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Kouichi Kobayashi
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Oxygenation of the blood —From ECMO to
artificial oxygen carrier—
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Fig. 1. Clinical ECMO data in a 25-year-old male patient with
poéttraumatic respiratory insufficiency. ECMO was started on
the third day following trauma (chest contusion and multiple
bone fractures). ECMO flow was 2.5 L/min (about 50% of the
patient's own cardiac output). Pulmonary arterial pressure and
intrapulmonary shunt fraction were improved on ECMO. The
patient was weaned from ECMO after 3 days of bypass. PAWP,
pulmonary arterial wedge pressure; PA, pulmonary arterial
pressure; SAP, systemic arterial pressure; CO, cardiac output;
PAR, plumonary arterial resistance; Qs/Qt, intrapulmonary
shunt fraction.
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Fig. 2. Clinical ECMO data in the same patient. ECMO could decrease
inspired oxygen fraction and air way pressure, and could
increase pulmonary compliance and arterial oxygen pressure.
FiO,, inspired oxygen fraction (%); TV, tidal volume; PIP, peak
inspiratory pressure; PEEP, positive endexpiratory pressure;
Cr. chest compliance; RR, respiratory rate; A-aDD,, alveolar-
arterial oxygen difference.

Fig. 3. Chest X ray film before ECMO.
Bilateral infiltrations were noted.
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Fig. 4. Chest X ray film after 3 days of ECMO.
The infiltrations were cleared.

Fig. 5. Clinical ECMO data in a 27-year-old female with DIC. Despite
of 15 days of ECMO, the patient died of multiple organ failure.
Veno-venous bypass was added on the 7th day of ECMO. WP,
pulmonary arterial wedge pressure; PAP, mean pulmonary
arterial pressure.
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Fig. 6. Changes of intrapulmonary shunt fraction (Qs/Qt), chest compliance (Cr), mean pulmonary arterial pressure (PAP), pulmonary arterial

resistance (PAR) and inspired oxygen fraction (FiO,) in patients indergoing ECMO. An open circle (O) indicates data from a patient who
was weand from ECMO. Data were taken before ECMO was started (A), mid-treatment of ECMO (B) and just before weaning from or
stopping ECMO (C). Only patient weaned from ECMO showed improvment in all parameters.
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Continuous SvO: monitoring
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Fig. 7. Continuous SvO, monitoring. A: Infusion of L/H into the
abdominal cavity. B: Suction of L/H into the abdominal cavity.
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Fig. 8. Changes of mixed venous saturation. After infusion of L/H
saturated with oxygen into the abdominal cavity, the SvO,
increased to normal level despite of low inspired oxygen
fraction.
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Fig. 11.Changes of oxygen transport (TO,), oxygen consumption (VO,)
and mixed venous saturation (PvO,) with time in the 3 groups.
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Fig. 12.Changes of oxygen transport to tissues with time and
contribution of the L/H in oxygen transport, which was 16 to
19% of total oxygen transport.
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Fig. 13.Changes of oxygen consumption by tissue with time and
contribution of the L/H in oxygen consumption, which was 13
to 24% of total oxygen consumption.
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Fig. 14.Changes of oxygen transport to tissue with time and
contribution of the LH-M in oxygen consumption, which was
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Experimental evaluation of liquid-liquid type artificial lungs

using perfluorochemical

Seishi Wada®, Taijiro Sueda?®, Shintaro Fukunaga?®, Hironobu Murakami?, Kousuke Okada®

Hiroki Kajihara®, Yuichiro Matsuura®

ENCEEFERATEILE, B DPerfluorochemical (PFC; FC75)% VT, MO — i AT
it & SR 0F L EBRIRE 21T - 72, 1) MBI AL | PRCE BRI IR S MmEmL, 20
PRICEZE Tl L TRREIMO A % 1§ 5 A LHIT, BRENREZEN TV 2A T EQ = 300 ml/
mintZ TEEEIRNIAEQp/QL = 0.72-0.78, HEEH A JEH BE A CO,/PaCO, = 0.06-0.14), IfL il & PECO %) A¢
Ao REh S -7z, 2) B8R AL © &M 2 PFC & M2 R Tith, DIERFfEA% 0l
LClnifi & BN+ 5. BRSEINAE & Sl AHEAEIE T4 & 130 2 % 4> - 724%(Q = 100 ml/mintZ T Qp/
Qt =0.63-0.83, A CO,/PaCO, = 0.13-0.15), PFCREE 3 TEIZL { hote, 3) QiKY TR L | &
@Ry 7OERTMHELBRFML, FEEBRSE L. MERFTIHES D 4 BRI E 2 F L8
B o727, R APRREATA +53(Q = 40 mimin, BT R2 L/min(Z TQp/Qt =0.54-0.72, ACO,/PaCO,
=0.10-0.12) TRRFEINIM A 12 A IZPFCORA & 51D 7.

The authors devised three liquid-liquid artificial lung in which blood is directly oxygenated with oxygenated
perfluorochemical (PFC; FC75), a substance harmless to the blood. 1) In the droplet type artificial lung, blood is
oxgenated by the infusion of PFC droplets into the blood oxygenating chamber; PFC is then spontaneously
separated from blood because of a difference in specific gravity. Experimental results obtained using mongrel
dogs indicated this artifial lung to have a high efficacy of oxygenation and moderate efficacy of carbon dioxide
removal (Qp/Qt =0.72-0.78, ACO,/PaCO, = 0.06-0.14, with blood flow of 300 ml/min ). Pathological
examination showed microthrombi containing PFC in the lung and liver. 2) The disc type artificial lung is
composed of a cylinder and 18 rotors connected to an axle. The rotation of the disk causes blood and PFC to
contact. Experimental results showed high efficacy of oxygenation and moderate efficacy of carbon dioxide
removal (Qp/Qt = 0.63-0.83, A CO,/PaCO, = 0.13-0.15, with blood flow of 100 ml/min). Pathological
examination showed no deposition of PFC in the capillaries of the lungs or liver. 3) The air lift pump artificial
lung is deviced using the principle of air lift pump works. This type has advantages, such as simple structure, no
motor , a small priming volume. Experimental results showed that good efficacy of oxygenation and moderate
efficacy of carbon dioxide removal (Qp/Qt =0.54-0.72, ACO,/PaCO, = 0.10-0.12, at a blood flow of 40 ml/min
and an oxygen flow of 2 L/min). —Key Words: Perfluorochemical, Artificial lung, Oxygenator, Air lift pump.

