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Rhemium-186-1-hydroxyethylidene-1,1-diphosphonate (*¥Re-HEDP) has been used for the palliation of metastat-
ic bone pain. However, delayed blood clearance and high gastric uptake of radioactivity have been observed upon injec-
tion, due to the instability of 186Re-HEDP. We designed, synthesized and evaluated a stable !36Re-mercaptoacetylglycyl-
glycylglycine (MAG3) complex-conjugated bisphosphonate, [[[ [ (4-hydroxy-4,4-diphosphonobutyl) carbamoylmethyl]
carbamoylmethyl] carbamoylmethyl] carbamoylmethanethiolate] oxorhenium (V) (18Re-MAG3-HBP). The stability
of 18Re-MAG3-HBP and !86Re-HEDP in phosphate buffer were compared. No measurable decomposition of 18Re-
MAG3-HBP occurred, while only approximately 30% of 18Re-HEDP remained intact 24 hours post-incubation. In bio-
distribution experiments, the radioactivity level of 18Re-MAG3-HBP in bone was significantly higher than that of !8Re-
HEDP. Blood clearance of 186Re-MAG3-HBP was faster than that of 1¥Re-HEDP. In addition, the gastric accumula-
tion of 13¢Re-MAG3-HBP radioactivity was lower. To evaluate the therapeutic effects of 188Re-MAG3-HBP, an animal
model of bone metastasis was prepared. In the rats treated with 18Re-HEDP, tumor growth was comparable to that in
untreated rats. In contrast, when 3¢ Re-MAG3-HBP was administered, tumor growth was significantly inhibited. Bone
pain was attenuated by treatment with 36Re-MAG3-HBP or ¥Re-HEDP, but !36Re-MAG3-HBP tended to be more
effective. These results indicate that ¥ Re-MAG3-HBP could be useful as a therapeutic agent of metastatic bone pain.
Moreover, based on the similar concept, we designed, synthesized, and evaluated a 9™Tc-6-hydrazinopyridine-3-carbox-
ylic acid-conjugated bisphosphonate (®"Tc-HYNIC-HBP) as a bone scintigraphic agent. mTc-HYNIC-HBP gave
higher levels of radioactivity in bone than **»Tc-HMDP. There was no significant difference in clearance from blood be-
tween P2 Tc-HYNIC-HBP and #mTc-HMDP. Consequently, #Tc-HYNIC-HBP showed a higher bone-to-blood ratio
than #"Tc-HMDP. The findings indicate that ™ Tc-HYNIC-HBP holds great potential for bone scintigraphy.
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Fig. 1. Concept of Bifunctional Radiopharmaceuticals for
Development of 186Re Labeled Compounds for the Palliation
of Metastatic Bone Pain and the Chemical Structure of 8Re-
MAG3-HBP
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Re-MAG3 $ifRZ#ERIL, D%, EARAKRF—
FAERERBEIEDZEICEDARL .
MAG3 OF F— )V H 2 XA )L HTH#EL /= Bz-
MAG3 % ¥ W8 &3 % Re-MAG3-HBP O£ & 1%
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Fig. 2. RP-HPLC Chromatograms of Re-MAG3-HBP (A)
and 36Re-MAG3-HBP (B) after Purification
Conditions: A flow rate of 1 mL/min with 10% ethanol in 200 mwm phos-
phate buffer pH 6.0 containing 10 mm tetrabutylammoniumhydroxide.

HEDP (Z th X THE N OERKH e & O &
DIRIMHE N S OFEREIE R 2 R U e, —7, FERR
HIRHAR C b 2 P, B iEA O B BE SR AR R Al 2 7R
L7z, LED>T, EXRARR— MEEEMIIL
THRN TR ER 3Re HALSHATE AL 2 5 A9
D0 FREHIED, RENICBIT 2 mWEEENE
FRE N, FDR5HE, 6Re-MAG3-HBP |3, !%Re-
HEDP [ZH AT RIFISENBEEZRLZEERS
ns.

