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Assessement of Artificial Blood for Clinical Use:
Efficacy and Safety of Liposome-Encapsulated Hemoglobin

R
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Abstract

Development and practical use of artificial blood is essential for sophisticated medicine in the new century. Specially, as an oxygen transporter,
new artificial red cell is desired to be developed sooner rather than substitutes of other blood components. It is an urgent object that the articial
red cell should be used to treat acute, unexpected hemorrhage and to shear in transfusion of donated blood supplementary. Furthermore there
will be another object that hemoglobin contained in red cells which were donated and expired for some reasons should be reused in medical field.
However the new developed artificial red cell must be adjusted to pharmaceutical criteria as a new drug and blood substitute, particularly its
safety, and must be satisfied for efficacy as an oxygen transporter. In this paper. we attempted to propose our designs and actual methods for

assessment and validation for them.

Keywords

artificial blood. artificial red cell. drug safety, drug efficacy. drug evaluation & validation, liposome-encapuslated hemoglobin
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Table (1)
Charactenstics of HbY and PEG-HbV compared with XLHb abd RBC
Paramelers XLHb® HbV PEG-HbY RBC
Diameter {nm) $ 44+ 70 251476 8000
Hb (g/dl) 10.0 10.2 10.0 . 1s
Lipid (g/d1) - 5.9 5 0.2
[HbALipid) - IR 175 75013
PEG-lipWd {mol%) - - 03 -
Puw immHg) 3 35 35 ki)
OTE (%) 3 3 38 28
metHb (%) <? <3 <3 <05
HbCO (%) <2 <2 <? <$
pH w1 37°C 14 14 14 14
Osmolality (mOsm) 300 300 300 300
Oncotic pressure (mmHg} 30 20 20 28
Viscosity {¢P} 21 37 C 1.6 94 37 4.0

“Intramolecular crosslinked hemoglobin with bis(3.5-dibromosalicyl)fumarate (DBBF).

"Oxygen transporting eMciency: the difference in oxygen saturation {%) between pO: of 40 and 100 mmHg
*Including membrane proteins (cu | g/di) as lipyd

* Oncotic pressure was adjusted by addition of Y-human serum albumin.

cted from ™ Evluation olthe oxygen transporting capability of hemoglobin vessicles :
Takeoha. S. Sakai. H.. Kobayashi. K., Tsuchida, E. . lo: Biood Substirutes - Present ang furure perspectives
Tsuchida E. ed Amserdam Elsevier Sci. 1998; 171-184
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Table(2)  ltems Confirmed for Effective Artificial Blood ( HoV )

Chemical Activity

Clinical Efficacy

Capabiliy for Oxygen Suppty to Tissues
Pulmonary Oxygenation
Oxygen Extractionin Tissuz
Converston Rate to Met-tb

Oxygen Transporting Abllty
Oxygen Dissociation { P30 )
Oxygen Transpocting Substance ( Hb ) Content

Co-eysistent Rate of Met Hb 1n Pure Hb
Magrzenance of the Circulating Blood Votvme
Stze of Liposeme Capsule Contained Hb
Retention Rate of Aruficial Red Cell inthe Circalanon
Disperatulity of the Liposome Capsele :n Ho'
pH of Ho\

Viscesity of Hbl

Hemegenatty of Ha' and Stabidity

Table (3)
Chemical & Biological Validations

Safety of Hb'V

Clinical Assessments

Residual Carbon Monooxide
Residuat Excess Phospholipid
Residual Excess PEG

Free Hb Serum Electrolytes Compostion

Psychological Function and Behavior
Menal Activiry
Tendon & Skeletal Muscle Fuaction

Residual Endotoxin
Sterlity Respiratory & Gas Exchange Function of the Lungs

Heart & Circuiatory Function

Hepatic Function

Body Fluid Buffering Capability
Renal Function

Digestive Canal Motlity

Digesuive Exocrine Function
Hemostasis & Fibanolyue Function
Hemopotetic Function

Endocriae Function

Body Defensive & Lmmune Fuaction
{including Abnormal Refease of Chemical Mediator )

Reproductive Function
Teratogenicity
Tumorigeniaity

Drug interaction
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Swikhemodilution®TIVIZH TS
NRC (Neo Red Cell) O%h A3

Duration of efficacy of NRC (Neo Red Cell)
in a rat hemodilution model

R, AR, AEEREOD, ONARMRL, LS PR, tREE P MR &I
Youji Tsutsui, Tetsuhiro Kimura, Takanobu Ishizuka, Shinji Qomori, Takashi Shizawa, Hiroshi Goto,
Yoshitaka Ogata, Shinichi Kaneda

