
We have recently presented evidence supporting our
contention that different pathways are probably involved
in the entry of Ga-67 into malignant and normal soft
tissues (1,2). The fact that inflammatory processes also
exhibit strong affinities for Ga-67 (3) raises a question
as to whether the uptake of Ga-67 by such lesions occurs
by a route that is similar to that involvedwith tumor, that
involved with normal soft tissue, or whether it occurs by
an entirely different pathway. To address this question,
we have applied to abscess-bearingrats the same cx
penimental challenges previously utilized in studies of
the in vivo entry of Ga-67 into normal and malignant
tissues (2).

We havepreviouslyproposedthat Ga-67isdistributed
between two plasma compartments. Plasma Compart
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ment 1 (free Ga-67) routes the metal mainly to bone,
excreta, and nonosseous tumor, whereas plasma Com
partment 2 (protein-bound Ga-67) routes it to normal
soft tissues (2). This scheme does not take into account
reverse processes, and involvesonly the overall movement
of Ga-67 in the initial phase of its biodistribution after
intravenous administration. Under normal circum
stances most of the Ga-67 present in the blood will be in
plasma Compartment 2 (protein-bound Ga-67). We
report here the results of experimental alterations of the
binding of Ga-67 by plasma proteins (primarily trans
fernin) on the tissue distribution of Ga-67 in rats bearing
an S. aureus abscess.

MATERIALS AND METHODS

Groups of five or more Fischer 344 rats* were used in
these studies. Animals were matched as to sex and age
Â±2wk.Theyhadfreeaccessto foodandwater,butin
each experiment food was withdrawn after Ga-67 ad
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TheblockingofGa-67plasmaprotein-bindingsitesâ€”byadministrationofscan
diumcftrate,ferriccitrate,anda colloidalhydrousferricoxidepreparationâ€”re
ducedtheuptakeofGa-67innormalsofttissuesandalsothatintheviableportion
of an experimentalabscess.Onthe otherhand,enhancementof Ga-67plasma
proteinbindingbyadministrationofrabbitapotransferrinincreasedGa-67uptake
in bothabscessand normalsofttissues.These resultsindicatethat the pathways
ofGa-67frombloodintoInflammatoryprocessesandnormalsofttissuesmaybe
similar.However,when Ga-67 plasmaproteinbindingwas Increasedby Inducing
anemia,a markedlydecreasedGa-Siuptakeintheabscessresulted,whereasup
takeinnormalsofttissuewasstillelevated.it Ispossiblethatthediscrepancybe
tweentheeffectsofapotransferrinandanemiaonabscess-tissueuptakeofGa-67
resultedfroma secondaryeffectproducedbyanemia,i.e.,a decreaseinthema
crophagepopulationIn the abscess.Taken as a whole,the resultsobtained
suggest that Ga-67 leaves the blood and enters inflammatory lesions by pathways
thatare probablyquitedifferentfromthosein a soft-tissuetumor,andthatthe
routesforabscessesmaybesimilartothoseoccurringInnormalsofttissues.
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ministration in order to avoid any effects that might be
produced by variations in food intake (4).

To produceabscesses,a salineslurry of rat liverthat
had been put through a 1-mm tissue presst was inocu
lated with S. aureus 63391 such that there were 100
million cells per milliliter. Use of the liver slurry served
to keep the abscess localized. One-milliliter portions of
this mixture were injected subcutaneously in rats on the
back near the head. Abscesses and other tissues were
then harvested on the fifth day after injection of the liver
preparation.

