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Design of clinical trial (phase 1) for cellular artificial oxygen carrier

=S RE
Masuhiko Takaori

Abstract

We presented our protocol for the phase-1 clinical trial in this paper and appreciated to be given some criticisms by readers.
This trial is separated into the first and second step. In the first step, it is scheduled that an artificial oxygen carrier, liposome
encapsulated hemoglobin suspended in the physiological saline (HbV), of 10ml, 50ml, 100ml, and 200ml will be infused into 2
volunteers for each, respectively. In 400 E group of 6 volunteers, it is scheduled that 400ml of volunteer's own blood will be
withdrawn and then HbV of 400ml will be infused immediately. The blood will be stored at 4°C and be transfused to the volunteer,
if necessary. In the second step, 6 volunteers will be provided for 600 EG and 800 EG trial for each. In the 600 EG, blood exchange
with HbV and HES (hydroxyethyl starch : 70 x 10°MW/0.55 DS) solution is scheduled as follows; Volunteer's own blood of
400 ml will be withdrawn and HbV of 400 ml and HES solution of 300 ml will be infused. At 20 min. after the above blood/HbV - HES
exchange, volunteer's own blood of 200 ml will be withdrawn and HbV of 200 ml and HES solution of 150 ml will be infused. Blood/
HbV - HES exchange in the 800 EG is scheduled as follows; Volunteer's blood of 400ml will be withdrawn and HbV of 400ml
and HES of 300ml will be infused as same as done in the 600 EG. Then 20 min. later, the same blood/HbV - HES exchange will
be repeated. These volunteer's blood withdrawn at the first blood/HbV « HES exchange will be stored at 4 C in a refrigerator
for one week and will be transfused into each donor according to doctor's decision , if necessary. Tests which are accorded to
the adverse effect report regulated by Japanese Ministry of Health, Labor and Welfare are scheduled to perform in this trial
And further tests on plasma ferritin level, lung functions (vital capacity, % FEV, arterial and central venous blood gas and pH),
anaerobic metabolic parameters (plasma lactate, base excess), immunological tests (complement activities
and antigen/antibody reaction) are added. Those tests will be performed before the HbV infusion, 20min., 2 hr., 24 hr, and 7
days after the HbV infusion. This protocol is designed to minimize number of volunteers and to maintain their safety. Further it
is designed to provide for the subsequent phase-2 of clinical trial according to the guideline by Japanese Ministry of Health,
Labor and Welfare.

Keywords

cellular artificial oxygen carrier, clinical trial, phase 1, hemodilution, single infusion, blood exchange, liposome encapsulated
hemoglobin

1. #E 7 7Y A AEHE TR MEREE R, RE O MR MGEHE TOMl

NTEEFERE, bW b ATHRIMERDFIFEAHAA S Th
53 CIPIRRIC R 57, 2L CALBREEREOREME 2o
725 OO T, perfluorocarbon # ZEHE AR E LTHW 24D
(34 DEGHE" DA HBUETIZZ ORIFENTEH L T 5.
—), NEFBU Y EEBEREGARE LTHY S 1172 hemoglobin
based oxygen carrier (HBOC : Hemopure™ [Biopure]) Z#

ARZEDHLNTVWEY, LALELEBICONTHET A I E
RECRREEIRE LZEHICOARSNATWT, © Mk
G LBRTOMMIZRD b Twiv, bAEICBW T
Chang", Djordjevich” 512 & o Th®d & 7z cellular HBOC,
liposome encapsulated hemoglobin vesicle (HbV) ®BAFEA D

bz, TLTITIZ20BELRDY, BUE, T OHIEKRKER

WERIF L LWk T665-0873 JLEHSIFTHREN 2% 15 East Takarazuka Hospital, 2-1 Nagao, Takarazuka City, Hyogo, 665-0873
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HIEITER L IREICH 5. 220 8EICHT % GMP (good
manufacture practice) DZEWR H i { RVIREICH A, L7228
> TPk % FAR 2 THbV OFIRAE, & 1 Mo iRER% 7
AU THOEFRLTHEHMRLIZIEZ V. ISR Z B
F 2 Z ZITHbV ORRE, 8 1 HolfrEtmzirL, AT
WFEERARORRIC T I H AL THHETHE 2w
Kz ssk L 7-.

2. ABRETE

SHRIAERSETH B HbV (L —Meih s & B ) Z o R &
BAEZFBE YNGRy —22ELTARLEDH2007 5
2 (FEpE L LTH600m) 2 4EET L. SRAFELTWDS
BERRIEE 1R TH > THRBEORELICERF B2 5.
ZFLTENESHIC2EEICHE, 1 EBVBWTIZHbY
WZxPg B et E g, 8 2 BERE TR A 2 MIRERO AT b
PHCAN TG RN L b 2 ) AR 2 BT 222 H
My & UCaMm L7,

Tt AT R 0] GMP KGR

AT % W PR EABR, Th BT R e

F Nt I

E S B HERY 2 A L7258 ISR L TIB 5 L7220~ 60

WOBBB AR L (iRP, B X OZFouietkod 5 &tz i
) ICARBBOHW, ToBEHR - HEER, miRRABETo
Ve, AR, REEEATS - R, T, BMeEIHH, BB
W5 )ik, ZOMOEERERE, FhCEdRIHIREE, o
WFL TR ELTLBLHEE, BRBN~NOREZOELZ S
P FEE LTHPT S, 2L THEBRNOSNOFE % #7200
EHIBE - BEORE, ERRE, TULVEF—5ICET5M
2, MR (K > 155cm, KE > 50kg, MAEME,
WEBIEFT RS, MEEAREESE), WS X ks, OERRE L T
T5., FLTINRLOBRBIZBWT—IRERES L TR S
BB G R, B2 RET 5. RECINS 0N
FHIZOWTCHE, HBEZR TOREZMKEL, WPIREERTET
(ivga, 183, EEmt BEH, Tv7Iy, #av
A7 a—), EHERE, vYrer, sGPT, sGOT, yGPT,
LDH, 7VAh VKA T 75—+, R, IifE, 7ororer
fil, IM%EY 8—Efl), BHERE RGN - & - i - o, JRAE,
BUN, creatinine, 72 €Y /4 ), MiE—# (Hbfl, Ht{H,
RIMEREL, BMmERE - 5338, M/hMKEk, PT, aPTT), IMiEE
Y (Na, K, CD), feEinetds (HifEt:) ZBemiis
. BEHNEFIIINSOMERGEEL, BUOHSHET 5.
HELRIE NS OBRE, T4bbEBIMEORKRIZOVTIR
HLEBRETE T BINT 5. 2L TREBTSRE L@ IN S8k
BroE 2 55 1 BRRIREREE, 55 2 BERSIR B IS IR 211l D 24 C,
ZNZNOBERE \EEHAT P2 H 2 @A L T T o~ &
BT 5. BIEBRERHIEENREI 259 2HET 5.

A. B 1 RRERER

FROMBEOR, 14%%H 1 BEERAREL LTUTO
5HIZX T 5.

1) 10ml# (10SG%) 2%

% SG single HbV infusion group

2) 50ml# (50SG) 2%

3) 100ml # (100SG) 2%

4) 200ml # (200SG) 2%

3) 400mlE# (400EG¥) 6%

* EG : blood/HbV exchange group
N5 5 FEANDBREIETTIE 10SG, 50SG ... 400EG DN i
7L, 10SGIZBWTFHlE ELRHHER (adverse effect) 7%
FELBWT & 2MERKIC50SG % 1T, 2 L CIERTFHE XS
AHRERDIE L 5\ 2 & 2R L TiRMIIZ 400 mlEG % fifi
119 5.
SF R BB E IR ER AT HC R I &, —BAERE 2T,
MEFENTOREr, &3, EIRE & 5. RS Y H I3
DA, WGEBREORG- 2T, kN TORHE, A, HRZ
LD, WREBERS% 1 HHICRTEORE L 2T, S IRMIZR
WBREWI ERERLTRET L. SOITHEBERSG 7 HEIZ
MR X E OB L 2T 5. ZFLTEREN LTV & 2R
LCRBRE#RD 5.
ReAE - IGBRET H A, BB G ATRA, GBS 2 R
Bebidr, BB 24 e Bk, BB S T H
B

KA H
BT H AR 1 — i P2 AT 1 T HREIR R (2 23
HLWZ EDRERBICED .

BEUH, BLOENUBROMBEHBIULTOZELSTHA.

(1) — BRI A

(2) T5BRespkne (M, MRiO%, 1233E.0ER, CPK-M)

(3) MPugBkREARA ORFE X HE, MilGE, 183, Pa0,, PaCOs,
pHa)

(4) WFEEfemEE (B&EQ, TV73I v, BaLxFo—),
WeBERRIEEE, ¥V VK, sGPT, sGOT, y GPT, LDH,
TIAH)FAT 7 —E, JRIR, WbE, 70 ko e,
MY /S —Yfl, MmAEFLERME)

(5) Ehkae URMER- & - IE - I, IR¥E, BUN, creatinine,
vavy Jry)

(6) ImiE—#mx (HbflE, HtfH, HbVerit®, HIMERE - 758,
MR %L, PT, aPTT, FDP) HAIMEETHOHLOV Y
RV — 2k (%)

(7) MEEME (Na, K, CD

(8) shyEtknetast (WiMRIEYE, M HbV PR PURRUE)

(9) M- EBEpkAE ORAT, #8870, B, WERED), X5
wRe, 1, WD)

(10) {HALkkRe (Fk, BEEBEEREIR, TR

T BHBRE D O OMBEERIGE L 1 Y720 15~ 17ml, HER
YA S, HEEERS 1 E R OB K % & 0 Tl
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100ml LT 2 HERE 9 5.

