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Ht

1"CO2 ———>» CH3(CH2)2''COOLi——————>» CH3CH2CH ="'C =O

H2C—OH

l CH3CH2CH =11C =0

530C .11 labeled ethylketene

H2C —0O ""CO(CH2)2CH3
|

3y

HC —OCO(CH2)16CH3
|
H2C—OH

2-monopalmitine

»  HC—0OCO(CH2)16CH3

\
H2C —OH

1-{1-11C]butyryl-2-palmitoyl-rac-glycerol

Fig. 1 Schema of ""C-DAG synthetic procedure.

'IC labeled ethylketene was synthesized using automated synthetic system. 1-[1-
""C]butyryl-2-palmitoyl-rac-glycerol was rapidly synthesized by ''C-ethylketene
which has high reactivity to hydroxyl group."'C-DAG was purified by using separative

(B) Tween 80

HPLC.
Purification of 1'C-DAG by using HPLC
Evaporation
(A)HSA |

|

Addition of 25% HSA(1ml)

Addition of saline(4ml)

Final products
(5% HSA solution)

Fig. 2 Preparation procedures of "'C-DAG.

Addition of 1.5% Tween 80 solution. (5ml)

1.5% of tween 80
0.5% of ethanol

Final products
(1.5% tween 80 solution)

""C-DAG was prepared using human serum albumin and Tween 80 (TW-80) as a

solubilizer.

MAEME DAG & ARk 2 AR % 4% € 'C ARk
AT T7FFNAL T F—=N) B (C-PIPs) & L
CTHIRIBEICHUY A F v, BRI BT 2 ik 0ig
BHIRAEIZIE U7z "C-DAG DEREH /R L7 (mem-
brane trapping mechanism)'®'),. TN 6D Z &9 H
'C-DAG &, PICEHRI#EIE RS L TR o i Bk
BEr ML -fERa it 285 LWEAITH Y,
PETIC X ZERRIGHZITH) 2 LICE D, 4F T
BoNLDo4 Y ERTOMRDOIEBIKEL K
ML=t h Y KAy 2y T v — ORI T fE &
% %. "C-DAG % ERIRIGH$ 5 72D I3RS &
L CRAL % 1T ) LEDDH 5 H%, "C-DAG (2f5E
DB CKICARBE R Z EHh 5, BELT 5BTE
LR ZLELT L. bhubhud, TTELRIE LT

Tween 80 (TW-80) 3 £ IN AL 7L 7" I ~ (HSA)
T, BAMLICBIT 5 "C-DAGD [ILHE L &
KRNI G 2 BB D W TG 21T o 72,
F 70, KNBERBEOHEE L ITo 7.

In. 5 &

1. ""C-DAGDOERE: 4 s7uabor
(BC1710,JSW) & I\ > T ¥N(p,0)"'C Bz & b 3
EINNC %, 700°C DEEILS S 5 L% @ LT
"CO, & L7cfk, MERERIZL DGR ST
Bl bT T H, RTHRTFVI)F 7LD
I — 7 I)VEEHE (50 mM, 40 ul)Z N R, REOERK
JEDTF W) F 7 LMK IR L 7-t%, RHREEE
L T ""C-butyricacid D) 7 L% 155, £
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Table 1 Result of "C-DAG synthesis and preparation

