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BHRAETIE, LT3 EHOARERYITY, BRARE L URAMMERRIIBVWTTRTENET
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¥, FEMEHED DAG (100 umol/kg) DFEIFFZ 528V T L BREIIRO Ok oz, LEDOKR,S,

"C-DAG DFENEEKGHEER & L ToOREMs LS
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A T — SO ERIAE REREE OB 7 LRI b o B,
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T IYNVT) O — )b (DAG) ¥, MERIERIT
ERIZBWTHRSNAD S D 7 F v & M~
ETAE, A Ay Iy —E L TEER
HEIZH - TV (Fig. 1). #EEMa T, HE
FILE BRI T AR L ) &4 OTEHRIZED
BB SN, 2h6IEYF TARBOSERE
METHAIELLEINGEAZAMNLTHRRAKY) 78—
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FURIEE R | SR L BUX F kN EFHT
A IVIEHTET 1035 (& 602)
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(R [EZ: 32: 191-198, 1995)

+ C (PL-O)% EMILT 5. wEMIL 37z PL-C
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REAT S, IPsi, MMAKROBRICIET 5 XH
RERETHIEIZE o TMKE Y AL
LEFIEHL, HIAOA LY T LBEEED
L& %+ 5. —/DAG I, EAE) v HILEE
# C(PK-C) #iEM b5 Z L2 & Y FE4 DHRE
FHREITH) L DI, DAGFF—HI2LhY)
YEILSNFEOPIPs & L CHIBIEICR S 2 &8
mHhTws PHHEER). "CERY T VT
)t —):1-[1-""C]butyryl-2-palmitoyl-rac-
glycerol (""C-DAG) (X N7EME DAG & RIFk D% 8 =
KL, MIBERENCTERLH,IZDAG ¥+ —XIZL 5
) YRR LB CHRBEICER IS, 20
“membrane trapping mechanism” Dt 21230 X,
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Fig. 1 Membrane trapping mechanism of ""C-DAG related to Pl-turnover.
Carbon-11 labeled DAG is metabolized to phosphoinositides (''C-PIPs), and they are
trapped on a cell membrane through the same metabolic pathway of native DAG. The
magnitude of PI turneover relates to '"C-CAG accumulation.

C-DAG % HI\»C PET {2 & 2 BT 2175 = FELRTERARCd B "C-ethylketene 3 U5 2 & 12
A& D RO EIKE X RS HERISE LN D 2 £ 0 "C-DAG %370, RULH# T4, CH.CL % 7%
b, fliA OMBERBIZBUT D H 7 R BKEBE LGS TF LI —FIVICERL,
WEMTH D, 40 "C-DAG % EERFIH$ 5 7: SEPPAK (silica, Waters) %33 2 & (2 & V) Bk B
DI, BENEABSTHER L LTOmEB & U“T- S OBSHAEARK 2 L) bR &, BRI T ¥4I
EHIZDONVT, TA V= THEREFEEY k7 0~ b5 7 (radio-HPLC) #:12 & 0 57 -
470 bo CHMEFFHEMEERICE Z)FJCV‘] 8% 1T o 7. HPLC 2 X AW &MiE, ~*
A0 bo s EEERNIC T SR 1ok HU AV TAENTILT— ) (93 Tvv) &8
ERFEITo 7. FE L, # 7 LI Zorbax SIL (¢9.4 mm X 250 mm,
L+ s+ DuPont) % F\WE R CTHiE S mi/min T1T o 72, 4
BERS BRI A 2R RWE L, 1 ml OEGHHIZAK
HHE L C3MMDOEREIT, KOHHIZDOWT EMAECEE L, iR E bR E L Timl
FRE L7, D 25% NIMLiET7 V73~ (HSA, 3 F)+5F) %
1. ® & A THEEL, SSICEBAEKEZ 4mlMAT
Fig.2 |2 "C-DAG D &1L B & UESHHI O 8k 5%DT VT I VERE LY. 55772 "C-DAG
ZRY. BRETHD2-F /00 I F 2B LU DKEM A, W7 4V ¥ — (MILLEX GV
ELTIAFVTI/EY Y Y (DMAP) # 1 ml 0.22 um, MILLIPORE) % L T ""C-DAG DE4f
DY 7uuAE Y (CHCL) IZEMHL, £IANC Al % B L 7.
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Production of 11C-ethylketene

- Production of 1'C-ethylketene by using
Ketene Automated Synthetic System

Ketene reaction

- Acylation by 1'C-ethylketene

(”C-ethylketene was bubbled into the CH,Cl, solution )
contained 2-monopalmitine(2mg) and DMAP(1mg).

