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([SHULHQFH�LQ�SURGXFWLRQ�RI���)�LVRWRSH�LQ�WKH�&\FORQH���� 
IRU�V\QWKHVLV�RI�ÀXRULQDWHG�UDGLRSKDUPDFHXWLFDOV

AbstUDFW�� This article provides a brief overview of the 18F isotope production using the Cyclone-30 
cyclotron and two liquid targets with the volume of 0.5 and 2.0 ml, water enriched with the 18O isotope 
was used as the target material. The obtained isotope was used for serial production of the [18F]FDG 
radiopharmaceutical and supply of this medicine to the operating PET centers in Almaty. The isotope 
was also used for experimental syntheses of [18F]PSMA-1007 and Na[18F]F to assess the possibility of 
implementation these medicines into the production and medical practice of the Republic of Kazakhstan. 
The need for the implementation of [18F]PSMA-1007 is associated with the problem of early diagnosis and 
control of prostate cancer treatment, and Na[18F]F – with the earliest possible detection of bone metastases 
in malignant tumors of various localization.
This paper provides the average radiochemical yield and the main quality parameters for [18F]FDG, [18F]
PSMA-1007 and Na[18F]F.
7KLV�VFLHQWL¿F�DQG�SUDFWLFDO�ZRUN�DOORZV�XV�WR�HYDOXDWH�WKH�WKUHH�\HDU�SURGXFWLRQ�H[SHULHQFH�DQG�WKH�SRVVLELOLWLHV�
RI�ÀXRULQH�SURGXFWLRQ�E\�UHDFWLRQ��S�Q��RQ�WKH�F\FORWURQ�ɋ�����DQG�DOVR�UHÀHFWV�WKH�SURVSHFWV�RI�XVLQJ�ÀXRULQH�
in the development of new-generation radiopharmaceuticals for the diagnosis of oncological diseases.
.H\�ZRUGV: 18F, cyclotron, radiosynthesis, radiochemical yield, radiopharmaceutical, diagnostics, PET, 
nuclear medicine.

,QWURGXFWLRQ

3RVLWURQ�HPLVVLRQ�WRPRJUDSK\��3(7��LV�D�PRGHUQ�
method of nuclear medicine that enables us to obtain in 
vivo information about disturbances of physiological 
and biochemical processes at the molecular level by 
determining the concentrations of compounds labeled 
ZLWK�SRVLWURQ�HPLWWHUV�LQ�ELRORJLFDO�WLVVXHV�VSHFL¿HG�
by the researcher [1].

More than 90% of PET procedures in the 
world are implemented with 18F isotope due to the 
ORQJHVW� KDOI�OLIH� ����� PLQ�� DPRQJ� XOWUD�VKRUW�OLYHG�
radioisotopes as well as the ability to synthesize 
a fairly wide range of labeled compounds, 
such as 18)�ÀXRURGHR[\JOXFRVH�� 18F-PSMA, 
18F-tyrosine, 18)�ÀXRURFKROLQH�� 18)�ÀXRURWK\PLGLQH��
18)�ÀXRURPL]RQLGD]ROH�� 18F-DOPA, 18)�ÀXPD]HQ\O��
18)�ÀXRURSXULQH�� 18)�ÀXRURSXWUHVFLQH��
18)�ÀXRUXUHGLQH�� 18)�ÀXRURF\WLGLQH�� 18)�ÀXQDUL]LQH��
HWF�� >�@�� 'XULQJ� WKH� ODVW� WKUHH� \HDUV�� WKH� ³,QVWLWXWH�
RI�1XFOHDU�3K\VLFV´� �$OPDW\�� KDV� EHHQ�SHUIRUPLQJ�
serial production of Deoxy-2-[18F] Fluoro-D-glucose 
�>18F]FDG) on the synthesis module Synthera 
DQG� H[SHULPHQWDO� ZRUN� RQ� ODEHOLQJ� DQ� DUWL¿FLDOO\�

V\QWKHVL]HG� SURWHLQ� WURSLF� WR� SURVWDWH�VSHFL¿F�
PHPEUDQH� DQWLJHQ� �360$�� ZLWK� LVRWRSH� 18)� �>18F]
PSMA-1007) and preparation of Na[18F]F in the 
research facility SynthraRNplus.

