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Abstract 

Bone seeking radiopharmaceuticals like Rhenium-188 hydroxy ethylidene diphosphonate (188Re-HEDP) 

are used for palliative treatment of bone metastases, and as target radionuclide therapy in patients with inoperable 

osteosarcoma in addition to the external radiation therapy.  

In this study we evaluated the preparation, quality control and biodistribution of 188Re-HEDP in mice to 

determine the in vivo affinity to the target bone tissue and to the other non-target tissues and organs. 188Re-HEDP 

was prepared with radiochemical purity of 98.87%.  

The biodistribution data showed high uptake and durability in the skeletal tissues without significant uptake 

in other tissues and organs. In conclusion, whit chosen 188Re-HEDP kit formulation and the prescribed conditions 

in our study we obtained a radiopharmaceutical with promising therapeutic efficiency in palliative treatment of 

primary bone tumors as well as secondary osseous metastatic lesions.  
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Introduction 

Nuclear medicine is a medical specialty where radionuclides are used for diagnostic or therapeutic purpose 

in the form of radiopharmaceuticals.  

Apart from the radiochemical purity, the in vivo behavior is also of great importance for the prepared 

radiopharmaceuticals, particularly for obtaining a high-quality and reliable image in the case of diagnostic 

radiopharmaceuticals, and local delivery of radiation dose in pathological tissues concerning therapeutic 

radiopharmaceuticals. Animal biodistribution studies are generally used to estimate the in vivo stability, behavior 

and the affinity to the target tissues and organs[1]. 

In recent years, therapeutic radiopharmaceuticals are re-emerging as attractive anticancer agents, with 

specific, very selective, and deliverable characteristics for given, molecularly defined cancers for which they are 

intended to treat [2].188Re-HEDP is a relatively new osteotropic radiopharmaceutical used for palliative treatment 

of bone metastases, as well as for targeted radionuclide therapy in patients with inoperable osteosarcoma, as an 

adjunct to radiation therapy.  

The physical characteristics, the method of obtaining and the lower cost make 188Re suitable for use in 

nuclear medicine centers of different types, which is why 188Re-HEDP is proposed as an alternative to 186Re-HEDP.  

One of the problems with osteotropic radiopharmaceuticals for diagnostic and therapeutic purposes is that 

increased soft tissue accumulation sometimes occurs, which does not correlate with the percentage of unbound 

radioactivity obtained through in vitro radiochemical chromatographic analysis.  

This biodistribution study was performed in order to determine the affinity of 188Re-HEDP to bone tissue 

as a target, but also its affinity to other non-target tissues and organs in in vivo conditions [3]. 
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Material and Methods 

Radioactive labeling of HEDP with 188Re: 
188Re-HEDP is prepared by adding 1-3mL of 188ReO4- to a kit vial containing 1 mL of HEDP with an 

activity of 1-4 GBq, and 20 mL of "carrier"1, which is a solution of stable Re in the chemical form of NH4ReO4. 

After mixing intensively for 1-5 minutes, the mixture is placed in a water bath at 100oC for 30 minutes.  

The solution is then left to cool to room temperature or under running cold water, and 2 ml of Na-acetate 

buffer is added, adjusting the pH to about 5-6 (4). 
1Preparation of the "carrier" solution: 20g NH4ReO4 (Aldrich Chemical Co.) are dissolved in 2 mL of 

previously nitrogenated 0.9% NaCl. This solution is stored at + 4oC. 

 

Radiochemical purity of 188Re-HEDP 

The radiochemical purity of 188Re-HEDP was performed by instant thin layer chromatography (ITLC) 

technique, using ITLC-Silicagel strips developed in 95% acetone [4].  

In this chromatographic system, the 188Re-HEDP complex remains at the application site (Rf 0.0-0.1), 

while the free perrhenate migrates with the solvent (Rf 0.9-1.0). Radiochemical purity was determined on three 

chromatographic strips, and the mean value of the three samples was calculated. 

 

Biodistribution study   

A biodistribution study was performed using adult laboratory mice of the balb/c type, weighing 17-18 

grams. The radiopharmaceutical was injected in the tail vein, 30-50 Ci, in a volume of 0.2-0.3 ml. 

The animals were sacrificed at different intervals: 10 min, 30 min, 1 hour, 3, 6, 24, 48 and 72 hours after 

application of the radiopharmaceutical by excessive dosage with chloroform, according to the prescribed 

regulations ("Principles of laboratory animal care" - NIH publication no. 86-23, revised 1985). After the sacrifice, 

the organs of interest were removed, weighed, placed in previously labeled test tubes and stored at -20oC in a 

refrigerator. The following organs were taken as organs of interest: bones, muscles, heart, thyroid gland, lungs, 

liver, spleen, kidneys, stomach, small and large intestine.  

