C. &

1. BEEREE

(1) WEARN R
TRTOME, VAIA, NFIVAT, BHED
RE@BDI,

Q) ITKIFTHE
HbIZWEHEEZRIIL -, BHERL .

Hb 22 EH 50T, BREEREEIAFKED
WHEIZILEY) T3 ho 7z,

2. B-7OEXTU b K BWEE

(1) HWEZFE

ALEESRAE/SEIR. BPLIEEE0.05S72 1 L0.1% TD
FEEANOEEZHRANZ (F2). WITNbHEER
LB R KR ICE O F 2380, 0.1% Tl

£—2:BPLOZRESRDORER

LHEMET, SEFRLINICOO0=—%, RIBLLR
o7z, 2L MR T RIYEHRL, 005% T
SRR BIRFRARD 5Nz, —F. REER
#MOHbVIZ IR BPLIBEE0.05 K TX0.1% Z 7ML .
UEBRUEBNZHDITDNT, NEREZFANR
=& 23, pHIE FIZATR O S8k [k K 77 91
Ronizn, TOMOEEIZIIKEREITRS
Nnizholz,

Q) HbIZ KX T HE

MERO—EE2E 31K U7z, BPLIZIRE K NE
ERGENICY N B THLSHbEHEOYE I E
MASNDZ ENMho . KiZ1.0% TOpHIE T
BELL, BEERBRETELCKE. ZHRMBOBE
TIIpHE T EBFBMED/INT A5 ZED
bOO, ASNRERIIRDRN STz,

Solution kind | BPL J8 B Bacteria kind 0 hour 1 hour 2 hour

0.05% Staphylo 1.3x10° 3.9x10° 1.8x10°
Hb - V B coccus
#&+BPL 0.1 aureus 1.2x10° 2.9x10? 3.2x10?
Hb-V 858 | ! 1.4x10° 1.4x10° 1.4x10°
Solution kind | BPL #@F Bacteria kind | 0 hour 1 hour 2 hour

0.05% Pseumonas 5.2x10° 1.7x10° 7
Hb - V #&#& aeruginosa
#&+BPL 0.1 5.0x10° 0 0
Hb-V i | ! 6.6x10° 5.5x10° 5.2x10°
Solution kind | BPL J#EE Bacteria kind | 0 hour 1 2

hour hour

Hb - V W& | 0.05% Candida 1.2x10° 9.4x10° 1.6x10°
#E+BPL albicans

0.1 8.8x10* 0 0
Hb-v 85t | ! 9.2x10* 1.0x10° 1.0x10°
Solution kind | BPL [ Bacteria kind | 0 hour 1 hour 2 hour
Hb - V %% | 0.05% Escherichia | 5.4x10° 2.6x10° 7.7x10°
#&+BPL coli

0.1 5.5x10* 2.2x10? 0
Hb-v i85 | ! 5.2x10* 6.9x10* 9.9x10*
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BE01% THEIREZRD, LMNHHLICEE
EREE ol HRICETAREETH S,

3. I /K TICL DA
(1) BB %h R
1000 ppm® ¥ E THARE/ZFHIE 258072 (K 1).

(2Q)HbIZ X T B
HbiZid, &< ZE2BDLEN-T-.

B R T E DX, BS5BREORER
ZR%, HbIZI3EZ RIFS o7z, FERICHE
TOWEETHS.

B1. SR/ HRFICKBHEIEADRRK

ERTE: O= oomes e g ross GERED
T e 7 e D&Y § -l
g R AP
ST TR RAT

1C0ppm
(AgF#iF:200)

1C00pem

- 10ppm
(AT #1F:20.9) (AgF 5 T:0.2,:9) |

(14.9mm. 14.3mm) {(10.1mm. 10.1mm)

i 11 ke g 4
FEE EED

PRI AR

D. &

AR TIEL, HOVICHT 22 < # L WIKEEID.
RWETZEdtikiznolz. —FH., EBEICK
i, BANCH LU TEREER 2RET 25Kk E
U T REE & B IREEN D O N1 FHR(E
YHER)ICK S HANT, EHEREERCES T, &K
EYVNEE THIUL, RESNZHDEAFER
REINBIEITEH>TWS,

ERBEEL, EREEREZRETIHEE. B
EREBRKABICHHELE. BETLHETH
LEMBHEEEZER L AVWEXRZ28ET 520
KHWSEMTH D, BBKER. XIFERHBME
NE—HOEE TRICKD, BEFEER2HET
57DICANBEHEESD.
FRERZAVWTEREEMZRET 254813,
WL, HESNCDFERTI2TORERUMEZ
WA U721, BREEMUAEM B Ok 50058 Y12
EMINEERBENICRWT, B Y7 RIE
EERAWT—EDEFERIIKELZFSNDLD
ZITORBENH S,

E. &&#®
FRFICEDSHObVORE H8t & LT, FERER

&K-3 B7OEAFSH b (BPL)ICK D Hb ADEE

LT g 4 Eas g IRUR X KT IL DR OERE® pH P50 HilGR 2%
BPLERE EAAMK #EMesm (40,000 x g, 30%3)
1% - Ohr wiLZL NE NE. NE. NE. NE.
36°C 2hr SRR WO D TEHY NE. 4.60 12.06 1.85
4hr AR S MEBIND NE. NE. NE. N.E. NE.
=2 24hr | RSN B WMIBHD N.E N.E. NE. N.E. NE.
4°C 24hr WML -OPISHE AL »HY 4.77 7.90 1.94
0.1% - Ohr wmieLL =il NE. 7.52 25.56 2.39
36°C 2hr =L EIZL =L 6.83 18.16 204
4hr EiLisL (2 7L 6.81 18.46 2.00
=2 24hr ELGL FElemL FEL 678 17.58 1.99
4°C 24hr ;LU wieaL &L 6.90 15.21 AR
0.05% - Ohr L mieZL NE. 764 2452 2.32
36°C 2hr Tzl .2 (A LA 7.29 20.73 2.18
4hr L AL 7zl 726 2223 2.16
=2 24hr mEL L ZL 720 2177 221
4°c 24hr FTLGL FEILTL L 7.29 22.03 218
0.01% - Ohr ‘2L ®EiemL NE. 7.55 2427 2.40
36°C 2hr EiLlrL =L LA 740 23.66 222
4hr ‘LU j [ AN LA 7.40 2355 229
=8 24hr ;LU FEiesL sl 758 24.60 229
4°Cc 24hr L TiblEL &L 7.61 24.47 2.368
0% - Ohr - - L 7.58 24.34 2.38

N E.:Not Examined
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F% 9 % Bacillus®EA LW Z Y — 2 )b—LANT,
WHEMEN T EES T SBPLICKSWHZITWVL. &
TOREKRUMEIZRKE L. EEBEIEEZIZXD,
AR BE LT BEERICED S EHERE DK
HEEHT D,

F. BEEGBRE®R
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BER4-9

T2 E BAFBRA AR S (BERARREHRESER)

RS &
ANIRIMERDERKICA % B U I BB R S EDRE & GMPRIG H i DAL

SHEERE - ANEVOE 2 /MEEOLHRN - BEREEICNT 2 REZR
YER A J1 = X LD FEBH-4 : nitroso-redox balance & MIfPCa> BhEEIC R T 5B AE DO RE

W Réh (% BEERRER NREEE &%
wrsEls & B & PBEEMKER AREEE #ER
W e EERRER AREEE KA
W E BEENKER ARZEE AR
T F BEERRER AREEE HREA
BUET ZB BEEMKRFER AREEE BIKR
H #HE PEERKRER ARERE &E
MRAEE

