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Compartmental modeling and absorbed dose assessment of 
188Re-HYNIC-PSMA according to the rats’ biodistribution data  

INTRODUCTION 

Prostate-Specific Membrane Antigen (PSMA) is a 
transmembrane Glycoprotein that is widely                     
expressed in the majority of prostate cancers (1,2).              
Expression of PSMA in the neovasculature of the           
other cancers, including renal cell carcinoma (RCC) 
(3), breast (4), thyroid (5), bladder (6), lung (7), gastric 
and colorectal cancers (8) made it a suitable marker 
for imaging and therapy of not only prostate but also 
the other malignant tumors.  

Recently, the clinical trials of 68Ga-PSMA-11 
(PSMA-HBED-CC) demonstrated its efficacy in the 
detection of prostate cancers and obtained approval 
from the U.S. Food and Drug Administration as the 
first radiopharmaceutical for PET imaging of PSMA+ 
lesions (9). Besides, radiolabeling of different               
molecules for binding to PSMA with 177Lu, 131I, 90Y 
and 161Tb for therapeutic purposes has been reported 
(10-11). While the clinical trials of some of these                  
radiolabeled compounds, such as 177Lu- PSMA- R2, 
177Lu- PSMA I&T, and 177Lu- CTT-1403, are in process 
(12), Phase III VISION study of 177Lu-PSMA-617                
indicated significant improvement in overall survival 
for patients with metastatic castration-resistant  
prostate cancer (mCRPC) (13). 

Previous studies have shown that the                   
pharmacokinetics properties of the radiolabeled  

compounds, including PSMA inhibition potencies, 
cellular internalization, and the biodistribution, can 
be affected by the modification of the linker (14). To 
date, Different molecules for PSMA binding such as 
PSMA-11, PSMA-617, and PSMA-D4, have been          
synthesized with HBED-CC, DOTA, and HYNIC              
chelators for combination with different                       
radionuclides (14, 15). 

The radiolabeled complexes of PSMA-D4 with 
177Lu, 90Y, 47Sc, and 225Ac indicated large aggregation 
in LNCaP tumor xenografts and rapid removal from 
blood, where replacement of HYNIC with DOTA leads 
to the reduction in renal affinity (14).  In the recent 
research on 99mTc-HYNIC-PSMA, it is recognized as an 
engaged radiopharmaceutical for SPECT/CT imaging 
of PSMA+ prostate cancer (16). This radiolabeled             
compound indicated a lesser effective absorbed dose 
as well as a higher tumor-to-background ratio at 2h 
post-injection compared to the other similar PSMA 
tracers, including 99mTc-MIP-1404 and 99mTc-MIP-
1405 (17).  

Among the therapeutic radionuclides, 188Re with 
superior physical features (Eβmax=2.12 MeV, Eγ=155 
keV (15.1%), t1/2=17.005 h) can be easily provided 
from the 188W/188Re generator with a high specific 
activity. It can constitute kinetically inert metal              
complexes with peptides in various oxidation states, 
unlike the Y3+, Lu3+, and the other lanthanides (18).  
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ABSTRACT 

Background: PSMA is known as a suitable marker for imaging and targeted therapy of 
malignant tumors, especially prostate cancer. While; 177Lu-labeled PSMA is recognized 
as a promising compound for the treatment of metastatic castration-resistant prostate 
cancer patients, deployment of radionuclides with higher beta energy, including 188Re, 
can be useful for larger-sized tumors. However, the absorbed dose of the PSMA 
radiolabeled compound is substantial according to the considerable accumulation in 
the kidney. Materials and Methods: In this study; the biodistribution of 188Re-HYNIC-
PSMA was studied in Wistar rats. ANACOMP software was utilized for compartmental 
modeling. The human absorbed dose of this new agent was assessed according to the 
rats’ biodistribution data using the RADAR method. Results: The highest accumulation 
of activity in Wistar rats’ organs were observed in the kidney. The human organs that 
received the highest absorbed dose were the kidneys and bladder wall with 0.69 and 
0.46 mSv/MBq, respectively. Conclusion: The absorbed dose of 188Re-PSMA-617 in 
critical organs is comparable to the values of 177Lu-PSMA-617. 188Re-HYNIC-PSMA can 
be considered a safe compound for the treatment of PSMA expressing tumors.  
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Although, the particular physical characteristics of 
188Re and promising clinical outcomes of the                 
diagnostic and therapeutic radiolabeled PSMA agent, 
preparation of 188Re radiolabeled compounds of 
PSMA has not been reported until now, whereas              
different peptides, mainly somatostatin analogues, 

have been labeled with 188Re (19, 20). On the other 
hand, absorbed dose estimation can help to evaluate 
the maximum amount of injection activity and is            
recognized as preliminary step in the development of 
new radiopharmaceuticals. This study aimed to        
prepare 188Re-labeled PSMA and to estimate the           
human organ absorbed dose of this new therapeutic 
agent based on human data. 

