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ABSTRACT: Current radiopharmaceuticals for treating bone metastatic tumors have various limitations. We focus on developing a
universal, economical, efficient, and safe novel radiopharmaceutical for bone metastasis treatment. 131I is a well-established medical
radionuclide commonly used for both treatment and diagnosis. Risedronate exhibits strong bone-targeting properties with moderate
bone retention. This study explored the combination of these two components and evaluated its biological properties in animal
experiments. Based on the experimental results, 131I-risedronate demonstrated high bone-targeting efficiency, low uptake in
nontarget organs, and rapid clearance. Notably, at 3 days postadministration, significant bone retention was observed, indicating its
potential for sustained therapeutic effects. Additionally, its biodistribution and therapeutic effect can be effectively monitored by
SPECT/CT imaging.
KEYWORDS: Radiopharmaceuticals, Radiochemistry, Bone metastasis, Iodine-131, 131I-risedronate

1. INTRODUCTION
Bone is one of the most common sites for malignant tumor
metastasis, and various radiopharmaceuticals have been
developed for the clinical diagnosis and treatment of bone
metastasis.1,2 Current treatment strategy is primarily palliative,
aiming to alleviate patient pain by precisely targeting the tumor
site with drugs.3 Existing radiopharmaceuticals can be divided
into two main categories: the first category includes metal ion-
based radiopharmaceuticals, represented by strontium-89
chloride and radium-223 chloride, which rely on the inherent
bone affinity of metal ions to achieve bone accumulation.4,5

While they exhibit certain therapeutic effects, their lack of
targeting selectivity can lead to adverse side effects. The second
category includes bisphosphonate-conjugated radiopharmaceu-
ticals, such as 153Sm-EDTMP, 186Re-HEDP, and 177Lu-DOTA-
IBA.6−8 These drugs leverage the high affinity of bi-
sphosphonates for bone tissue to enhance the precision of
radionuclide delivery, significantly reducing off-target organ
exposure. However, these drugs face production barriers�
such as the need for reactor irradiation for 186Re production
and the difficulty in extracting 223Ra, leading to supply
shortages in some countries. Additionally, the limited efficacy
of current drugs and multiple clinical application restrictions
have severely hindered their widespread adoption.

Given the current technological bottlenecks, developing
novel radiopharmaceuticals that are universal, cost-effective,
and efficient has become a critical research direction in the
treatment of bone metastases. As a classic representative of the
radionuclide diagnostic and therapeutic system, 131I has
demonstrated unique dual advantages in clinical applications.9

Its mature production process and lower usage costs make it an
important choice in nuclear medicine, particularly where
standardized clinical pathways have already been established
for thyroid disease diagnosis and treatment.10,11 The radio-

logical properties of 131I provide a foundation for its diverse
applications: Its 8-day half-life ensures continuous radioactivity
while avoiding excessive biological retention risks. The β
radiation (606 keV) released during decay has a tissue
penetration depth of 1−2 mm, effectively killing tumor cells.
Meanwhile, the accompanying γ radiation (364 keV) enables
high-quality SPECT/CT imaging, facilitating visual monitoring
of the treatment process. However, its specific application in
the diagnosis and treatment of bone metastatic tumors remains
unexplored.

Risedronate is one of the third-generation bisphosphonates
with strong bone affinity.12,13 Risedronate can strongly
coordinate with calcium ions in hydroxyapatite (HAP) of
bone tissue through its bisphosphonate structure. After
injection, it rapidly accumulates on the bone surface,
particularly in metabolically active bone regions such as the
vertebrae, femur, and pelvis, where increased exposure of
calcium sites facilitates drug binding.14,15 Bone metastases
enhance local bone turnover by secreting cytokines (e.g.,
PTHrP, IL-6), which activate osteoclasts and accelerate bone
resorption,16,17 thereby increasing HAP exposure and promot-
ing further accumulation of risedronate at these sites. In
contrast, soft tissues lack HAP and thus provide no binding
sites. As bone metastases are more metabolically active than
normal bone regions, the greater the bone turnover and
calcium ion exposure, the higher the selective accumulation of
risedronate in these lesions. Additionally, the pyridine ring of
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risedronate has considerable steric hindrance, and can enhance
binding to HAP through π−π stacking, hydrogen bonding, and
electrostatic interactions. The pyridine-containing structure
not only contributes to a moderate retention time, but also
confers significantly higher bone affinity compared to earlier
generations of bisphosphonates.18

