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ABSTRACT

Lutetium-177 (T42=6.71 day) is an adequate radionuclide for therapy, which has both beta emission
(Emax=497 keV) for therapeutic effect and gamma emission (113 and 208 keV) for imaging. "Lu labeled
ethylenediamine-N, N, N, N-tetrakis (methylene phosphonic acid) (EDTMP) and 1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraaminomethylenephosphonate (DOTMP) have been proposed as radiopharmaceuticals for
bone pain palliation. In this study, we compared radiochemistry and biodistribution of 7 u-EDTMP and
""Lu-DOTMP. EDTMP and DOTMP were synthesized, and 1 mg of each was labeled with *"’Lu at pH 7~8
with high efficiency (>98%). For comparative biodistribution studies, ""’Lu-EDTMP or ""’Lu-DOTMP were
injected into ICR-mice through tail vein, and then biodistribution data were obtained as percentages of in-
jected dose per gram of tissue (% ID/g). Urine excretions of both agents in mice were checked for 7 days.
Rat images were also obtained after injection of ""’Lu-EDTMP or ""’Lu-DOTMP. "’Lu-DOTMP (100% at
1 min) showed faster labeling than ""’Lu-EDTMP (100% at 30 min). Both of them were stable at least for
21 days at room temperature. High bone uptakes were found for both ""’Lu-EDTMP and '""Lu-DOTMP:
38.0 and 34.1% ID/g at 3 hr, respectively; and 33.2 and 18.8% ID/g at 7 day, respectively. Rapid ex-
cretions to urine were found for both agents ("’Lu-EDTMP: 56%, "’Lu-DOTMP: 63% at 1 day). Other or-
gans showed very low uptakes. Rat images of both '""Lu-EDTMP and ""’Lu-DOTMP showed high bone
uptakes and low soft tissue uptakes. In conclusion, both '""Lu-EDTMP and '""Lu-DOTMP showed high
potential as bone pain palliation agents. "7Lu-EDTMP showed higher bone uptake and slower bone clear-
ance in mice than those of '"'Lu-DOTMP. J Radiopharm Mol Probes 1(1):53-61, 2015

Key Words: Bone pain palliation, Therapeutic radiopharmaceutical, '”’Lu-EDTMP, '”’Lu-DOTMP, Biodistribution

Introduction

A AetolLt ek £l
2121Q) Wlo]2 Qlste] WAVSH: We] B oakat X
ol glojA] Fast

e el st

Hog we gAiEo] Thojala
B20] 243} ARl 7t AEEoke] gejo] Wasit

RISIZ WAo| 7 ot kel

AHEL B

os1o =2

A&7t o2 Al
Al Fofshs A2H WES
L7k &xke] 4] e AAAA FrK1-5).

ol FSAEE YAMIHFT 2R P-32 (60) (Epma=
171 MeV, Ty=14.3 d), Sr-89 (7.8) (Egmw=1.41 MeV, Tyi=
50.5 d), Sm-153 (9-12) (Egmac=0.81 MeV, T»=47.26 h), Re-186
(10,13) (Egru=1.07 MeV, Ty1=90.64 h), Re-188 (14,15) (Egmu=

P ofe] 7bA epgEape of

o 7HaAl7)a

A T sheltt. wol S5l 1
7] wiZol

Amolls AEAS AGF il opeh MAMA 212 MeV, Tu=17 h) 5 Thekat WAMIEGI4TE A8
= 2R, oetey @ sa0] Dasv|E sk B th o5 27 ned Bod, AASYE 548 7}

Received February 6, 2015 / Revised March 30, 2015 / Accepted April 1, 2015

Corresponding Autor: Jae Min Jeong

Department of Nuclear Medicine, Seoul National University Hospital, 101 Daehak-ro Jongno-gu, Seoul 110-744, Korea