3. EBRMUEBEBETILEHYE A L7 BRe-
MAG3-HBP D& EMROWET

ZZEMEDIE Y 186Re-MAG3 Sk & B AR AR % —
Ny ¥ & ZfEA L7z 86Re-MAG3-HBP 13, &W#&
EVEICH D < BB S EERZRL, &
BB EREONAEEEZ BN E UG ESER & L
THEHTHh AN ZRL =D, KIT, '36Re-
MAG3-HBP OREREZHET 22 L2 HMEL
T, v N AMAL MRMT-1 % i 4 Sprague-
Dawley 7 v b QO IEH &R U iV E
BETIVT Y MO EERL, iz HWnT Single
Photon Emission Computed Tomography (SPECT)
ERWEA A= 27X DA D /i E), von
Frey filament test J OIS A FEHIE 12 K 2 HH DB
HEN R DR 217> 7=

186Re-MAG3-HBP O # 5 24 F;[1% O planar 4
& SPECT 12817 % 73 A AE AL O W E 5 T b
% transaxial R D& H (Fig. 4), '86Re-MAG3-HBP
1, DSAMRERAE LRI m < BT S 2 LAUR
Nz, —H, EABEEICSEMNERERLZ

35 Bone

%Dose/g

4 Blood

3
3 o
g 2
S =

1 Xd

0 - ¥

0 2 4 6

Time after Injection (h)

Time after Injection (h)

0 6 12 18 24
Time after Injection (h)

—(— 18Re-MAG3-HBP
—@— '®Re-HEDP

Fig. 3. Biodistribution of Radioactivity after Injection of 36Re-MAG3-HBP or 3¢Re-HEDP in Mice
Data are expressed as the mean+S.D. for five mice. Significance was determined using a Student’s ¢ test (*p<0.05).
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ventral

Fig. 4. Planar Image (A) and SPECT Image at Transaxial
(B) at 24 H after the Intravenous Injection of ¥$Re-MAG3-
HBP (222 MBq/kg)

Arrows indicate the site where tumor cells were injected.
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—8— 185Re-HEDP (55.5 MBq/kg)
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Fig. 5. The Effects of the Radiopharmaceuticals on Bone
Cancer Pain
Data are expressed as the ratio of right (contralateral) withdrawal paw
threshold values to left (ipsilateral) values (mean+S.E.M. for five to seven

rats) . Significance was determined using a one-way ANOVA followed by
Dunnett’s post hoc test (*p<{0.05 vs. no treatment) .
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—&— Nonradioactive Re-MAG3-HBP
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Fig. 6. Curves Depicting Inhibition of the Growth of MRMT-1 on Therapy

Data are expressed as the tumor volume relative to that on the day of treatment (mean=+ S.E.M. for five to seven rats) . Significance was determined using a one-

way ANOVA followed by Dunnett’s post hoc test (*p<{0.05 vs. no treatment) .
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DEFEMEZHMEEFL, 2D, M S O EEHK %
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hydrazinopyridine-3-carboxylic acid (HYNIC) 7% %
WU, #EHIZHE 217> /=, Hydrazinopyridine {3 &
RIDNEDERELY P VEROEBFRERNIHET &
L,1®ZFDF L — MERRIZIE co-ligand & LT 2 %
T tricine 2495, —F, Liusid, 13>
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(L) ELTHWSZ &Ik D, Te: HYNIC : tri-
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cine 1 3 FZ2EY P VFHEARNEWRT DI LN, 1M
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EARARF— b, ¥nTc-HYNIC-HBP D&%, &F
fifi 247 > 7z. ®mTc-HYNIC-HBP 1% [4-[[6- (tert-
butoxycarbonyl) -hydrazinopyridine-3-carbonyl] ami-
no] -1-hydroxy-1-phosphonobutyl] phosphonic acid
(Boc-HYNIC-HBP) @ Boc %% [iiff#1%, tricine,
3-acetylpyridine, ¥"TcO; & RSB T &I X
D, BEHEZERIER 39%, S E2ER9REE 95 % LA
ETHEE.