D €S
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Abstract

NRC (Neo Red Cell), liposome encapsulated hemoglobin, as a blood substitute has a long circulation time achieved by modification of the
liposomal surface with hydrophillic polymer. However. due to methemoglobin generation. it is thought that “half-life of efficacy™ as the period
to reduction by half of actual oxygen transport efficiency should be estimated by circulation time of liposome and rate of methemoglobin
generation. In this study. to clarify the duration of efficacy of NRC. we examined the relationship between half-life of efficacy and efficiency in
improving oxygen metabolism in a rat hemodilution model. Male wistar rats were anaesthetized, and 75% blood exchange was carried out with
a homologous plasma. Either of NRC, RBC of human or rat or saline was administered at a dose of 20ml/kg. Indexes of hemodynamics and
blood lactate, blood gases as indexes of oxygen metabolism were measured. In addition. NRC-crit and methemoglobin generation were measured
in the NRC group. The results of NRC-crit (NRC volume as a percentage of blood) and methemoglobin generation suggested the hall-life of
efficacy of NRC was about 6 hours. All of the rats of NRC and RBC groups survived, while some of the rats of saline and no-infusion groups
were dead within 6 hours after administration. The indexes of hemodynamics and oxygen metabolism in the NRC group were maintained the
same as them in RBC group for 6 hours after administration. These results confirmed that oxygen metabolism in rats administered NRC can be

maintained during the half-life of efficacy.

Keywords
NRC (Neo Red Cell}, halflife of efficacy, oxygen metabolism, blood exchange, blood lactate
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2.1. #ARME (NRC) DBLE A £

A Tt 200 BFSEIT & U CRBoe 2 A7 BB U ALt e Al
ERELA & R A KIS Tad Lptr, Mk, 7o g —i2 kY
stromakfd: 247 72, srpisr 1100k Daod B YR g i (FLAR 15
nm) (124 5NE 7B SRR, T2 LR 2 45g/dl 3
TR gz 0 i L, Stroma-free-hemoglobin (SFH)
L 7.. Hydrogenated Soybean phosphatidylcholine: Choles-
terol: stearic acid=1:1:1 (&L M) 78 7% S AIEF #60°C D
RS, Z1UZSFIT (8-NAD 0.1mM, inosine 6mM,
inositol hexaphosphate TmMiGEH) & b2 THURLH L, SFH
TN LT A7 e AL S AL A - 7o SEFH & 4y - b
300k Da oy PR it iz TER Jof4%, 0. 45pm 35 T80, 20pum™7 1 /L
=M, N~ a6 g/dliz A S L) i MER L
Z 11z Polyethyleneglycol - conjugated phosphatidylethanol-
amine (PEG-PE) # U XAV —24 &ifijicigi AL, NRC: L7
(Table 1.).

2.2. WEBYE
G Y LT/ ek A, AR E LT e bt
ER(HRBC, ~E7ob it 6g/dldb 2 112g/d) B L Ur 5
o MR IER (RRBC, ~® 7o b o itiy12g/dl) 2 a7z,
L b F7i37 v b L 9 citrate phosphate dextrose solution
(CPD;"{'Q) /Jllﬁ\‘lfﬂéﬁb\, PRI T - 3 HBBRDMENINE £ T 47°C A
PEHP IO s ko) R e 4, AR RIZ T
’\%7Dt/¢ﬁ“lA_rJ*]¥‘L i RMERE L7, Ak, EbM
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Table 1. Physicochemical properties and O, carrying capacity of NRC

Property Value
Hemoglobin (g/dl) 6

Total lipid (g/dl) 4

Vesicle diameter (4 m) 0.20-0.24
Initial Methemoglobin (%) <5
Increase in Methemoglobin (%/month)? <1

POy (mmHg) 40-45
Hill coefficient 2022
A-V 0, content (ml/d])® 4.5

a:Stored at 4C. b:The volume of O, that could be delivered to tissues by

the suspensions was calculated assuming the patient inhalation of oxygen,

then lung and tissues PO, values to be 300 and 40 mmHg respectively.

il 7 0 T IR IER M
e LTI 17 72,
DL MER DS B AL % L) Pt ) e L 72%, Ak % 1)
CREREEO RSB L 3TCIZT TIEN L o X N — b 3214,
i 4i0x )1 % 150-0mmIlg (pCoO, - THELEE, F0
BEDWIL 2~ 7 kv A&l L7,

eV, AHNER S Y 7 TS A

40mmHg)

2.3. toploadi%5%Es

WistarsBMitE 7 ~ F ((Rd0323.4~350.9g) DWE £ 0% 4,
Z o b —=1ZIE L, NRC 20ml/kg#2.0ml/kg/mino
STIEHAIRPL - L7z 8RR A > M3t 78 # 1 14% 5 min,
4 hr, 24hr, 48hrd 4 5ik L, #HF4NRCZ V) v FHIEH]C
218, NRCA MEARHEEHIZ 2T DD 1600 L 72, %4
MEA > MzTT oy b &2~ T URER R, BHRE L, B AR &
DRI % N L 7,

