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Abstract: To develop novel technetium-99m-labeled thymidine analog for tumor SPECT
imaging, two *’Tc™-labeled thymidine analogs (% Tc™- ANMdU and *“Tc™-NHT) were
synthesized. " Tc™-ANMdAU and * Tc¢™-NHT are stable in aqueous solution and radiochemical
purity are over 95%. Biodistribution of * Tc¢™-ANMdAU in tumor-bearing mice shows that the
high uptake of ¥ Tc™~-ANMAU in kidney and the clearance is fast. At 60 min p.i. , the ratios
of tumor-to-muscle, tumor-to-bone and tumor-to-blood are 1.58 £0.17, 1.95 =+ 0. 31 and
1. 1740. 08, respectively. Biodistribution of * Tc™-NHT in mice shows that the high uptake
of “Tc¢™-NHT in liver and kidney, indicating that the clearance of  Tc™-NHT is mainly
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through the hepatobiliary pathway and the renal pathway. At 2 h p.i., the ratios of tumor-
to-muscle, tumor-to-bone and tumor-to-blood are 4. 414-0. 32, 2.4540. 24 and 1. 5140. 18,

respectively.
agent and further study is needed.
Key words:* Tc™-labeled;
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These indicate that * Tc®-NHT is probably a potential SPECT tumor imaging

thymidine analog; biodistribution
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FESHE-1- O WS - (B O A R
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min B.05 minBH B AR 46 L A5 1R TR
0.09 g, EIARICHIA NHT, %% 68. 7%,

1.2.3 “Tc"-ANMAU F1* Te™-NHT f4# % B
30 pg brid Hi & CANMAU 5% NHT)., i F
30 pLZWE A 80 pL 10 g/L 4 B Bl B2 44 %5
.80 pl 10 g/ & Z W& WU LRV WL W15 pl 5 g/ L
SAL W TN A 1 mL (74 MBq) = 453 1% 8
WRPE (Na™ TemO,) B 1 $25) J5 F 100 °C i #4
30 min, ¥ H G sURE - DL SR ok Fie 155 R 2R A4 L R/
NG/ HEEGRRLE N 3 1+ DOREIFHI.

1.2.4 “Tc"-NHT WfaE o il 45 15 2
% Te"-NHT i 0. 22 pm /) 70 5 98 M5 61 %
“T"-NHT & 405 F 0.1.2.3,4.5.6 h jil]
TE TS A2 B

1.2.5  JiF9 HepA 8 B S 25 FlIBCOR A/
SR AA P I8 HepA K, FHAE BER K W B 4 i .
B 0. 2 mL /KW (24 22X 10° > Fif e 4 i) 28 2
TS RN TN B A ETRRCT L O i R —
FEAT R AR 0.8 e 5 F — 525,
1.2.6 “Tc"-NHT IE#H/NRMAK A B ICR
AINEL25 Rk 5 LA 5 R & R ki
0.2 mL(3.7X10° B)” Tc"-NHT, 4 3l F 1 55
5.30.60,120,180 min W73k 4b 36 M ) B A% o
Jip g <O S JHF BG4 U 8% o R S 0 R P
Bt B A H R

1.2.7 "Tc"-ANMAU #1 % Tce™- NHT 1E T &
HepA 8 BUAN 70 A B Bl 25 R4 5
H.BH S5 H, &R MKES 0.2 mL (3.7 X
10° Bq) * Tc"-ANMAU (8" Tc"-NHT) , 43 3| F
SIS 5.30.60.120.180 min Wik ZbFE . i 5 H
HE IR SR O LR A A U L PR SRS 0
SEET R T B A e S E R R R

2 FRWITR

2.1 NHTHIE K

DL B-Ha 1 ke 1 BRORk L 28 2 8 O A A E
PRICHT A NHT, 5 s 34. 68%

&Y 1B MSGm/2): 479 (M+ H), 501
(M+Na),' H NMR (CDCl;, §): 8. 22 (s, 1H),
7.93(t,4H),7.29(t,4H),7. 26 (s, 1H),6. 43~
6.48(Cq, 1H), 5.64 (d, 1H), 4. 64 ~ 4. 81 (dd,
2H),4.52(q,1H),2.70(m,1H),2.43(d,6H),
2.28~2.33(m,1H),1.62(s,3H),

EY 2 ) MS(m/z):611,613(M+ H),
633,635(M+Na) ,' H NMR(CDCl;,8) : 8. 25 (s,
1H),7.25(m,4H),6.85(m,4H),4.01(s, 1H),
3.89(s, 1H), 3. 76 (s, 6H), 3.70 (s, 2H), 3. 68
(m,2H),3.40 ~3.48 (m,4H), 3.30 (s, 2H),
2.50~2.61(m,4H),2.28~2.38(m,2H),1. 82
(m,2H),1.60(m,2H,),1. 45(m,2H) .

