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[ Abstract] Objective To synthesize '’ Lu-prostate-specific membrane antigen ( PSMA)-617 with
domestic ""Lu (made in China) , and explore its optimal labeling condition, biodistribution, stability, and
safety. Methods '7"Lu-PSMA-617 was prepared with domestic """ Lu by a manual method. The optimal la-
beling condition, radiochemical purity, stability (in vivo and in vitro) , lipid-water partition coefficient, and
plasma protein binding rate were determined. The uptake rate of '’ Lu-PSMA-617 was evaluated by using
22RV1 cells. Biodistribution and SPECT/CT imaging were performed on normal mice with imported "’ Lu-
PSMA-617 as control group. The blood routine test was performed to evaluate the safety. Results The best
labeling result of domestic """ Lu-PSMA-617 can be obtained under the following conditions: pH=4.5, 100 °C
for 30 min. And the radiochemical purity was =99%. The product was stable in vivo and in vitro, with the
radiochemical purity >95% in 72 h. The plasma protein binding rate was (35.3+5.3)%, the lipid-water
partition coefficient was —2.27+0.06, and the specific uptake rate of domestic "' Lu-PSMA-617 by 22RV1
cells reached the highest in 1 h ( (7.58+0.84)% ) ,which was slightly lower than the imported "’ Lu-PSMA-
617 ((7.86+0.96) %) , but there was no significant difference between them (1=-0.439, P>0.05). The
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distribution and SPECT/CT imaging of normal mice showed that domestic and imported '’ Lu-PSMA-617 in
blood were cleared quite fast, and both of them were excreted mainly through the kidneys. No obvious ad-

verse reactions were found in the toxicity test of domestic and imported '’ Lu-PSMA-617. There was no obvi-
ous abnormality in blood routine and liver and kidney metabolism. Conclusion The domestic " Lu-PSMA-
617 has many advantages, such as qualified quality control, good biological properties and safety, which

support its potential application value in diagnosis of prostatic neoplasms.
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AT A B4R B HT J ( prostatic specific membrane anti-
gen, PSMA) J&—#f Il BUEERE G A, H 94% 1) 2 3
TR BR A T 20 i 22 1, B T30 1l 26 i 90% 1) Hip
N s AN A B Ik AR IE R AN ek
D WA S WO RTA YT 1S AR 1) AR

VN AR IR T S B RIS I 2, Lu-
PSMA K23z 8] 2 K3, Lu-PSMA-617 J&—Fil
1] PSMA F)/NorF, A R BE , & A4 A ik
SR F IR T P12 19 PSMA il 5 1
K5 BA% Ga-PSMA PET 1% 5" Lu-PSMA #%
FAIRIT I — A2y 7 Wi e B MR M RS R
KLY T B 5 1

"TLu RN AMRE M, I 6.7 d, H R 5t
() B SR S AR S, 5 S B I o] ) RUBR A1, y O
TiE A T SPECT BA%Z, H nl KB AL = | L
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FHE CT R AR L, MEsf e T, O BB R
F14) e e L ) e ATV ER R 1) 9 B R, LA 1297 — 1R
FIPEH

HEIT 7 Lu-PSMA-617 [RUAA R i VR B — 4%
AR Z MR R R AR, ME LU 2 H s
I R 2R . AT 8" Lu A#E 11 A o T, AR 5 1%
R Lu EACR AT AT . AT E T L bR
10 PSMA-617 (Y RIA7 1, I8 = it 5 ik 117 Lu-
PSMA-617 FF47 HLAEE, PPA A% 2 o i AL AE ) 1k g
i =" La-PSMA-617 7Ei2 97 WP (%) b FH T AE , £ 1F
HELR S 6 R AT T

MHEFE

LAZERAERE, FE =" LaCly( 7h E TR BRAF 5T B
B 54k 24 0F 58 B ), E 107 LaCl, (% [ 1TG 24
7)) ,PSMA-617 ([ ABX /A7) ; FHEE (LA Solarbio
FHEARA R | IEEBE (2B ol AR R AL 27 i
HRRATF]D) , U (Bl R 350 2 350 A RR

