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Dimercaprol (BAL) administered 1 hr before '"Â¡n-bleomycin in the nor

mal BALB/c mouse produced an early and preferential hepatic loading of
'"In-bleomycin without a loading of the spleen, skin, bone, or muscle.
Liver-to-muscle ratios were increased about threefold under the influence
of BAL. Liver (c BAL)/liver (s BAL) ratios also increased threefold at 3 hr
whereas relative muscle uptake remained at about unity. Indium-Ill
chloride (colloid, pH 6.5) used as a control did not show a similar increase.
The findings suggest that the kinetics and distribution of '"In-bleomycin

in the normal BALB/c mouse can be influenced by pretreatment with BAL.
JNucl Med 17: 1083-1087, 1976

The use of the antitumor antibiotic, bleomycin
(/â€”*), labeled with inln, "Co, or "Â»Te for tumor
localization, has been well documented (5-75). The
advantages associated with the mln label include a
relatively short half-life of 2.8 days, and gamma
emissions at 173 keV (87%) and 247 keV (93%)
with high photon-per-rad characteristics. These fea
tures are offset, however, by the disadvantage of sev
eral days' wait following administration of the radio-

pharmaceutical to allow for maximum tissue local
ization and elimination of unwanted background.

Evidence from studies of the mechanisms of ac
tion of bleomycin in growing cultures of bacteria and
tumor cells suggested that certain thiols might influ
ence the pharmacokinetics of bleomycin.

For example, it has been shown that one of the
mechanisms of action of bleomycin is the production
of single-strand DNA breaks (76). Frequency of
these breaks is markedly increased on neutral and
alkaline sucrose gradients in the presence of mer-
captoethanol (77). Bleomycin also induces a sev-
eralfold increase in thymidine (H-3) incorporation
into the DNA of isolated rat liver nuclei, presumably
due to DNA-polymerase activity in response to DNA
damage caused by bleomycin (18,19). This incor
poration can be further increased severalfold by the
addition of the monothiol, mercaptoethanol, and
also by dimercaprol or "BAL" (2,3-dimercapto-l-

propanol, a dithiol). These agents apparently en

hance the DNA-damaging effects of bleomycin at
the nuclear level, possibly by facilitating binding of
bleomycin to DNA at the site at which damage is to
occur.

The experiments reported below were conducted
to determine whether an organic thiol would influ
ence the kinetics and distribution of bleomycin in
the nontumor-bearing (normal) BALB/c mouse.
Indium-111 chloride was used as a control and as an
index of the specificity of the interaction of the thiol
and bleomycin. Since BAL is a heavy-metal chelat-
ing agent used in the treatment of heavy-metal
poisoning in man (20,21), it was selected for study
because of the possibility that its chelating effect
might influence the distribution of the metal-contain
ing bleomycin.

MATERIALS AND METHODS

The 1nln-bleomycin and n'In chloride used in
these experiments were obtained from Medi-Physics,
Inc., Emeryville, Calif. The BAL* was diluted in
peanut oil (10 mg/cm:i) just before use. Normal
female BALB/c mice, weighing 20â€”25gm and 12-
16 weeks of age, were divided into four groups:
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TABLE 2. INFLUENCE OF DIMERCAPROL (BAL) ON THE DISTRIBUTION OF "Hn-BLEOMYCIN

AT 3 HR

mln-bleomycin (% dose/gm)

Skin Muscle Spleen Bone (femur) Liver l/M

Drug alone*
BAL followed by drug*

t1.43

Â±0.15
1.43-+-0.180.030.76

Â± 0.06
0.77 Â± 0.04

0.131.07

Â±0.11
0.96 Â± 0.21

0.440.06

Â± 0.01
0.08 Â± 0.01

1.761

.94 Â± 0.27
9.63 Â± 1.574.812.55 12.41

Results are expressed as X % dose/gm tissue Â± 1 s.e., except for "bone" where they are expressed as X % dose per whole

femur. Underlining indicates statistically significant differences between groups given BAL and those given no BAL at p 0.05 level,
t value for organ with (+) and without (â€”) BAL.

â€¢Three mice per group.

inln-bleomycin, with and without BAL pretreat
ment, and n'In chloride, with and without BAL pre

treatment.
BAL (1.0 mg) was administered intraperitoneally

l hr prior to the i.v. administration of niln-bleo-
mycin and U1ln chloride (about 1 /*Ci/gm of mouse

weight; pH 6.5 Â±0.25, 0.2 ml). At each preselected
time interval after injection, the mice were killed by
cervical dislocation, and the organs to be sampled
were excised, lightly blotted on paper toweling to
remove external blood or fluid, weighed, and counted
by gamma spectrometry in a well counter. The whole
femur was removed, cleaned of muscle and fat, and
counted. Since mouse femurs contain a fairly con
stant proportion of marrow, and since the solid bone
should not be involved in significant uptake (22),
weights were not taken. Results are expressed as
percent of dose per femur. For the other organs, the
results were expressed as percent of dose per gram
of tissue.

Data for groups consisting of three mice each.

given the same treatment, were pooled and expressed
as means Â±1 s.e. The 3-hr data for 1HIn-bleomycin

consist of three trials of three mice each (Table 1),
and include the data from Table 2. When n = 3,
t values of 2.77 and 4.60 or higher imply statistical
significance at p ^ 0.05 and p â€”0.01, respectively.
When ratios between measurements were calculated,
the s.e. was estimated as one-half the difference be
tween the approximate upper and lower 68% con
fidence limits as previously described (25).

