10. #8E

TRk 20 FEE CTOHFRETIX, KO ERALMICR T,

T FRWEEECICMAM L 2 H—FR—AFr FI =—8 Gd-DTPA-$EsE {5 2
5 20mEA ((DHEKXHH VIR, (D) AFHRB S WITIESHE, (i) EHEEES S
VIZIEREE N, (V) A RREREH 2 WVITIEMAKSREER) (v)IZi> THETHIT,
KD4>OHTI)— (D~@) Ic|Eh 5. (Table 10-01)

Table 10-01 MRI #HEAOHRE HFRHHT IV —
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i $oW

xt PR

F xR
PERE (K
FEREDEEE
Ik 53 ff £ B5
FENN K 43 AR AR Bk

BLOLF 0 EHIC
WIRILZHEATD
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x|[O|x|O|x|O|x|O|®
Olx|(x|O|x|Q|lC]|*
OlX|x|O|O[x|0O|x

xOxOxxOxog

O [O|x[x|[O|O

x
X
X
X
X

DO mbHESH Lz MRI A

@ WITHES L7 MRI = FH

@ HIFHICEALE MRI ERA

@ =oft: (QBENLTFOEHIC@EEEL L H AT S MR EEA
(b) 1 &t RE{lc MRT i B A1

FRFROEREBE CHRNINZO~@DHT Y —O Gd-DTPA &% in vitro K&
/R invivolc X VB L7z, FEFHR LY, OTiE. Gd-DTPA-HMTA-D2-4G1c (OH)
(FFn#EME r, =8.1 [s' - mM'] (37°C)), Gd-DTPA-Phenylalanine (¥R@Fni#EE r, =11.0
[s'emM'] (37°C)) ) . Gd-DTPA-Aspartic acid (¥EFnE#E r, =10.4 [s-mM'] (37°C)) )
BENMRIEEA L LTOMEZALTEY ER 21 EEICHARRELZS ZREVT,
HEE 7 — 7 ONEATH, @ Tix. Gd-DTPA-DEN-OH T & 5 Gd-DTPA S5{K75 &
B MRT &SR 2R L=, LaL. GAd-DTPA-DEN-OH $§{A D FRIEIXIER
ICHE L, ER2I EEIRERELHLRBT LIk, LML, THREILSLE
WITIEMAK S RBEBICTHRESRLME L. OQRUV@IZoWTIX, HFOBKT.
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AHEEBICIT, FALEREZTI LA TERY, LUTIZ, OBLUV@EPLELT
ERR 20 EEOHBEHAERRELMDE, —ORREL, REEEOLRE 21 £EOMIBET
FICHERE L CRTBBBRATT — 2 2L, HiC, AIEEB LI UEERBOE 2 kAT —
VERT, UL - BRLEOBOBFIRAT—I~ERBIES,

(1) Ffil THBY TN ZATT)—QOMAIRIAT7OGdEETHD, Lk
? Gd-DTPA-$E88 (KX, Gd-DTPA-DETA-D2-4Glc (0Ac) D MASHAE (D uviE [N I
¥ 7| @ Gd-DTPA-DETA-D2-4G1lc (OH)) MMA43A% ({E L. OAc & B\ I OH ko mA
DREEIIRRZD) ICL-THLHEUEEIGELND) OB NELIEMNIND, - T,
Gd-DTPA-DETA-AS2-3Glc (OH, or OAc) ¥5M (k% %\ X Gd-DTPA-DETA-D2-nGlc (OH) &
HEXNSD, ZOGI-DTPA KX, 4 TIcWMM S h 7 Gd-DTPA-HEREDFT > F
v—REHLEERA L LTE, REOMLEMHES L UFERAAMHESRHKA T
Wd, TEMFMAE (V-7 B) TREICEEIIAR (TR (5) HEZHE),
LM EOHBEBTEIRA FOEERTHD, Ll FR 20 FEOKEN S R
IEETIE, FFEELEDICHET2MBESELMERE, SR FEOMREL, 5
EEROBE, WE-EEEE, EEALTFLOMEER L ZOERKFORNA, %
OHEEERRETILEYND S,

