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01. Consultations & 
Paperwork   

Radiosafety f2f training (1-2 hours)

Personal Protective Equipment 

Lab monitoring 

Dosimetry

in compliance with Czech law

contact Radiation Safety Officer 

(A. Marek)

02. Radiolabeling Synthesis
Choice of radionuclide 

Beta or gamma emitters?

(pros and cons)

Custom synthesis + cryogenic storage

(slide 4-9) 

03. Radiometry
Wide portfolio of radiometric 

instruments available

(slide 11-12)

04. Radioactive waste
management

Collecting, sorting and disposal

in compliance with Czech law

- significant paperwork -

(slide 13)

Overview of services
What to consider when using radioactivity at IOCB…?
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02. Radiolabeling Synthesis

SMALL tracers –> 3H, {14C} LARGE molecules – peptides/proteins –> 125I

• State-of-the-art instrumentation for synthetic work; 

deuterium & tritium manifold placed in glovebox, 

analytical/semiprep-radio-HPLC, 3H NMR, GC-MS, LC-

MS, radio-TLC

• Full characterization, Highest Quality, Cryogenic 

Storage, Stability follow up

• Delivery time: 2 weeks to months after request

Synthesis always starts from T2 gas, the cleanest reducing 
agent - used for hydrogenation, HIE, reductive 

dehalogenations, and for synthesis of tritiated reagents 
e.g., metallic tritides, [3H]-alkylating agents etc.

Scale: few mg

• Commercially unavailable radiotracers or expensive ones

• Fast (one day synthesis-purification)

• Easy to detect (No Liquid Scintillation Counting)

• Very high Specific Activity (≈2100 Ci/mmol)

• No Radioactive Waste disposal eventually 

• Reasonable cost of nuclide ([125-I]NaI)

• Late-stage-labeling of tyrosine, histidine moiety, SEAr

Scale: 5-40 ug
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Cost of label used in synthesis

3H           $$
{14C} >$$$$$
125I          $

YOUR cost = 0.00 $
glove box with tritiation manifold
for handling xCi-scale of carrier-free 
tritium gas (He-free).



Radioligand Key
Characteristics:
• Label position

• Specific Activity 
(Ci/mmol)

What you need?
=> method

02. Radiolabeling Synthesis – 3H methods
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tritiation manifold (RC Tritec)
for handling 3He-free tritium gas. More info: poster at corridor A.3.82. 

Metal-catalyzed hydrogen isotope 
exchange (HIE) 

[3H]-Alkylating agents 
generation

[3H]-Reducing reagents 
generation

Late-stage-labeling
Low regio-selectivity

Catalytic reductive 
dehalogenations

For safety reasons:

One-pot synthesis
< 1 atm. T2



Examples of labeled material synthesized recently
method of labeling, customer, results

[3H]NAAG
- building block hydrogenation -

SA = 49.8 Ci/mmol (1.7 T)

P. Šácha, IOCB
Barbara Slusher, JHU

Kriegelstein et al., J Label Compd Radiopharm. 2022

[3H]T0901307
- HIE -

SA = 10.8 Ci/mmol (0.4 T)
non-specific

H. Mertlíková Kaiserová, IOCB

Yongsong et al., J Label Compd Radiopharm. 
2022

[13C6]Ibrutinib
- multistep synthesis -

cold isotope labeling with 13C 

M. Hroch, CU, 
Faculty of Medicine in Hradec Králové

Kriegelstein et al., J Label Compd Radiopharm. 2021
Mžik et al., J. Pharm. Biomed. Anal., 2021

[3H]WQE-199 
- HIE -

SA = 20.2 Ci/mmol (0.7 T)
non-specific

Z. Janeba, IOCB
Galia Maik-Rachline, 

The Weizmann Institute of Science, 
Rehovot

[3H]JHIII
- reduction with generated borotritide -

SA = 25.7 Ci/mmol (0.9 T)

R. Hanus, IOCB
Marek Jindra, 

Institute of Entomology,
Biology Centre CAS

Miláček et al., Insect Biochem. Mol. Biol.. 2021
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[3H]Naloxone
- propargyl hydrogenation -
SA = 56.8 Ci/mmol (2 T)