Step Time Yield Purity
procedure [min] %] [%]
n aipeione 20~22 22-36 .
Synthesis of
NC-DAG L 2(?’; 3.6 =3
g HsA 10 60~92 >98
g (66.1)"
§ Tweenso 10 68~74 >98
o (70.7)
*(): average
Table 2 Tissue distribution of ""C-DAG
Time after I.V. injection
Organ 1 min 5 min 10 min 20 min 60 min
[AJHSA (Rat weight:230g)
Brain 0.31+0.14 0.51+0.08 0.36 +0.02 0.30 +0.02 0.19 + 0.04
Heart 1.90+0.54 1.1110.46 0.46 +0.01 0.28 +0.01 0.18 + 0.04
Lung 5.64 +2.02 1.48+0.23 122 +0.29 0.95+0.18 0.24 +0.13
Kidney 1.76+0.25 0.97 +0.20 0.82 £0.02 0.50 +0.03 0.35 + 0.03
Liver 2211039 2.30+0.63 1.75+0.71 1.06 +0.41 0.32 +0.20
Pancreas 0.51+0.37 0.75+0.23 0.68 +0.08 0.18+0.10 0.34 £ 0.20
Spleen 1.1910.33 1.70+0.04 1.72 £0.07 1.20£0.22 0.23 +0.14
Blood 1.43+0.59 0.57+0.20 0.37 +0.04 0.32 +0.03 0.21 + 0.03
[B] Tween 80 (Rat weight:150g)
Brain 0.28+0.01 0.44 +0.01 0.28 +0.03 0.28 +0.04 0.23 + 0.02
Heart 2.8410.05 1.81+0.02 0.78 +0.17 0.62+0.25 0.48 + 0.06
Lung 22.16+2.51 18.51+3.78 38.00 +10.08 2523 +5.26 43.10 + 23.08
Kidney 1.2310.10 1.17+0.25 0.70 £ 0.04 0.61+0.03 0.50 + 0.02
Liver 1.45+0.67 1.63+0.22 1.84 +£0.22 2.13 +0.61 1.48 + 0.39
Pancreas 0.60+0.06 1.00+0.12 1.29 +0.88 0.67 £0.09 0.47 + 0.03
Spleen 1.9210.64 3.48+0.46 834 +278 13.98 +5.33 447 + 0.87
Blood 3.12+0.04 1.24+0.25 0.76 +0.09 0.76 +0.19 0.22 + 0.03

1505

"C-DAG was dissolved in 5% of human serum albumin [A] or 1.5% of Tween 80 [B]. The rats were
decapitated and tissues were rapidly removed after IV injection. Tissue weight and radioactivity were
measured and uptake values were expressed as % dose/g. Data was presented as average +s.d. (male: n=2,

female: n=2)

HCI 77 2 (200 ppm) MR EH#HTH T L2 L H "C-
butyric acid 258 S 41, 530°C DG ES T L%
LA Z &I LD "Ceethylketene 2S5 MAIK THRK
EN5. 15517 "C-ethylketene %, "C-DAG O
J5¥CTd % 2-monopalmitine (2 mg) 1 & Ul &
LTI AFNVT I/ EY T (DMAP: 1 mg) % i
LY 700Xy YEROSm) ICERENTY
YUTHRILILEY, rT OBV RIGEIZED
2-monopalmitine D/KERFEED el "'CHEE T ¥ V1L

END, RISGHETHR, BELBELLHZ Iml O
I— T )VIZ&HD L, SEPPAK (silicagel, Waters) %
L CEEB L OBIHESF A 2 B B &,
RAEMICEERRA 7 O~ MEICL ) 8RN
To72 (Fig. 1) .

2. BEME: HPLCIZ X b EExEREE SR
'C-DAG % BUEHZ[E L 7-1%, kD 280 DFE
X DAL L7 (Fig. 2). [A] DHEELT, "C-
DAG 2 Iml ® 25% ANMETV7TIY (3 F
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Table 3 Estimation of radiation absorbed dose

