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Therapy of carbon monoxide;poisoning: Efficacy of
Pyridoxalated Hemoglobin-Polyoxyethylene conjugate

(PHP) in animal experiments and its speculated

Toshimitsu Uchiyama

mechanisms

Keizou Harafuji

—BMLRF(CO)TFEIZA T S hemoglobiniZ & A EHO T M % 7 Y ¥ % A\ "Pyridoxalated Hemoglobin-Polyoxyethylene
conjugate PHP)IZ X WV RRET L, ZOHRAKEZRLA. FHAEOBF IOV TCIERRE L L TOCONKRE, xR
HEE LT OESHERZ DV Tendotoxin shock DIFHERF DIEMWE & OBED Ribr G ZEE L 7-.

To determine the probability of hemoglobin therapy for carbon monoxide (CO) poisoning, life-saving effect of a stroma-free
hemoglobin, Pyridoxalated Hemoglobin-Polyoxyethylene conjugate (PHP), on CO poisoning in rabbits was demonstrated. The
useful mechanisms of PHP are considered to be CO- and free radical-scavenging effects as causal therapy, and life-saving effects

in cardivoascular system as symptomatic therapy from the viewpoint of pathophysiologically endogenous active substances

released at endotoxin shock. —Key Words: Carbon monoxide, Poisoning, Stroma-free hemoglobin, Therapy, Pyridoxalated

Hemoglobin-Polyoxyethylene conjugate, Nitric oxide, Endotoxin shock.

1. 3L &I

—BLRFCOFETIRELEATYEDOATERBEC LD
£ L BCOI L 2MPENMEL 25, CORTH, BHE,
WA A, EEOER EOM, KEBOEIZEINS, KERIZIZ
CORMEDET A ADEEUNKE LHAMEL 2oTHY,
IRLDHT ARG, FERMRPAERREME 2 EORDH, Teeh
BCE D RETAHA3). TRFVABREE LT, BEEOCOB &
VCO2 S UMERZIKEM®R), NoxH LT HERRIL
¥, VT UHABIUEIAZERECRELEYPHSL. ThbHD
HADBTHCOE, HLWAKKRBIZEEGDL, PHELEL,
HEDHEE, FEABOMKE, FHMEBOPEEREET S
(5,6). —EREEMER % R HMERE L, PEERIFIH A Rt
T HIEMEAKEITIE, WTh b EERIKEICKH O RGEHFEIE
Fha.

BIE, CORBOHEME L LTI, EBRERBOUEI LR
DEKTHY, BERAIINZ TEEREFEMHBOER(T, 8)H—f
MICfTbhTwh, ZOHBOREIC L B &, MEBH RRE(PO2,
pCO2), COHbERE, Milk% &ED/NT 2 — 5 3k EE AL DD,
BHEF TIIBBHLZEENITDOONEVES LS. COTHE
2, VT VEBEEOKRORAON R ENTVEY, HRIEHEL

HAREERFEREREHRE, T143 RFUEAHRX AFRPES-21-16. Department
of Pharmacology, Toho University School of Medicine, Omori-Nishi 5-21-16,
Tokyo 143, Japan.
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nTwniwn,

—RAKBEDRET ARENE {13, BHBRENCOLCO2% &
ARBRIRETHD. Z0L) ZRET T, BERFEREICTT
HCO2DFETHEEZHF(10, 11)45, BRFEMBEET & MR O
25 DRCIN T HEHFRE LTRRET 5.

COFHFNBHBRERITFERBE L L TOCONYRMARE & 3 FEHE
FEE LTOAGHRO 2RI ) 25, HBOXED:IhH DM
BIZOVTI, H<ORFHA2-14)ICRY, FRLAOERLL
Pyridoxalated Hemoglobin-Polyoxyethylene conjugate (PHP)IZ X %
BROTMEELETIZ, TORFIIOVWTERELL V.

2. RRCOFENDPHPOR SRR
PHPIIMZEMEE 2 A T A MBAA L LT, MY e Mk
FRIMEK A 5 18 5 AL 72hemoglobin(Hb) % {L 2585 L THRAR & iz
(15). PHPOBEE L oMM II &M L 1ZIZFEEETHY, Fv b
& B 7 T stroma-free hemoglobin(SFHb) D ¥ 6 1 D ¥ 315 (12.88F
Y%A L, HMRECERERL YIZLMm & EVv15). - T, PHP
lXoxygen-carrying resuscitation fluid& L COILAREZ LR,
5 v M COLDso(Lv.)i31.2 20 mL/kghA T, 90%L EOPHPR I
B3 2 AR LOEF LR LAM L ED TV 5(16). PHP
O, MEOFORHKG, 70Xy FREETAREMO
TR, BICIIBENOREOME, 2OICEVIEREAERM, R
BAOFHCDOENLR EORELBRT 2THEE b2 Tw5. LU
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TIXERONDEHNTLH 5.

2.1. PHP £ COhEXERR

UrethaneFiE F O H A BEY S F2HW, AR
A~ L Ttoxic gas (02 5.0%, CO216.0%, CO 1.8%, N277.2%)% %
A&, FHMEH0DH 5\ 320 mmHgISE L7z TZREICY
D&z b LREKIC, EEAIRBRAE £)20 mL/kg/30 min (control )
& 5\ %, PHP 1.2 g/20 mL/kg/30 min (PHPE) % 30 minfFHtak it
L, IE, a%s L U8 8k LpO2, pCO2, pH, COHb%: L /%
5 A— 5 OB L2, PHPORS B IZMEELFHICEL
T SR RENELORET 2EE L7-.

Toxic gas A%, ME- A%k s ISET2458), MEOmmHg
T RMBHERBOMEIRE L LERTIZ, PHPE(4 B 1 HlI35%E
£Bl1E, 3B OBIEEM26.7+4.40 min)id, controlB (FFERER
9.0£3.46 min)iZ b L, BIERHOEE % 5 Up02, pCO2DEE R
—RHEEL RO, HEBREIEDL Lo,

Toxic gasP® A%, ME20 mmHg% s ORIEL LE
BT, controlB LPHPEEDE /N7 XA — ¥ LHABEENREDLN
7z. Control¥ 8 FIH 2 Fi3, &/¥7 A—F DEES % {FIZE >
7o. PHPEE 6 BII T RTHEFL, /37 2 —FiZRFE L.
COHbIRE L, PHPEORIHEAEEFE 1,2)T, 25k A%60 min

10— T 1T 7T 77 T T
o] ; O : arter1al 4 aonerol
S 80 @ : venous ] (n=6) —
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Fig. 1. Blood COHb concentration in control (O) and PHP (A)-treated
rabbits artificially respired with air when blood pressure reached
approximately 20 mmHg after toxic gas-inhalation. Symbols with
vertical bars are the meantSEM; when the SEM was small, it was
included in the symbols. Pre: 5 min after toxic gas-inhalation.
Arterial and venous COHb before toxic gas-inhalation were found
in neither control nor PHP-treated groups. The times to switch
from toxic gas to air (toxic gas-inhalation time) in control and
PHP-treated groups were 9.8%0.77 and 11.0£0.41 min,
respectively. Statistically different from control: *, p<0.1; a,
p<0.05; d, p<0.005. (Cited from Ref. 17)
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120%% R L7z DIZxt L, controlBETid, 60 minfkiZ#912%, 120
minfICBVTH#2% % 5RO 7. p02id, ZERA%30-60 min®
BICE) - FIRILOVTNICB W T HPHPEORENEE TH o 7-
(Fig. 3a). pCOAIZ=ZH AL, controlBENHIHEIEMBEERL
BHEASEHE TH - 7-(Fig. 3b). pHIZ, ZZEIRA£30-45 minDR,
PHPEEASH B2 MR % A& 7= (Fig. 3¢). MY, Z2E % A%] min
TYTCTUEHEMICEEESALN, PHPEOMENEET, 4min
BICIIBRARMOMBEICEZEL, 2BHBCBVTIEELRD.
controlB¥ i3 2 REZIC BV THELEBICIZEDS %22 o 72 (Fig.
3d). A, MEMICKELZAEEZIRO LN 2o rz.

N O DOPHPOKRIZ, COTRFEITH L EMICPHPYLET 52
L3, HBEEONRRECEHTHY, RE&OTEMOHLZ &
N

2.2. pCO2MO%E{L & COFEM

BHCOPETIE, COLHVDHENEE L DEE L 2106%
BVRATIU8)IC L ZCOHVERICE T BERZ IS 2 HE
BMARHT S, 2HICHEKTIE, COldmitochondrial cytochrome
astEaL, EHHEECETFEZERTCOREFBHRBRIZLD,
IANVF-EEREIEADL, ~"AZBARBEHEEQO L L LM
boTHEEELREZT. KEKEE, Z0COIZL2BEIZCO2
BERABRROFEIMDY, CORELHET H21). &5,

-
1000
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* O
2
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s
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Fig. 2. Arterial COHb-dissociation in control (O, n=6) and PHP (A,
n=6)-treated rabbits artificially respired with air when blood
pressure reached approximately 20 mmHg after toxic gas-
inhalation. Each symbol represents the mean of arterial COHb.
Pre: 5 min after inhalation of toxic gas. Straight lines of PHP-
treated group (y=103.2-25.99 Inx) and control group (y=95.7-
19.75 Inx) were drawn by regression analysis, and the
possibility that the inhalation time of air corresponded to the
recovery of arterial COHb was evaluated by Spearman rank
correlation coefficient in the control gorup (rs=-1.000) and the
PHP-treated group (rs=-1.000). (Cited from Ref. 17)
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Fig. 3. Blood pO2, pCO2, pH and mean blood pressure in control (O) and PHP (A)-treated rabbits artificially respired with air when blood pressure
reached approximately 20 mmHg after toxic gas-inhalation. Pre: 5 min after toxic gas-inhalation. a, blood pO2. The values of arterial and venous
pO2 before toxic gas-inhalation were 82.516.48 and 44.8+2.80 mmHg, respectively, in the control gorup, and 84.2+4.96 and 44.9+2.68 mmHg,
respectively, in the PHP-treated group. b, blood pCO2. The values of arterial and venous pCO2 before toxic gas-inhalation were 29.9+2.27
and 34.913.30 mmHg, respectively, in the control group, and 25.9+1.11 and 30.740.84 mmHg, respectively, in the PHP-treated group. c,
blood pH. The values of arterial and venous pH before toxic gas-inhalation were 7.27+0.032 and 7.2340.034, respectively, in the control
group, and 7.2910.022 and 7.2740.022, respectively, in the PHP-treated group. d, mean blood pressure. The values of mean blood pressure
of the control and the PHP-treated groups before toxic gas-inhalation were 86.748.05 and 71.6+7.76 mmHg, respectively. Symbols with
vertical bars are the meantSEM; when the SEM was small, it was included in the symbols. Statistically different from cotnrol: *, p<0.1; a,
p<0.05; d, p<0.005. (Cited from Ref. 17)
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COMSIMi Hglucose, pyruvate, lactate X IS €5 Z &2V S
hTwad, ZoZtid, BRIRETOMGOBRAEABTTEIZL
HATPOIEE, lactateDEREF XL IBHE L, HBFMZHEDD
LEZOLNE, INLOAHZZXLIZE ST, KERICIE, CO
FEHOHBIEL LI EVTREENS. pCO2D LR ITHERIC
i Hcatecholamines % t5 &4, & 512, COFHEIZL A ARESE
T OB MFEEE4091100 mg/dL)IEBRFE % £V, MAEEAHT165+39 mg/
LTI ENREBIZE T -2 L L), BIUBERKTO
lactate DL NV EH BT LIZE DVIREEL AL, MIBICHESL
72 dEZ LNTWVEBQ23).