J. Konvalinka, IOCB
Jiří Novotný, 

Department of Physiology, CU

Melkes et al., Biol. Pharm. Bull. 2020

[3H]Estradiol, [3H]Estrone
- reductive dehalogenation -
SA = 55.0 Ci/mmol (1.9 T)

H. Mertlíková Kaiserová, IOCB 
P. Šácha, IOCB

[3H]Yohimbine
- reductive dehalogenation -
SA = 61.8 Ci/mmol (2.1 T)

H. Mertlíková Kaiserová, IOCB
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[3H]Deltrophin, [3H]DAMGO
- reductive dehalogenation -

SA = 22.0, 33.7 Ci/mmol (0.8, 1.2 T)

E. Kudová, IOCB
Jan Jakubík, Inst. of Physiology CAS

[3H]AN099
- reductive dehalogenation -
SA = 26.1 Ci/mmol (0.9 T)

P. Majer, IOCB
Marek Jindra, Institute of Entomology,

Biology Centre CAS
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[3H]PD1468 (A, B, C, parent)
- reductive dehalogenation -

SA = 37.7-49.1 Ci/mmol (1.3-1.7 T)

G. Birkuš, IOCB

[3H]2,3-cGAMP 
- reductive dehalogenation -

SA = 5.5-16.5 Ci/mmol (0.2-0.6 T)

G. Birkuš, IOCB

Polidarová et al., J. Med. Chem. 2021

Examples of labeled material synthesized recently
method of labeling, customer, results

[3H]Prazosin
- reductive dehalogenation -
SA = 13.0 Ci/mmol (0.4 T)

H. Mertlíková Kaiserová, IOCB

[8-3H]ATP
- reductive dehalogenation -

SA = 8.3 Ci/mmol (0.3 T)

G. Birkuš, IOCB

[3H]Org 24598
- alkylation with generated CH2TI -

SA = 26.2 Ci/mmol (0.9 T)

N
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S

NH

O

O CH2T

[3H]DS2OMe
- C-F activation -

SA = 27.0 Ci/mmol (0.9 T)

Petrine Wellendorph, Bente Frølund, University of Copenhagen



Panel A: In vitro autoradiographic determination of Kd and Bmax values of GHB high-affinity site distribution by homogenous 
displacemement of [3H]HOCPCA in mouse brain tissue, illustrating the high level of specific binding in frontal cortex.
Panel B:  [3H]HOCPCA in vitro autoradiography to pig brain tissue.
Panel C:  Ex vivo binding of [3H]HOCPCA. Mice (adult male C57/BL6) were injected with 5-MBq [3H]HOCPCA and brains collected 30 min 
postinjection. Significant specific binding levels were observed in the hippocampus and cortex compared with the cerebellum.
Panel D: Binding curve, homogenate binding (1 = HOCPCA, GHB = γ-hydroxybutyrate)

A B Autoradiography to pig brainAutoradiography to mouse brain C

D

Radioligand binding studies of 3H-HOCPCA

• Homogenate binding

• For ligand profiling and drug discovery efforts

• Autoradiography in vitro

• For expression pattern studies across species, ontogenesis

• Autoradiography ex vivo For in vivo target engagement

• Uptake by MCT1

3H-radioligand application example   
binding studies, team of Prof. P. Wellendorph, University of Copenhagen HO

O

OH

[3H]-HOCPCA

S.A. 28.9 Ci/mmol

T

Autoradiography to mice brain

3H-HOCPCA (10 nM) 

Klein et al., Neurochem Int. 2016
Griem-Krey et al., J Label Compd Radiopharm. 2020



02. Radiolabeling Synthesis – 125I method

February 24, 2023
IOCB Service Days
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Late-stage-labelling 
of peptides (up to ~90kDa)

Regio-selective (up to ~70aa)

Very high S.A. >2100 Ci/mmol
Convenient half-life (60 days)

Low gamma energy emitter ~ 30 keV

Economical
(5 mCi [125I]NaI ~ 7 k CZK)

5 mCi [125I]NaI -> 5-10× 125I-peptides

House-made 
IODO-GEN™ coated 
Eppendorf reactors

[125I]NaI
5 mCi in 50 uL

Frequently prepared, e.g.: Acid No.

