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Abstract: ““Ra is a low toxicity substance a Radiotherapy nuclide, which can be used to treat
castrated resistant prostate cancer (CRPC) with symptoms of bone metastasis and no visceral
metastasis, was the first approved alpha therapy radiopharmaceutical on the market. In 2013, with the
launch of Xofigo (*’RaCl, solution) in the United States, it marked a radionuclide therapy has
widely entered people’s field of vision. Compared to other commonly used . y medical radioactive
isotopes, research on "PRa is still far from sufficient, especially in terms of preparation and
separation. In the preparation process of **Ra, there are difficulties in obtaining raw materials, high
dosage, cumbersome separation steps, and many isotopic impurities. In response to these difficulties,
various methods for preparing **Ra have also been studied. This article mainly reviews the
preparation methods and separation processes of Ra through four methods: separation from natural
ores, accelerator preparation, reactor irradiation preparation, and obtaining from actinium/beryllium
generators. It also discusses some challenges and prospects in the preparation of “*Ra, providing
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some reference for efficient separation of ““Ra.
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Table 1 Four Ra isotopes parameters in nature
PR R TR e FBE B Epmax 4337 %
Ra(Th) B 575a 0.039 50
0.026 20
0.014 30
0Ra(U) o 1600 a 4.601 5.95
478434 94.038
**Ra(Th) o 3.64d 5.44881 5.26
5.68550 94.72
*¥Ra(Ac) o 11.43d 5.4336 227
55016 1.00
5.5400 9.16
5.6069 2420
57164 52.50
5.7472 9.50
wsy g P py O wwpe P apy XI12 4T B DIPEX-2 6 3% £ 46 1k, 2 ThOHH 3
7x10% a 1.06 d 3.3x10%a 21.8a 18.7d
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Fig.2 Process diagram for separating and obtaining *BRa from Z'Pa’”
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Fig.3 Gas chemical separation of ““Ra
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Table2 The oretical and practical comparison of main nuclide activity after irradiation of ***Ra target material
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reactor irradiation
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Fig.10 Separation of ““Ra/ Ac from Ac/Be neutron generators

2 "Ra HEERN

PRa BT+ 4 BILE, dw B2 Mo mik
AR Ac M Th HJE THT R0, HP™ Ac
W3 M, Th W R B4 . SR
P b AR R 22 5, TR 5 REIR % 2 Ac Al
2ITh Hf 23 B 4R U 8 4l 19 PR, B AT Ra
(4 43 85 J7 ¥ 35 B A 4% A 3 9k B0 3 B
P R R R BOR fEAE R 2
R TSR P I A WL WM A Ak P A A,
T PR 10 R K A B PR PR, HAT, U
P AT 0 33 43 B b ) SR B A8 4 B B B AR IR
i, 3 W BE AR 277 Ac R Th W B 76 B i A4
kb R R TR B Y R IR R B AT A5 3 e R A
K (1975 Ra. i1, 2014 4F, £ F 2% Olga
W B R A% R AL B 7E 2 0.5 ¢ Dowex-
1x8 B & 1 22 e B Jig H, H MeOH/HNO, 1R & ¥

130]

% (0.7~ 0.75 mol/L HNO; F11 80%CH;OH) i ¥k ,
BT AT e 45 2 5 4l B 0027 Ra, 28 K600 43 BT ) &
Ve P Ra 52 A Th B H R 10°,
B 1 Bagheri™" %5 ] & ] Dowex50Wx8 [ 2§ +
A W WG N B 1A A% 222 Ac/ Th TR 4 B 4R 4l
*PRa, HF % 1 mol/L i) HNO; HJ 7] 4% **Ra B i,
Ve 3T 100%., HoAth & FH F 32 50 2 7 Ra
A {6 3% A1 RHE £ 45 DIPEX-2 #JE . AG50W-x12
Ml . AG1x8 #i i . HDEHP W j %5, 4K, **Ra
e N ERZ P R, & L4441
o KL 24 BORL T L 1D, X 43 85 04 ki Tif
i IR B R M v, B RSl AL AR R Y
1t 28 HEP i L il 2 I Rk . b Ak, B
A3 M BHE AFAE R e AR B | Tk T IR B 4K
ol A ke a5, R ST T X 2P Ra 2 B A R
Timk% o

o o o B o B
::;R'd Zl‘)Rn 215P0 2]]Pb ZIIBi Z()7Ti ZIJ’Pb
11.43 min 3.96s 1.781 ms 36.1 min 2.14 min 4.77 min
B 11 RafizmIETéE