Toxic gasTk ABIMEERRED, toxic gaslR A 5 % & MO0 mmHg
FIERE L OB NG A — FETIRKRELELIZA LN 2o 7248,
BRI pCOAE 13 E(p<0.05) 2 HM%E R L, pCOUEIZEFIRIM &
DEIRMO FFEEICEEE R L. b, BOERMRET
BINTG A — FEPEEREIZ 20728, BRATZAH» 5 DCO20
BEEHGD S DB X HpCO20 ML 20BN
L. BRI T, RSB 2 MAEBEROMIE T 2 i3EED
&, TOpCON LR EVIEfEALNEP o720 DERDbR
5.

I I 1

s120~ 0 0 B O
e 7 p
< 20 |- -
£ 15 |- -
S A
= 10~ -
B
= A
2 A
o A ]
g A
® 0 ] ] 1

5 75 10 125 15

Inhalation time (min) of toxic gas

Fig. 4. Recovery time of mean blood pressure (BP) to the level before
toxic gas-inhalation in control (O, n=6) and PHP (A, n=6)
treated rabbits artificially respired with air when BP reached
approximately 20 mmHg after inhalation of toxic gas. Each
symbol represents individual datum. The levels of BP at 120-
min inhalation with air in cotnrol rabbits did not recover to the
level before toxic gas-inhalation, and the mean recovery time of
PHP-treated rabbits was 8.0+1.86 min. A straight line
(y=3.53x-30.89) was drawn by regression analysis, and the
possibility that the inhalation time of toxic gas corresponded to
the recovery of BP was evaluated by Spearman rank correlation
coefficient in the PHP-treated group (rs=0.953). (Cited from
Ref. 17)
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2.3. PHPOCOFREADE A

MEO mmHg# B E L CPHPO BT * B L - ER T
i, 4BIF 1BIOHAE LT L 3FS, BT A-F LOKF
EBEL—BHEESALNT. —F, ME20mmHg* e L%
£ Tid, PHPOFE X DHEREHRIZO S 7:. COHbRE
i, control |ZLXPHPEE O A MEEHBHET, ERBRAKLS
minlZIZFEZELRY, 2HEHARCBVWILEEENH - /-,
PHPEEDCOHbIRE X, BY BRI O V1T b 25K A %60 min
TO%IZ % o 7= DIZH L, controlBf Tid 2 BRRIEIZB VT H2-3%
2RLE. Th60Z ki, PHPA, CORERLOIER BRET
ELTERRET L. BELBREROMEFCOHbREIL, #2-
14%1ET 5 L vbi, COHbBEN10%LLT Tid, ERIREERIT
BOBVN6,24)T L L), COHbBEI0%IZDOWTHRET LA, &
MD10% COHbEE~DEERER L, controlBED#76.7 miniZxf
L, PHP#3#36.1 min & controlB¥ D #147% 25 HE L T\» 5 (Fig.
3). ZOERIE, PHPORRIE L 2H R TII L, cowlxt
TAREHE L ) ME~OER - BREHREZRELTWDLI LR
WY 5.

COHbIRE62-63% D 2HCOFHEDKIC 1 X Eair, 15EO2,
1.95F02, 28FRF02% TN EFNRA S, M COHbIRREE YR
Bs, FNFN188, 32, 25, 12minTHo 2L HE@ SN TV
5. SHEOERREIL, CO2ERMBERT OCOFEL V) TEE
BEBETTHY, toxic gasBk ABRCOHbIRFEI1L85-90% & HfE % 7~
L7222 b 5§, PHPALEIZ X A Il PCOHbEE R 14
7.7 min(Fig.3) &, BEHREE®)I BT 52.8KF 02 AR I i &
COHbEEFHIA12 mink H FEV. ZDZ & HPHPOCOKRES)
BE2EMTTVD, BRZH5FEETIZE 5HBOREDGA,
COHbBEDHA I M- TEORIEELFEL T 5. PHPHA
BTH 5%, Hb2&HET APHPOEA, COLHbDREAIZL A4
Batr 5 OCONENEL Y SHRVPFAET 5 7-OCOHREMET LI
%123 L7-BFrTld, HBOBIER L ) YCORERRNPEL &5
TREMARE SN A, 2D X )12, PHPIIHDIZ & 5 COERERZ:
HR%AE L, HBOBEIBMESEEZICL ARFEL VI AH=X L
HIRHEND D, 2079, HBOFE L PHPOSFHIC X 400 -
HFDROTREIPRFEEIND.

pO2id, PHPE: AScontrolBf T, Z2R IRk A1%30-60 min® I
B ROV TFRICBWTHERICEE L, PHPE O EEHEE
DFEIEFBHRL TS, ZRPARK, PHPILBREDSER I IIHE
L, OHEPRPHEBICMESERINAZLIZED, pO2IBEL
EHE*REL. TOEDIS, controlBf L DFBENEL, & 512
WIBEERENOTREM L R L TV 5.

pHIX, PHPEETI3E)- BRI & b 30-45 min®D M, controlB¥iZtL
RCEELRAEL2RL, F0O%, toxic gasBE ARME~EIE L 7-.
Zhit, PHPEEOHREICHR T H b DL EbLN L. PHPOpH
X, §57VH ) HE(pH 7.47440.033) Tdh 5 12, HR 0 RpHED
YEFALNIDDEBDLIRL, T &L, KEBICIRETS
BEEATAGEDRBEICL VR HAEOIFRM T 73BT >
F—3 A2 & pHIEEDE T DHEIL, PHPPERATH LR R
NEY 5.

MEE, controlf¥, PHPEOWBMICKERENALNRT.
PHPEEOEEIIEHET, 2R AS minfk Ztoxic gasBk ARIEIZ[H]
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B/L, 2EEMZICBVTOBELMEREL 720%, contolB¥ i3 EIRIH
FHIR L7, 2BERICBVTHREIIEE L o7 &
i, Hb% polyoxyethyleneglycold & Upyridoxal 5'-phosphate T/t
2254 | 7-PHPAS, MERICBWTEEELRD, EREENEL
EUFETHILICHRT 20 LBbNA1). 0720, Mk
TOHAY R AZHREFICORERETTOOLBbIE, &8
12, HBA~OBTHLE CAERARFESEVE V) AP LMED
MEICIIES 2o b DL BbNd. Toxic gask ARER &, 22
L Atk O I E Dtoxic gasTi A BIE O EE R OB GR % BE
b &, PHPEED 7 — % 05 1 REFR(r=0.7885)%"1% 5 72 (Fig.
4), Thick by, PHPRAEBEEIZB W TIT, toxic gasik AReH (Bl
+, PHPLERLE F TOREM» S, ZRRAREDIMLIE Dtoxic gas
WABME~NORIERMZHETE LI ENRKE LIRS, EHIT,
PHPY A E 2 MEBE % A€ 722 &12id, COPHEIM/IMEA
& Dfree radical, nitric oxide (NO)DEMEE V0 E BT T 2 £(25)
%>, peroxynitrite AYNO<°NO-derived oxidant & L "Theme-containing
protein®sulfide & BFHMEDSH Y, £FNIZLYI P FUTD
BERLHEEL, EFRECHHT L2602 SIZBFEL T AT
HAHDH., DT ki, PHPOILE ERIEA Mol RBEEETE
prazosin, B3 Z{kIEHiEpropranolol, cyclooxygenaselH £
indomethacin C#5#HT & 1L 'NO synthase[H E 3 ¢ N°-monomethyl-L-
arginine (L-NMMA) TR &N, £ ORHiAL-arginine TIHH: L 72
QNI Lo THIFENS. BIL, COIL L HMETRICIIR
4% % R prostaglandins(PG) W EHE MR L TH 5T, NOVHES
LTWwWAZ LARKE &5, Endothelium-derived relaxing factor
(EDREIINO LR —THH L ENTWDHZ & L), EDRFOEA
LA BB BFR T % guanylate cyclase D HEACOIC L A MET
BRI T 2 LAEE END. HoiINODIERIZHIT 525,
NOAHMHEE bCOFERDEFBRE 1O Th b LAk,
& 512, endotoxinll X AshockB§|Z, K4 Zcytokines, NO, PG
DA, BHEIN, ITNAShock®ERE EINTHBY, HbIEHRE
M OFEIC2 Db 5T, endotoxinll & ) EEINNOL S
T3 Z &2 X 1) phenylephrine[NiE % T 5 2 L 06 dXFFI N
5 (28).

2.4. PHP £pCO2ME4t

M/F20 mmHg#% #1E & L TPHPALE % BALE L 7= KBTI,
pCO20 IR IZcontrolFEN S HPHPHE L Y BETH Y, BEHIRD
B TIIME—, controlEESEELRAIEEZ A NNTXA—-FThHo
72, CO2u3, M TIIHI90%H bicarbonate: L THAEL, 7D
I¥HbR ¥ ¥ /8 E L #EET B carbamino$ RN #I5%, BFCO2H
5% % GO TV 5(29). MEICCOMSBHFT 5 &, pCO2d EF-
LpHAME T3 5. ZHhid, OzHb (O2 binding Hb) D % R L
(29), PHP X CO2& Dcarbamino$f kDM REI S, L7,
—REBII T VAV EDOBEROB Y, COERIPURFFT 5710%H
D, FOBHEBEIETGE0). INOIhLEXLE, EAIITHEYE
(pH 6.5630.13)TH N, HbB L UY Y X7 BxHFE 2wl &d
& carbamino$tifk & L CCO2& R T & 2\, ZHIZH LPHPI,
897 Nk ) M(pH 7.47440.133) T, Hb2 ETHZ &Ehb, AR
WA L carbamino$B A OFR O E 25, CO2 % MAEFIZE <
1R T ATREE AR E NS, TALD T &k, controlBEOFE
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B W pCO2D [E1H & PHPEE D pCO2D M EAEN T & 2 RET
A, %7, MEAEHME OB THPHPD & 5 %2 EHiHbTH 7
LAk, PREALEL TV RV DIREENOZEET LI LT
ELDTCOTEROMETRRICHERL, MELREXET 578,
h TenAt, MEELL - RIERCEHDIINOL HHE, A LIS
<L, —BLREDEROMETRHIIIRER LI WTH S,
ZOZ ER, VRV —-LICHVERNE L ZHVNED—D2TH B
ALARIMERARC) AT 7 A DendotoxinBFE I EXITH H(31)Z &
PHLLOIREIND.