1. %8

PFC (perfluorochemical) (%, ATARMIRDEME & LTHCS
n, FiRCHEILE, HRKMETRKEOBELBHFIELI L TE
LA TH L. Fe4 LTS DHFMHIZEH L, PFCE 7 AZTHHRE
RE L THGW AT 3EEZRIEL 202 at Lz, ALK
FEIE, REFRIL ZoPRC % B & 35k S E7RIMEK & O A 78
rirbe71%, WEEIZLDPFCE % 7 BET 5 HiETUR

MLy KEEPRAETRES YRR MR, T 734 ILES TR X E 1-2-3, *First
Department of Surgery. PInstitute of Health Sciences, Hiroshima University,
School of Medicine, 1-2-3 Kasumi, Minami-ku, Hiroshima 734, Japan.
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FERTHAETITIII VA TOEBELRIEL TV A,
FEEMRNELZ, FhENn) i — B AT, 2) MEi ik
ANTHE, 3)y&aR s TRANTH, &M EBRWRT 411> 70,

2. ER
2.1, BA— AW AR
WHRERE

PFCE L TIE, #8102°C, H&E1.7725°C), BhFAE0.8 ¢St (25
C), EERERRFEA0 m1/100 m1(25°C)DFC-75(1F & 3 MH ) % i H
L7z, EBRBIWIL A ES-8.5 kgD MERERL K % w7,
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W — RN THG 3B L 7-PFC % M AS P 2% & b RidRic %
FEEIMAE & OEIBEMIC L 5 HATREITHhE, HEECHE
L7 LBOMBEOA % ARICEI L, PFCIZBUBEMEI %S
BRI & IREEA AHEH 2 ATV RN A BRS¢ 2 & TH 5
(Fig. 1)V, MRERA % 7o HAEREBR % 1T BERIR IR Qp/Q B
L UREEA AHEHBE(ACO,/PaCOYE B H L7z, T h & Mkttt
DOBHIZREREHRE v 7 — 22 Bz 905 B oEs g8
wf7Vv>, PFCHDR ¥ 7ii&E %300 m/miniZEE L, MEHKEQ)%
300 ml/min & 450 ml/minD & F ClE L 72, #MELZALMT
‘E, [P eI 8800 ml, PECTEEE700 mlZ LHEE L7-. ¥
72, MERERERTR ICERNIIBHIL S ¥, s L UIFO2IanEE
12 & BB E IR 7.

MR

Qp/Qti2Q =450 m1/min"C0.64-0.68, Q =300 ml/min"C0.72-0.78 &
BRI ERFEIME R O NT2As, REEAT AHEfEiZ Z 1L2110.04-0.09
3 £ T50.06-0.14 & FE53 Tl e b o 72,

IREERRRET CIIBRBIIRPIICPFCEERIZ L 5 L 2 H N4 N5
ANRETLIRIS A 300, FFEbiR, FIIRPIIC b RARICIMAS IR & ffes
BT R % FR 7.

2.2. OEMBAB AL
MR EFE

EEE MR A TRE, PRC & MK OEMERE oK & MK+
“NOPFCORAZFFIETAEHMTHIMELA. EE74cm, RS
18.4cm, BET0 mIDIFLY = — VELOMEMIZERS cm, B
E2mmOHBEOISHA - 75T, EEEL THICIMAE & PECOR
ADERBONRD 5. RERABIZETO Rl > THE Y LEE K
HE— & — TOEE ST & BRRMPFC % #fil S ¥ 7: (Fig. 2)
Y, PFCE L CIIFC-75% 8 L 7.

EBRHME L THRESSS kgDMER K% TR+ 1T
T2, ROFEDOEIERZ TV, PFCHIR v 7 E % 100 ml/
miniZE%E L, M#EKEQ)% 100 ml/min, 200 ml/min, 300 ml/
minlZZ L S ERIEL & FERRICIHE A R85 A — ¥ — DB L FER
MR 21T o 72,

blood infiow
( venous blood )‘

blood outflow
(oxygenated blood )

,,,,,,,
S,

blood oxygenating
chamber
reservoiry

BTN RRLR R

.............

-<— PFC oxygenating
chamber

E «= OXygen

Fig. 1. Structure of the droplet type artificial lung.
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R

Qp/QtiZQ = 100 ml/minT0.63-0.83, Q = 200 ml/minT0.53-
0.66, Q=300 ml/minT0.48-0.51 & MIEHEXWMSE 2 LBE
INEEIZET L 724%Q = 100 mYmin T3 B R 2 BEEMEEI B S I
7o REEA AHEHAEIZQ = 100 mYminT0.13-0.15, Q =200 ml/min
T0.08-0.12, Q =300 m/min"C0.05-0.08 T - 7-.

FRER ARG CIIABAR, FFEbAR, FIIRPIICPFCORA, IM%
MEIZ L BB RIIZO O N T EEHELE o T,

2.3. AR TR A LR
MREFE

EROANTHIZME R 7 OMICPFCEERAD R Y T2 LEL
L, I EPFCOMBEDRHPLETH 7. ZOFEDLL %[
BT HWCREBATL 2R EL . AT, Sl &
BEWICPFCE B L TAB TIHL WVBEFRT. 75 LBMERN
EPFCHRE ) H WHEO/MSWRIARAHMKE DY), BEA
DPFCEDWEETHEEX LA > T LEHDERET > % B L CAZSH
LBEMICIHAT S, PFCIITARY TOEEIZ L WEhHES L
BEETIIBEMSNBRAEEE O AFig. 3. ZHOBEMIC
M % BEEPPCE A AMAEATWHEETHE L - EEOIT %
M AR & B UiE Tl BT TEROIEE L XL & —EIC
fRo7z. PFCE LTISFC-T5% A L, MAERBRIIKES kgniitE
A% T,

Ifi. I 2 (Q) % 40 ml/min, SO ml/min, 60 mi/miniZZ (L & & HBE
L7z, FFRERYITY, MEFAESE20 ml, PFCTEIEE130
ml, BEERE2 LminTH 2 cmDBoN, S OHRETHEERER
EATofz. iR ARSI 28T A — & —DE M AT o 7-.
R

LA 8 (Q) 240, 50, 60 ml/minlZZ L X£% &Qp/QtizZh
Z10.54-0.72, 0.44-0.65, 0.42-0.60\224L LB %7 B EMNEE A58
b7z, RERA APEH EEIZ40 ml/minTT0.10-0.12, 50 ml/minT

oxygenated blood

KT PFC oxygenating
J200 | chamber

. 2
oxygen Vg

»:E—::. |

Fig. 2. Structure of the disc type atrificial lung.
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blood outflow
( oxygenated blood )

1

PFC oxygenating
chamber

head
l( height difference )
blood ——

blood oxygenating—+
chamber

blood inflow

jasmens —— 4+—O0X en
( venous blood ) ¥

& —— ] prC

Fig. 3. Structure of the air lift pump artificial lung.

