
y型：!!盟旦：! 盟卫垦生堡垒垦曼鱼!垦盟垡堡垒盟旦!堡g旦盟!Q旦堡墨— 丛曼芏!⋯ll

，

Preparation and 99mTc labeling of hydrazino nicotinamide

modi丑ed Rc一160 conjugate -

HU Ji，SUZUKI Kazll】(o Horiuchil，SAJIⅢde01

(^otoPe D印。一me州，饥机n hs捌Ⅱ妇0，Atomic西le钾可，Be讲螂JD纠J，i
1

J00fo Uhi"e卵“掣‘s Gmd口口te Sc矗Dof o，P^口mnceⅡtic甜Sct肌ces De舯竹menzⅣ
P口t^D一—FknctiDn口f Bio口nⅡ啊sis，J00t。，砌n“)

Abstract coⅡjuga七ions of 6一Boc-hydrazinopyridine一3_carboxylic acid(Boc·HYNIc)
with RC一160『Lys5，Bocl u8ing different couphng method8 were studied．ARer depro。

tection，the re8ulted peptide conjugates were puri矗ed by RP—HPLC and characterizc(1

by Fab．MS．Combination with di仃erent coligallds、o眦Tc labeHng of HYNIC modi矗e(1
Itc—160 conjugate was carried out wi七h high radiolabeling yield(>95％)．In vitro 8t扣

bility studies indicated that the丘naJ radio_compound remained stable at least up to

20 h when nicotinic acid(NA)used as secoⅡd coli舯d(tricine／NA)．
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1 INTRoDUCTIoN

Radi叩ha珊aceuticals based on smaU peptide have been cuⅡently received consid—
erable interests for the development 0f t盯get specmc ima舀ng aIId therapeutic agents
111 h1．DTPA．D．Phel．octreotide fOctreoscan)，a synthetic peptide a工Lalogue of the so-

matostatin(ssT)，h嬲‰d a Widely cHILical appHcati。n for imaging a raIlge of tumors
to date RC．160 f v．1preotide)is another synthetic analogue 0f the n“ive SST，wuch has

a伍nity for a di艉rent set of SST sub-rec印tors and nlight be used to visuahze tumors

that do not bind to octreotide，such as exocrine pancrea土ic tllrnors and prostate cancer【“

It has been shdwn that hi爵h hbehn嚣yield姐d spec讯c activity could be achjeved

using orgamc hydrazines such粥hydrazino njcot血珊ide(HYNIc)iIl 1abehng ofprotein
and small peptides wjth 9‰Tc，and moreover stability aIld hpophjhcity 0f radiolabeled

peptides could be easily adjusted by errlpl。ying diff毫rent cohgand【引．

ConiuEation of Boc．HYNIC to RC一160 fLys5，Bocl has beeⅡcarried out in various

1aboratories usmg differ吼t coupling methods．The yidds 0f the conjugate weTe，howeVeT，

reported with wide ranging． AIrlong strategies of peptide syntheses a以d protein conju—

gatioIls，the most widely used collpl洫g reagents are carbodiimides(Dcc／NHs)，and the

others are phosphonium and卸[1工niIli啪s&Lts．The phosphoIIium，O一(7-azobenzotriazol一
1．y1)．N，N，N1，N’．tetra methyl 11roni恤hexa丑uoro phosph“e(HATu)，whjch was intro—
ducedby carpino in 1993n has been demonstrated to be珊)re e舵ctive iIL the actiVation

of dj伍cult coupling reaction
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IIl this work，conjugations of Boc一ⅡYNIc with Rc一160[Lys5，Boc]were performed
with DCC／NHS and HATU in order to comp盯e the sllitabihty and the relative perfor—
m衄ce as either conjugateⅡ蛇thod Radiolabehg of the peptide conjugate with 9。“1Tc
has been carried out in combination with diff毫rent coligands，and their in vitro stabmty

was also evaJuated

2 EXPERIMENTAL

2．1 Materials

N，N’一dimethylformaIlllde(DMF)，fIriethylaInjne(TEA)，acetoIlitrne(AcN)，trmuo—
roacetic acid(TFA)，N，N’-dicyclohexyl carbodⅢde(Dcc)，diisopropyl ethyl aIIline(DIEA)
thjoa撕sol，ILicotiILic acidfNA)and tricine were口1lrchased from Nacalai’resque，Inc，Ky—
oto． O—f7．azobenzotriaz01-1．y1)-N，N，N’，N’．tetra Inethyl uTonjm hex姐110ro phosphate
(HATu，97％)and trisodium tripheIlylphosph|Ⅱe一3，3’，3”一trisulfonate(TPPTs，96％)were
obt ained from A1drich Chenlical Co．RC一160『Lys5，Bocl was synthesized by American