FIAEDOPHPE AR BT A2 L, Hor &% F T APHPDF
75, ERICHRCO2BHT 5 BB OBREIVNE L, FUpH
THNE, EENL N EL DCODBET AN H L. Ly
L, £EOF I pCODEEMSRNAERE R, FHEsERo
HKHIBEIZE AFRZEDS, ZOEEDHBRIINE»o7-dD
ERbhB,

3. SHPHINBCOTEADA
3.1. EEHE | COHbDRRE(EHE

OB ADATIX, COHbDET % ¥IfF T & 2\ IF4& I ZHBOM
BPHWLATWS, HIE, BRICAICE > TIWRWHTF Dk
BHOH5HHDE LTPHPOERONDEB/M L. &512, B IR
AL #Fluosol-DAIZ & 2 BHXhMEAHEE N (32), COTHEED
MEEZFMEREE, FETT, HAEEOTHIBRBEIC X
¥) COHb + 02 — O2Hb + CODKALFERIE % IGA L, COHb%* O2Hb
EL, CORBELTEKRIIET Z LARFEN TV A33). Nz
T, Hb% & FRIERD 5 T 7% { recombinant-Hb & LT 5 = & A8
WEeL &Y, ZHISH LILFR9IC5485 L 72Hb, SFHb & & 7Lt
L7-HY/MEED TR L 2 5. COPBENCORENDAREZ B L
TEMEL-HbDOF DS, D)EERE L BEREEOHH, 2)MikE,
© DOHb leakage DI, )MBDILEHREANDENEELR LD
HTENTVED, RICERRSIHEFREICBIT S METEADH
L) ATIINONDMEE DT REM TIXSFHLICK AR L TH S
.

3.2 MHEME | CORHFRFICRIET 3 L ANEMEME

COFERFIINO, free radical’z ¥ DEENH SN TS, PHP
RO L T ASFHLIZZ N L DOBRER L LTHNEBIITAZ LHT
EBEDN T NVL L 7-Ho/MaFRBRER & L TOMFIZE .
Mz T, COH#EDHE ILendotoxin shockiZHEB L TV 2 DT
cytokines, NO, free radical’s L DRSSO T, ThOLDEHET
LHIEE, b, Tho OWEOBERERER L8 5 G680 34E
L7zb0l LTDHTE A WEESYH 5.

EAEDOREED 5HEB4)E LT b BIR%endotoxin®
lipopolysaccharide (LPS) TALEE§ 5 & cytokines DU ASHAN L,
dibutyryl cAMPEINIC & ) BAEMHHKI SR, 512, ¥4 TR
7 % phosphodiesterase (PDE)RHEZR AT L 2HEELR»S,
PDEIV & DBBEATRIEE &1, i LW AFEES I £ h 5 TRt
H5.

Nz T, hydroxycobalamin (vitamin B12a)®%ndotoxin!Z & % Ml E
BT LBIERXMFIGS)T 2 2 & X Y IEREOT Rt - /2.
Z NiZcobaltA*heme ironk YNOL IR B EET HZ LICHHE
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L, cyanocobalamin (vitamin B12)%vitamin B12a%*corrin ring|Z
cobaltZ#F->THBY, NOLKET S &I & ) NODTEA % #if
THIEILEBEHBPEINS.

4. Bht)iC

COHFEN LM ¥ PHPIZ & 2 COHbRBE(RAE L, BH/NT A —
¥, FRCmEEEREZRIREFT EIZ, NONDIEHLOUISE &
DEEX{To7:. AT, COFFEBFDIFAE T Deytokines, NO,
free radical D EE4:, B iZendotoxin shockZEPLT 5 b DATH
Y, endotoxin shock DiEFEK DCOPHENDIEH DT REM % 7RI
L7:. PHPORRRICA 21X, ABRAD L OBWEROLEMEH
FAMEDcheckUETH B, 512, H < OFRMELEHGE) L L
TOSFHbE 1 7 VALHDDOWTRARWRIE—R—E¥H 1,
BEMNLEREMPLETH S,

EF
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INCEEHER L BITE .

2ENR

L SFIIEEE, BN FERBETNVICBT 280 FHE O
BERFOH B AFA L. (HBF RS 1985,60:95-103.
WA — IUABTF. [YLF o7+ —ADOMABIIRET S
HADHE®IZOWT] #Hi#. BIEEK 1972,26:113.
FAENR]. KRB DB FHED O QRSB A, AR
E ik 1973;9:265-71.

Horovitz JH. Abnormalities caused by smoke inhalation. J Trauma
1979;19(Suppl 11):915-6.

BERAM. 2 —BILXFEHHIE & anoxic encephalopathy. Ef
PRABFE 1970;10:1-7.

B HEFH. —BILRERDE HEEF 1979;3:1114-22,
RUETRIE, BAE N, IR SR —BILRETEDBE, &
CICHBBEFFENOBITHIENKR E L TOBRERELERD
BEFH IOV T H K AEE 1982;30:204-16.

Sasaki T. On half-clearance time of carbon monoxide hemoglobin
in blood during hyperbaric oxygen therapy. Bull Tokyo Med Dent
Univ 1975;22:63-77.

Moore SJ, Morris JC, Walsh DA, Hume AS. Antidotal use of
methemoglobin forming cyanide antagonists in concurrent carbon
monoxide/cyanide intoxication. J Pharmacol Exp Ther 1987;242:
70-3.

BREEE =, AILFI#. BRIELC I 5 ZBILIREOMHFERF.
B LR 1989;43:424-9.

Watanabe H, Yamamoto K, Yamamoto Y, Fukui J. The interaction
between severe hypercapnia and hypoxia. Jpn J Legal Med 1990;
44:463-8.

Severance HW, Kolb JC, Carlton FB, Jorden RC. Acute carbon
monoxide poisoning: Emergency management and hyperbaric
oxygen therapy. J Mississippi State Med Assoc 1989;30:321-5.

13. Hardy KR, Thom SR. Pathophysiology and treatment of carbon

10.

11.

12.

94

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30

monoxide poisoning. 1994; 32:613-29.

JKRHER], =8B, MEES. —BRILREDE. BHFEF 1994,
49:1226-33.

Iwasaki K, Iwashita Y. Preparation and evaluation of hemoglobin-
polyethylene glycol conjugate (pyrodoxalated polyethylene glycol
hemoglobin) as an oxygen-carrying resuscitation fluid. Artif
Organs 1986;10:411-6.

Iwasaki K, Iwashita Y, Ikeda K, Uematsu T. Efficacy and safety of
hemoglobin-polyethylene glycol conjugate (pyridoxalated
polyethylene glycol hemoglobin) as an oxygen-carrying
resuscitation fluid. Artif Organs 1986;10:470-4.

Uchiyama T, Harafuji K. Life-saving effect of pyridoxalated
hemoglobin-polyoxyethylene conjugate on carbon monoxide
intoxication of rabbits. Artif Organs 1994;8:576-86.

Douglas CG, Haldane JS, Haldane JBS. The laws of combination of
hemoglobin with carbon monoxide and oxygen. J Physiol 1912;44:
275-304.

Goldbaum LR, Ramirez RG, Absalon KB. Joint committee on
aviation pathology: VIII. What is the mechanism of carbon
monoxide toxicity? Aviat Space Envir Med 1975;46:1289-91.
HREA. MBLFEDOTE D O, MEES 1969;13:21-4.
Harafuji K, Furukawa K, Uchiyama T. Potentiative effects of
hypoxia on the carbon monoxide toxicity. Eur J Pharmacol 1990;
183:1541.

Sokal JA, Kralkowska E. The relationship between exposure
duration, carboxyhemoglobin, blood glucose, pyruvate and lactate
and the severity of intoxication in 39 cases of acute carbon monxide
poisoning in man. Arch Toxicol 1985;57:196-9.

Penny DG. Hyperglycemia exacerbates brain damage in acute
severe carbon monoxide poisoning. Medical Hypotheses 1988;27:
241-4.

Sayers RR, Yant WP. Dangers of and treatment for carbon
monoxide poisoning. US Bur Mines Rept Invest 1923;2476:1-11.
Thom SR, Ohnishi T, Ischiropoulos H. Nitric oxide released by
platelets inhibits neutrophil B2 integrin function following acute
carbon monoxide poisoning. Toxicol Appl Pharmacol 1994;128 :
105-10.

Radi R, Rodriguez M, Castro L, Telleri R. Inhibition of
mitochondrial electron transport by peroxynitrite. Arch Biochem
Biophys 1994;308:89-95.

Kida Y, Maeda M, Iwata S, Iwashita Y, Goto K, Nishi K. Effects of
pyridoxalated hemoglobin polyoxyethylene conjugate and other
hemoglobin-related substances on arterial blood pressure in
anesthetized and conscious rats. Artif Organs 1995;19:117-28.
Kilbourn RG, Joly G, Cashon B, DeAngelo J, Bonaventura J. Cell-
free hemoglobin reverses the endotoxin-mediated
hyporesponsitivity of rat aortic rings to a-adrenergic agents.
Biochem Biophys Chem Commun 1994;199:155-62.

Mountcastle VB. Medical physiology (14th ed). ST Louis; The CV
Mosby Company. 1980;1721-48.

. RAER, KIRFIE, Botis, TERFBRE. LER#FR 1R R

ALIf# Vol 3, No. 4, 1995




3 BRALERIA, 1989;1670. Stimpson SA, Yarnall DP, Taylor JD, Furdon PJ. Differenial regulation of

31, SFRAI, BHET, REAE, BB, RERE, BILE, human monoxyte-derived TNFo and IL-1B by type IV cAMP-
FeRAE. ATRIEKARC)D B HREEURER | @R LT phosphodiesterase (¢CAMP-PDE) inhibitors. J Pharmacol Exp Ther 1995;272:
M FRRE. AT 1995;3:18-24. 1313-20.
32. Bl A1, # BRER, BREES, BLAB, BOKE, Y‘zsﬂﬂfu CO  35.Greenberg SS, Xie J, Zatarain JM, Kapusta DR, Miller MIJS.
B # X AEDA 2003 FAEER. 32 ES 1982;6:581-3. Hydroxycobalamin (vitanin B12a) prevents and reverses endotoxin-induced
33. BB, ZHE SR, KEEST. 2 —BLREDEINT LT hypotension and mortality in rodents: Role of nitric oxide. J Pharmacol Exp
BHREEORR. ERET A EM AR E 1989;7:108- Therap 1995;273:257-65.
13. 36. THER, EHFA MEAEY . & CCKROFRABYICHL T EFED
34, Verghese MW, McConnel RT, Strickland AB, Gooding RC, H Y H 1995;172:99-104.

