N

N

Development of functionalized resins for the purification
of innovative radiopharmaceuticals
Ella Moreau Bizollier, Eugen Andreiadis, Vincent Blet

» To cite this version:

Ella Moreau Bizollier, Eugen Andreiadis, Vincent Blet. Development of functionalized resins for the
purification of innovative radiopharmaceuticals. RAD 2021, Jun 2021, Herceg Novi, Montenegro.
cea-04736206

HAL 1Id: cea-04736206
https://cea.hal.science/cea-04736206v1
Submitted on 17 Oct 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://cea.hal.science/cea-04736206v1
https://hal.archives-ouvertes.fr

NINTH INTERNATIONAL
CONFERENCE ON RADIATION

IN VARIOUS FIELDS OF RESEARCH

June 14-18, 2021 | Hunguest Hotel Sun Resort | Herceg Novi | Montenegro

ez %

Ecole Doctorale

Development of functionalized resins for the purification
of innovative radiopharmaceuticals

Ella Moreau,! Eugen Andreiadis,! Vincent Blet 2

L CEA, DES, ISEC, DMRC, Univ. Montpellier, Marcoule, France
2 CEA, DES, DDSD, DFDE, Univ. Montpellier, Marcoule, France ella.moreaubizollier@cea.fr

French Alternative Energies and Atomic Energy Commission - www.cea.fr




TARGETED RADIONUCLIDE THERAPY

= External-beam radiation therapy :
particle beam from an external source

Drawbacks : irradiation of healthy tissues,
treatment of localised disease only
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= Targeted radionuclide therapy (TRT) :
coupling of the radionuclide with a
12/2014 712015 9/2015
VeCtor tO ta rget cancer Ce”S PSA = 2,923 ng/mL PSA = 0.26 ng/mL PSA < 0.1 ng/mL

Prostate cancer treatment by TRT

Chelator Linker Targeting Receptor (Kratochwil C. et al, J. Nucl. Med. 2016, 57, 1941-1944)
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Radioisotope
<— Target

Schematic representation of a radiopharmaceutical
(Van de Voorde M. et al, Coord. Chem. Rev. 2019, 382, 103-125)

PET

Radioactive decay types and their
corresponding applications in nuclear medicine

(Kostelnik T. I. et al, Chem. Rev. 2019, 119, 902-956)

SPECT

Therapy + diagnostic = theranostic
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PRODUCTION OF A NEW RADIOPHARMACEUTICAL

Selection of a ruthenium isotope for the development of a new radiopharmaceutical

Target
irradiation

Dissolution of
the irradiated
target

Preparation of
the metallic

Purification Ru recovery by

target of the solid ph.ase
produced extraction
radionuclide

Topic of the PhD

Preclinical

trials o
Objective :

radio-isotopic purity > 99,9 %
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Target Target
irradiation dissolution

Very complicated Ru speciation,
variable according to [HNO,] and time
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(Scargill D. et al, J. Inorg. Nucl. Chem. 1965, 27, 161-171)
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Ru PURIFICATION PROCESS BY SOLID PHASE EXTRACTION

Composition of the dissolution solution :
* Major impurity
*  [RUNO(NO;,),J>*
* Mo, Rh...

—

[ Preliminary } Washing — pajority of the

purification

impurities

Elution

selective resin

retention

[ Extraction on Ru ] Other impurities

Elution

Purified Ru

Purpose of the presentation

helati Preclinical
—> | Chelation |—> trials
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In bold : synthesised molecules
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Ru SELECTIVE MOTIFS FOR RESIN FUNCTIONALISATION

/Other commercial molecules
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Benzyl thiocyanate J

(Swain P. et al, J. Radioanal. Nucl. Chem. 2013, 298, 781-796)
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METHODS

Resin functionalisation by impregnation

1. Stirring few hours

. . 2. Evaporation of the solvent
Polymeric support (Amberlite XAD4)
Organic molecule (1 mmol/g) _s 3. Drying of the impregnated resin
Solvent (ethanol, dichloromethane...)

