
Lead-203-acetate, with its 81 % -abundant 279-
keV gamma emission and 52-hr half-life, is poten
tially useful for clinical scanning. In the carrier-free
form, an imaging dose of 1â€”5 mCi contains only

nanogram quantities of lead, an amount less than

one-thousandth of the normal daily lead intake (I).
Preliminary studies of 203Pb in a rat hepatoma model
showed significant accumulation in necrotic tumor
tissue (2 ) . This observation led us to consider the
possibility that 203Pb also accumulates in other ne
crotic or potentially necrotic tissue, such as areas of
abscess or infection.

Gallium-67-citrate, while useful as an abscess
scanning agent, is not ideal since its accumulation
in the liver, spleen, and bowel may make interpreta
tion below the diaphragm difficult (3â€”5). Therefore,
metabolic studies were first conducted in rats to de
termine the distribution and excretion of carrier-free
203Pb-acetate, followed by a comparative study of

the accumulation of 203Pb and 6TGa in experimental
staphylococcal abscesses in rats.

MATERIALS AND METHODS

Lead-203 body-distribution study. Twenty-five
male Spragueâ€”Dawley rats, weighing from 208 to
314 gm,wereincludedin a controlgroupfor baseline
studies. All rats were anesthetized with ether, and
30 @@Ciof 203Pb-acetate (New England Nuclear
Corp., North Billerica, Mass. ) was injected into the
tail vein. The rats were housed in metabolic cages
with free access to food and water, and their urine

and feces were collected separately at 24-hr inter
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Since 203Pb-acetate accumulates in necrotic tumor tissue, the possibility
was raised that it might also accumulate in other necrotic tissue such as
abscess. We first studied the tissue distribution and excretion of 20JPb.
acetate in control rats at 4, 24, 48, 72, and 96 hr. An enterohepatic circula
lion for lead is suggested. We then compared the uptakes of â€˜Â°3Pb-acetate
and 67Ga-citrate in experimental abscesses in rats. The mean gallium accu
mulation in the abscess was 10 times that of lead at 24 hr and 12 times that
of lead at 72 hr. The abscess-to-tissue ratios were greater for gallium for
every tissue examined, although the abscessed areas were clearly visualized
by scanning at 24 and 72 hr with both agents. With the exception of blood,
abscess-to-tissue ratios for 67Ga at 24 hr were higher than or equal to those
at 72 hr. However, the 67Ga ratios for the inflamed tissue surrounding the
abscess to muscle and blood were higher at 72 hr than at 24 hr, which sug
gests that inflammation without abscess might be better identified by gal
hum scanning at 72 hr.
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vals. Groups of five rats were killed by direct cardiac
puncture and exsanguination at 4, 24, 48, 72, and
96 hr after injection. Samples of blood, small intes
tine, and gastrocnemius muscle were removed and
weighed. The total weights of the animals' blood,
small intestine, and muscle were estimated by tak
ing 7% , 1.7% , and 40% of the body weight, re
spectively (6). One kidney and the entire colon
were removed, weighed, and counted; stool in the
colon was included in the excretion portion of the
study. The liver was removed and weighed, and then
several samples representing approximately I 0% of
the liver mass were counted. The skin covering the
right forelimb was retracted and the joint removed
by severing the limb approximately 0.5 cm distal
and 0.5 cm proximal to the joint.

Tissue samples, except for blood, were washed
in water and 10% formalin and then blotted dry.
All samples, including blood, urine, and feces, were
counted in an automated Searle Radiographics well
counter centered on the 279-keV 20@Pbphotopeak
with a 20% window.

Comparisonof 203Pband Â°7Gain abscesslocaliza
lion. Forty male Spragueâ€”Dawleyrats, weighing
290â€”390 gm, were injected in the left forelimb mus
des with 0.5 ml of trypticase soy broth containing
approximately S X 1012 cells of coagulase-positive
Staphylococcus aureus and 5 mg of talc. To augment
the infection, the rats were reinoculated in the same
location 3 days later with 0.25 ml of the trypticase
soy broth containing approximately 1012 staphylo
cocci; a 1-cm piece of 000 surgical silk was placed
on the tip of the 21-gage needle and injected simul
taneously with the second staphylococcal medium.
All the rats developed a limp and a significant in
crease in size of the injected limb.

The rats were divided into four groups: Groups I
and 2 contained I 6 animals each and Groups 3 and
4 had four animals each. Six days after the second
inoculation, 100 pCi of 203Pb-acetate was injected
into the tail vein of each rat in Group 1, and 50 @@Ci

of 6TGa-citrate (New England Nuclear Corp.) was
injected into the tail vein of each rat in Group 2. At

24 hr after injection, eight animals from each of
these two groups were anesthetized with ether and
killed by direct cardiac puncture and exsanguina
tion. The remaining eight animals from Groups 1
and 2 were anesthetized and killed at 72 hr. With the
exception of the abscessed forelimb, tissues were
collected and processed as described for the control
animals. The skin covering the forelimbs was re
tracted and the abscessed tissue sample was obtained
by severing the limb approximately 0.5 cm above
and below the joint. The abscesses in the forelimb
samples were then excised and studied separately;
the remainder of the left forelimb (i.e., with the
abscess removed ) is referred to as the â€œinflamed-limb
tissue sample.â€• All samples were counted in an auto

mated Searle Radiographics well counter using the
93-keV 67Ga photopeak or the 279-keV 203Pb photo
peak. Duplicates of the injected dose, appropriately
diluted, were used as standards.