ARRERS
1. 10SGiaEx

1) BB ZEE0T H TR IR R (T &, — B
BN TRBEIRAE IC BB 2\ 2 & 2 TEER, B EE) 2
GRS E EE D, B L VRS EHEED,
ZORIIMHITAHE S (Figl).

2) RBRERGYHOWEIIME S L— B2 TRBRKC
BEDP W L ZRERET .

3) kit (1) ~ (10) oBEZ%IT5.

4) BHEHE LTI Z &), BIRERZITZVW5%T F
7 BEINFLER Y ¥ 7 V0.5 ml/kg/min @ £ % 20 55 %0
5.

5) FRLHEHIREE OB HbV 5w bl % & #6e, 2040 C
10ml HOWIER 2T 5. ZORE TS5 %7 P iinzEY
VIV R B AEIEICAE LT 0.2ml/kg/min O Fi %
Z\T 5.

6) 205 %IC LR (1) ~ (10) DMFE%E % 5. OB HbBY
HEARNSHGEAT L 22BN 2 C i HbV i (HbVerit)
HWEMAOFIM (2ml) %2 5. Z QM E T E %R
2T 5.

7) HbViEA 2 BET£(C HbV A 20 5\ MifT L 7z [ —3H
HowExz %) 5.

Z O, 02ml/kg/min OAEFEIE RO ST I NS,

8) MERICEF L WT L 2R L TR I L, B
BN TEFE RS, HHT 5.

9) BH, HEHIHEZHELLT .

10) REREER G- 24 ReI RIS BRE (1) ~ (10) ot 2o
[ZHbVerit W@ HRILZ 2, BREMWN, MEmiciEzR
DRVAIL 2 R OZE#H, BEEZE-S> TRTT 5.

11) #EBRE T —Hk, RIS, ki (1) ~00) o
AT, 72 S IS HbVerit flE R % % 5.

I. 508G ihEk

10SGifER % JifT L CZ DGR Z AN L TSRO 2 REH
BHE, BIMERI DS 2o 7235 B\ IE 50SGIRERICATT 5. BBk
FIX10SGIRER & FERIC HbViE AR H OMAEZ 50, kN %
#, A, BIR%E & 5. F2HbVHES Y HOWEMHA, 10SG
HERIGATRE O HbV {EARTEMRAE [(1) ~(10)] 2525, 72
10SGiBER & [AAE DO FIRFEDR, 5% 7 N BmsLigy > # Vo
0.2ml/kg/min D FEJE D % 20 0 %2 T 5. RWT200HT
50ml @ HbV Z % 5213 5. HbViE A Ol CEEATR),
MeAE % 10SG iRER & MFERICZ 5. F 72 HbViEA KOk
TOEH, HiAd, 10SGIEREFEICITZ 9. £ L THOVIE
A4 W oM, 2, AL 10SGIHERFAMKICITR Y. &
SICHBRE 3 —HEB BRI E, it (1)~ 11) ok
2, 7 5N HbVerit W2 BRI Z 10 SGIRER & FARICZT 5.

One Day before the Trial

Recruitment of Volunteers ——> Reception ——— > Screening Tests ————> Adaptability Judgment ——>
Grouping of the Volunteers ——3 Information of Trial Date

Registration — Physical Examination —> Rest & Sleep in the Institute

h 4

h 4

Group 10SG, 50 SG, 100SG, 200SG

400EG

Procedure

Tests before infusion of HbV
Infusion of HbV (scheduled volume)
Tests at 20min after HbV Infusion
Tests at 2h after HbV Infusion

The First Day

Rest & Sleep in the Institute

Tests before infusion of HbV
400ml Blood Collection
4C storage for 7 days
Infusion of HbV of 400 ml
Tests at 20min after HbV Infusion
Tests at 2h after HbV Infusion
Rest & Sleep in the Institute

The 2nd Day Tests at 24h after HbV infusion Tests at 24h after HbV infusion
Tests at 7 d after HbV infusi
The 7th Day Tests at 7 d after HbV infusion ests a atter Hrusion

Transfusion of Volunteer's Own Blood ¥ €—

Fig.1. Diagram of the first step of trial. SG: single HbV infusion group. EG: blood/HbV exchange group. ¥ : According to institute doctor's decision
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M. 100SGifER

50 SGIRER & 11T L CZ DR R & AT L THIICRED 5 RE A
PihE, BIWEM 2 A0 o 72 35A 1212 100 SGIGER ICBAT T 5. Bl
H 150 SGIRER & FARIC HbV iE AR H OMAE % 20F, MifkPN%
H, AH, mR2 5. F-HVHERSGSYHTOWAME,
50 SGiEBRItIATIRE CO HbVIE ARIFEM A & 215, F7250SC
EEBREFRROBIRER, 5% 7 FoMIABY 7 IVio
0.2ml/kg/min DIEEDIIK D Z1F 5. KT 204 /T 100ml
O HbV Z#iE % 213 5. HbViEAB OB, MIAIZ50SCIHE
e FBRICZT A, E-HbVIEABRORMGBRNTORSE, 1Ei
b, 50SGIBER & FEkIZATZR 9. £ L CTHbVIEA 24 KR O
e, Wik D 50 SGIRERRF & MARICAT 2 5. X S ICHERE
BRI &, B (1) ~ (10) o, 250
\Z HbVerit il 58 HIERIM % 50 SG iG8x & MkIZZ T 5.

V. 200SG iGER

100 SG iR BR % JifT L CTZ DGR Z RN L THFICRD HRE S
PRAE, BIVEHIZS 72 70 o 723551213 200 SG B BR IS AT 5. BBk
#1100 SG i & BRI HbViEART H O % 2, MiN%E
B, 9, MIRE & 5. T-HbVHZSG Y H TOWEHE, HbV
EARRERE [(1) ~ 10)] #2005, F72100SG &6k & [H
FROFIRIESR, 5% 7 Mo REmaLERY > 7 Vi 0.2ml/kg/min
DD HE % 205 H 52T 5. KT 404 T 200ml ® HbV
EWNEZ 2 A, HbVIEABZ O, AL 100SGiRER & Mk
2% 5. F-HbVIEAZRORIRHNTORS, i, HiAd,
100SG{RER & MBEICAT 2 9. & L CTHDV EA 24 KEH # O BAL,
ik N2 H D 100 SGIRBRIGITRE & MBRICAT 2 ) . & HICHERE
R, BEERICE]E, R (1) ~ (1D ok, 250
{2 HbVerit % FIERIN % 100 SGiGER & FARIZZT 5.

V. 400EG BB
200SGihER % JifT L, ZDFERZMH L TIFICRED A RES
BHE, BIERA 220 o 72358 ICI3 400 EGIBERICATT 5. Wik
FIEHIARER (10SG~200SGiEE) & FERIC HbV iE AR H O
Ee 2, RN TEHERLMENT 5. 2HbVIEAYLHD
WEEMAEE L, HbViEARGERE [(1) ~ (10)] 2%i) 5.
RECHREMERL, 5% 7 FoEmMAEY >~ 7 IVl o 0.2ml/
kg/min O EE DD 5Z1F 5. F LT 3005 B & 4 H
FRH R 2 T X S I [FHE T 20 0 M o 2 23 5. KEIC
1) BECE DS 400 ml DI Z RIS Y 27 (HARARA- 4Ll
A, BRILERINL N v 27) 255 7 MR RE T ICERIT 5. R
L 7213 1 e O SIRBUHE D212 4 C ORI IRAF
5.
2) PRI T & & D ITHIRIEME 2> S HbV 0 400ml % 0.2ml/
kg/min D#EE THEAT 5.
3) BERE I HbVIE AR OMA 2 BiiGEER & FARICZT 5.
HbV iEAB O, MADAIGRE FAICZ TS, /2
HbV A ORIERNTORDS, &0 b RiiaE & FARIZAT
%9 . Z L THbBVIEASH WA, A% RIHRER & Rk

17%9.

4) S HITHERE T EBICHRBGZ O], LR (1) ~
(10) oM %25, F-HbVerit il EHRIMLZ %) 5.

5) PRI PRAF L 7o 8B F L2 B Bt i S PR 5 5 25,
IR I SNy TR AN Y I A | AT -0
52t (2mg/dIPlEOHbEOMET, e OBa- Bl
e EERMIC L BHE) AFEO DN h o GEITIIEERE
W53 5. 727200 EMEDTRD b N =56 13 RE
IZZEhEho IO V%R % 10ml/min O # R i3
5.

6) AL, HD\IXERINGE, BEAOH B CH g 12 BE SRR
D LN VEAICIEBRE IR, BRI TT 5.

B. %5 2 E&fEAER

81 BBEER L MO R, 16545 LTFO2HICKXST 5.

I. 600mlE#E (600EG) 8%

I. 800mlE#E (BOOEG) 8%

INS 2 BEAOWRBHEITIZ EEE T, TONHIZHAT L, 600E#
IZBWTTHEE DA EHL (adverse effect) 2354 L2
& xR % SO0 E R DIEER & 1tifT 3 5.