WEY 3 MSGm/z):1 009(M+H).,'H
NMR(CDCl, , §): 8. 23 (s, 1H), 7.93 (q. 4H),
7.22~7.23(m,8H),7.20 (s, 1H), 6.83 (m,
AH),6.49 (m, 1H),5.62(d, 1H), 4. 64 ~4.78
(dd,2H),4.51(d, 1H),3.89 (s, 2H), 3. 86 (s,
2H).3.78(s,6H),3.66(d,4H),3. 32~3.42(m,
4H),2.69(dd,2H),2.49~2. 60 (m,4H), 2. 42
(d,6H),2.22~2.32(m,2H),1. 64(s,3H),1. 56
(m,4H),1.33~1.37(m,2H),

EY 4 ) MS(m/2): 773 (M + 1), 795
(M+Na),' H NMR (CDCl;, §): 8.32 (s, 1H),
7.33(s,1H),7.22(m,4H),6.83(m,4H), 6. 65
(t,1H),6.16 (m,1H),4.58(m, 1H),3.98(dd.,
2H).3.93(m,2H),3.89(m,2H),3.78(s,6H),
3.65~3.68(m,4H),3.32~3.42(m,4H), 2. 49 ~
2.62(m, 4H), 2.42 (m, 2H), 2. 25 ~ 2. 32 (m,
2H),2.22(m,1H),2.05(s, 1H),1.91 (s, 3H),
1.65(m,4H),1.35(m,2H),

AW 5 B MSGn/2):533(M~+1),555(M+
Na).' H NMR(CD30D, 8 : 8. 25(s, 1H), 7. 82 (m,
1H), 6.31(t, 1H) , 4. 37 ~4. 42 (m, 1H) , 4. 16 (s,
1H),3.97(dd,2H), 3. 92(m,2H) , 3. 73~3. 80 (m,
2H),3.61(m,2H),3.5(m, 1H),3. 33~ 3. 43 (m,
4H),3.22(m,1H),2.59 ~ 2. 73 (m, 4H) , 2. 42 ~
2.53(m, 2H),2.16 ~2.33(m,2H), 1. 91 (s, 3H),
1.58~1. 74(m,4H),1. 35~1. 42(m.2H) ,

2.2 “Te™-ANMAU F1%” Te™-NHT # %l &

P Te™-ANMAU F1% Te™-NHT [ #5ic R
KF 95%., B AKM R fH N 0~0.1," Tc"-
ANMAUH RAE N 0.6~0.7," Te™-NHT 1y R
{H M 0.5~0. 6,

2.3 “Tc¢"-NHT e e 1

ZPREY]LY Te"-NHT 6 h WA E . BUI L2
4 AR KT 93%,

2.4 »Tc¢"-ANMAU B HepA FERE RN 5%

Mz 1 PR, Te™- ANMAU 7& B Bk A 9 7805
PRSI = B DU o U I HL R 0 B AR
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H* Te™- ANMAU FE& P9 935 BRAR DL BF 555 e
FMLAY 5 min B A S PE SRS 60 min B ECHHPE
B EAB 4 0k 4. 22.3. 13,4, 21 il 12. 06, 31X
5 Te™~ANMAU £ IE & /N BAK N 73 i A —

Y Tem-ANMAU 7 4f 60 min J& » far 8 B4
JIe P TS S 5 UL PR R AL P TS S e e B
FLAE A B B m A, 43 3y 1. 5840, 17,1, 95+0. 31
1 1.172£0. 08,