Up to now, the research on 131I-based drugs has expanded to
other diseases beyond thyroid disorders, such as neuro-
endocrine tumors (131I-MIBG)19 and non-Hodgkin lymphoma
(131I-Tositumomab).20 In this study, we labeled 131I for the
first time onto a bone-targeting drug, using 131I-risedronate as
an example, to investigate the potential of 131I in the treatment
of bone metastases. We hope that this molecule can carry 131I
to rapidly distribute to bone metastatic tumor sites and provide
sustained radiotherapy effects over a period of time.

2. MATERIALS AND METHODS
2.1. General. All commercially available reagents and

solvents are analytical or HPLC grade and used without
purification. 1H and 31P spectra were obtained using an Agilent
400 MHz NMR spectrometer, and 13C spectra were obtained
using a Bruker 400 MHz NMR spectrometer. Mass data were
obtained by Shimadzu LCMS-2020 with ESI as ion source in
positive modes. HRMS data were obtained by Thermo
Scientific Q Exactive HF Orbitrap-FTMS with ESI as ion
source in positive modes. For HPLC and radio-HPLC an
Agilent 1200 LC with an UV and a radio detector was used.
131I was provided by China Isotope & Radiation Corporation
(Beijing, China) as NaI aqueous solution. BALB/c mice were
purchased from Sibeifu (Suzhou) Biotechnology Co., Ltd.,
with an animal license number SCXK (Su) 2022−0006. A
gamma counter (Beijing PET Technology Co., Ltd., Model JC-
2101) was used for counting measurements. The activity of 131I
was measured using a radioactivity meter (Beijing Tongxiang
High Technology Development Co., Ltd., Model HD-175).
Whole-body images were acquired using the MOLECUBES
small animal single-photon emission computed tomography
system (x-cube, γ-cube MOLECUBES, Belgium). The
acquisition was performed in the prone position using a
Lofthole collimator with a 10% energy window centered at a

photopeak of 364.49 keV. All the animal experiments were
approved by Laboratory Animal Ethics Committee of Ruijin
Hospital, Shanghai Jiao Tong University School of Medicine.

2.2. Synthesis of Precursor. Figure 1
2.2.1. (5-Bromopyridin-3-yl)acetyl chloride. To a stirred

mixture of compound 1 (2.00 g, 9.25 mmol) in dichloro-
methane (50 mL) was added oxalyl chloride (5 mL) at 0 °C
under nitrogen atmosphere. The resulting mixture was stirred
for 10 min at room temperature under nitrogen atmosphere.
To the above mixture was added a few drops of N,N-
dimethylformamide at room temperature. The resulting
mixture was stirred for additional 1 h at room temperature.
The reaction was monitored by LCMS. The resulting mixture
was concentrated under reduced pressure to afford compound
2 (2.36 g, crude product) as a light yellow solid. The crude
product was used in the next step directly without further
purification.