WeAr - IGERET A A, WGEEER ST, BB 55 20 S B

A, 2 WA, 24WMBRE, WBREKS 7 H#
e

GERE, MiARTHH
I. 600mlE# (600EG) To#A - HbViEA

PEERE X HbV 35 5-105 H ICHMAT R IS A D, — PR kst %
ZF, REREBICEEN VW EOBMEEMI V25,
L Cige IS CEiE kD, FRZENL, BMKRT 5. HbVIE
AYH TOPEME R EILH 1 ERSEER L MEkICAT2 9 (Fig2).
FAZKAEEFNRAD S LEIR S 7 — T VETAT 5 (Al AE
HAEWE L, 3mI/hTMEEAN). FLTUTOE 2 BREA
BAEEIT). Thbb

(1) —MeFEWRA

(2) TEBR#ZPERE (ML, MR¥EEL, 123FEL0EM, CPK-M)

(3) MPlb¥remeds (WOl XA, Mithe=, 1 #38, PaO,, PaCO,,
pHa, Hu0##k PvO., Base Excess)

(4) WFEEfemE (B&EH, TV73I Y, Il AF0—),
WHENRIIEE, €Y V¥, sGPT, sGOT, y GPT, LDH,
TIVA)FRRAT 75—, [REE, MM, 7o bo e i,
HHC AR O 2L )

(5) Bt¥ne R - & - JbE -7k -H), BUN, creatinine,
vavy Jry)

(6) IiE—M (Hbfl, HtfE, HbVcrit, ZRIMEREL, FifiiEk
¥ - 43¥, PT, aPTT, FDP)

(7) IMmiEEHEE (Na, K, CD

(8) feiEpkmetnds (WG YE, IMIE HbV SUE/ BURRUL)

(9) thiE-EEpds ORAT, #8797, WY, RERES), AR
Fere, #1J01, W)

(10) HALBRRE (BAK, BEIEREIR, AT A)
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One Day before the Trial

Recruitment of Volunteers ———> Reception & Selection ————> Screening Tests ——— Adaptability Judgment ——>
Grouping of the Volunteers ———> Information of Trial Date
Registration —>» Physical Examination —> Rest & Sleep in the Institute

4

4

Group 600EG

800EG

Procedure

Tests before infusion of HbV
400ml Blood Collection
The First Day

Tests before infusion of HbV
400ml Blood Collection
4C storage for 7 days

4C storage for 7 days

Infusion of HbV of 400ml & HES of 300 ml
interval of 20min

200ml Blood Withdrawal (not stored)
Infusion of HbV of 200ml & HES of 150 ml
Tests at 20min after the Infusion of HbV & HES
Tests at 2h after the Infusion of HbV & HES
Rest & Sleep in the Institute

Infusion of HbV of 400ml & HES of 300ml
interval of 20min

400ml Blood Withdrawal (not stored)

Infusion of HbV of 400ml & HES of 300ml

Tests at 20min after the Infusion of HbV & HES

Test at 2h after the Infusion of HbV & HES

Rest & Sleep in the Institute

The 2nd Day Tests at 24h after Blood exchange with HbV - HES Tests at 24h after Blood exchange with HbV - HES
Tests at 7 d after the Blood exchange with HbV - HES Tests at 7 d after the Blood exchange with HbV + HES
The 7th Day

Transfusion of Volunteer's Own Blood % <

Transfusion of Volunteer's Own Blood % <

Fig.2. Diagram of the second step of trial. EG : blood/HbV exchange group. HES : 6% hydroxyethyl starch solution (Hespander™).

% : According to institute doctor's decison

DOHEEZIT D, REHREZERL, 02ml/kg D#HET
25%7 B HEMAEEY » S VIO S =25, €L T304 %
WA 2 A LA HE SR 2 T B ISR U C 20 43 M O B %
ZT 5.

1) RISy 7 (HARFR AR, B sy 7) %4
L CTRERE A 5 400 ml D IME 2 + 45 7 M R I EREL
T 5. FRELL 72 1 R 0 SIRBE O %12 4 TORE
FEZPRAFT 5.

2) PRI T & & HITHIRESMAE 5 5 HbV @ 400 ml % 0.2ml/
kg/min D#EETHEAT 5.

3) HbViEAZE T & [AIIZ300ml ® hydroxyethyl starch i
(NZIRYF—™) % 02ml/kg/min @ #EFE TEIRNIZ RS-
T 5.

4) FEEOHDbVEA 205 % ICHERE O HER, MR
WCEEDFED BN NI & ZFERR L THEE 25 200ml ©
BRIz AT9) (ZOMEIZBEELDT5). ZORIMHET &
[AlFF 12 HbV @ 200 ml % 0.2ml/kg/min D#E THEAT 5.

5) HbViEAZE T & FIZ 150 ml @ hydroxyethyl starchii
(HES, ~NA/8Y % —"™) % 02ml/kg/min ®# & CTEHIRHN
WZHEAT A, Z0%, #IREEIE0.2ml/kg/min DHE DA
WA RIEA CHEFRE 9 5.

6) BWEREIIHESTEA 20401, 2 Kk omAez), ik
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BixEasns, —F, FLEIRA 7T — T ViEAo8) U
HCTHEINS., 20k, BEBEEIHZMNCE T VEAT
5. wBIoOM, 2MWMEARITERT 2 & Ebh iR
HRRD BN YA BB E R OB T, #ERI T
W BEEBRE O B E i L, HEIhIk S5,

7) BH, BEEIPELHMAEL, HbVIEA24RH% OB
TxEZT5. 2o, HOERSY T —7Vid 3 ml/ho4k
HAWMBOEACTHRT A, 2L T 2HNOBIE®R, R
HERBOLP o A IEHOEIR Y 7 — T vidikZEsh
JRET 5.

8) WBRE T ABICHBIER ] E, LR (1) ~ 10) [
72 LHDEIRILIC DO W TREZ R ] offt, %5 0N
HbVerit #ll 2 RN 2 21 5.

9) FREL - R L-HCM400mliZ 1 B MERMNICHEE L,
PeERE A 1 R OMA AT S, BEITONEZOE
VEE D D 2 g/AILEOET BRSNS, D VIRE
OB &9 EHEE H MO ASNE L Bd Sh
2% AIEF O ERE % 10ml/min O 3 CHERE |2 i
5. HCMOILOLEEIBD LN ho 2858, &
BV ER S DOFTLED e Do B AV IIRAE L 7 8B B
CUMIZBEFE SN 5.



I. 800mlE# (800EG) Tl - HbViEA

W ERF 13 600mIE BE & FAEIC HbV i AR H IS IBBR % 12k X
WA %521, Wik CTORHE, HiN%x1T7% ). HbVIEAMH®
HIEIZH & & L, 600EG THiAT L72® & [H U HbV ¥ A §ishiRd:
[(1) ~ (10)] %=F 5. KICHIREZERL, 25%7 K75
IFLEE Y ¥ 7 VD 0.2ml/kg/min DEFE O E 21T 5. F L
T 30 7 B\ B A & A B RSB 2 T8 S I T 204
B O 2 5.

1) BEERE @ 400 ml D ME % 55 7% SR IRCE T IR N v 7
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MBI B &3 S PBaE H MOl AS%EE & 78 b
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728 THR BRI 2= D 10% LA LA I 2R & &% 2 THbV
HPE 583 200ml & L7z, ZLCIOREZ@BZ TR T LY
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oIy FCHBAHERPRONL L 2MELTWA. Lz
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T e AR & MR & L7z iEEEE 1 MR Tl 2 ofi R %
AT S 2+ e BB 2 B2 A L b HEETH L. L
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Albumin and medical examination and treatment of the liver disease

SR BAHL, E¥ R
Kazutomo Suzuki, Masaya Tamano

FITIDER
TV I VRFEBRSRICBOTIIEESRREIRETH LT TIE R PETFIEEEL LTOHEETHS. LarL, I
ETNVT I VICENERRS D ZEPRIHEIND L HICRD, SRBRIET VT I AMEOPEICIZHICEMME 2 Tld %
CEMMENICOWTHEET LI LPUETH L. T, FERE, & ITHFEZICEHE L GRIESEO KL E O
T NVT I VREADBHACONELZLEDBL 0D, ZOBRIZHHGINLET VT I VRAIDHEIZOWTOSHEETHT L
PLETH L., ZEH OO TIRME 7 VT I VMEOWME /L L TIEBCPURBENROBEN-HELEZ TS, T/,
TIVTIVHEFIEL TR TV I VORI SENEOT VT I YBEINGFE LWEEZ SN,

Abstract

It has been shown that protein-energy malnutrition is an important prognostic factor in patients with chronic liver diseases. The
serum albumin level is frequency used as an indicator of the protein nutrition status and prognosis. Human serum albumin is
the mixture of human mercaptalbumin (HMA) and nonmercaptalbumin (HNA). Although the bromocresol purple (BCP) method
provides high specificity in measurements of serum albumin levels, there was a reaction difference between the values for HMA
and HNA measured by the BCP. The modified BCP method is superior method to evaluate the serum albumin levels in our
study. Our study on human serum albumin preparations, domestic-made products and foreign-made products available in Japan,
was conducted with regard to microheterogenecity of human albumin preparations. The ratio of HMA in domestic-made
products was higher than the ratio of HMA in foreign-made products. In conclusion, domestic-made products was superior to
foreign-made products in regard of microheterogeneity

Keywords
Liver, ascites, Albumin, SH oxidized albumin, reduced albumin
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AR T OAERE R A AACH D, JEW O L o E %
HEREERHSTWA., HENICBIT A7 VT I ACHE)EE XM
WT7NVT I VEICK DR ING DS, MET VT I I
JBaTOTNT I v OERR5H, HHENGAAIREIC X)L
AeZALL, GRENLZTVT IV DIFEASIFERIDBAL
BITTH, FRMENT LTIV =V EMENT VT I VS
— VOBITHITONT VS, TIVT I YOI~ DHTIC
XDMEH SN TV, BEFERICIBVTOUTIIRT L9
A GRTFICE o TREI STV A2,

2-1. Ffmim

JFAEZE T PRI D BRHEAL IO FIIR D MR EAE T 5 2
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CENEETHD, T, MET7TNT I VEOATHFHER
HOFHETFUNTLZENTRETH Y, BASY IEFig 41K
T X ICRBBISEROME T VT I iz 2 BEC5T, iET
V73 MEHA35g/dL L L & 35g/dL Rl THI S A IS PR AR
BHIERREL TV, Lzd o THFER, & ICFMED
FRIIBWTRIMET VT I VEZMET A2 LIZEETH 5.