All intravenous injections were made by tail vein.
Gallium-67 citratet' was injected intravenously at a level
of 20â€”50zCi. In two studies, scandium citrate (0.5 mg
Sc/kg) was injected along with Ga-67 and the animals
were killed 4 and 24 hr later. In one study ferric citrate
(140 @zgFe/kg) was injected intravenously 10 mm before
Ga-67 and the experiment terminated 5 hr after Ga-67
administration. In another iron study Imferont (25 mg
Fe/kg) was injectedintramuscularly4 hr beforeGa-67
and the animals were killed 24 hr following Ga-67 ad
ministration. When the effect of exogenous transferrin
was to be investigated, rabbit apotransferrin (140
mg/kg) was injected intravenously 15 mm before Ga-67
and the experiment was terminated 24 hr later. In studies
of the effect of anemia, the animals were killed 24 hr
after Ga-67 administration. The methods for producing
anemia, rendering rabbit transferrini iron-free, and
preparing scandium citrate and ferric citrate have been
reported previously (1,2).

Animals were killed by severing the aorta after light
anesthesia with diethyl ether. Weighed samples of tissue
were counted in a well scintillation counter against an
aliquot of the Ga-67 used, and the Ga-67 concentration

calculated as percent administered dose per gram of
tissue normalized to a body weight of 250 g. Both the
viable inflammatory and necrotic portions of the ab
scesses were sampled. Whole-body retention and total
abscess uptake of Ga-67 were determined by the geom
etry-independent technique of Gibbs et al. (5). Results
are expressed as the mean Â±1 s.c. Statistical analyses
were performed using Student's I-test.

RESULTS

Tables I and 2 show the results obtained at 4 and 24
hr after intravenous administration of Ga-67 and scan
dium. Contrary to the behavior observed with trans
planted rat and mouse tumors (1,2), viable inflammatory
tissue at both time periods showed a highly significant
decrease in Ga-67 concentration that was similar to that
observed with normal soft tissues. Intravenous admin
istration of ferric citrate, and intramuscular adminis
tration of Imferon, again significantly decreased Ga-67
uptake in the S. aureus abscess and also that in normal
soft tissues (Tables 3 and 4), although the decreases were

less pronounced than those seen with scandium (Tables
1 and 2).

Since experimentally forcing Ga-67 into plasma
Compartment I (free Ga-67) decreased Ga-67 uptake
in both the abscess and the normal soft tissues, we then
studied the effect produced by forcing Ga-67 in the re
verse directionâ€”toward plasma Compartment 2 (pro
tein-bound Ga-67) by administering rabbit apotrans
ferrin and by inducing anemia.

Administration of apotransferrin resulted in an in
crease in the uptake of Ga-67 by viable S. aureus abscess
tissue; this paralleled that observed with normal soft

TABLE1. EFFECTOF SCANDIUMON ThE 4-HR TISSUEDISTRIBUTIONOF Ga-67 IN MALERATS
BEARINGS. Aureus6339 ABSCESSES

1.30 Â±0.08t
0.38 Â±0.04
0.75 Â±0.08
0.83 Â±0.02
0.61 Â±0.01
0.10 :1:0.01
0.81 Â±0.03
0.86 Â±0.05
0.96 Â±0.02

<0.001

<0.001
<0.001
<0.00 1
<0.001

0.02â€”0.05
<0.001
<0.00 1

Viableabscess
Necrotic abscess
Liver

Spleen

Lung
Muscle
Femur
Marrow
BlOOd

0.76 Â±0.03
0.35 Â±0.04
0.27 Â±0.01
0.34 Â±0.02
0.19 Â±0.01
0.02 Â±0.00
1.20 Â±0.16
0.13 Â±0.01
0.33 Â±0.03

Ga-67retention (%)
Abscess wt (g)

Ga-67 in abscess (%)

92 Â±0.4
2.1 Â±0.1
3.3 Â±0.2

69 Â±1.7
2.1 Â±0.2
1.9 Â±0.1

<0.001

<0.001

. Five animals per group.