Ty MEHOIBE S > 2 RV 7ERL. ANEFOE 2/NEAMHDLY) 3J0EFRBERMHLE L
T033 gd)ZBMERICHERT S &, 25 MEOBERFICOEBEDORENRRS NS, &
KBTI, AR E TORMEFE %21 T, HbVih nitroso-redox balance & MIRIPICa> ByHEIZ BI4%
THEAEOLHHBHN TORBRICEEE 5 X 5 & M Zwestern blotik & fl W TR L 72,

control# i 2304317 > 7= control®. control#E i 20717 2 7= #%IZHbV 0.33 g/dL% 105 FIHEF L
7=HbVE . control # 307 21T o A HICEM25 7 -BEROFIONEBEEITH
ischemia-reperfusion (ir)Bf. control# 7204 ZHbV (0.33 g/dL) #EF 10 21T o %I Mm25
53-FHER305r OULE % 175 7z irtHb VEE D4R T/UL BN TDSOD (CwZn-SOD, Mn-SOD),

catalase, eNOS, SERCA2, calsequestrin2, phospholamban/zEDEHEDREBEZLE Lz, W
THOERHBEIZBWTY., FERBEMTTNSORBRICHINICEBREEZRDIZN -,

A. BIREEDN

B4L v hOBHOEES > > RV T
RITDHEZBRNT. NEZOE 2 /NREMHDLY)
DI FERRO.OEREEZARICEHEI TS 2 &
EHLMILZ1). TIT, ZOFBEOAHNZ=X
LEMRAT 5729, HoVTE#R L= 0BT o

glucose, glycogeniB i & RIS R OB REEZRIEL .

WTHNOEBIZBWTHHbV TEFE L /2O sE
EXtERBED B WX ZEER/N AR TREIR U 7= 0 A HLE

6l

ORI KEREN NI EEZRHL7ZQ). HWT.
Z D% % Himitochondria KATP-channel % /9™ % >
EDhemEl. ZoF v oRIVFEFKRLZNE
E(3). ZD#hHAHisarcolemmal KATP-channel, 7 7
I RBERPTORY A RERHT 2DED,
¥ 720 5 $188 D nitroso-redox balance % £2HH S 5 /n
ENnERIL. COBREBRER. 7T/ ORE
fAblocker, sarcolemmal KATP-channel blocker, PG
BRBEENHRTIIHMH TN T, HoVAE fu- A



HEOLHEBHOGSSGEE TR, EHHD
thiolFeE DAL % HIHI L . NO, contentZ K F =¥ %
Z &M S, HbVAE Ifi- F#E i T 4 U S nitroso-redox
balanceDFEZHHET 5 &4), ZxRMELZ.

AR TIE. HOVAE Ifi- FEEF R O OBEHE 2 |
BIEBIANZZXLDOBAZS SITED DD,
nitroso-redox balance & #li i N Ca> B BB ICBI{R T 5
ERE QLSRN T O R Z western blotik % H
WTRE L7z,

B. BFEAE
1. AWERES

FEBIZ AV -HbVIdlot 071128 (— 7 OBkR L4
Thod., EREOEBITIE, MAMEOREAE
L HEH118.2 MQ UL T itk z Az, RlET
H5EHHEIIHNT S1KH4k1Z. BD Biosciences,
Santa-Cruz Technology, Sigma, Calbiochem, Stressgen,
Thermo 7 5. 2K #i k13 Santa-Cruz 3 & U Cell
Signaling” 5. BA L=,

2. AVEEY). OIBERES K COEREOREIE
ZDOEHE TOHEEARA-HITERNZED TH

57, AFICH Z3i#Ed 5.

A9 12;68 1 O Wistar R #EPE 5 v 1 (Charles River
Japan Inc.)Z AWz AU (R« AN i
1000, ¥fHREK) 1000 UZ ERENIR G L. 7538812,
X277 —)V60 mgkg (> 7 & —)iEHEK. KH
(KR, Na-pentobarbital S0 mg/mLIAHR) % M
NG LU TRREEL-. Bl - BARL TOBZRD
HU. BEBIZKE L 7zKrebs-Henseleit buffer (NaCl
116 mM, KCI1 4.7 mM, MgSO; 1.2 mM, CaCl, 2.5 mM,
NaHCO; 25 mM, KH;PO4 1.2 mM, glucose 11.0
mM)(2A FKH-buffer & HEET 2)ITHEA L TLIBD
HEEEFLs Y. KERIChZa—LZ#EAL,
KH-buffer % i LY T#/KE100 cmH,0, 37CTT >~
7RIV THERLUZ. KH-bufferZ2iZ U &9 28
I, ERBBAID SR T IS X TIS% 0,+5%
CO,DEEH A %BER L. pHETAHZREL /.
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EOBICHEHMRBKEWHLLEITY IR N
W—2%8AL. ENT VAT a—H—(P-50,
Gould Inc.)ZJT U TEF ¥ > RILEEKEH(WS-641G,
Nihon Kohden)IZ##i L. EEFEAEIL(LVDP), AE=
JLAE A M E(LVEDP), O HR) R & & EBR B
MO TETHEBEMICESE L. NV— OB
VX, control# i IF (D e 38 458 A H FE (LVEDP) %0-5
mmHgiZ72% K 21T U7z, controlEFi BkGR 5 FE
BRTET, LBEZERL THTEZERKREZSS
7 12 FR I U Tl B B (coronary flow, CF)Z 8l L
/7o

3. HbVDKH-buffer ) £

HbV 30457 PR - HbiEEE0.33 g/dL DHbVEE
BROESEERII DOV TIHRANOHBEEZE)TFHLL
ARz, BBEIILLTOED ThHEM, EROLE
Wi U THERT 28 volumel3ZEHE L 7=,

F7K #9260 mLIZ. 832 mg®D-glucoseZ AR = &
7eo ZHUZKH-bufferBERR A F > sy 2 BRI IE
RIBIEREMA, RICHOVEKI4 mLEA .,
BEBICHIAKTR20mLICA AT v 7L H L. NaCl
R Ovolumeld. HbVIEIKR14 mLASEH T HNaCl
09%) =L 5IWezbDE LK,

Z 5 U TR U /- Ho VERE K OHbIB E130.33 g/dL
Y & 72 23045 % RIRER).

Z OB, 37CIZIR L. 95% O, + 5% CO,
DIRAH A Z1IREILL E#R L% ERICH W,

4. EBOTOba—))
ZOEBRO T ha—)L %Fig. IR L7z, &E
BHEOEBRNEIIUTOBED &Lk,

(Dcontrol# (n=5)

control# it #3011 o 728, ERERD T T v
AN —2%5EHKE, DREZREERTH
ALAETNI70y 7 TELBIRATHERI .

(2)HbV 0.33 g/dLEf (n=5) : LA FHbVEE



20773 [#1 D control it 1EL# |7 i #E & HO V7 R R
RICOD#|Z, FUERETIONHER L. £
D, controlBf & AR IZ DI EZ BB ZER THHIL /2
TV T Oy THRATHE S B2,

(3)ischemia-reperfusion® (n=7) : LA Firf
control# it 23053 1T - 721, EER 2 F 1L S TR
Ifii(global ischemia)Z &#E U 7z, HEIML Z 2577 fil ke
U 7= B FERE DR 223070 1T U, F D control B & [AlAk
DB EREERTHAIL 27N T Oy 7 T
ATHESE .

(4) irtHbVEE (n = 6)

20473 ¥ D control HE i B £ | FE M ¥k 2 Hb VA BB &
WIZHIOHZ, FCERE TI05MERLZ. <
D, ik & FFRICREIM255r- FHER307 OULE %
T\, controlBf & FIFRICDIBZREZCE THA L2
TINITOy 7 TRATHRESE .