ALBZ3.5g/dL (n=110)

ALB<3.5g/dL (n=62)
% “* p<0.01

“** p<0.0001
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Fig. 4. MiE7 V7 3 Vi & FRZDOF %
O BRBIEROME 7 V7 3 Ul (235g/dL) O : #FBBigRD
M7 V73 U (<35g/dL)

4. MF7IVT I EORESZ ERIEE

KRG AT ) L CREFEAEE TH 5 Z & 1dBlackburn'
A% [Nutritional assessment is the first step in the treatment
of malnutrition] B TW5. T 7Zb b EY) % RKEFMAT
bl E KRR TONT, BEOFHRITENT S,
BB B RBAHER L L CIEAREREL AV T -
HEEDRD 50, HT5%DOHERA I CEARERELGIL
T3, L7zdso TIHARZ O & 1 R E 2 WIE I 53 5
72DWZIET VT I v ERENZT TR CEMICHEHEZIT) 2
ENEETH S, Table LIZHAEALTHALNTVWETIVTI
Y OWEF B ERT. BCGHEIIARIT TR b HAH SN TV BTG
TNT I MEDOWEFRETHDH, TVTI Y USNOKRAE L
HRIBT AT EAEHMEINTWS. —J, BCP#: (Bromocresol

14

purple) &7V 7 I VIR LFTETHEH, TIVTI V5
FHDOSH (sulthydryl) #ICXk 2B20EREND L 2 LIRS
NTWh, FHEZICBWTIRE MAVAT TV T3 ¥ (HMA) +
VAFUHSC NI VANVATITNTIV(HNA) + VAT AV
DRI & ) HMA 23584 L, HNA 23 5. BCP I
HNA O KISt & ) HMA ORISR WS E2EH I hTn
5. PDEDPSEZSIIBCPEENARS Y O BCPHRREDHIE
FEIITNVT I VOHNA OFFAENE L S AL T 5 L Hl
RTHHZ2IT>72. WHSIX? Fig. 5ICBEDIMET VT I &~
EOREFEEL LTEMTHLESINTWLEMLERETH S
R W —iETH L BCGCH: L BCPY RE: GHAETIR
BCP#) 12X B1iE 7 V7 I Y EIZ DWW T L EB TR 2 st
A7\, BCGEd BCPY LD ELE L A RO IEDOMB %R
L 72 A3BCG I 7 )V 7 3 VEAMRAESNIC BV CTEE % 7R
FEASASNT. LALHE - BEOBCPYREEEXT VT3
YOMRMEFNC BT H o EEN B LR L TB ) ERHE
LR THLREEZIIBOEOLVIERETHL LWL, L
2HoT, WREBIIBWTT VT I VHENREZ G 5720
WS TNV T I VEZMET I L TIET VT I v olllE )
Lo EEZERT 5 I EHPEETH LAY, BRHTIEIELES I
BCPUHRENROENHETHDLEEZ TV,

Table 1. LF7 V7 I MO EE

BITE A& HIE R E i
Bromocresol green (BCGi%) ATy — (EAEE) BRR OB CIRKAWDI TS 7 ik
TNT I LSOE B RS

I Bh oy T e O E VT RE

Bromocresol purple (BCP{£) ARy a~w T — (EABRE) TNT IR
TNT I 5y FNOSHEEICED
RaERDHY
F1 B o3 T R 7 PTRE
tk & Bromocresol greenik BCPIED K s CTihHHMAIZ R L THNA
(% RAIBCPI%) DR VEZDTNBESDSERAL 7L 7 I AR
HMAZHNAIZHE{LL TBCPIZX 375 TNT I FNOSHEC LD
BEFEEEITT S REERRL
F T 53 AT I T RE

Nephelometry immunoassay TINT UG O AR A RO
(NIA}E) HELEARARE T2

OIS,
e
i

BCGik BCP¥ R ik(g/dL)

) (g/dL) 6
N=405 s
Y=0.748X+1.164 N o025

5 r=0963
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ME7INIIVRE ME7IIIVRE
Sy ik (g/dL) Sy 15 (g/dL)
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5. FREZICEITZ7ILT I OEZL

D 5P X Fig. 61287 & 9 IZHFEZE I BV CHEAEREIHEST
FTRIZONMET VT I VEIKTL, #ICBERT LTI ¥
OWMT A EZ2IEHMLTVE, TEES Y I EEIC
SR IV BEA ARG TLIEICLVEBER T LTI Vs
AEETFTTAIEZHMELTVS. LX) FMEREICH
WCHALRI 7 V7 3 Vs L, IR 7 I 7 BEAI OB 51C
XML T VT I UMD T A5 EHL ISR, A
BV TIIREOEL R REBIRBOLZIZ L ) BLR 7 L7 3
VORICEIT VT I v OEALDHEIN AT TW A Z &
Lk Iz, FEHELDHBEHT I/ BREH O 5-Hif% TBCP
P BCPHM BB X AIMET VT I VHOWEMDFEITONT
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Meid L7225, #5810 0.14g/dL 25 0.05g/dL & JilEE DI
WAL Tw/z, PLEX ) BCP#E BCPHEIEIZ X A1LiE 7 v
73 VHOWBMEDOZEIIALE T VT I L OEE D DHIEEK
ML TWBEEZOLNL. MESY O & dHbEiUIFmE
WCBWTIREB LR T VT I VoML ) 7IVT I v RN
AHIME NS S MBEINE L, SIESHT I 7 BE5128 D
TUVTIVHRBALRT VT I Uho@ully v T 3 v ~ZiL
L, ZOEREIMENOT VT I HBWINT 5. DEX)FEES
EBCPYREICK ZUEMIZHIZT VT I VBETIERLT
WTIVORORBIERT VT I v ORESEBRLTWD EHEN
LTwW5.

6. FEREREET7ILT I A

JFREZE IS0 L 2RO BB HE—RZBIEETH Y, Wik
HIZX D 10%DIEFTEDNaNT ¥ ADE5RY, JEAKDHE
BALNLD, BHEFMTRHEDSA SN WEAEIIZILT vV
FATa yHFoOFG2 b, AR FRFN S L &
WIEAKIZH LTT7 VT I VRFI oS L FIRAIORS- 2T b
TWhb, BAEEEICEOE L2 WA U TR R e A
IO KEOWKERPREZITH) h 7> THERBEL Z = L
TIVT I VEROEE TS, TIVT I VIEWERNE
9 5 2 LIEHTHE TR RZZDNE 7 )V 7 3 VBN AERAAAE
THIENLTNT I VAN HWAERIAAET S HeED
RSN, ZOTNVT I VEAOENERZT VT I VA
HICBLTZOMPICEI B L LML TVE, FITEED
WEEER OB T—HRMICH SN A ENE T VT I 35 & iy
ATVT I VEFNZEENET VT I VIZOWTHRE 2175 7-
(Fig. 8). MGEHIBZLTBCP#: & BCPRREDHEAEIZT VT 3
YOHNADOREREZ K2 W) RO D EWHmat Lz, EA
Wy T I VBN L TRMAT VT I Y BANIZEONEE
PHBICRMETH - ELSENET VT I VAN L
THAT VT I VRHEBEB T VT I VOEHENEVI L
HPHEWENS., 22 CTEImanE” X W EWNHAOT VT I ¥
B3 D SHHAZ DO W THEE % 4T - 7223 Ellman #12 X % SH#ED
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WIZEINE 7 V7 I YA THI0%THY, —HRAT VT
I VEAITIZI0% KM TH Y, BCPHEE BCPLREIZ L B
EEEFMOBRETH 72 T2, WHY SME T VT I ¥
fili& HPLCIEIC X Y &l - BfbB 7 v 7 3 Y (%) %Ml
L, W aobrsE iR (extracellular fruid/total body
fluid) & OBFHEIZDOWTHRETL, BALBE TV T IV (%) &iF
JEROMICHEOMBEZ RO EMELTWD. SHICHTIE
BECT VT I VEHI Z G LERERDICOWTHRET LAzE Z
ABAEMT VT I VI (%) MEWTNVT I VEFIOF IR
CHEREZ B EELEMELTVS. TILVT I VOB RELL
VKR FOSANEEEE RIZL, 537 VT I VEAIO
BALRL 7 V7 3 Y OIS 2 DREFITHE® LTI hEMED
s h.

7. &8
REBOZFEIZBNTIEIT VT I ABIREZEMiT5 2 &

BEETHY, BIZMET7T VT I MEZIET 5720 TE%L,
TVTIVEEMICHFHIIT A 2 EFEETH L. T2, K
RIFNEDOEHICT VT I VA 25T A5 ICIEHICT VT
IVEHRGTAIOTRELTNT I VEKIOB WAL EEL
THANOREREITH) T LD SBEMHFTLLEN DY, TLT 3
YHFHNZ X BEFDRICOVTHIMF L TO L 2 &S HBOM
HEEZOLNS.
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Intracellular targeting delivery of
transferrin-PEG-liposomes to solid tumors

PH E—, 89K s, ANH MY, SRR SR, FEERCT A, Ll —
Keiichi Hirata, Ryo Suzuki, Yusuke Oda, Tetsuya Nomura, Naoki Utoguchi, Kazuo Maruyama

3T 5R
YRV —2E, HERPREIMEL, S L4 OWEEHATELZENS, FHZEWT YY) 7—& LTIfES
NTwa. )RV —AKIH% polyethylene glycol (PEG) Ti&fii L 72 PEGISHI ) AV — A1, M#EANESE (RES) O
ARG 2 R e L - R E R ) Ry — 2 e LT SN, €09 Z2, PEG-Y) KRV — Al enhanced permeability
and retention effect (EPRZIH) AT LI Lh s, BAMBELG &R L CEY R E25EW L, v 75 —7rTF
AYTRYRY =L LTHHENTVS, AL, FOPEG YRV —ARKMEIZ, BARRNR)T Y FTHAFNT VA
7z v (TF) ZEE3EHT LT, BAMB~DNNY T8 =754 Y 7ORE ST, BAMBHANDT 2574 745 —
Fra4 v el Ry — 20 RAAL. T3, TF-PEG-Y) RV — A DEKHNGAITOWTHES L2458, K
PRSI, PAMMRTPEG-) KV —A L) bENLEMER L. ToHMZMA L, TF-PEGY ARV —AI2"B
ﬂ:’n\%”?ﬂ’ﬂ?"f’) 79 F ~ (oxaliplatin: L-OHP) Z# AL T, &7 RP i (BNCT) R A LSEHEIC#A L
L HBAR Y A I EE R E G L22AR, TF-PEG-URY — A1, WTINOBEIZBWTDH, FERVDAHM
ﬁix@ T BAPEREIREE T LI EFHLNE o7, RRETIE, PABHEICEBIT S TF-PEG-Y RV — A0 RgME L
ZOAEREICODCTHMNT 5.