2.4. hemodilution (HD) 3EE&

Wistarft1E 7 o~ b (IR di281.7~332.4g) D% W 4,
2.0%4 7 707 2 EERAS%0, A A (N~ — 2) 12T AWRAE
Forvs, = MCWPE, Wi E3TE 1CICHERE L 720 88
HUENAIR B L O KBREIFHIRLZ R ) =F L > A7 —F 0 (NF80.5
mm, R0 8mm) &, JETNIZREESHT 2 7 —F v (4G N
$££1.73mm, YH%2.17mm) % Zitfchﬂ’{u‘- th, KNBLHAR & W
fbover2a=a (34 7oy 7, ZLE) D0 2me/hrifhift

o BHES L7z, BRI N TSR (SN-480-7, 27 7 BL{j0idR
W BT T 3.3ml/ I, 40/ a8y 1T X A WA R Lﬂ%4/7

T 2 a2 GTA5%0, 7 2N, — 20 BIEG L7z, KEBREIIR S
mﬁ%~%w§MULsyz%l—ﬁ—ﬂww(T,H¢i%
ERAL) (CHERE L, MO AIE T 7 (AP-601G, AN
BRERED) 2L TR E2RGE L7, 2o & ZEER T o7
JiZ b= LT, D E2 = b (AT-601G, HAX
WD) 2 LT OsR g Lre, ke, LB T — %
%L 32— — (RECTI-HORIZ 8K, 1 A% i) (0T
alEEL 72,
e A G BRI - T o P SRR ILER (12g/dD

B FOERARIMER (125 5 id 6 g/dD) -NRCOGF6 X L. %4
n=>573"ok L7, RILAE A > FIlik B (Pre), HLifg
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gl TR HD), e 7 1% 5 min, 3hr, 6 hrod 5 40
YL, AR IO FALF AR A e, dE IS 72, Pre
SR8 & 47, SIIRIpLLAST 35-7 45PN d 5 2 & %
el i, BERAHTNIR LY 5 o MILE (o3 SR fll, ot L)Ll'
(TR f7 vy, —80°C 12 TERRAF L, BN Fing Akl ‘4\
L7) %1 . 0ml /(g/mmﬂ;‘k x- J'L OB /AN PE Tk | lIJUI\J: ‘) ‘

Ze il T, HMAJ I|k%Lt.HMxMﬁJm.
I L TTDER L s 2 }J/L L/ Fv T, EBREURIR &Y Wbt
PG LI riimet )(ml/kgv 0ml/kg/min? sk ST L7,
PG TR BE DD D R AN LT R £y ) 72
m,$ﬁMﬁEL\MMMMLUWWLm$ﬂ&Uvlmwm
) T OB Y FE TR L 2 2 B R T IR BLEEIE
L ko toploadft ! RO YL 2] "‘i 2T 6 MR e L7,

AIEIEE

toploadyt R TIENRC 7 ) v b B Eov 4 MeAZ 0w T,
HD B TiE Motz L2z [ A TieHonTille Loze,

P = T ds L oo Mg & 0dhe L7z, 1A
JE (MBDP)Y iconTiEaal L g s Lz,

VYL (mm ) ke e+ QLG ~ ke ]
M) /3
ML 77 2 5 oS eL i S g 77 2 2 207 4 (ABL-555,

SUAA— =L =T 7“1%)
A E G (B E) iR TR
AR ILER S & UNRLIH/M).”:“ %)%,
B.E.(mmol/L) = (1—-0.023xHb{(mmol/L))
((IICO, " —24.1) ~(7.7+2.3xHbh(mmol/L)) x

T L7z, (L,
ISR g =R e it} 3

(pH—7.4))
«%7mb>ﬁiﬁ;w«7b7uvbMu%%HHMmm
4‘)1 L8 (SE-9000, HOMiK - {-) 2 HIvTlllg L7z, NRC

v MR Fﬂ}ui ZCHRE LA R 7ok B T X 2 b
(1LJU 1’ 188000, SIGMA®L) 8 96 & H /IRl &

1 1OEIGTHRME, ~= b 27U o b GHIEZ TRy L7z,
5l Lf:k’{%‘(f‘zﬂﬁ\ (AD % / X 202 THIE L 72, s DA (15000
g,%ﬁ%)%@M&ﬂk\(AZ&?VYW/ﬁzthi

L, kXX HYNRCZ ) » FEEAL,
NRCZ V) b (%) =A2/A1 X2 X100

NRC 4 MEFIFLL Vo Jidiz TRl Uz, JaBRis 7 I s

ZApv, dOrEE (1300g, 47T, 100D 12X D i E bR L
7o bR DL EE (50000g, 10°C, 120401 12 £ O NRCx
WL L, 7K s(rﬂﬁ_r- w72tk TEFALNT Y VT
1188000, ﬂGMA@ 2% G iR Y 20 1 ORIGT
HERIL 72, iR L Jiévk'mm FILPLFL, kLol (1300g

ralmwd%nm FificNRCHIk~E 7o > 2L L,

ST A REE T A MEAEZIEL 72,
NRCZ v b5 L2 MEHOFEY L0, B 20000 7 (/FF
FTANRCH 7 1) b &2z TR L 7.
W AHAE A AR T 5 \IRL7 1) b (%)
=NRC7Z 1} » } (%) X (100-NRC # b {b4(%)) /100
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2.6. RETEEAR