(OHFWURSKLOLF� DQG� QXFOHRSKLOLF� ÀXRULQDWLRQ�
methods are used to introduce 18F into the structure 
RI� YDULRXV� PROHFXOHV� >�����@�� 7KH� ¿UVW� PHWKRG� LV�
DVVRFLDWHG�ZLWK�SURGXFWLRQ�RI�ÀXRULQH�E\�LUUDGLDWLRQ�
of neon by the reaction 201H�G�Į�18F, when the 
daughter radionuclide is stabilized in the chemical 
form [18F]F2 and characterized by the strongest 
electrophilic properties. The second method is based 
RQ�SUHSDUDWLRQ�RI�ÀXRULQH� IURP�R[\JHQ� 182�S�Q�18F, 
ZKLFK� OHDGV� WR� IRUPDWLRQ� RI� ÀXRULGH� DQLRQ� >18F]
F-, which is subsequently used in nucleophilic 
substitution reactions.

Each of the methods for preparation of compounds 
with 18F has its advantages and disadvantages. The 
advantages of the electrophilic method include 
KLJK� UDWH� RI� WKH� ÀXRULQDWLRQ� UHDFWLRQ� >�@�� 7KH�
disadvantages of the method include low selectivity 
RI�ÀXRULQDWLRQ�DQG�WKH�UHVXOWLQJ�ORZ�VSHFL¿F�DFWLYLW\�
of the labeled compound [3]. The advantage of 
the method for preparation of 18F by nucleophilic 
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substitution is high selectivity of labeling and 
SURGXFWLRQ� RI� WKH� SUHSDUDWLRQ� ZLWK� KLJK� VSHFL¿F�
activity; the disadvantages include possible adverse 
reactions during synthesis, which requires more 
VWULQJHQW�PDLQWHQDQFH�RI�WKH�VSHFL¿HG�WHFKQRORJLFDO�
parameters of synthesis [7].

Despite the above-mentioned disadvantages of the 
nucleophilic method, most modern PET centers use 
the nucleophilic method to prepare 18F compounds, 
including the radiopharmaceutical production site at 
WKH�³,QVWLWXWH�RI�1XFOHDU�3K\VLFV´�LQ�$OPDW\�

This paper describes the experience of 18F 
LVRWRSH� SURGXFWLRQ� DQG� SURGXFWLRQ� RI� ÀXRULQDWHG�
radiopharmaceuticals, obtained in the INP over the 
past 3 years.

0DWHULDOV�DQG�PHWKRGV

All chemicals, reagents and solvents, required 
for the synthesis of [18F]FDG, [18F]PSMA-1007 
and Na[18F]F, were purchased from ABXGmbH 
�*HUPDQ\���,Q�DGGLWLRQ��WKH�V\QWKHVLV�NLWV��GLVSRVDEOH�
synthesis cassettes and reference compounds, 
used for quality control, were purchased from 
ABXGmbH. The purchased disposable synthesis 
cassettes and reagent kits were used as received, with 
no adjustment of the factory parameters. Methods 
and standard operating procedures were developed 
and implemented at the site of radiopharmaceutical 
SURGXFWLRQ� DW� WKH� ³,QVWLWXWH� RI� 1XFOHDU� 3K\VLFV´� LQ�
$OPDW\�� 6\QWKHVLV� ZDV� SHUIRUPHG� RQ� WZR� GL൵HUHQW�
PRGXOHV�� 6\QWKUD51SOXV� DQG� 6\QWKHUD� �)LJ�����
5HDJHQWV� IRU� JDV� FKURPDWRJUDSK\� �*&��� KLJK�
SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� �+3/&�� DQG�

�WKLQ�OD\HU� FKURPDWRJUDSK\�� 7/&� ZHUH� SXUFKDVHG�
from Sigma-Aldrich.