Abstract

Liposomes have some advantage as delivery carriers of drugs. A major development was the synthesis of PEG-liposomes with
a prolonged circulation time in the blood. The PEG-liposomes are not readily taken up by the macrophages in the RES and
hence stay in the circulation for a relatively long period of time. PEG-liposomes can take advantage of the EPR effect (enhanced
permeability and retention effect) for efficient targeting in the tumor. For the active targeting following the passive targeting to
the solid tumor tissue, transferrin (TF) was conjugatetd to prepare TF-PEG-liposomes. For intracellular targeting delivery to
solid tumors based on EPR effects, TF-PEG-liposomes can stay in blood circulation for a long time and extravasate into the
extravascular of tumor tissue by the EPR effect as PEG-liposomes.The extravasated TF-PEG-liposomes can maintain anti cancer
drugs in interstitial space for a longer period, and deliver them into the cytoplasm of tumor cells via transferrin receptor- mediated
endocytosis. TF-PEG-liposome was a suitable intracellular targeting carrier in Boron neutron capture therapy (BNCT) therapy
and in chemotherapy by L-OHP for cancer. TF-PEG-liposomes improve the safety and efficacy of anti cancer drug by both
passive targeting by prolonged circulation and active targeting by transferrin.

Keywords
Liposome, PEG-liposome, Transferrin, Boron neutron-capture therapy (BNCT), Oxaliplatin, Active targeting
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1. 1EC®IC

YRV —AE, ERBEOZEREE S TH A ) VIRE» S R
D, NEICAKMZ AT A2 IRE _EREOMS/MEE2ER L TW5
ZLT, RS2 SR SN TV B 720 FHE R HUE M AYMK
, Y, RAAEREBREREATELZ 0D, HY%
EYVAT 2L (DDS) OF ¥ ) 7—¢ LTI UETTbIL
TW5,

URY — ABEEANEHT 5 I2Hh-oTUE, MMHPIiciks L7
Yitr, EIFERPIEOMMANE R (RES) X hiffifesh<
LE)ZEDRRETHo72. TORESZRIMET LI LAY RY
—ADDDSF YV T—LLTOMEELE SN, 22T, VF
Y — L3I % polyethylene glycol (PEG) T8 L 72 PEG 156
YARY =L (PEG-Y ARV —24) #%, RES B8] RE 2 R ifi i
BB RY — 2L LTRSS, ZOPEG-Y RV — A
PAAHITH S FF VIV EY v %2E A LZZDOXILYIZ, KRIFT
LEHME L TR TEMEIN TS, $72, TETIXPEG-
YRY = AEKMIZIZAHBERH 2 EORRNY 7Y FE#HE
T ITATI=F T4 v IR ERY =L, kiAo xR
V—=ALEIDDS Fx V)7 —& LTHEAIIHEINTVS Y, &
HEODOMRETIE, TI/TATI—=FT74 7MYy Ry -1 L
LT, ehHEINS YA 72 Y (TF) %#PEGVYRY—LFK
i AsSG L 72, TF-PEG-) AV —LZHIEL, PABEEEHW
L L7METRITo T & T

ARTIE, FURPETFHRAEE: (BNCT) ~0IsHRHA
AFITH B FF41) 75F > (oxaliplatin: L-OHP) Z#H AL 7
DBAALEIREZ BN H T T, BABEFRIZBI) S TF-PEG-Y RV
— LD RN & ZDOF A OWTHANT 5.

2. PAMBEA*XEZBIE LATF-PEG-) RV —LICL
BT7I9T4TE2—=FT71>7

Y EEALLPEG-YRY — 21, PEGRBHIYRY —2L
EHBLT, B & ODAMBRIC IR E ORHRA RO
NG, =7 REGEDSA Colon-26 Ml 2 BHE L 72 AA <7 A
12, FEVEY VHEHAPEG-Y RV —2& (CE¥WR 7130nm)
25T 5L, PAMBTO FF I VE Y VEEIIRAICE L
20, BAOBEMEEFNEIEDSNLY. FRTHAMRIC
BT HEYOEFIX, PEG) RV —24IC J:éEEHJmEPF’*“”T&
AT, PWAMBEA TR S N7 BEY RS 0B A NS 5
FF7R ENRHE LR TWHEE LTHSN TS EPRIAEY %
FHL Sy YT 5 =754 Y TORETHB., ZDL)H R
DAKIE A RV — 2T X ZE#E, BIVEH OB L GERR
O Ex HE LA AR E L LT, BROBFBIIBWTY
HushTwns (DOXILY ; FFEVILVE Y VH APEG-Y RV —
2).

B, Likosjy 75 =754 v 7R RY —HNITZ,
é%&é%“ﬁ%ﬁ%?éﬁ%f ﬁ%%ﬁnﬂ?é%ﬁm&
YAV KT Ry — AREICHKE S, BEENTELE
TAHET T4 75— 774/7ﬂU%y~Aﬁ%$éhfmé

5,10,11)

18

EHES, PAMBOY =7y b1 L LT, £ ORAM
Jalst EICBREEBRLTCWA IS v A7) LTy — (TFL
7y =) WEBLEY, ZOVH Y FoTTHoTF 254 L
72PEG-U RV —24 (TFPEG-)EYV—2L4) ZHIELZTW, HF
ARIKETIE, TRV 7% —2SIEHMIlL & e LT X 0 &8
LThEY, TORHRIIDAMIBOBGRERELEE L HET 5
CELHEBEENTWAE Y, TFIX, EERNTHEA + > 0lkik
ELTH <K 78kDaDHE/ZAHETH Y, MIBEXROTF L

¥ —IZkA L7z, TFETF LSy —#ake LTV F
A P=TRAENLTHBANEITT 5. MIBAN~BITE, —
YRV —ANOpH DR TITHE, 84 4 Y 2 ML TFIZZ
DA F vl TH, FLT, S 4 2l L2 TFI,
AVV—LEORGERBL, L7y —ICHE LT IHE
RELTZF VT A b= AR THREmNICHE S, TEA
BB ENSE., ZOTEFY A 7 IVIZET AIEBREEENIZEIHR 105
TH5H%7. LkdoT, TF2IV A Y FELTCTFLE 7% —
FRENET LI, HICHPAMBZENE T 523 TRL,
BAMBNZEZENE LAl T 274 75774 2712k
bEEZ LN

FITEXLIE, PAMBNZENE L7z, TF-PEG-Y KXY
— LDEYEEF )T —E LTOFHEICOW TR 21T -
7z. TF-PEG-Y) £V —21%, TF % PEG-Y KV — L D PEG#iK
WA SRV T MELE LCHRBE L. TEGTFA5) R
V—=LH72 )R 255THEE L7 TF-PEG-Y RV — A% v/,
9, InvirolZBWT, TF-PEG-Y RV —2 %t MEaWEHHME
F 0035 L R >R K562 RIS VR & & 72856 0 % 8 AU 3 1 B
FEIERBE TlX, TF-PEG-URY =BTV FY =2 Ez 61
RN O/NBIZIY AT TS Z EAEEsh7: (Fig. 1).
T72, v AEEAAH K Colon-26 M IC/EH S 8728 2 5,
TF-PEG-1) BV — A DOFEA
A P=Y A2 X BN ABRHFE

G ERRDBRZHEREN LY FY
Loz (F—=%1C

FREF).

Fig. 1. Transmission electron micrograph of the localization of TF-PEG-
liposomes in tumor cells. K562 cells were incubated with TF-PEG-
liposomes entrapped by colloidal gold at 37 C for 30 min in vitro.
TF-PEG-liposomes were observed on the plasma membrane and
in the endosome in the process of endocytosis. Magnification; 40,000.
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KIZ, in vivolZBWT, TF-PEG-Y RV — L DEHNGARAA
RLREN DO LR DV TR L7z, Colon-26 fifg$HATA < 7 A
\Z TF-PEG-V) RV — A Z EHIRINICER G- L 72354, b o B
YR RESNOIY AABDERATED i, #H & L TEIEL
ANDEREABER S N2, TF-PEG-Y £V — 2%, PEG-YEY
— A ERRY, FH 60U BT H SAHMBEN TR i
2 MEFET B 2 EANWRETH o 72 (Fig. 2-3). LIRS, Liu b
LEH S, PEG-URY —20BAMBANDOERICOVT,
ARV — 2% A4 AHFIGR T 200 nm LA & /NS 2l
£, I & ASAKRREN DY) E Y — 2R B AR R
CEEHOLMTLAY, KBEHIBWT, PEGYERY —L L
TF-PEG-Y) RV — 2%, TNENOKNTEDLHK120 nmTH D,
MAEEIZBWTERRDONL 572, LELARDES, DA
FAMRN~EEHE L 72 TF-PEG-) KV — A O I1X, PEG-) &
V=LA B LTIEFICEI 72, O 213, EPRFHEIC
D DSAMBEN O BE ISR L CHEM L2 TF-PEG-Y) RV — 24
A, BICTF Lt 7% — %A L2HD AAR THAMBN~EAT

A B.
30
Blood Tumor
80
®  TF-PEG liposome
4 O PEG liposome
60 & Bare liposome EZU'
=
(=
2 =
a P
3 8
= s 10
#
0
1] 24 48 72 4] 24 48 72 96 120
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Fig. 2. Time courses of blood residence and tumor accumulation of TF-
PEG-liposomes, with an average of 25 TF molecules per liposome,
after intravenous injection. Liposomes (100-130 nm average
diameter) labeled with *H-CHE were injected into Colon-26
tumor-bearing mice at a dose of 500 x4 g lipid. Data are expressed
as mean * SD. (n=3-5).