0.08-0.11, 60 ml/min"C0.06-0.08C, ®BIIAFTFEEZ LT,
F 7, EEEIMRNIMED %2 M AE D IZPECHORANED S
7z,

3.EE

BERKICBOTELN TV A ATHIIZEE & R A T
2RI LN A, SHARATH TR ERD & EEE
L, MIBEEAOLELHIE, BAmAHEE s, BRI
TIXMERANOEE I 078, REBOB & MEOEMIC L DK
EAMERS TS LHET D 242040, BEL ) oK
AU LTEERMEEIZE T LT, #ZTH~4 I, PFCA
M ZANAME, biochemical inert, BMItE CTEHZ P KEBIZBHS
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LI ENTELEMICER L, PRCE HAZCHREAKRE L THY
A EICE DM EBRERATEREMIEL I E 2L, BEE
bRWATOREERA . BUEERNEC) 7 —EHR AT,
2) BIEEMBgHEE AL, 3) &iER >y 78 ATH & &5 EBRE
Mt #iTo7. )M —HERATH CIIEEEAEIZBR T &2,
PFCTEEREIIENIZ RV A E L 72 HRE I E M CRIBRN O FEHE
MiEB L UPFCEIILEBIZLETH Y, PRCE ML XL OMH

WAL ETH o7, F-PRCAILIZIRA LIESEES 4L
LREENH -7z, 2) MEmAREE AT T ERTHEE ¥ i~

HROFEIITE, PFCLMBEOTHD BiF & % - 775, PFCE
MFEOMA 2 NT » ARERE N, K TE2ELELTHE
BUREICEMEZLDOER>TLE o7, ) RERS 7T
BUWTIEPFCIERAIF PN R > THLE R W hEE L gL &
M, M# 20ml, PFC 130 mIB & REE LTINS TES
A5, BAEL2EE TR PFCAMEN IR AT HRIENTE L
7z.

Plb, #riwvwigiBeTRIZEWPFCEFIA L7 ATMBAZIZE
DHBATWVEY, RIEZICHRETEA2L0ERBOLNTELTY, UL
ODOMER R -OORBIIFH - LMEEFE L AHERIZR T
A, LoLikslzznso bEKRCHOTEEZ, PFCEFIH L7
WAL O LT TV E W EEZTWA,
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The development of the Neo Red Cells (NRC) with enzymatic

MethemoglobinyEc#étE %#H L 7= ALFRMER (NRC) D%

HHEE, BAR, AR—IF, LA

reduction system of the methemoglobin

Yoshitaka Ogata, Takeshi Okamoto, Kazuhiko Suzuki, Toshiharu Kamitani

o413, FRIMEROMEA HHEE T D % Embden-Meyerhof pathwayiZEH L, T 6 OBEREMEH HEHF L
7zstroma-free hemoglobinZ FH L, ZTHIZHE, #iEEFE L L TNAD, glucose, adenine, inosine,
phosphoenolpyruvate ¥ 2 #8135 2 & T, BWRAMBERBROGB LR L. FOKR, BEELL
NADH#% FIH§ % Z & TNRCOmethemoglobinZE (X MMb) DBjlkASTEE L 4 D, 2 ONRCHIZH
V2 T2,3-diphosphoglycerate * B4 35 Z & C, BERNMEORALIZLEIIL 7.

In order to use the Embden-Meyerhof pathway of erythrocyte effectively, stroma-free hemoglobin was prepared
from outdated human red blood cells and ehcapsulated by liposomes together with NAD as the coenzyme and
glucose, adenine, inosine and phosphoenolpyruvate as the substrates without damage to the enzymes. The
adeninetriphosphate and 2,3-diphosphoglycerate (2,3-DPG) are formed within NRCs, then we confirmed the
motion of the enzymatic system within NRCs. The NRC with an enzymatic reduction system restrained
successfully the formation of methemoglobin by using the NADH produced in the anaerobic metabolic pathway
of glucose. The ability of oxygen transport was improved by regeneration of 2,3-DPG within NRC. - Key

Words: Blood substitute, Methemoglobin, Liposome, Enzymatic reduction system, Artificial red cell.

1.#5

A %28 U CHARTFH L ) AT LA HRYIBERILER
BRI XD, FRIMEREEER Z2hemoglobin (stroma-free hemoglobin: SFH)
RRB, BEELR, VRY—LIZX 0 A TR L ATRILER
(Neo Red Cell: NRC) & L THEZ #H T\ 5.

FIRFRIMER D & BB L 7-hemoglobin® N — X & L 7zaRIMERILE
WOMFEFREPEANATHN TV 5. LA Lhemoglobin % Fiv 72
% % & R 13 hemoglobin D EE{L &\ 9 T BORIBE S % Fr > T
b, REROFMIRTIABIZBITHREL AT H20BILLL
hemoglobin (methemoglobin)i E IZ1%LLTIZHIZ H T AH, L
P LBITEHR RO —ERAK % L 725 K methemoglobin L fE 2%
TiImethemoglobinD FEA10~30%IZD REZ L b hroTH
0, BICEHES—HR%ELEETH RAOKRMIKIZBLTIH
(23% 12 FE D methemoglobinEK L TV B EELN TS,
methemoglobinBE LD 72O AFFIZ BV TERHITEH D DL L
‘UNADH-cytochrome b2 JLE# %, NADPH-flavin®BTEEH, f7C
IEBEFIIIRITT 5 b D & L TRITL R glutathione, ascorbic acid%
FHON T A, Fald, BE T CIET R glutathione, ascorbic
acid 724} T2 { 120F88 LIS R SIERFEM L RTR T VLA
ANRY T v =18 B A MUK 2 KA 72h5, £ DT R THFERES
A D, LR LD o7z, % Z Tmethemoglobin® & TT

TV E(BR), T259-01 FZE IR A L BR o BT #F/ 111500, R&D Center
TERUMO Corp., 1500 Inokuchi, Nakai-machi, Ashigarakami-gun, Kanagawa
259-01, Japan.