(2) Pral T/h)IY > 7] 6d-DTPA-DETA-D2-4Glc (OH) (X, #F =V —D D IEMK S
AATOABETHL EHAIVRY) rA—FBliRGUEBIREZE 2500
FREEOREARIERURICHEICET O OREERSABB LRVOT, MEL>
DR BRERFETHS. 20 NIV T AN EELRIL-Z 22D,
e a—R—nFv ) =—5 Gd-DIPA-HEEORIBLUAR A
@ variation & validation MWA[GE L At - 7=, UM EOEL2ERXB TIZ. 7
AtRESh, E2HERBEI2<{MERRVWILBTENE, ZO8RKIETIL,
FEOMBERUH, )V h—HaOLFENER. EEREES FREYS FPOBAS
Bx R ERBRAETHLIOT, FR20EEZIHITI)—Q IFFY T OEH
EATAYN =0 WIS Th) CHELZEELRS Y, FHRICARSh -k 42
o TND in vitreB I in vivo M ETT - 7=,

Gd=DTPA-DETA-D2-4Glc (OH) IE, Gle EAAADOBEIZAWT H Z O AR 7 A5 # fE
Thd, . 2OV TiE, AR7ToEAICEBWTHRE - HREL LI, 88
BIZE ) BNETEEERSINBAILEIRARCMZ T, BRRERDOEULES
B2, M#iE T Gd-DTPA- SO 2 7> MRI BREAAHEICHANATETH D L
BE95AY v PHlATWS, 2OV 7RI L omMEERS L UMK AMEE
i TEBY T EORBICBWT, FRRERETI Lo, 7y bEAVWE
in vivo FRAMIZ AW T, 72 0 &ERRA MRI B Z##H L=, £, —0&EEHOBM
F£ (r) X 10.0[s" -mM']THD, ERMZIE, £, 8 5.0[s"' - M| BTHZDT,
MRI ERAl L LTHRERDREET S,

(3) THBY T OFEFICEVWENIFEELUET S720, &L FEEHEELZ AR
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AT 28R Ho (ER(1)ICKER) . »7 T Y —DO? Gd-DTPA-HSE KX, in vivo
FHicBVWTT7y rORBIRICEEAZEAR 2 SMBELUATEASH SN,
2. AT Y —QD® Gd-DTPA-IEEEED in vitro FEICHBWT, ik LTAER
EEAH IVEE FELRFLE, TATIY, YTV R YREZEIET
EEDEAXMELEZR. DAWVWE in vive BREOKEZ S TFHR Y 7 b TH D
Molecular Operating Environment (MOE) THEFf L 7-#Hi12, BEM CIX. Hir%o
B CAREB CHER T AVWEaNH SN, HBEMRBHEOBIET WRI EEA
OWME-TEEEMICET IR T 2 THHIN, MO TRMBEL YR — T 58
BEEORANTMEINE, O L3, FR2EXEVROARLEET S LItV
T, EBICHFHRFRTCHDHLERS,

(4) R 204EEZ TCOMBHEIZL > T, M A X, Gd-DTPA-EDA-AS1-1Glc (OH) (A4
FA)—Do TRigH>F o)) (2, BAkZ v FO 1 nom BEO/S RAFHRA A
PIERECHHLE, /-, (WBY T 12, ZOEBEED Gd-DTPA 15 (84 (K
2k, Gd#FEOEREICAVTLIFMRSAZE. BRI L, £/2, £0
HRY Tl RI BRIZIAELR—FHE R,

(5) B2ERK
(5—1) $o 7N AOFEM(FR 19 F£E)

Fr7NAR, OHERSICI2AHBHERBTHICBBEOL I BELTET, £
2% WRI A THL LY FRENE, FHERBEROBERB CINE, RiEOKEF
v MBI 2 HEBRIRARSICE S LD, fix, 2000 mg/kg AL THL LHEZNI.
i, ORUHLSHERBHER LY, THEBMEMPIC—BEREORERCECHIIED
L, hEEL, REE, BEERLRCHRTLANIRD bR LB
dhi-, ORFHRBOBR TR, EEZ0PMERV 24 FMOBRBICENT, HER
HTIIEREE BEEXIECHERLAT, BEAEBETRIE2FATIALOERER
G, 4P 3HAREELEZLNS, REFEARBIIBWTHREERBRIEETH-
Fo.) LHEEINT, OZRFHARBFER TR, ARBEETICET2REORERE
EFEEdiati iRl LBk ah.