ANFD o BBUNR(72 B MRS ) 4~ 5 JElS, 1k
itk 18~22 g, PURg BRI RS SL 50 s rh 44l 52
B E A P ATIE . SCXK (1) 2018-17 , 525 4y i
FHFATIIE S SYXK (1) 2018-065 , T~ JC 455k 5 S 44
( specific-pathogen free, SPF) 2 ¥R EE H iR 3%, i 41
Pdes AR 22RV1 G [ T M 3 D8 BRAE W RHA PR
AT,

2. FESLE AR, SPECT/CT AL (3£ FE GE A ],
GE Infinia T4 X5k ) , B3GR E (high performance
liquid chromatography, HPLC) # ( H A< OSAKA SODA
oy ) TR INAARE T A% DF-101S 59 (GRS 3
FFTRRARAFD) B R 36 it CRC-25R 7Y
(bt s R A BR A A ) o y M (b
T R R A IR W) ) LK1 BSA224S #l
[ FEZRIIRL A (Abmt) A RRAE] ] & B0 AL
TGL-16B B ( L ifg e =Rl AUERT ) .

3. ""Lu-PSMA-617 (il % . #E# FE="" LuCl,
JEIRW (2 3.7x10* GBq/L) Fl PSMA ¥ (1 g/L)
%M. W58 PSMA-617 (Ffk2z 4 7 LuCl, 3674  pH
L 30085 0 207 B[] % 1 7177 Lu-PSMA-617 Ji¥ £k 4l
PSR, 8 iR IE 45 5, B 1 > Eppendorf
(EP) BHIKINA 80 wl [ 7= LuCl, BRI , PSMA-
617 VAW (10 pg, 10 wl) F140 wl ZE4H(0.25 mol/L) ,
IRA)JEHE T 100 °CHLAAE R AF 1 nH4 30 min, HUE
" Lu-PSMA-617 ARifEst I A AR H R 2 37 GBg/L
& HEE T L SRERFIRE R 250718 PSMA-617

4 R, P HPLC #6300, SR AQ C18
(5 pm, 4.6 mmx250 mm) , L& ARFS400.19% =51
LRIHAEIK (A) , TR EL 0.1% =R LRI &
i (B) VAl AH , R A EE VR (0~ 15 min: 10% ~
90% B) AR E R, WA 1 ml/min, S2HMGI 5
Wkl 254 nm, B 15 pl FE 7= Kk 107 Lu-PSMA-
617 B UE S W AT HPLC 2007, 3T 15 77
AR A 2L, 0 P8 3 I pH A

SARSMRA N EESL S P ARIC ) 7 AR BT
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ERACF I AR M 40 S 1 ml A= BEER 7K RN
1 ml FTEEMLYE , A GE &2 [ 7= s g 1177 Lu-PSMA-
617, 7EH IR A 37 C T HIKIRE ., WG 2.4.12,
24 48 F172 h J& F HPLC #EAT AL 4RI, FEMR N
FasE PEsE 2 i B 8 I /N B O L [ 7= 5
HEE 254 4 H) | REIKESS 18.5 MBq(0.5 ml) [
ot 17 Lu-PSMA-617, F 7 4t J5 5.15.30.,60,120 Al
180 min ZEHRME ML, BT AT MLIEAE & L 3 000 r/min %
TR0 S min (B2 10 em) |, 49 B 1L A i 40
JHL, D3 B S MR T I I A DK [ v ()
V(i) = 1.5 :1 1R A), #Rx [AE .0 5, 1 HPLC
XF AT R T