ARTIFICIAL BLOOD Vol. 2, No. 3

$HE DO AAE T 5 NADH-cytochrome bR TTBEE RIZEH L,
MERFIZ—EFR > T2 B KrebsAl OB F TdH % malate
dehydrogenased 4 \ X fumaraze % i§ 7> L®, malated 5 \ i
fumaric acid% /R L, NAD%NADHIZ®TLT 5 = & TNRCD
methemoglobin DPHNIB I L7z, LA L, malate® W 7-BEE
RTRZORFEHEFRENEETCH VXS T hh o7, #2
TA% L D24BFBL EIZb 7z DRI A MEEB L TE 2K
HE S HITRE L7z, K& CTIEERR O R M ER DA SR
(Embden-Meyerhof pathway)IZF B L, ZTh o DOBEEIEME % HEFE
L7Z-SFHEZRE L, ZThIZEERUHEBEE L L TNAD,
glucose, adenine, inosine®¥ Z i1 LNRCEZRAMTHZ L T,
NRCHIZBWTHRMERB R EH ST I LIZHIIL, &
BIINRCO A MEDMENZEII L 72D TZ ZIZwET .

2. Hk

2.1. NRCOHHR

Fr M ERAERR Zhemoglobini&&(SFH) DR
IRERMIKEANS LY, EHEOMEY BV TEBRAEK THkiE

L, RES 2 MRS BRI/, BmERED/ N7 4 —3— M

DaRBRF LSRR B, 2 OEBRIMERSLIZET LTl

RI0 LA RN LM & 672, FLER0.45 pmD M4 888 (75 X<

7=, BAT A HIVRPGESTFEIHELES om)D 7 1 b
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7= ﬂ'ﬂ’i’ﬁib\ CRIMERIEH Y Z B L, Bl202um7 1
N —I1ZX D EE L, hemoglobiniZE8% (w/v)DSFHIA12 L%
B L 7=, 1% 5 172 SFHIA (3 sodium bicarbonate # 71 LpH %
TR LK, SO—7 7 A N—R¥ 475 14— (CL-C8N,
TBYVERVTHARISS L TER 7> 721, RIANE&IZL D
B L, hemoglobiniE50% (w/v) D iE#ESFHIA 1.8 L% 1572
R TAE % 8% AR L 728 HESFHIA 200 mliZxd L TR-NAD
(I mM, 133 mg), D-glucose (100 mM, 3.6g), adenine (2 mM, 54
mg), inosine (5 mM, 268 mg), MgCl,-6H,0 (1 mM, 40 mg),
KH,PO, (9 mM, 247 mg), Na,HPO, (11 mM, 310 mg)% &M L%
LAHEOIRAE L.

BRESFHB RN Y K — Lt

KFZBRIMZEI0%LL b D 45 A F H skphosphatidylcholine
(HSPC), cholesterol (Chol), myristic acid (MA), tocopherol (Toc)
DY —k &4 K [HSPE:Chol:MA:Toc = 7:7:2:0. 28] 45g1245mI Dl
REMA, 60-70°CL2hmim L S 72, ZOBEEEICHEL
7ZSFH& IR ISKYRIIIER G L 72, J)E“’? f%ﬁﬁSFH(Em&% <
1278704 % 4F 4 — Microfluidizer 110Y, Microfluidics co.) %
T, K& T 12,000 psi (9844 kg/em)DHET T RV — AL L
7-.

FEOWEGEI LT, FEDdextran L A IEKG% (w/iv))
Iz, 0558 (10,000 rppm (13,000 g) x 30 min, 4°C)% 1T -7z,
#F R hemoglobinz &HF L7V KV —241%, ZOEUEIZL

DikEE LTER S URY —afb Il o ol

hemoglobin R VHEHEE * GO EEBETH > 7 -2 a v IZk DR
FL7z. DAEOWEREA3MEE D KL 72, 045umD T 2 7K
T AT T 7 4%~ (Minitan system, I ) RT)%HWTHE

#BL, TBERPIORET MR T E2BE LK, 02um7 1L

y—zxi {ﬁiﬁLf BiE RO =77 AN=F T T I [ —
(CL-C8N)IZ & 1) BRAV M, E#5 L hemoglobiniRBES% (w/v) D FE
NRC 900 ml% (%72

B, rﬂﬁz@%uaF IIFERRE@ OISR L, BRRIRETE
bmbf:. I/, AE-BFAHITRELELIT, BEEEA 4 V-
A A ‘:'?0)1/'%“”0)%\‘ VERAYEMIK (<15meg Q°C-cm at 25°C,

NAaY 7)) R REBEIER L.
2.2. hemoglobinB&{ LD AIE _

hemoglobini#E A75% (wV)DNRC2 mi%, <7 AREIR L 1 1%
5 L2aWp A I IRER K EIAR & 1) Mk # IR L FE oo ik CEE L%
TEHL.

hepariniS M2 MIZ8 ~ 10f5 A ORK & iR, HHE LRMER % &
%, 18,000rpmT30%5 M (4°C) & m A 2 TV INRCZ ILBA & L
THEULL 7. ZOEERIFREY R L, TEIMERT % ik
FL7 BSNAEEHI10% (wiv) Triton X100-HEPES#E 1% (0.5
M, pH7.4) 2 mlZ AR, 25127 L4 y2mlEiRim Ll
SR L7, OB E3.000pm TS5 B L, LiFE
1.8 mll 24} LHEPESARHIL (0.5 M, pH7.4) 1 mifiz CEABL /-
B O T A (700 nm ~ 460 nm) (2B BRIXA X7 v % i)
SEL, BELREPEN L2 7220412 X ShemoglobindD 21
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BT ThHBEIEERERAL TS

2.3. ATP, lactate, 2,3-DPGOEITE
ATP—SFHI0 mI’%37°CIZT A ¥ 2 _— h, FEBEAT120.2 mIEREL
L, ZHIZ2mlo6 N perchloric acid % Iz & H L 72%, sodium
carbonate CHHI L 7:. ZDREH L 7B ODS A 7 4 (ODS-
1301-N, tr avfgsAu-EgREEsr av 57 1 —
L DATPEDERE .77, $£72, NRCHODOATPEIINRC 0.5
1210% (w/v) Triton X100-HEPES#& X (0.5 M, pH7.4)2mi%
MARER, L7704 2mZzRMUAISMEELAL. 2
DVEHL % 3,000rpm TISHRE LB L, LiF1.8ml% S EST&
50000 ROV IEEIR I TH&E B L - RO Fik TATPE % llE
L.
Lactate— PRl &EH L2 % 7 27— b7 A M BMY (X —

25

ATP (mM)

o=
c
3
3
[®]
=3
1 1 —— 1 J
0 10 20 30 40 50
Time (hr)
Fig. 1. Changes of ATP and lactate of SFH and NRC at 37°C.