Pepti“CoInpany and s11pplied tllrough the IAEA，Vie皿a． Au reagents were used
as received llnless otherwise stated． Na9‰Tc04 was eluted iⅡsaline solution丘om a

99Mo／。。mTc generator(Daiichi Radioisotope Laboratory，chjba，Japan)．Deionized wa·

ter was obtained from a Millipore MilliQ Water Systenl and was 0f>18Mn qu曲ty

1H．NMR spectra were recorded 0n a 270MHz Brlll【er AC．200 spectrometer，and

1Ⅱ-NMR data w盯e r印。rted jIl p对ts as占(pg／g)dow曲eld relative to an jntemation“

standard(TMS)．Fast atdm boII]lbardment mass(Fab-MS】analysis was performed using
a JMs一Ⅱx／Hx 110 A InodeI(JEOL Ltd．t Tokyo)，aIld a mixtllre of glycerol柚d NBs as

the matrix

2．2 Instrunlents and Inethods

2．2．1 RP—HPLc Reversed—phase high performance H州d chromato伊aphy(RP·HPLc)
used for an以yses and puri矗cation were perfbrmed on a Lo 10AD solvent mDdule(Shi—

madzu)with SPD．10A UV．ⅥS d“ector fShjmadzu)and NaI radioInetric detector．HPLC
elution prome吕were i工ltegrated by a D-2500 dlromato—inte铲ater(HITAcⅢ)．A cosmosil
5c18一Ms colllIIm(4．6×150mm，Nacalai Tesque，Kyoto)，丑ow rate 0f1InL／min and uV

detection at 220 nm or 280 nm were employed in c锄幽ination with the fonowing s01vent

syst∞s．
Method 1：S 01vent(A】0．1％aqueous TFA／s01vent(B)0．1％TFA in ACN．Gradient：

0—3min 25％B：3—23nlin 25％to 65％B．

Method 2：solvent(A)phosphate bu船f(o 01mol／L，pH 6．2)／solvent(B)AcN．
Gradient：0．3 rniII 25％B：3—23min 25％to 65％B．

Method 3：solvent(A)phosphate bu艉r(o．01m01／L，pH 6．2)／solvent(B)AcN
GTadient：O．25mh 25％to 35％B；25—28min 35％to 50％B；28-30∞[1in 50％to 75％B．

2．2．2 sPE Pllri丑cation E叮purmcationⅡYNIC conjugate and Radiolabded pep—

tides，a solid-phase extTactioⅡ(sPE)method w私used船described jⅡRef【4】．TypicalIy，
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the solutian was passed through a c18 seppal【cartridge(waters，Milfbrd，MA)previ- _

ously actiVated usiIIg 5Ⅱ正of ethan01，foⅡowed by 5 mL of water．The conjugate and

ra出olabeIed comple】[es were eluted wi亡h ACN．
●

2．3 Syntheses of 6·Boc-ⅡYNIC and 6·Boc_3-NHS-HYNIC

Organic syntheses 0f6一Boc-hydrazin印yrid血e．3-carboxylic acid(6一Boc·HYNIc)aIld
sucdnjrDidyl 6一Boc—hydrazinopyridhe一3一carboxyhc acid(6一Boc一3一NHs-HYNIc)were car—
ried 0ut accor出g to Abrams’method【5]with minor modmcation． The缸al products
were characterized by 1H-NMR spectra I 6-Boc-ⅡYNIc 6(pg／g)：1．48，6 69，8．10，and