1 Tc™-ANMAU 7 faf 88 (Hep A) /N BRAK 9 43 11
Table 1 Biodistribution of * Tc™-ANMAU in tumor-bearing (HepA) mice
R B T2 2T 43 7 5 ) i 28 (Percentage of the injected dose per gram of tissue mass) /(% ID « g 1)
(Organs) 5 min 30 min 60 min 120 min 180 min
Jigi ( Brain) 0.37%£0.02 0.12%0.02 0.05+0.01 0.02%£0.00 0.01%£0.00
> (Heart) 4.57+0.47 0.97+0.07 0.28+0.03 0.11+0.00 0.06+0.02
JF (Liver) 6.034+0.49 2.64+0. 44 1.4340. 24 0.9340. 15 0.47+0. 21
% (Spleen) 2.8140.18 0.61%0.08 0.24+0.05 0.07+0.01 0.03+0. 00
fifi (Lung) 5.08+0. 30 1. 3640. 08 0.55+0. 34 0.294+0.02 0.21+0.03
B (Kidney) 18.08+0. 64 6.91+0. 45 5.77+1.78 1.9740.08 0.88+0.03
H (Stomach) 2.5540. 28 0.50%0.13 0.22+0.94 0.144£0.06 0.07+£0.03
/N (Small intestines) 3.824+0.72 2.68+0.28 1. 5740. 05 1.2140.07 0.33+0.13
iz it (Bladder) 8.00+0. 83 3.64+0. 60 1.9040. 13 0.88+0.13 0.19+0.02
983 ( Tumor) 3.0340. 31 1.0340.09 0.41+0.02 0.174+0.03 0.06+0.01
LA (Muscle) 2.65+0. 31 0.67+0.19 0.26+0.18 0.12%£0.02 0.06+0.01
‘i (Bone) 1.7540. 28 0.46+0. 14 0.21+0.09 0.11+0.05 0.08+0.03
1fil. (Blood) 4.22+0.73 1.0640. 16 0.35%+0. 26 0.17+£0.01 0.10+£0. 02
frgg / LA (Tumor -to-muscle) * 1.14=+0. 24 1.5340. 36 1.5840.17 1.4240.01 0.99+0. 22
983 / & ( Tumor-to-bone) * 1.7340.12 2.23+0.54 1.9540. 31 1.5540.42 0.74+0.04
Jif987 / 1 ( Tumor-to-blood) * 0.7240.05 0.9740.09 1.1740. 08 1.01+0.12 0.61£0.06

¥ (Note) :n=>5; * i 4K 1(Unit is 1)

2.5 *Tc¢™-NHT 7£ IE & /N 5 F0 BF /& HepA 1598

UTem-NHT 78 1E 5 /N B I HepA fir 98
RN ma RINAF 2. £3, HE2.3 ATH:
Tem-NHT 7 1E 5 /)N BRI 07 988 B P JFF O
IFE T 17 5 S P R B A R U B OHC 32 B N E A
B Q5 Te-NHT 784K N 1 15 B AH X 12
FE A7 88 B L B L I IDE R I A9 5 mind B (9 ik
SEVESE IS 60 min B O 1 48 Y TG AR 23 0 A
1.55.1.28.1.83 F1 2. 02, fk F*° Tc"-ANMdAU
FEA PR TS BR B (4,220 3.13,4.21
12.06) A5 F-FLT 7E /N B N 19 38 B 1 B2 4%
W, (EAFE R L Ten-NHT 7 g A 1
TSR P B B A v . HLAE 60 min I3k B 5K X S
PRI Ay AL e 20 P 4 5 LG R %, 5 P F-FLT 76 8
JUE R B S 1 A B i A — 8 .Y Tem-NHT
TESRT 120 min Ji5 . 47 88 UK P i 968 9 750 20 2 58 B

5 WUIA L A S R LAY L s B A
.4 4.4140.32.2.4540.24 f1 1.51+
0.18, & T F-FLT i 4f 60 min 5 M S5 ILA .
‘R P RS B R AEL 1L 53,0, 47 (1. 48,
2.6 it

IATHEAR AR R Tem AR 10 M 1 1 242 9 1E N
i 98 AR R0 0 T F) L B A S 2004 4F Zhang 455
Xt 27 - B AR-2 - AR IR B 5 AL AT A8 M 5 R
M5 N2S2 fil £ 5E . 59 T AR R oA
A2% s R EHE2E A BE Ol 98%6 . 2007 4E45 45 B SCHk
A 57 Tem b ic g 1 77 4£ 9 B9 9F 5 . 20 Teng
SEU B Y 37 6 1 AT A8 e Uk 3 A Bk e
(HYYNIC) FHH: Al e 3 — & 7 17% Te™ dric UMk
SRR RT 9700 . 33k 1 g SCHR AR R T8 A A A
07T S 0B AR W2 B PR A B A% . Celen %55
X H A N-3 7 R4 1 3 2ok Y 6 3% 4 N2S2 T
U T Tem pRic i 2R A ROR, 2807 Te"brid
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R EE A A 00 e R CTIO B9 R AP R, AR BPAOSR A . S USRI AT RE i B A 45 H 5 Te™ b
ZE IR s ORI - Desbouis S5 BF S & L. 57 L #EAT GO RE M 22 ) 1o BE B L™ Te ™ A 1 ik P RS K/ 4
M RS Tem A5 TKGMR B RT A A TK SR AR R R k.