M, SFH control; O, SFH with glucose(GL), adenine(AD),
inosine(IN) and PEP (5 mM); <, SFH with GL, AD, IN and PEP
(20 mM); @, SFH with GL, AD and IN; @, SFH with GL., AD,
IN and PEP(10 mM); &, NRC with GL, AD and IN.
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Vo= A L)L Dlactatel B %I L7z, NRCHOD
lactate’ d FEC & ERRIZHIE L 72,

2,3-DPG— Fith&H L 7- il %2,3-DPG 7 X M BMYJ(x—1)
YH = NA LYWL D23-DPGIEE #HIE L7z, NRCHEOD
23-DPGE b Fit & FEEICHlE L7,

2.4 BEBRAEP, ) DRAIE
NRC % hemoglobini#%0.05% (w27 % £ 9 1ZpH 7.4 (37°C,

pCO,: 40 Torr)D ') ¥ ERARE W IZHE L, 37°CIZ T 1 BER A >~
Fa~N— b L7k, BR¥ESTHE %300 Torr~0 Torr (pCO,;: 40 Torr)
T TR S EZ DRFORIAN 7 M HI5E L BE R fafn R &k UFR
BAME R F BN BES0% D DERF T P, ) B & UEEZ &M %hE
(Wi O3 H % 100 Torr, {REFMR M OEEFE5E %40 Torr & L
7o & & DB FER % 1T o TV ShemoglobinD %] & OTE) & & 1Y
L7.

I BRRUER
50 -

40
30

20 |

Methemoglobin (%)

10

0 L (] & [l 1

0 10 20 30 40 50

Time (hr)
Fig. 2. Methemoglobin formation of NRC in vitro at 37°C.,

M, NRC control; O, NRC with NAD, glucose(GL), adenine
(AD) and inosine(IN); @, NRC with NAD, GL and ATP; @,
NRC with NAD, GL, AD, IN and PEP; <, SFH with NAD, GL,
AD and IN.

Methemoglobin (%)

Intact (n=5)

NAD+GL+AD+IN (n=5)

Fig. 3 Methemoglobin formation of NRC at 24 hours after injection in
mice. MeanSD.
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ARIMERH I 31T 5 B B9 7 55 4% % (Embden-Meyerhof pathway)
DE—B kS glucoseh253 FDATPAFIF T A2 &2k b, 25
F Dglyceraldehyde & T 2 EFETH 5. T4 b bIRHER % 8
ES ¥ B UIHAE M glucose X FATPOERETH 5. O F ) BEE
EHE%H L7SFHIZA L Cglucose &2 (FATP# iR N4 5 & & T
BROE—BErBIES LI EXNTHRTH LD, LrLET
ANVF=) CBETHDATPIIGEE LR T {, ATPHEL T
AMPL 72 5 12 EATPIZRMER I BV CTIEBEAR S Lk v,
Z ZTRERAE L 72RMIRP OATP % BEHN S 5 I # AR 1F HA
55& L THIS N Sinosine, adenine, phosphoenolpyruvate(PEP)%
% glucose & 3L IZSFHIZIRM LATPREA R # SFHIZ 5+ 5 a4 x
fTo7z. ZTHHZSFHIZIRML37CICTA v ¥ axX—F Lotk
DATPIRE % I L 72(Fig.1). D% £, inosine, adenine® U
PEP% iRIN L 72SFHA I BV CIZATPEEOEMABE S h, #
DEFABHRL EIZb DS hTwiz, $7:, ATPIRED
L5 EASY idglucose, adenine, inosineZASE D B 7. NRC
FOATPIREE S H RO T dh 2 EBITBE LR TV,
Embden-Meyerhof pathway D % B R CTld, glyceraldehyde 3-
phosphate %257+ Dlactate & 72 51812 BV T2 FDATPHES
N, 27 FDNADHNADHE %2 1), T ONADHIdpyruvic acid D&
TERIGICHE SN 5. D% hlactate® £ 1Z Z DEmbden-
Meyerhof pathway DIEBIDFERIRZ > T A EEZ 5N 5. #2
T, LECATPEFERDRIZBIT Dlactate DERKE % HlI5E L 72 (Fig.
). Lactateld 2126 I L % WSFHUS 4 XTTHRIE S #,
Embden-Meyerhof pathway DEE) 75HEER S L7z,

DF), BERE®L A LSFHIZN L Tglucose, NAD,
adenine, inosine % {19 % Z & TSFHH 3 A VM EINRCHIIZ B W\
TEmbden-Meyerhof pathway ¥ {E8) S &, ZDRERERK L 7
NADH% F| i3 4 2 & Tmethemoglobin@ TR E R & {8 X ¢

127

10 |

[+2]

2,3-DPG (mM)
[~

0 10 20 30 40 50
Time (hr)
Fig. 4. Changes in 2,3-DPG of SFH and NRC at 37°C.
I, SFH control; O, SFH with glucose(GL), adenine(AD), inosine
(IN) and PEP(5S mM); <, SFH with GL, AD, IN and PEP(20
mM); @, SFH with GL, AD and IN; €, SFH with GL, AD, IN
and PEP(10 mM); &, NRC with GL, AD and IN.




methemoglobin® B IL X #2 = § Z EASHREL B 572, Fig. 2122 D
BITHR % HAIAA TENRCDin vitrolZ 317 % methemoglobin ) A A
FhEIRL, ZOFRE, glucose, NAD, adenine, inosine % /0
L 72NRC 2% b methemoglobin® =B 3P 2\ Z L b hro 7z,
LA L, SFHIZxt L Tglucose, NAD, adenine, inosineZ AN L
7358 Tl348BE B LA L1272 1) methemoglobin® AR ASE S e
W EAHBNRCIZBWTTAKBRIZ BV THERDOEROET
HEVERALHPOIHAH B LD EEZ LTz, KRIZ, (ERE
DNRCH 5245 % 12 B T90% LA _E D methemoglobin® A B &
RY, © Y ABEHEGRIIBVWTI ORI RAMAAANRCD
methemoglobinE K * A7 & 25, sEOFEHT22%D
methemoglobin® (2N 2 5 Z L IZHI) L 72(Fig. 3). T 72, {¢
KARIDONRC T34 CIRIFHIZ BT 5 A MMEDHEIT(1 ~2%/month)7*
REFWEAENIRELSEELTWDS, TOETHEEELL
NRCTIZHBESIZ BT AL EIC b7 ) &< A MEASEIT L %
WIEEHEL TS,