223
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3 REERE

VERN AR E A RMAEH ot %, PRa 7]
VL TIRI7 R A B e B e ROF TC N R B 1
= IR AT 5 B9 (mCRPC), 78 VA ¥7 i #2
HA T B S K R A AR R R AR YT &
A ORT I E R CE AR TE R RO A, BT
PRa ¥y L 1 A Bk 40 24 RS BT,
C Bk [ N A BLE A8 R HE 77 1R T mCRPC A
S PR Bl A X HIA YT ML Y — 2B A5 R I
PR JH 938 A, A& K 2 Ra ¥ 7 mCRPC A J7 4%
W% 4 N B A . AR T BLA 197 Ra

I LA AL (R R, e [ PR L A
22 B I 45 R B 2P Ra B AT R R 1 R R A
B, G, *PRa il & F 24 WAL, 2P0 T
PR AT T A A L S A A AR
KA R AREC, X Lo M T IO 5 i A DG R
(3o BMORUL, ToI I i #s 22 52
i B, B — A T A B TE TR i L Ra B R Y
PERE oK o ARSETRA M T 45 B il 25 77 3% (19 00 5k
A, B A e oy B AL T, P A R R OT 5,
P77 Ra PR H, A1 K R P Ra 1 F AR LI BF 5T
Ao



214 CIETAFS %38%

%3 PRaBIBEHEREMBRE

Table 3 Preparation method and advantages and disadvantages of Ra

H-2231 #4771 (0= A SOz L
BUTFkhkeG BRAREEARE, #RAF T PIpatk E KRR IR, B FIK . Raffl g E B,
[RE N4
el FURRIR S VAR =W 35T, RIS 2% | 0 B R, 2B AR (X BR TS 2/ ML I BT 52
FrAE R i A TR IHEMERE K, TEE AT £ 100 MeV LA R AYIITRZS . A4S
SR PR BN N LV JEORRaZR IR ME | 52 SR AR IR L AR TS o AN Rl 1 E R R
PR ] R
NI/ e e iy 3SR ] BRI R o) SIS RN G R SR e\ AT P

JEERS 223RaCl2 Fow e EE B4 A, [2] Martin P, Akber R A. Radium isotopes as indicators of

PRraEH SO K I, BEBTERAN 223Ra(jl2 adsorption—desorption interactions and barite formation
T R A TR w3 T 23pa N -2l s in groundwater[J]. Journal of Environmental Radioact-
e, FEE 7 P Ra K B AR 2= 4 5 ST ivity, 1999, 46(3): 271-286.

Eﬁﬁ Eﬁ, , EF ﬁUFH 3‘%%] i/[:]\ 1}%%7\ B"H&HE’ZID i& 7R [31 Moise T, Starinsky A, Katz A, et al. Ra isotopes and
T 1 D /0 430 0 A 0 g e 0, 2 ] 2 3% Rn in brines and ground waters of the Jordan-Dead Sea
| 2pa RIBWEBEEZ, 5N, BNEL Rift Valley: Enrichment, retardation, and mixing[J].

Geochimica et Cosmochimica Acta, 2000, 64(14): 2371-
2388.
[4] Deshayes E, Roumiguie M, Thibault C, et al. Radium

B EWEEIIN S IR DAL S M P

BN BN E T REFFFERE .
. 23 L oo A s R R o]

j-i 5} 71 bf jblx 1+ Ef R é‘& iH ET b B 3/:|: L 223 dichloride for prostate cancer treatment[J]. Drug
Ra %Uﬁﬁﬁ AR [ 4 LT 3 A7 AR AR DK Design, Development and Therapy, 2017, 11: 2643-2651.

B o £ Ra WA I5 I, AR AR LA (DR [51 Nilsson S, Larsen R H, Fossa’ S D, et al. First clinical

TH2Ra JFORHIE R o **°Ra 2 il 45 P Ra 7Y 06 45 J5 experience with o-emitting radium-223 in the treatment
KL 9K [ 26R4 HERN = E AR . — T of skeletal metastases[J]. Clinical Cancer Research,
IHN T A7 RIS B 2 Ra HE AR K, RH S 2005, 11(12): 44514459,

T AL *Ra PEHUo B, SR N *Ra HER [6] Brechbiel M W. Targeted o-therapy[J]. Cancer
BN B — S HE ISR, B8 Biotherapy and Radiopharmaceuticals, 2020, 35(6): 397.
N H BT A B IHEE U5 8000 M, Bi% Bt [71 Jia G, Jia J. Determination of radium isotopes in
90 Ci, TN HE S PR 3 L o 1H 45 W5 1% [3] 44, iR H environmental samples by gamma spectrometry, liquid
ali 5 A, ATk A 22 i e A VR I R OR R [ ) scintillation counting and alpha spectrometry: a review of
W)W R B B o] DRa B % & analytical methodology[J]. Journal of Environmental
LW M R N TE S T A 4 Radioactivity, 2012, 106: 98-119.