PEG-liposome TF-PEG-liposome

Fig. 3. Gamma ray imaging of TF-PEG-liposome in Colon-26 solid tumor
tissue in vivo. TF-PEG-liposomes of 132 + 38 nm mean diameter,
entrapping "In-DTPA and coupling an average of 25 TF
molecules per liposome, were injected into mice via the tail vein,
and gamma ray imaging were taken 60 hr after administration.
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Liz7zdbtZEz N5, 72, Huwyler 513, in vivolZBWT
PNFEEDIMH TFIZX 2 TF L7 % — DRI DWW TR L T
W30 oF ), NEETFIZX 2viEiass, TF-PEG-) K
V—2DL T T —~OEEHEFICHET LW REIEZ S
N7z, L2L%EDS, invivollBlF 5 TF-PEG-Y RV — 2D
AFARENIBE D7 — % 5 (Fig. 2B), TF-PEG-Y RV —2®
TFL 7% —~O#EE, WEETFICL > THFICHES R
BRWZ EATRBENT. TR, S, TF-PEG-Y RV —
2F, BAMBBNERERE L7z, PARBEANOIEYREF XY
T LTHHTHLZ EhmEns.

3. BEWHP AEIZERE L 7=mercaptoundecahydrododecaborate
("BSH) # A TF-PEG-URY—LIZEBTIT1 T 42—
T4 EBNCTADIEHA

BNCT &, "o X 2Ry EOMUSZ AN L7,
AIAMIND 2 IR 5 2 & 2 IR L2tk & LTIkl
ENTWBY, ZZCTHE SN "BETIL, &7 ROREFM
RTHY, PETFRZ BT L BRBICHELT, AN AR
T (akit) &V F7 ARG (L) ORF RO % Bk S
H., FNS ek (147~176 MeV) &7Li (0.84~1.01 MeV)
RPN RERL T2 A VEF—-2FLTBY, RGHE
M2 D DORFEIE10 u m U & IZITHIE 1 5 TH 5 2 & 345
MThbH. T, BIEHHVLPETRI, R A LF—
MEW72D1Z (< 04 eV) DAL IEFMIIZIZIZE A LR
BEEZBEWVWEEZLNTWS., L2A 5T, FEMZBNCT
DERATIE, "BE T & DS AKERN, FRICHAMBE AR
WCHER S, EFMRICEERISAMBOAZRETAZ L
WEEEZZ LN,

BNCT OEBMEE 01857201218, PAMBERS 2
D DOUBIREED2030 u g/ g BEEZZLNTWDEY. Z O,
MR ORI B 5 EFME~OREZ ZE LT, M "B
EEWRERBRY)MZ 2 LENH L. €2 TEHXLIL, "BILEW
TH5"BSH (Fig. 4) = TF-PEG-UV ARV —AIZHATHLI L
T, PAMBLRING 2 "B OISOV TG L72Y. SFRT
££100-200 nm (3% L 72 “BSH#E) A TF-PEG-Y) AV — A1, “B
58235 mg / kg& b & 912, Colon26fHAA T 2D

SH

Na, (. 10 )

mercaptoundecahydrododecaborate (1°BSH)

Fig. 4. Chemical structure of mercaptoundecahydrododecaborate (BSH)
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MRS L 72, ZDfH & LT, TF-PEG-Y Y — 4 & PEG-
YRV =A%, M AUC & MBI L7225 ARARIN A~ O 7w 8
M 57z (Fig 56). $iZ, TF-PEG-U RV —2ald, &5
2RI BV T D, PAMBEREDZV30ug / gl EOR
WIBHEEE A L7, FORE, “BIEEEIZBWT, DSAMBRPIRE
FE/MAEEDIEN60 & o7z, ZDTF-PEG-Y RV — A
X5 BomwERIE, &2 S LA TF-PEG-Y RV — A4
BTF L7y =L Lz, TV FHAL =Y AKX DI

500 60
Blood Tumor
E 400 &0
5 *
=} ® TF-PEG-liposome
o
2 1300 A PEG-liposome
& B Bare liposome
= O BSH solution
£ 200
@
8
m 100
=]
o 1

R a
o 24 48 72 120 o 24 48 72 120
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Fig. 5. Time courses of blood residence and tumor accumulation of B
delivered by each kind of liposome encapsulating BSH, and by BSH
solution, in Colon-26 tumor-bearing mice. Two hundred to 300u1 of
BSH-TF-PEG-liposomes, BSH-PEG-liposomes, BSH bare liposomes
or BSH solution was injected into tumor-bearing mice via the tail
vein at a dose of 35 mg “B/kg. TF-PEG-liposomes, with an average
of 25 TF molecules per liposome, were used. Data are expressed as
mean * SD.(n=5).

kidne Liver

Tumor
' '°8_BSH Solution

Liver

Tumor

kidney

Fig. 6. Neutron capture autoradiography images of the whole-body section
of Colon-26 bearing mice at 48 hr after i.v. injection.
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TR O RS 2479 B, i B X OIEE AR Y B A E
BETHLE, BLICMERPIEFHMCH 5 ERMEICEE L
HENRSEINSEY, TF-PEG ) RV — AH%5 728 E o i
YBEEE, BHFIEA LT W, LzASsC, TF-PEG-YEY
— LG 2R LA A BNCT L O# L 72ROy A I v 7L
Zzbhiz. RIZ, INHOEREEE 2T, Colon-26ffifafH
A< AIZBSHE A TF-PEG-U RV —2 %M L, BNCTIZ
BT X ) FEMi L7z, *"BSHE A TF-PEG-
JRY—2%535 mg / kg "BTHIIRMIZHES- L, 2x10%n /
cm® O5METHET#ZE 370 HEG L7, £® TF-PEG-Y) &Y
— A DIREM AL, "BSHAKEW, “BSHZH A L7-PEGHKIE
fiiY BV —ARPEG-YRY — A L HBELT, A DOBEFHEIIH
LB T ADEGRIEDRD NIz (F—FIIIRET).

DX HIZTFPEGYRY — 2% HWBHEI EIZE-T, hik
TR I OB IR EE AR D) 20 AR K, ASAGHMLIERN "B i B
PAERRELL L& MR 5 &0 i S, IR ICEEE 2
GEE 525 2 LR HUELERIR RIS L 2 LSRR E &
o7z, ThiE, PARBRKICEIT L2 TF-PEG-Y RV — AN TF
Le 77— AL CHAMBANICIY AT ERICE200
LE 26N, MBAZREOREEMEIR SN,

4. L-OHPH A TF-PEG-URY—LIZLDT7 V71 T2~
Tra T ENAEERENDICH

1984 4E I &R RIS AKI & LTHIOTERAEI Nz AT
FF &, WL, AREOEVIIAAHE LT, 2530
FIZDZD VL OPOPADHE—RRFEL LTHVSGRTE .
L Laeh s, TOAEO S, Bk, & hasEns <ot
FEREIRIC & 2 RO RREREE 2 CORITEHAPEE Shb.
L-OHP (Fig. 7) &, #FHHOHEERRZIAA L L T2004 4
AR THRAEINT:, VAT ITF v ERT, itk
eI 722 EORBWER B 2 L3 msvCtwb, £ L-OHP
1, HARSICX AL SR TBL Y, 7vtuy s
Y (5-FU) &) F— b EMMOPiAAH & OB Y i
M58 HNTW5. L-OHP HAR G2 BT 2 G45ERZ L v
B E LT, Bz A EREGE & ARILERR Mg~ DO BT
MEKEHEEEND, ZDDIT, DSAHREANDREERR DML

H
NH, ...

Pt
09 N07 Ny,

H

Oxaliplatin (L-OHP)

Fig. 7. Chemical structure of oxaliplatin (L-OHP)
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WZEDRRLTWS EEZ SN2, ¥4 513, L-OHP % TF-
PEG-) RV — A2 AL, PAMILICL-OHP 2 %)% & & %%
g p e TENE, L-OHP HAT D Rh R I PUES %) 25
Hohb &z, 2T, Colon26 HAA~Y T X% H\WT,
L-OHP# A TF-PEG-V RV — 2 OFHBEIZOWTHE L7125,
T3, MAPBEICOWTHE LR, BIRNICHES LL-
OHP K#EH R L-OHP 3 A PEG RAEHi V) R Y — 2133 A2 i
WSk L7z, —F, L-OHP# A TF-PEG-1) &Y — A4 L PEG-
)R — 2 M R R O R AT B 7z (Fig. 8A). K
12, ERIRPIPE S 6 BERI R D44 ) R Y — A O L-OHP RN (IF
Jigt, M, WERE &) oW THEKGE L2, L-OHP KB
W&, HIEERIICHE R ERIBIR SN otz T, £ R
v — AT, WU CTHBRMICE WERSA LN, Ly
L7235, PEGEREHIY RY —2 LB L TPEG- YRV —4%
TF-PEG-V RV — A 3BHF KA - /2. TF-PEG-U RV — 21,
PEG KUt Z TF 2156 L7212 b 220 b 5§, B 1R W
NOEFRDSPEG-) RY =2 LZITHE LW 5, PEGYKRY
— 4 LAISEORESHEN M FETH o722 E 2 65N 5. ZOHH
ELTC, TEXMAMEZAHETHSH72HIZ, RESOY 707
7= VI ENTAEZ N0 LI (Fig. 8B).