The HPLC analysis was performed using 
WKH� $JLOHQW� ,Q¿QLW\� ����� V\VWHP� ZLWK� XOWUDYLROHW�
�*����%��DQG�UHIUDFWRPHWULF��*����$��GHWHFWRUV��DV�
well as a radiochemical detector from LabLogic. The 
HPLC system is controlled by the Laura software. 
Before quality control, reference standards of each 
compound were used to determine the retention time. 
*DV�FKURPDWRJUDSK\��$JLOHQW�����$��&KHP6WDQWLRQ�
software) was used to determine the number of residual 
VROYHQWV�XVLQJ�D�'%�:$;�FROXPQ�������PP��OHQJWK�
��� P��� ,GHQWL¿FDWLRQ� RI� UDGLRQXFOLGHV� ZDV� YHUL¿HG�
by measuring the half-life using a dose calibrator 
�9'&�������5DGLRQXFOLGH�SXULW\�ZDV�GHWHUPLQHG�E\�
gamma-spectrometry with a multichannel high purity 
JHUPDQLXP�GHWHFWRU��&DQEHUUD�,QGXVWULHV���7KH�OHYHO�
of cryptophix was determined by comparing the 
staining intensity on chromatography paper. The 
UDGLRFKHPLFDO�SXULW\�ZDV�GHWHUPLQHG�E\�7/&��6FDQ�
RAM Radio-TLC Detector LabLogic and Laura 
VRIWZDUH��XVLQJ�VLOLFD�JHO�SODWHV�)�������î����PP��
DQG�D�PL[WXUH�RI�DFHWRQLWULOH��ZDWHU��������Y�Y��DV�D�
stationary and mobile phase, respectively.

18F production 
The utilized in INP 18F production technology 

is based on the nuclear reaction 182� �S�� Q�� 18F. The 
threshold of the nuclear reaction is 2.6 MeV, the cross 
section is growing and reaches its maximum 300 mb at 
8 MeV, then it slopes down and at 20 MeV is 16 mb [8]. 
This means that to produce 18F isotope, it is necessary to 
irradiate the 18O oxygen nuclei with protons of energies 
not lower than 3 MeV and not higher than 20 MeV.

��������������������������������������Ⱥ                                                                                      ȼ

)LJXUH�� – synthesis modules A- Synthera, B – SynthraRNplus
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In addition to the target nuclear reaction, other 
reactions occur with the formation of side isotopes 
[9]. All the resulting isotopes are characterized by 
very short half-lives, about tens of seconds [10]. 
7KH�PRVW� ³ORQJ�OLYHG´� RI� WKHP� LV� WKH� LVRWRSH� 13N, 
the half-life of which is 10 minutes. It is produced in 
the reaction of 162�S�D�13N. The nuclei of the oxygen 
isotope 16O are inevitably present in the target 
material, although in small quantities. In addition, 
at proton energies above 18 MeV, the reaction of 13N 
production will already take place on 18Ɉ�QXFOHL��WKH�
nuclear reaction 182�S�Į�Q�13N. This is a limitation 
on the maximum energy of the proton beam used 
for 18F production.

The Cyclone-30 cyclotron manufactured by the 
,RQ�%HDP�$SSOLFDWLRQV�6$� �,%$��%HOJLXP�� LV� XVHG�
to produce the accelerated proton beam. The target 
material is water, 95% enriched with 18O isotope. 
7KH� WDUJHW� LV� D� QLRELXP� FDSVXOH� ¿OOHG� ZLWK� ZDWHU��
covered from the beam side with a foil, made of 
Havar alloy. The cyclotron, the beam transportation 
line and the target station are a single complex, which 
is controlled from the cyclotron control panel.

Taking into account that the energy of the proton 
beam, produced by the C-30 cyclotron, can be varied 
from 15 to 30 MeV, the 18 MeV operation mode is 
an optimal one for the production of 18F. It allows 
obtaining the maximum yield of the target isotope 
18F with a minimum production of by-products. The 
target provides full absorption of the proton beam. 
The irradiated water is pumped for further synthesis 
through the capillaries 0.9 mm in diameter into a 

receiving tank located in a hot cell. This process is 
performed automatically using high-purity helium 
gas. The transportation line is pre-purged with 
helium, and then the liquid is pumped, the line is re-
purged.

Two targets manufactured by IBA are successfully 
operated in the INP for the production of 18F isotope: 
a small-volume target of 0.5 ml and a large-volume 
target of 2 ml for irradiation with currents of 25 and 
40 µA, respectively.