ULOERTHMSESB-0ET, KikEED TH
ML T—80CICHRE L=

5. (D EtHERT O EHE ORI
(1) DN S OEAE O

EFREDEBRDcontrol#, HbVEE, irBf, irtHbVEED
£ 561 D AR % % | lysis buffer (Tris-HC1 20 mM, pH
7.5, NaCl 150 mM, Na,EDTA 1 mM, EGTA 1 mM, 1%
sodium pyrophosphate 2.5 mM, f
-glycerophosphate 1 mM, Na;VO4 1 mM, Leupeptin 1
pngmL)THIE L. 4C. 10,000g TiE 0508 L 7= 1%
ZDLEEFPDEBE 2BCAE (Thermo Scientific,
Rockford, IL, USA) THIE L7z, 7o 7z EEZLLT
(Dwestern blottingD LB Z1T5 £ T —80CIZHRE
L.

Triton,

(2) #hiH U 7= 8 9 ' D western blotting :

h Hi#& o D & B E D western blottingl 3 & EIZHE -
TiTo7. BIRIILULTO@ED ., MHEZ4%D
2-mercaptoethanol % & ¢ Laemmli sample buffer
(BioRad, 161-0737) F&IES L. heat blockZ i 1
T95C T57fn# U7z, SERCA2, calsequestrin 2
(LA Fels2 & #H#&), 3K Uphospholamban (24 Fplb &
AR DRIE TIIMBBIEZITTDR Moz, TOL
TARRLZAUEROERELS pg4Z2HANT
12% SDS-PAGE % {7 o 7z . PAGE# 7 # blotting
buffer (Tris-glycine- SDS buffer) % W\ T4 L /=&
HE % %~ )l /» 5 PVDF & (BioRad, 162-0176) iZ
blotting L 7=(ATTO blottingZ% & T15V, 1.4KF[).

Fig. 1 1D AR #A %D MDnitroso-redox balance AR RN Ca2 BHAE (R {%
THEAEORREAED-HDRBOTOM— )L EEER

Tk
control#(n=5)

ischemia-reperfusion (ir) #(n=7)

control gerfusion global ischemia reﬁerfusion 1

30 min

control perfusion HbV

25 min

global ischemia

30 min

reperfusion

10 min

I

HbV #(n=5)

20 min

25 min
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30 min

ir+HbV #(n=6)



Fig. 2 1R #8# D (D Cu/Zn-SOD (A), Mn-SOD (B), catalase (C)
DEERBICHITHHI

B

150D g

GAPDH %46 S S wess CAPDH g qib St S GAPDH e e st

C
“““ CALA]ASE e e ww e —

15
16 15
b « T
E A E 1P z
E 04 T 05 205
0 L L 0 1 1 0 I
> R % S 4, 4 >y & < Q
SR R EP N P I P
& & & &(Q & ‘{‘é
RBRE RRBE RRHA

PVDFJ Zblockingif(F 71 71 7 A 727, 03953-95)
IZ1RFRE 2 L ThlockingZ 7o 721, 10% D
blocking# & & €0 1% Tween-20% F ) > B buffer

(PBST) 12V S B LA T O LRYUA L= Tl7z

W L2RFR oS & B 7z,

Cu/Zn-SOD (1:1,000 dilution, Stressgen, SOD- 100),
Mn-SOD (1:11,000 dilution, Stressgen, SOD-110),
catalase (1:1,000 dilution, Calbio- chem 219010), eNOS
(1:1000 dilution, BD Biosciences 610297), SERCA2
(1:5,000 dilution, Santa-Cruz, sc-8094), cls2 (1:2,000
dilution, Sigma C3868). plb (1:20,000 dilution, Thermo

MA3-922) . GAPDH (1:500 dilution, Santa-Cruz,
sc-20357).
BORHE T, LRHUAIER 245 T, PBSTTPVDF

BEZdei L. PBSTIZIAMRE S B MIET 52K 51
[anti-rabbit (Santa Cruz sc-2004), 1:25,000. dilution,
anti-goat (Santa Cruz sc-2768), 1:25,000 dilution,
anti-mouse (Cell Signaling #7076), 1:2,500~1:25,000
dilution] & O [ Jits Z 1R R =BIR T /2. 2K 5k
IR ZHE T2, PBSTTH® L. FEm AR
WBKLS0500  (Millipore

Immobilon Western
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corporation) & % il T5473 I it & . LAS 3000 (Fuji
Film) TEERZ L7z,

T—% Ot B L iEH UL

BEBRBCTRELLEAEODEEIX, Muli
Gauge Ver. 3.1(Fuji Film)Z W TEHE{L L. €T DE
ZH T SGAPDHOE THIEL 7z, 25 L TatR
LIS ERBORAGOME T —% 22 ThD
control i DA DEIE TEH D F L 7z. control B LS+
DEFHE T — ¥ i ZcontrolBE DFEGEZ 1 & L7z DL
#ilfiE & U T 151 (mean) & £ {7 75 (SD) TR L
Too BEBBETOEAEOMEIL, WHANOVAZTT
o7, HEBRBEHR OB EE & TukeyZ BILIRIET
WE L7z

C. BHERER

FEBH CHERR S OB, AERAE
JE. ERIEERME, +dP/AT/ E)ZRIE L72A%,
WTNOHEATH, TNETICHE Lo ERER
EREREBENRN 2O T, THEER L7
Mofs

= e
[



Fig. 2!Zsuperoxide anion (O, * ) Z i3 5SOD
(CwZn-SOD 3B & U'"Mn-SOD) & @ {k. 7K # (H,0,) %
B ILT Scatalase®, Fig.3ICNO% FEAET 5eNOSD,
% L CFig. 4IZMifla N CaBh# 12 B2 9% SERCA2,
cls2B X Uplb D, ZNZILL IR TOREE
RERL,

WTNOEHBEIIBWTS, FERBMTTH
5 DRBITHENICE BIREZRD SN ho 7.

D. #8

B2 \TATHR4) T, HbVAHIE - B RE DR .0
P DOGSSGZEZE T =&, HHEDthiolFREDEAL
ZHIf L. NO,contentZ{E F x5 Z &/n5, HBV
73K IfiL- FFEE R C 4 U % nitroso-redox balance D i
ZWET S & THREM-FRETRF O OHERERI R 2R
ERETLEADE, BRBLU.

nitroso-redox balanceld. KENIZF XX, Fig. 5
KRLEEDIZ, A BRBTAERINS
superoxide anion& NOSEER THRINANOB LN
ZTNH5 ML RS L TAERKRT % ONOO -
(peroxynitrite) /2 EDILEYIDNT P ATH B EE
AHNTNS(GB), INS5DEEWMII o> R
772 EORRA RN S bk 2 12 BERICE S LR

anion

Fig. 3 1D ARfA&P DeNOSEBE D
ERRE CRITAHER

eNOS “iisas NS GRS  a—

GAPDH ommse e s e

15
R
‘s
= 1
-
£
5 05
—
]
0 L 1 1
control HbV ir irtHbV

RERHA

BEHETRAHBEIN TS, £k, ZOHFTE
Bk $150NO0O * anionld, % HHE DtyrosineFkE:D
KEREZ_bPOfLd 5 I &5, systeinFk EE D thiol
HEzZ—boIUk, VI FAZIMET LI ET,
R4 REAEOEEZHIET 5. #lZ I THBEANAS
V> LB % il ) § 5 ryanodine receptor %
SERCAZE HE L. ONOO* anioniZ X o T Dsystein
BEOthiol I = b )LEEIN56)Z &PV )
S FFZINLEINB(T)Z ETHEENHEBI N TY
LEBBEINTND,