100
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K2, Colon-26fHASA < 7 Z1ZDWT, L-OHP DH3 AR
DA 2 EEIICBIE Lz, Zo%, L-OHP K & L-OHP
HAPEGHRBHIY RV — & TIE, #&5 18H:RHE D D5 AMMEN
L-OHPEEDS, DAMMEL-0 ZNZFN098ug/ g 21lug/
gt ¥—7flizRL, TNLUBIBI L. Tho LT,
PEG-U RV —24 & TF-PEG-YJ BV —21%, X0 EwIAMREAN
BEETH D, PEG-YEY —AIZBW TS 30E#%ZICY—
7% L, TN L. EREWZ &2, TF-PEG-Y)
EY—LIIPEG-Y RV — LA LREY, 5% T2EMEZICES
T THAMBRNIEE OB IMEm A B s h7: (Fig. 8C). 20
WRE2S D, AIEOME L FAMIZ, TF-PEG-YRY —241F, »F
ARARENDOIEY)EE B THARF Y ) 7T —TdhH 5 2 LAVR

INh7-.
%12, L-OHP# A TF-PEG-Y RV — L DD AGE R %,

B 5-BIRE AT O 25 ARBR O BRI $ 5, RBFN 2 25 AR
WHHLE AR X 0 P L 72, 3B LE=E; tumor growth ratioid (1)
KTHIL L.

Tumor growth ratio = HIERDASAMBRMEIE / HFEFLG
ERI DD AT, ... (1)

100

1B [0 L-OHP solution
L 801 Bare liposome
g ] [l PEG liposome
C B TF-PEG liposome
— 4
a 407
I
S 2]

0] i i |

Liver Spleen Kidney Lung

Fig. 8. Plasma clearance (A), biodistribution (B) and tumor accumulation of L-OHP solution or liposomal L-OHP in Colon-26-bearing mice (C). L-OHP
in solution or encapsulated within Bare, PEG- or TF-PEG-liposomes (L-OHP: 5 mg/kg) was injected via tail veins of Colon-26-bearing mice. A:
At various times thereafter, blood samples were collected using glass capillaries from veins of fundus oculi. Plasma L-OHP levels were measured
by MIP-MS. B: Six hours later, mice were sacrificed and liver, spleen, kidneys and lungs were collected. C: At various times thereafter, tumor
tissue was collected from the mice. Concentrations of L-OHP in tissue samples were measured by MIP-MS.
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MG % 1T o T2\ Control & ¥ LT, L-OHP KB
BLUOL-OHP ZH A L7240 RY — A& TITH A DOBEFHENHIRD
R snz. 2oREIE, LOHPH A TF-PEG-V EY — A
DD REDE L, Mo L-OHP KW, L-OHPH APEG KB
fii) RV — AR L-OHPH APEG-UY RV — A XM EDOFETH
272, TF-PEG-V RV — 2 DEWDSAWEGEIHIR) R, L-OHP
FHAPEG-YRY — AT L TOABLENHONLITLHET
- 72 (Fig. 9). L-OHP 7 H\ W 72 RI 3R 2 S A RBEOER I,
L-OHP DfERI# R 2SDNA O 4845 7% EHIBN THR 2 BT 5
ZLERERLUI-RIESEE L EZ 5N ®, FEEIZ, L-OHPK
B & L-OHPH APEG-Y) R Y — A DEBRNRIZEN L h o 72
913, 7L Z EPRIETOHAMBAOME F TRES NI L
LT, TF-PEGYRY—=2DLHIZ Y ¥ A b= A TH
JRICHD AEND X9 7%, MNBZENLETHD I LIRS
niz.

80
701 O Control

{ < L-OHP solution
60 4

A Bare liposome
M PEG liposome
@® TF-PEG liposome

3

Tumor growth ratio
(%) +a
= [=]

Days after tumor inoculation

Fig. 9. Comparison of tumor growth suppression with L-OHP in solution
and in liposomes in Colon-26-bearing mice. L-OHP solution or L-
OHP encapsulated within Bare, PEG- or TF-PEG-liposomes (L-
OHP: 5 mg/kg) was injected via tail veins of Colon-26-bearing mice
on days 9 and 12 after tumor cells inoculation. Data are shown as
means and standard deviation (n=4). *P<0.01 (PEG-liposomes vs.
TF-PEG-liposomes).

L-OHP %, B u MRl 2 L ORIWEH 258 M % b D
DMFHEIRIC X 2 EEEOBRERE 2 &N T 5. TF-
PEG-Y RV —241Z%, PAMBEOAL ST, BLIIHFELR Eofl
2R~ DO EAEAL-OHP KB & IR L CRd o7z, SllF—%
IR &\, L-OHP# A TF-PEG-V &V — 2 OFEIEHIIZD
W, MEAALERIRAE, L-OHP DA~ B & OREAT
B REHREEEZIEL LT, v 7 AW THET L. L-OHP
# A TF-PEG-Y) RV — A% 5.5 0 M EA L A R BRATRS £ 513,
BREZEOOSN Lo/, ZLT, 5 720MHEICBIT S L-
OHP DH{~DORATIZOWTIE, HikdH7-0006ug / gl IEH
WIRWEZ R L, w7 AR 2 SR8 I o7z,

22

EHI, HSBORERVORONEP-722 895, L-OHP
WATF-PEG-Y RV — 2%, HERRBERANBE ST, #4
PIENTZBAITH S 2 EATRENT.

% 513 L-OHP O A #h1EB & %4 o B I3 L THLY
%A, TF-PEG-Y KXY —AICL-OHP2H AT AL LT, Zh
LN ZNHET A EDNTREE o/, TNHDT ERND,
MBREICTF L7 7 —2@BHT 204 LT, Mgk
EIEWHEZR TF-PEG-Y R Y — LA DD AGENDA FPEDH 5 H
L, SHROBERNUFFING.

5. b

PEG-V)RY =22 & B8y 7% =45 14 ¥ 7 OF MY
LRI HRDICHY, SOELRLEHEEY RV —A8EFELINTH
HERHEDONTVE, VRV =23, ZOMBEIREHEEES
WCEHEW R C & R RO T O 555 Hie %k 2 & 2
5, == RBEADEEINTNS., L2, VRY—2L
JEDBAY, MBS, pHERZM, MERON SR, X7
N, ZAHBLRED) 7Y FERFE S22 85 2508 H i
CCHIHEN, ZORMEPHHmEIN TR, EHELI%EH
L7z, DARENETET2TA 7574 7R Ry —
LEFH L ALHEBEIZOWT LS L ORADITDOR TV S,
AREOWED S, ZOMZICBIT B EE R SIE, HICHEY 2
FIHLRE P DRV ICER S €251 TR L, PAMBAANER X
5 HICEE L2 AR AL EE Z 2 Sz ®, 2072901
i, 1) EEAREAL T OROENS TSR 5
LCTWwbZLxiERT 5, 2) MPHEEISEE L) I
FOEREEE, 3) 7707479 —=774 7Y Ry —A
OHBBHANOBATEEEET 5, 4) HELAEDREDEOR
FEDOBYRERHMEREETH L2 &, R ECKEHT LI L,
XD RIRIY R WA OERI DL DEEEZEZLNL.
ARfE % N— 2 IZBSE S N7z L-OHP W TF B4V RV — 4
BHITH B MBP-4261%, HRDNX Y F ¥ — %I X o THIED
EDLNTWE, BUE, RS THRBISKT LY, KT
REE TTAABRAHEI TR CTH 5. SRIE, PABBFICBITA2E%)
B L OBEROBCKIMRT 774 TH =T 4 Y7 R
V=Lt LT, BRTORREPYFHEINS.
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In vivo Molecular Imaging of Tissue Redox Status
using Overhauser Magnetic Resonance Imaging

Tk 3Gk, PailE SEHE

Fuminori Hyodo, Hideo Utsumi

FITIDER

DR ZE RN ZE IR I N B RN - RIS, 2YA, BERWEZ: EOAEFHERORIE - R, EEBEME - 7
—J VAV OB AR EARPIR LR ORITIC X B L Ky 7 AWM OBFEOMG AW St o TETWS, A&
WERWZERL Ky 7 AHRBOBREICLY, IhSORBEOREMHLH L 2 h = X LI X 20E#, A3z E~D
BRI IND, A= NI HF-MRIEL Fy 7 ZEEL L= aF VT IV EH, ERL Fy 7 XIKE
BT LEETH L. RAIZINE TICOMRIZERBE LT LIS, WEBETIVEWICBIT2HEMKL ¥y 7 XN
ZiToT&72. $7:OMRIZH\W7-BREEE, pH % EAEMREREOTHALTEORIEICIY ATV S, A#EHTld OMRI
FHWI2HKL By 7 ZBHTIZOWTHAT 5.