Tel: +82-2-2072-3805, Fax: +82-2-745-7690, E-mail: jmjng@snu.ac.kr

Copyright (© 2015, The Korean Society of Radiopharmaceuticals and Molecular Probes

www.ksramp.orkr 53



Young Soo Chang, et al

. =

Ao HA = 5 of7] 7HA] ©Ao) UEk78). e
YL T MRed} MRe> A RGO Aot wepilat
Pieh Rt oIS Al WESH S4jo] Sl
T3 "PRe®] 9 "W/ Re generator] 7T} Bl Eo] AL
of o7} ZrhEolck 2] AR AL WA E Sl
2 "®Reg, J9Jx}E phosphonate -&-0]-2(hydroxyethylidene
diphosphonate, HEDP)-& A[2-3F HIALA] O] 0F2-9- 7l il5} o]
ol Ho] 7k TS BR1TH v STk, et “Re
TR WEEE WER YR 7} ol F5EA THsA o]
et

2E o835 M| AYito] Hsdted, Tug &
2 278 WA OJOFE Auto] I Qi

HR]Z-]O]OP EZ 0-1;(1]_9_ H]—A]-/K—]_,]O]: _4 HHH;{].E 0:1
2 7}A] polyaminophosphonate7} A A E ) o™, E3]| H
E} A Hr&E o] ¥ X]%¥ HEDP, EDTMP (ethylenedjamine—
N,N,N',N'-tetrakis[methylene phosphonic acid]) 5= W] &
= aFes HaAd 4 Q& EiE | Sl
(10,15,17,23). Cyclic polyaminophosphonater= 3-AF8t H| 31
2uth dejstd o obysin, ke ds] flashs u)
gt o & ARith(23-25). Ftole
aminophosphonate®] d<£91 1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraaminomethylenephosphonate (DOTMP) -5-©] W
T ARG AP oeREL R Yol alsol AR
tH26).

o] oA Lu-EDTMPL} 7 Lu-DOTMP & 7}12] 3}
TEel EAZAL VYT AHEOIN Aol
Afo|2 vitsto] Mt S4at WOl B2 oAl WA
ooz Austna sHck

AJRE A=

Cyclic poly-

Lutetium-1772 2| 28 HF o2 2| A7)« &
Ao Vu B A ofoRE o] A At sl Materials and Methods
(16-22). "Lu A7 ERAAIE dorlA g H=o
HIERA (176 keV [12.2%], 384 keV [9.1%)], 497 keV [78.6%)) 1. EDTMP2t DOTMP2| $tA
S vFE3h, ogxo o] 7F53t ZHbAl (113 keV [6.4%), 208
keV [11.0%])S EA|o] W23}, 6.75 Al E2]4 ¥zl7] EDTMPS} DOTMP Z+2k-2- B30 Bis S 2z
© Augor sty E3h S A58 A= sht 3to] A5+ ©. v (Scheme 1), THIFH BgHE-S 'H-NMR
O, __OH
“OH
" 5 Ho.., Lo
AL S G HCI, H,0 NNV N
W OH HO”H"OH reflux ) '\O
HO\p OH
N\
HO ©
EDTMP
HO
/\ I L-OH
NH HN o o HOp— /R
() +a v 4 §  _Hamo W N ONLTO
NH HN H H HoFom reflux [ ]
—/ HO >N N OH
P/ NP
(6] 1 "OH
DOTMP

Scheme 1. Synthesis of EDTMP and DOTMP.
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(AL 300 FT NMR spectrometer, JEOL Ltd., Tokyo, Japan)3}
mass spectrometer (ESI MS) (PI-3000 Spectrometer, Biosystems,
Barcelona, Spain)& 1 +%& SkQ15}%iTh