HD J2BR o #k Bz I Ll ki‘ RGP /(R O AR (ol K3 ¥ T o
Wifld 2T AL 70, APRLER A > b TN bR = L TTurkey's
Fog 2 i L, A7 Sn/RAES %k Lz, AL LAECflnsills o i
Yiire FOfRMEA > BT /)4’7”/M\”’imulﬁ 2 TR B PEAS/E
<) f_‘,

3. #BER
3.1. topload #%5%5&

NRCIE % 7 5475 ANRCZ ) v M. 7% TH Y, 24
W 02 (2P I83 . 49 2 1oL B ~1,uSL'J/ L7z, 205124 Medo
ot o, NRCO {7 &h 10 25 L Z6RFRIRUY Y il 347,

b, PGS PASIEIN B TIENRC Z U o B4 o 1L I"‘

WL L, o ONRCHGEMT 5T, £ MLl T 4128457
- 72 (Fig. 1),

100
£
g 50+
u ;
® :
N _lj
o Lo N
Smin 24hr 48hr
Fig. 1. Blood concentration of NRC on topload model. H: total
NRC-crit (%. vs Smin), i: NRC-crit with function estimated
by NRC-crit and methemoglobin ratio (%. vs Smin of total
NRC-crit).
3.2. HDXE
3.2.1. FRIMIROEESREIFIE

ERHB LT PR AMERD P 1351071126 5, 31. 8mmlig

THY, T bR MEROEE R BRI 2 AR S
(Aifi)y 1237 kLT (Fig. 2).
100 r
— m I
< o
o 70 F
c
s @t
m 0T
c 40 +
@
2 ol
S Xt
10 +
[e) ? 1 1 1 1 H ]
o} 25 50 75 100 125 150
PO, (mmHg)
Fig. 2. Dissociation curve of HRBC (gray line) and RRBC (black
line).

3.2.2. £BH

Aefte s & UV BRI K BE TR A 5 o B £ 3 I
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RO f“lf% SOBEL L R SIS T 3RS S 6
WFI OIS, W03 2 9, %14 3 198 L 72, RRBC (12¢/d1)
FE. HRBC (6, 12g/dD B3 X INNRCEE T Jabis 715 %75

A4 TAr L 72,

3.2.3. 1EIRENRE
Pre®>MBP1FEMIZ 50 X L 1
XD AL s 7z ik u’f“" AL Favilled s
i, RRBC (12g/dl) 4, HRBC (6, 12¢/dD) B4 L OANRCET
TIEHF 7Pz o /)lulwiy.,t’sfmuf AU O IWIN
BET UMD ED SALR (26 X il s iz - 22k

0-120mmllghis THh Y, {75

(3% Mmmt (Table 2). LATHEZBI L TR, SELCfIRZ
v T 300-500beats/ min?D i IN T 8, A7 570 X l3iled 5L
e - f:.
Table 2. Changes in mean arterial blood pressure (mmllg).
Pre HD Smin shr bhr
No-infusion 12115 8412 0£9 75
Saline 121217 74£17 7418 61£5* 78
RRBC(12gid]) 121116 9411 125z 11 104124 88123
HRBC(12g/d)) 10116 7317 102217 9023 9817
HRBC(Gg/Mdl) 114114 6844 95%22 91L16 88120
NRC 11310 173%16 11017 9115 78111
Data means average(n=5)%S.D. a:;p<0.05 saline vs RRBC(12g/d)). *:n=4, ":n=2, ‘in=l.
3.2.4. M EEE
Mg 28 012 X 0, 74 G-BE i boFLRE 344132 . 2-2 5% oo g

psiBed> Stz NRCEEX RRBC (12g/dl) W’C iT’L T3
hrig A7 B L DO 72h, i LSS dEN (4-18mg/dD 7 ¥
DEHINT S 72, EBERURBETIE 7 e iz &
FLEBEOAIC M2 X A Xl 65T, Ufi-l f ey fif‘/JIthﬂll'll IH
o7z, AFGEETE, % ‘) 0 3R BT S A5l 5 fL

7oA & 6N 4 :.,ﬁm)nf A & 4z /; iz, IIRBL( 6g/
dl)H”C“ , R BAANS N Al i wm KT 6
iEAH] BT 26Tl FLAR I O WL & 27 | d mm)w

Hi ML, n.;flflftﬂlu L7 (Fig 3).
80 7 Ono-infusion
0 L Osaline
.60 - [RRBC(12g/d)
;_’D 50 ‘L B HRBC(12g/dl)
E 40 | [BHRBC(6g/dh &
:5:30 :L BNRC T
< 20 b
o
O j