Batch extractions

; ICP-AES
/\ Resin 3 o
— digestion analysis

Impregnated resin % Centrifugation /
HNO,, Ru, Rh, Mo 5
+ Ru .t \ ICP-AES Experimental conditions :
* Impurities >/ . analysis e M, =50mg
Stirring M e [HNO;] =2 mol/L

€

[Ru] =[Rh] =[M0]=0,1 g/L
V =700 plL
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Ru SELECTIVE EXTRACTION BY FUNCTIONALISED RESINS
DGA derivatives

Batch extraction results of Ru, Rh and Mo on DGA derivatives impregnated on XAD4

100 + 0 o 5/\/\
90 4 | RU | Rh MO J\/C)\)J\N

N
/Impregnation 1 mmol/g ) ?}/\ K(\A
80 -+ o) o
. [Ru] =0,01 g/L (0,1 mmol/L) TEHDGA Ciatas A0 I~
= 07 [Rh] =0,01 g/L (0,1 mmol/L) b
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g 504 [HNO,] = 2 mol/L ?}A 'L(\A
-.S o [¢] o
g 40 + KContact 1h, 25°C ) TEHTDGA Crtny JJ\/O\)J\NJ\
Ll 30 + I CiaHas
I DGA N,N-P
20 +

I AN
10 4 T
Tl an i d LI .. e,

TEHDGA  TEHTDGA TEHDTDGA DGANN-E DGA N,N-iP

Functionalised resin

Overall, weak extraction of Ru, Rh and Mo. No selective extraction of Ru

Slight improvement of Ru extraction with sulphur atom (DGA < TDGA < DTDGA)
Asymmetric DGA : better extraction of Ru with N,N-E
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Ru SELECTIVE EXTRACTION BY FUNCTIONALISED RESINS
Other Ru selective molecules

Batch extraction results of Ru, Rh and Mo on selective molecules impregnated on XAD4
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Satisfactory extraction of Ru by salophen, DNDP and BPhen _—

Good Ru selectivity for salophen, whereas strong Mo co-extraction by DNDP and BPhen

— Complementary experiments on salophen
Interest of DNDP and BPhen if selective elution
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Ru SELECTIVE EXTRACTION BY FUNCTIONALISED RESINS
Salophen and bathophenanthroline

Batch extraction results of Ru, Rh and Mo on salophen impregnated on XAD4 N(Q

OH

Salophen
mRu  ®=Rh Mo I Impregnation 1 mmol/g o
[Ru] =0,01 g/L (0,1 mmol/L)
Rh=001g/L (01 mmol/t) | & _ ¢ .
:[ [MO] = 0,01 g/L (0,1 mmOI/L) 7\ 7\ phenanthrO"ne
0 e
1 Best Ru extraction on salophen in
I 1 - = . B I HNO, 2M / TEA 1,95 M,
HNO34M, HNO32M,1h HNO32M, HNO32M, HNO32M+ HNO30,5M, HNO3 0,5M + ity
24h 1h, 60°C 24h  TEA195M,  24h  TEA045M, but best Ru selectivity in HNO, 2M
24h 24h (24h, 25°C)

Extraction conditions

Batch elution results (after extraction in HNO; 2 M, 24h)
Salophen 100+ Bathophenanthroline Salophen :

Not large Ru elution but selective in
chloride media

 Low elution of Ru in chloride media
ORu, 24h  ©Rh, 24h  C1Mo, 24h 80 + mRu,24h ORh 24h CMo, 24h - Strong elution of Mo for [HCI] > 1 M
| ®Ruth =R 1h Mo, 1h < mRu, th ®Rh 1h mMo, 1h : _ .
I 5 60 — No selective elution of Ru in
[¢b) . .
= chloride media
=40
1 o
=
T = ’—’—‘ e m Bathophenanthroline :
1 mmn Cam 1 i 0 - I_i—l |
0 0

0,1 10

[HOI (MollL) HCI] (r1noI/L)
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CONCLUSION

After removal of the main impurities, Ru extraction was performed on a
polymeric support impregnated with various motifs :

o Diglycolamide (DGA) molecules and thio-substituted analogues
* Poor extraction of Ru
* No selectivity regarding one of the remaining impurities (Mo)

o Commercial Ru selective molecules
* Good Ru extraction and selectivity for salophen but no selective elution in HCl media
» Satisfactory but unselective Ru extraction by bathophenanthroline, however selective Ru recovery
with a concentrated HCI elution

Prospects :
o Application of the extraction and elution process to continuous experiments on a column
o Process optimisation by column dimensioning and flow control

o Continuous experiments on the overall process
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