22 Tc-NHT 78 IF % /N BAK 7 2 Ai

Table 2 Biodistribution of * T¢™-NHT in normal mice

2R T3 75 4 4L 201 59 7 4 % (Percentage of the injected dose per gram of tissue mass)/(%ID« g~ ')
(Organs) 5 min 30 min 60 min 120 min 180 min
it (Brain) 0.34-0. 06 0.12+0.02 0.10+£0. 01 0.08+0.02 0.06-£0. 02
> (Heart) 3.27+1.09 1.424+0.22 1. 3040. 29 1.2240.28 0.52+0.12
JF (Liver) 30.4441. 29 24.60+1.42 21.7241.28 17.06+2.05 13.97+1. 48
% (Spleen) 4.78+0. 84 5.74+0. 82 6.25+0.10 4.36+0.70 4.16-£0. 96
fifi (Lung) 7.52+1.01 4.60+0. 66 4.57+0. 65 2.59+0. 60 2.14-+0.52
% (Kidney) 25.43%1. 44 20.60£1.51 18.87+0. 87 18.33+£1.74 10. 45+ 2. 46
H (Stomach) 1.6140. 40 1.2040. 19 1.1940. 21 1.0740. 31 0.56+0. 05
/i (Small intestines) 2.344+0.47 2.17+0.71 1. 5340. 50 1.0240. 20 0.44-+0.16
2 bt (Bladder) 3.75+1.11 1.57+1.10 1.5640. 13 1.4140. 20 0.62+0. 26
HLIA (Muscle) 1.1140. 16 0.66+0.11 0.42-+0.07 0.28+0.06 0.15+0. 04
‘H (Bone) 1.4040. 25 0.82+0.19 0.62+0. 14 0.527+0.11 0.37+0.08
1fi. (Blood) 7.454+0. 89 3.10+0. 84 2.99+0. 61 2.64+0. 64 1. 1040. 26

1 (Note) :n=5

# 3 PTc"-NHT 7278 (Hep A) /N ERAR 9 43 1
Table 3 Biodistribution of * Tc™-NHT in tumor-bearing (HepA) mice

R 53 75 41 R 43 T 557 B 3R (Percentage of the injected dose per gram of tissue mass)/(%1D« g~ 1)
(Organs) 5 min 30 min 60 min 120 min 180 min
I (Brain) 0.29+0.02 0.19+0.05 0.10+0. 03 0.09+0.01 0.07+0.01
> (Heart) 2.0940. 42 1. 6440. 46 0.90+0. 26 0.69+0. 13 0. 65+0. 08
JTF (Liver) 28.10£0. 45 22.23%£0.66 18.11+£1.75 15.22+1.70 11.25+0. 46
8 (Spleen) 5.26+0.63 3.51+0.71 6.334+0.85 4.327+0.98 3.9940. 90
fifi (Lung) 7.024+0.76 6.89+0.53 5.2440.23 4.614+0.95 3.89+0.70
% (Kidney) 20.17+2. 80 18.39+1.72 15.80+0. 76 15.69+1. 39 13.46+1.95
B9 (Tumor) 1.6940.52 1.5540. 37 1.5740. 22 1.5940.51 1.4940. 22
H (Stomach) 1.5740. 16 1.3540.49 1.2040. 13 0.93+0. 27 0.73+0. 33
/i (Small intestines) 2.41+0.11 2.22+0.29 1.7840.17 1.1540.05 0.92-+0. 37
B2 Bt (Bladder) 2.8240. 46 2.74+0.53 1.5440. 21 1.3640. 24 0.82+0. 33
WL (Muscle) 0.78+0. 13 0.55+0.17 0.40+0. 07 0.3640.13 0.28-0.05
H (Bone) 0.97-+0. 05 0.85+0.29 0.72+0. 10 0.65+0.07 0.52+0.09
1fi. (Blood) 3.6240. 87 2.45%0.61 1.7940. 50 1.05+0. 18 1. 0040. 08
98 / LA (Tumor -to-muscle) * 2.1840. 34 2.80+0.33 3.9140.37 4.414+0.32 5.3740.65
988 /& (Tumor-to-bone) * 1.7540. 50 1.8240. 15 2.17+0. 23 2.45+0. 24 2.41+0.29
Jip 98 /1. ¢ Tumor-to-blood) 0.47+0.04 0.63+0.03 0.87+0.13 1.5140.18 1.2940.17

¥ (Note) :n=>5; * 4K 1(Unit is 1)
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ANMAU Z248 5 120 min Hf 55 v 5 5 5 24 45
YA w8 o TP TR 0 UL P B B i 1 50 S 4 AL 53 50 Ry
4.41 + 0.32, 2.45 &+ 0.24 1 1.51 + 0.18,
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