Pre HD Smin 3hr Bhr

Fig. 3. Concentration of lactate in mixed venous blood. Data means
average(n=35) £S.D.
a:p<_0.05 saline vs RRBC (12g/dl). b:p<(0.05 RRBC (i2g/
dl) vs NRC, ¢:p<0.05 HRBC (6g/dl) vs HRBC (12¢g/dl), d:
p<0.05 HRBC (6g/dl) vs RRBC (12g/dl}). *:n=4, t:n=2,
In=1.
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3.2.5. IigHR
Mg a8 4502 & O ZAL G- pHPEIiEH T P L2 L o
D, BRI TOAT S XL A A e, FERE T 6 R

IHEOT, AR L OVERERURBED AT I
JMum 7.35-7.45)9% Pl Tz, HRBC(l‘>g/dl)-RRBC
(l‘zg/d) NRCEETIEEE ¢ T S AR BB 12 35 T -1k

IZHCHERR B M LANIR L B - 72, wﬂt Wil & Ay ~|,,H;,~
{tuan L7z, HRBC (6g/dD) BETIREE# ¢ 6 WER %

W L BT 2% il T 2 B IR T h & % L 71

(Table 3).

Table 3. Changes wn arterial blood pHi.
Pre HD Smin 3hr bhr

No-infusion 742720013 73860017 1428%0059'  7.339'
Qaline 740420028 738910028 738020027 7069:0.035°  7.280°
RRBC(IQg/d]) 7.397£0.026 737110020 734510041 740110033  7.38910.0i5
HRBC(]2g/dl) 7.4030.027 7.388%0.024 737810024 741240036 741210083
HRBC(6g/dl) 740910022 737510039 7.36210.028 742410037  7.332£0.086
NRC 7.413%0.013  7.393+0.023 7.38810.030 745520032  7.39910.047
Data means average(n=5)£S.D. *n=4, ":0=0, 'm=l.

Mg s #42 L O 4 TR Tv-pO, (A FRIRIES 2501 A0
DA AR S, FEF 7 6 RIS BT, AR
T OVEM R KBED AR TR L 30mmHg % Nl T
72. HRBC (6g/dl) ¥ LUNRCEETIZ30mmHgHHiT % 45 L,
HRBC (12g/dl) 8 L *RRBC (12g/dl) BETI38%4235-40mmHg
5L 72 (Table 4),

Table 4. Changes in mixed venous blood p0, (mmHg).
Pre HD 5min 3hr 6hr

No-nfusion 47718 346125 308%27 28.0'
Saline 476£57 337432 331126 289%30° 27.6°
RRBC(12¢/d]) 488436  36.1%42 448%43  378%53  386+32t
HRBC(2g/d])  484£55  329%14 305146  326%4t 35.1£2.3
HRBC(6g/l)  47.3£7.3  33.7+19  363%£33 282125 30,9136

NRC 444149 315%18 363143 279144 29723

Data means average(n=5)£S5.D. a:p<0.05 saline vs RRBC(12¢/d}), b:p<0.05 RRBC(12¢/d]) vs NRC.

‘=4, 'n=2, =l

EMUT MR %Iz BT L NESERT 5 2 8 i34ah-7e,
Lb*t AFE BRSSOV PR A RE T BAR A RN (-2 2
mM) 2 L& 72, HRBC(6g/dD o5 &, Mub 3L
D AR TR 2 K5 < Pl 7 b oo, £1U4HE
SRR OEIHIN T H - 72, HRBC (12g/dl) -RRBC (12g/dl) -
NRCEF TS ORN 2ok L 72 (Fig. 4),
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1 Onominfusion b | e

| Dsaline L
‘ O RRBCO12p/dl

-6 CIHRBC(12/d)

g ' EBHRBCWHy dl

. ENRC

Pre HD Smin 3hr Bhr

BE(mM)

Fig. 4. Base excess of arterial blood. Data means average (n=35
D. ¥mn=4 tn=2In L

3.2.6. AT hTYw NME, NRCY U MB, NRCX NEEE
HDWETh~F 71 o ML 9- 1220 IHN T D -
Fo, 2R B FMIRO M R IETL.7 788 DI T &
O, HREO PRIIERIT6% TH - 72,
S A PRIE & S J‘fﬁ)M\L7 v R ARIE10.
SRR blulum Y7L >”/0MJMW 7’* &m_xm

J 10()\3/‘)"
0.
AR AEARDEYD O, & -‘TE JERGRPS ‘}Jj NRC:LTahH 7Y

o B AERYS . TG LRI S AL, FE IR L 7
e, FOATE RN L 6 R P' PR X472 (Fig. b).
100 ¢
<
€ 50
O | — S S _

Smin Ghr

Fig. 5. Blood concentration of NRC on hemodilution model. W
total NRC-crit (%. vs Smin), . ]: NRC-crit with function
estimated by NRC-crit and methemogiobin ratio (%. vs Smin
of total NRC-crit).

