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New bone-seeking agent: Animal study of Tc-99m-incadronate
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Objective: Disodium cycloheptylaminomethylenediphosphonate monohydrate (incadronate diso-
dium) isathird-generation bisphosphonate compound which potently inhibits bone resorption, and
a highly effective drug in the treatment of metastatic bone disease. We first labeled incadronate
disodium with %™Tc, and examined its biodistribution and bone uptake after intravenous injection
inratsto assessits potential for clinical use as abone-seeking agent for judgment of the therapeutic
effect of incadronate on bone metastases. Bone scan with *°™Tc-labeled incadronate (*°™Tc-
incadronate) may yield important information prior to the use of incadronate for treatment of bone
metastases. Methods: Synthesis of %™Tc-incadronate was carried out by reduction of °MTc-
pertechnetate in the presence of SnCl, and N2 gas. Normal rats were injected with 18.5 MBq (0.5
mCi) ®™Tc-incadronate in avolume of 0.1 ml intravenously and then sacrificed at 15 min, 30 min,
1hor2h(six ratsat each time point) after injection. Samples of muscle, stomach, small intestine,
kidney, liver and bone (femur) were taken and weighed. In addition, a 1-ml sample of blood was
drawn from the heart, and urine was taken from the urinary bladder immediately after sacrifice.
Sampleswere measured for radioactivity and expressed as percent uptake of injected dose per gram
or per milliliter (% ID/g or ml). Bone-to-blood and bone-to-muscle uptake ratios were determined
from the % ID/g or ml values for these organs. Results: The greatest accumulation of ®™Tc-
incadronate was found in bone. Radioactivity in bone was as high as 3.22 + 0.68% ID/g at 2 hours
after injection. Scintigraphic images of ™ Tc-incadronate in normal rats revealed highly selective
skeletal uptake. Conclusion: T c-incadronate exhibited high uptake in bone, and relatively low
uptake in soft tissue, suggesting that it may be useful as a bone-seeking agent for judgment of the
therapeutic effect of incadronate on bone metastases, by determining the degree of its accumulation
in metastatic bone lesions.
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INTRODUCTION

RADIONUCLIDE BONE SCANNING iS an extremely sensitive
method for the detection of various bone diseases, and
is considered the most practical screening technique
for assessing skeletal metastases in the whole body.
Bisphosphonates have a P-C-P structure, and have been
developed as stable analogues for inorganic pyrophos-
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phoric acid. Bisphosphonates have long been known to
inhibit bone resorption in vitro and in vivo.)™ Since the
introduction of etidronate, a number of new bisphos-
phonates have been synthesized which inhibit bone
resorption without causing mineralization defects. These
compounds are referred to as new-generation bisphos-
phonates.>°

Incadronate (disodium cycloheptylaminomethylene-
diphosphonate monohydrate) [Y amanouchi Pharma-
ceutical Co., Ltd., Tokyo, Japan] (Fig. 1) is one of these
new-generation bisphosphonates. This compound inhib-
its the increase in the concentration of free calcium in
blood induced by carcinoma. It has been reported to have
greater potency in this respect than pamidronate and
alendronate, and to have a more prolonged effect than
elcatonin.1®12 |ncadronate inhibits calcium release
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induced by bone resorption stimulants more potently than
do other bisphosphonates. Incadronateisthereforeahighly
effective drug in the treatment of metabolic bone diseases
such as hypercalcemia of malignancy, bone pain due to
skeletal metastases, and osteoporosis.1%11 |t has been
reported that bisphosphonates are effective in the treat-
ment of bone metastases.’® 9¥MTc-labeled incadronate
(®9MTc-incadronate) is therefore considered potentially
useful as a radiotracer for judgment of the therapeutic
effect of incadronate on bone metastases, by determining
the degree of accumulation in metastatic bone lesions.
For the above mentioned reasons, welabeled incadronate
disodium with 9mTc-pertechnetate sodium. This study
was conducted to evaluate the biodistribution of *mTc-
incadronate in normal rats, in order to determine whether
9mTc-incadronate is useful as a bone-seeking agent for
the determination of therapeutic policy prior to the use of
incadronate for treatment of bone metastases.