Embden-Meyerhof pathway | = {3 Rapoport Luebering Cycle & IfiE
haREgsH Y, I THERT 52,3-DPCHRINIRDEEZ ER D
FEICKERBRELRLZL TV L2OREHNOEETHS. Ly
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Fig. 5. The effect of PEP on oxygen binding property by NRC.
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L, BRI OMRMEKD 5\ IESFHIZIE Z D2,3-DPGASIT L A L
FELLZWIZ EPbhoTwh, ZO7HhemoglobinX— A D A
TEEEERE T ZOBERNEE T, A8 BEERLITD
SELRFUEE R >TwDH, L L, H#IZ23-DPGERIRML
TOREMOE R EDLERLIIE Lo/, £ TEKA,
Embden-Meyerhof pathway D fE&) 2 & & 7 ) Rapoport Luebering
CycleDIFENEFE % 2,3-DPGE DI E 2 54T - 72 (Fig. 4). € DHE
B O371CTA v FaxX—bT5IETHGMNIZ23-DPGAER L
TH Y, Rapoport Luebering Cycle DfEB x 2 L 72, 2 5122.3-
DPGEE IIPEPOBEMEZ MRS A I L THEMT LI LdDH
o7z, 2% U, Embden-Meyerhof pathway TIZPEP#> 5 £ Tld
WM THH7-OPEPOBEA NS5 Z L THRIGHE
Y, 23-DPGOERBDHEIMAHEZ o TnhEEXLNL., Zh
5 OFMAEONRC DB AREE AR % Fig. 5127 L7z, 2,3-DPGOA
RE > CTEHRERERBROL HER T ) BEFRMEOR T A
RIoTWAI LD brd, ZOBOFREFLOBEERNN
(P,,), EEFEMZHZE (OTE)I3Fig. 6!I/" N Tho7z. TInhH
PEPORINE # % T 5 2 & CNRCOBFEMAE > RAE W TH
A lhbhrol.

T COMLERERIpHOBETIZL o THEEINL Z L
BEHSLNT WA, DF UNRCHIZBWTRBOMEITIZL D AEKL
7olactate i IpHOK T 25| X4 L, #0#RE LTS HIIBEMR
BERARDE HERRS T HOTREMEATRE S B A5, 245, 37°CIZT
A2 F 2N~} LAHONRCOP IZKE L ELIIR N2 h -
7o, ZHUINRCHIZY VEEBEE 20 mMiIML TWbH 2 &, &
SIZSFHEEA T mMEB VI EThAR ) DBEDETHL TV
LOTKERPHEMADS IO LD EEZ LIS,

4.%5&8

ARMER PR T SRR R RIESEDH 2 L%
SFH#% #%, glucose, NAD, adenine, inosine & f£(27 KV — A
b4 5 2 &2 & ) NRCHIZ 5\ TEmbden-Meyerhof pathway 5 &
U'Rapoport Luebering CycleDfEB) 2 FEGE L, ZOHEEL L T
NADH-cytochrome b & TLEE# %412 & 5 NRCDmethemoglobin D #J
fill&, 23-DPGOAERMIC L ABERBMEOFEIZLIL, LK
ROFRMERI DN A LARMERDBAF IS L 7. 4%, TO&T
W% A9 ANRCO A MEEfIzROm E, REFELEEDOHELE,
BEL, ZEUKBLIEXITo TV FETHS.
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Recent advances on the utilization of hemoglobin

K HIEE
Akio Tomoda

ANETFOE Y REShOROBIEINTELY Vv ET
HY, FOBREPEEIIOVWTOMERBZENEWIEIEDH S,
LPLLeds, NEFoeroftticEoniERND 5 0I3E
ENICARLHAFEIZ OV TOMREIR I 2 HEERNITEIZOW
¥ vz, EIIAETOE Y FHIE LR D
HMREIEENCEELMNEL EDOo2H 5. —F, BPMEOK
BREIZLIKRREFLEO P YOMEL - TETHEY, =
o OMBEFHEORRESEZN NG, Z2TiE, ~EFaE o
FHEAXFHA L~ OFHFIHED VL DHICo2nTD
Bl %R <7=0,

1. Bl & RIESEE

BENEFREOLE (o] (BIEEE) TI1950%F
ROKE Y H THOBFEIHL=-F A+ v 7 ¥ — FORSEHHR
KERBRONTHE., FHUILBE, ZOERBIIBIIAREDE
BBREITHEICOIZ-1F)ThbH.

F—FEhrb N smBERFOEKELLIL L LTH60Y v T
VERBLONDDT, YD 7 ITTIHFmBGCHRE L THM
68U v PVOMMEA I > VllICBEEIR TV Z itk 5.
ZDOEITI90FEDKENZ BT D Ril—BEEEN 128 v PV T
HHILEEZTH, BALREFETHS. B, 2R TERS
TREIND LM SN ZMBEBEIRIFEHLETHY, W,
W, BMEOBXRBMOMELE 2 2 LEE SN LMBEOHDF]
HEORMBIEE» OBREALBETHA.

ZITC, 6f&Y v FAVOEMBEISE T A ERES & ERES
BEOBREIRDL ) ICk 5.

1. B¥{tAmELT: N a—Z, 900+ >~ ; SLEE, 900 b

Yy TN FE S, 50k .

2. A E{bAWE LT ATP, 50> ; ADP, 10+ >,

3. AV VIREELT QFLRY) 174 RAT77FTNOY
Y, TARTZ7FINILY ) —LT I %,

4. EBREAML LT BT YUY LA, 125hy s EBAY Y
L, 15h Y HBIb" T A9 h, St ERY VB, 15
.

5. PUNRIBLLT I AEFOUY Y, 155 20OMOE

RSB R FEEIT, T160 R EXHTE6-1-1, Department of
Biochemistry, Tokyo Medical College, 6-1-1 Shinjuku, Shinjuku-ku, Tokyo
160, Japan.
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%, 1250 b >,
INSDLEYOHRTHL Iy VT — A, HEEY) VEEB L UAT Y
OV (BROMRIEE LT) EBMEYOBHFLEET LR DD
A, BORBIRE L 72 o TW BTl CHET % 78 b A G HEA ISR
BEEMBEHRDORET DG L TSI REHAR .

2. NEJOECOBMFIEE

ANEZSOE VIIFRMRKICKEBIZETNLIALEAETHY, #
DFBNIBEORETH D, NEFOY IR L ThBEALE
PMORETIIREE, —BbRkFELHET L2, =foikiET
BINSDOTADEES IR D)2, ST o amd&ELT
5. ¥, BEFRINESOE VPN OhOEERILEM R
BUIET 2BV H A L AR L TELDS, DL LT
Fu¥ rOEREIFBRORENANLEAE TCHLF L0 —L4
PASODTREIP TS, TOL ) L~AEFOV L O¥REL ) T <
FIRT 5L, KRREFEOBERO—DLEZ LN LEEEME %
KEPOEHIFIATESL., FOWEEO—HE LTIZH~5.