125I-Insulin 51aa

125I-IGF-1 67aa

125I-IGF-2 61aa

125I-IGF-BP3 264aa

125I-ALS 578aa

125I-GLP1 30aa

125I-Preptin 36aa

125I-Ghrelin 29aa

125I-CART(61-102) 48aa

125I-CART(61-102)2×S-S 48aa

125I-CART(55-102 48aa

125I-palmCART(61-102) 48aa

125I-octCART(61-102) 48aa

125I-1DMe-Y8Fa 8aa

125I-PrRP-31 (h, rat) 31aa

125I-LiPrRP-31 (h) 31aa

125I-[D-Pro10]-Dynorphine A 11aa

125I-[Sar1, Ile8]-Angiotensin II 8aa

125I-PYY 36aa



125I-peptide – radioligand application example
data provided by the team of Dr. Jiráček
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Potalitsyn et al., PLoS One. 2020
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IGF-2R binding assay 

Chrudinová et al., J. Biol. Chem. 2018

Binding competition of insulin-

analogs with 125I-insulin 
to insulin receptor

in plasmatic membrane IM-9 lymphocyte



03. 
Radiometry
direct
measurement 

self-operated after training
located: A.3.76., A.3.75.

contact: B.B. 
(line 269)

WIZARD2 2470 Gamma Counter
high-throughput detection of γ-ionization (125I, 131I, 99mTc, etc..)   

Radio-TLC scanner RITA
β- radioactivity detector for Thin-Layer-Chromatography
Gamma emitters as well (Compton electrons detection)
2 TLC plates of 200 x 200 mm each can be placed at the same time

BRUKER Avance II™ 300 MHz
5mm broad-band probe & tritium probe (3H NMR)

Overnight exp.? Sure !!

3H NMR spectrum
500 µCi, approx. 7 µg

450 µL MeOD, NS = 8192, LB = 0.5; 25 °C 
time of the experiment: 11 h 23 min



03. 
Radiometry
using scintillation

self-service after training
located: A.3.76.

contact: A.M. 
(line 395)

MicroBeta2 Microplate Counter 
(96, 384-well plates) 

Liquid scintillation analyzer Tri-Carb 2900TR
5- or 20-mL scintillation vials

Cell Harvester FilterMate-96 for 
MicroBeta2 Microplate Counter
• cell proliferation through filter-based 

3H-labeled thymidine uptake
• receptor-ligand binding assay, 51Cr 

release assays for cell cytotoxicity 
assays, nucleic acid degradation, cell 
wash station for adherent cell assays, 
etc.

Analytical and semi-preparative Waters Alliance HPLC system 
combined with a radioactivity-HPLC flow detector Ramona

high sensitivity ~ 
pmol-fmol



04. 
Radioactive 
Waste 
Management

details of proper handling 
provided at face-to-face 
safety training (A.M.)

in charge: B.B, G.N. 
(line 269)
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https://intraweb.uochb.cas.cz/radiochemie-609.html?lang=en the IOCB radioactive waste
buffer stock, B.01.01

…the end of each radioligand story at IOCB.

collecting-sorting-storage-disintegration-compressing-disposal 

Inventory of short-lived RAW; 
disintegration time calculations for 
its disposal in compliance with 
bylaw 422/2016 Sb. 

Inventory of solid state long-lived RAW 
Inventory of short-lived RAW in buffer stock per year (solid state)  



How to reach the 
facility on www

March 6, 2023Annual Review14

https://www.uochb.cz/en/instrumentation/c-30/radiochemistry

https://intraweb.uochb.cas.cz/radiochemie-609.html?lang=en



01. Consultations & 
Paperwork   

Radiosafety f2f training (1-2 hours)

Personal Protective Equipment 

Lab monitoring 

Dosimetry

contact Radiation Safety Officer 

(A. Marek)

02. Radiolabeling Synthesis
Choice of radionuclide 

Beta or gamma emitters?

(pros and cons)

Custom synthesis + cryogenic storage
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Collecting, sorting and disposal

in compliance with Czech law

- significant paperwork -
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Services of Synthetic Radiochemistry 
What to consider when using radioactivity at IOCB…?
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Always happy to help! Questions?