2.2.2. Diethyl 2-(5-bromopyridin-3-yl)-1-(diethoxyphos-
phoryl)-1-hydroxyethylphosphonate. To a stirred mixture
of diethyl phosphite (2.35g, 17.04 mmol) in tetrahydrofuran
(100 mL) was added KHMDS (1 M in THF, 9.40 mL)
dropwise at −78 °C under nitrogen atmosphere. The resulting
mixture was stirred for 30 min at −78 °C under nitrogen
atmosphere. The mixture was allowed to cool down to −100
°C. To the above mixture was added compound 2 (2 g, 8.52
mmol) at −100 °C. The resulting mixture was stirred for
additional 5 h under 0 °C. The reaction was quenched with sat.
ammonium chloride (aq.) at −30 °C. The mixture was allowed
to warm up to room temperature. The resulting mixture was
extracted three times with ethyl acetate. The combined organic
layers were washed with brine, dried over anhydrous sodium
sulfate. After filtration, the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column
chromatography, eluted with ethyl acetate/ethanol (5/1). The
product was further purified by reversed-phase flash
chromatography and concentrated under reduced pressure to
afford compound 3 (0.64 g, 15.03%) as a brown oil. 1H NMR
(400 MHz, DMSO-d6) δ 8.53 (d, J = 2.4 Hz, 1H), 8.43 (d, J =
2.0 Hz, 1H), 8.15 (s, 1H, introduced by HPLC), 7.95 (t, J =
2.0 Hz, 1H), 6.43 (s, 1H), 4.20−3.88 (m, 8H), 3.17 (t, J = 13.2
Hz, 2H), 1.43−1.06 (m, 12H). 31P NMR (162 MHz, DMSO-

Figure 1. Synthesis of 1,1-bis(diethoxyphosphoryl)-2-[5-(tributylstannyl)pyridin-3-yl]ethyl acetate.
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d6) δ 18.79. MS (ESI) calculated for C15H27BrNO7P2 [M +
H]+ 474.04, found 473.95.

2 . 2 . 3 . 2 - ( 5 - B r o m o p y r i d i n - 3 - y l ) - 1 , 1 - b i s -
(diethoxyphosphoryl)ethyl acetate. To a stirred mixture of
compound 3 (0.64 g, 1.35 mmol) in acetic anhydride (5 mL)
was added sulfuric acid (0.5 mL) at room temperature under
nitrogen atmosphere. The resulting mixture was stirred at
room temperature for 2 h under nitrogen atmosphere. The
reaction was monitored by LCMS. The reaction was quenched
by the addition of Water/Ice at 0 °C. The resulting mixture
was extracted three times with dichloromethane. The
combined organic layers were washed two times with 1 M
hydrochloric acid (aq.) and sat. sodium bicarbonate, dried over
anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure. The residue was purified
by reversed-phase flash chromatography and concentrated
under reduced pressure to afford compound 4 (0.54 g,
73.63%) as a yellow oil. 1H NMR (400 MHz, DMSO-d6) δ
8.59 (d, J = 2.4 Hz, 1H), 8.31 (d, J = 2.0 Hz, 1H), 7.79 (t, J =
2.0 Hz, 1H), 4.17−3.96 (m, 8H), 3.63−3.47 (m, 2H), 2.13 (s,
3H), 1.18 (q, J = 7.2 Hz, 12H). 31P NMR (162 MHz, DMSO-
d6) δ 14.85. MS (ESI) calculated for C17H29BrNO8P2 [M +
H]+ 518.05, found 517.95.