MATERIALSAND METHODS
Labeled compounds
The synthesis of 9MTc-complex with incadronate was

carried out by reduction of 9¥MTc-pertechnetate in the
presence of SnCl, and N2 gas. One milliliter of SnCl,
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Fig. 1 Structural formulaof incadronate disodium.
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(0.19 mg/ml) was first added to 1 ml of a solution of
incadronate (0.38 mg/ml) [Lot. No. GEPY A001] and
mixed. The ®™Tc-complex of incadronate was prepared
by adding 1 ml of ®™T¢ (Nihon Medi-Physics Co., Ltd.,
Nishinomiya, Japan) as pertechnetate (370 MBg/ml) to 1
ml of the incadronate solution prepared previously, and
mixed well. The labeling efficiency of ®™Tc-incadronate
was determined by thin-layer chromatography (TLC Silica
gel 60, methylethylketone).

Biodistribution method

Twenty-four female rats (Wistar, six weeks), each weigh-
ing 130160 g, were used to determine the organ distribu-
tion of ®MTc-incadronate. The rats were sacrificed at
15min, 30 min, 1 hor 2 h (six ratsat each time point) after
injection of 18.5 MBq (0.5 mCi) ®*™Tc-incadronate in a
volume of 0.1 ml viathe tail vein. Samples of muscle,
stomach, small intestine, kidney, liver and bone (femur)
were taken and weighed. In addition, a 1-ml sample of
blood was drawn from the heart immediately after sacri-
fice. Samples of different organs were counted in awell-
typegammascintillation counter AUTOWELL GAMMA
SYSTEM ARC-2000, Aloka Co., Ltd., Tokyo, Japan) to
calculate resident activity in different organs. Tissue con-
centrations were cal culated and expressed as percent up-
take of injected dose per gram or per milliliter (% 1D/g
or ml). Bone-to-blood and bone-to-muscle uptake ratios
were determined from the % 1D/g or % ID/ml values for
the organs.

An imaging study was performed in a normal rat
(Wistar, six weeks) weighing 160 g at 1 h after intra-
venous injection administration of 18.5 MBq (0.5 mCi)
of ®¥™Tc-incadronate. Bone scan was performed with a
gammacamera (BODY SCAN, Siemens-Asahi Medical
Technologies Co., Ltd., Tokyo, Japan) equipped with a
141 keV (20%), LEHR (low-energy, high-resolution)
collimator.
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Fig. 2 Biodistribution of ®™Tc-incadronate in normal rats.
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Fig. 3 Bone-to-blood and bone-to-muscle uptake ratiosin normal rats at different times after injection

of ¥™Tc-incadronate.

Excretion in urine

Six rats were used to calculate the percentage of the
injected dose excreted in urine. All of the animals were
placed in individual cages equipped for urine collection.
By 2 hours after injection of 18.5MBq (0.5 mCi) of ®™Tc-
incadronate into the tail vein, radioactivity in urine was
amost all collected. All of the urine was counted in a
well-type gamma scintillation counter to calculate radio-
activity.

RESULTS

The labeling efficiency of ®™Tc-incadronate, as deter-
mined by TLC, was 93% on average, and the final pH
ranged from 4.3 to 4.5. The biodistribution in various
organs is shown in Figure 2 (n = 6). Radioactivity in
bone tissue was as high as 2.84 + 0.08% ID/g (mean *
S.D., n = 6) at 30 minutes after injection, increasing to
3.03+0.24% ID/g at 1 hour and 3.22 + 0.68% ID/g at 2
hours. Activity in kidney was highest at 15 minutes but
declined rapidly throughout the experiment. The radio-
activities in muscle, stomach, small intestine, liver and
blood were all lower than 0.6% ID/g at 15 minutes and
also declined rapidly. The bone-to-blood and bone-to-
muscle uptake ratios are shown in Figure 3. The bone-to-
blood ratio and the bone-to-muscle ratio increased to
44.34 + 8.37 and 118.73 + 27.38 (mean = S.D., n = 6),
respectively, at 2 hours. Most of the radiotracer was
excreted by the urinary system. The percentage of the
injected dose of **™Tc-incadronate excreted in the urine
of ratsat 2 hours after injection was 45.47 + 6.41% (mean
+S.D., n = 6). Scintigraphic images of ®™Tc-incadronate
in normal rats revealed highly selective skeletal uptake
(Fig. 4).
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Fig. 4 Whole-body image of rat obtained 1 h after injection of
18.5 MBq (0.5 mCi) of ¥™Tc-incadronate. This image shows
selective uptake of radiotracer in normal bone tissue.