—EMN IUZAORIFYBE—

T AR= &Fr

6000-9000-12000-24000

(W) (§8) (B —MB  ITRIFUPLI7 (REFHEIRZ)

L glib e

ARTIFICIAL BLOOD Vol. 3, No. 4, 1995

ORIBE-RNSR —un—
ORFMEA 800ml U LT
AR L DR MR %
FEIDFMETBED
BHcmirm

[-H-NE WO IDAR-B-B500w 00|
FETER - JHS

125 501
e

-

S BMUR MR THERMEO - BHCR I -
POPHSLNERE o H M % M I

[—+—1t

&=~

95



BE
ARMERCEY (NRC) DA EEE
"NEJOES, aLXFO-i, JLIEE,

polyethylene glycollE&E, X hAEJOEDEE"

HHEE—, BEZLH, KB, WK REER, Wibks, THEg

Assay Systems for the Components of Red Cell Substitutes (NRC)
"Quantitative determination of hemoglobin, cholesterol, phospholipid,
polyethylene glycol-lipid and methemoglobin"

Kenichi Hamada, Takehiro Kose, Takeru Ohgushi, Hiromi Sakai, Shinji Takeoka,
Hiroyuki Nishide, Eishun Tsuchida”

BREANESOE Y Hb)E Y VIR S TR TEAAA RO RMERA B Hy/ M), BEARE
ftEhTna7o, BELBREGOERICAVON LIRS EREDOEHAISHETH LB EE\. AHT
i3, BEEZF) ZFL 7)) a— VI TESH L2 REROBRAEY TH2 54 L v FEIL(NRO) ¥
BIE LT, HOiREE, 2L AT U—VBE, ) VIRERE, BEFIBEL ERICEET 5 HER/MitkiE
EEREETIIA MEREFRET 2 HELRL L.

Red cell substitues (Hb-vesicles) contain concentrated hemoglobin (Hb) covered with a phosholipid bilayer
membrane. Due to the stability of the membrane, some of the ordinary assays of the blood component are not
applicable for Hb-vesicles. In this report, the Hb-vesicles stabilized with polyethylene glycol conjugated onto the
vesicular surface (Neo Red Cells: NRC) are studied for quantitative analysis. The assay systems for Hb, cholesterol,
phospholipid and surface modifier and also a new method to determine the content of metHb in NRC in situ
(without destruction of vesicular structure) are established. —-Key Words: Red Cell Substitutes, Hemoglobin,

Phospholipid vesicles, Assay systems, Polyethylene glycol, Methemoglobin.

1.#88

NEFTE Y Hb) R LRI RYIE, ) VY REZSF
BRI & BN 72 V{EHbHbMNEE) L, R ha—< 7
) —HbE S FHHLNIIHFRICTEEL-ZR, dI2NIIES
FRIEE SRR EOBEHHbIZKI &N 51-3). #hA Tt
WLENE, FIZ7BR T v 7 RTRETH % & ORGH 2RI
T&@), I7-HoEROBEIERzHKIC& 2 2L, BHRY L
ARENHHODD, FETTFRETHEEINTVL:0, RER
BE, NADFORELZEVHEE2A. IhE TICERELD
ez, BEEM) VIREG-8)HEREO,10), KT FL VY
I— V(PEG)IRE(11-13)% E X EFITEAT 2 HESKRE &R T
VAHY, ROKEEHBEL CHVDENTEEIEREE 25—
7, RMMIRPLA P T —~< 71 —HblZ THY. S N-ERmENEE
ERMBAEESFHAR 7169 HHEIETE X KAIR3 Department of

Polymer Chemistry, Waseda University, Tokyo 169, Japan.
*To whom all correspondence should be addressed.

WX AfTosE8A9R . ZFR95ESH20H.
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ERBHEVELTE:. F2iE, REMSTFESELSIIHES
Nen PORENZER L RCEHI TS STE T, BEN
BAHT-OFRBEICBELEL D, T2, BEBELHIET 288
BREHTHEHEEOEHIES 5.

FIT, KBTRMING TV EBH O EEES YT AT
WIZ, PEGREBEIZ & o TENRE(L S N-HyMNEE (R +
Ly FEIV,NRO)ZHI & LT, HEHSH 2 1$Hb, A FHb, Y
VEIRERIVATFU - LR EDERBEIZIOVTEMT 5.

2. R
2.1. B¢

HAEHI TV EHFREONRCE AV 72(15). FHHRAEH0.2 um D
PMEKT, ZHFBRIIARKEL VF Y HSPC), ILAFO—
V, IVAFUEE MA), BEBE P I 7 20 — b (Toc)iZ THERK &
NTB Y, Eill,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine-
N-(polyethylene glycol) (PEG-PE) VR E IZEA L h T3, K
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A EREOHEEICTORFY) v 7 RFTHEL /Y b=
MAFHY) CEEIHP) R BTTBER R ZOREEIMELALENT
BY16), NHHIEBAEEKREZSTVS.

2.2 BEFRXEICLIHOER

BB OVER I (3 FeiEHE (Fe1 0004ZHEHE, Cica-MERCK)D AR
WE AV, EFRELERHAA-640-01, BEEERT)ICTHbHRD
Fex EBE L7, REHNIMAICTIOORICHIRL TRlE, ESHAK
OREHEEFEREL Lz BIE3EIT W ESELRAL..

23. aLZ25O0-)LOER

ILVAFO—ANFF =¥ p-7un 70—kl Ko
7:(18). REZMAIZTIOBICHRE, =010 uLIcBERE
LAFO—=VCI-7 A F7 32—, FIHHE) % 3.0 mL#M0, 10 g/dL
K5 OUEREE T B Y ASDS)KBEE A 20 pLEMI L T, 37CICT
103 RHRE L7z, VTS e BERT(MPS-2000, BESIERT)IC
T500 nmDOBHEZHEL, EREERREDO)DRAE & 25
X, ERESOERLRERS )V EEEL RO

24. V) Y, PEG-PEOTER
| L iREDRIE
FIHEo THREBRS D) VIREHEED ) BB mM) % #l

e

.
) VRREERY) ViRE

=[(FEHDY ViRE)—(FHEHbD ) ViRE)

X (K OHbIRE)/(FEHbDHLIR )] =0
= ([HSPC]/Masec + [PEG-PE)/Mexc.re) X 10*
)

BL, FE0) VBELERHbO Y ViEEIE~Y VHVBE
RALEE() VBRE T A b7 a—, FDEEEE)IC X D #lE. [HSPC),
HSPCi#F¥(g/dL) ; [PEG-PE], PEG-PE#&FE(g/dL) ; Musec, HSPCSY
F8790 ; Meecee, PEG-PEREH53TFE6141.

PEG-PEIREDAIE
HE 2 ERERE, CDCBIC THIM N7 ER S D'H-NMR A
~7 FV(EX-270, BREF)ZHIE. ADX % 5[HSPC]L [PEG-
PEJDNLERD 5.
[PEG-PE)/[HSPC] = [(B/Hrec-re) X Meea-re]/[(A/Hasec) X Masec]
= (B/A)(Haspc X Meec.re)/(Hrec.pe X Musec) =
RN (1))
HL, A, IV AFVTO bV OESE; B, PEGAT L~
70 b v OFES ; Heeore, 19 FHOPEGAF L 7O YD
¥ Husee, 13 FHOa) v 2F 070 0.
a1, av)zk & Y [HSPC), [PEG-PE]ATRE 5.
[HSPCl= 0/(1/Musec+B/Meec-re) X 10
[PEG-PE]= a X B/(1/Masec+B/Mersc-pe) X 10+

-« (D
- (IV)

2.5. * MEROBTE

A MEE100% & 0%(100% 7% F VHb)DEE 2 LTI T
FE. WMEOTHARY MBI SV — L OAmax DR IEEE L
PORERETER L.
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EFEFHATRE(Hb)=5 g/dL, 3mL)CE=FF+ B+ h)
A(20g/dL, 150 pLYZ RN L SR TEHE L L2 L, 4 MHbE%
DA DINATE L L, 74 F T HbD430 nmDRIND A & 72
b, AR P NVEBIIEMASE RO R hollgmt A b
1LRO%DFHEL & LTz,

100% A FHOREOFEBIE, UT0LH L TiTo7:. BE
ERTREC—BILEFENO)Z5STHERL THINOE L72D
L, BECOTEICTRAEONOY HERBEBEICERT S L,
HbNOH 3K DAY (415 nm)AT A b HoB 3R DURIN(405 nm)iZ 2L T
5, BADPBOON L ko R T, BICEXRTERETTH
FELARY PVICHENEN E 2 BEICHEALT, 2 MEX
100%DFREHE L7=(17).

DEZOOHOBBOMBE 2 RIS RBERE AR FIVH
EL, 74 ¥ YHb& X FHbDOFRINA355 nm, 456 nm% E#RT
HU, ThENR—25A4 L T405mD Y — 27 DEE(Aws) &
430 nmD ¥ — 7 DE & (An) % RO TREMZ/ER L /2.

2.6. BERHMEOAE

Hemox Analyzer(TCS Medical Products) = CEEZ B BER 7 % HI5E
L, BEPHE, BREZEMDE, HIMRRERT L. £BEG
T o) & L7,
i) Hemox ¥ {{(TCS Medical Products, 135 mM NaCl, 5§ mM KCl, 30
mM N-tris(hydroxymethyl)-methyl-2-aminoethanesulfonic acid,
(TES), pH 7.4). A A5 E(PCoz) = 0 Torr, B F 53 (P02 )< 450
Torr.

i) 150 mM ") > BE#R & H(pH 7.4), Pcoz= 0 Torr, P02 < 450 Torr.

0.12 ) T T T T T

0.08 1
0.06 [ T

0.04 | 1

Measured [Hb] (g/dL)

0.02 | 1

] 1 1 1 1

0.02 004 006 0.08 010 0.12
Calculated [Hb] (g/dL)

0.00

Fig. 1 Relationship between calculated [Hb} and measured [Hb] obtained by
atomic absorption spectroscopy (O, Hb solution; @, Fe standard
solution).
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L ERBLUEE
3.1. HbOER
MEFOHLBEEDHIEEE LT 7/ A FHEBEHW LR T
BH4), RIMIRELBIET 27D 2 REEMF TP 5 Triton X-
100 BERBEFIZEENL TS, LiL, BErRE(bL7-Hb/h
FAEDOHLREZ R T 254, AREEEH TIIEIHELIL
TICREPAREL 22 EEbH D, TBEIRL-OERR
DHRUESRBEC 222 EOMBELH 5. MR REEEL OB
M ETHREEEICHIET 2 b 205, HOOEHIZE D ¥
7/ X PHbEOBHFEEE L 2 5. £ CEFREEIC TSR
BRPOGFEEEL, THEHEEICHRE T2 HEIIOVWTR
L7
BIRER L AR, REKEIER L. T/, EMSEIFEL
VB ICTE G EMNT 21T - 7 BHb BT OHbERE % > 7 / X MHb
ETRD, BERAOFRED S ORERTER L. WRER
& bHbIREGHERBOBE, (V)X THoEEEIZIE) K LT
BHEEIILBI L2, V7 X FHEDLLRD -HbRE L BT
WAEELFIH L THL N -HbiRE X, 8%, HbEHEOTIRERD
EBELEMELTH KL 2 (Fig. 1).