2.2.4. 1,1-Bis(diethoxyphosphoryl)-2-[5-(tributylstannyl)-
pyridin-3-yl]ethyl acetate. To a stirred mixture of compound
4 (0.54 g, 1.04 mmol) in 1,1,1,2,2,2-hexabutyldistannane (5
mL) were added tricyclohexyl phosphine (56 mg, 0.2 mmol)
and Pd(OAc)2 (22.4 mg, 0.1 mmol) at room temperature
under nitrogen atmosphere. The mixture was purged by
nitrogen. The resulting mixture was stirred at 110 °C for 40
min under nitrogen atmosphere. The reaction was monitored
by LCMS. The mixture was allowed to cool down to room
temperature. The residue was purified by silica gel column
chromatography, eluted with ethyl acetate/ethanol (4/1) to
afford compound 5 (152 mg, 20.10%) as a yellow oil. 1H NMR
(400 MHz, DMSO-d6) δ 8.43−8.34 (m, 1H), 8.24 (d, J = 2.4
Hz, 1H), 7.61−7.47 (m, 1H), 4.14−3.92 (m, 8H), 3.58−3.43
(m, 2H), 2.10 (s, 3H), 1.60−1.39 (m, 6H), 1.33−1.23 (m,
6H), 1.17 (t, J = 7.2 Hz, 6H), 1.13−0.97 (m, 12H), 0.85 (t, J =
7.2 Hz, 9H). 31P NMR (162 MHz, DMSO-d6) δ 15.00. 13C
NMR (101 MHz, DMSO-d6) δ 169.01, 153.71, 150.84, 145.45,
134.69, 130.53, 82.09 (t, J = 149.1 Hz), 63.14 (dt, J = 47.7, 3.3
Hz), 33.69, 28.49, 26.68, 20.95, 15.99 (dt, J = 5.9, 2.9 Hz),
13.47, 9.14. HRMS (ESI) calculated for C29H56NO8P2Sn [M +
H]+ 728.2502, found 728.2498.

2.3. Radiolabeling with 131I and the Subsequent
Deprotection and Purification. To a stirred mixture of
compound 5 (100 μg) in 0.1 mL methanol were added 400 μL
of [131I]NaI aqueous solution (20−40 mCi), 33 μL of
methanol solution of NCS (3 mg/mL), and 20 μL of acetic
acid. The resulting mixture was stirred at room temperature for

30 min. The residue was purified by Radio HPLC to afford
compound 6 (17−32 mCi, radiation yield 80−85%).
Compound 6 was enriched by using an HLB solid-phase
extraction column and eluted with acetonitrile. The eluent was
dried at 100 °C for 10 min and added 500 μL of DCM
solution of TMSI (0.4 M). The resulting mixture was stirred at
room temperature for 2 h. The residue was enriched by SCX
cation exchange column, and the column was washed
sequentially with 5 mL of ethanol and 5 mL of pure water.
The product was eluted with 1 mL of 2 M NaOH solution.
The mixture was heated the at 50 °C for 5 min and cooled
down to room temperature. The pH of the solution was
adjusted to neutral to afford 131I-risedronate (compound 8,
radiation purity >99%) Figure 2.

2.4. In Vitro Stability. A volume of 500%μL of 131I-
risedronate solution (approximately 1%mCi) was mixed with
an equal volume of human plasma in an anticoagulant
centrifuge tube. The mixture was incubated at 37%°C in a
thermostatic incubator. At predetermined time points (0, 1, 6,
12, and 24%h), 100%μL aliquots were withdrawn and mixed
with 200%μL of acetonitrile to precipitate plasma proteins.
The samples were then placed at − 20%°C for 10 min,
followed by centrifugation at 10,000%rpm for 10 min. The
supernatant was collected and subjected to radio-HPLC
analysis.

2.5. In Vivo Biodistribution Testing. Normal BALB/c
mice were randomly divided into four groups (n = 16, 1/
2male, and 1/2 female). Each mouse was injected with a dose
of 50−70 μCi of 131I-risedronate, and the activity of 131I was
measured using a radioactivity meter. After 131I-risedronate
injection, at 1 h, 4 h, 1 day, and 3 days, the following organs
were collected: blood, femur, muscle, intestine, stomach, heart
and kidney, then weighed and measured in a gamma counter.
The%ID/g was calculated for each organ of interest.