Fig. 4 1D:Eh#E#8 5 D SERCA2 (A), calsequestrin2 (B)&S & U
phospholamban (C)D & RERFICH (T HFHIR

A B

SERCA?2 i S Sanl s

cls2 e anen esss s

C

plb . s - -
e

GAPDH s aue wns wmee GAPDH "o aus ess ess GAPDH ™ S

1.6

1.2

08

arbitrary unit

12 15r
= 1
Z 08 3
-
E :
T 04 T 05

0 0

>
& & & ¢
< &
REREA

%

"%
%,

R

RBHA



Fig. 5 nitroso-redox balance & HRERC BIREZHIHT SEEE
HRERCHIIEE R

Xanthine oxi

ESCREER
HO RyanoglEn;CRle:;ptcx(RyR)
SRDOERTHAIL. F 9 superoxide anionZ {4
%9 % SOD (CwZn-SOD, Mn-SOD) & i & {t. 7k &
(H202) %38 7.9 ScatalaseD. L FAEEN TO R %
HEL, SERBFATZINSOEREORBRICA
BOENBRNWI EZRH Uk, ZORERIE, A4
THRELZINSOMBREHEOKRE—KTDH
DTHo7. THIINOZEEGRT eNOS, HfEN
CaBii2IZ BIf% 3 5 SERCA2, cls25 & Uplbiz D\ T
bRk ZITo 720, NS5 DOEHEDRK
KBNWTHEERBUMTAROEZ RS 2o
7z. 48 M 3% Tldnitroso-redox balance & #fl iz 7Y
Ca2+EBICEIR T 2 —HOEHEOREE 2R L
7z. 41813, superoxide anion®D & RIZEH L EH
B LINOSOFEIE B 2 WM Ca™ B IC IR T
LSEHEOEMHIREBROAEZ S SITED. 1E
AANZZALZRALIZNEEZ TWNS,

E. &#&

Iy MEHOEE Z 27 > BRIV 7#ERL. \NE
7 0¥ »/hafkHbY) 3057 REEKRMHbE LT
0.33 g/dL) Z B E /N ER T S & 2557 B IMED
FERRICODEBRORIENR SN S, AERTIE,
Al £ TOREHRE R %5217 T, HbVinitroso- redox
balance & ff N Ca> B AR IC BRI 2 EAE DL
HENTORBRICEEZ 5 X 50 E D % western
blotik % Al W THRET L7z, control#E R 2307317272
control B, control# iiit %2047 > 72 #£ICHbV 0.33
g/dL7% 105> FI#E L 7=HbVEE, controlii#i30% %17
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O T RICHE 255 - 30 DB Z T o Tz
ischemia-reperfusion (ir)&. control# #2045 & HbV
(0.33 g/dL) #1057 f &2 1T > 7= %12 i 1f1 2557 - P
Mi304) DALE % T o 7z irtHoVEE D 4B T/ i #L Rk
A TDSOD (CwZn-SOD, Mn-SOD), catalase, eNOS,
SERCA2, calsequestrin2, phospholamban/s & D&EH
BORREZLE L. WTHOBHAFIZBN TS,
EEBRBBTZTNS ORBICHANICHERRRZEZZ
RDIRM DTz,

(BE W)

1. KR#SCEFE, WERESR, WIHESHE, LRE, Nk
Re—., BUFTAEBA, . Hb/Mad DO 5 RE -
HEREZE N T 2REDR. HR - REERIZ
FlAAIRE/2 N TARIMERDBAFEICRET 20581 Rk
174EHE #84E « /rHEBFE RS &, pp.29-34 (2006).

2. K83, WIRIESR. PIEZR. IWEIE. i
Re—. BUFTEEA, M@=, Hb/NaA DO 5 RE -
FERREE ST 2 IREDR. ERBFOMHH-1
DB Dglucose, glycogeniBEE & il R BE RIS
HEANDZE THE - KFEFICH A TEEZA LR
MERDBAFEIC BT DR8] RIS #1E - /04
WFFesRi5 =, pp. 38-43 (2007).

3. K8, WIEIE#. MIHER. ILEE, T8
. BIFTEA, MEESE. Hb/NKE A0 T R i - FE
MEEICHT SREDR. (EREFOMEA-2
mitochondria KATP-channeli& 14 & & H 9 5 v RE1E
DOWT iR EALEERDI=D DN T FEE
Az H W HRERAOILAIZET 2% F
FR19EEBE %645 - 7 HEWTZE3RE &, pp. 49-54 (2008).

4. K#i>CE, RILEE, WIHEH, ILRIE, B,

BIFTEEEA, UEiE=E. Hb/NEA OO - P b
BT H5REDR. (EREFOMBHA-3
nitroso-redox balance Z #&H 3 5 AIREHEIZ DN T TA
TRMEROERIER % Hg L@ & 5E0RE



EGMPERLGHE N DO MENL ] SFRR2 14 FE #845 - /- fabf
& E, pp. 87-96 (2010).

5. J.M. Zimmet, J. M. Hare. Nitroso-redox interactions
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Introduction

The hemoglobin vesicle (HbV) is an artificial oxygen carrier in which a concentrated Hb solution is encapsulated
in lipid vesicles. Our previous studies demonstrated that HbV is metabolized by the mononuclear phagocyte
system, and the lipid components are excreted from the liver. It is well-known that many hepatically-
metabolized and -excreted drugs show altered pharmaceutics under conditions of liver impairment, which
results in adverse effects. The aim of this study was to determine whether the administration of HbV causes
toxicity in rats with carbon tetrachloride induced liver cirrhosis. Changes in plasma biochemical parameters,
histological staining and the pharmacokinetic distribution of HbV were evaluated after an HbV injection of the
above model rats at a putative clinical dose (1400 mgHb/kg). Plasma biochemical parameters were not
significantly affected, except for a transient elevation of lipase, lipid components and bilirubin, which recovered
within 14 days after an HbV infusion. Negligible morphological changes were observed in the kidney, liver,
spleen, lung and heart. Hemosiderin, a marker of iron accumulation in organs, was observed in the liver and
spleen up to 14 days after HbV treatment, but no evidence of oxidative stress in the plasma and liver were
observed. HbV is mainly distributed in the liver and spleen, and the lipid components are excreted into feces
within 7 days. In conclusion, even under conditions of hepatic cirrhosis, HbV and its components exhibit the
favorable metabolic and excretion profile at the putative clinical dose. These findings provide further support for
the safety and effectiveness of HbV in clinical settings.

Crown Copyright © 2010 Published by Elsevier Inc. All rights reserved.

(RBC) transfusion as follows: the absence of viral contamination (Abe
et al, 2001), a long-term storage period of over 2 years at room

Hemoglobin vesicles (HbV) are artificial oxygen carriers in which a
concentrated hemoglobin (Hb) solution is encapsulated in a liposome,
the surface of which is covered with polyethylene glycol (PEG). HbV has
been shown to possess several superior characteristics to red blood cell

Abbreviations: HbV, hemoglobin vesicle; Hb, hemoglobin; PEG, polyethylene glycol;
RBC, red blood cell; MPS, mononuclear phagocyte system; CCl,, carbon tetrachloride;
rHSA, recombinant human serum albumin; WBC, white blood cell; Hct, hematocrit;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, y-glutamyl-
transferase; T-bilirubin, total bilirubin; ALP, alkaline phosphatase; BUN, urea nitrogen:
CRE, creatinine; TG, triglyceride; H&E, hematoxylin/eosin; PAO, potential antioxidant;
TBARS, thiobarbituric acid reactive substances; *H-HbV, *H-labeled hemoglobin vesicle.