Hancock G J, Webster I T, Ford P W, et al. Using Ra

Ra il e B R R B0 R O Bk
BE 4B BERLBT & | R B R 4 B AR R
4R SRR L (3 HER AT IR R, By ST
% W Bl B R A A . E R O 32 Ra
R 5 600 BRI A A, AT 2l 5 A A L
W E P Ra B R AR . R WA R,

isotopes to examine transport processes controlling
benthic fluxes into a shallow estuarine lagoon[J].
Geochimica et Cosmochimica Acta, 2000, 64(21): 3685-
3699.

[91 Henriksen G, Hoff P, Alstad J, et al. 2

Ra for

endoradiotherapeutic applications prepared from an

KA, KIEBRA BB FEE1EH, 5 A immobilized”’ Ac/"Th source[J]. Radiochimica Acta,
2, W FRE L9 Ra il 5 H BN Ll A A 2001, 89C10): 661-666.

[10] Larsen R H, =AF J 9, Gjermund H, et al

2 3Lk Preparation and use of radium-223 to target calcified

[11 Moore W S, de Oliveira J. Determination of residence tissue for pain palliation, bone cancer therapy, and bone

time and mixing processes of the Ubatuba, Brazil, inner surface conditioning. CNJP2010168397A[P]. 2010-08-05.

shelf waters using natural Ra isotopes[J]. Estuarine, [11] #h Y2, Fiaz Asghar, B8, 5. o A0 RG] 5 e

Coastal and Shelf Science, 2008, 76(3): 512-521. B[] A48 GRERET), 2021(8): 1-8.


https://doi.org/10.1016/j.ecss.2007.07.042
https://doi.org/10.1016/j.ecss.2007.07.042
https://doi.org/10.1016/j.ecss.2007.07.042
https://doi.org/10.1016/S0265-931X(98)00147-7
https://doi.org/10.1016/S0265-931X(98)00147-7
https://doi.org/10.1016/S0265-931X(98)00147-7
https://doi.org/10.1016/S0016-7037(00)00369-0
https://doi.org/10.2147/DDDT.S122417
https://doi.org/10.2147/DDDT.S122417
https://doi.org/10.2147/DDDT.S122417
https://doi.org/10.2147/DDDT.S122417
https://doi.org/10.1158/1078-0432.CCR-04-2244
https://doi.org/10.1089/cbr.2020.29008.mbr
https://doi.org/10.1089/cbr.2020.29008.mbr
https://doi.org/10.1016/j.jenvrad.2011.12.003
https://doi.org/10.1016/j.jenvrad.2011.12.003
https://doi.org/10.1016/S0016-7037(00)00469-5
https://doi.org/10.1524/ract.2001.89.10.661

5524

IR0 111 45 475 -223 7% £ 1 AR B 5T 0k J

215

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Sun Zhanxue, Asghar F, Zhao Kai, et al. Review and
prospect of uranium mining and metallurgy in China[J].
Nonferrous Metals (Extractive Metallurgy), 2021(8):
1-8 (in Chinese).

Lefort M, Simonoff G N, Tarrago X. Re’actions
nucle’aires de spallation induites sur le thorium par des
protons de 150 et 82 MeV[J]. Nuclear Physics, 1961, 25:
216-247.

Zhuikov B L, Kalmykov S N, Ermolaev S V, et al.
Production of *Ac and *’Ra by irradiation of Th with
accelerated protons[J]. Radiochemistry, 2011, 53(1): 73-
80.

Weidner ] W, Mashnik S G, John K D, et al.
223

225
Ac and

Ra production via 800 MeV proton irradiation of
natural
Isotopes, 2012, 70(11): 2590-2595.