DISCUSSION

Since technetium has many chemical properties, it is
possible to obtain high chelates with diphosphonate com-
pounds such as 1-hydroxy-methylene-1,1-diphosphonate
(HMDP) and methylene-di phosphonate (M DP).2415 Good
stability both in vitro and in vivo, good availability, and
low cost are all very important for clinical application of
aradiopharmaceutica . ®"Tc-incadronateisavery attrac-
tive radiopharmaceutical for bone scan sinceit has several
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advantages including good stability, gamma ray emis-
sions, and, in particular, the ready availability of agenera-
tor which permits on-site“milking” of the radioisotope.'6
9MTc-incadronate was prepared by reduction of ®*™Tc as
pertechnetate in the presence of SnCl, and N2 gas. ™ Tc-
incadronate was labeled immediately after mixing well.
We have achieved 93% labeling efficiency of ®°™Tc-
incadronate on average, with pH ranging from 4.3t0 4.5.
The method of labeling used in this study was considered
to be as accurate and valid as any other technique used for
labeling pertechnetate,™” but since the labeling efficiency
of 9T c-incadronate was not satisfactory for clinical use,
it is necessary to improve the labeling conditions for it.

Incadronate is a third-generation bisphosphonate
compound which potently inhibits bone resorption, and
isexpected to be useful in the clinical treatment of hyper-
calcemia of malignancy, bone pain due to skeletal me-
tastases, and osteoporosis.’®* At present, diphosphonates
such as HMDP and MDP labeled with ®™Tc are widely
usedinclinical practicefor bone scanning.®2°Incadronate
has been successfully used in the clinical setting for
hypercal cemia of malignancy and osteoporosis.?*=23 Itis
therefore possible that *°™Tc-incadronate concentratesin
bone metastases of cancer asmuch as ®"Tc-HMDP, since
incadronate potently inhibits bone resorption. It has been
reported that the femur tissue distributions of *™Tc-
HMDP and ®*™Tc-MDP in normal rats are 2.579% ID/g
and 1.484% | D/g, respectively at 2 hours after intravenous
injection.?* In our study, the femur tissue distribution of
9MTc-incadronate was 3.22% | D/g, and higher than those
of ®¥™Tc-HMDP and " Tc-MDP.

The concentration of *™T c-incadronate determines the
increase or decreasein the % | D/g tissuein bone and other
organs. In our study with normal rats, ™ Tc-incadronate
accumulated significantly in bonetissue. Radioactivity in
muscle and blood, on the other hand, was low and de-
clined quickly. The bone-to-muscle uptake ratio was 8.26
at 15 minutes and continuously increased to a peak of
118.73 at 2 hours. In addition, %™T c-incadronate accu-
mulated in normal bone, as shown in Figure 4. Like all
diphosphonates used for bone scintigraphy, °MTc-
incadronate was mainly excreted by the urinary system.
High uptake of ®™Tc-incadronate was thus observed in
bone, whereas uptake in soft tissue was relatively low.

Incadronate potently inhibits bone resorption, and is
highly effective in the treatment of bone metastases. The
in vivo behavior of ®™Tc-incadronate suggests that it
could be used clinically for the determination of therapeu-
tic policy prior to the use of incadronate for treatment of
bone metastases, and as an effective means to judge
treatment of bone metastases. Bone scan with %™ c-
incadronate may yield important information prior to the
use of incadronate for treatment of bone metastases.
Furthermore, detailed studies will be necessary to more
fully assess the clinical usefulness of ®™Tc-incadronate.

In conclusion, ®*™Tc-incadronate appears to be a very
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good potential candidate for clinical usein bone-seeking
agentsfor judgment of thetherapeutic effect of incadronate
on bone metastases, since it displays highly selective
uptake in the skeletal system and has low non-target
uptake and rapid clearance in nonosseous tissue. Scinti-
graphic images of ®"Tc-incadronate in normal rats re-
vealed highly selective skeletal uptake.
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