* Corresponding author. Department of Biopharmaceutics, Kumamoto University,
5-1 Oe-honmachi, 862-0973 Kumamoto, Japan. Fax: +81 96 362 7690.
E-mail address: otagirim@gpo kumamoto-u.ac.jp (M. Otagiri).

temperature (Sakai et al., 2000), a low toxicity (Abe et al., 2006; Abe
et al., 2007), no cross-matching and applications for use in veterinary
care. It has also been clearly shown that HbV and RBC have comparable
pharmacological effects in hemorrhagic shock model rats (Sakai et al,,
2004c; Sakai et al,, 2009). Based on these facts, HbV appears to have
potential use as an alternative treatment of RBCs in cases of patients
with massive blood loss. Since HbV functions as a substitute for RBC, an
infused dose of HbV would be in excess of hundreds of times higher than
that of other commercially available liposomal preparations such as
AmBisome® or Doxil®. As a result this massive amount of HbV, with its
associated components, including Hb, lipids and iron derived from Hb,
could result in undesirable consequences in the systemic circulation and
organs during its metabolism and disposition. Such an extraordinary
appearance of HbV components could result in the accumulation of
components in blood or organs, and could cause a variety of adverse
effects as follows; (i) high levels of lipid components in the bloodstream,

0041-008X/$ - see front matter. Crown Copyright © 2010 Published by Elsevier Inc. All rights reserved.
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especially cholesterol, which are risk factors for kidney disease, arterial
sclerosis and hyperlipidemia (Grone and Grone, 2008), (ii) Hb induces
renal toxicity by dissociation of the tetramic Hb subunits into two
dimers (Parry, 1988), (iii) free iron can trigger tissue damage induced by
the Fenton reaction, which is mediated by heme (iron) (Balla et al.,
2005). Since HbV would be expected to be used in cases of emergency
medical treatment, it must have favorable metabolic and excretion
profiles in a wide variety of situations.

Previously, we and our colleagues carried out pharmacokinetic,
histological and biochemical studies of normal rats receiving of bolus
HbV injection. The results obtained from these studies clearly showed
that HbV is captured and metabolized by the mononuclear phagocyte
system (MPS) mainly in Kupffer cells, and the lipid components are
excreted from the liver via the bile (Sakai et al,, 2001; Sakai et al., 2004a;
Taguchi et al., 2009b). Similar results were also observed in a rat model
of hemorrhagic shock (Sakai et al., 2009; Taguchi et al., 2009a). These
findings demonstrated that HbV appears to show favorable metabolic
and excretion profiles not only in normal but under hemorrhagic
conditions as well, and thus HbV can be classified as a hepatically-
metabolized and -excreted drug.

In the case of a clinical situation, patients with hepatic chronic cirrhosis
represent a candidate for the therapeutic application of HbV, because they
frequently show upper gastrointestinal tract bleeding following the
rupture of portosystemic collaterals, so-called variceal bleeding. It is well-
known that the pharmacokinetic and pharmacological effects of many
hepatically-metabolized and excreted drugs are impaired under condi-
tions of liver impairment (Greenfield et al,, 1983; Okumura et al., 2007).
Since these changes have the potential to cause serious adverse effects,
some drugs are contraindicated for a person with hepatic injury. Thus, if
the HbV components also show toxic or accumulative properties under
conditions of liver failure, HbV may also be contraindicated for a person
with liver impairment or a dose adjustment may be necessary under such
conditions. Thus, before proceeding to a clinical evaluation, it is necessary
to determine whether HbV can be useful as an artificial oxygen carrier
under conditions of chronic liver impairment.

The purpose of this study was to perform a toxicological assessment
of HbV, such as plasma biochemical parameters, histological staining,
oxidative stress and the tissue distribution of HbV, after a bolus
intravenous administration of HbV at a putative dose (1400 mg Hb/kg)
in rats with carbon tetrachloride (CCl,) induced liver impairment.

Materials and methods

Materials. An Hb solution was purified from outdated donated blood
provided by the Japanese Red Cross Society (Tokyo, Japan). Pyridoxal
5'-phosphate was purchased from Sigma Chemical Co. (St. Louis,
MO). 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine, cholesterol,
and 1,5-bis-0-hexadecyl-N-succinyl-L-glutamate were purchased
from Nippon Fine Chemical Co. Ltd. (Osaka, Japan). 1,2-distearoyl-
sn-glycero-3-phosphatidyl-ethanolamine-N-PEG was purchased from
NOF Corp. (Tokyo, Japan). Recombinant human serum albumin (rHSA)
was donated by the Nipro Corp. (Osaka, Japan). CCl, was purchased
from Wako Pure Chemical Industry Ltd. (Osaka, Japan). Mineral oil was
purchased from Nakarai Chemicals, Ltd. (Kyoto, Japan).

Preparation of HbV. HbV samples were prepared under sterile condi-
tions as previously reported (Sakai et al., 1997). The resulting encap-
sulated Hb (38 g/dl) contained 14.7 mM of pyridoxal 5'-phosphate as an
allosteric effector to regulate Psq to 25-28 torr. The lipid bilayer was com-
prised of a mixture of 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine,
cholesterol, and 1,5-bis-O-hexadecyl-N-succinyl-L-glutamate at a
molar ratio of 5/5/1, and 1,2-distearoyl-sn-glycero-3-phosphatidyl-
ethanolamine-N-PEG (0.3 mol%). The average particle diameter was
250-280 nm. The HbVs were suspended in a physiological salt solution at
1000 mg Hb in 10 mL volume, and purged with N, prior to storage. The
lipopolysaccharide content was <0.1 EU/mL

Preparation of a rat model of chronic liver impairment induced by CCl,.
All animal experiments were undertaken in accordance with the
guideline principles and procedures of Kumamoto University for the
care and use of laboratory animals. All animals were maintained under
conventional housing conditions, with food and water ad libitum in a
temperature-controlled room with a 12 h dark/light cycle. The chronic
liver injury rats were prepared as previously reported (Taguchi et al,
2010). In short, male Sprague-Dawley rats (48-51 g body weight;
3 weeks old; Kyudou Co. Kumamoto, Japan) were intraperitoneally
injected with CCl, in mineral oil at a dose of 400 mg/kg (a volume of
0.45 mL/kg, CCls: mineral oil = 1:4) three times per week for 8 weeks.

Assessment of a rat model of chronic liver injury induced by CCl,. One
day after the last injection of CCly, the CCl, treated rats were anesthetized
with ether. The blood samples were collected from the inferior vena cava.
The ammonium concentration in blood was immediately determined by
the indophenol reaction using an Ammonia-Test-Wako kit (Wako Pure
Chemical Industries, Osaka, Japan). An aliquot of blood was collected for
measurements of the numbers of RBC, white blood cells (WBC), platelet
numbers and hematocrit (Hct). The remaining blood was centrifuged
(3000 g, 10 min) to obtain plasma for the analysis of aspartate amino-
transferase (AST), alanine aminotransferase (ALT), y-glutamyltransferase
(y-GTP) and total bilirubin ( T-bilirubin). All blood and plasma parameters
were determined by a commercial clinical testing laboratory (SRL, Tokyo,
Japan). The hepatic histopathological changes between control and CCly
treated rats were observed by hematoxylin/eosin (H&E) stain.