Filtration

- Evaporation of CH,Cl,

- Addition of ether(1ml).

- Filtration by SEPPAK(silica)
Purification

- Evaporation of ether.

- Addition of 500p! of ether.

- Purification by using HPLC.
Preparation

- Evaporation of solvent

- Wash with 1ml of distilled water.

- Addition of 25% HSA(1ml).

- Mixing using voltex mixer.

- Addition of saline(4ml)

- Filtration by MILLEX GV(0.22um)

Final products
Fig. 2 Synthesis procedure of '"C-DAG.

2. FiEABRIE

RI ¥ v ) 7L — % — (CRC12, CAPINTEC) | &
N, HE—ER/IIOW TR RS Z BlE L
72,

3. IXLX—HE

TIWVFF ¥ ANV TF T 4% — (Series 20,
CAMBELLA) 3 X U Nal(Tl) ¥ ¥ F L —% 2m2/
2, BICRON) ([ X DR SN > < #EANRST b
Ox—%%, WCs BLUPPColld)TFILF—
RIEZTV, fF—EZIIOWTH X v#EARY
MV ERIE L7,

4. WEHEERSERIE

radio-HPLC £12 & D ikBRx 11 o 7o WE SN
&, #1'7 &LIZ Zorbax SIL (¢ 4.6 mm X250 mm,
DuPont) # W, ~"¥H /4 7aELTi
I—)V 95:5viv)ERBEHEE L, §i% 1.2 ml/min
TH T LIREIIFERTITo 7.

5. HEHSEERITE

HPLC %I & ) 85ROERIE 8% (SPD-6AV, &
#) ML L, 1,2-dipalmitoyl-rac-glycerol
(SIGMA) FEHE - D\ T UV IR 2 ll5E L <
RELUVERYRE Lok, REMTIERL

hCfEERTTIILV) kO — L 193

7o, RIS, —EED "C-DAG 22V Tk %R
ERaitv, e L DKDH "C-DAG RIEF
N5 IEREHE DAG O & & lgtiE &2 & it iE
PHEE L.
6. pH B
pH RERAK (D-5160, MACHEREY-NAGEL) (2 &
D W5E % 4T o 7o GEATLD FEEE © 0.5).
7. RM|MEMERR
F¥ 3/ A — 4% — (2p-201, Wako) & Fiv T L >
N b ¥ UHERFEICL VATV, 0.01 ng/ml & HEHE
flie LTt /O HEEITo 7. HSA &
fif L 72 IRAE TOMAIE HSA 257 Vb 5 -0
Heze T LA, HSA ZNNZ 5 ATERS T fE
B LESRAEZKIIODWTRERTo 7.
8. EEAR
TGC (Thioglycollate) £5#th % Fiv>, '"C-DAG 7K
W% 1 ml DR 37°C T2 BMERER., BB
HDHIEE 1T 7.
9. 2MSMHER
TAARY—=F v k(230 g) EH VT, '"C-DAG
S5 EED,S 24 M T v PORERBIZE L%
L, SWEBOREOHFEELRAI0=3). £
7z, 50 umol/kg (n=4) I X U* 100 umol/kg (n=4)
DIEFYTTE DAG % "C-DAG & [FABs% 5 L, [k
127 v b OKERE OF BRI,
10. HBREOHT
T4 RY—F v b (230 g; HE (n=2), I (n=2))
% H\wC, ""C-DAG 5% 1 4, 547, 10 47, 20
7, 60 FICOWTHRASMEZRNEL, ThHD
T—=& %3 LA 5 AR % L 72 Medical Inter-
national Dose Estimation System (MIDES)'"" % F\»
THIBRREEEH L.