The rats in Groups 3 and 4, designated as scan
ning animals, received an injection of 1 mCi of 67Ga
and 1 mCi of 203Pb, respectively, into the tail vein
at the same time that the first two groups of rats
were injected. Two rats from Groups 3 and 4 were
scanned and killed at 24 hr for inclusion in the data;
the remaining two rats from these groups were
scanned and killed at 72 hr. Scanning was performed
with a Searle Radiographics Pho/Gamma HP scm
tillation camera and pinhole collimator.

In order to compare the uptake of gallium with
that of lead in inflamed tissue, the background ac
tivity of the normal opposite limb ( % dose/gm) was
subtracted from that of the inflamed left limb. (Re
call that the activity of the inflamed limb does not
include activity in the abscess samples. ) Ratios of
activity in the inflamed tissue to that in other tissues
were then calculated.

Statistical analysis of the data was performed using
the paired Student's t-test.

TABLE 1. TISSUE CONCENTRATION OF 203pb IN CONTROL RATS AT VARIOUS TIMES*

15 Â± 5.5
24 Â±10

270 Â±35
3.8 Â± 2.0
6.9 Â± 2.6
0.4Â± 0.1

41 Â± 8.0

Blood
Liver
Kidney
Small intestine
Colon
Muscle
Right elbow

S Expressed as 100 times the percent injected dose per gram Â± 1 s.d. Each data point is based on the results from five rats.

160 Â±20
150 Â±30

1,100 Â±90
41 Â± 5.8
41 Â± 6.3
1.7Â± 0.1

21 Â± 3.9

53 Â± 16
84 Â± 4.9
600 Â±200

17 Â± 2.8
28 Â± 2.4

0.9 Â± 0.08
33 Â± 9.5

24 Â± 3.6
25 Â± 3.3

310 Â±23
5.7 Â± 1.8
10 Â± 1J
0.46 Â± 0.03

34 Â± 3.5

8.3 Â± 0.7
15 Â± 4.2

230 Â±25
3.6 Â± 1.7
6.3 Â± 1.6
0.51Â± 0.05

49 Â± 9.3
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TABLE 3. ABSCESS-TO-TISSUE ACTIVITY RATiOS
FOR Â°7GaAND 2O3Pb

24hr 72hr

Tissue@ â€˜Â°@Pb â€œGa â€˜Â°@Pb

Liver 1.1 0.2 0.6 0.2

Kidney 1.5 0.1 0.9 0.1
Muscle 22.5 14.8 12.3 7.0
Right forelimb 8.6 0.7 5.3 0.5
Blood 4.6 0.8 17.6 0.6
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TABLE 2. TISSUE CONCENTRATIONS OF 6TGa AND 2O3Pb AT 24 AND 72 HR
IN RATS WITH AN ABSCESSED LEFT FORELIMB*

Blood27 Â± 1022 Â± 8.73.5 Â± 0.810 Â±4.1Liver100
Â±1683 Â± 21110 Â±2222 Â±8.1Kidney80
Â±32220 Â±10076 Â±22140Â±55Muscle6.5
Â± 2.90.88 Â± 0.186.5 Â± 3.90.72 Â±0.20Right

forelimb14 Â± 3.218 Â± 4.912 Â± 2.520 Â±5.1Leftforelimbt81
Â±2871 Â± 2198 Â±3546Â±32Abscess110
Â±8311 Â± 5.260 Â±215.3 Â±2.7S

Expressed as100 timesthepercent injecteddoseper gram Â± 1 s.d. Datapoints represent the mean oftenrats.t
Datafortheleftforelimbdoes not includethe abscess.

RESULTS

The 203Pb distribution data for control rats are
presented in Table 1. By 96 hr, approximately 25%
of the injected dose was excreted. Roughly 7 % of
the total dose was excreted by the kidneys, with the
remaining 18 % in the feces.

At 24 hr, slightly more gallium than lead had ac
cumulated in the inflamed left forelimb (Table 2),
but the difference was not statistically significant
until 72 hr, when gallium accumulation was twice

that of lead (p@ 0.005 ) . The abscess samples had
concentrated significantly more gallium by 24 hr
than muscle, right forelimb, and blood (p@ 0.05);
gallium concentration in abscess was also higher than
in the remaining tissues but the difference was not
significant.