Injection of an HbV suspension. One day after the last injection of CCl,,
the CCly treated rats were anesthetized with ether. Subsequently,
polyethylene catheters (PE 50 tubing, outer diameter equal to
0.965 mm, and inner diameter equal to 0.58 mm; Becton Dickinson and
Co., Tokyo, Japan) containing saline and heparin were introduced into the
left femoral vein for use in the HbV injection. Twenty-four CCl4 treated rats
were injected with an HbV suspension (1400 mg Hb/kg) containing 5%
rHSA to adjust the colloid osmotic pressure of the suspension to
approximately 20 mm Hg (Sakai et al,, 1997), and six CCl, treated rats
were injected with saline containing 5% rHSA. After injection, the
polyethylene catheter was removed and the skin sutured with a stitch.
At 1, 3, 7 and 14 days after the HbV injection, six CCl, treated rats were
randomly selected for collection of blood and organs. After collecting
blood, the rats were euthanized by acute bleeding from the abdominal
aorta and organs (kidneys, liver, spleen, lungs and heart) obtained. The
organs were then weighed and resected en bloc for a histropathological
study. The organs were fixed in 4% paraformaldehyde overnight and
embedded in paraffin.

Plasma biochemical parameters. Blood samples were immediately
centrifuged (3000 g, 10 min) to obtain plasma. The plasma samples
were then ultracentrifuged to remove HbV (50,000 g, 30 min), because
HbV interferes with some of the laboratory tests (Sakai et al., 2003). All
plasma samples were stored at —80 °C until used. All plasma samples
were analyzed by a commercial clinical testing laboratory (SRL, Tokyo,
Japan). The analyses performed were total protein, ALT, AST, albumin,
v-GTP, alkaline phosphatase (ALP), urea nitrogen (BUN), creatinine
(CRE), lipase, triglyceride (TG), phospholipids, total cholesterol,
cholesterol ester, HDL-cholesterol, total bilirubin, direct bilirubin,
indirect bilirubin and iron (Fe).

Histopathological examination. The organs were sectioned into 5 um
slices. Morphological changes in each organ were confirmed by
hematoxylin/eosin (H&E) staining. The presence and location of
hemosiderin, including free iron released by the metabolism of heme,
were confirmed by Berlin blue staining. In short, the paraffin sections
were deparaffinized. The deparaffinized sections were washed and
then incubated with the stain solution (2 w/v% K4[Fe(CN)s] 3H,0,
1 v/v% HCl) for 20 min. After washing, the sections were incubated
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with a second stain solution (5w/v% aluminum sulfate, 0.1 w/v%
nuclear fast red) for 5 min.

Evaluation of oxidative stress. A ‘PAQ’ test kit (Nikken SEIL Co., Ltd.,
Shizuoka, Japan) following the manufacturer's instructions, was used
to evaluate the potential antioxidant (PAO), which evaluates Cut™
reduction on behalf of all present antioxidants, in plasma.
Thiobarbituric acid reactive substances (TBARS) to measure the
level of lipid peroxidation in plasma and liver were determined by
means of a TBARS Assay Kit (Cayman Chemical Company, Michigan,
USA) following the manufacturer's instructions. The reduced and
oxidized glutathione were measured by using a GSSH/GSH
quantification kit (Dojindo Molecular Technologies, Inc., MD, USA).

Pharmacokinetic study. *H-HbV, in which the lipid component
(cholesterol) was radiolabeled, was prepared as previously reported
(Taguchi et al., 2009b). In a typical preparation, HbV was mixed with a
[1,2-H(N)]-cholesterol solution, (PerkinElmer, Yokohama, Japan) and
the solution incubated for 12 h at 37 °C. Before use in pharmacokinetic
experiments, >H-HbV was mixed with 5% rHSA. When 3H-HbV
was incubated with serum (24 h, 37 °C), the H failed to completely
dissociate from the HbV.

Twelve CCl, treated rats were anesthetized with ether and received a
single injection of a *H-HbV suspension (1400 mg Hb/kg). Six rats
were randomly selected for a plasma concentration test in which
the pharmacokinetic parameters were determined. The rats were
anesthetized with ether, blood samples were collected at multiple
time points after the *H-HbV injection (3 min, 10 min, 30 min, 1,3,6, 12,
24, 48 and 72h) and the plasma was separated by centrifugation
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(3000 g, 5 min). At 168 h after the injection of *H-HbV, they were
euthanized and the organs (kidneys, liver, spleen, heart and lungs) were
collected. Urine and feces were collected at fixed intervals in a metabolic
cage. Another group of six rats were euthanized at 24 h after aninjection
of 3H-HbV, and the plasma and organs collected. The radioactivity was
determined by liquid scintillation counting (LSC-5121, Aloka, Tokyo,
Japan) as previously reported (Taguchi et al., 2009b).

Data analysis. Data are shown as the means+ SD for the indicated
number of animals. Significant differences among each group were
determined using the two-tail unpaired Student's t-test. Pharmacokinetic
analyses after HbV administration proceeded based on a two-
compartment model. Pharmacokinetic parameters were calculated by
fitting using MULTI, a normal least-squares program (Yamaoka et al.,
1981). A probability value of p<0.05 was considered to indicate statistical
significance.

Results
Assessment of a rat model of chronic liver impairment induced by CCl,

To evaluate the extent of hepatic impairment of the CCl4 treated rats,
we measured the levels of AST, ALT, y-GTP, T-bilirubin and the
concentration of ammonia in blood. As a result, the AST, ALT, y-GTP
and T-bilirubin levels in plasma and the concentration of ammonium in
blood were significantly increased in the CCl, treated rats compared to
those in normal rats (p<0.01) (Fig. 1). From the H&E staining data,
hepatic damage was clearly observed in the CCR, but not in normal rats
(Fig. 1F).
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Fig. 1. Biochemical parameters (A) AST, (B) ALT, (C) y-GTP, (D) T-bilirubin in plasma and (E

) ammonia in blood in control rats (opened column) and a rat model of chronic liver injury

induced by CCl,4 (closed column). (F) Light micrographs of livers stalned with H&E: Control group (left) and CCl, treated (right) group (x 100) stained with H&E. The SD rats (48-51 g body
weight; 3 weeks old) were intraperitoneally injected with CCly mixed with mineral oil at a dose of 400 mg/kg (a volume of 0.45 mL/kg, CCls: mineral oil = 1:4) three times a week for

8 weeks. One day after the last injection of CCls, plasma was collected and measured the biochemical parameters. The values are the mean +SD. (n=6)

**p< 0.01 vs. control rats.
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In addition, we measured the RBC, WBC, platelet numbers and Hct in
the CCl, treated rats. The RBC, platelet and Hct levels were not sig-
nificantly changed between control and CCl, treated rats (RBC, 712+ 53
and 767 + 55 x 10"/;.1L; platelet, 67.94+9.0and 63.6 +- 17.5x 104/1,11.: Hct,
426427 and 44.440.9%, for control and CCl, treated rats, respec-
tively), while WBC in CClL, treated rats was increased by approximately
3-fold compared to that in normal rats (WBC, 1054+29 and 281+
99x 10?/pL; p<0.01, for control and CCl, treated rats, respectively).

In addition, the changes in organ weights, which are expressed as the
percentage of organ weight relative to the body weight, were measured
to examine the distribution of HbV to those organs. As a result, the organ
weights (kidney, liver, lung and heart) relative to body weight did not
show notable changes at each day after HbV injection (data not shown).
However, the spleen weight was increased by approximately 1.2-fold at
3 days after HbV injection (100 & 14 and 118 4 44 % of baseline, p<0.05,
for 0 day and 3 days after HbV injection, respectively), but it recovered
within 14 days after the HbV injection (100 £ 31% of baseline).