2.6. Micro SPECT/CT Imaging. Normal mice were
injected intravenously with 50−70 μCi of 131I-risedronate,
and whole-body static bone scanning was performed with a
micro SPECT/CT scanner at 1h, 4h, 1 day, and 3 days after
injection. The MOLECUBES x-cube device acquisition
parameters were as follows: tube voltage: 50 kV; tube current:
30 μA; exposure time: 3 min. The MOLECUBES γ-cube
device acquired whole-body images for 20 min. The data
acquired by the MOLECUBES x-cube were reconstructed
using an iterative algorithm with a voxel size of 200 μm. The
data acquired by the MOLECUBES γ-cube were reconstructed
using the Maximum Likelihood Expectation Maximization
(MLEM) algorithm with 50 iterations and a voxel size of 500
μm. Attenuation-corrected coronal, axial, and sagittal tomo-
graphic images and 3D MIP images were generated for data
analysis.

Figure 2. Radiolabeling of precursor and deprotection of 131I-risedronate.
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3. RESULTS AND DISCUSSION
3.1. Syntheses of 131I-Risedronate. For the synthesis of

the 131I-labeled risedronate with substitution at the 5-position
of the pyridine ring, we designed a phased functional
modification and radiolabeling strategy. The first step involves
the synthesis of the radiolabeling precursor (compound 5),
which is divided into two main stages (Figure 1). The first
stage is the construction of the bisphosphonate skeleton:
starting with 5-bromo-3-pyridylacetic acid as the raw material,
an acylation reaction was performed to generate the reactive
intermediate (compound 2). According to the method of
Rej́ean Ruel and colleagues,21 the acyl chloride undergone a
Michaelis−Becker reaction with diethyl phosphite in the
presence of the strong base KHMDS, yielding the esterified
bisphosphonate intermediate (compound 3).22

Compound 3 may undergo rearrangement side reactions
under basic or heating conditions, resulting in byproduct 9
(Figure 3), which can be detected by 31P NMR.23 Multiple

experiments revealed that low temperatures help maintain the
structural stability of the target product. Although the
formation of byproduct 9 is unavoidable, performing the
reaction at low temperatures and quickly quenching it can
reduce the proportion of rearranged product 9. This byproduct
can be removed by HPLC purification.

The second stage involves hydroxyl protection and the
introduction of the tributyltin group. The reaction to convert
bromine to a tributyltin group requires heating to 110 °C. To
block the reactivity of the bisphosphonate hydroxyl group in
subsequent reactions, the hydroxyl group of compound 3 was
acetylated for protection, while also structurally preventing the
molecule from undergoing rearrangement. Subsequently, the
bromine atom at the 5-position of the pyridine ring was
substituted with a tributyltin group through nucleophilic
substitution using hexabutylditin reagents, resulting in the
final radiolabeling precursor (compound 5). In this molecular
design, the acetylation of the hydroxyl group serves a dual
purpose: it stabilizes the bisphosphonate backbone and
prevents side reactions between the tributyltin group and the
free hydroxyl group.

The next step involves the radioactive labeling of 131I and
deprotection of the protective groups (Figure 2), which is
divided into three stages. The first stage is 131I-labeling
reaction: the tributyltin group of compound 5 was efficiently
converted to 131I in the presence of acetic acid, NCS, and
[131I]NaI,24 resulting in the 131I-risedronate derivative (com-
pound 6). The high reactivity of the tributyltin group ensures
the specific incorporation of 131I at the 5-position of the
pyridine ring.

The second stage involves hydrolysis of the ethyl ester: it
was found that for compound 6, the traditional TMSBr/

acetonitrile system requires heating to promote the reaction,
but this easily leads to polymerization with solvent molecules,
forming radiochemical impurities that are difficult to remove.
By switching to TMSI reagent and performing hydrolysis
under room temperature conditions,25 the polymerization side
reactions were successfully avoided. Solid-phase extraction was
then used to enrich the product, yielding a high radiochemical
purity de-esterified intermediate (compound 7).

The last stage is deprotection of the acetyl group: compound
7 undergone hydrolysis in sodium hydroxide solution to
remove the acetyl protection group, releasing the free hydroxyl
group and yielding the final target product� 131I-risedronate.