EDTMPQ] 3L B35S 2bzsto] thoa) o] a1t
(26). Phosphorous acid (27.28 g, 332.78 mmol)& =3} %3}
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Figure 1. When the reaction mixtures of "’Lu-EDTMP (@) and
""Lu-DOTMP (A) were incubated at room temperature for different
time periods and checked the labeling efficiencies at those time points.
Lu-177-DOTMP showed faster labeling than "’Lu-EDTMP.
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Figure 2. The effect of variation of pH on complexation yield of
"Lu-EDTMP (@) and "’Lu-DOTMP (A) at room temperature was
studied by varying the pH at the reaction mixture from 2 to 9 using HCl or
NaOH solution. Maximum yield of over 99% was observed at pH 7 for
both of labeled compounds.
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2|2 o] A AES Y pH 20& g4lsh7] fIst
o] HRSolS 0.1 N HCl 3-8 0.1 N NaOHE A}-8-51¢] pH
= 243 T Yy B FELL sHlska) Lu-EDTMP
o} "Lu-DOTMPL pH 7 o|Akoll 4] 99% o]Are] ZA|F-&
< YEbtHFigure 2).

HjAke] o e HA LS SIS A, V-
EDTMP+= EDTMP9] =% 7} 5 mg/mL o] Aol A 95% o)A}
o] A &S vERyow, VLu-DOTMP2] 7-91= 3 mg/mL
O ALof| A 95% o]A}e] BR|EE8-S LIEFHTHFigure 3).
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Figure 3. Effect of ligand concentration on labeling efficiency of
""Lu-EDTMP (@) and '"’Lu-DOTMP (A ) were checked. Ligand con-
centration was varied between a wide range starting from 1 to 20 mg/mL
for EDTMP or DOTMP. It was observed that over 95% complexation
were achieved with 5 mg/mL of both ligands.
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Figure 4. The stability of "”"Lu-EDTMP and ""Lu-DOTMP were tested
by incubating the preparations at room temperature. Both of
""Ly-EDTMP (@) and "’Lu-DOTMP (A ) showed high stabilities.
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Table 1. Biodistribution of ”’Lu-EDTMP in Mice

Orgen % ID/g

3hr 1 day 2 day 7 day
Blood 0.02:0.01? 0.010.001 0.00+0.00 0.01+0.01
Muscle 0.37+0.08 0.41+0.08 0.33:0.22 0.42+0.14
Fat 0.02:0.01 0.010.01 0.010.01 0.02:0.00
Heart 0.040.00 0.040.01 0.03£0.01 0.040.02
Lung 0.06+0.00 0.05:0.01 0.04:0.01 0.05:0.01
Liver 0.09:0.01 0.08+0.01 0.10+0.01 0.13+0.02
Spleen 0.04:0.01 0.06+0.01 0.070.01 0.120.01
Stomach 0.18+0.07 0.08+0.02 0.09:0.02 0.05:0.03
Intestine 0.13+0.03 0.05+0.02 0.11:0.03 0.04+0.03
Kidney 1.50£0.22 0.57+0.04 0.45+0.02 0.15+0.02
Brain 0.02:0.01 0.030.02 0.02:0.01 0.02:0.00
Bone 37.98+7.21 39.53+8.66 35.38+3.94 33.22+6.39
#e, ID/g, mean+SD.
Table 2. Biodistribution of "’Lu-DOTMP in Mice

% ID/g

Organ 3hr 1day 2 day 7 day
Blood 0.03:0.017 0.01+0.00 0.00+0.00 0.010.01
Muscle 0.34+0.05 0.31:0.05 0.21+0.13 0.2210.11
Fat 0.02:0.01 0.24+0.44 0.02:0.01 0.021:0.001
Heart 0.03+0.00 0.03:0.00 0.020.01 0.0210.011
Lung 0.07+0.01 0.03:0.00 0.02:0.00 0.0210.011
Liver 0.080.01 0.05:0.01 0.07+0.00 0.041+0.011
Spleen 0.04+0.00 0.04:0.01 0.03:0.02 0.05:0.01
Stomach 0.05:0.01 0.03:0.01 0.08+0.03 0.02:0.01
Intestine 0.11x0.01 0.05:0.02 0.07+0.04 0.04:0.02
Kidney 1.85+0.62 0.81:0.13 0.57+0.18 0.16+0.04
Brain 0.02:0.02 0.010.01 0.010.01 0.01:0.00
Bone 34.11+4.47 24.95+3.71 24.96+4.24 18.78+2.94
Imean=SD.