[Hb] = [Fe] / 4 / Mre X M < (V)
Mr: SkOEFE, Mw:HVDODFE

WoT, HOIREIREFRAEICL DV ERICEETEAI LA
O E ko7, BL, AREIFEEHOPIZEBES LCH LSt DA
LEAE(F M UL OFELFELRVDY, BHTEXLET
HEHEIER SN, ERHbIZOWTY T/ A FHbE L EFR
HETOEL—FKLTVBZ LR ER .

RIRERE R+ DHSPC % 1,2-bis(2,4-octadecadienoyl)-sn-
glycero-3-phosphocholine(DODPC)IZ % 2. TPEGHSEi 2 Th 2 V%
% Triton X-100\2 TELBIETREL AR & L CHARL, FEmiET
DIFEFBAEITTH O N/ HbIREE L BIEH T 7/ A MHBEEIZT
BoNMEEERB L5, AIEEICEV—RERD, BE
B THE S NHD 128V THEFREEIC TIERICHRENE
BET&sZevHontiot,

32 ALX7FO-ILOER

IAVATU—LVFXT5—¥ . .p-sunryz/)— iR, a
VAFO— N3 ¥ —Eitihab25u—-LhRLEhta
BRILKESREL, "M+ FTF—¥OERIZLY, p-rOn
Tx)=VEd-TIVTUFE) L EBILRE SEFROBEY
T 5. ZORBOBRXESOmZRET LI LICEYaL
ATU—VIBETEHRT AL 2FEBLE LTV 5(18).
M=o 7 VB ICABROIL AT O - LERFRATY
RERIEBARE LD, T LAFU—VEDORIGHETETICE
TEY, LPOVEENT— 2 ICBEX 52 5. Thid. NaBE
PRHRELTERDOIL AT V=V ETEL & 28 ENEVDS
TdH5H. Bk L 7K I Triton X-10012, B2 ESBBIE 25D
PENDT, HBHMEVCREEEH THHSDSERML, BEEE
EILNVELTHBEBLARIIOVWII VAT O VERYRITL
7z, —RXICSDSIREHEOMABELY ELSE2RF L LTHY
LRBANT &S, TILATO— VI F I F—Eh EORERE
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0.8

S 0.6 |

K.

8 without SDS

S 0.4 |-

e -

§ with SDS

< 0.2

<
<& | 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6

Cholesterol (g/dL)

Fig. 2 Calibration curves for cholesterol determination. The enzymatic
activity was preserved after the addition of SDS treatment.

HOERTHESINZ., 22 TFY, 2L A5 0— LKEHKO.2
g/dL, 0.005~0.03 mL){ZSDS(10 g/dL, 20 pL) % &I L 72354 & ik
MLUAZVWBEDZELIZDOVWT, IaLAFU—LVEERFWV, 2L
AT 00— VBE LIRS OB % KD /- (Fig. 2). MRIZHEIZER
HHNT, SDSEBED66mg/dL LF Tl L AFu— L+ x
F—ERRNFF VS —COBEEHRTIIR 522 L%
Fans.

BATI )V P VERATZ7F TN Y(DPPC)E I L X
TO-VOHRALRENHOE LWEBEIEE % BHWVT, Ho/hlatk
EHbZAHA L TRV AR, KETILATFO—LE
ExfTo7. JICHIELZY VIRRREIOCHRE LI AT
- ViRELHELZE IS, HHRAOEEICHEbLLFIL R
TO—VIRER—FKL7z. —F, SDSEAMETIcaLRAFO—
VEEREHEBOBRAE»S AL AT O — LiBEL RO 735
&, HbARY MVO—EIERYOFREF ) ERELELZ YT
EEICEBRENRO LNz, 5T, KREDOSDSHEIMETI L
AT O VIBEN—BL7-DIE, SDSIRIICTHLEMIHEZ )
Hb AT MBI L 7-4EE, 500nmD AT PVEEIZIZ L
AERBRE 22 hol-bEBEINL, UELY, aL 2R
TUO—VEAXLF—¥-p.2run7x)/— LEIISDSIEMES
HAEHLEIZL YNRCE Y OH/MaSFOE R L 2570 — )1
EEVUREE ko7

3.3. ) fgH, PEG-PEOER

YOREDTER

) VIREDEEILEY VO Y BER bR ER L. REHCHE
BRBIUE~ A BB INA, BRABTTNRT S L E8Y
PRILGB I, BB VENERT L. ZOEE) VBICE)
TFVBT VRS AL BRI AR &L EE)TF TN —
PEBL, ZORIEEG60m)DBEISHEFO) v IERIRE
EETD. LeLEAERETO) VbEWEBRET 270,
HbERABETREFT LY VLEWRRMHPE COEEDLRIT
5. COOFEEHVAERD) VIREORERITV, MIET AL
ENd 5.
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3.5 3.0 25

& (ppm)

Fig. 3 'H-NMR spectrum and constitutional formula of vesicle components (R, Alkyl chain) in CDCls.

REDY VBEOREETIS mM, FEFHbD Y #ERE1.6 mM
T, FEOHLIREEG.6 g/dL, FEAHbDOHbIRE43.5 g/dLA G LN
72, KO- TREO) ViRELXERL-EZ A, V VRE
HED) VigFEIXTTmME 2o 7z,

HEH D) VIEEIZHSPCLPEG-PETH Y, K4 DRAEIT
HSPCYLPEG-PEOEEN M LRDOOLND.

HSPC £ PEG-PENER I D RITE

Fig. 31238 D HAE L B D CDCLIMH # O H-NMR A X 7 b
NV EIRT.

PEG-PEDPEGE{AFL 70 b D ¥ — 2 125=3.63 ppm,
Y U AFNTE PO —2138=3.39 ppmiZ HHIR T B (11).
KADTO b BOEHIESHB/AO.16)THHNDT, XADD T
o b ¥ $(Husec, Heeore)iZ9, 480%fCA L, HSPC& PEG-PEE
BEOEENE RO, BEAKLIIHSPCICHN L23EES% T
Hot.

am, avyic) v (o)B X UHSPC X PEG-PERE ()%
AL, [HSPC]=6.1 g/dL, [PEG-PE]=0.14 g/dL & 7 o7z,

3.4. X MEERORIE

B D/ HEE IISDSTRINIC & o THREBEE N 54, HbOZE
HHEIERIEND., T/, ¥ 7/ A FHoEEIIHEH T A Triton
X-100i8 M TIIRTR DRI EBIBI AT HTH S720, X Mb
KOBEIXEBETH H14). 7 THREZIEPRBICTITHEAR
7 MR OSEBT A FEERE L.

3", Triton X-1004Z TH3EF] BE 7 Hb/Mg k% DODPC & 1) §4
R, KEE 7/ A FHbEREEL /2.

A MEROBDOEKE L A MEE100% DFFOMH L EL S
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TRELZRDOARS MV EHIEL, 74 FYHbs X PHbO%
IR 350 nm, 455 nm% EMRTHE P (Figd), ThER-R54 ~
& LT405 nmD ¥ — 7 DFE & (Ads) £ 430 nmD ¥ — 7 DF & (A430)
2RO TUT D2 %157,
Aas=0.49X[* FHb]+9.8 < e (VD
A430=51—0.44X[ X FHb] - -« (VID
& D[ MEBIREHT AR(VIDE 57,
[# FHb]=(51X—9.8)/(0.44X +0.49), X =Ad40s/A430
- -+ (VIID
K5 ASDODPC/ I L A 5 T — L1250V 3 F ~ BR(PA)=T7/7/2(E
W H) T 3 2 Hb/NE I3 Triton X- 10070012 TSE & BT Ak 7% 50k
THHNDT, EBRS5.OFFEIZTHER L-RERP KDL A b
fbRE, WEBBAEDT 7/ X FHWETHEL- A MERED
HEZRDZ, MAETRKDOON X MeROEIZ—FKL 7
(Fig.5). #€-> T, RPEEICL 1 EIEBIETHOD * MEEZHIE
TAHIENTE., T/, R(VIDRZRRHOKE, HUNEEIC
JoTERZDT, &H4DEEIIOVWTRBOBRIELTTF S LEH
H5.

3.5 BRBRFE DRITE

Hemox AnalyzeriZ & 2 B Z@REMROBE L, 74 F Y HLD
HARIRIL560 nm |2 BT AW HEERIL %570 nm(F F T Hb & 74 F
THbOERIUN 2 BRI E LTRIET L. I8P DPo %
7I— BEBBEFHALTE=Y—-T500TH 5.

4k, 2EEOBE R Hemox B, 150 mM J VBB *
FVTpH 7.4(37C), Pco: 0 TorrDE&M4ET T, REOBEHME
2HE, Y- NVRMEOBEBME IXHemox EHLE V2
(Fig.6).
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NRC(meLHb)‘/ F‘\ NRC(deoxyHb)
Aaps I *f

NRC(as received) /

Absorbance (a.u.)

300

Wavelength (nm)

Fig. 4 Visible spectra of NRC containing 0% and 100% met Hb, and
NRC as received. Measured in an anaerobic condition.

100

80

40+

20

[metHb] (%) (nondestructive method)

1 1 1 1

0 20 40 60 80
[metHb] (%) (cyanometHb method)

100

Fig. 5 Relationship between [metHb] measured by the cyanometHb
method and that obtained from a calibration curve ofthe
nondestructive method.

Y — VK O B S R AR T3 P00 150 Torrfdi THER
FIFEA100%1E L TV 525, BB TIdP02A300 Torrll &2 o T
DHARIIIRAICERLTEY, 100%IELTWARW, 4EIOR
B DL IZPoDEAE VA 12 IZHemox Analyzer?Z 1) CREFE L
HEI00%DEEXRETH2DIIHETH L. ZOOERRTI,
P0:=0 Torr$3 & U713 Tor T:HER L - OB KA BE % & 4 0%,
100% & L TBEBRMBEZEE L2, BV TP, BEERK
BE, HillFRE T OME b Hemox B & 150 mM 1) > BB H K
ETIIMBEIRD LN Ho 7.

4 [E13Pco:=0 Tor D& THREBRMEORELTo 724,
M EYAR ML H DPCO2IE#I40 Torr TH V), A BIDEERSMITEKN T

100

100

Oxygen saturation (%)
[3.,)
o
I

Pso Hill
(Tormr) number
a: Whple blood (beag_lc) 39 26
in Hemox solution
b: NRC in Hemox solution 40 1.5
c: NRC in phosphate buffer 42 1.4
! I
0 100 200

300
Oxygen partial pressure (Torr)

Fig. 6 Oxygen dissociation curves of NRC. a, whole blood (beagle) in
the Hemox solution (pH 7.4, 37°C) ; b, NRC in the Hemox
solution; ¢, NRC in 150mM phosphate buffer(pH 7.4, 37°C).