6. ML H F 45 A% ( plasma-protein binding rate,
PPB), M3 4~ EP 4, B H /35 mA I3 0.1 ml
F120 (29 1 MBq) i [ 7= 5 it 117 Lu-PSMA-617
WL TE 37 ClERA IR E 2 h JF& A 1 ml 2KH
@,{ﬁagﬁg/ﬂ%%@‘ 5 min(2 000 r/min, [N v
10 em) W8 BVEWR, BB 3 K, AR5 I 45 1S
WFTITVE P I B o3 il i e 1 H 4, IR 115 PPB, il
K3 EIMIE,

7. 987K 43 B 2 %L (lipid-water partition coefficient
logP) . L& ¥ BRI PE KoK PERT LU bR ic 4 19
logP WAk, B3 AN EP &, & 0.5 ml (R HIIE -
F1480 pl HEBZEZK SR J5 733N A 20 wl (29 1 MBq)
A = e g 07 Lu-PSMA-617 I& W, IR % ¥ &) )5 =
R0 (2 000 t/min,5 min, B.0242 10 em) , 5%
IR JZ K JZ 5353 B 100l , 30 25 79 4 194 45543 B i
SR, I logP , 45 S BUA(E

8. ' Lu-PSMA-617 4N H B 50 1T 51 Adea
Y 22RV1 A I35, iR E L 5 min(BOEAR
10 cm, 3 000 r/min) J& 525 W5, N A8 57 560
AR TR 5% 1 €O, ,37 CHE IR 5%
FEPREAR . CERXTEUE I 22R VT 4, i 20
I, LLZ 2x10° A~/ fLIER & 6 fLili a3, 5L
4 ([ =" Lu-PSMA-617) % 1.2 .4 h 3L 3 A i} a]
S B RLSBE 6 AN AL, X IR (E 117 Lu-PSMA-
617) [FIFEHZ B 1, #2245 5% 48 h J&, B 15 9%
M, 3545 3% W, W 2 £ 2% #h W ( phosphate buffered
solution, PBS) {F ¥ 2 ¥, MIA 2.5 ml JCIfil % 35 5%
B SRJE S A RN B AL BFL 43 BN A 0.37 MBq
B [ 77 B 17 Lu-PSMA-617 , '8 37 °C fa i A6 v 4k
SRR o A3 T R N R [ R I R AL R R
PBS 2 UK KSR MO e i A e TR bR
O B, SRJSEA 1T mmol/L NaOH 100 wl Il

T HRRE T, S & PBS vk )E, S vh ik
WRHRIC A 240 MO, DU 48 A TS e B, 1A 4
PROEE SR [ A VRO PR 150 (20 MRS 1 T4+
VR THER) x100% ] .

9. BT /NEUR N A3 A . 3 iR 40 HOEH /)N
SO R = 5 3E 12545 20 ) BEREAS 2, $E B
WU FERTE S 5 A, A 4 1 R ks 3 = sk
YEE 7 Lu-PSMA-617 (3.7 MBq,#J 0.1 ml) , T 1 4,
24 48 h 16 d JGALFE/NEL (n=4) B &/ AR
EALL, FREUTTEHI E A5 2 2 A
ANTRIESE ] A g 5 40 21 43 v 5 77 £ %6 ( percentage
activity of injection dose per gram of tissue, %ID/g) ,

10 EH /MR BAZ . BUEHR /MR 4 1, Rk
41 18.5 MBq (£ 0.5 ml) B9 [ =" Lu-PSMA-617 ¥
W, TR [ /NER, 4300 TS S 1.4.24 b ff
GE Infinia T4 MUKk SPECT/CT {X k47 A%, 4141
KA S 8. FREIE 208 keV, BIREIE 113 keV,
FERE . 128 %128, K A% 5L 3.0, BF[E] 10 min, JHCRAH
B3 A%, L b B A A g U Y Lu-PSMA-617
XA