ZFAsleHe] w2 BelslgithFigure 4). ' Lu-EDTMP2} Table 3. Accumulated Excretion Amount through Urine of '”"Lu-EDTMP

7Lu-DOTMPL = 21007h2] AFgd3] obAst #o& 1} and "’Lu-DOTMP
- %ID
R Day 177L0-EDTMP 177Lu-DOTMP
1 55.7+7.1% 62.8+3.0
3. OFRAN|IA Q] AL 2 2 55.9+7.1 63.7+2.9
3 56.2+7.1 64.5:2.9
) 4 56.4+7.2 65.1£2.9
"Tu-EDTMPR} 7 Lu-DOTMPS] AUEZES H|w5}7] ; 569473 66326
o] upe-AE o] §sto] AAHEEZ AFS A7H 4 I meansSD.
2 AABFAtH(Table 1, 2). ""Lu-EDTMPS} ""Lu-DOTMP
W= 3A 7ol WS A LJg Ao mE AT]oA AHE B THp=0.36). Hhdo] "Lu-DOTMP= 341 7ko] &3 WA F&
o]x] ¢kgkth. 3x7ke] W A7} Lu-EDTMP= 38.0+7.2, < Holal HA} TAste] 79 Soll= 3AI7F A oF
"Lu-DOTMP 34.1+4.5% ID/go] ¢, 74 o= "Lu- 45%7} 7+28FETHp=0.002). 'Lu-EDTMPE ""Lu-DOTMP
EDTMP= 332464, "Lu-DOTMP= 18.842.9% ID/go] it o} v WBty-S |, 3A]7Fe] W & F Zjolr) ¢lole
YLu-EDTMPE= 1of| 211 w83 Jehyiglont, 34] WHp=040) AAEE= &&= o =H7Y WAAHE 2]
ZHoll A 7U7HA] FAF O R oI5t WSS HolR|= &t p=00D)E & o= AUk

www.ksramp.orkr 57



Young Soo Chang, et al

3hr 1 day

2 day 7 day

Figure 5. Rat Images were obtained after intravenous injection of
""" Lu-EDTMP (about 111 MBg) through the tail vein of SD-rat by using
gamma camera (LEN, SIMENS) equipped high resolution parallel
collimator.

Ao okt AHE Hole AL AFshA @E
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Fo 2 FAEc) o= wiAdE ko] ¥ibeo R eI
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1209ke] Lu-EDTMPL] 7-$55.747.1% ID, "”'Lu-DOTMP-2
Eoj2Fo] 62.843.0% ID7} k2 v T, 1 o]& ofF
ZFo] ZHo] ot ey F RAMd ook o] *17&°ﬂ
w2 ufdEFo] ZUkel AR7He] 2ol EAFoR &
oJatA] gktrt.
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Figure 6. Rat Images were obtained after intravenous injection of
"Lu-DOTMP (about 111 MBq) through the tail vein of SD-rat by using
gamma camera (LEN, SIMENS) equipped high resolution parallel
collimator.

Discussion
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o} cyclic MRS AREEE Lu-DOTMPE] A9l 55 5o) A
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EDTMPS} DOTMPS] 2744 Ly ZX &8 23S &
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(Figure 3). 2|4 FAZAL 0]-3lo] P2 "Lu-EDTMPS}
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Ao g yeyith (Fgure 4). o]4¢ ZA¥t= EDIMP7}
DOTMPX.t}h Exlé}btﬂ A|7to] = ¢ QF7E 7= A9t
A EE YA 7 3RbEe] fARRS Uehdohar
3t 2= 9)t}h Ando 50| B118K17) Lu-EDTMPS} Das 5
o] H13K26) Lu-DOTMP E3} =& HAF&7} AL
BHIA] 23 o4t It Fo|E =2 AR EE
ER et 2L} Chakraborty 5-9] ®i1oflA] "Luo] A
¥l EDTMP®} DOTMP+= pH 7 o5l A& Hat 27ofA
29 olyjol AgeFel a7t vpehd, "Lu-EDTMP7}
7Lu-DOTMPRCE B2 RS W QIrkal s}9Irh29). o=
7Lu-EDIMP®} "Lu-DOTMP7} 27}e] Z A =& %
A fE2 Kol E4(Figure 2) o= Q19 pHO| E4dof ¢
gk geFor Helrh