DREEEREZ. LrL, ZBURFLBFRICBERL THET
L6, REBEEA L THRENARICpHES 2 ERICED
HILEBLVHEELSH Y, REMBH BT 5RO
BEBNEZERTEDWESEFIIOVTREITIL T A,

4. ¥R

Ho/MaEOHRFMI B 2O EEDERMEY, Hu/ a4
DY) VEREZSFERHbDLFER B 5\ T B EN 2 458 %
FHLTRRERASHER, Hb, EBEES, A FHbR EHEILE
BTA5L) ko7, BEEHMEICHE L TiX, Hemox Analyzer
YAV LR R AL /2.
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NEEST, TlREA, MRz, M EZ, LHEE

Human serum albumin combined heme derivative and its
oxygen-binding ability

Noriyuki Kawai, Teruyuki Komatsu, Katsutoshi Ando, Hiroyuki Nishide, Eishun Tsuchida”

HMENEE IV V)P REESTEALZBKET bS5 722 VENV T 14 1) Y HEKFP))S, & MILET VT I Y (HSA)
R ECABEINDI I E R MOTHLDIZ L. FePIRHSAL1: ITHRAL, FOBEMAIZ F AL Y UOTpa 4R & #R S,
HSA-FePO B ICELXREAL L L P ICBESEEIER L, BEFTFOECHBEIITHENTH -7, HSA-FePOMERIM, &
LRREREEY, BEEREL L TOEGLRERREL, HSA-FePHH LWRIBFRABY L 2B L 2R L.

Oxygen binding ability of human serum albumin combined heme derivative is described. A hydrophobic tetraphenylporphynatoiron(II)

derivative bearing a covalently bound axial imidazole (FeP) was efficiently incorporated into human serum albumin (HSA). This HSA-FeP

reversibly forms a stable O2-adduct in aqueous medium similar to hemoglobin. The O2-binding affinity (P1/2) of the HSA-FeP was 24 Torr that was

almost same as that of red blood cells. Half-life time as oxygen carrier was ca. 16 hr. These results suggest that the HSA-FeP has an ability to act as

a totally synthetic oxygen carrier under physiological conditions (pH 7.4, 37°C) -Key Words: Human serum albumin, Heme, Oxygen-binding,

Oxygen carrier, Red cell substitutes.

1. 88

MFE7NV7I VEMERTEILDSY V7 ERSTHY, [
HWHauAf FREEZRD L L DI, AEY, NESEWEZ ERk
THEE N7 ELTHEELTWS, Bz, NEZFuribilE
BEL72AS V(XA FRIOA))IMFEHRTMET N T I VICHER
n, MENLABEROD LB~ %EOND. THITICHSAL
NI VEEIANI VHEGSOMEER L T 5 AN (D
PHBELSHTEY, e MF7 VT I YHSARANI VY EBVH
M2 FOREHMNE —2 &, FRMEOEV W OrDOKEER
FRHOLENTVAA-S). LiL, ~NAa%EE LI-HSADERIC
SVTIHIFE ATRE SN TW AV, Mardenb i3, BB 74 %
TUANL-HSADKMRT—BILRELHEE L7208, +F VR@FE
SR IIRANT & 2o 72 EHE LTV A(6). EiIBonaventura®
X, FFSEN/NVTIF 72 VELT 4 VE&ADEREL
7-HSAZS, KAROMIERS I ¥/~ VEETT, BEEEET
BLERRLTVAEY, BAENEREIIZ2VD).

EEHELIBEEAWME LT HIEE L AEFHATEALLT b
57 2 ZVBRNT 1) Y ER(INFHFEA2-[8- {N-(2-methylimidazolyl) }
octanoyloxymethyl]-5,10,15,20-tetrakis(o, 0,0, 0-0-pivalamido)
phenylporphinatoiron(Il) (FeP) 2 A L7245, M %h#E L (HSA
AL, T OHSA-FePERGH T THHHICBREL &K 2
TEEFRWHLE, AR, COFLVWBREERETH S

BERBRERTTFHRE T169 REMITEX KAIR3 Department of
Polymer Chemistry, Waseda University, Tokyo 169, Japan.
*To whom all correspondence should be addressed.

RXE9sES B4, SHISEIR1TH.
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HSA-FePORBFER L HE, BLUBMEESRIIOVWTHRET
5.

2. ERAE
2.1. HSA-FeP 3 B D RS

FePi3EE S ORERTICHEY, FFS0-E2NVT7I N7z
BT 41) ¥ % Vilsmeier U TRV I V{EL, BT L ThEREA
EBT, SCWEAIFVILTAELANE S BRFEA LT AT
VAEE LT, LSk ZEA LTERL72(8). HSAIXSigmatt Bl
(A3782, fatty acid free) % FV 7z,

HSA-FePOFRARBIILUT D & 51247 % o 2. Fe(lDPL ¥ J — b
¥ E([Fe]=0.2 mmol/L) % HSA") ~ BE#% 7 #5 i ((HSA]=0.086 mmol/
L, [V ~8]=33 mmol/L,pH 7.4)\IIMZ 5. ZDOEEHZBENA
B(HBEE BRIV TR 25, E: 2kgem) L, V) YERBREBET
BRECHRT A, 0%, FePII LTHBEOTRAINVE VB
*—RBERERFERTTHRMURET 5 &, BRICRKLVZ74Y) ¥
HLLEASETE S, FEIRRICH VR F VAR(—BLRESEE)AE S
N5, EFEBEBRTNOIFX Y5 7G00W, 30N E2BHETAZET
SRR CEHHO T F IERIELT 5.

FePOHSANDMEEH, #HETEHIZ, HSABBADFeP#E
BWT, TrpMHROHEIERIE340 nm) DA %> & Scatchard 7°1 »

b 2R L THRE L729). BAERAEA RS bIVIZIASCO FP-770
rAVWCTHIE L.
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22, BESRIMRUESHBEEEROAE

HSA-FePD KB W([FeP]=20 pmol/L)iZ DWW T, —EDBEST
BER-ZBREST AT TONRBIRA RS MVELD» SBERM
BP0 EH L. BERKERICOBIIFE/NT X — 5 (AH,
ASHIBFHEAM DOvan't Hoff 70 v P ogE L. F7-, BBE
DREETRYEEEE Kon, kotplZ L—HF—T7F v 275 P T2
B M 5 M3 9 6¥ B (UNISOKU TSP-601)% AAWVTHEL
(8,10,11).

Fig.1 Tetraphenylporphyrin derivative bearing an axial imidazole
(FeP).
deoxy :

\ oxy:
\ R

Absorbance (arbit.)

Wavelength (nm)
Fig.2 Visible absorption spectra of deoxy, oxy and carbonyl-bound

HSA-FeP in phosphate buffer (pH 7.4, 33 mmol/L) at 25C.

2.3. BEREEEABOAUE

HSA-FePD KB M ([FePl=20 pmol/L)IZ 2V T, * F L KHSARAT
HERILIZE D A MENBITT 2BOTMRBINA R M VELH,S
BERSERALBI(r HEREL 2.

3. ERBLUEER

HSA-FeP/KBBEDOTRILINA XY b VIE, ¥ ) — VEEICE
FBFPEEDFNII—FT L. ZOZ EHh5, HSAFE T TIE
FePHi—5F & LTKBBPICBEFLTWLLEZ 5N 2, FePid
HAEHER L LTEH LM 5 hTwb A, HSA-FePTii
HSAD FAAL YIZH DB M) T M7 7 VRERETp)ICHRT 5
340 nm T D ENIRED, FePHMIC L Y A L7z, FePOEELL
fiLA5, HSADHRIIZH B F AL YHDOTp?HETH 5 Z L AR
BEND, REELEE~[HSA)/[FeP] D% (Scatchard 7 1
26, F0OYRA3)E DB L F—DDFePHHEEEL2.6X10°
mO/LTHSAIZEA L TWAB I LIS 2 & %2572, HSA-FePD
SFENRFEOHEL VASTH 57275, THIZHSADEES &
- L7

T4 X VHSA-FePRBHRIIBEZEBRT 5 &, THFINR <~
} V(A max: 439, 542, 563 nm)|ZBREF 124 F D AREEFEA)D R~
7 PIV(Amax: 424,548 nm)IZBEAT L 7-(Fig. 2). 72, + %4k
BRI —BILRET AR BRT A L THNFZ VR BEILR
FHMA)(Amax: 424, 540 nm)ICE L L7, BRESE~ 4 F LK
DORFRITTARE THFI L, HilfREUZ1.0TH 572, HSA-FePD
BREZRIEEP12(02) : BV 7 4 ) YEADDO L EIREELT 28 E
43HE)IX37°CT24 Torr T3 o 72(Table 1). BEE4>H110~40 Torrfd
DOBEFEREIRITHI20% & FRIMERDME#EI27% )12 B L TR 15
ol 72, HSA-FePDP12(02)i, kL L2 1 TDFeP(38
Torr) (2 I8 L TRV (Table 1)2F, I NIZHSA-FeP DFePHSHSAD
RYRTF FAERT 2BEOENT I FREIMELTVWLD
T, BERBEEEB k(ORI EFHRL, + X RORE
HhEmEL-eEZOND,

FePORRFERAMIIFe PO FHEE, HFICTHICHAA I ¥V —
WERVEDT — LEDOEEICL YV RELSBIT BT L4 ER
CIALPIZLTWVA®). 4%, BEEHAG OBV FePFEALND
HSANDHARAR DR T LLEDNH S,

Table 1 O2- and CO-binding parameters of HSA-FeP at 25C

(07) CO
Solution P12 108k, 103k  102Py2 106k, 102k g
Torr L/mol s 1/s Torr L/mol-s 1/s
HSA-FeP p.b. (pH 7.4)2 8.0(24) 2.4 32 1.4 4.4 8
FePb toluene 38 1.6 46 0.6 29 17
Red blood cells p.b. (pH 7.4)° 8.8(27) 0.00011 0.00016 57 0.014 1
Hb-a (R-state)  p.b. (pH 7.0)d 0.22 0.33 0.013 0.14 4.6 0.9

2 p.b., Phosphate buffer, 33 mmol/L > from ref. 8, ¢from ref. 12,9 from ref. 10, ¢ P1/2 values in parenthesis were

measured at 37C.
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Table2 Thermodynamic parameters of O2-association

to HSA-FeP
AH AS
System kJ/mol J/K -mol
HSA-FeP - 69 -190
Hb? -56.9 ~ -64.9 -116 ~ -133

apH 7.0-7.4 from ref. 13.