. % 2

NC-DAG DEHAERB L U MERERKEY
Table 1 {2777,

1. BEHE T2 5 ''C-ethylketene DA E T
#7120 43, "C-DAG D5 HERERIZH 159, S 61
FERANILIC 10 9 E L, £KTH 45 5T "C-
DAGDIESHIDE & iz, BgHEFERILERIR 7
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Table 1 Synthesis and quality check of "'C labeled diacylglycerol

Hot run | Synthesis Yield Purity | Specific Bacteria Pyrogen
No. time EOS activity pH detection test
(min) (MBq) | (%) (%) | (GBag/umol) (+/) (+/-)
1 43 888 211 >98 181 6~7 -) (-)
2 45 1088 29.4 >98 272 6~7 ) (-)
3 41 770 21.9 >98 233 6~7 () ()
average 43 915 241 >98 229 6~7 all negative | all negative
1043
] 1-[C-11]butyryl-2-palmitoyl-rac-glycerol
(22,1184)
T 1034
[
3 z
.g‘ (74,207) %
- g
g 3
g 10% H.T. = 20.67 &
(]
4
101 T T USRS T 1
0 20 40 60 80 100
Time(min)
Fig. 3 Physical half life time of "'C-DAG. )
0 5 10 15
Elution time(min)
ety Fig. 5 HPLC pattern of ''C-DAG.
. HPLC conditions:
B Column ................. Zorbax SIL (¢ 4.6X250 mm)
(511keV) Eluent .....occoeveunnn. Hexane/IPA (95/5 v/v)
Flow rate ............... 1.8 m/min
Column temp. ...... room temperature
€
3 2
o 7 v BT H%OBGTREE I L TH 24% T,
MBEIL98% LLETH 5 7.
2. FRYBEOHKREE Fig. 3127, ZOH
TEAGERD O O NI AREED F- [ 1d 20.67 77T
bHotz. F72, 20 FADHRGTREIRFFEIZS51.1%T
04 <00 Or0=0-0-0-0-0-0r0-0-0-0-0q = SHe Ak 1T 3 s
0 500 1000 1500 HH, /RSN HEFHENTH o 7.
Energy(KeV) 3. TANVTF—HENHERT Fig.4 27, Z

Fig. 4 Gamma-ray spectrum of ''C-DAG.

DMER LY S51keVICZALF—VY—27 28D
N/ A F &2 oY% (R4S /W
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Fig. 6 UV absorption curve of DAG.
(x 10%)
31
2 4
o
o
S S
8 (17152)
3
o
<
ad
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0 T T T T 1
0 2 4 6 8 10

Concenration(nmol)
Fig. 7 Calibration curve.

4. radio-HPLC {#EIZ X % '"C-DAG D5 #rks 5
% Fig. 51RY. ZORE L) BEHLFEMMEE L
98% LLETdh - 7-.

5. 1,2-dipalmitoyl-rac-glycerol {2 & % UV %54
H# % Fig. 6 \SRF. HKEA 220 nm ML ETIE
FAAVEEAMET L, 210 nm AT CTlER—2 5
A Y HBARETHHRENES DI LD, Th
FROFETRLZFICWERE LTEOPRH
i 215 nm %#ERL, BRHELFOLN. K
#HRBLU 1 B OEHEFD "C-DAG DESIK

Peak Elution Area
No. time
1 246 2005639
8 2 4.07 14499
c 3 4.67 8576
< 4 5.41 4940
o
r
[]
@
o
<
0 1 2 3 4 5 6 7

Elution time(min)
Fig. 8 UV absorbance spectrum of '"C-DAG.

Carbon-11 labeled DAG was analyzed by UV-
VIS photometric detector (SPD-6AV, Shimadzu).
The ""C-DAG (888 MBq) was dissolved in 200 !/
of hexane/ether solvent, and the 100 ul/ was
analyzed (wavelength: 215 nm). The peak number
1 is the solvent front. The peak number 2 and 4 are
detected as an impurity of solvent. The peak
number 3 shows the DAG fraction. In this case,
the specific activity was 181 GBq/umol.

T ERC & B MEKER T Fig. 7,Fig. 8 IZE <
WRY. Fig. 8 1CBIFA ¥ —2 1143, BEmT
Hh, ¥—2 2 BLU 4 @IOWEEICBITS 'C-
DAG % BHEM L 2B OB P ORMY T, Th
SIIAAEZ D LWL DBRIB I N o7,
L7:h55 T, {bEFEMMEIL 95% DL ETH o 7.
CNEDFRD S IHGTEEL 181 GBg/umol (4.9
Ci/umol) TH 7. 7z, 3 BIOAEKTOFEHD
eHgHRE IS 229 GBq/umol (6.2 Ci/umol) T - 7-.
6. pHIX6~7 DEHANTH - 7.