"Lu-EDTMP2} "Lu-DOTMP2] T}-&-A o A 2] A&
AHAT} (Table 1, 2)= B5F 3 Aol 2 WAdHE&S &
L Aoz yepgon, "Lu-EDIMPS} ' Lu-DOTMP2] 1
AFEe SAZ R 2ozt Iockp=040). "Lu-EDTMP
o] 749 7ol A9 mAd e 3AIZE] dHET Fogt
2ol 7 1%Lt (p=0.36), "Lu-DOTMP2] Z$-= 7%0] 3
AIZE A F & 45%7F AAES T 4 ik Hhdof
Chakraborty 5-2] 3F|E o] 83t AHREEFAT AolA+=
"Lu-EDTMP7} "Lu-DOTMPX.T} oF7} =o mﬂ@%g
ojr o] A& 7UXF AL W37} Glickal Harskelrh(29).
olg|gt Au=2 A=Y S e Ak Aol
of 2 JFS F o A+ Hart I3 veRdch

AFEA 92 WAFE o] iR AE Fl 1Y o]
el A== Aoz FAEr) (Table 3). Das 52
3 Lu-DOTMP2] ¢k 50% ©]AFo] 12 o] ujof], Chakraborty
=2 20§t "Lu-EDTMPS} "Lu-DOTMP] 36-40%7} 30
= ool A Fel WA sl AR ALkET L B
Sk v} 91tH26,29).

"Lu-EDTMP2} "Lu-DOTMP2] BHE 0] JALS. = HEA}
OFE LI 3A1ZF o[ o]l o] HdFEo] ol =
o 4= Q) Slch(Figure 5, 6). A =S o83 A&
33} GAAE A= Lu-EDTMPS} Lu-DOTMP
W7ot BSARRE B2 ThsAdo] ASE AlAkgH
o} 28y AR E2AES 3 WAdHE AAE 2
L omAo|qt B2 X 7E WA oekE o 2 Y Lu-EDTMP
7} "Lu-DOTMPETE & T F& AUFEHE Eelcka &
= Qi

A 7E PAMIO RS oA A8 HeliAle
AWgAwFel] tigh A7 & o Qs A E2
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Mgl A7) 9 AT S0 G Bl
3, 58] B4} AAE AP elokE A Ro A o] Fole
(o] ar

o] "Lu-EDTMP2} "Lu-DOTMP] 2

Conclusion

7Lug EA8F EDIMPS} DOTMPE 3H4gatal o] & 7}
2| 3R] HApEksty B4 9 AdE =0l AWz
2jolE vlwstgrt 1 A7 7 u-EDIMPS} 7 Lu-DOTMP=
Hi 912} 5= 7} 5 mg/mL ©J4L, pH 7-8, Al-2-oflA] 3027t vt
2 P o w2 FATES YeRH O, A2HA] 21
A7) QFAFIATE TR AEEAS AT, Lu-EDIMPR}
"Lu-DOIMPE R 2ol 3 34710 WE A eJst nE %
7)ol A e A4S #9r}. Lu-EDTMPS} 7 Lu-DOTMP
= Fol o]F 1Y7te] FofgFe] 55% o]do] = v
o, 71 o]% of AgFo] uid F7Ht QUi AF P
A3}, Lu-EDTMP2} "Lu-DOTMP A= 2% 347} o]
el o] =stal, w o]e]o] thE A7| o] HH7T U
ERLbA] okgrow, 7U7HR] o 719 3= UEhA|
ororct A=A oz Lu-EDTMPS} Lu-DOTMP =5
W Hol¢k SRR AR = = TheAAS HAT
"Lu-EDIMP7} Lu-DOTMPE T} W A3go] 22 ¢ =
Il A AAEE Xk T =EE o 4 AU
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