T o ORENEE

TRV ETOHBRIMERE L > TV E2DTEFORD i
HELABETD., U7 VISEENICEA y T THRICHETE R L
TREICFHSN, L OKHRBELRUE 7V M CREBINT
BEINL, FELEA AT OVY Y (=ZMlk~NEFOV
V) BT ERENOBMAEATINEEb o TWAE I M
b, VT UAEEMRIMERIEN & #rE L/ (Fig. 1) »9. Ok
7 0LBLUABKEOBEERL LTOEHTH S,
COEROBEREE, 1) IR T R EORMNEKY, $T
02% 7 VENTILTY FERTREL, FRIMEKIKOHTLIEM
LZawnk 520+ 28Ry, 2) SEEEE MY 7 A THRIMEKAD
ZiSkNET O L E A MAESOY UIIEZLERE, 3) A b
ANESOY CEERMIRE SRETLVY VERREREL, 20
REWZ02CIBEDIEALA LY & AEHIZHEF LT, HRIMER
BRI AR SE L8R, »ohb. IOLHIILTHEESA L
MEFOE  EHFRMREEIIHIVATHD, 2T rrsgd
KOPIZAND EREBICS T 2633, 2T 2875
&, COBREBEBELOTBERIOFEIZELT .
CDYT EERBER DD T SEEESFig 2R L 17T
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Fig. 1. X PAEZ OV ¥ &K R IMEREEH .

LD T YREERIIHSmgD L T v ERER RS, 0L %
DT VAR ERMOBIIKEIZANT, VT UHKkOETKT—
WTHEBT A L ERRTRKEDY 7T U PRESNS, HRIZZDHE
WESTLEBEBTENTIIY 7 VIIREBET R L ERIZSBS N
5,

T, KBEBICEITNAHBWSRED Y T & % HIEE CTRE
THREEEL Y MEEFBE L TRELL (Fig.3) . I, ¥
7 v ORE, POMELRHEREY A PETOE IOV T VK
EERALOQRAZMEFBLTHRLEY. BEDOKKETIIEFER
T UKEIRBEN, YT UHRETETT AT — AL S
NTWED, A MANEFOEVER, HDWVIEAMLRATIL
AT 2 LIEEDEN LD LEES NS, R ZHATE
Yy o —BtREFEOBRBERIIED N L HN L
vy,

NETOE > OEMEERE L FIE L - EWE, SENEOSE
EELUENESOE Y OBERTRC E B LTV T I
T/ - IWVEPFREBEO T = ) Y AR E s &
FRLIM, FNVET I 72/ =B LOFOEFLEWIEA
ETOUE R, HEHVIEAMNESOC S F BT BEHAT
HHH, FORIEBRTHVINT I/ 72/ - VB IUERILE
WEx /A I IEFTEIEL, FNANbEDFLVET IS 72
—VHBEVBERBILEYW L2 THMELTT7 2/ ¥H TV 2R

O
£ .l
Q
3
£
>
5 st
©
@
£
o
[72]
fe]
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0 1 ] 1

1 2 3
Wet Weights (g)

Fig.2. X PAESOY U EERMIRFER O T VHEEE. O 7
YEEOCKERICEAOERO A MAESOY VU EHR
MIKEER 202 T, IBEZERIZTS v Fax— kL7
KEWHDL T VREORI P OEAGEYHEE L.
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(1) () (3)

Fig.3. X AT O Y Y FHRMIRD 2 T > 15 RERAK.
() >Tra8FhwkKBRICY T Y RERBELEL.
(2) 0.1 mg/m HOBED > 7 > % ELKIEWIZS 7 Y RER

Bz sz L.
(3) Img/mIHOBED DT ¥ % &Hekifiiic v 7 Y RERR
MAEIHER L

$5H. EFOEIEWMBED HBANESOE L EHLT, 72
JEGFT R REBILENT A ENHES. oL L TRYE
ENET 2 ) F T ALEMIE T ) LT o h Y B EOELEIT
EMINDE Tz / X H T AMLAWEIZRL W KENNE L, £
FHERORL S,

T/ EFF T ALEYORKBET 2 F /w42 D TH S
(Fig. 4A) . Z OYH T Actinomyces antibioticusA* & JHiHL X L7
SR HERITH A5, BUEH LRV DIZBETIIDNAKE
HERNAKRY X7 —YOREAR L L TEBMIERENLDAT
H5. FigdBIlEELHANES OV U RIGHE L i, SR 7~
2273/ 5-AF N T2/ —VHEDT = /X4 T U ALSo s
BEREZRT. ANVITI )72 AL AEEIN2 -7 3
J 72 %Y IR0 T AFATA L L LR AN
BRAITH 5% BIE, RBRENEBRBLUSWERICLIY N
LDT /) XYY LAY \THERER TS5 Z LAVRENT
X729,

ZTOM/OAESTOE S FIFZE

MO NES O VI KBIZARTELDT, RAHLLT
BEFEHBINTVAE, LALENS, NEFOV¥ s hbALEKE
KaBETAEMIIVEDE IARE SN TV RN EhE, AF
FOvrOEBANDOIEEIZBEIZ Y5> TV 200BIRcHD. Z
BHEOIRE, NEFOUEYRALALERSGIC, LEAbKREIIDHE
THEBRMEBMBLLOT, NOBEIIHRE LV, BT,
Biopurett 7> & BFEEEEERIRMABEHEE~AT 7OV L1 )
ZEATHIR SN TEBD, ThL Y VAEFOV LV ICAHINiES 5
ZIBTHA .

3. Zhrs5nEE

RILERIZ IR~ DERILEY, BER, ~TE/0V V2 HET S
DT, BARSIZNNIBEEIN TO L MEIZEEWIC LB
HEBRERDLTHAD. NEFOVY L OICHAMNFRIEHLIE
TEREELZH.L0E LT, ALMBEOEERICH THEELSEIToD
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Application for blood purification and transfusion in small
animal medicine

ZH

7

Jun Yasuda

1. 13U ®HIC

KRB O/PNE RIS BT A M L#EEL, 1970FEE CHEE
BIEOBRICHD? ST 7212, Z0O%20E/IT & IZEERIC
B aME— MG LEEL LT, ZOBETEMNRIEE T n
D DDBERBINHE SN T &30, 1989 IR TEF TEHED
NENE R MALENEEARESNAS (Fig. 1) . ZOEEIIM
AR TEI0LOBERENBAEE b5, FIED/NSVRRR
HHICEREA%0.05, 0.1, 028X 005m?T, §4DT514 3~
FEHS,10,178LU39mlE e FHDL DL HANRB LIFEIINE
WAL TIAH— (Fig.2) &£ 754 32 7 EH20 mlO MLk 6%

Fig.1.