t Standard error.
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tissues (Table 5). The increase in abscess Ga-67 con- centration in viable abscess tissue (Table 6). This was
centration, although marginal in significance (P = similar to the effect previously observed with the Morris
0.02-0.05), was nevertheless completely the reverse of 5 123C hepatoma (2) and contrary to that seen with the
the highly significant decrease (P <0.001) that we had normal soft tissues in this experiment. A repeat study
previously observed in Ga-67 uptake in the Morris gave the same results.
5 123C hepatoma with apotransferrin administration
(2). DISCUSSION

Induction ofanemia, on the other hand, produced an Many suggestions as to the mechanism(s) involved in
unexpected but significant decrease in the Ga-67 con- the uptake of Ga-67 by inflammatory lesions have been

Tissue Control Fe (140 zmg/kg)
% AdministeredGa-67/gSignificance P
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TABLE2. EFFECTOF SCANDIUMON ThE 24-HR TISSUEDISTRIBUTIONOF Ga-67 IN MALERATS
BEARINGS. Aureus6339ABSCESSES

Viable abscess

Necrotic abscess

Liver

Spleen
Lung
Muscle
Femur

Marrow

Blood

3.40 Â±0.15t
0.26 Â±0.02
1.30 Â±0.06
2.30 Â±0.18
0.42 Â±0.08
0.14 Â±0.02
0.89 Â±0.09
1.90 Â±0.08
0.13 Â±0.00

1.70 Â±0.10
0.24 Â±0.04
0.66 Â±0.03
0.74 Â±0.07
0.20 Â±0.03
0.02 Â±0.00
0.98 Â±0.13
0.60 Â±0.05
0.14 Â±0.01

<0.001

<0.001
<0.001

0.02â€”0.05
<0.001

<0.001

Ga-67retention (%)
Abscess wt (g)

Ga-67inabscess(%)

87 Â±1
2.6 Â±0.2
6.6 Â±0.9

65 Â±1
2.7 Â±0.2
4.3 Â±0.2

<0.00 1

0.02â€”0.05

. Five animals per group.

t Standard error.

1.60 Â±0.lOt
0.24 Â±0.03
0.93 Â±0.03
0.82 Â±0.04
0.68 Â±0.03
0.12 Â±0.01
0.84 Â±0.03
1.20 Â±0.09
1.10 Â±0.03

Viableabscess
Necrotic abscess
Liver

Spleen

Lung
Muscle
Femur

Marrow
Blood

1.30 Â±0.07
0.29 Â±0.04
0.75 Â±0.02
0.64 Â±0.05
0.72 Â±0.02
0.10 Â±0.01
1.00 Â±0.04
0.72 Â±0.06
1.30 Â±0.04

0.01â€”0.02

<0.001
0.01â€”0.02

0.001â€”0.01
<0.001
<0.001

Ga-67retention (%)Z
Abscesswt (g)
Ga-67inabscess(%)II
Serum Fe (jzg/dl)
Serum TIBC (@zg/dl)@

95.0 Â±0.4
2.7 Â±0.3
6.0 Â±0.6
150 Â±4
330 Â±5

90.2 Â±0.7
2.5 Â±0.2
5.4 Â±0.5

370 Â±7
370 Â±10

<0.001

<0.001
0.001â€”0.01

. Ten animals per group.

t Standard error.

t Bodyretention at 4 ly; five animals only.
IiFiveanimalsonly.
Â§Serumtotal iron-bindingcapacity.
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TABLE 4 EFFECT OF IMFERON ON ThE 24-HR TISSUE DISTRIBUTIONOF Ga-67 IN FEMALE RATS
BEARING S. Aureus 6339 ABSCESSES

2.20 Â±O.21t
0.33 Â±0.03
1.40 Â±0.04
1.70 Â±0.07
0.42 Â±0.05
0.09 :1:0.01
0.95 Â±0.04
1.40 Â±0.07
0.29 Â±0.03

1.40 Â±0.11
0.33 Â±0.05
1.20 Â±0.05
1.20 Â±0.05
0.29 Â±0.02
0.09 Â±0.01
1.00 Â±0.07
0.67 Â±0.07
0.30 Â±0.04

0.001â€”0.01

0.001â€”0.01
<0.001

0.02â€”0.05

<0.001

Viableabscess
Necroticabscess
Liver
Spleen
Lung
Muscle
Femur
Marrow
Blood

Ga-67retention (%)
Abscess wt (g)
Ga-67 in abscess (%)
SerumFe (j.Lg/dl)
SerumTIBC(jsg/di)t

