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Bowel preparation before gallium-67 scanning often consists of cathartics,
enemas, and a liquid or low-residue diet. Since human bile has approximately
one third the gallium concentration of the liver, the diet is presumably
designed to minimize biliary excretion of gallium into the gut. To deter-
mine the actual biliary contribution to fecal gallium, the bile ducts of 15
rats were ligated and severed. Following the i.v. injection of Ga-67 citrate,
the 72-hr fecal excretion of gallium was compared with that of 15 control
rats with only a sham operation. Tissue distribution studies were also per-
formed, and an additional 14 rats were gavaged with Ga-67 citrate to assess
intestinal absorption. The organ distribution of gallium was similar in both
groups and there was no appreciable intestinal absorption. The 72-hr fecal
excretion of gallium in the control animals was not significantly different
from that in the group with ligated bile duct: 13.1% compared with 12.99,,
respectively. The data suggest that galium reaches the feces primarily
through the bowel mucosa rather than by biliary excretion, and for that
reason it is probably unnecessary to deprive a patient of solid food. Fur-
thermore, a liquid or low-residue diet is unlikely to facilitate gallium transit

through the bowel.
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The localization of gallium-67 in neoplastic and
inflammatory lesions is well documented. In the
abdomen and pelvis, however, it may be difficult to
identify a pathologic process by scanning, owing to
the physiologic accumulation of gallium in the bowel
(I-5). Attempts to minimize this problem have in-
cluded cathartics and enemas (1,4,6); oral EDTA to
chelate gallium (7); oral and rectal administration
of technetium sulfur colloid to outline the bowel (8);
computer subtraction studies following technetium
sulfur colloid administration (9); low-residue diets
(10); and early imaging (4 hours after injection)
before bowel activity becomes a major problem
(2,11). In attempting to cleanse the bowel of gal-
lium, some hospitals use the standard barium enema
preparation, which incorporates a liquid diet, a vari-
able whose effect on gallium excretion has not been
evaluated. Before attempting to study additional
techniques for reducing gallium concentration in the
gut, we decided to review the mechanism by which
gallium enters the feces.
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In humans, the liver accumulates approximately
5% of the injected dose of gallium and the con-
centration of Ga-67 in the bile is about one third
of the gallium concentration in the liver (12). These
observations indicate elimination of Ga-67 in the
bile, and, in fact, after the first 24 hr, the liver is
reported to be the major route of gallium excretion
(11). If gallium reaches the bowel primarily by
biliary excretion, a low-fat or liquid diet followed by
24-hr imaging might reduce biliary emptying and
improve the diagnostic quality of the scan. Based on
these considerations, animal studies were undertaken
to resolve the question of biliary excretion.

MATERIALS AND METHODS
Thirty female Sprague-Dawley rats with weights
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ranging from 270 to 401 g were divided into experi-
mental and control groups of 15 animals each. The
bile ducts of all rats in the experimental group were
doubly ligated and severed to prevent any bile from
reaching the gut. On each control rat a sham opera-
tion was performed in which the abdomen was
opened, the abdominal contents handled, the bile
duct identified and the abdomen closed.

Immediately following surgery, control and ex-
perimental rats received a tail-vein injection of 20-30
rCi of Ga-67 citrate. All rats were placed in meta-
bolic cages and urine and feces collected at 24-hr
intervals for 72 hr. Five rats from each group were
killed at the end of each 24-hr period, and selected
organs were removed, weighed, and counted in an
automated well counter using the 184-keV peak of
gallium.

A second group of 14 female Sprague-Dawley
rats, with weights ranging from 361 to 466 g, were
used to examine absorption of gallium from the
bowel. Under ether anesthesia, all rats were gavaged
with 25.Ci of Ga-67 citrate in 0.5 cc of normal
saline. Immediately afterwards, the rats were housed
in metabolic cages and allowed free access to food
and water. Urinary and fecal gallium excretion was
monitored at 8, 24, 32, 48, 56, and 72 hr, at which
time the animals were killed and studied as described
above.

RESULTS

During the first 24 hr, the sham-operated control
animals excreted about 5 times as much gallium in
their feces as did the experimental rats, (p = 0.05,
Table 1); in contrast, however, the fecal excretion
of gallium in the 48- and 72-hr stool collections was
slightly higher in the rats with ligated bile ducts.
Furthermore, the total fecal excretion at 72 hr was
essentially the same for both groups: 13.1% for the
controls and 12.9% for the bile-duct-severed group.
Urinary excretion of gallium was essentially the same
for both groups of rats at all three time periods, with
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the total 72-hr excretion averaging 12.4% for the
controls and 13.5% for the experimental group.