In choosing the labeling site, we selected the 5-position of
the pyridine ring for 131I covalent attachment to risedronate
because this site maintains an appropriate distance from both
the bisphosphonate group and the pyridine nitrogen atom,
minimizing the impact of steric hindrance and electronic
effects on bone-targeting properties. This labeling method not
only preserves the drug’s solubility and distribution coefficient
but also significantly reduces the risk of radionuclide
detachment through the stable covalent bond. In contrast,
radionuclides such as 177Lu and 153Sm, which bind to
bisphosphonates through coordination, carry the potential
risk of radionuclide dissociation, which could lead to passive
uptake in red bone marrow and cause radiation-induced
damage.26

3.2. Biological Evaluation of 131I-Risedronate. To
evaluate the stability of 131I-risedronate, a plasma stability
study was conducted at 37%°C. As shown in Figure 4, 131I-

risedronate exhibited good radiochemical stability in plasma.
The percentage of intact compound was 98.7% at 0%h and
remained at 97.9% after 1%h. At 6%h and 12%h, the intact
fraction was 96.2% and 94.5%, respectively. Even after 24%h of
incubation, more than 90% (91.3%) of the radiolabeled
compound remained intact, with free 131I accounting for less
than 9%. These results indicate that 131I-risedronate possesses
high stability under simulated physiological conditions,
supporting its further application in biodistribution and
imaging studies.

To systematically validate the biological characteristics of
this molecule, we established a multidimensional experimental
evaluation system. In the experimental design, we adopted a
collaborative verification model combining biodistribution
analysis and SPECT/CT imaging. Four time points were set:
1 h, 4 h, 1 day, and 3 days. At each time point, 4 normal
BALB/c mice were selected for biodistribution testing to
reduce experimental random errors. SPECT/CT imaging was
performed at the same time points, utilizing the γ-rays emitted

Figure 3. Rearrangement of diethyl 2-(5-bromopyridin-3-yl)-1-
(diethoxyphosphoryl)-1-hydroxyethylphosphonate.

Figure 4. Plasma stability testing of 131I-risedronate.
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during the decay of 131I to visualize drug metabolism and track
its distribution.

These two methods form a data feedback loop�
biodistribution data provide quantitative radiological analysis
of each organ, while SPECT/CT images visually present the
spatial-temporal distribution characteristics of the drug.
Combining both approaches allows for precise analysis of the
bone-targeting kinetics of the molecule and its effects on other
organs, enabling us to infer the potential and safety of this
molecule for treating bone metastatic tumors.

The biodistribution results (Table 1) revealed the unique
pharmacokinetic characteristics of the 131I-risedronate mole-
cule. The data indicate that this molecule has excellent bone-
targeting efficiency: it is rapidly cleared from the bloodstream,
and the distribution in nontarget tissues (such as muscle)
remains extremely low (<0.5%ID/g) and continues to decrease
over time, suggesting a low systemic exposure risk. Notably,
the drug distribution in the femur peaks at 4 h postadministra-
tion and maintains a high retention level for up to 3 days (with
the average always greater than 11%ID/g). This shows a
significant advantage over other drugs such as 177Lu-DOTA-
IBA (only >11%ID/g at 3 days) and 177Lu-DOTA-ZOL
(always <4%ID/g).8,27 In terms of metabolic pathways, the
drug is primarily excreted via the kidneys. Radioactive
accumulation in the kidney peaks at 4 h postadministration
but rapidly decreases after 24 h, indicating a low renal exposure
risk. The renal retention shows a time-dependent pattern,
which is consistent with the typical metabolic behavior of small
molecule drugs.

From the SPECT/CT images (Figure 5), the molecule
shows significant bone uptake, with relatively low uptake in

other organs. The contrast between the bone and other tissues
is high, and the overall image resolution is clear, allowing for a
detailed representation of the basic situation of bone. On day
3, the bone imaging remains relatively bright, while the
radioactivity in other organs further decreases, consistent with

the biodistribution results. Iodine has a unique affinity for the
thyroid, but no significant radioactivity was observed in the
thyroid region of the mice in the images, indicating that the
131I is tightly bound to risedronate, with no radionuclide
dissociation occurring.