84.0 Â±1.0
2.7 Â±0.3
7.5 Â±0.8
200 Â±5
380 Â±6

78.4 Â±2.0
2.4 Â±0.3
4.9 Â±0.5
440 Â±3
440Â±4

0.02â€”0.05

0.01â€”0.02
<0.001
<0.001

* Ten anImals per group.

t Standard error.

* Serumtotal iron-bindingcapacity.

made. These have ranged from increased capillary per
meability (6) to association of Ga-67 with various pro
teins (7,8), polymorphonuclear leukocytes (9), sidero
phores (10), and infectious microorganisms (11). The
consensus at present appears to hold that multiple factors
are probably involved. This study, we believe, serves to

point up the importance that should be placed on the
binding of Ga-67 by plasma proteins, especially trans
ferrin.

In this study withabscess-bearingrats, our results in
four different biodistribution challengesâ€”scandium
citrate, ferric citrate, Imferon, and rabbit apotransferrin

TABLE5. EFFECTOF RABBITAPOTRANSFERRINONThE 24-HRTISSUEDISTRIBUTIONOF Ga-Si
IN MALE RATS BEARING S. Aureus 6339 ABSCESSES

3.30 Â±0.16t
0.45 Â±0.04
1.60 Â±0.06
2.40 Â±0.14
0.40 Â±0.04
0.15 Â±0.00
1.10Â±0.04
1.80 Â±0.17
0.22 Â±0.01

Viable abscess
Necrotic abscess
Liver
S@n
Lung
Muscle
Femur
Marrow
BlOOd

3.80 Â±0.15
0.50 Â±0.05
2.30 Â±0.12
3.20 Â±0.12
0.48 Â±0.02
0.15 Â±0.02
1.20 Â±0.09
3.00 Â±0.19
0.21 Â±0.01

0.02â€”0.05

<0.001
<0.001

0.001â€”0.01

<0.001

Ga-67retention (%)
Abscess wt (g)
Ga-67 in abscess (%)
Serum Fe 4sg/dl)
SerumTIBC(sg/dl)*

84.0 Â±0.7
2.2 Â±0.0
5.5 Â±0.8
160 Â±2
370 Â±1

84.0 Â±0.6
2.0 Â±0.2
5.5 Â±0.6
160 Â±2
720 Â±3 <0.001

. Ten animals per group.

t Standard error.

@ Serumtotal iron-bindingcapacity.
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TABLE 6. EFFECT OF ANEMIA ON ThE 24-HR TISSUE DISTRIBUTIONOF Ga-Si IN MALE RATS
BEARINGS. Aurus 6339ABSCESSES

5.80 Â±0.32t
0.46 Â±0.06
1.70 Â±0.10
2.20 Â±0.12
0.44 Â±0.03
0.05 Â±0.01
1.00 Â±0.05
1.70 Â±0.03
0.31 Â±0.03

Viableabscess
Necrotic abscess
Liver
Spleen
Lung
Muscle
Femur
Marrow
BlOOd

2.70 Â±0.02
0.21 Â±0.04
3.80 Â±0.50
6.50 Â±0.53
0.25 Â±0.02
0.04 Â±0.01
0.91 Â±0.04
3.60 Â±0.16
0.18 Â±0.02

<0.001
0.001â€”0.01
0.001â€”0.01

<0.001
<0.001

<0.001
0.001â€”0.01

Ga-67 retention (%)
Abscesswt (g)
Ga-67 in abscess (%)
Serum Fe (j.ig/dI)
SerumTIBC(j.Lg/dI)*
Hematocrit (%)