The weight of the stomach and intestines was measured after removing the contents. Radioactivity was 

measured simultaneously in all samples to avoid differences in radioactivity due to physical decay of the 

radioisotope that would occur if they were measured at different time points after application. Finally, the mean of 

the three animals for the respective time intervals was calculated [5]. 

The study included 3 animals for each time interval, or a total of 24 animals. Due to the small size of the 

animals, it was possible to measure the weight and radioactivity of whole organs, with the exception of bones, 

muscles and blood, for which an additional correction was made, taking blood volume as 7%, bones as 6% and 

muscles as 10.5% of body weight.  

Measurements of radioactivity in the organs were performed in a well-type NaI scintillation counter (Etsko 

Electronics). The distribution of the radioactivity by organ was calculated as a percentage of the total injected 

radioactivity per gram of tissue (%ID/g).  

The total activity injected was calculated from the net activity of the syringe (minus the activity at the 

injection site in the tail). 

 

 

Results 

Radiochemical purity of 188Re-HEDP 

The labeling efficiencies with the used chromatographic-ITLC technique showed that the mean value of 

the percentages of formed 188Re HEDP complex for the three samples was 98.87% (SD = 0.21). The results are 

shown in Fig. 1. 
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 Figure 1. Radiochemical purity of 188Re HEDP using ITLC in saline 

 

 

 

 

Biodistribution study 

The results of the biodistribution study are shown numerically in Fig. 2. Selective accumulation of 

radioactivity in the bone tissue was registered 1 hour after the application of the radiopharmaceutical, 1.97 % ID/g 

(SD = 0.15). The uptake of 188Re-HEDP in bone tissue reaches its peak with a value of 2.7 % ID/g (SD = 0.09) 3 

hours after the application. 

The radioactivity in the kidneys and blood shows the highest values 10 minutes after the application of 

2.97% ID/g (SD = 0.1) and 1.79 % ID/g(SD = 0.09) respectively, while at later intervals it shows a trend of rapid 

decline. One hour after the application, the values for the uptake of the radiopharmaceutical in the thyroid gland, 

liver, lungs and other organs are generally less than 0.5 % ID/g with a trend of significant decrease at later intervals. 
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Figure 2. Biodistribution pattern of 188Re-HEDP in mice 

*The results are presented as the percentage of injected dose per gram of tissue (%ID/gr) 

 

Discussion 

Similar to 99mTc complexes with MDP (methylene diphosphonate) for bone scintigraphy, another 1,1-

bisphosphonate analogue, HEDP (hydroxy ethylidene diphosphonate) with 188Re as 188Re-HEDP, is used in 

palliative treatment of primary and metastatic bone tumors in addition to external beam therapy.  

The radio labeling of HEDP carried out using 186Re as a reactor produced radioisotope from neutron 

radiative capture (n,γ) reaction on enriched 185Re or natural rhenium (37.4% enriched in 185Re). Compared with 
186Re, 188Re is characterized by more suitable physical characteristics and appropriate way of obtaining. 188Re is a 

beta-emitting radionuclide with gamma energy radiation very similar to the gamma irradiation of 99mTc, which 

allows monitoring its biodistribution with conventional gamma cameras.  

Another important feature of 188Re is that it is a generator, "carrier" free product, obtained from 188W/188Re 

generator which facilitates its widespread use [6,7]. 
188Re-HEDP is a chemical complex of bisphosphonate ligand with an incorporated atom of radioactive 

188Re. The connection between the ligand and the metal atom (188Re) is through coordinative chemical bonds. In 

this type of chemical binding, the metal atom is the so-called central atom with an unfilled electron layer, while the 

ligands possess atoms (N or O) with free electron pairs, so-called donor groups, in the peripheral electron layer [8].  

Bisphosphonates are ligands that contain the P-C-P bond which makes the molecules resistant to breakdown 

by enzymatic hydrolysis and chemically very stable. Similar to pyrophosphate, the bisphosphonates bind to the 

hydroxyapatite crystals of bone and prevent both their growth and their dissolution. By this mechanism of 

biodistribution, bisphosphonates inhibit osteoclast bone resorption and play a major role in the palliative treatment 

of bone tumors, as well as in the treatment of some benign conditions, such as osteoporosis [9]. 