/NEh ) A 100 37 4% A7 25 B NBM-1000.

B KBRS R R AR BE, T060 ALIRiTALIX L1859 T H, Vererinary
Hospital, Faculty of Veterinary Medicine, Hokkaido University, Sappcro 060,
Japan.
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PHEINA TS, B/ET CILH0EFEED/ NS HES

BASh, RERERkCIIbiEELR, tEX, ERALK, B
AREEFER, MAK, KERAFZK, IWOKEERERTHERS
NTW5. GEREIIE MBS LTS (RE X ) BEBLR S
MARICEHER) 2ETHESRTWLY, KEREHE,S
DEENE T, BABERICBT LHHREOFEMIIFHTS
5. Lo Lad o/ g3 2 MEEME I ERMAFLLE
L, F-REHZEZET NI LI LNV —F VIZEWH
ENTVET =23 Bbng., ZoEH/NEEERCHT
bR TV S MEE b#FE L L I MEEEED D 5 5%, MiE
kL D bBIZREMEZEL, RELXLELT AL CHWHED

Fig.2.
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HEIC L) RIS R L v, RS T I
E M EATFIIEEEL Y, AT A FHICOWTER
T5.

2. BIEEMEORERAKRCH CHEA

v b TR T BB RLEAT IS E L L L TERL T
E72h, MRS CIIERBI Y IR LBRFIOME L R, —
FHRRBEBLENFIE A0 ) 22 L E LT, BARE
ME CEIREER T b E it 1 i & MR LEE TH 575, RIS
IRKEDN B 72O T REME LD LV, RNOBRE
RElE L TIRETICHRESA TS HiEL, KOBEIERNIZ39
Tz L 7 iR OBERENT () V) & o iEKEEE) 40~
60 mi/kg % JEERABE > T 5 FTHEAT L. BN E40~605
FIREREPUCREE L 7214, 60~70 mi/min® &g CHRE T 5.
BAT LR D248 8 Tl IS ~ 701 0 3B L, JREBIEDAERD L
FBEINTELSEHERDT L, FRLCERBREA, £
T B0l L BTN 2 — L Rh T —F Lo HE
HFEENTHBEW, LOLBASKTIET7 7)) LR
T, FARAPEPEDEEL TOAEDTHT — F VI
2T, PR TAIZTELR L B> TENDENMET T 2546
DG, S5 M EEL ) EPIEIUR TR T 5700, EEL
WEIZTH2EL. ZOROATF—FVERS LW T —F
NMRZ B ORIE 2 5 5GBSR LY, EE~o LT
MEFEOBERE R 70T 5. hF—FLEBETHHEC
2, BREMICERTAILIIRELRD L. £oe FHENKR
DREE, BREMR L EAVNEHOBETHEIZED L) ITE
B0 TREFELDH L. 0L ) LEWIFEOMEN
MR T, BEEN TIIEICAEAEOENRP~DORE S
BHEEE LTHITONL, RRBHOTLT I v ERISHR SR
TWRWOT, BEHEOHXI/MEL 2%, BIRTEZNL)
RBAICHMMEFERTLILETINTH LA, TIT7 I 8
IZEDLLANTIRBYH»HNIIFHTE L LHFEINS.

Table 1. ¥4 FAR— (T ELEESIC X AR E
EHA  hEkg  BMEmUmin) ML E (ml/ke/min)
A 12 37 3.08
B 14 38 2.71
c 10 30 3.00
D 10 32 3.20

3. MEENEDEREBRACH & MER

FelZaR T & B Y B ERR I Z M FLEATEE R BL) AN HES
BEERCOT, BEASINAMEENFRETSL TV
V. BRHERICBWT T Iy N7 2R X, B, EIGE,
ENERL EERITHBAL LSBT LTV 2058k TH
L. EZOHETIT > TV A IMLEENTEOME IFig. 30# ) T
H5.

31. 739 K77+ 2X

LEDTIy K77 AREEREWETAAY v bikds
MBI TH B, KOBBIFER - EPEIR, KERER - KHRE)
Wk, SEHR-—SEIRTRI LIS, AT RE S
OEROYFEDV R SN2 h o720, BIROEILAHE T
Hoth, HAVIIEICERTENEZEO LML+ T 5T
PR ENTH &, BYLEAY v POEBIETE TRV
o BT v v MRS S 2 LIS OEERS A K<
CEHETERMED VBENTER Y, 20X ) EEIS
W% O THEIO kgL T OH/NRIEY TlE—F OGEEIRY & B
ML, Bl O%EEHRICRMT 5 V-VHR Dshuntless-shunti?: % £
HLTwaem, (KEAH0 kghh EOBYY) TI3 B8 2 Bk % B 1
LEMIZHAVAZ L QTRETH A, ME Y 7& AV TR
H7®, WEOZBEH TIEBREIC X ) SR I MBI
THARMBEERBLNZ DT, 18~20 GOH A Fh— 1t

EEAEmO
] ]

[11P!F S 4

t
BiiniW | (SBMARLY )

s

(B MBZAFARA~)

I % [©] B&

ek AP

#
F4T7SLY—

i
t F¥a—Lb—9— f
v W/>} ol |
W CE#EmO ‘-,f'( 9%y 1
FRamA~/ty | 0 B~

i

Fig.3. MEHT[OEEE.

N LIt Vol. 2, No. 3




EOFBHEMAL TS, BIMIZ18~20 CO@BEDEESH %
FAWVTW5 (Table 1) . 53 5133 mi/kg/min® ML EHTE S h
HILABEIZLTWA, ZOEPOTTI Y T 27EAE LTI
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Blood transfusion of the surgical patient of dogs and cats
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=t 24 453 1.1
wIE 22 m - r7%% 03
YT 1.4 & * 31.0
F O 5.1
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FH 3.2 BRER A 29.3
FLIR FE 5 39.6 PRI453 0.5
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REGH434IZBT2EE. *RM. BT, B L UKE (B
%) zat.
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Mg 8% - o0 - I 1.0
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R 2.0
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i 455 52.9
F D1t 2.5

R KF B EREREN R EHE, T113 HEELHXFR41-1-1, Department
of Veterinary Surgery, Faculty of Agriculture, The University of Tokyo,
Bunkyo-ku, Tokyo 113, Japan.
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Explanation of Blood transfusion guidelines for international
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