Plasma biochemical parameters representing liver. Kidney and
pancreas functions

As shown in Fig. 2, the parameters reflecting liver function (AST,
ALT, v-GTP, ALP, total protein and albumin) did not show any notable
changes until 7 days after HbV injection, and some (AST, ALT, y-GTP
and ALP) were decreased slightly 14 days after the HbV infusion.
However, all of these values were similar with those at 14 days after a
saline injection. Although, BUN and CRE, which reflect renal function,
were slightly increased until 14 days after the HbV injection, these
changes were still within the normal ranges. As previously reported
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using normal rats (Sakai et al, 2004a), the parameter reflecting
pancreatic function (lipase) was temporally increased one day after
HbV, but returned to the basal level within 14 days.

Plasma biochemical parameters representing the metabolism of
HbV components

The levels of TG, phospholipids, total cholesterol and cholesterol
ester, which are metabolites of lipid components of HbV, were
significantly increased from 1 day after HbV injection, but gradually
diminished to the normal level. In fact, at 14 days after the HbV injection,
the concentration of the cholesterol components (total cholesterol,
cholesterol ester and HDL-cholesterol) and phospholipids were not
significantly different, but only the level of TG remained higher,
compared with a saline injection (p<0.01) (Fig. 3).

T-bilirubin, direct and indirect bilirubin, which are metabolites of
internal Hb decomposition, were significantly increased 1 day after
the HbV injection. However, these values gradually decreased and
reached the same level as those of the saline group at 14 days. Total
plasma Fe, which was also released as the result of the decomposition
of Hb, did not significantly changed during the period of observation

(Fig. 3).
Histological examination

In a previous study, using normal rats, hemosiderin was focused in
the liver and spleen after an HbV injection (Sakai et al., 2001). Therefore,
we also performed Berlin blue staining to evaluate the extent of
hemosiderin decomposition in liver and spleen in CCl, treated rats. A
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Fig. 2. Plasma biochemical parameters representing liver, kidney and pancreas function at 0, 1, 3, 7 and 14 days after HbV administration (closed column) or 14 days after a saline
injection (gray column) to the rat model of chronic liver injury. The values are mean £ SD. (n=6) *p <0.05,* p<0.01 vs. before HbV infusion. *p<0.05 vs. 14 days after HbV infusion.

S: 14 days after saline injection.
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slight Berlin blue staining was observed in liver at days 3 and 7 (Figs. 4B
and C) and a small signal was observed at 14 days after the HbV
treatment (Fig. 4D). On the other hand, hemosiderin decomposition was
observed in the spleen at 7 days (Fig. 4G) and at 14 days after injection
of HbV (Fig. 4H). However, excessive accumulation of hemosiderin was
not observed in either the liver or spleen as the result of the HbV
treatment. In addition, morphological changes observed by H&E stain in
kidney, liver, spleen, lung and heart were negligible after HbV injection
at a dose of 1400 mg Hb/kg (data not shown).

Evaluation of oxidative stress

It has been well demonstrated that free iron enhances the
production of ROS via the Fenton reaction, and hence, can trigger tissue
damage (Balla et al., 2005). After HbV is metabolized, the heme (free
iron) is released and this could induce an increase in oxidative stress. To
probe this possibility further, the effect of HbV treatment on oxidative
stress in plasma and liver was evaluated by measurements of TBARS and
PAO. As a result, the PAO and TBARS values for plasma remained
essentially unchanged as the result of HbV administration ( Figs. 5A and
B). In addition, the TBARS values for the liver were also determined
14 days after the HbV injection. Similar to the controls (saline
treatment), a slight increase in TBARS levels in the liver was observed
after the HbV infusion (0.53 4 0.25 and 0.33 + 0.20 pmol/L, for both the
HbV and saline infusion, respectively), but the increases were not
significant. To further elucidate the tissue damage by oxidative stress,
the reduced and oxidized glutathione were determined. The ratio of
reduced and oxidized glutathione in liver and spleen did not change
during the experiments (Fig. 5C).

Pharmacokinetic study

Finally, we carried out a pharmacokinetic analysis of the lipid
component of HbV in CCl, treated rats using 3H-HbV (Fig. 6). The
findings show that the approximately 10% of the HbV in plasma
remained at 72 h after a bolus injection of HbV in CCl, treated rats. The
pharmacokinetic parameters calculated using the plasma concentration
curve were as follows: the half-life was 30.0 + 4.1 h, the area under the
concentration-time curve was 208451 h*% of dose/mL and plasma
clearance was 0.51+0.11 mL/h. Similar to normal rats, the major
organs where HbV is distributed were the liver and spleen in CCl,
treated rats (Taguchi et al, 2009b), and the maximum hepatic and
splenic distributions of *H-HbVs in CCl, treated rats were observed at
24 h after HbV injection (25.6 9.2, 14.7 + 3.5% of the injected dose, for
the liver and spleen, respectively). The majority of the *H activity in CCl,
treated rats was excreted into feces, as previously reported for normal
rats (Taguchi et al, 2009b). These data indicate that the excretion
pathway of lipid components derived from HbV was essentially the
same for normal and CCl, treated rats. The findings also confirmed that
the *H radioactivity had nearly completely disappeared from the plasma
and each organ 168 h after the HbV injection, and simultaneously nearly
100% of *H radioactivity had been excreted.

Discussion

As described in the introduction, HbV is one of the hepatically-
metabolized and -excreted drugs. In order to avoid unpredicted or
unexpected adverse effects, some of these drugs are contraindicated for
a subject with hepatic impairment due to the accumulation of the drug
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(A) Liver (B) Spleen

Fig. 4. Hemosiderin in liver (A) and spleen (B) in CCl, treated ratat 1 (a,e), 3 (b, f), 7 (c,g)
and 14 (d, h) days after HbV injection stained with Berlin blue (< 100). Berlin blue staining
was performed to determine if hemosiderin was present. Slight hemosiderin deposition
was observed in the liver at 3, 7 14 days after injection of HbV (arrow), and was also
observed in the spleen at 7 and 14 days after injection of HbV (arrow).

in the body. In clinical situations, a massive dose of HbV would be
administered to patients, with not only hemorrhagic shock, but also
hepatic chronic cirrhosis. Therefore, if HbV were to be in widespread
clinical use as an RBC substitute, both therapeutic effectiveness and the
safety profile in chronic liver impairment would need to be verified. In
this study, we conducted the toxicological evaluation of HbV and its
components, including Hb, iron derived from the heme and lipids which
have the potential to be toxic in the rat model of chronic liver
impairment. The results clearly demonstrate that HbV can be used safely
as normal rats based on following reasons.

In the past, the perfluorocarbons have been excluded as possible
candidates for artificial oxygen carriers because of the induction of
chronic pneumonitis. This is due to the fact that perfluorocarbons are
excreted inefficiently and accumulated in the lung, a condition that
persists for more than 1 year, because perfluorocarbons was expired in a
gaseous form along with the respiratory air (Nose, 2004). Thus, the long-
term accumulation of an artificial oxygen carrier preparation or its
components in the body must be minimized. The present study clearly
showed that the half-life of HbV in the rat model of liver impairment was
approximately 30 h, nearly same as that in normal rats. This suggests
that HbV is not likely to accumulate in the body, even under conditions
of liver failure. Since the retention in circulation is one of the therapeutic
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Fig. 5. Changes in the oxidative stress markers at 0, 1,3, 7 and 14 days after HbV injection.
The oxidative stress was determined by (A) potential antioxidants in plasma (PAO),
(B) thiobarbituric acid reactive substances (TBARS) in plasma and (C) reduced (white) and
oxidized (black) glutathione in liver and spleen. The values are the mean + SD. (n=6),
*p<0.05, **p<0.01 vs. before HbV injection (0 day).

evaluation of HbV, we previously predicted that the half-life of HbV ata
dose of 1400 mg Hb/kg in humans appears to be 3-4 days to use
allometric equation (Taguchi et al., 2009a), and this half-life indicates
that it could be used as a temporary oxygen carrier until a blood
transfusion is administered or until autologous blood is recovered after a
massive hemorrhage. Therefore, it would be also expected that HbV
would likely possess good retention characteristics in the circulation,
similar to normal conditions, even in cases of hepatic impairment.