HSA Tween 80
Organ [M50]* [J25]** [M50]* [J25]**
(LSv/IMBQq) (1SvIMBQ)
Adrenal 9.65x10° 1.24x107 1.90x10%  2.45x107
Bladder 5.35x10%  6.78x107 8.38x102  1.06x10"
STM-wall 1.55%x10" 1.98x10" 3.65x10"  4.68x10"
Sl-wall 5.04x10" 6.34x10° 8.25x10°  1.04x10%
ULl-wall 534x10°  6.75x10° 8.77x10°  1.11x107
LLI-wall 1.25%x10" 1.59x 10" 2.00x10"  252x10"
Kidney 1.22x10% 1.57x107 1.34x10%  1.70x107
Liver 2.92x10" 3.74x10" 3.83x10"  4.95x10"
Lung 6.72x10" 8.68x10" 6.41x10°  8.30x10°
Gonads 3.48x10" 4.43x10" 5.57x10" 7.09%x10"
Pancreas 7.60x10° 9.81x10° 1.86x10°  2.38x107
Spleen 2.04x10? 2.62x10° 1.80x10"  2.31x10"
Thymus 6.23x10°  8.06x10° 151x10%  2.00x107
Thyroid 8.92x107 1.34x10" 159x10"  2.36x10"
Uterus 9.65x10™ 1.14x10° 1.66x10°  1.99x10°
Breast 2.07x10%  2.60x107 8.04x10%  1.07x10"
Skull 1.58x107 1.84x102 2.37x10%  2.82x107
Ribs 755x10°  9.27x10° 2.41x10°  3.13x107
Spine 2.15x10%  2.55x107? 428x10°  5.25x107
Pelvis 525x10°  6.17x10° 8.70x10°  1.03x107
Arm bone 1.87x102  2.19x10? 3.30x10%  3.94x107
Leg bone 3.43x102 3.99x1072 531x10°  6.17x107
Red marrow 1.53x10" 1.48x10" 2.89x10" 2.94x10"
T-bone 1.40x10" 1.62x10" 2.16x10'  251x10'

* [M50] mean results for the MIRD phantom.

** [J25] mean results for adult Japanese.

V) RIRFESICEREL, 4 ml OABAIEK
EINZ CTHREIICS5% TIVT I VBl E L CEA|
fbx4T o7, RIZ [B] DFiEE LT, Tween 80
(SIGMA): 1.5 ml BX L% J—):05ml % 98
ml DAEFBAIEAKIZED L7z Tween 80 KB %
C-DAG {2 5ml Iz, FHICH#HL TRALE
To7.

3. KRS H: 2 0KBEICEDELRE NC-
DAG %, 9 v Mt HETRESREL &
5L, 147, 549, 104, 204, 60 7%\ &l
BErEBLTEREFRL DAY M ES2EHAIL
%dose/g |2 & 0 K7z,

4. WRIFBOMTE: KNITHOT -5 % b
iz, a5 A E% L 72 Medical International
Dose Estimation System (MIDES) % A\ CEHI L

7219,
. # g7

C-DAG D ERAER % Table 1 \Z7R”Y . FTEA
B 50 43C, BUEHEFERIEE B X UG
{LEMAE L, 2 ZFN5~18% (EOB),98% Ll 1
TdH o7, HSA B X U TW-80 |2 & 5 AT iELEL
T® "C-DAG D ELHIL, HSA Ti3aliE Lot
FHIRE SN, &g L2 [AYLEE T "C-DAG H &
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Time(min
Time(min)

Liver

m oesA
Time(min)

[A] Differential Absorption Ratio (DAR)
[B] Blood Ratio

Time(min)
Timetmin)

These values were represented by differential absorption ratio (DAR: (count/g tissue) X (g weight/total injected
count)) and blood ratio.

Fig. 3 Comparison of '"C-DAG uptake of HSA with TW-80.

Time(min)
Time(min)
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b N7 Do 72h5, TW-80 TII LB ZEE L 72 0]
I{# T "C-DAG DO FHELHITZ, TW-80 D fn’
B AH T @ h o 7o, g E 150 GBg/umol
UETH -7, ZNFROTHELAIE HV 72546
D "C-DAG DN A Dl E4EFR % Table 2 (278
3. BT, HSA 12 & BTELD 5 A% TW-80 2
BB, HWT Yy FOKENEVD
L2 b oFETEY "C-DAG DY AHA %
R L7z, FRBS Rl T3, HSA 12 & 2T by
&, 5 DHiED LR & & B I2 "C-DAGOELY A
HREDPF T HEM AR LD L, TW-80 12
2 LTI EER 20 SR F T LRGN E
L7z, SIS T, 27 "C-DAG DHLY A
HDLERADED LNz, MiTIX, HSAK Vv 7c85
BIZHANTW-80 % V725785, BIS M Ic@E W C-
DAG DL AADZRD L7,
RN E OHEER R % Table 3 1R,

