
StudIes on GallIum AccumulatIon In Inflammatory

Accumulation of gallium in abscesses and inflam
matory lesions has been well documented (1â€”4), but
its mechanism remains unclear. We have recently
demonstrated that gallium is taken up by polymor
phonuclear leukocytes (PMN ) and a variety of
microorganisms (5,6). In the present study, we used
an animal model to analyze the roles of PMN and
bacteria in the accumulation of gallium in inflam
matory lesions.

MATERIALSAND METHODS

Female New Zealand white rabbits, weighing be
tween 3 and 4 kg, were used. Under general anes
thesia (intramuscular injection of a mixture of keta
mine HC1 and promazine HC1), a plastic practice
golf ball* (a shell containing many holes) was im
planted in the subcutaneous tissue of the abdominal
wall of each of eight rabbits. Seven to ten days later
three of these rabbits were found to be infected, with
wound dehiscence and partial extrusion of the ball.
Only those rabbits without evidence of wound infec
tion were used for subsequent studies; in them the

balls were completely sealed by overlying tissues and
no exudate could be obtained from the cavity. Rab
bits 1 and 2 were treated with daily intraperito
neal injections of 30 mg/kg myleran (100 mg/mi,
in 0.25% methylcellulose), until they developed
agranulocytosis. Daily hematocrit values, white blood
cell, and differential counts were obtained.

The rabbits were divided into three groups.
i . In each of two rabbits, nos. 5 and 6, a solution

containing 30 ml of 1.5 % sterile casein in normal
saline was injected into the cavity of the implanted
ball.

2. In rabbit 8, 25 ml of a S. aureus suspension
(ATCC 25923, 10Â°/mi in normal saline) were in
jected.

3. Twenty ml of a S. aureus suspension containing
similar numbers of bacteria was introduced into the
ball cavity of the myleran-treated (agranuiocytotic)
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The role of polymorphonuclear leukocytes (PMN) and bacteria in the
accumulation of gallium-67 in inflammatory lesions was studied using an
animal model. A plastic practice golf bail was implanted in the subcutaneous
tissue of the abdominal wall of rabbits, and sterile or bacterial in/lamma
lion was induced inside the ball. Gallium accumulated in the inflammatory
exudates induced by either sterile casein or Staphylococcus aureus. Two rab
bits were made agranulocytic by prior treatment with myleran before the
injection of S. aureus and gallium. These also accumulated gallium, al
though in one agranulocytic rabbit there were no PMN in the inflammatory
exudate. Analysis of the inflammatory exudates showed that most of the
gallium was in the noncellular fraction (2,500-g supernatant) in both sterile
and bacteria-induced inflammation. The results indicate that gallium accu
mulates in the inflammatory lesions, even in the absence of either PMN or
bacteria.
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well counter with a window setting of 80â€”320keV.
A standard solution of Ga-67 was prepared at the
time of injection and was counted at the same time
as the above specimens, and with the same geometry.
The blood level was estimated using 4.5% of the
body weight as the blood volume. (This has been
measured previously in this laboratory using Cr-S i -
labeled red cells and I-I 3 1-labeled albumin ) . The
exudate-to-blood ratio was obtained by counting
i ml of the exudate and 1 ml of the blood.

A portion of the inflammatory exudates was cen
trifuged at 2,500 g for iO mm at 4Â°C.The pellet was
washed twice with modified Hanks' solution (7).
Radiogallium in the 2,500-g supernate and pellet was
determined as described above. The rest of the in
flammatory exudate was used to determine the num
ber of PMN; also the number of S@aureus using a
pour-plate method described previously (8). The
viability of PMN in the inflammatory exudates was
determined by the trypan-blue dye exclusion test (9).

RESULTS

Figure 1 shows a total-body rectilinear scan of
rabbit 2, 24 hr after the injection of S. aureus into
the cavity of the implanted ball and i.v. injection of
Ga-67. This rabbit had been treated previously with
daily intraperitoneal injections of myleran, and at
the time of this study its total white blood cell count
was 1,050/mm5, with no circulating neutrophils
(agranulocytosis). As the scan shows, most of the
radioactivity was localized at the area corresponding
to the implanted ball. Some activity also was noted
in the area of liver and pelvis. Similar scan patterns
were observed in all five rabbits studied, whether they
were injected with sterile casein or bacteria, and
whether they were treated with myleran or not.

The blood levels of Ga-67, and the exudate-to
blood ratios, are shown in Fig. 2. There was a marked
variation in the blood level among different rabbits,
but the blood level at 48 hr after injection was about
half that at 24 hr. (Rabbit 1 died after 24 hr. ) In
contrast, the exudate-to-blood ratio more than dou
bled during this interval.

Table 1 shows the distribution of Ga-67 in the
casein-induced inflammatory exudates of rabbits 5
and 6. There were 9â€”30million PMN per milliliter
of exudate, of which more than 98% were viable,
and there was no bacteria on culture. More than
80% (84â€”92%) of the radioactivity was in the
2,500-g supernate, which did not contain cellular
elements.