1156

Vol. 132 (2012)

FL— MDY 2N $EGREZFMT 5729,
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42.8% & "Te-MAG3 [T ARG EITE NS > N7 %
BRERLUZ. ZOREENS HYNIC-HBP @ #nTc
FEH A A IC BN T H, 9mTc-MAG3-HBP 12kt
REY N FEGRPBT S Z EnlifFa . D
W, invivo IZ B W TP Tc-MAG3-HBP & X
9mTc-HYNIC-HBP 0% >N\ 7 B R 2{ML /- &
ZA, SERTERGRALD S 2N §E G RO 2R % Kk
L T ¥nTc-HYNIC-HBP % 88.7% & 9mTc-MAG3-
HBP @ 97.7% IZHRFREICKMEZ ~LZ. =2
T, YN\ REEREMET )T T2 XA OEENEE
TG T 2720, Ty MCEAIR %, &R
IR 2 BREL L, I 5 O FEREN 2 2 1 72 4
B 9mTc-HYNIC-HBP |%, “nTc-HMDP & [AIf2[E
DIIY I A%ERUIE. E£iz, invitro IZBWT,
9mTc-HYNIC-HBP, " Tc-HMDP % /\f RO F
TN A MREIRE EDHITT > FaxX— 27572
LA, 9Tc-HMDP [ZHENBAEICH WA EZ
AU 2Tk D PTc-HYNIC-HBP O 4 £ 4|
REHTEDNA ROF T INF A EADEWEF]
AR I Nz (Fig. 7). ®"Tc-HYNIC-HBP @ <
v MW % 5 U 72 #5 5, " Tc-HYNIC-HBP
13 #"Tc-HMDP IZ LE RN THEIZE WE N O RFHFE
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EREMEZERL, DOMEIZ VY T > A3 9¥Te-
HMDP LRIBEETH- LI NG, FRELT,
9mTe-HMDP (Tl 4% 5 B2 5 A BT mWaE /I
WS REERE L 2 T 2 Z &ITkIh L 7z (Fig.
8). FMGRZWZTTOBRICHE LIRS K D IRIEEE
HYFEAR N\ DI RE I BIER S Nsh o 7z

5. &HYIC

AR TIE, BEBREESABEEARAR R —
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80 t
R 60
(o))
£
2 40
m
20
0
0.5 1.25 5.0 12.5
Hydroxyapatite (mg/mL)
l *"Tc-HMDP
[] mTc-HYNIC-HBP
Fig. 7. Binding of *"Tc-HMDP or *"Tc-HYNIC-HBP to

Hydroxyapatite
Each column represents the binding of hydroxyapatite to ™ Tc-HYNIC-
HBP and *™Tc-HMDP, respectively. Data are expressed as the mean+S.D.
for three or four experiments. Significance was determined using a Student’s
t test (*p<0.05 vs. "Tc-HMDP).

Bone/Blood Ratio
150

100

Ratio

50 *

0 20 40
Time after Injection (min)

60

—8—9"Tc-HMDP
—O—9mTe-HYNIC-HBP

Fig. 8.

Bone accumulation and Bone/Blood Ratio after Injection of mTc-HYNIC-HBP or mTc-HMDP in Rrats

Data are expressed as the mean+S.D. for four to six animals. Significance was determined using a Student’s ¢ test (*»p<{0.05 vs. ®"Tc-HMDP) .
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N DEFIFET XK D, 1BRe-MAG3-HBP |JEN /-
RNEHEEZRL, EFNVEWICHBNT, HEkS
T, AERERREMR, MEEEEMNHRERL
722 &M, 18Re-MAG3-HBP [ #5# 1E& 5 O
WHEEZ B E L EGHERERI S L TERITH 5
WREMEAREI N, £z, ZOEFIREEES T
757« AEZWERICRA Lz ®Tc-HYNIC-HBP
&, EER CTEHEHIN TV S 9mTc-HMDP (2 b~ #%
BB 5 H BT @ WA/ MR e b & 2 pk
L, BEOEH, #03< DR KL ZE ORI
B ThDuReENRE Nz, DL EORERIZ, #E8
HEER OB - 1EE B E U 2 S OB
BT D AEFEGTOFEAEERL, SEOIEHA]
BT TS MR EME LT 2HDTH 5.
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