RESULTS

Results of the effects of prior administration of
BAL on the uptake of U1ln-bleomycin in selected
organs at 3 hr are illustrated in Table 2. When U1ln-

bleomycin alone was used, hepatic uptake exceeded
that in skin, muscle, and spleen on a percent dose/
gm basis but did not exceed that in bone. (Com
parison to bone could not be made on a percent
dose/gm basis since this tissue was not weighed.)
The liver-to-muscle ratio was 2.55, showing a greater
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FIG. 1. Influence of BAL on uptake of n'ln-bleomycin as func
tion of time. Organ ratio Â± 1 s.e. with (-f-) and without {â€”) BAL
administration 1 hr before "'in-bleomycin.

concentration in the liver. Prior administration of
BAL did not significantly influence inln-bleomycin

uptake in skin, muscle, spleen, or bone (p = 0.05).
However, BAL pretreatment did produce an ap
proximately fivefold increase in hepatic uptake of
1JIIn-bleomycin, significant at the p = 0.01 level.

Since BAL did not significantly influence muscle
uptake, this advantage was observed in the liver-to-
muscle ratio (12.4).

When '"In chloride was used instead of inln-

bleomycin (Table 3), the preferential localization of
liver over muscle, in the absence of BAL, was again
noted at 3 hr (L/M = 2.24), but BAL did not pro
duce a large increase in hepatic localization at this
time.

The influence of BAL on the hepatic and muscle
uptake of mln-bleomycin as a function of time is

illustrated in Table 1. In these experiments there is
a consistent trend at all time periods for hepatic
uptake of U1In-bleomycin to be greater in the BAL-

pretreated than in the nonpretreated group. These
data are statistically significant (p = 0.05) at the
2- and 3-hr points. The muscle (c BAL)/muscle
(s BAL) ratio (lower curve. Fig. 1) approximates
unity at all time intervals and shows no statistically
significant change.

Even in the absence of BAL, all liver-to-muscle
ratios for inln-bleomycin were considerably greater
than unity (3.1-6.0), reflecting the expected greater
localization in liver as compared to muscle (Fig. 2).
In the presence of BAL, the preferential hepatic
loading effect was pronounced, with liver-to-muscle
ratios of 5.3-12.8. At the 1-, 2-, 2.5-, and 3-hr in
tervals, this represented a 2-2.6-fold increase of
uptake in comparison to that of mice not pretreated
with BAL. The large s.e. seen at the 2.5-hr interval
is not surprising, since this is kinetically a transition
point with larger potential for variation due to sam
pling errors.

The effect of BAL on the distribution of '"In

chloride is illustrated in Table 3. A small increase
in hepatic uptake is seen at 2, 2.5, and 3 hr as the
result of administration of BAL. A twofold maxi
mum increase was seen at 3.5 hr. Once again, reduc
tion of muscle localization by 30-60% was seen at
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FIG. 2. Influence of BAL on liver-to-muscle ratios (Â± 1 s.e.) of
lllln-bleomycin as function of time.

all points except 1 hr [muscle (c BAL)/muscle
(s BAL)]. The interaction of the slight hepatic
localization, combined with the reduced muscle up
take, led to an increased liver-to-muscle ratio, re
sulting from BAL, at all points except 1 hr, producing
an increase in the ratio [liver/muscle (c BAL)] :
[liver/muscle (s BAL)].

DISCUSSION

These experiments show that pretreatment with 1
mg BAL, 1 hr before administration of inln-bleo-

mycin, significantly increases the hepatic uptake of
radiolabeled bleomycin in the mouse. This effect was
time-dependent, peaking at 3 hr, and was largely due
to specific hepatic loading, since it did not occur in
skin, spleen, muscle, or bone. Since uptake in muscle
was not significantly altered, the hepatic effect is
one of loading.

Although a similar but smaller amount of liver
localization occurs after the administration of mln
chloride, this effect is exaggerated when the liver-to-
muscle ratio in the BAL-pretreated group is con
sidered, since muscle uptake is about half that of

non-BAL-treated controls. We have seen no deaths
in the mouse following the administration of BAL
at this dose level.

The data suggest that the hepatic loading of U1ln-
bleomycin at 2-3 hr following pretreatment with
BAL is due largely to an influence on mln-bleomy-

cin itself, since this loading effect is not elicited
during this time interval following inln chloride
administration. It is known that inln, administered

as indium chloride, binds to transferrin in vivo (5).
Since the loading effect induced by BAL is seen dur
ing the first 3 hr, it seems unlikely that this is due
to the effect of BAL on indium that has dissociated
from iuln-bleomycin. However, we cannot rule out

the possibility that BAL removes indium from bleo
mycin. This seems unlikely, however, since the dis
tribution of UIIn chloride is not similarly influenced

by BAL.
It is not known whether the loading effect exerted

by BAL on the distribution of niln-bleomycin is re

lated to alterations in circulation, membrane per
meability, intracellular binding, drugâ€”druginterac
tion, or nonspecific hepatic injury. The dose of BAL
used in these experiments produces transient hyper-
activity and diuresis in BALB/c mice, but it is tol
erated, even on daily administration up to 14 days,
without visible permanent side effects or fatality.
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