8．66；6一Boc一3·NHs-HYNrC占(pg／g)：1．42，2．50，6．52，7．96，a血d 8．58]．

2．4 Preparation of HYNIC-Rc-160 conjugate

2．4．1 Boc-HYNIc—Rc一160[Lys5，Boc】 conjuga“锄0fBoc—HYNIc to Rc-160fLy85
Boc】using di脑eIIt coupliⅡg method were caⅡied out as schemed in Fig．1 AⅡthe cou·
pling reactions were mofnitored by HPLc aⅡalyses(1nethod 1)and the yields were c出一

clllated from the peak缸eas of Boc-HYNIc—Rc一160[Lys5，Boc]and Rc-160【Lys5，Boc】

analogues．

mPh却_Ph-D-T巾q．1B∞'-№I-c"4№圳
I B¨YNICw
l N咄Hk¨删呤

r—————————————1
Bo。_m嘲●c-D升_c—h·凸■pmlB睇}w正p硼mH

l馏“。I“
HⅢB脚h．品忑=；；刁铆n·mH

Fig．1 Schematic route of 8ynthe8is of

HYNIC．RC．160

(1)DcC／NHS m“hod： A total of

2．5mg Rc一160[Lys5，Boc]，and o 8mg of

BOC一3一NHS．HYNIC and 1．2“L of TEA

in 60础DMF were reacted With sti面ng
at Toom tenlDerature．After 24 h and 46 h

the coupljng yield by HPLC was 16．43％
and 26．74％，respectively． The resulting

丑唧IC conju层ate was injtially puri矗ed
by SPE method aIId then on HPLC c01一

uI皿(Inethod 1)．The pure丘actions were

pooled and 1yophjlized．nlrtheHnore clla卜

acterizations were ap口lied on HPLC anal—

ysis(method 2)and Fab—MS．Fab．Ms m／z

fM+ll十requjres：1467．4，found：1466．8
(2)HATU method：A total 0f 0．50mg of 6．Boc一ⅡYNIC，0．62 mE ofⅡATU and 1pL

of DIEA in 100“L of DMF were activated fbf 15 min．A total of 50“L of above reaction

solution was added to 1．0mg 0f RC．160ILys5，Bocl in DMF s01ution and incubated at

room temperatllre．After 1 h the collpHng yield by HPLC was alIrlost quantitative and

no Rc-160【Lys5，Boc】was detected by HPLc．The product was warked up as described
above．

2．4．2 HYNIc-RG-160 A total of 1．0 IⅡg of p印tide co丑jngate，10出j tllioa面sol，and

200“L TFA were reacted fbr 15min at rooIn temperature．After Boc-deprotection the

solution wa8 inlmediately evaporated to dryness under njtrogen now． The residue was

diss01ved．m200皿of50％ethan01aⅡdp舡近edonHPLCusjngmethodl．Thefractions of
ⅡYNIC．RC．160 was pooled a丑d lyophiliged．nlrth盱more ch缸acterizations were applied
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oⅡHPLc analysis(nlethod 1)aIld Fab—Ms．Fab-Ms m／z[M+1]十requires：1266．4，found
1266 6．

。
2．5 Radiolabeling of HYNIC．RC．160 wIth 99mTc

●

2．5．1’工}icine as coli碍and To a 2InL Ependorf vial were added 20“L of HYNIC—

Rc·160 solution(o 5mg／mL in H20)，o．2mL of tricine s01ution(100Ing／rnL in o 1moI／L
pH 5．0 acetate bu艉r)，0 2～0．5nlIJ ofNa99InTc04 solution f10～100MBq m sadjne】，and

30pL of sncl2·2H20(1 omg／mL in o．1 Ir∞l／L N2 pⅥged Hcl)，the reaction rnixtllre was

aJloWed to stand at room ternper8t11re for 30 min aIld aIlalyzed by HPLC．

2．5．2 1阻icine and NA as coligands 110 a 2瑚L EpeⅡdorf vial were added 20“L

of HYNIC-RC一160 solution(0．5mg／rnL iIlⅡ20)，0 2mL of tridne s01ution(100mg／n1L
in O．1mol／L pH 5．0 acetate bllfFer)，0．1mL of NA(20mg／mL in 0 1nloI／L pH 5 0 ac—

etate bu＆r)，0．2～0．5IIlIJ of Na9。mTc04 s01ution(10～100MBq i工L saline)，and 30皿of
sncl2-2Hoo(1．omg／InL iIl o 1 moI／L N2 pllrgedⅡc1)The reactioⅡI工1ixture was heated
at 100。C for 30血n and analvzed bv HPLC．
2．5．3 Tricine and TPPTS as coligands 1陆a 2 II]正Ependorf vial were added 20pL

of HYNIC—RC．160 solution f0．5mg／IrlL in H20】，0．2mL of tricine solution(100mg／InL
in O．1mol／L pⅡ5．O acetate bufhl，o．1mL of TPPTS(20Ir蜒，mL in o．1mol／L pH 5 O