 
 

MATERIALS AND METHODS 
 
188W/188Re generator and HYNIC- PSMA were  

provided from Pars Isotope Co. (Tehran, Iran). All 
other chemicals were purchased from Sigma Aldrich 
Co. (Germany). Silena high purity germanium (HPGe) 
detector and a bio scan AR-2000 radio TLC (Bioscan, 
Europe Ltd CO., France) were employed for                
radionuclidic and radiochemical purity evaluation. A 
JASCO 880-PU intelligent pump (Ohio, USA) was              
used for analytical high-performance liquid                         
chromatography (HPLC). Animal studies were              
implemented relevant to the United Kingdom             
Biological Council's Guidelines. The Wistar 18-week 
male rats weighing 180-220 g (n=5) kept at routine 
day/night light program and under standard                
rodent diet pellets, were purchased from the                  
Pasteur Institute of Iran. The approval of the NSTRI 
Ethical Committee was obtained for conducting this 
research. The human dose factor of 188Re                    
radionuclide was extracted from OLINDA/EXM              
version 1.0 software. The experiments were repeated 
five times while the obtained data was compared by 
Student t-test. 

 

Preparation and quality control of 188Re-HYNIC-
PSMA 

Elution and quality control of the washing product 
was accomplished like in the former published               
literature (). For the radiolabeling purposes, 30 μg of 
HYNIC-PSMA (1 mg/mL in ultra-pure water), 45 mg 
of tricine (in phosphate buffer, pH=7.2), and 15 mg of 
EDDA (in 0.1 N NaOH) were added to the vial                 
comprising 5 mCi of Na+ReO4- and while the pH was 
justified to 4-4.5, the reaction mixture was stirred 
and heated up to 95ºC for 30 min.  

HPLC and ITLC methods were utilized for the           
investigation of radiochemical purity. ITLC was               
performed on Whatman No. 1 paper using 0.1 M            
ammonium acetate/methanol (1: 1) solution. The 
mobile phase of A: Ultrapure water-TFA 1% (V/V) 
and B: Acetonitrile were applied to assess the purity 
by the HPLC method.  

824 

Biological evaluation of 188Re-HYNIC-PSMA in 
Wistar rats 

100µL of the radiolabeled compound was injected 
into the rats via their tail vein, and its biodistribution 
was studied up to 24 h. The injected dose per gram 
(% ID/g) for each organ was achieved after the               
activity measurement using the p-type coaxial HPGe 
detector.  

 

Compartmental modeling and equivalent absorbed 
dose estimation 

The absorbed dose of 188Re-HYNIC-PSMA in              
human organs was determined according to the rats’ 
biodistribution data. The non-decay corrected %ID/g 
was plotted versus time using ANACOMP software for 
compartmental modeling. The cumulated activity for 
each organ was specified by calculating the area              
under the curve. The relative organ mass                     
extrapolation was applied to determine the                    
accumulated activity in human organs according to 
equation 2 and in similarity to the previously                
reported literature (22, 23).  

 
 

     (2) 
 
 

 

The absorbed dose was computed by the RADAR 
method according to equation 3:  

 

D = A  × DF     (3) 
 

Wherever A  is the accumulated activity, and DF 
represents the absorbed dose (mGy) per unit of          
activity and time (MBq.s). In this study, the values of 
DFs were taken from OLINDA/EXM software (24).  

 

Statistical analysis 
The biodistribution of 188Re-HYNIC-TOC was  

studied in five rats, and the values were represented 
as mean ± standard deviation (mean ± SD). The data 
were contrasted with Student’s t-test. P values of 
<0.05 were regarded statistically significant. 

 
 

RESULTS 
 

Preparation and quality control of 188Re-HYNIC-
PSMA 

The ITLC and HPLC chromatograms illustrated a 
radiochemical purity of higher than 99% (figure 1). 
ITLC chromatogram indicated the migration of the 
radiolabeled compound to the upper parts of the  
paper (Rf = 0.7). Elution of 188Re-HYNIC-PSMA from 
HPLC column was observed after approximately 9 
min, while free rhenium was eluted only 1 min after 
injection.  
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Biodistribution studies of 188Re-HYNIC-PSMA in 
rats 

The non-decay corrected percentages of activity 
versus time for each organ resultant from ANACOMP 
software are indicated in figure 2.  