Following the prescribed protocol for radioactive labeling of HEDP with 188Re, in our study [4], the quality 

control was performed on the prepared 188Re-HEDP. First, by visual inspection, it was concluded that the 

radiopharmaceutical is clear, without turbidity and visible particles, while the pH was approximately 6.5. In terms 

of radiochemical purity, with the used chromatographic-ITLC technique, the percentage of formed 188Re HEDP 

complex was 98.87% (SD = 0.21). As the chemical properties of 188Re (VII) perrhenate and 99mTc (VII) 

pertechnetate are very similar, the choice of 188Re labeling ligands is based on the experience gained from 99mTc-

labeled diagnostic radiopharmaceuticals [10, 11]. 

The radiopharmaceuticals used in nuclear medicine show great diversity in terms of physical and chemical 

characteristics [12,13].  
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Biodistribution mechanisms depend on their physical properties (size and charge of the molecule), their 

biochemical properties (e.g., radioactive 131I) [14] or specific biological affinities, such as antibodies and receptors 

ligands [15].  

In some radiopharmaceuticals, the mechanism of biodistribution is not completely known [16].  

The biodistribution of radiopharmaceuticals cannot often be explained by only one mechanism, but by the 

interaction of several mechanisms such as: initial dilution, passive and active transmembrane transport, protein 

binding, metabolic incorporation, as well as elimination and excretion. For larger molecules, radioactive labeling 

generally does not cause changes in their biodistribution, but for smaller chemical complexes, radioactive labeling 

(e.g., with 99mTc, 186Re and 188Re) can lead to changed characteristics.  

In addition, degradation of the radiopharmaceutical may occur in vivo, whereby the distribution of 

radioactivity is due to the free radionuclide but not to the intact molecule of the previously formed radioactive 

complex [16, 17]. 

Compared to other studies, our biodistribution study showed similar or higher values for the uptake of 
188Re-HEDP in bone tissue [4,18,19].  

The maximum uptake of 188Re-HEDP in bone tissue in our study was reached 3 hours after application 

(2.70 %ID/g) and it remained almost constant until 6 hours after application (2.59 %ID/g).  

Compared to the biodistribution study by WY Lin et al. [20], 188Re-HEDP in our study shows a slightly 

better affinity for bone tissue, which can also be seen from the %ID/g values. In this study, the uptake of 188Re-

HEDP in the bone tissue was as high as 1.877% ID/g 1 hour after the application and climbed to 2.017% ID/g 4 

hours after the application.  

Our results are an indication that the kit formulation allows obtaining a radiopharmaceutical with a high 

degree of osteotropy, which is the main imperative. 

There are several factors that determine the distribution of osteotropic radiopharmaceuticals in living 

organisms that are not related to the unbound radioactivity in the complex.  

These can be divided into those related to the kit formulation of radiopharmaceuticals and to factors that 

depend on the biological characteristics of living organisms. 

Comparative studies showed that the amount of non-radioactive rhenium ("carrier") and the choice of 

stabilizing agent in the formulation of the kit are the factors that can affect the biodistribution of osteotropic 

radiopharmaceuticals. HPLC analyses showed that 186Re-HEDP and 188Re-HEDP are a complex mixture of still 

undefined components. The ionic character of each of the components is a significant factor in their affinity to bone 

tissue. Comparative studies with the rhenium analogue 188Re-SEDP (2-sulfonatoethzlene-1,1-diphosphonate), 

which is more basic than 188Re-HEDP, showed that it has a greater affinity to bone tissue [21,22].  This leads to the 

conclusion that 188Re-HEDP kit formulation, in which complexes with a more basic molecular character prevail, 

will have a greater uptake in bone tissue.  

The affinity of osteotropic radiopharmaceuticals to bind to plasma proteins is a factor that affects their 

biokinetics and biodistribution. In the study by Schumitschen et al., it was determined that the binding of osteotropic 

complexes to plasma proteins reduces their uptake in the bone tissue, that is, it slows down the clearance from the 

blood. This can be proven by the linear correlation between the percentage of the unbound fraction and the bone 

uptake of 99mTc-MDP studied in rats [23]. 

 

Conclusion 

Based on the results obtained from the study, it can be concluded that the prescribed preparation conditions 

(composition and concentration of chemical components, temperature and incubation time) are optimal for the 

initial formation of the chelating complex 188Re-HEDP with high purity.  

The results of ex vivo biodistribution indicate that 188Re-HEDP kit formulation and preparation conditions 

in our study allow obtaining a radiopharmaceutical with uptake in bone tissue, without significant accumulation in 

other non-target tissues and organs.  

This radiopharmaceutical can be a useful agent with high therapeutic efficiency in palliative treatment of 

primary bone tumors as well as secondary osseous metastatic lesions. The physical properties, the method of 

obtaining and the relatively lower cost make 188Re-HEDP suitable for use in nuclear medical centers of different 

types. 
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