HSA-FePNOBEFERESICBIT ATV ¥ VE-F{b(AH), T~
O ¥ =2 b(AS) b HRE L7 (Table 2). FhFh-69kI/mol, -
190J/K- molC, "NES/OEYDELRBETH-72. Thb Dk
B2h, HSA-FePIANE/ OV VLRI BB CTRESTFAES
FTAMEEMEL LB TV I LA DL ko,

HSA-FePTlid, BEREE* ¢ MWL FSICHAET S
®, [HSA]%0.75 mmol/L (5 wt%IZHAET . T D& X[FePlid
[HSANZZ L <075 mmol/L& 2 5006, ZOBEBHEIL3T
mi/dlE % b, $hbb, © MIBELEE 9.2 mmol/L, BEFE
BHRE  23my/d) IR T 2BREBBELYERT 7201013,
HSA 1 3 F IS DOFePHHE AT 5 BiiE & ILHSA-FePO BN E
hens.

HSA-FePKBFBD A ¥ VEDLBH (1 ), T2bHEFER
e L THEFHFITI6eQ2ST)TH o7, —F, REHEEH
(Triton-X) TAAE R I TEAL(I EIVIEID) L -FePid, BRFEIZHEML
T5LEREIATERILEFERLOATH72. Thbb,
FePZHSATIZIH AT B L2, KERTOREESHR
PRFESNZERTH S, FePELOHSADHARMBBEIL, Rl ¥
BILEIERZREL L X VEITERTEE R BB R ANLRT
b & LTEVTWS,

4. §EEE
FePiZHSADTrp? i DBUKBIMRERMICIZIZYUER AT
5. FeP#5E L7-HSAIEBSA T T#IICREL &L,
FOBEEARIIFMRRED & L TO—RB 2L ICHET
b, ZORENLY VST HIIH LWEORFERTFL LT
BRET 5.

ABFFE O —ER I XA FET TR W B EGEEEH 505403028,
05236103, 053666)I2 X » Tiihbhi:. ML THELETS.
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FE
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TR TRARE RS & 5 RN TR0 ER IS

BIEEE, WHmMZ?, WMEFES, Ak %2, Hh=Ed,
HEIE—!, AKHME!, EE&EE, XITH, IR

Continuous in situ mild hypothermic perfusion with PFC emulsion
at swine hepatic resection by total vascular clamps

Akira Ishizaki®, Mitsuko Tanaka!, Jun-ichi Meguro', Kazutaka Kukita!,
Tohru Tamaki!, Motoki Yonekawa', Akio Kawamura!

7% % A\ 7 BEIAT T T BFEIBR (233 L Perfluorochemical (FC-43) $LE) % A\ 7= A AR S8 T R el i 13
DEREIZOVTRET L7, EBRBLLUT OBz, T8 YR CHR L ERKTEER 40)
itR#E@=5). D8 : UWIBTHH @) RiEREDN=3). IE BN 7P LVETHE @0) BiERE
(=3). IHOERBOAFIEZINI—R, 7OT) )=, Z—N—FFL FYRL%—HS0D), 7
Ty, TIJE, THRYAYV Y, 4R ¥, hydroxyethyl starch (HES) 6T 1), 261 EE
WL L T3%OFC43% Mz 7z, 72, MMM E L, pH7.40, BEE320mOsm/LICH/E L7, 1
BB ERAREIT - — Ry TEBEAD-ODBERATIHE D) 2oTWVa. K4 DOFFHEEET
IZ50%FFS0BR % fEAT L 2B RAE L - M ER L7z, T4 I #2100, DI8178, NESET
Hot:. &F218 BIBBIE S, R, REDOMAERIZIE35.2407C, IR32.7+1.1C, ME317
08T &, WHHTHEIKMEEL & o 72(p<0.05). GOTIIAT24EEMI % T I #308+59KU, IIE767+
216KU, M&6941276KUTH Y, [ HELPHEIBMEZRL72(p<0.05). Mk 3 ERPICERAOE
BHGRARO b 7%, FFRROBEIERICRLA TV, YR CHRL-SREREE, miEe
THYBRICB T 2l REELL LTHFRTHLEEL LN,

We examined the effect of continuous in situ mild hypothermic perfusion with FC-43 emulsion at swine hepatic
resection by total vascular clamps. The experiment was divided into three groups as follows; Group I (n=5):
continuous in situ mild hypothermic perfusion (24°C) using our original perfusate. Group II (n=3): simple cold
storage with UW solution at 4C. Group III (n=3): simple cold storage with lactated Ringer's solution (4°C). The
composition of our original perfusate are glucose, allopurinol, super oxide dismutase (SOD), adenosine, amino
acids, dexamethasone, insulin, and hydroxyethyl starch which 3% of FC-43 had been added. The pH was adjusted
to 7.4 and the osmolarity was 320 mOsm/L. The perfusion system basically consists of a roller pump and a holiow-
fiber-oxygenator. Fifty percent hepatectomy was performed during preservation and total hepatic vascular
exclusion was declamped 2 hours after preservation . The mean survival times in group I, II, III were 21, 17 and 8
days, respectively. All swine were sacrificed on the 21st day after the operation. The body temperatures during the
operation in group I, I and Il were 35.2+0.7°C, 32.7+1.1Cand 31.7£0.8°C, respectively (group I v.s. groups IT
and III; p<0.05). The serum levels of GOT 24 hours after the operation was 308 +59KU, 767 +216KU, and 694 +
276KU, respectively (group I v.s. groups II and III; p<0.05). The histological findings in alt groups showed almost
normal hepatic architectures except a sinusoidal dilation. We propose from the current experiment that continuous
in situ mild hypothermic perfusion may be useful for cytoprotection during hepatectomy combined with total
vascular exclusion. —Key Words: Mild hypothermic perfusion, FC-43 emulsion, Total vascular clamps, UW
solution, Lactated Ringer's solution, Cytoprotection.
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1. 12U ®IC

FEESHIFEEADOSVENEIIBVTIE, HILBOREI R
FFPHienRFE B L L THIRICET 284 2O
ZENTE. RHEMERIBEBRAT), GlissonRlRE L
FFOBRAQEZOHFTHRENLZHATH L. FO—H T
19744E, Fortner 5 Q)ASHFMATERTEREREL AV, ELTO
KEFFIBREZ #E L TUR, ERIFHROBIE STV
HEATIFE R E A M 2 L TR MmAT &R T ORI BRAT4-
OV FThNBE I hoTEI, F2T, AHXE LV R&IAT
5 7212, FFIATERERC B 2R ESEE 2MEE 2o TE
72, ER, BEFRIZBVTIX, BF% University of Wisconsin (UW) &
M52 M) YIVETEHT 2 HEFSCHVWLRTWA. L
L, RETRAFOLREBT2S8E - RERIEELALD
WA H Y, TS EICE 21 BERBEEOT RS H S, L
7oh8 o T, FFIATERTRC BT S X YV BRI REZORTIE
Ihas.

—%, BEEERE L L THRE & izPerfluorochemical (LA T PFC)
AF@)IIBEESEY LR S NIRIIZERNICBFERERRELS
DHZENTETHY), ZOHEEFEL URBREICNT 5%
OEBMMTON, BEFLEENBEShTEZ LaL, Th
5NERIZVTHIRBE T TITbNzbDTHo72. BEO), 5A
(10)id, PFCILFZ AV - RRTEREICLD, F4AFLHO
REEZRCRGZREYREL, BRTICBIT2WERFOTHE
e N AUVAR

DEo¥g Ly, FOATEN FROBRL L VREITH 720
12, K, FNOEBOL L WITREEORBVLELELLN
7=, 4E, FFIATERTERCBT 5 FHR#E & L CTOPFCHLA % A
WERTHREEREOEREICOVT, ERIITRET L.

2. EBRAE
2.1, KRB & RBE

hE15-20 kg DMK = BV /2. FREpidKetamine Hydrochloride
12-15 mg/kgfFi¥, Thiamylal Sodium Smg/kghiElZ TEARK, &
WS L, GOEER+EE+I ML URETHEL 2. Bk
FITEHL 2do 7. ’

2.2. RBR#
FF AT BT R OFFREE DB L Y, EERBEZ TRLOFIC
iy,

I # : PFCELA % A\ 7= RiR(24C) TR REE(0=5).

I8 4CUWIRIC & 5 W EHR B REE@0=3).

MB:4CT 7 MY 7 VIS & B G HBEIREE0=3).

I BOERBIIZIHEMB T, pH 740, #EHE320 mOsm/L
IR L7, TALVEF—FE LTIV —R2HW, £ R
bz 7z, EMEEE ISR S oxygen scavenger & L Tallopurinol
& superoxide dismutase conjugated to polyethylene glycol (PEG-SOD)
Mz, BEEIHFIZIZDexamethasone ® M1z 72(Table 1).
7z, 1 BEERFIC BV AMFALIIEEA T ¥ ¥4 v 7 210,
FLEHE)E AV, EREOBESE %500 mmHgA L ICHER L
7.
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2.3. FRAE

FREME 2L AR EEL L, ML B OERERERO
RFLATF—FNVEHEALLZ. @IS 2 M) YAVl ERL
72, RIS, BEERICERERDUGA T4 Iy b AT =TIV
ZIEAL. RBICEERREBRL, V-VAX2XHIC16FL7
F—FNVEBE L. fHRERE L VIYE 3T TOBEIE YR
TR L 7:. ARG EEHRZBHL, 16FL A T— T VEETEH
TREIREITEAL, V-V R, FES - FTHT
KEIR 2 EWH T 0T O A EE I CHEER, PR, RN
Ik, B+_i8mEhiR, AATEIIR, EFBIIREZBHL, 7€V
L7, BEERE Y ERRRERRN6FL Y 7F— T VEEAL, &0
ERBEBRANGE LN F—F NV EYFETEREL, Bio-Pump
ENLTC, ENERIROZMA R L. D EOWER, 16Fh
F—FNVEPRICEAL, BEOERECHERYEBEL:. B
FAfh & BT TE T REIRICERYIBEZ N, EREOHER %
oz, ITETIE, HILOEFRE TWash outf®, FFTEST RKEFIR
HYIBERIC16FL 7 —F Vv ERIEA L, BASHEREE L CFL R L
BHS, S0%CERREFEIRIET L. C OROEREIX100-
150 ml/%>, EEFREIZSOmmHgPA FIZEk%E L7-(Fig. 1). I8, M3
T3 & A DEFRBHFI2LTHF % Wash outfd, FHE Zice slush THEH
LA S FFSIBRAEAT L 72, BB & b HET BARA2RE ) 4 S I 5K B
L7

2.4. REIRE

FERCBTA2EFEY, EH, WPEROE(L, M4 LFR
E, BERFIIOVWTKRE L. 37, SERICHEERL, &
BARORA MR 72,

Tablel Composition of original perfusate

COMPONENT L
NaCl 93 mmol
Na-iactate 27 mmol
KH2PO4 4 mmol
MgSO0a4+7H20 3 mmol
Glucose 11 mmol
Amino-acid 075 g
HEPES (buffer) 25 mmol
Allopurinol 1 mmol
PEG-SOD 5 mg
Adenosine 5 mmol
Dexamethasone 8 mg
Insulin 50 U
Fosfomycin sodium 0.66 mmol
Hydroxyethy! starch(HES) 30 g
FC-43 ' 3049
pH:7.40 OSMOLARITY : 320 mOsm/L

Na : 140-150 mEq/L K:4 mEag/L

107




[@ whm®] porfysate bag

(3¢)
Roller pump
E Artificial Iung

| 4
o) I :

Manometer

Fig. 1

2.5. et FavRRET
¥R Imean=SDT/R L, #HETFAVMLEIL,
HEAV, P<0.05xbo THEEELHEL.