Previous studies have demonstrated that 131I possesses
relatively high safety. Its use in the treatment of thyroid cancer
may be associated with a slight increase in the risk of second
primary malignancies�approximately a 1% overall elevation,
primarily involving leukemia and soft tissue sarcomas.28,29

Conventional therapeutic 131I is typically administered in free
ionic form, which exhibits sustained distribution in the
bloodstream, as shown by biodistribution data.30 This
prolonged circulation may increase radiation exposure to
nontarget tissues.

In contrast, 131I-risedronate covalently incorporates 131I into
its molecular structure and utilizes the bisphosphonate moiety
to achieve high selectivity for bone tissue, ensuring high in vivo
stability. It is rapidly cleared from the bloodstream and
significantly reducing radiation exposure to normal tissues. In
bone metastatic lesions, elevated bone metabolism leads to
increased exposure of binding sites, promoting further
accumulation of 131I-risedronate. The β radiation emitted
during the decay of 131I can effectively damage and kill tumor
cells within these metabolically active bone regions (Figure 6).

These results demonstrate the excellent bone-targeting
ability of 131I-risedronate, with a dual characteristic of bone
tissue retention and rapid clearance from nontarget tissues.
This not only ensures the required therapeutic window for
radiotherapy but also reduces the risk of radiation toxicity and
side effects, providing key safety evidence for subsequent
clinical translation. This molecule has the potential to become
a novel radiopharmaceutical for the treatment of bone
metastatic tumors.

4. CONCLUSION
This paper presents a synthesis method for 131I-risedronate for
the treatment of bone metastatic tumors and the initial
biological evaluation through SPECT/CT imaging and
biodistribution testing in normal mice. The synthesis method
demonstrated high reproducibility, ease of operation for
radiolabeling, and a high radiochemical conversion rate,
resulting in 131I-risedronate with high purity. Animal experi-
ments showed that the bone-targeting efficiency and SPECT/
CT imaging quality of this molecule are significantly superior
to existing drugs. It also exhibited a moderate retention time in
bone, demonstrating potential as an economical, safe,
universal, and efficient novel radiopharmaceutical for the
treatment and companion diagnosis of bone metastatic tumors.

Table 1. In Vivo Biodistribution of 131I-Risedronate in Normal Mice (n = 4)

%ID/g (S.D.)a

tissue 1 h 4 h 1 day 3 days

femur 14.276 (5.49) 18.255 (8.183) 11.924 (1.275) 13.795 (2.025)
muscle 0.411 (0.215) 0.230 (0.287) 0.069 (0.024) 0.048 (0.010)
blood 1.158 (0.189) 0.659 (0.700) 0.154 (0.025) 0.077 (0.024)
intestine 0.493 (0.064) 0.366 (0.450) 0.100 (0.027) 0.078 (0.010)
stomach 2.518 (0.417) 0.972 (1.354) 0.098 (0.015) 0.077 (0.011)
heart 0.828 (0.074) 0.907 (1.060) 0.215 (0.068) 0.307 (0.282)
kidney 3.836 (0.495) 9.369 (14.804) 0.881 (0.085) 0.621 (0.067)

aEach value represents the mean (S.D.) for four animals.

Figure 5. 131I-risedronate SPECT whole-body static imaging in
normal mice at different time points.
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Future experiments will focus on verifying the therapeutic
efficacy of this drug, further evaluating its long-term safety, and
assessing specific treatment regimens. It is expected that this
drug will effectively control the progression of bone metastatic
tumors and provide imaging-based tracking during treatment,
improving the survival rate and quality of life for patients with
bone metastatic tumors.
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