Table 2 summarizes the results of the S. aureus
induced exudates. Rabbit 8 was not treated with
myleran, and S. aureus induced an intense inflamina
tory reaction. Twenty-four hours after injection,
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FIG. 1. Rectilinearscanof (agranulocytic)rabbit 2, in which
inflammation was induced by S. aureus.

rabbits 1 and 2 as soon as their neutrophils disap
peared from the circulation.

After the introduction of the sterile casein or
S. aureus suspension into the cavity, 400â€”500 j@Ci
of carrier-free Ga-67 was injected intravenously
through a marginal ear vein. Twenty-four hours later,
the rabbits were scanned with a rectilinear scanner.
Blood was obtained by cardiac puncture, and in
flammatory exudate was obtained from the cavity of

the ball with a sterile syringe and needle at desired
intervals. The radioactivity of the blood and inflam
matory exudates was counted in an automatic gamma
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FIG. 2. Radiogalliumbloodlevelsand exudate/bloodratiosin

experimentally induced inflammatory lesions. Casein-induced: *
rabbit 5;@ rabbit 6. S. oureus-induced: 0 rabbit 8, 0 rabbit 1;
S rabbit 2. (Rabbits i and 2 were without circulating neutrophils,

due to prior treatment with myleron.)
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tion in the subcutaneous tissue, the holes are sealed
by the overlying tissue. This creates a closed space
that has direct contact with surrounding tissue. The
model has the advantage of allowing us to introduce
various substances into the cavity and to sample
repeatedly from the cavity for analysis.

Casein is a phosphoprotein occurring in milk,
beans, and nuts. It is widely used in experimental
animals to induce sterile peritonitis for the procure
ment of PMN. In this study, casein induced a sterile
exudate in the cavity of the implanted balls with
9â€”20million PMN per milliliter of exudate. These
exudates accumulated Ga-67, suggesting that bacteria
are not necessary for the localization of Ga-67 in
inflammatory lesions. On the other hand, in two
rabbits, in whom agranulocytosis had been induced
previously, injection of S. aureus induced accumula
tion of Ga-67 in the cavity. In one of these rabbits
(rabbit 1) there were no PMN present in the exu
date, suggesting that PMN also are not necessary for
the accumulation of Ga-67. One could argue that
there might be some PMN accumulated in the cavity
after the injection of S. aureus, but at the time of our
analysis (24 hr after injection) all of them were lysed
after engulfing enormous numbers of bacteria. Al
though we are unable to rule out this possibility, this
observation at least suggests that overwheiming ac
cumulation of PMN at the site of inflammation is not
required for Ga-67 accumulation. In rabbit 2, there
were some PMN in the exudate, suggesting that this
rabbit still had some bone-marrow reserve, although
during the course of this study no neutrophils could
be seen in the circulation.

The numbers of S. aureus decreased dramatically
24 hr after injection into these two agranulocytic
rabbits. This reduction in the number of bacteria
couldnotbedueto dilutionalone,secondarytoout
pouring of exudate into the cavity. It has been re
ported that among several laboratory animals, the
rabbit is most resistant to the development of staphy
lococcal abscess (10). Moreover, rabbit serum kills

TABLE 1. DISTRIBUTION OF Ga-67 IN
CASEIN.INDUCED INFLAMMATORY EXUDATES*

24 92 8 20 X 10/ml
48 84 i6 10X i06/ml

6 24 85 i5 16Xi06/ml
48 88 i2 9 X iO'/ml

* All exudates were sterile upon culture.

t Timeindicateshoursafter injectionsof coseinand Ga-67.

there were 60 million PMN per milliliter of exudate,
of which more than 98% were viable, and there were
5.2 million S. aureus per milliliter of exudate. Ninety
percent of the radioactivity was in the 2,500-g super
nate. At 48 hr, there were 120 million PMN per
milliliter exudate, of which 20% were nonviable, and
there were 300,000 5. aureus per milliliter exudate.
Only 53 % of the radioactivity was in the 2,500-g
supernate. Rabbits 1 and 2 were pretreated with
myleran, and at the time of this study there were
no neutrophils in the circulation. Rabbit 1 had no
PMN in the exudate and died 24 hr after injection.
There were 1.7 million S. aureus per milliliter of
exudate. Rabbit 2 was able to mobilize 0.9â€”5mu
lion PMN per milliliter of exudate, of which more
than 98% were viable, and there were 0.23â€”4.9mil
lion S. aureus per milliliter exudate. In these two
rabbits, more than 80% (80â€”90%) of the radio
activity was in the 2,500-g supernate.

DISCUSSION

The purpose of this study was to determine the
role of PMN and bacteria in the accumulation of
Ga-67 in inflammatory lesions. The animal model
used is particularly suited to this purpose. The plastic
practice golf ball has multiple holes allowing easy
access to its cavity. Seven to ten days after implanta

TABLE 2. DISTRIBUTION OF Ga-67 IN@@@ INFLAMMATORY EXUDATES*

60 X 10'/ml
i20 X 10/ml

0
5 x 10/mI
0.9 X iO'/ml

5.2 X 10'/ml

5.2 X 10'/ml
1.7 X 10/ml
4.9 X 10'/ml
0.23X 10Â°/mI

90
53
90
80
85

10
47
10
20
is

48

2
24
24
48

S Rabbits i and 2 lacked circulating neutrophils due to prior treatment with myleran.
t Timeindicateshoursafter injectionof S.aur.us and Ga-67.
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S. aureus (10) . Thus, some humoral mechanism may
be responsible for the destruction of S. aureus in
these two rabbits.