Compartmental modeling and absorbed dose              
estimation 

The equivalent and effective absorbed dose of 
human organs after 188Re-HYNIC-PSMA injection are 
exhibited in table 1. 

 
 

DISCUSSION 
 

While various therapeutic radiolabeled                  
compounds for binding to PSMA have been reported, 
they are mainly prepared based on 177Lu. 177Lu with 
excellent physical characteristics and easily             
production with high specific activity, is considered a 
good candidate for radionuclide therapy; however it 
is much recommended for the small-sized tumor           
considering the short range of its beta particles (25, 26). 
188Re with a tissue penetration range of 11mm and 
availability through 188W/188Re generator is                    
particularly attractive for medium, and large-sized 
tumors and regarding its similar chemical properties 
with 99mTc, these radionuclides can be regarded as 
theranostic pair (27).  

In this study, while 99mTc –HYNIC-PSMA has been 
utilized recently for imaging of patients with prostate 
cancers and indicated better pharmacokinetics               
compared to the previous radiolabeled compounds of 
99mTc-PSMA, preparation of 188Re-HYNIC-PSMA was 
considered as a novel therapeutic complex. However, 
regarding the higher energy of 188Re beta particles in 
contrast to 177Lu and the considerable kidney uptake 
of PSMA radiopharmaceuticals (28, 29), the safety of 
this new radiolabeled compound should be examined 
by estimating the absorbed dose of human organs. 

The absorbed dose of 188Re-HYNIC-PSMA was  
calculated according to the biodistribution data in 
rats. Although, this extrapolation may result in the 
amounts less or more than the actual values, it is 
known as the first step in the safety assessment and 
determination of injectable activity in humans (30). 
While 177Lu-labeled PSMA ligands were known as the 
promising agents for treating patients with mCRPC, 
several types of research were performed examining 
the absorbed dose in the patients. Recently, the              
absorbed dose of 90Y-labeled PSMA was also                 
investigated in patients who did not receive sufficient 
response to several cycles of [177Lu] Lu-PSMA-617 
treatment (31).  The values obtained in these studies 

Hadisi et al. / 
188

Re-HYNIC-PSMA absorbed dose 825 

Figure 1. a) ITLC chromatogram of 188Re-HYNIC- PSMA using 
Whatman No. 1 paper and 0.1 M ammonium acetate /             

methanol (1: 1) as the stationary and mobile phase,                
respectively. b) HPLC chromatogram of 188Re-HYNIC- PSMA 
using  A: Ultrapure water-TFA 1% (V/V) and B: Acetonitrile as 
the mobile phase with the gradient-elution of : 0–3 min, A: 

100%, B: 0%; 3–10 min, A: 50%, B: 50%; 10–15 min, A: 0%, B: 
100%, the flow rate of 1.5 mL/min and the injection volume of 

20 μL. 

Standard radiographic examinations and               pro-

Figure 2. Non-decay corrected percentages of activity per 
gram (%ID/g) versus time for a) kidney, muscle and stomach, 

b) skin, intestine and bone, c) spleen, liver and lung after 
188Re-HYNIC-PSMA injection. 

Target organs 
Equivalent 

dose (Gy/GBq) 
Target 
organs 

Equivalent 
dose (Gv/GBq) 

 Bladder Wall 0.46±0.03 Liver 0.12±0.01 
Bone 0.02±0.00 Lungs 0.19±0.02 

Stomach Wall 0.02±0.00 Red Marrow 0.07±0.00 
Small Intestine 0.03±0.00 Muscle 0.03±0.00 

ULIa  Wall 0.02±0.00 Skin 0.03±0.00 
LLIb  Wall 0.02±0.00 Spleen 0.24±0.02 
Kidneys 0.69±0.08 Total Body 0.08±0.00 

Table 1. The absorbed dose of human organs after 188Re-
HYNIC-PSMA injection. 

 a ULI: upper large intestine; b LLI: lower large intestine,  
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for the critical organs are given in table 2.  
As seen in table 2, the kidney should be                       

considered as the dose-limiting organ in the                   
treatment of prostate cancers with 177Lu/90Y/188Re-
PSMA-617 radiopharmaceuticals. A small amount 
was perceived in the liver compared to the kidney as 
the second organ receiving the highest dose. The  
absorbed dose of critical organs after 188Re-PSMA-
617 injection is much lesser than 90Y-PSMA-617 and 
is comparable to the values of 177Lu-PSMA-617.  