4. EBE

NP O M BT O AT EHI & 5 200, SR e (TR
Y DB, BRI R 20502 H mun RO | LSS
el (FLRB Y Vi, WERR ) 27OV Y B X OSRILEREL
‘f‘i&ﬂ&'; L, ©ECn LTI (HES, 7% 217>~
PR A LS ATV S, NRCIE B2 2 lilskifs) .
WS X4 AN IR X LT odin 2z UE L Tw b7
B, FTIEBIRE AL 2 Lo E Lun s By
L2, %7, American Association of Blood Banks?Technical
manualiz £ 2 20, MM Az s b e =L B Tw
BERATIN NG T S EAREITPASI ARSI RN /g = R wi
wl"i 7 a/AU R~ b 7)o MIEEI20%00 1) 2l BT 5,
iy b A HOO10/300 =L (~NE 7o R 10g/dL,
A b 7 MA30%LL 1) LT A L TH D )

40

BUAs 7o, PRERILE AL S T AL, ~E 7 m il

YU g/dlll Pzl N LT ORI EDA-VE A RNE (R Z)Tx
UL, R A jJ LA E D, M ORE RIS 2 et 2
VSRS A B RS 2B KL e RV O, Al 7 2 2

TEALH 7,7)@ Mg b, 7205 ¢ DO, 2T

) ME10% % Finl- 722 X2 b it Tnd™, 227, NRC
NDPETAZ L TVO, &z L, WL'%“N.J} FORCG A s X P %'m
T 2P b oo, Mgz~ 70 Mzl
YRz F TAL N X7, f‘*f/7w Ayl ’féulﬁlh%‘rw
QU S0 TR AN

AFE A - ERL R BRI ST R AL, AR
BT LI Time 4 A iy BEMOT il yLAgRA
D EYAED AL 2 R s, #llEETOFUREERT L D (G
Ty I\ — L ZDARET H - 72 2 W L FoL MR AT
Vg 1 3 NEIN IR FUE A T 5 07 LA DAL,
A GPET IR A 7 6 NI BT pe TR S T L 72K
AL I 0 B AN AU SR | 7)) }J et i,
Tz LA e TR AL TR

P A WA

L~~~

i34 48 454
-7 NRC i I'|'JJ'S§L’M\”’; hemodilution
model!Z 50T L. topload model TOLE I 45 4L 2 %42l
FEofung % gL T o 2 Y e, MLife s i L 2 2 S n
- J: FaY AN

RRBC it Y llisa HIRBC P & 40 2 Je~TACHLMIE Jring
(i iz 7 LTH ‘), W M E AT T D 7o, RRBCD
Z e NRCOHAN I Y L TN A 2 2 2 3RER AR S, 2 2
L, HRBC S iz 7z FTibidial ¥4 2 2 2 L7e, ﬂl'
WANLGE TH HIRBCA L5 4 2 2121 L”’iwlllTHlk]I M
LA TR iR RO LT E 0, £ 2T, RI\BL(I 2
g/dD) FEr ol iz 24, #AHRBC (12¢/d 1874
PO R A L2 2 2, HRBCH /741 2 WRR i £ - 12
LA 3y 79k i‘f'f R SN S /A AP /AN SSEG 2 ﬁ

< i T EIESII O B AR I 35 TR R I 2
LTENTHH LN H‘ert.
HRBC (12g/dD) « RRBC (12g/dl) « NRCHET 3 > 7 fk

A X 2 PRI AR S L, HEERER I F T A R
e ML FLER A & MR A KB S B Z &3 7o, Bl
K] T 0 dE A 7 oL BN TRESHERA TS, fiufriligiz
L Tz~ 7o Dbt s L OR3 LTy
L L ’HM*J C «;t«fc raovro s MeEirb e,
F U 7 F&m Pk (1"}“)J‘l"~“-i521i}iéi, ~NETOE L
M LT EFLL *) LRI b EHZoiLh, ik Z 23
NRLV:/m CTh.iz2 el 1'-*1 (;H‘EHI [BONRCHWTET— 7
5y, Ty b TOATEERE 6 WEIRIFLE 2 3407,

[IRBC (6g/dl) BETIIHERFS | urji“‘ﬁ {fk..mx..mw
F U2 2 FLRE 7 & I — > Z R IZ 7 - 7oA 2 12 e
iz, 72057 ¢ AADOOEA 2 N F T M;\_u G LU

PRz, WD LRI G T L 0 LTVO,Euifed
SETERZINIET, 2 AL O XDNIN X A4 LT

-Ji, NRCH& '
v pOQ, N ER) 2

T A2 R e LT e, i A
& — D A s L T e I s, i
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Developement of ex vivo normothermic liver perfusion system
using artificial blood.