VLRSS, B 16 HIEH /NG, MEMEAS - He b
WIECTFZRIE R 4 4, BIIE R X IRAL G b =i
SEHRH X REZH FE DRI AE BER K, S A3 | 22
#lKTE S 3.7 MBq (100 pl) . 18.5 MBq (500 wl) .
37.0 MBq( 1 ml) [H7="7 Lu-PSMA-617 ¥ , 45 J&
A /NI A BT, WIS B R R IME A
T4 JAJE A BE /0N B b I Y 3% A 100V 0 A, A A
WBC % . RBC 31%% . PLT Hb  WLET & 15 & ik 24 5t
SERLHE, WIS SUA Jo P AR AT DLk AR | BOUN R A B
L AU FEAG A

124032440 B0, SR IBM SPSS 20.0 #f4:#k1
Geit w2 o, A6 RS A B8 s RERER ] x2s 2
7, X AR CBAE AT RO ¢ K56, 432 /N BB AR I
R G I & 5 225387, P<0.05 FRR 5 H
Aot X,

# =X

1. ""Lu-PSMA-617 ()il & AT a3 6l . B 10 pe
PSMA-617, [ HAfim A 80 wl 7" LuCl, JFE K,
pH (AT 3.5 B, Anic 2803 SRR AIG i 40 wl 72
£1(0.25 mol/L) ¥ 15 pH {H % 4.5, 7F 100 °C fH 5%
PFF R 30 min BP T 45 B e bR D45 5% . 7R bR
WM T, Lu-PSMA-617 BFRiC R KT 95%," Lu-
PSMA -617404b J5 I HPLC /34T 2w , PR FE B[R] 10 min,
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Ak sl =99%, C18 HE4lifb 40 . — B A AR A Ak,
CI8 HEF= AU vE sk B8, W% pH (A3 N, C18
FERC PR B B 3, R pH A S B[R]
J N i BE X AR IC FR s L 1,

AR E M FEAS TR TR AT
FHE 7 Lu-PSMA-617 £ A R ZKCRT BT 5 1 37
PIAREEAE 72 h N ATIREFTE 95% LA b I RSP R
FEPER AT, 37 C e ML o IR AR A gy A
BRI 22 5K, 4% 7 Rk 07 Lu-PSMA-
617 TG AN AR Y, A ] B[] R 1 & 3R bR e 9
REAE (R Fa 5 , Ak 4l 7E 180 min P W] {745 7E 98%
DA b, A LA 8 A3 A AR

3. "Lu-PSMA-617 PPB Fl logP M5, =" Lu-
PSMA-617 7EK5ME) PPB 2k (35.3+5.3)%, #E 11" Lu-
PSMA-617 H (41.6+10.0) %, %3t B ™" Lu-
PSMA-617 i logP “&-2.27+0.06, ¥ 1" Lu-PSMA-617
i) logP -0.76+0.13 , R W] [E 7 F#E 1177 Lu-PSMA--
617 WYKL BT

4 ARSI A 2 B B I )8
22RV1 4R E P R 7 Lu-PSMA-617 45 I3
PIREAR, AR 1 h i, E77 Lu-PSMA-617 455
Fikfrml (7.58+0.84) % ], BEAKTF2E 11" Lu-PSMA-617
[(7.8620.96) %] ,2 025 5+ oG it# 8 L (1=-0.439,
P>0.05) .

SN A, B RE O Lu-PSMA-617
FEIEH /N B VR P9 0 A 85006 WL 3% 1 Rk 2, Bl B
[ IE 4540 B A2V NAR I o0 A B Tk A, ) 7=
T Lu-PSMA-617 £ MR Bk, 22 DB HEE

6. 1% /N Lu-PSMA-617 4% . 1% /N BUAE
TSR = A 17 Lu-PSMA-617 J5 AN i i) i 4%
EIULIE 3, G5 s i o, B e] LUA ) ™
FIHE T Lu-PSMA-617 EE 38— 5, /U FBS
TSR e SR B ., A2 2 UL S v 2R, 2 Lu-
PSMA-617 322 ' F RS L HEME