The 14 rats gavaged with Ga-67 citrate did dem-
onstrate different rates of gallium excretion in their
feces, but there was no evidence of significant tracer
absorption. By 72 hr, four rats had excreted 100%
of the administered dose in the feces and all rats
had excreted at least 70% of the dose (average
87% ). Their total urinary excretion at 72 hr aver-
aged less than 1%, even though the urine was con-
taminated with feces. In the gavaged rats, the highest
tissue accumulation of gallium was found in the
liver, but it amounted to only 0.03% of the admin-
istered dose compared with 8.7% in the livers of
control rats receiving i.v. gallium.

DISCUSSION

As stated above, the mean gallium excretion in
the feces of the control animals was 5 times that of
the bile-duct-ligated rats during the first 24 hr. Simi-
larly, the mean fecal weight for the control animals
during the first 24 hr was also 5 times as great—4.0
and 0.8 g, respectively (p = 0.05). After the first 24
hr, the mean fecal excretion was not significantly
different. In retrospect, although we had thought
the sham operation was a satisfactory control, we
handled the gut of the bile-duct-ligated rats for a
longer time during surgery. This handling and the
longer operative time probably resulted in decreased
fecal excretion of gallium during the first 24 hr.

Since no bile could reach the bowel directly in the
experimental animals, the fecal accumulation of
gallium must have occurred by some other route—
presumably transit through the bowel wall like that
described for pertechnetate (13). Further evidence
of this conclusion is provided indirectly. During the
first 72 hr, about 12% of the administered dose was
excreted in the feces of the control animals. If the
liver excreted up to 10% of the administered dose
by way of the bile, the liver concentration of gallium
should have diminished with time, especially since

TABLE 1. FECAL EXCRETION OF Ga-67 (% ADMINISTERED DOSE) IN CONTROL* AND
EXPERIMENTALT RATS KILLED AT 24, 48, AND 72 HR
Rats killed at 24 hr Rats killed at 48 hr Rats killed at 72 hr
Control Experimental Control Experimental Control Experimental

24-hr fecal collection 52=+*08 1.0+ 0.1 54+08 0.4 +04 39+24 0.9 + 0.9
48-hr fecal collection —_ —_ 4.8 =09 57 %16 5014 68+1.6
72-hr fecal collection —_ —_ —_ —_ 42+19 52+22
Total 5.2 1.0 10.2 6.1 131 129

* Bile ducts of experimental rats were ligated and severed. Control animals underwent sham operations.

1t Mean of five animals at each time period, one s.d.
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gallium levels in the blood dropped to less than 1%
of the administered dose during the 72-hr study
period. In fact, gallium accumulation in the liver of
the control animals was essentially unchanged at
24, 48, and 72 hr, a finding that suggests minimal if
any biliary excretion.

Tissue levels of gallium in the experimental ani-
mals were slightly higher than those in the control
group, which is probably because less gallium was
eliminated during the first 24 hr in the experimental
rats, leaving more gallium available for tissue accu-
mulation. The fact that the rats gavaged with Ga-67
citrate did not absorb any appreciable gallium from
the gut argues against an enterohepatic circulation
of Ga-67 and suggests that once the tracer reaches
the bowel lumen, it remains there until it is excreted.

It is interesting to note that formed fecal material
in the colon of the control rats at 24 hr contained
(1.3 = 0.4) % of the administered dose compared
with (0.4 = 0.2) % in the washed colon wall. At
48 hr, formed colon feces contained 0.9% of the
dose compared with 0.2% in the wall, and at 72 hr
the values were 1.1% against 0.3%, thus maintain-
ing a ratio of roughtly 4:1 between formed feces
and colon wall.

CONCLUSION

In summary, our data strongly suggest that most
of the intravenously administered Ga-67 that reaches
the feces is excreted by the intestinal mucosa rather
than the liver. Our data do not identify which seg-
ment of the bowel is most important in this excre-
tion, nor do they indicate whether transport is active
or passive.

The findings also suggest that it is probably un-
necessary to deprive a patient of solid food, since
the biliary contribution to gut excretion was found
to be minimal and a liquid diet would be unlikely
to facilitate gallium transit through the bowel. If any
diet is indicated, it would probably be one with a
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high fiber content to accelerate the passage of gal-
lium and fecal material through the bowel.
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