acetate b埘h)，0．2～0 5 II]山of Na9啦!Tc04 solution(10～100MBq in saline)，and 30pL of
sncl2-2H20(1．0Ⅱ增／瑚L in 0 1 m01／L N2 purged Hcl)．The reaction mi】【ture was heated

at 100。C for 30～60 min and aIlalyzed by HPLC．

2．6^l口itm stability gtud-es

Stab王1ity of 99IIlTc labeled peptides both in the reaction mat】fi]【alld in rec。nstituted

solution with phosphate bll饪．er(o．1 mol／L，pH 7 4)after isolated by sPE method from

excess hgands were tested by analyses。f HPLC at r00m temperatllre up to 20 h．

3 RESUI口AND DISCUSSIoN

Conjugations of Boc．ⅡYNIC with RC一160『Lys5，Bocl w盯e carried out using dⅢ色r-

ent couphng reagents，namely DCC／NHs and HATu．The s啪e peptic【e conjugates were
obtained and characterized by Fab．MS．HPLC aIlalyses shown quantitative yield was

reached wit址n 1 hr throuEh usj】l屠HATu，whereas，for DCC／NHS，the yield 0f 26 74％

was teached after 46 h of reaction tirne． h addition，another alte玎1ative protocol，in

whjch the saIne coupHnz reazent fHATU)together with Boc-HYNIG and DIEA血the

same conceⅡtration were added to RC．160 fLys5、BocI solution prior to activationl was

aIso undertaken．A1though the si耐l盯reslllts collld be achie、陀d(data not shown)，a new

side—product for the ill situ assembly mizht be formed．Deprotection of the p印tide con—

jugate was acc锄plished with TFA and thioanjsol(scaveⅡger)in 15血n．The resulted
peptide coniugate was p删丘ed by RP．ⅡPLC and characterized by五1ab—MS．Since the
HYNIC帮dup can oIlly occupy one or two sites in the technetium c00rdination sphere，

the use of addit王0nal coliE趾ds is reqllired．AⅡrad“abeung of HYNIC—RC-160 conju一

1[‘．n1
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gates collld be acmeved in one step．The radjolabeled peptides were weU characterized

by two HPLC methods．us血g tricine alone as cohgand，hjgh radiolabeHng yield(>95％J
was obtained at room teⅡlperature in 30 min．h contrast to triciILe，tricine／NA as coh—

gands，radjolabehng need heating in a 1000C water bath for 30m血and the yield of>95％

c011ld also be acllieved． sllrprisin91y，in case of tricine／TPPTs 1 very 10w radiolabehng

vield as、^陀Ⅱas radio删tiple peaks were observed when heatiIlg the reaction IIllxture
in a 100。C water bath for 30～60 min．Prevjous studies indicated that the water soluble

TPPTS used as second coHgand collld easily react with HYNIC conjugate血the presence
of trcine to produce a temary compkx and then increased stability andⅡdnj工Ilized nll工I卜

ber of isomeric forms collld be expected【6J．We postIllate that it arose as a consequence
of steric hindrance e】【isting betWeen HYNIc-RC·160姐d b11lky TPPTs and／or strong

reduciIlg properties of TPPTS tllrough whiclI皿ght山sintegrate the disumde brjdge in

the peptido

Fig．2^L WiZf口stability of HYNIC-RC-160

labeled with 99mTc

m"ttm stabilitv studies indicated

that the fblal radio—co口∞ound remained

stable both in the reaction mtrix and in
reconstituted solution at 1east u口to 20 h

for njcotiIIic acid fNAl used as second col—

igaIId(triciIle／NA)(see Fig 2)．For tricine

a1锄e as coHgaIld，lower stabjlity’when
removed excess ligands and reconstituted

with phosphate bu圩毫r(0．1mol／L，pH 7 4)，
was fbllnd． The radi01abelhlg yield wa8

dropped盘om 97．8％to 88 7％at room

teIⅡDerature aner 20 h．

h conclusion，based on ease of preparation，rate。f reaction and coupling yield，

HATu is beheved to be superior to Dcc／NⅡs iIl coT巧ugation of Boc一ⅡYNIc with Rc—

160[Lys5，Boc]99mTc 1ab eling of HYNIc conjugate c01lld be undertaken iII hjgh yields

by employing mjxture coHgands．
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