 
 

CONCLUSION 
 
188Re-HYNIC-PSMA indicated rapid removal from 

blood and high aggregation in the kidney. The highest 
absorbed dose was observed in the kidney and               
bladder wall. The amount of absorbed dose after 
188Re-HYNIC-PSMA injection is comparable with the 
177Lu-PSMA-617.  Therefore, it can be regarded as a 
safe compound from the radiation protection point of 
view and can be remarked as an alternative treating 
patients with larger tumor lesions.  

 
ACKNOWLEDGMENT 

The authors want to acknowledge the Nuclear              
Science & Technology Research Institute for its finan-
cial support. 

 
Conflicts of interests: There is no conflicts of             
interests. 
Ethical consideration: The approval of NSTRI             
Ethical Committee was obtained for conducting this 
research. 
Funding: This work was supported by Nuclear               
Science & Technology Research Institute (NSTRI). 
Author contribution: All of the authors contribute in 
designing the experiments, collecting the data and 
analysis as well as writing the paper. 

  
 

REFERENCES 
 
1. Bacich DJ, Pinto JT, Tong WP, Heston WD (2001) Cloning, expres-

sion, genomic localization, and enzymatic activities of the mouse 
homolog of prostate-specific membrane antigen/NAALADase/
folate hydrolase. Mamm Genome, 12(2):117-123.  

2. El Fakiri M, Geis NM, Ayada N, Eder M, Eder AC (2021) PSMA-
Targeting Radiopharmaceuticals for Prostate Cancer Therapy: 
Recent Developments and Future Perspectives. Cancers, 13(16): 
3967.  

3. Ahn T, Roberts MJ, Abduljabar A, Joshi A, Perera M, Rhee H, Wood 
S, Vela I (2019) A Review of Prostate-Specific Membrane Antigen 

(PSMA) Positron Emission Tomography (PET) in Renal Cell Carcino-
ma (RCC)  Mol Imaging Biol, 21(5): 799-807.  

4. Tolkach Y, Gevensleben H, Bundschuh R, Koyun A, Huber D, Kehrer 
C, Hecking T, Keyver-Paik MD, et al. (2018) Prostate-specific mem-
brane antigen in breast cancer: a comprehensive evaluation of 
expression and a case report of radionuclide therapy. Breast Can-
cer Res Treat, 169(3): 447-455. 

5. Heitkötter B, Steinestel K, Trautmann M, Grünewald I, Barth P, 
Gevensleben H, Bögemann M, et al. (2018) Neovascular PSMA 
expression is a common feature in malignant neoplasms of the 
thyroid. Oncotarget, 9(11): 9867-9874.  

6. Samplaski MK, Heston W, Elson P, Magi-Galluzzi C, Hansel DE 
(2011) Folate hydrolase (prostate-specific membrane [corrected] 
antigen) 1 expression in bladder cancer subtypes and associated 
tumor neovasculature. Mod Pathol, 24(11): 1521-9. 

7. Schmidt LH, Heitkötter B, Schulze AB, Schliemann C, Steinestel K, 
Trautmann M, Marra A, et al. (2017) Prostate specific membrane 
antigen (PSMA) expression in non-small cell lung cancer. PloS 
one, 12(10): e0186280.  

8. Haffner MC, Kronberger IE, Ross JS, Sheehan CE, Zitt M, Mühlmann 
G, Ofner D, Zelger B, Ensinger C, Yang XJ, et al. (2009) Prostate-
specific membrane antigen expression in the neovasculature of 
gastric and colorectal cancers. Human Pathology, 40(12): 1754-
1761. 

9. Carlucci G, Ippisch R, Slavik R, Mishoe A, Blecha J, Zhu S (2021) 
68Ga-PSMA-11 NDA Approval: A novel and successful academic 
partnership. J Nucl Med, 62(2):149-155. 

10. Rathke H, Flechsig P, Mier W, Bronzel M, Mavriopoulou E, Hohen-
fellner M, Giesel FL, et al. (2019) Dosimetry Estimate and Initial 
Clinical Experience with 90Y-PSMA-617. J Nucl Med, 60(6): 806-811.  

11. Sun M, Niaz MO, Nelson A, Skafida M, Niaz MJ (2020) Review of 
177Lu-PSMA-617 in Patients With Metastatic Castration-Resistant 
Prostate Cancer. Cureus, 12(6): e8921.  