Iv. £ =

AR TEIIER BT 20781k, 2P-ATP & ]
V72 prelabeling B EDOFFEICE DA ¥ AT
TbRTWAED, 42 ERICEBFEDFHEH W
F M. SN TW v, "C-DAG & “membrane
trapping” HAEIZ KO &, A DAG & [AIEK IS PI
M EEERICI D AT, i) “RETH D
NC-PIPs & L CHIfEMEICER T 5. Z ORI
DX, PETICE W ERERTH5Z L1280,
PI G B R OIEBNIKRE 2 fB4B§ 5 T L A7 g
Thh, 1 ERTOMBIFRIGERDHEHD—
FERELTHHATHA.

UC-DAG 137 ) &) v BREEEAMEEL L, 1
fLF 7213 3D KEE AT C AZREARRBE = A TV
WD EBERINAFEETHELTEY, 2271
BRI AT VEE TS, LT, i
BUDE O TFEMW:400) b EIFERE AW
Zehth, MMEMEMEESLSVHEEAET
5. L L, KISETFIC W-o8EILT ]
BRI A LEET 5. SRbhbiid, AR
592 L2 pifR i R AR L, e eAl
A% "C-DAG DA NG 2 5 FBIZDOW TR
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FFL7c. HSA BFHERRF L LRI S TED,
NC REREIEIEER O ER E L CRRIRFIH ST
WhH Ik, F7-TW-80 (K" VILxX— b 80) 13L&
R E LTRSS TBY, A+ U UR
TSR O —FE TR I L IVIERE: CMC (clitical
micelle concentration) ZSHLHA/NS <, A4 M
FEEMER & R TRIRTER LT WM H
LTWA I ENS HSA B LU TW-80 % v 72,
AR DBRETIET v FOREIRL L&
N, FNEFNOIELA % HV7-5E6 0 &R
\ZB1F % "C-DAG DOHLY iAA 3% DAR (Differ-
ential Absorption Ratio: (count/g tissue) X (g weight/
total injected count)) (2 & D IET 2 L, BTIX
HSA Z W22 1.3~ 1.8 5D AAAEH S
rofz, iR TIE TW-80 2 flv 7z i Aa%E v
W ARREEZRL, FFICHiTid HSA 2 w723
FIZHNR 25~40 BEOBVELD AR FEEZIRL
(Figure 3-[A]). Pl CI, #EME % TIZHSAZH
W7 A5 C-DAG DELY AR FED ) 2.3 K5sh -
72285, HERH 2> 5 O BGTRE D HEH A3 L # Vo
WAL, TW-80 (2 & A 0[E(LTIE 20042 C
NC-DAG DHLN AAHFHS L5 L, LEROMER 2
SORUFREDHEHAHENZ E A5, 17 SHiE T
12 TW-80 % I\ 72 157 "C-DAG DHL Y ;A A HA3
WZE o 7oL M RTREE 20 5 £ T TW-
80 % V72553 30% fiifais 2> o 7223, 6050 T
13312 HSA * FlW 7 Ao 7o, I et e
TEEHC & B IEITIX, TW-80 W2 ik
fifi, FPBe, Bele, BEbE CRERI & & b EREMEME
L7z, BCIERER 209 F TIXHSA 2 v 7c
FTH# 23 @D - 72H%, 60 4 Tidadils TW-80
W2 HASHSA & Hvw7: 5 % LAl - 72 (Figure
3-[B]). SNHDT &5 TW-80 % i LAl & L
TR L7354, "C-DAG (X TW-80 (2L » T
EhzIevoficlihAEh, BREILLVE
o L7 RBECTHE b E b5, I EIVOERIK
REAS LR34 [ 72 72 @ Wi 2> & FARPI~ D M C-
DAG DBITVESIfTbh b LEZ LR
5. L7zh > T, "C-DAG I3 #lfkH CA LRI
DAG ¥+ —+H 2 & ) YEE(L S T P lEn
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AICHU AT N D130, IRE I BV OIKEE CHIEE
HOEMEFICWHILFENIC Ty TER, vo
AN y T7E3NBEHFBRINIZS VT LN
5, IMHH 5 ORGFEDOHEEEEL I, RE 3
LIV DIKEET b T v 7 &7 "C-DAG Hi AL
D OHEN SN D EEEDSTE 7280, Bili R e 5 D
WA TR AR L L i@ & b
ZEVEZLND. E@FE CMC fEHIZ 1| mM~100
mM fETH D, 4EFER L7 TW-80 DR
BLZ4mM THER/NSWETIESH 555, BN
R T v T INHIEANDORITR I o 7.
FLILLVORBIREICLY) FT v TENLEE
B—E LRI DD, MFETIDYALEDNT
VEDPKREL L oTVBIENEZLND., TW-
80 DiEEZX 4mM LLTIZTIF 5 & "C-DAG D [a]
IWEDPET S5 &S, BAEMICBT S
"C-DAG DYXEDIRIHSKE L &0, FHERA &