7. " Lu-PSMA-617 2 PEREMESLS:, 4541/

101
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-— SCHRAH
—— XA

N

0 i 2 3 1 24
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B2 AREAN A 22RV1 IR Lu-PSMA-617 (HEHUITZ
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0 SR /%
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AMELRN I AN R, [E77 ' Lu-PSMA-617 4541
/N BV o 2 o 25 I ) 328 7 386 hn ( F = 233,179, P<
0.01) ., 4] LR, #4541/ BRUAR B it 22 57 R ge i+
B (F=0.574,P>0.05) , % 41°F¥ WBC it4k.
RBC 114 . PLT \Hb WL A2 79 2 i 2 32 5 45 Wl vk 13
PIEIE SIS  ff )5 5 0 6 R AR L, 455
/NI B AR WS DB B 55
IR Ak AE 5 0E # 6 B8 41 /4 BRI A 2R 4T L
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B TAMRIERS KN S TO A B 24 5 R
PR 2 f 25 M SRS B 20 AR B REThAS R L
BIAR WK (K 4),
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TTou PULY B0 PO R T R R B
PRAGE BT 25 S 8K T B s W AR o8 i S AR AN
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9o ;' Lu-PSMA-617 1R PN SMaE PR, B K 12k
T TR y SR XTSI IR 2 4
T A E R R R A EEE XY H
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1 2 3 4 5 6 7 0 20

pH{&
&1

40

WwEE/C
ASFIFRIE S AT B =17 L 30 B4 S BT I ( PSMA ) -617 FRIC 28 19 52
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R 1 [HZELu-PSMA-617 1E1E % /NRAR N LE 3 H6 (%1D/ g5 xs)
IS A T 4 2 00 43 A

A E
1h 4h 24 h 48 h 6d
L 0.271£0.129 0.082+0.037 0.023+0.019 0.017£0.001 0.007+0.003
il 0.136+0.014 0.085+0.013 0.057+0.003 0.043+0.001 0.033+0.007
I8 0.329+0.129 0.115+0.012 0.039+0.005 0.033+0.001 0.020+0.010
Jits 0.544+0.154 0.339+0.334 0.064+0.011 0.038+0.004 0.034+0.012
B 3.104+1.216 0.883+0.131 0.287+0.039 0.088+0.014 0.032+0.009
B 0.144+0.049 0.135+0.028 0.035+0.015 0.022+0.005 0.012+0.001
7] 0.502+0.328 0.121+0.036 0.021+0.008 0.020+0.005 0.018+0.007
K 0.463+0.271 0.330+0.190 0.255+0.051 0.290+0.134 0.324+0.035
MLA 0.258+0.153 0.064+0.012 0.013+0.002 0.020+0.006 0.020+0.008
JIR7i3 0.552+0.114 0.122+0.016 0.011+0.008 0.010+0.001 0.004+0.001
g 0.068+0.007 0.044+0.019 0.005+0.001 0.013+0.020 0.001+0.001
PEfiR 0.277+0.111 0.076+0.012 0.030+0.013 0.021+0.008 0.008+0.004
e Y 0.246+0.052 0.135+0.079 0.068+0.021 0.034+0.012 0.021£0.011

