scandium is administered,
appears to be in conflict with a study by Bradley et al.
(1 2). They reported a decrease in Ga-67 uptake in both

tumor and normal soft tissues in rats bearing Walker-256

carcinosarcomas when the serum iron-binding capacity
was decreased by irradiation or administration of the
hemolyzing agent, N-acetylphenylhydrazine. Their
study differed basically from ours in that they assayed
the entire tumor for Ga-67 content rather than just its
viable portion, as we did. Walker-256 tumors tend to be
rather necrotic, and necrotic portions of tumors show
much less Ga-67 uptake than do viable portions (1). This
probably accounts for the fact that they observed a
considerably lower uptake of Ga-67 in the Walker-256
tumor than we did (3). Differences in amounts of ne
crosis in treated and control animal tumors might ac
count for their observation of a lower overall tumor
uptake of Ga-67 in their treated animals. In other ex
periments (to be reported in another communication)
we have observed that serum iron loading by adminis
tration of iron agents produces effects similar to those
produced by scandium administration in tumor-bearing
animals, although to a less pronounced degree.

NOTE

Although the enhancing effect of scandium on
tumor-to-nontumor ratios would appear to be of use in
clinical studies, it would be hazardous, since, in spite of
the low toxicity observed in animals (including a pri
mate), scandium was found to produce hemolysis of
human red blood cells (13).

FOOTNOTES

* Oak Ridge National Laboratory, Oak Ridge, TN.
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Tumor
Liver
Spleen
Marrow
Muscle
Femur
Blood

3.00 (2.70â€”3.20)
0.70 (0.66â€”0.74)
0.89 (0.76â€”1.00)
1.10(1.10â€”1.20)
0.23 (0.19â€”0.30)
0.94 (0.92â€”0.98)
1.10(1.00â€”1.20)

5.80(5.00â€”6.50)
0.15 (0.13â€”0.17)
0.12 (0.10â€”0.15)
0.20 (0.10â€”0.41)
0.03 (0.02â€”0.04)
1.50 (1.30â€”1.70)
0.27 (0.23â€”0.34)

6.00(5.20â€”6.70)
0.18 (0.12â€”0.21)
0.18(0.12â€”0.24)
0.25 (0.14â€”0.33)
0.03(0.03â€”0.04)
1.40(1.20â€”1.50)
0.43(0.29â€”0.55)

6.70 (6.20â€”7.70)
0.39 (0.35â€”0.44)
0.37 (0.32â€”0.41)
0.50(0.42â€”0.62)
0.08(0.06â€”0.12)
1.50(1.20â€”1.70)
0.77 (0.37â€”1.10)

.PercentadministeredGa-67/g;mean(range).

Tumor

Liver
Spleen
Marrow
Muscle
Femur
BlOOd

0.21 (0.17â€”0.24)'
1.20(1.10â€”1.30)
1.50(1.40â€”1.70)
1.80(1.70â€”2.00)
0.19 (0.17â€”0.21)
0.57 (0.51â€”0.63)
2.00(1.90â€”2.20)

0.21 (0.17â€”0.24)
1.20(1.10â€”1.30)
1.10(1.00â€”1.20)
1.10(0.98â€”1.30)
0.22 (0.19â€”0.24)
0.57 (0.54â€”0.60)
2.00 (1.90â€”2.20)

0.35 (0.29â€”0.45)
1.70 (1.50â€”2.00)
2.20(1.70â€”2.90)
2.20 (2.00â€”2.60)
0.17 (0.09â€”0.22)
0.84(0.69â€”0.96)
0.31 (0.28â€”0.35)

0.26 (0.20â€”0.29)
2.60 (2.40â€”2.80)
2.20 (2.00â€”2.50)
1.60(1.10â€”2.00)
0.20 (0.18â€”0.21)
0.96(0.84â€”1.00)
0.28(0.25â€”0.29)

aPercentadministeredSc-46/g;mean(range).
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