Abstract

Disruption of redox homeostasis may lead to oxidative stress and can induce many pathological conditions such as cancer,
neurological disorders, and aging. Therefore, imaging of tissue redox status could have a potential for clinical applications and
clarification of mechanism for drug treatment in many diseases. Overhauser MRI (OMRI) is a powerful technique for imaging in
vivo redox status and tissue function such as oxygen level and pH non-invasively. We have developed nanometer scale imaging
methods and simultaneous assessment of redox process using OMRI with “N- , ®*N-labeled nitroxyl probes. In this review, we
will introduce in vivo redox imaging technique using OMRL

Keywords
OMR], redox imgaging, free radical, MRI, nitroxyl radical, ESR

1. LIS A & L CTHRNICBE RO TR 2 &6 o+ 2 &5 L, €0

ERREREA A=V V7%, v M EEEW SRR
5T R AKEREHETE, ARNTEELTVE L XY
N OB REALZBHTE L2 05, HERITCAEADL
ARSI, HEDEE LR EZRIT TS, BEEDHE
BB R E A (positron emission tomography (PET) %
single photon emission computed tomography (SPECT)), CT,
MRIZ B EBRICBOWTIHHIN TS A=V v 7l
THY, TNFNHWIIL UHERPRL 5. BEESHEEIX
Gl T X BRI TIVE 4 A WA EEIc S s b7
B, WEPEIMOZEIZHVSLNTWS, CTIRXHIZ X B8
BB B b O ORI EHEE O F R 2 55 2 LA
THET, DVAZM R EWCHHEN TS, PET R SPECT Tl

BERWROMGERNP ST VR EOWREE M T 52 M TE
5. FORERRPELHERCEE LR EENHTLIE T T4 8
WA A= v 7R, AT 200EBEIMRNZ &6, 4
HRETMOFHNCE L2 HETH A, e RiEEE THILT 572
DOFRT 0 — THEIHER, 5% OIS H~DEFHIHILE
ENTWD., MRIRHKRBH THNT 54+ — /N — 7% — MRI
(OMRD 7% L OBAIEEETIE, BRBETVRHOBAET— AV
b WS OMBEAEHNC X ) BT 72 5OV F — ML I O BT
BREEBNONGHRELTWS., BACVERSRETIHAICIE
HE ke 2 E (NMR; Nuclear magnetic resonance) % vy,
BIAE V2R RETIHEIIIE T AL VILEEE (ESR;
Electron spin resonance) %M\ 5. BRILEHEIZL 55T A
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A= v 7T, AREEEO SR ERYE (100 MHz ~
1 GHz: A:4K%#1:20 cm ~ 2 cm) WS, b M@ Z
WET S ECHEAEOREIZ . 72, = baFINLTTH
JU (Table 1) &AL Ky 7 ZfM (L Fvy 7 R (redox) &
1%, #JC (reduction) & EEft (oxidation) Z/RIWERE)) D7z
HDOAE Y Fa—TE LTHWSORTWSA, RN THEM
2R EZNHENEZHRED L. T4abb, EEANDOT Y
HNVIBICHET A2 RB 2R THZLdTES. F/2= 1
OX VT I ANIIEE K OFEERIELEL, ThHEHMIZ
B AW B 2 & TRIBS DR B ERISE 2T TE 5.
B 21X 4-hydroxy Tempo (Tempol) % methoxycarbonyl-
PROXYL (MC-PROXYL) &@\ Al art s s (7
O — IR M & i LIRN O L K v 7 A ERT I I
BE), oA L72sids - EROMBN L By 7 XS % SLBUICH
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Fig. 1. Principle of Overhauser effect
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Fig. 2. Pictures of OMRI systems A) OMRI system by Philips Inc. and B)
home-built OMRI system
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Fig. 3. New pulse sequences for simultaneous imaging using OMRL (a)
EPR spectra of “N-, “N-nitroxyl radical. (b) Field-cycle OMRI pulse
sequence for the simultaneous separate imaging of “N- and “N-
nitroxyl radicals. The OMRI experiments were performed on a
custom-built (Philips Research Laboratories, Hamburg, Germany)
human whole-body magnet (79 cm diameter; 125 cm length). The
resonator assembly consists of the NMR transmit saddle coil (25
cm diameter, 23 cm length), a solenoidal receive coil (5 cm id.
60mmlength), and the ESR saddle coil (13. 5 cm diameter, 23.5 cm
length). The pulse sequence started with the ramping BO ESR,
which was followed by switching on the ESR irradiation (220.6
MHz), and the associated field gradients were turnedonunderBO
NMR. Typical scan

(c) 4N-MC-PROXYL (2mM)
(menbrane permeable)

.O \“N-carboxy-PROXYL (2mM) I I

(menbrane impermeable) 5\ N

Fig. 4. Simultaneous and time-dependent OMRI of *N-carboxy-PROXYL
and “N-MC-PROXYL in liposomes encapsulating Ascorbic acid
(100 mM). Seven phantom tubes containing “N-labeled and *N-
labeled nitroxylradicals in the presence and the absence of
liposomes, which are shown in Fig.4c, were placed in the OMRI so
that images of "N- and "N-enhanced images were obtained
simultaneously at thetimes shown in the figures. The presence of
“N-carboxy-PROXYL was clearly shown by the red color, and “N-
MC-PROXYL by the blue color. (FOV, 48 X 48 mm; matrix, 64 X
64; slice thickness, 10 mm; TR/TE/TESR, 1200/25/600 ms.)
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Figure 5121Z"N & "N 7’10 — 7' % i\ 7 [R] K545 i A L 0 B
WEBOREZRLTWS. Figure 5A1Z°N T XV L7 oxo-
TEMPO % #&11#5-, Figure 5B "N ® Carbamoyl-PROXYL
Z BiIRNSEG-%, RS LEREERL TS, 22CH
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WREET, 1 ZITEOMBEEL R L. 2Bk TRk
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Fig. 5. Pharmacokinetic images of "N- and "N-nitroxyl probes after
injection through different routes. The time-dependent simultaneous
images of "N-oxo-TEMPO (A) and “N-carbamoyl-PROXYL (B) in
a living mouse after intragastrical and iv. injection, respectively,
and the time course of image intensities at stomach, heart, and
bladder (C). Into a living mouse, 200 ul of *N-oxo-TEMPO (10
mM) was administered intragastrically, and then 200ul of “N-
carbamoyl-PROXYL (300 mM) iv. Immediately after administrations,
OMRI images of “N- and “N-nitroxyl radicals were obtained. T1-
weighted MRI was performed on a clinical MRI instrument, and
the OMRI images were superimposed with the MRI image by
fitting the position of the markers (six capillaries containing either
radical) (FOV, 48 X 48 mm; matrix, 64 X 64; slice thickness, 30 mm;
TR/TE/TESR, 1,100 ms/25 ms/550 ms).
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Fig. 6. OMRI images and signal decay rate of methoxycarbonyl-PROXYL
in the brain after 24 h of reperfusion following 1 h of MCAQ. (A)
Time dependent OMRI image of methoxycarbonyl-PROXYL in
the head region, and the image showing the decay rates. (B) The
signal decay curves obtained from the continuous images of the
contralateral hemisphere (open circles) and ischemic hemisphere
(closed circles) images. (C) The signal decay rates of the
contralateral hemisphere (open bar) and ischemic hemisphere
(closed bar). (D) Quantification of the total methoxycarbonyl-
PROXYL in the contralateral hemisphere (open bar) and ischemic
hemisphere (closed bar) using X-band EPR. Each value represents
the mean * s.d. of four rats.*P<0.05 compared with the contralateral
hemisphere.
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Fig. 7. Estimation of the mitochondrial complexes I and II activities after
3h (A) and 24 h (B) of reperfusion following MCAO. Open and
closed bars represent the enzymatic activity in the contralateral
and ischemic hemispheres, respectively. Each value represents the
mean * s.d. of five rats.*P<0.05 compared with the contralateral
hemisphere.
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Fig. 8. Visualization of the cerebral infract region of an ischemia-reperfusion rat model by in situ metabolite imaging. (A) Two
millimeter thick sections were obtained using a brain slicer and stained with triphenyltetrazolium chloride (TTC). The
rat brains were from (i) control or were acquired at (i) 0 h, (iii) 3 h, and (iv) 24 h of reperfusion (Rep.) following 1 h of
MCAO (Isc.). (B) MS imaging of the spatial distribution of m/z) 174.04 in MCAO rat brain. (C) Comparison of
averaged mass spectra in selected cerebral cortex (CTX) areas, after 24 h reperfusion in the b (i) ischemic and b (ii)
contralateral hemisphere. (D) Identification of MS peak of m/z) 174.04 as N-acetylaspartate by comparing MS/MS data.
The MS/MS spectrum of N-acetylaspartate was acquired from the tissue sample (a) and standard sample (b). (E) A
schematic illustration represents the structure of a coronally sectioned brain. Con. indicates contralateral hemisphere.
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Fig. 9. In situ metabolic pathway imaging visualizes drastic changes of spatiotemporal metabolite distribution in MCAO rat
brain. Wistar rat brains of control (no operation) or from rats after various periods of reperfusion following 1 h of
MCAO were extirpated and immediately frozen under -80 C. Coronally sectioned brain slices (10 x m thickness)
were then used for in situ metabolite imaging. Mass imaging data were acquired in negative ionization mode with
50 u m spatial resolution (14 000 x m % 11 000 x# m, 10 shots/data point). All imaging data were normalized with
the average mass spectrum for quantitative comparison of the concentration of each metabolite at different times.
(a) These data were put on the central metabolic pathway map. (b) A schematic illustration represents the
structure of coronally sectioned brain. (c) Relative changes in concetrations of metabolites extracted from whole
CTX. Data is shown as the mean (SD (n) 5) and represents the relative concentration of each condition to the
concentration of contralateral CTX in control (Con.). Asterisk mark indicates significant differences (P < 0.05)
between contralateral (open bar) and ischemic (closed bar) CTXs.
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