(5—2) Hr7 VB O (EMK 19 %)

HLURBOAICER VEEICHNEIA: THBY TV ORAROY 7B
2, OHEE#ESICL224BHERBR TR, BERSBICEVWTIIRE® 30 4LAIC—
BHEECELIBEOOAZAFOEBREL, BEMMPICECHIIIBD AR TZ,
Fh . BIoMEoH BN BUHLITET . £ RI EERTHI LRI,
REER0@REHFICIIEI, TREOHT v MCB I 2 HERIRARSIZX D LD, i,
2000mg/kg A ETHZ L EZLNE, ) LBEENE, -, ORHEBFBHERBRER
Tix, TBEMMDIc—BREORERUCECHIBOH AT, FEEK. RBRE. B
HEERUVHRBR TLRERBOYOR Ao, tBESNE, £, [MEFHRE
BEUMEACFHBREORER, @AM REY), TAASFX U BTI/ FPF /A7 =
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77— (AST) R O SLEE R K E/E R (LDH) A ERIC ML 7=, FofoEBE Tk
HEMLEIRDON P27, ZOEMABREREICERTANENEHET S Z
L, FRBRAGOLTREBETH 72, ) LEIRRETH-7=. ONFHERBROER
Ti, TEE#302MEUV 24 MOBEIZHE VT, REBECIIWERERE, @K 2ITE
CHRRLAT, BENBETHE2ATCIALOERAROA, AP IFMAEC L
LG, BEAFARBCBWTHRERBEE TChH-7-, ) LBEINEZ, OLXREME
RERERTE, FRBEETICBI2REOEALTREEGIIMMELERLZ. &
#wEshi,

(5 —3) 7N CcoOFMmER 20 E£5E)
SEFEOELUERBOZEZ. ODAMBOEMERE, OFEMLRR, OTHRBEHR
%, ORERSEERB LY, BBII Ao, BLLIESHEEYBBO- L,

(56 —4) Z2H¥FHOE LD
YT NVATIR, RETReBEIRES Lo, £, Y TABIZBWVT
X, YT NVALEBTLLE, BEICLVAFCETOLEBR NN, LT
ER- I RAr e Sl (B2 ol

ER0FHEOBMAETCOLE oY =7 bOEBRRIZ. FRo@EY THS, =
NETORBHAREORREZEMR 21 FEEICHEL. YTl b0 [BAEES
MR HE CTREFICHIETE DL T /A X aH—FH—nFr F) v—BEHHE MR] EEAO
SEAFZE  (H19-1/-—#f-015) | Z%F L, KOPFLBIVPEI AT =V~ L BT, I8
A BRI R A I HE T 2 ERENORTEZE D,
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(1-6 ®¥) Inter-Academia 2008

Research on Novel Materials for Cancer Finding and
Chemotherapy at the Early Stage --- Novel MRI Contrast Agents
with Sugar Ball Dendrimer Structures and Novel Ant-tumor
Agents with Phospha Sugar or Phosphorus Heterocyclic

Structures and Their Evaluation

_flﬁ_u_‘ta,plaihﬂﬂ " Michio Fujie,? Kazuhide Asai,' | Takuya Suyama', Junko Yamashita',
Satoru Ito, Valluru Knshna Reddy,’ leono Totsuka,’ Junko Yamashlta Ke|sul<e Ogawa,’
Nobuh:sa Ozaki,' Satoki Nakamura Takashlekl Nobuhisa Ozak.l Gang Yu,' Kengo
Aoshima,’ Masaisugu Kobayash: Tatsunori Kato Nao Kamikage Yasuo Takehara Harumi
Sakahara,? Hisao Takayanagi,® Tatsuo Oshikawa,* Sofie Laurent,” Carmen Burtea,” L. Vander
Elst,” Robert N. Muller®

! Graduate School of Science and Technology, Shizuoka University, Hamamatsu 432-8561, Japan
? Faculty of Medicine, Hamamatsu University School of Medicine, Hamamatsu 431-3192, Japan

* Mitsubishi-Tokyo Pharmacy, Nihonbashi, Tokyo 103-8405, Japan

* Department of Materials Chemistry, Numazu College of Technology, Numazu 410-8501, Japan

SNMR Laboratory, Department of Organic Chemistry, University of Mons-Hainaut, B-7000 Mons,
Belgium

temvama@ipe.shizuoka.ac.jp

(1) Novel MRI Contrast Agents with Sugar Ball Dendrimer Structures

(1-1) Preparation of Sugar Ball Denderimers with Gd-DTPA-Dn-Sugar Structure
Currently one of the most often used MRI contrast agent is Gd-DTPA
(Gadlilium-Diethylenetriamine pentaacetic acid) complex (Fig. 1), whose molecular size
is small and then the contrast agent penetrates the blood vessel. To make the MRI
contrast agent remain in the blood vessels so as to make Magnetic Resonance
Angiography (MRA) easily realize, sugar ball dendritic structure of Gd-DTPA was
constracted. These Gd-DTPA complexes are generally represented as
Gd-DTPA-Dn-Sugar. The reaction to prepare Gd-DTPA-D1(OAc and OH) is shown in
Sceme 1[1,2].