FE& L, O WK, 4 1L AKRINHIEE, kil f&,
P al, AR 1L PFHA-—
Tadashi Katsuramaki, Akihiro Nui, Hitoshi Kikuchi, Kazuma Kukita, Minoru Nagayama,
Makoto Meguro, Hitoshi Kimura, Koichi Hirata.
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Abstract

Although there were normothermic extracorporeal liver perfusion circuits using physiological blood. true artificial perfusion systems have not
been developed. We tried to make an ex vivo functioning liver with an artifical perfusate that consisted of artificial blood in the pig liver. A liver
graft from a female pig weighing 20 kg was harvested in the usual manner. The perfusion solution used consisted of artificial blood, (Neo Red
Cell, Terumo Co.) L-15 medium, distilled water, bovine serum albumin, NaHCOQ,, NaOH, KCI. human regular insulin, 50% glucose solution,
and dexamethasone. The isolated liver was perfused with this oxygenated perfusate through the portal vein at a rate of 300 ml/min for 9 hr. During
perfusion, oxygen consumption of the liver was maintained at over [0 ml-O,/min until 4 hr after perfusion, however gradually decreased after
then. Production of ATP and amino acid metabolism was recognized. Histological examination showed almost normal hepatic architecture.
Although liver cells at just after laparotomy showed the absence of glycogen deposits by PAS staining, numerous liver cells exhibited
PAS-positive cytoplasmic glycogen deposits after 4 hr perfusion. These observations indicated that we succeeded in developing an ex vivo

functioning liver with an artificial perfusate employing use of artificial blood.

Keywords

liver. normothermic perfusion, artificial blood. extracorporeal perfusion
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Table. 1

it

Component of perfusion solution

NRC 600mi

distilled water 240mi
L-15 40mi

albumin 27g
NaHCO3 2.2g
NaOH 90mg

KCl 3.6m!

insulin 24 WU

50% glucose solution 2ml
dexamethazone 0.9ml!
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Fig. 1 Diagram of the ex vivo liver perfusion circuit. The perfusion
system consists of an oxygenator including a heat exchanger, a
Bio pump, and a reserver. The isolated liver was perfused with
oxygenated perfusate at a rate of 300 ml/min through the portal
vein. Outflow of the perfusate was collected from the infrahe-
patic vena cava.

Fig. 2 The isolated liver was perfused with an oxygenated perfusate at
a rate of 300 ml/min through the portal vein for 9 hr. (A)
perfusion system. (B) liver during perfusion.
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Fig. 3 Changes of oxygen pressure (A) and oxygen saturation of

NRC (B). Open circles indicate perfusate of inflow. and closed
circles indicate that of outflow.
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Fig. 4 Changes of oxygen consumption in perfusate. Oxygen con-
sumption was mostly over 10 ml-O,/min until 4hr after per-

fusion. and then gradually decreased.
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Fig. 5 Bile production. Bile was producted over 2 ml/hr until 3 hr
after reperfusion. However, bile production were gradually
decreased after 5 hr.
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Fig. 6 Changes of AST in perfusate. AST was almost the same level

untit 6 hr after perfusion. However. AST was increased after 7

hr.
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Table. 2

Energy charge of hepatic tissue

AMP [ gmolig-well ADPI ymolig-wet] ATP{ pmal'g-wel}

Pre 0.15 0.47 1.80 2.23

5hr 0.62 0.523 0.86 1.81
10 hr 0.12 0.20 0.71 103

6. 73 /ERH

RGO h O T 2 /BT TR
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Tyr, Phe) ##H72 (4 7)
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Fig. 7 Changes of amino acid in perfusate. There were increased
amino acids: Tau, Trp, Asp. Glu, AAA. Cit, Cys, Pro (A) and
decreased amino acids: Arg, Asn, Met, Tyr, Phe (B).
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Fig. 8 Hepatic architecture was well preserved at 5 hr after perfusion.
and there was no difference between before (A) and after (B)
perlusion.
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Fig. 9 Liver cells just after laparotomy show absence of glycogen
deposits by PAS staining (A). After 5 hr of perfusion. numer-
ous liver cells exhibit PAS-positive cytoplasmic glycogen
deposits (B).

x £

/\ RREAES AW 1mt YL TR
AR TIIALCEKOB T S TRV 2w, Lo L,
A X U CARWFPED L 5 12hE S ‘isw WHTx5%
DTGP H2 5105, MIEEIRETH L8, R
R 2T B AL ém; Il Ec?.l’»f.”.j{fé) wfigr L LA
Zovs, F72, MRS B TR £ D IR I D W Tod

HEHW LTI N T

B D PN TS imﬁ”némﬂ s L TARD Mg &
MLTHEY, (TulE2E2 5 2Tl R L U 72k & 5y

TWAINTIZ T Ean A—f\Jq'T‘ﬁ A N g low &z, &
5z 'muW) an vﬂll)i’ur;;f’wz ZHELALLE, BR AN AR eI TE