7. REMWERBETIEIOE bBRETH .
8. MEHRERICOWTIEIME BEMTH - 7.
9. AMEMRERTIX, "C-DAGHKS5%T v b
0P, BRIOFO A GRS S & LIEA LR
Zeirols. 24 BERIRICHIE L SEBOREOH
AR, SRKBNFOFREALNT
FMEOSRERET OAON 0o, JERETHE
D 1-butyryl-2-palmitoyl-rac-glycerol % [F%5 L
727 PMIBWTh LEEDEFEIALN o
7

10. "C-DAG % #%5%, 143, 54, 1043, 20 47,
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Table 2 Tissue distribution of "'C labeled diacylglycerol

Time after L.V. injection
Organ 1 min 5 min 10 min 20 min 60 min
Brain 031+0.14 0.51 +£0.08 0.36 +0.02 0.30 +0.02 0.19 +0.04
Heart 1.90 +0.54 1.11 £0.46 0.46 + 0.01 0.28 + 0.01 0.18 £+ 0.04
Lung 5.64 +2.02 1.48 +£0.23 1.22+0.29 095 +0.18 024 +0.13
Kidney 1.76 £ 0.25 0.97 +0.20 0.82 +0.02 0.50 +0.03 0.35+0.03
Liver 2.21+0.39 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 1.19+0.33 1.70 £ 0.04 1.72 £ 0.07 120 £0.22 0.23+0.14
Blood 1.43 +0.59 0.57 +0.20 0.37 +0.04 0.32 +0.08 0.21 +0.03

Carbon-11 labeled diacylglycerol was injected

hrough the rat tail vein. The rats were killed
at various time intervals. The regional uptake was expressed as the %dose/g. The data was
presented as average + s.d.(male:n=2, female:n=2).

Table 3 Estimation of radiation absorbed dose

Organ HGyMBq(mrad/mCi) Organ HGyMBqg(mrad/mCi)
Brain 4.2(15.4) ULl-wall* 1.6(6.0)
Thyroid 2.6(9.9) LLI-wall* 1.3(4.9)

Lung 7.2(26.7) Spleen 6.3(23.3)
Kidney 3.8(14.0) Pancreas 2.4(87)
Liver 7.5(27.7) Testes 2.2(8.0)
STM-wall* 1.7(6.1) Bladder 1.4(5.0)
Sl-wall* 1.5(5.6) Red marrow 1.2(4.6)
Adrenal 2.9(10.9) Total body 3.3(12.2)

*STM-wall:Stomach wall; SI-wall:Small intestine wall; ULI-wall:Upper large
intestine wall; LLI-wall:Lower large intestine wall

60 BT RN OBIERE R B £ 0% I
DHBEARE M % Table 2, Table 3 |2 # N EF IR
¥ BHEER M, B, T "C-DAG D&
WEREATED LS, HBH R VR gD
A 3R (WA

Iv. £ =

"C-DAG IZNTEMED DAG EEE LT S L3t
BEBLV sn- & rac- DEVWEREFT L. Lh
L, 16D 7 YV E - DEFIRENIET
THIEND, BANOIEER LI AR
Y, HERMIZ "C-DAG OHLY AHRDFEHS
L) SRR ERERFGONS. 72, 2607
UIVERTEHEETAL TRV L2 S MK
EHLFOELZEN L, BRERAICBVLTLZS
,Et%ﬁ-j—éll)_

C-DAG (I H M DAG & [AkEIC ) Bl % 5

GCHIBIEC b Ty e, L b et Ed e
WI EDNLHUPL-C I X D IR RSN D FEE
k. 7, PG EER OB & & KO L 7240
RABEANDER Y — 2w e s, RO
BRELIEE LG EANTHL. L > T,
"C-DAG 124 % PET A&7 Z &2 & 1 il
EREERLTVINA T —IHEOHRIAE) >+ 7
AEDOEREMZEAL, 7% b B MRIERIEERDE
LERZ D EHTEETH Y, ¥ F TRIEEDS
AT R RERE EDREMITIHEH TH 5.
"C-DAG DERUE, T yEZHWALI EICLD
AL Z GO 3 FEMDHNTERD TR, IED
BRRFIHICH D B8 HEL T TED L)1
Zof2w EEMHEB IO o AL
F—WEDLL ZOMEIEICTHD I EHFHERS
n, L2bEBEORAIZO LN o7,