It is well-known that the Hb derived from hemolysis and cell-free
Hb based oxygen carriers (HBOCs) can induce renal and heart toxicity.

120

. 1 24nour
B 168 hour

80 4

60

% of dose

40 -

20 1

& g&‘é\ R

> 2
Q\°’¢ "‘_\6&

Fig. 6. The radioactivity (% of dose) in the plasma, kidney, liver, spleen, lung, heart, urine
and feces at 24 (opened column) and 168 (closed column) hour after *H-HbV injection.
The CCl, treated rats were given a single injection of H-HbV suspension (1400 mg Hb/kg).
At 24 and 168 h after the injection of *H-HbV, the rats were euthanized and organs
(plasma, kidneys, liver, spleen, heart and lungs) were collected. Urine and feces were
collected at fixed intervals in a metabolic cage. The values are the mean + SD. (n=#6).
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In fact, hemolysis causes renal toxicity by dissociation of tetramic Hb
subunits into two dimmers, extravasaion, and precipitation in tubules
(Parry, 1988). On the other hand, some of cell-free HBOCs had been
excluded from proceeding to the clinical trial stage, due to the appearance
of unexpected serious side effects induced by Hb. For example,
diaspirin crosslinked Hb leads to the development of myocardial lesions
by decreasing nitric oxide levels 24-48 h after a single topload infusion
(Burhop et al, 2004), causing serious adverse effects, especially
myocardial infarctions in humans (Natanson et al, 2008). Therefore,
during the preclinical evaluation of HbV, the possibility of the induction of
the heart and renal toxicity needs to be addressed. The findings herein
indicate minimal morphological changes in heart and kidney tissue, and
only negligible changes in CRE and BUN after an HbV injection at a dose of
1400 mg Hb/kg in the case of CCl, treated rats. This could be due to the
characteristics of HbV in which its structure is maintained intact in the
circulation and Hb derived from HbV was completely degraded by MPS. In
fact, several results observed in this study and previous reports support
these conclusions: (i) total, direct and indirect bilirubin, which were
released during the metabolism of Hb, were increased from 1 day after
HbV infusion, (ii) neither protein urea nor hemoglobinuria were detected
in the urine in this study (data not shown), (iii) HbV is circulated in the
form of stable HbV in the blood circulation until metabolized by MPS
(Taguchi et al., 2009b).

Similarly, the heme (iron) is also released as a result of the
metabolism of Hb, which is probably caused by the inducible form of
heme oxygenase-1 in MPS in liver and spleen (Braggins et al., 1986).
Generally, iron derived from heme is stored in the ferritin molecule,
while overloaded iron is present as hemosiderin (Selden et al., 1980).In
this study, the total Fe level in plasma was not notably changed during
the period of our observations, in contrast, hemosiderin deposition
was confirmed in the liver even at 14 days after HbV injection. Since
hemosiderin can also release iron molecules, such released free iron
could potentially induce hydroxyl radical production, and subsequently
to succeed lipid peroxidation (Grady et al., 1989). However, the risk of
ROS induction, as mentioned above, can be excluded in the case of HbV,
because several ROS markers, such as PAO and TBARS, in the plasma did
not increase during the experimental period. In addition, the TBARS
level and the ratio of reduced and oxidized glutathione at 14 days
after HbV injection in the liver were the same after the saline infusion. In
fact, it was clearly demonstrated that the amount of iron released from
hemosiderin is substantially less than that from ferritin (O'Connell
and Peters, 1987). These results indicate that excess iron (heme)
derived from HbV in liver impairment is likely stored as an inert form
(hemosiderin) as well as that from the transfusion of RBCs and other Hb
based oxygen carriers (Lenz et al,, 1991; Sakai et al., 2004b).

We previously reported that the outer lipid components, especially
cholesterol, were mainly eliminated to the feces via biliary excretionin a
normal rat study (Taguchi et al.,, 2009b). Therefore, the possibility that
these lipid components could accumulate in the body for a long period
under chronic liver impairment conditions cannot be completely
ignored. However, our data clearly showed that the 3H-cholesterol in
HbV showed a similar tissue distribution profile, mainly to the liver and
spleen, as under normal conditions, and is subsequently excreted into
feces within 168 h. In addition, TG, phospholipids, total cholesterol and
cholesterol ester, which relate to the metabolic routes of the lipid
components of HbV, were temporarily increased at 1day after HbV
infusion, but returned to normal levels within 14 days after the HbV
infusion. These results indicate that the lipid components derived from
HbV did not accumulate for a long period, even under hypo-metabolized
and -excreted conditions.

In the present study, lipase, which reflects pancreatic function, was
significantly increased on 1day after HbV infusion. At glance, this
change could be due to the damage of pancreases by HbV. However,
when the pancreas is damaged, lipase levels become dramatically
elevated, increasing by more than 50-fold, compared to the present
data (Hofbauer et al., 1996). Thus, the small elevation of lipase level

observed here can likely be attributed to the induction of pancreatic
enzymes, as the result of the presence of a large amount of lipids from
liposomes rather than damage caused by HbV. In fact, it has also been
reported that the injection of HbV into the normal rats and liposome
amphotericin B to humans also results in an increase in serum lipase
activity (Stuecklin-Utsch et al., 2002; Sakai et al., 2004a).

Based on those findings, it appears likely that HbV could be safely
used as an artificial oxygen carrier as an RBC substitute, even in cases
of liver impairment. However, it is premature to absolutely conclude
this based on the present data that was conducted under limited
condition. First, in this study, we only examined the histological and
biochemical parameters in a rat model of chronic liver impairment
induced by CCl,. Since the pathology of liver failure is not simple and
differences in the extent of liver damage exist, such as fibrosis and
injury, it will be necessary to investigate this aspect of the issue using
other liver impairment animal models, for example, concanavalin A
and acetaminophen induced models. Second, a previous study
showed that a single high dose of HbV did not induce any change in
arteriolar or venular diameters after an HbV infusion (Cabrales et al,,
2005). However, Hb molecules can trigger hypertension derived by
scavenging endothelium-derived nitric oxide (synthesized by NOS3)
(Yu et al., 2008). In this study, changes in blood pressure, arteriolar
and venular diameters were not monitored. Further study will be
needed to elucidate these issues.

Recently, Zapletal et al. showed that acellular type hemoglobin-
based oxygen carrier (HBOC-201) attenuated the microvascular
dysfunction and improved the tissue oxygenation following the
ischemic reperfusion injury in liver (Zapletal et al., 2009). Furthermore,
it was reported that acellular type HBOC was useful for prehospital
resuscitation with uncontrolled hemorrhage due to liver injury and
hepatic cirrhosis (Ortiz et al.,, 2000; Arnaud et al., 2008). These results
suggest that HbV and acellular type HBOC are potential candidates for
alternative treatment of RBCs during liver transplantation, hepatic
injury and bleeding induced by hepatic cirrhosis.

In conclusion, we demonstrate herein that HbV and its compo-
nents perform favorably, in terms of metabolism and excretion, under
conditions of the approximate clinical applications. These characteristics
of HbV make it desirable as an alternative blood substitute, because HbV
has been proposed to be used in all types of patients in multiple
emergency situations including liver failure. Thus, the findings reported
here provide further evidence in support of the safety and effectiveness
of HbV as an oxygen carrier.
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