In contrast, lead concentration in the abscess sam
pies was significantly less (p@ 0.01 ) at 24 hr than
in all other tissues except muscle (Table 2) . In fact,
the mean gallium concentration in abscess was 10
times that of lead at 24 hr and 12 times that of lead
at 72 hr (Table 2) . Furthermore, abscess-to-tissue
ratios ( % dose/gram) were significantly greater (p

@ 0.05) for gallium than for lead at both 24 and 72
hr for every tissue examined except muscle (Table
3). With both agents,the abscessedleft forelimb
could be easily identified by scanning at both 24 and
72 hr (Figs. 1 and 2).

DISCUSSION

Lead activity in the liver was 10â€”20%of the ad
ministered dose at 4 hr and decreased steadily there
after. This decrease, coupled with the appearance of
10â€”i5% of the administered dose in the feces by
48 hr, might be explained by hepatocyte uptake of
lead followed by secretion into the bile. This postu
lated mechanism would indicate some degree of
enterohepatic circulation of lead since 8â€”12% of
orally ingested lead may be absorbed (7) . An alter

native or supplementary explanation may be direct

secretion of lead into the gut lumen by the bowel
wall; this mechanism has been shown to account in
part for the fecal excretion of parenterally adminis

tered pertechnetate (8) . The gastrointestinal tract
was three times as effective as the kidneys in elimi
nating tracer amounts of lead.

The mechanism of gallium accumulation in inflam
matory lesions has not been clearly defined (9,10).
Geirud et al. studied gallium concentration in ex
perimental staphylococcal infections as a function
of the age of the infection (1 1) . In a similar but more
extensive study, Blair et al. evaluated gallium accu
mulation in rats with experimental staphylococcal
abscess at 6, 9, 12, 15, and 24 days after injection
of the staphylococci (12 ) . Injecting the nuclide 72
hr before counting, they found gallium concentration
in the abscess contents to be relatively constant
throughout the study. Since the age of a suspected
abscess may not be known, we preferred to study
gallium and lead accumulation in experimental
staphylococcal abscesses as a function of time after

radiopharmaceutical administration and not as a
function of abscess age. Consequently, all the rats in

our study received their gallium and lead injections
6 daysafterthesecondinjectionof staphylococciand
were studied either 24 or 72 hr later.
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TABLE 4. RATIOS OF 6TGa AND 2O3Pb ACTIVITY
IN INFLAMED LIMB TO THAT IN

OTHER TISSUES*

Liver
Kidney
Muscle
Blood

0.8 0.9
1.1 0.5

16.1 82.1
2.8 4.2

0.8 1.8
1.3 0.6

20.5 79.8
27.8 5.7

* Activity in the abscess was not included in the activity

of the inflamed left forelimb. Also, the activity in the nor
mal right forelimb was subtracted from that in the left in
order to correct for background. Each data point represents
the mean for ten rats.

FIG.1. Pinhole.collimatorimageshowing@Gauptakeinab
scessedleft forelimb of rat at 24 (left) and 72 hr (right).

FIG.2. Pinhole-collimatorimageshowingâ€˜Â°Pbuptakeinab
scessedleft forelimb of rat at 24 (left) and 72 hr (right).

With the exception of blood, the abscess-to-tissue
ratios appeared to be higher at 24 than 72 hr, but
the differences were not statistically significant at the
0.05 level. The important point to note, however,
is that the ratios were certainly not less. Based on
these findings, if an abscess could be identified by
scanning at 72 hr, it should in general be possible to
identify it by scanning at 24 hr or possibly earlier.
The successful localization of abscess 4 hr after gal
hum injection has, in fact, been reported (3,13).

Occasionally an abscess is identified at 72 hr when
it was not apparent on an early scan. This observa
tion may result from accumulation of gallium in the
inflammed tissues surrounding the abscess. When the
ratios of the inflamed limb (excluding the abscess
and with background activity of the opposite limb
subtracted) to other tissues are calculated, the results
indicate a slightly higher ratio relative to kidney and
muscle and a significantly higher ratio (p@ 0.001)
relative to blood at 72 hr than at 24 hr (Table 4).
Consequently, inflammation, infection without ab
scess, and possibly osteomyelitis might be better
identified on a 72-hr gallium scan. In practice, when
abscess or infection is suspected, it is probably wise
to scan both early and late.

Lead-203 concentration in the abscess was much
less than that of gallium but, like gallium, the lead
concentration decreased by approximately 50%
from 24 to 72 hr. Lead concentration in normal
muscle was much less than that of gallium, and con
sequently the inflamed-left-forelimb-to-muscle ratios
(Table 4) were significantly higher for lead than for
gallium at both 24 and 72 hr (p@ 0.001 ). This
observation probably explains why the abscesses
could be visualized so clearly in the lead scans (Fig.
2) . However, for general purposes, Â°7Ga-citrate ap
pears to be a better agent for localizing abscess than
203Pb-acetate.
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