18F Separation
7KH� ¿UVW� VWDJH� RI� >18F]FDG, [18F]PSMA-1007 

and Na[18F]F synthesis is the extraction of 18F isotope 
from irradiated H2

18O. Extraction is performed by 
solid-phase extraction using a cartridge with anion 
exchange resin QMASep-Pak®, conditioned with 
2 ml of ethanol and 2 ml of water. Irradiated 18F- 

containing water is passed through a pre-conditioned 
cartridge with anion exchange resin QMASep-Pak®, 
ZKLOH�WKH�ÀXRULGH�LRQ�LV�UHWDLQHG�RQ�WKH�UHVLQ��9DULRXV�
eluents were used for elution of the 18F- ÀXRULGH�
ion, for example, during the synthesis of [18F]FDG, 
an aqueous solution of acetonitrile containing 
potassium carbonate and an average equimolar 
DPRXQW� RI� WKH� LQWHUIDFLDO� FU\SWR¿[� FDWDO\VW� �.�����
was used, where potassium cation in the carbonate 
composition was used as a counterion for 18F-. In the 
synthesis of [18F]PSMA-1007, a 0.075 M solution of 
WHWUDEXW\ODPPRQLXP� ELFDUERQDWH� �ɌȼȺɇɋɈ3) was 
used as an eluent, and in the synthesis of Na[18F]F 
������VRGLXP�FKORULGH�VROXWLRQ�ZDV�XVHG��)LJ�����
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)LJXUH�� – A) scheme of 18F- extraction from irradiated target for [18F]FDG production, 
ȼ��VFKHPH�RI�18F- extraction from irradiated target for [18F]PSMA-1007 production,  

C) scheme of 18F- extraction from irradiated target for Na[18F]F production
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The yield at the stage of 18F- extraction from the 
irradiated target in case of listed elements is from 87 to 
95% of the 18F obtained activity. In case of [18F]FDG 
and [18F]PSMA-1007 production, for preparation for 
the next stages of synthesis the eluates are dried in 
a helium current at a high temperature. In case of 
Na[18F]F production, the eluate is not dried.

5HVXOWV�DQG�GLVFXVVLRQ

During serial production of [18F]FDG 
radiopharmaceutical using the Synthera 
radiosynthesis module, the following averaged data 
for 3 years were obtained:

According to the results of 685 cycles of 
irradiation in the Cyclotron C-30 a target with 2 ml 
of enriched water with protons of 18 MeV energy and 
38±2 µA current and subsequent cycles of [18F]FDG 
synthesis using the Synthera module, it was shown 
that activity of 18F in the preparation [18F]FDG was 
75±12 GBq at the end of synthesis. The irradiation 
time was 160±15 min, and the synthesis time was 
27±2 min.

The quality parameters of the preparation 
corresponded to the pharmacopoeia requirements.

The activity of the resulted preparation was 
VX൶FLHQW� IRU� GDLO\� LQMHFWLRQ� XS� WR� WZHQW\� SDWLHQWV��
GHSHQGLQJ�RQ�WKHLU�ZHLJKW��WDUJHW�DFWLYLW\�LV����0%T�
body weight).

For experimental syntheses of [18F]-PSMA-1007 
and Na[18F]F, 6 irradiation cycles were carried out 
in a target Cyclotron C-30 with 0.5 ml of enriched 
water with protons of 18 MeV energy and 20±2 µA 
current. The target was irradiated for 30-60 minutes. 
The synthesis was carried out at the SynthraRNplus 
research facility.

[18F]-PSMA 1007
Three experimental syntheses of 18F-PSMA-1007 

were carried out. The synthesis time was 45 minutes, 
the average activity of 18F-PSMA-1007 was 1.6±0.4 
GBq, which corresponds to a radiochemical yield of 
31± 9%.

Na[18F]F
Three experimental Na[18F]F series were produced 

using the SynthraRNplus synthesis module. The 
synthesis time was 15 minutes, the average activity 
of Na[18F]F was 5±1 GBq, which corresponds to a 
radiochemical yield of 75±2%.

&RQFOXVLRQ

The process of 18F isotope production using the 
cyclotron C-30 is stable and provides 18F activity 
VX൶FLHQW�IRU�ERWK�VHULDO�SURGXFWLRQ�RI�>18F]FDG and 
experimental work on the introduction of technologies 
for the production of new preparations for PET, such 
as [18F]-PSMA-1007 and Na[18F]F.

The application of the automated synthesis 
system for mass production is quite reliable since 
only 5 equipment failures were recorded for 685 
production cycles, which is 0.7%.

The synthesis module SynthraRNplus for 
experimental works is suitable for the production 
of new radiotracers. The research module was 
used to produce [18F]-PSMA-1007 and Na[18F]
F with a radiochemical yield comparable to that of 
commercially available cyclotron synthesis modules.

Domestic production of a wide range of 
radiopharmaceuticals will improve the quality of 
medical care, reduce the mortality rate and increase 
the overall survival rate and progression-free survival 
in patients with various forms of cancer and improve 
the quality of life of patients.