Weidner J W, Mashnik S G, John K D, et al. Proton-

thorium targets[J]. Applied Radiation and

. . . 225
induced cross sections relevant to production of ““Ac

and **Ra in natural thorium targets below 200 MeV[J].
Applied Radiation and Isotopes, 2012, 70(11): 2602-
2607.

REE, VRAE, VTG T, 4. P Ac 1F MR R A YT TP Y
ISE FHBIFFE HEJRE (). o DT 245 2%, 2023, 32€16): 1644-
1651.

Song Xin, Xu Bohua, Tao Qiaoyu, et al. Review on
application research of Ac in  tumor targeted
therapy[J].
32(16): 1644-1651 (in Chinese).

BT, IR, DR, 45 a B E P Ac IH 4 R E 2
REFEUIR[I). 62, 2022, 35(3): 179-188.

Zhao Ziyu, Wen Kai, Ma Chengwei, et al. Research

Chinese Journal of New Drugs, 2023,

status of alpha-emitting radionuclide Ac: Preparation
and medical application[J]. Journal of Isotopes, 2022,
35(3): 179-188 (in Chinese).

Abou D S, Pickett J, Mattson J E, et al. A Radium-223
microgenerator from cyclotron-produced trace Actinium-
227[J]. Applied Radiation and Isotopes, 2017, 119: 36-
42.

Radchenko V, Engle ] W, Wilson J J, et al. Application
of ion exchange and extraction chromatography to the
separation of actinium from proton-irradiated thorium
metal for analytical purposes[J]. Journal of Chromato-
graphy A, 2015, 1380: 55-63.

Griswold J R. Actinium-225 production via proton
irradiation of thorium-232[D]. Knoxiville: University of
Tennessee, 2016.

McAlister D R, Horwitz E P. Selective separation of

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

radium and actinium from bulk thorium target material
on strong acid cation exchange resin from sulfate
media[J]. Applied Radiation and Isotopes, 2018, 140: 18-
23.

Fitzsimmons J, Foley B, Torre B, et al. Optimization of
cation exchange for the separation of actinium-225 from
radioactive thorium, radium-223 and other metals[J].
Molecules, 2019, 24(10): 1921.

Baimukhanova A, Engudar G, Marinov G, et al. An
alternative radiochemical separation strategy for isolation
of Ac and Ra isotopes from high energy proton irradiated
thorium targets for further application in Targeted Alpha
Therapy (TAT)[J]. Nuclear Medicine and Biology,
2022, 112:35-43.

WRZ 2, 2240, E0, 55, FE T 100MeV BT [l e i
55 T AR A B 123 1) 485 A0 AL HE ] BORA YT A R -
225[J]. fk2FE R, 2021, 84(11): 1210-1218.

Chen Junyi, Li Yinlong, Wang Feng, et al. Production
and isolation of actinium-225 for targeted radiotherapy
with a 100 MeV proton cyclotron and solid-phase
extraction[J]. Chemistry, 2021, 84(11): 1210-1218 (in
Chinese).

Karalova Z K, Ivanov R N, Myasoedov B F, et al.
Production of ’Ac and **Th isotopes by irradiation of
radium in the SM-2 reactor[J]. Soviet Atomic Energy,
1972, 32(2): 133-136.

Kuznetsov R A, Butkalyuk P S, Tarasov V A, et al.
Yields of activation products in *°Ra irradiation in the
high-flux SM reactor[J]. Radiochemistry, 2012, 54(4):
383-387.

Bagheri R, Afarideh H, Ghannadi-Maragheh M, et al.
Production of **Ra from “*Ra in Tehran Rescarch
Reactor for treatment of bone metastases[J]. Journal of
Radioanalytical and Nuclear Chemistry, 2015, 304(3):
1185-1191.

Runnalls O J C, Boucher R R. Neutron yields from
ACTINIDE-BERYLLIUM alloys[J]. Canadian Journal of
Physics, 1956, 34(9): 949-958.

Dixon W R, Bielesch A, Geiger K W. Neutron spectrum
of an ACTINIUM-BERYLLIUM source[J]. Canadian
Journal of Physics, 1957, 35(6): 699-702.

Soderquist C Z, McNamara B K, Fisher D R. Production
of high-purity radium-223 from legacy actinium-
beryllium neutron sources[J]. Current Radiopharma-
ceuticals, 2012, 5(3): 244-252.