—JCELE S B

3. Bk

WTNOBESHHROMATHRIIREL TS, LKBEREORN
ORRMATRIIELPICRERBICED Y, BEOHMHREL 2
D, MATERPOFRBIRF CHo - Bbhi, LTFICKRE
HERZOEF#RTS.

1. EFHMEER

IHIePIBEE Y221 BECAF L. TEI26H14
HEH, 16BECET L. WMEOTERIIEENBRRETH - /-
», BEORRRIAETH /-, NETI2HINTR O HRE
HBEOHF—F N PITMICE BEMFETSHE, 7THEIZSEL
7= (Fig. 2).

3.2 ffich kiR

I BRI FEROERILITERAEF36.3104C, ERETE
3521+0.7C, FHKRTHS8+:1.0TE, BENEKT2RD,. L
HLIBTIXFE L 35.7£1.0C, 32.7+1.1C, 33.6+13C, I
BT35.7214TC, 31.7£08C, 324£08C & I BEICH~KIRIZ
AEIBT LAz (HEW2BER ¢ Iv.s. 11 p<0.05, Iv.s.II, p<0.01, #f
#TH . Ivs. I & III, P<0.05)(Fig. 3).

3.3. FrifeE
3.3.1. GOT
GOT!Z I B THI TEF98 £ 24KU, 24EFR#£308£59KU, 728%
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l

Bio-pump

Schema of mild hypothermic perfusion model in group L

Mt 119+40KU, D# TI195+43KU, 767+216KU, 159+
118KU, MET371+£77KU, 694%£276KU, 179+124KUT &
H, D8, ML HIZIBEEUBRRIIBLTEEICEHEY
7R L 72(P<0.05)(Fig. 4).

332. 7 EZ7

TYEZTIE T ETHRTESOL30 g /ml, 24BRI#118+48
pg/ml, 7205496 +30 pg/ml, I T146+32 pug/ml, 84+28 pg/
ml, 97+47 ug/ml, MBETI11£31 pg/ml, 7617 pg/ml, 65+19
ug/mlTH Y, 3FWMICEEZZZO L2 - 72(Fig. 5).

(Sacrificed)
G (Sacrificed)
e (Sacrificed)
(Sacrificed)
(Sacrificed)
(Sacrificed)
G'(%‘%H (infection)
(Unknown)
(Sacrificed)
G'?Lug u (Bleedings)
) (Bleedings)
T T
0 5 10 15 21
Time (day)

Fig.2 Survival days and cause of death.

ALf# Vol 3, No. 4, 1995




¢C)

377 —o— Group I (PFC)
36 - - —@— Group I (UW)
. —a— Group I (LR)

35 ~

34 4

33 1

321

314

30 T T T

Start of Two hours End of
perfusion after perfusion operation

Fig. 3 Changes in the body temperature during the procedure
*Iv.s. II, p<0.05,1v.s. III, p<0.01, ** I v.s. Il and I,

p<0.05.

GOT (KU)
1000

800
6004
400

200 -

—0— Group I (PFC)
—— Group II (UW)
~—dr— Group I (LF)

before 6 24
Time (hour)

L]
72

Fig. 4 Changes in the serum GOT levels

*I v.s. Il and I1I, p<0.05.

NHs (ug/mi)
200 W

150 1
100

50 -

—o— Group I (PFC)
—@— Group I (UW)
—a&— Group II (LR)

T T

L
before 0 24
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Fig. 5 Changes in the serum ammonia levels.
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—o0— Group I (PFC)
PT (%) ~—&—Group I (UW)
1204 —a&— Group 1 (LR)
100 1
804
604
1 T 1 1
before 0 24 72

Time (hour)
Fig. 6 Changes in the Prothrombin time.

HPT (%) —0— Group I (PFC)
120 4 —m— Group I (UW)
—d— Group II (LR)

1004

80+

60+

40 -

20+

0 ] T 1 T
before 0 24 72
Time (hour)

Fig. 7 Changes in the Hepaplastin test.

3.4. RERTF
3.4.1. PT(iEME%)

PTiX I BE TR THOT£5%, 24BMI#£99+8%, 728RMI#97+
13%, D#T82+10%, 90+11%, 90+12%, MBETI3+17%,
96+5%, 73£17%TH Y, IHMIEEEL RO 2 h o 72(Fig.
6).

3.4.2, HPT(;EMAE%)

HPTIX I B CHIRTER69 L 6%, 24BEMI#%57135%, 728 %
70+£11%, DB T83+5%, 64+23%, 74+22%, MEETI3I+
21%, 80+28%, 64+12%Tdh Y, 3FWHICHEEZLED Lo
72(Fig. 7).

3.5. #BMFRORRET

3BE L b ICMAT T AR BRI R GE T 2BR R £8) TId, IR 0RAT
BOLN, & AT BIIBVTHWETAEED SR/, mATEN
30 TIHEROILERRIIZEB IR TV, BEFED -
mAEBDEN. 7z, FEEOEEIVTROBIIBLTLE
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Fig. 8 Histological findings of the liver biospy specimen in group I (X
100 hematoxylin and eosin stain), (a) for 2 hours after
perfusion, (b) for 30 minutes after reperfusion.

WIEEICRzN TV 72 (Fig. 8). BRI I HOARITHAT L
A, BRERICBWTI Fay N 7OBRERLEHE/MAED
RODRO SN, BR300 ETIRI bar MY T, HE/M
RE B ITTEREEMIZIER I L T /2 (Fig. 9).

4. ER

MEDOKKICB T ABHEOREZEIILY, BEFRRZICHL:
FROUBREEATR S RIAT SN BRRIC e > T & 2. REEICE ), fERT
BBRAREE Bbh s ERERESL T REREEEREZET 5
RS CE K MBS b YIBRT e 2o/, LA L, RETIEHF
MATERTIZ X Z2FFORMBENE U A7, MATER O FR#E
PEELZMEEL 2o TE, —RIIGHREEISHVLR T
A%, Fortner(3), FIER(I1)E, KRS BIEM%E 5723
UHBEZEEHELTWE, T2, FBHIZBWIROh LR
7 primary nonfunction(12) R HEREE)OMEIRINTY
b, INLOGIREEOREE2EZ, BAZLVERISEVE
ETHFE2RETE2VPRE L. L2 L, FRISEWERETH
YRET LI, KL HLEEMFSECILENDY, HBHC
VERBALRYEEMA - ERBRE EREELERT A LEN
Hol.
EREOTRIMIC OV TIR A VF —RE LTIV a—-2A%M
Z, SHIIMIE LA Y R) YRR 2. VI —RIBEED
MFCOEAING, TIJBEIEEE LTMALD, F0EH
BEIFRHTH 7. EBH & L T4-(2-Hydroxyethyl)-1-
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Fig. 9 Transmission electron microscopic aspect in group I, (a) for 2
hours after perfusion (X2000), (b) for 30 minutes after
reperfusion ( X 3000).

piperazineethane-sulfonic acid (HEPES) # W25 Z &2 & 1), &KE

L7:pHIEH™& 5172, allopurinol(14) & PEG-SOD(15)13 & & @
BEERSTI2HGOFERBOEEERICERL, FoMA8E
EUO)IEHTHD I LIIL OHRERISEHIN TN S,
Adenosine, Dexamethazone, HES!Z 2V TIZUWIK DM (17-19)
DREESEZ L.

KELE > TBIEROFEIIRTRTH Y, BEEREL LT
PFC (FC-43) $L#) % F\:7z. PFCHAI DB REF BT 2 H5HME
ET TS O REEPSIEAIN TS, TRt A
FHEBEREETITON DD TH572(2021). L L, BEE
HEEOL R WKBERRFEICPFCHA 2 HW 5 Z L1 F 0k
THLENBFEEREIOTLLEBDTALEBTH Y, KiEkD
BICEIRT COER, SONRERTTCOERRFIFERAINT
ZEF, TOEENENENELDLEZ S,

PFCHA|DBREIZOWTA S &, MR OB TiX10~20%T
TR TVAHAEPEV22)2Y, BROIZBORFERTIZD
FC-3% A L TRIFLBEELHBTHY, RERFOEVZIHS
3% THTOLRBEERITEEL B D. KRIC, BELE
1, BERINTH % F\722%, bubblingiE 2, EEFARE LS
FEMHEFVPREFTH ), PO.OWFIBRHTHALI L LY, K&
AW, ERE— FIZowTI3SERENR £ AV 7245, Belzerb
EHERIREVE LTS, FHRBO A RIRFRERICIEL T
MEDEERILENQRHNEDHE DY, RIEZ—EORBIIL
v,
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4, A HBRLERERYICL S TS5 DI IBROERKE
RuHhbE, FROBCRPLUNFMEDOGOTEN L, AEIIMOE
HIBE TN, ERFICE o TREID 2, I LT BEDD
RVRHETH L LEZ LN HBFTRIIBWT, REMFMhO
2B L HAEF OERDSED o 7= &3, BRI E 2 WEN
ER L Zx bz, ERICERE L B5100~150mERY 2720
IR EA R ESOmMmHg IS ET A2 L bHol:. TOERER
RERE L AR THR YV EL, BRANEICYENEELS 272
b Ez LN LAL, BRELXTIT2LRELBIT S
O, BOREBRERT 2L OBREERSTELNI LIRS, &
FOEERTIX, MBREERELYNEL 2o/, 4%, BE
HRELALHWOBREZRETAILFEELZEIONL
(25). F7:, 1BTHRE LA-BEBEEY»S, MRDSFEORFIR
FThh, RECLLMFHOFERIIFFMIBICKE 2BELS
AWML ZVWEZZ O DEDKREY, RERER
BFIMAT % SEWT U 72 A% 5 in situd B > idex situ TR Z47 ) RO
iRk L U CHRSBRRICHATTRE 2 BiE L E 2 Oz,

BIE, FBHICBWTIIUWEIC & 1 128 O JFRAFIE T
BEBRCIC o TWA, Lo T, 4REIFEAL DT 28HD
FIRTEREORBIIMEROFIEL ITHRE D bW LIIEAR
ELTWA, LaLl, RICBRABIIGHRFEIBEREER
primary nonfunctionF DEATRENTE Y, LY EEHLRF
EORBIILELBbNE. SEOBME TIIPFCILAH E 1 T
BRFEIIBVWTERALYETH LI LEREL TS, Bk
5, PECOBLEIRBEPIEENTWS@25). LiL, BEER
¥ L TNRCROENDH LWATMHESHEINTEY, Thb
FA L BSERRAESHEE SN L 2 61T, WEEBHICE 5
THLVWERESHINEZEEDNRS.
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