Fig. 1. Gd-DTPA.
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Scheme 1. Preparation of Gd-DTPA-D1(OAc and OH)

(1-2) Evaluation of Gd-DTPA-Dn-Sugar
Gd-DTPA-D1(OAc and OH) was subjected to in vivo evaluation by using rats. The

MRA was shown clearly as in Fig. 2 and tumors on the liver were also drawn quite clear
images as shown in Fig. 3.

FglZ MRAbyGi-DTPA(Lefand Dendrimer(Right) Fig AMRIiortumor by GAHDTPA(Leff)and Dendrimer  (Right)
These results strongly indicate that Gd-DTPA-Sugar ball dendrimer must be the good
MRI contrast agent for early stage tumor detection.

(2) Phospha Sugars or Phosphorus Heterocyclic Compounds
(2-1) Preparation of Phosphorus Heterocyclic Compounds
The McCormack reaction of 1,3-dienes with phosphorus chlorides (e.g., phenylphosphorus
dichloride) afforded 2-phospholenes (Scheme 2), which were used as the strating materials
of phospha sugar derivatives or phosphorus heterocyclic compounds.

Ph
\ Oy,
L-( + PhPCI, { ;Z
=
R
R=H, CH,

Scheme 2. Synthesis of 2-phospholenes

(2-2) Preparation of Phospha Sugars

2,3-Anhydrophospha sugars were prepared by an epoxidation of 2-phospholenes as
shown in Scheme 3. 2,3-Dibromo-2,3-dideoxyphospha sugars were prepared by an
addition reaction of bromine to 2-phospholenes as shown in Scheme 4 [3 4].
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(2-3) Evaluation of phospha sugars by MTT method

MTT method for leukemia cell lines were carried out for in vitro evaluation of phospha
sugars as the anti-tumor agents. The results are shown in Fig. 4, and the figure strongly
indicate that the phospha sugars must be sued as quite active anti-tumor agents.

HEGE Call

Fig. 4. MTT evaluation of phospha sugars as anti-tumor agents.

(3) Conclusion
The novel Gd-DTPA-Dn-Sugar structured MRI contrast agents could image quite small
sized tumors. The novel phospha sugars could kill selectively and specifically the
leukemia cells. Together with these novel medical materials, early stage findings and
early stage chemotherapy shold be realized.
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This paper deals with the preparation and evaluation of novel dendritic MRI contrast
agents provided by sugar moieties on the outer shell of the sugar dendrimer with the core part
of Gd-DTPA (Gadrinium-Di-ethylenetriaminepentaacetic acid) complexes, Gd-DTPA-DI1-
Gle-(OH) as well as phospha sugars prepared from phosphorus heterocycles, The in vive
evaluation of Gd-DTPA-D1-Gle(OH) by using rats revealed that the sugar modified dendritic
Gd complex described clear MR images of blood vessels and tumors.

Gd-DTPA derivatives are widely used for MRI contrast agent, however, the agent has
poor potentiality for imaging specific organs, blood vessels, and tumors. To improve these
properties of Gd-DTPA, sugar-ball-dendrimer derivatives of Gd-DTPA (e.g., Gd-DTPA-DI-
Gle(OAc), Gd-DTPA-D1-Gle(OH), Gd-DTPA-D2-Gle(OAc)), were prepared (Scheme 1) [1].
The T1 relaxation rates of Gd-DTPA-D1-Gle(OH) vs Larmor flequency (Fig. 1) and vs Gd
concentration (Fig. 2) showed good results [2]. The in vive evaluation of Gd-DTPA-DI1-
Gle(OH) showed an excellent MR imaging of tumors on the liver of rats (Fig. 3). The
preparation and evaluation of phospha sugars for leukemia cells will also be presented so as to
use the phospha sugars as the anti-cancer agents.
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Scheme 1. GA-DTPA-D1-Gle(OAc). F'gl.'l-llmﬁ'qmy. Fig 2 T1 rebaxation. Fig, 3 MRI of tumors
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