85.0 Â±1.2
3.3 Â±0.2
8.7 Â±0.3
170 Â±4
370 Â±4
43Â±1

87.0 Â±1.0
3.6 Â±0.5
6.3 Â±0.5
57 Â±1

510 Â±5
27 Â±1

0.001â€”0.01
<0.001
<0.001
<0.001

0 Five animals per group.

t Standard error.

t Serumtotal iron-bindingcapacity.

administration, all aimed at manipulating the binding
of Ga-67 to plasma proteinsâ€”indicate to us that the
initial entry of Ga-67 into inflammatory lesions may
occur by pathways that are similar to those of normal
soft tissues. Each of these challenges produced the same
effect on the uptake of Ga-67 in viable inflammatory
tissue and normal soft tissues (Tables 1â€”5).Since the
initial biodistribution of Ga-67 is controlled by the
binding of Ga-67 to plasma proteins (2), we feel that an
endocytotic process mediated by the binding of Ga-67
to plasma proteins may be the predominant pathway
involved in Ga-67 uptake by these two types of tissue.

If endocytosis does constitute a predominant pathway
for Ga-67 into normal and inflammatory tissues, we
suggest that the major phagocytic agent involved in
Ga-67 uptake by inflammatory processes may be the
in-situ long-lived macrophages arising from the mono
cytes that enter inflammatory processes secondary to the
initial pronounced influx ofgranulocytes. The fact that
Swartzendruber and Idoyaga-Vargas (12) observed a
high Ga-67 uptake in macrophages but a low uptake in
granulocytes, even though both cell types showed similar
phagocytic activities as measured by latex particle
phagocytosis, supports this contention. Moreover, a
predominant uptake of Ga-67 by the macrophages
present in inflammatory lesions would explain the ability

of such processes to concentrate Ga-67 in the presence
of agranulocytosis (/3,14). Furthermore, Ross (15) has
shown that the number of monocytes present in healing

wounds was similar to that of controls when sustained
neutropenia was produced experimentally.

In a further study, however,when we increased the
binding of Ga-67 to plasma proteins by induction of
anemia (Table 6), abscess tissue showed a decreased
Ga-67uptakesimilarto that wehad previouslyseenwith
tumor tissue (2) and contrary to that seen with normal
tissues. It is possible that this apparent discrepancy be
tweenthe effectsproducedbyapotransferrinand anemia
could have resulted from a secondary effect associated
with experimentally induced anemia, i.e., a decreased
macrophage population with a resultant decrease in
Ga-67uptake in the viableportionof the abscess,which
could in turn more than override the effect of the in
creased transferrin level that was produced by induction
of anemia (see TIBC in Table 6). We have obtained
qualitative histological evidence that there is indeed a
decrease in the abscess macrophage population in rats
madeanemicbyour technique,comparedwiththat seen
in controls.

Basedon the overallresults wehaveobtained in this
study together with the above considerations, it appears
that the uptake of Ga-67 by inflammatory lesions is more
closely related to the processes involved in its concen
tration in normal soft tissue than it is to those occurring
in tumor tissue. Figure 1 shows a schematic model of two
basic pathways that, we suggest, might be involved in the
entry of Ga-67 into soft-tissue tumors, normal soft tissue,
and inflammatory lesions. At normal body pH, free
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FIG. 1. Schematicmodelof two basic pathwaysthat may be involved in uptake of Ga-67by soft-tissuetumors, normal soft tissues,and
inflammatoryprocesses.No stoichiometric relationshipsshouldbe inferred. ft is suggestedthat soft-tissuetumor uptakeof Ga-67occurs
mainly by Pathway 1, whereas that with normal soft tissues and inflammatory processes involves Pathway 2. The receptor site indicated
inPathway2 isof thetypedescribedbyLarsonandco-workers(16).
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