Guseva L I. A tandem generator system for production of

Ra and *''Pb/

“'Bi in DTPA solutions suitable for


https://doi.org/10.1016/0029-5582(61)90154-7
https://doi.org/10.1134/S1066362211010103
https://doi.org/10.1016/j.apradiso.2012.07.003
https://doi.org/10.1016/j.apradiso.2012.07.003
https://doi.org/10.1016/j.apradiso.2012.07.006
https://doi.org/10.3969/j.issn.1003-3734.2023.16.008
https://doi.org/10.3969/j.issn.1003-3734.2023.16.008
https://doi.org/10.7538/tws.2022.35.03.0179
https://doi.org/10.7538/tws.2022.35.03.0179
https://doi.org/10.1016/j.apradiso.2016.10.015
https://doi.org/10.1016/j.chroma.2014.12.045
https://doi.org/10.1016/j.chroma.2014.12.045
https://doi.org/10.1016/j.chroma.2014.12.045
https://doi.org/10.1016/j.apradiso.2018.06.008
https://doi.org/10.3390/molecules24101921
https://doi.org/10.1007/BF01125090
https://doi.org/10.1134/S1066362212040121
https://doi.org/10.1007/s10967-015-3931-x
https://doi.org/10.1007/s10967-015-3931-x
https://doi.org/10.1139/p56-105
https://doi.org/10.1139/p56-105
https://doi.org/10.1139/p57-075
https://doi.org/10.1139/p57-075
https://doi.org/10.2174/1874471011205030244
https://doi.org/10.2174/1874471011205030244
https://doi.org/10.2174/1874471011205030244

216

W i & $538%

[32]

[33]

[34]

[33]

potential application in radiotherapy[J]. Journal of
Radioanalytical and Nuclear Chemistry, 2009, 281(3):
577-583.

Guseva L I, Dogadkin N N. A tandem generator for
produciton and
radionuclides of Ra, Pb, and Bi in EDTA solutions[J].
Radiochemistry, 2008, 50(3): 310-315.

Guseva L I, Tikhomirova G S, Dogadkin N N. An
211

isolation of short-lived a-emitting

227
Ac-

Pb generator for test experiments of solution chemistry
of element 114[J]. Journal of Radioanalytical and
Nuclear Chemistry, 2004, 260(1): 167-172.

Guseva L I, Tikhomirova G S, Dogadkin N N. Anion-
exchange separation of radium from alkaline-earth metals
and actinides in aqueous-methanol solutions of HNOj;.
#7Ac-PRa generator[J]. Radiochemistry, 2004, 46(1):
58-62.

Ivanov P I, Collins S M, van Es E M, et al. Evaluation of
the separation and purification of *’Th from its decay
progeny by anion exchange and extraction chromato-
graphy[J]. Applied Radiation and Isotopes, 2017, 124:
100-105.

[36]

[37]

[38]

[39]

Frenvik J O, Dyrstad K, Kristensen S, et al. Development
of separation technology for the removal of radium-223
from targeted thorium conjugate formulations. Part I:
purification of decayed thorium-227 on cation exchange
columns[J]. Drug Development and Industrial Pharmacy,
2017, 43(2): 225-233.

Shishkin D N, Krupitskii S V, Kuznetsov S A. Extraction
generator  of PRa  for

Radiochemistr, 2011, 53(4): 404-406.

nuclear  medicine[J].
Mitsugashira T, Yamana H, Suzuki S. The mutual
separation of actinium-227, thorium-227, radium-223 and
francium-223 by the solvent extraction technique using
bis(2-ethylhexyl)phosphoric acid as an extractant.
Bull[J]. Bulletin of the Chemical Society of Japan, 1977,
50(11): 2913-2916.

Mokhodoeva O, Guseva L, Dogadkin N. Isolation of
generator-produced Ra in 09% NaCl solutions
containing EDTA for direct radiotherapeutic studies[J].
Journal of Radioanalytical and Nuclear Chemistry, 2014,

304(1): 449-453.


https://doi.org/10.1007/s10967-009-0044-4
https://doi.org/10.1007/s10967-009-0044-4
https://doi.org/10.1134/S106636220803017X
https://doi.org/10.1023/B:JRNC.0000027076.41699.21
https://doi.org/10.1023/B:JRNC.0000027076.41699.21
https://doi.org/10.1023/B:RACH.0000024637.39523.e4
https://doi.org/10.1016/j.apradiso.2017.03.020

	1 镭-223制备方式
	1.1 235U衰变子体
	1.2 加速器
	1.3 反应堆
	1.4 锕-铍中子发生器

	2 223Ra分离提取
	3 总结与展望
	参考文献