Gelrud and coworkers (4) have studied the ki
netics of Ga-67 accumulation in experimentally in

duced inflammatory lesions in monkeys. They re
ported that in two neutropenic monkeys, there was
either no localization or delayed accumulation of

Ga-67 at inflammatory sites, and concluded that
localization of Ga-67 within areas of inflammation
was chiefly mediated by binding of the radionuclide
within granulocytic inflammatory cells (4) . How

ever, they scanned their subjects only up to 2 hr
after i.v. injection of Ga-67. No analyses of the ab
scesses were carried out to determine the actual lo

calization of the radioactivity. In addition, their neu

tropenic monkeys had absolute neutrophil counts of

1,125/mm3 and I ,500/mm3, respectively, both of
which are adequate for mobilization of PMN into
sites of inflammation.

The majority of the radioactivity present in our
exudates was in the 2,500-g supernate, whether the

inflammation was induced by casein or S. aureus.
This confirms our previous observations of turpen
tine- and E. coli-induced muscle abscesses (5) . In

rabbit 8, more Ga-67 was associated with the cel
lular fraction in the exudate 48 hr after injection.

Although this is partly due to the more numerous
PMN in the exudate, the most likely explanation is
that 20% of these PMN were nonviable. We have

previously demonstrated that nonviable PMN take
up much more Ga-67 than intact, viable cells (5).

The exact mechanism of Ga-67 accumulation in
inflammatory lesions remains unclear. Since most of

the Ga-67 present in the exudate is in the noncellular
fraction, it is possible that some components of the
exudate bind Ga-67 preferentially. Recently, Hoffer
and coworkers (1 1) demonstrated that lactoferrin
has higher gallium-binding ability than transferrin.

Whether lactoferrin plays a role in Ga-67 accumula
tion in inflammatory lesions needs further investiga
tion.

FOOTNOTE

* Whiffie Ball Inc., Shelton, Conn.

ACKNOWLEDGMENTS

This work was supported by U.S. Public Health Service
Research Grants AI-13004 and GM-10548.

The author wishes to express his appreciation to Dr. Jack
Levin for his critical review of the manuscript.

Dr. Tsan is a recipient of Research Career Development
Award (AI-00194) from the National Institute of Allergy
and Infectious Diseases.

REFERENCES

1. HIGASI T, NAKAYAMA Y, MURATA A, et al : Clinical
evaluation of @Ga-citrate scanning. I Nuci Med 13: 196â€”
201,1972

2. LAVENDER JP, Lown J, BARKER JR, et al: Gallium 67
scanning in neoplastic and inflammatory lesions. Brit I Ra
diol44:361â€”366,1971

3. LOMAS F, DiBos PE, WAGNER HN JR: Increased speci
ficity of liver scanning with the use of Â°uiallium citrate.
NEnglJMed286: 1323â€”1329,1972

4. GELRUDLG, ARSENEAUJC, MILDER MS, et al: The
kinetics of Â°â€˜galliumincorporation into inflammatory lesions:
experimental and clinical studies. I Lab Clin Med 83 : 489â€”
495,1974

5. TSAN MF, CHEN WY, SCHEFFELU, et al: Studies of
gallium accumulation in inflammatory lesions: I. Gallium
uptake by human polymorphonuclear leukocytes. I Nuci
Med 19:36â€”43,1978

6. MENON 5, WAGNERHN JR, TSAN MF: Studies of gal
hum accumulation in inflammatory lesions. II. Gallium up
take by Staphylococcus aureas. I Nucl Med 19: 44â€”47,1978

7. Ts*ii MF, BERLINRD: Membrane transport in the rab
bit alveolar macrophage. The specificity and characteristics
of amino acid transport systems. Bioclzim Biophys Acta
241:155â€”169,1971

8. TSAN MF, NEWMAN B, MCINTYRE PA : Surface sulf
hydryl groups and phagocytosis-associated oxidative meta
bolic changes in human polymorphonuclear leukocytes. Bril
I Haematol 33: 189â€”204,1976

9. ENGELFRIET CP, BiurrEN A: Cytotoxic antibodies
against leukocytes. Vox Sang I 1: 334â€”344,1966

Jo.MACLEODCM,HALLCA,FROHMANLA:Relationship
of abscess formation in mice, guinea-pigs and rabbits to anti
staphylococcal activity of their tissues and blood serum.
BritJExpPath44:612â€”620,1963

11. HOFFER PB, HUBERTY J, KHAYAM-BASHIH: The asso
ciation of Ga-67 and lactoferrin. I Nucl Med 18: 713â€”717,
1977

Volume i9, Number 5 495