AR/ 4 H5 %D/ g g se 8T 73T ) 4, PSMA ST S ks 57 lEHT it

Fz2 O Lu-PSMA-617 7E1EH /NSRRI P53 7 (%1D/ g5 x+s)
G A IR ] B9 A 493 A

i E B
lh 4h 24 h 48 h 6d
L 0.116+0.011 0.045+0.006 0.025+0.009 0.018+0.003 0.014+0.004
it 0.761+0.125 0.624+0.073 0.569+0.034 0.043+0.290 0.254+0.021
i 1.607+0.441 1.774+0.601 1.569+0.810 1.196+0.448 0.626+0.187
Jis 0.899+0.419 0.465+0.272 0.479+0.293 0.273+0.129 0.218+0.094
5} 11.03+6.738 0.802+0.199 0.323+0.079 0.160+0.041 0.108+0.008
H 0.263+0.056 0.095+0.052 0.056+0.033 0.041+0.002 0.025+0.007
W 0.218+0.048 0.082+0.058 0.027+0.009 0.019+0.006 0.013+0.007
Ak 0.401+0.096 0.375+0.091 0.293+0.056 0.341+0.416 0.416+0.142
MLA 0.194+0.034 0.046+0.016 0.011+0.003 0.021+0.008 0.007+0.004
JI(R7:3 0.450+0.021 0.079+0.019 0.020+0.010 0.030+0.010 0.014+0.009
ik 0.024+0.006 0.007+0.001 0.002+0.001 0.003+0.001 0.002+0.001
PEHE 0.179+0.079 0.059+0.043 0.011+0.003 0.019+0.008 0.014+0.003
W AR 0.157+0.040 0.063+0.036 0.027+0.007 0.021+0.009 0.014+0.006

TE A /N 4 R

(D)
B3 EH/NREKES 18.5 MBq [E)7=(A~C) Bk (D~ F) "7 Lu-Tii 51 B4R S5 B4 5 (PSMA ) -617 I35 1 h(A, D) 4 h(B, E) .24 h
(C, ) BAZE W] TLE PR Y7 Lu-PSMA-617 MR I0—35, /N U RUBE RO v 3 1]\

AHEZG HIT GBI TR YT AR 1T I T 22 R (9 12

"Lu-PSMA-617 J&—Fl/NVr Tk, MBOE BRI, 7. ABIEE ZBHVIRIRE T PSMA B BEBCh XS
RE 7E e P4 o E i B, R AR T S M T 12 MERTR AR IR YRR EE T LS Lu-PSMA-617 F]
JrEg T Lu-PSMA-617 BRI T 23ttt S LR A O A A AR i R 7RI
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B4 EHEIHHEA~D) STRAMK(E~H) FF(I~L) ESHE(M~P) /NS HABE (A EIM:F
D H L P i) (R ER AT ] (HE x200) . 2 BB N AN R/ | L5 D00 22 57, 35 R B B 10 A8 vk SRAE A B 41 2Bl Ay

Rty 7 A — RO, RO E =7 Lu-PSMA-
617 A4 T Z Bl rE I 55 198 fig, IR b A Bt
FEREME B IEH N I ADTSE

ARG L T B =R SE O Lu BRIC ) PSMA-
617 WRRETE A K o35 A=W 4 A | o 96 44 i 455 B
KGR LS, SR ER, B Lu v] g
UIFric PSMA-617 , bricid B ] B sk, i fbalivms . i
A% pH ESERER, pH (EAET 3.5 i bric R 0
FEAG, 11T pH (KT 5 05, 76 HPLC A 387 L™ I T
(R BRI 290 4 min) HOBR 1 AN 58 (0 i 0 | 4
DPTRE pH (B K BRI s R R 3407 L™ &
AR A AR, AR Lu-PSMA-617 1) C18
e 4l A - A5 ) 50IE . — HA AR A B, C18 4 1™
AR B HEE pH AN, C18 AR MU
BRI Z N, M ROVAR R pH (HIR E 4.5 B, 3
FRICHRaR i il 3k 999% DL b Jindtn] DLBF i s
N 100 C 244 N B 10 min AR08 RE 5 E]
90% LA 1,30 min MFRICFRET 99%

H AT Lu 76 FO TG BE R A% 4005 55 58K

;BUF N5 CL.G KO0

LESHEA L A, B AE E] 99% L) 1, HAR
AR RS pH Y530 La A2, ARWF5E R
MIbRic L&Y HA R RN SR, 72 h INFE
ZAMR R PR FRTE 95% L) b, i LURTE =" Lu
FRic YRt — 8, A e 2 S /W 5
25, FERNB RS CR R AR, R WL AT T 44
27, PR Lu-PSMA-617 SEK PR R I PR 4
7%, I%T%ﬁﬁnﬁl i ¢ %, B 2 80K 5 327 0
RIS, A HCSE I R T2 S YA R4
JRE R I, A= A B OE /D BB AR R R LB
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