LCEMHELEED "C-DAG * 155 DD HEET
o7z, —HHSA 12X ATEILTIX, '"C-DAG
I EHSA DY 7 0EL F o — VI LIREET
MEfbsh b EEZ LN, TW-80 I2£5 3
YV DBIRIEI R ZDREEDGG <, "C-DAG
HMAH HHEEANBIT LSV L5, TW-80
2 HSA D525 "C-DAG D[ E LIZ#§ 5 &
Wz b,

TW-80 3 & " HSA & i[{& LA & L THW /-85
B DOHARE O EEFAM L, 24912 TW-80
AT DHIERRE D <, FRICHCIZHSA 12
¥ IEDEHETH o 12,

INHEDI EHNH TW-80 12X HSA % v 7:
AEbE, WALEFS I28B1F % "C-DAG O[T
FIIAHE TR, HREFHRIEROMY, $5108
KEGHERE D B IAAT I BV T4 T4 "C-DAG % 1§
R 8, #iREOHBRED D 4 DL D
BV ENL, BRI HETHEEEZ LN

BB EOMEICHL THREVWEEFL
ToRERT IO B RS VA LET.
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Summary

Carbon-11 Labeled Diacylglycerol for Signal Transduction Imaging: Effect of the
Solubilizer on the Distribution and Radiation Dosimetry

Ryou Fuin*, Yoshio IMaHorI**, Tatsuo Ipo***, Kazuo WaAkKITA*,
Hitoshi Horn*, Takehiko YaGyu*, Noburo HicasHi*, Hisao MABUCHI*,
Yoshio Oumori**, Satoshi Uepa** and Takahiro KANATSUNA*

*Nishijin Hospital
**Department of Neurosurgery, Kyoto Prefectural University of Medicine

***Cyclotron and Radioisotope Center, Tohoku University

Carbon-11 labeled diacylglycerol (''C-DAG) has
been developed as a signal transduction imaging agent
for the CNS, and it can visualize the second
messenger. For clinical application by positron CT
(PET), the ""C-DAG solution must be prepared for
intravenous injection. However, the ""C-DAG does
not dissolve in water because of its lipophilicity and
requires a solubilizer such as human serum albumin
(HSA) and Tween 80 (TW-80). We examined the
influence of these solubilizers on the tissue
distribution of ""C-DAG, and estimated the radiation
dosimetry. In the brain, uptake of ""C-DAG dissolved
with HSA was 1.3-1.8 times higher than that of

dissolved with TW-80. On the other hand, the lung
and spleen showed a higher uptake of ""C-DAG using
TW-80 than when using HSA. Especially, the lungs
showed 2040 times higher uptake than when using
HSA. Also, the washout of radioactivity from tissue
was slower, and the dose of radiation exposure was
estimated to be higher, with TW-80 than with HSA.
Therefore, between TW-80 and HSA with different
solubilizing mechanisms, the later was suggested to be
a better solubilizer of ""C-DAG.

Key words: Carbon-11 labeled diacylglycerol,
Second messenger, Positron emission CT.
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