FBARY b o AERER L BRRICHV 258,
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KOEELDOEZOLRENTHL. "C-DAGDE
Bl fEH ¥ 5 85 B33 X T 220°C T 40 4 filaz 3t
W L7cb o L, HPLC 2 & % 5 BERs BEL
B2 B VT 02 um D7 1L % — (MILLEX FG,
MILLIPORE) #5@ LT Y, SO IIREER TR
B 022um D7 4% — (MILLEX GV,
MILLIPORE) % il L CBRE 24T o T\ 5. T Ok
B3I ROEHRIC BV TR AR &
O BRI T N TRt T, ansmtaicdix
H5# 24 BRTEFRIE(ROON L7, B
RIS 2BV T 370 MBq D '"C-DAG % #%5 L 7:
Yit, 3 MBS EED FE: 229 GBg/umol *
5 1.62 nmol DIEHGHE DAG E TN TW5H D
WD, 50kg DA TIE 32 pmol/kg (2% 5.
COfEG A HEERERICH V2 IERSTE DAG
(100 umol/kg) ® 3X 107 NFTHBH Z L0 b,
NC-DAG D2MHEE T 2 ZE&MIIH I L
TdhD. HWRHEIE Table 3 II/RTEY TH 5.
INRHDT ENL, "C-DAG DM EEA U3
AL TOREB L UREMRIZBVYT, BRI
T2 ZCRHE AW EATRE N,

"C-DAG &, "C tEERIS’A T % ""C-ethyl-
ketene ZH W72 7 Y FEDORED S “membrane
trapping mechanism” OBt B L O ZF OfFHTEEICE
5 ET, $NTHMBDOFIEI L) R S CEAR
Thb. Ldo>T, FOHEL L OREeMIE
PRIZTEE 2135 o 72, "C-DAG 13, M HIz5E
ADOWEEIKEZ B CE 245 F TR WH L WE
HlThh, 4% 14 EFRIZBITS PET TOMHE
FRATIC X 0, SR AN R R & D T 7C T TR RERE LS
LTSS AT (W

FEE BB EOMEICHL TREV LTI L
PIRERT L INOERAEICRSF VLT
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Summary

Carbon-11 Labeled Diacylglycerol for Signal Transduction Imaging by Positron CT:
Evaluation of the Quality and Safety for Clinical Use

Ryou Fuin*, Yoshio IMAHORI**, Tatsuo Ipo***, Kazuo WAKITA*,
Hitoshi Horir*, Takehiko YAaGyu*, Noburo HicasH1,* 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

To elucidate the synaptic transmission in the neural
system, we have been developing fundamental studies
for intracellular signaling. For clinical application of
carbon-11 labeled diacylglycerol (1-[1-"'C]butyryl-2-
palmitoyl-rac-glycerol: '"C-DAG) using positron
emission computed tomography (PET), we evaluated
the quality and the safety of ""C-DAG as the solution
for injection. As a result, '"C-DAG was synthesized
within 50 minutes, including the preparation step for
injection. The half life time and energy spectrum of
"C-DAG were the same as the physical character of
carbon-11, and other radioisotopes were not detected.
In the quality control, ""C-DAG solution was negative
in the examination of bacterial contamination and the

pyrogen test in three successive synthesis procedures.
In the acute toxicity test by administration of ''C-DAG
and 100 umol/kg of non-radioactive DAG to the rat
intravenously, the systemic condition of the rat was
not changed and no abnormalities were found in any
organ 24 hours after administration. These findings in-
dicated the safety of '"C-DAG solution. Clinical appli-
cation of '""C-DAG using positron emission tomog-
raphy may be useful to elucidate the dysfunction of
intracellular signaling in disorders of higher cortical
function such as Alzheimer disease.

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

trapping.
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