12. Garnuszek P, Karczmarczyk U, Maurin M, Sikora A, Zaborniak J, 
Pijarowska-Kruszyna J, Jaroń A, et al. (2021) PSMA-D4 Radioligand 
for Targeted Therapy of Prostate Cancer: Synthesis, Characteristics 
and Preliminary Assessment of Biological Properties. Int J Mol Sci, 
22(5): 2731.  

13. Novartis receives FDA Breakthrough Therapy designation for inves-
tigational 177Lu-PSMA-617 in patients with metastatic castration-
resistant prostate cancer (mCRPC). Published online June 16, 2021. 
Accessed June 16, 2021. https://bit.ly/3gwu4BO. 

14. Benešová M, Bauder-Wüst U, Schäfer M, Klika KD, Mier W, 
Haberkorn U, Kopka K, Eder M (2016) Linker Modification Strate-
gies To Control the Prostate-Specific Membrane Antigen (PSMA)-
Targeting and Pharmacokinetic Properties of DOTA-Conjugated 
PSMA Inhibitors. J Med Chem, 59(5): 1761–1775. 

15. Sharifi M, Yousefnia H, Bahrami-Samani A, Jalilian AR, Zolghadri S, 
Vaez-Tehrani M, Maus S (2017) Optimized Production Assessment, 
Compartmental Modeling and Dosimetric Evaluation of 177Lu- 
PSMA-617 for Clinical Trials. Int J Nucl Med Res, 4(2): 19-29.    

16. Xiaoping Xu, Jianping Zhang, Silong Hu, Simin He, Xiao Bao, Guang 
Ma, Jianmin Luo, Cheng J, Zhang Y (2017) 99mTc-labeling and evalua-
tion of a HYNIC modified small-molecular inhibitor of prostate-
specific membrane antigen. Nucl Med Biol, 48: 69-75.   

17. Zhang J, Zhang J, Xu X, Lu L, Hu S, Liu C, Cheng J, Song S, Zhang Y, 
Shi LQ (2020) Evaluation of Radiation dosimetry of 99mTc-HYNIC-
PSMA and imaging in prostate cancer.  Sci Rep,10(1): 4179.  

18. Maecke H (2005) Radiolabeled peptides in nuclear oncology: influ-
ence of peptide structure and labeling strategy on pharmacology. 
Ernst Schering Res Found Workshop, 49: 43-72.  

19. Edelman MJ, Clamon G, Kahn D, Magram M, Lister-James J, Line BR 
(2009) Targeted radiopharmaceutical therapy for advanced lung 
cancer: phase I trial of rhenium Re188 P2045, a somatostatin ana-
log. J Thorac Oncol, 4: 1550–1554.  

20. Miao Y, Owen NK, Fisher DR, Hoffman TJ, Quinn TP (2005) Thera-
peutic efficacy of a 188Re-labeled alpha-melanocyte-stimulating 
hormone peptide analog in murine and human melanoma-bearing 
mouse models. J Nucl Med, 46(1): 121-9.  

21. Karamivand M, Mohammadpour-Ghazi F, Zolghadri S, Kalantari B, 
Alirezapour B, Yousefnia H (2021) Characterization of 188W / 
188Re generator and quality control of its eluate.  JonSat, 42(4): 
120-126. 

22. Yousefnia H, Zolghadri S, Jalilian AR (2015) Absorbed dose assess-
ment of 177Lu-zoledronate and 177Lu-EDTMP for human based on 
biodistribution data in rats. J Med Phys, 40(2): 102-108.  

23. Zolghadri S, Yousefnia H, Jalilian AR, Fazaeli Y (2015) Production, 
quality control, biodistribution assessment and preliminary dose 
evaluation of [177Lu]-tetra phenyl porphyrin complex as a possible 
therapeutic agent. Braz J Pharm Sci, 51(2): 339-348. 

826 Int. J. Radiat. Res., Vol. 20 No. 4, October 2022 

  
177Lu- 

PSMA-617 

177Lu- 
PSMA-617 

177Lu- 
PSMA-617 

90Y- 
PSMA-617 

188Re- 
PSMA-617 

kidney 0.52 0.54 0.63 2.1 0.69 
liver 0.08 0.10 - - 0.12 
Red 

marrow 
0.04 - 0.03 0.19 0.07 

reference (32) (33) (35) (35) This study 

Table 2. The absorbed dose of human organs after injection of 
177Lu-PSMA-617, 90Y-PSMA-617, and 188Re-PSMA-617 in the 

critical organs [Gy/GBq]. 
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