This research is funded by the Science 
Committee of the Ministry of Energy of the Republic 
RI�.D]DNKVWDQ��*UDQW�1R�BR09158958)».

5HIHUHQFHV

1. 6KXNOD�� $�.��� 	� .XPDU�� 8�� ��������
Positron emission tomography: An overview. 
-RXUQDORIPHGLFDOSK\VLFV�� ������� ��±���� https://doi.
org/10.4103/0971-6203.25665.

2. Lau, J., Rousseau, E., Kwon, D., Lin, K. 
6��� %pQDUG�� )��� 	� &KHQ�� ;�� �������� ,QVLJKW� LQWR�
the Development of PET Radiopharmaceuticals 
IRU� 2QFRORJ\�� &DQFHUV�� ������� ������ https://doi.
org/10.3390/cancers12051312.

3. Jacobson, O., Kiesewetter, D. O., & Chen, X. 
��������)OXRULQH����UDGLRFKHPLVWU\��ODEHOLQJ�VWUDWHJLHV�
and synthetic routes. Bioconjugatechemistry, 26�����
1–18. https://doi.org/10.1021/bc500475e

4. )UDQFLV�� )HOL[�� DQG� )UDQN� :XHVW�� ��������
«Advances in [18)@7ULÀXRURPHWK\ODWLRQ� &KHPLVWU\�
IRU� 3(7� ,PDJLQJ´�Molecules� �������� ������https://
doi.org/10.3390/molecules26216478.

5. +DOGHU�� 5��� 	� 5LWWHU�� 7�� ��������
18F-Fluorination: Challenge and Opportunity for 

https://doi.org/10.4103/0971-6203.25665
https://doi.org/10.4103/0971-6203.25665
https://doi.org/10.3390/cancers12051312
https://doi.org/10.3390/cancers12051312
https://doi.org/10.3390/molecules26216478
https://doi.org/10.3390/molecules26216478


106

Int. j. biol. chem. (Online)                                                International Journal of Biology and ChemistU\�����ʋ���������

([SHULHQFH�LQ�SURGXFWLRQ�RI���)�LVRWRSH�LQ�WKH�&\FORQH����IRU�V\QWKHVLV���

Organic Chemists. The Journal of organic chemistry, 
86������ �����±������� https://doi.org/10.1021/acs.
joc.1c01474.

6. Cole, E. L., Stewart, M. N., Littich, R., 
+RDUHDX��5���	� 6FRWW�� 3�� -�� �������� 5DGLRV\QWKHVHV�
XVLQJ� ÀXRULQH����� WKH� DUW� DQG� VFLHQFH� RI� ODWH� VWDJH�
ÀXRULQDWLRQ�� Currenttopicsinmedicinalchemist
ry, 14��������±�����https://doi.org/10.2174/1568026
614666140202205035.

7. <X� 6�� �������� 5HYLHZ� RI� )�)'*� 6\QWKHVLV�
and Quality Control. Biomedical imaging and 

intervention journal, 2����� H���� https://doi.
org/10.2349/biij.2.4.e57.

8. Calculator and graphical system for 
parameters of atomic nuclei and characteristics of 
nuclear reactions and radioactive decays, http://cdfe.
sinp.msu.ru/services/calc_thr/calc_thr_ru.html.

9. TENDL-2021, TALYS-based evaluated 
nuclear data library, https://tendl.web.psi.ch/home.
html.

10.  Decay Radiation database, https://www.
nndc.bnl.gov/nudat3/indx_dec.jsp.

© This is an open access article under the (CC)BY-NC license (https://creativecommons.org/licenses/by-
nc/4.0/). Funded by Al-Farabi KazNU

https://doi.org/10.1021/acs.joc.1c01474
https://doi.org/10.1021/acs.joc.1c01474
https://doi.org/10.2174/1568026614666140202205035
https://doi.org/10.2174/1568026614666140202205035
https://doi.org/10.2349/biij.2.4.e57
https://doi.org/10.2349/biij.2.4.e57
http://cdfe.sinp.msu.ru/services/calc_thr/calc_thr_ru.html
http://cdfe.sinp.msu.ru/services/calc_thr/calc_thr_ru.html
https://tendl.web.psi.ch/home.html
https://tendl.web.psi.ch/home.html
https://www.nndc.bnl.gov/nudat3/indx_dec.jsp
https://www.nndc.bnl.gov/nudat3/indx_dec.jsp
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