Tl b , ARBFRETEA Tt & H o 2o 2 sk L
TIEDON i % M\/F’Cu BT 5 2 X BlA,

T, MR R Lo Kk L O A & ) 4L
X407 A i, Neo Red CellZ /e, THAtEIARE LT
Nl b 48515, 77 32, 7R 120y, 7%
ﬁXﬁ7>.mmm*mM*ﬁ SRR N THdBIE & 280

m()%ln/LL;trZ 59 ,J.:qul,f- NS INEE RN AN
JEHPEA 2 N 2 7RI % TN ()7 YR ) I P A

) f: DMK LY mL/\HJfJ T*’f/b NN SMIREZ R
#F—F AL, N T A i LT3 Aok
it 347, JH"M lfm‘ SALERE L 7oA 7

A'ﬁt”i' WA QRN £ THEE TR 222 2, PASY
LTI 7)) a2 — 5 s o {wx v.,bahf_v YLOATDPw
2 YRR N 1 TN 'Rl o ¥ AR NS il NP N A N N
TGRS L T s s 2 duzs, RN 9 uE I T L
T T, /\ Uifitifs, Wia8ue 7 ST A Y N ez &
DN SRR T 7 < AR s T b AL

e F CEoml O,/min

7S TTHERLI
'2' 7)";‘1'1: l/‘}i

L L 7ehe s, WA (i 4
TH oA SR AN L YL P L, AU LT
ISR S L 5 WY B DG L, R [ oo AST Ll 7
WETT T 1S L Ze, @B ool I, BT R G B, AST
DS 4 2D HER S NI TR B viability 23 TR 2 (2
IC WL 72 &2 0 due il 5 e I"f;a/)\'iul)ilit)'f/)TlE NI
YT E TN D DWED R Thon I i 2 L AL7e,
Tle(flw’\‘E 70 R A MR LR T34 9/ AL T H S

Ei33 5g/dLIAS FLTH ) ~=h 7 1) MRIITIL2
% TH f; (7—% /M/bji). ZH RO ML 3 1L F

45



THY, LTIBERERPIIE AT 20 > T lREA S
b, Fi, AREERTI i”fhﬁlﬁﬁ‘ SEERIR 2L Ty Zeads, i
AR R E AT 2 2O EIIR A & DR L LW TH 5

h LatZen,
W70 H

X5z, amuuu‘ FUADHLIE L F 72T 2 4t
LrFHzZ b, 12EZIITLF= W mLf”lM

BTl LTw 5, "/l/%:/ eSS IN (R ey
fLEEd (NO) mﬂ&%’.’?w Sl AT I LN T, NOK M:i Z)
B A DB bﬂ iR T AR 2L D L
YR AT A K ‘}"7)*%7#)’ LAtz Z0Mbi EHEM
DERUZ L MBI L H 2 00, BN &l b BT 50
BB LTS, LfJ’L A, SR E TGRS T
FICHIES B D D W TELEHFZLNLDT, ABELIC
l;u% I AR L T B AU R i HER A TTE L 7
LMl s,

AN TR & B 72020358 27 AL L adlimigc L - T,
e R SiRa sl L)M\fi‘ TR T 5 Z EH e Th - 7o,
PR MRS A I ) & ﬁ‘ﬂm%&’mi%%’(ilHMM'}’I X5
Z X AgaffEE b, IR ARSI BT A0 AT X 5,

b mm T s AR OB é T 1 f“*’ ELTwhh, i
AREIC A AL ISR T DR 2 W ISR T2 A 2 X TG
IJﬁHJ&i%i'rfwhH 777 b ludm» IR T E L 2, Tk R

F= LD T T T M EREO S L 757 Mk % R
C:|”Hisi§’l’f7g: A O e A A llhi'f:-:*'r/)vzﬁ N ED L R A
B bk, YIRS ZankH
7l ;wmh‘&h Y TAL mwun AR R sy TR S
i biLD,

ZTwh g,

BEH

1. Mitaka T, Sattler CA. Sattler GL, Sargent LM, Pitot HC.
Multiple cell cycles occur in rat hepatocytes cultured in the
presence of nicotinamide and epidermal factor.

Hepatology 1991;13:21-30.

Mitaka T. Sato F, Mizuguchi T, Yokono T. Mochizuki Y.

Reconstruction of hepatic organoid by rat small hepatocytes

growth

2

and hepatic nonparenchymal cells. Hepatology 1999; 29:111-
125.
3. Rodriguez-Reynoso S, Portilla E, Garcia D. Larios F,

46

N

. Mei DA. Gross GJ

Romero M, Muniz J, Vazquez G. Leal C. Blood flow rate and
energy charge in the isolated perfused canine liver. J Surg Res
2001:;99:40-46.

Foley DP, Vittimberga FJ, Quarfordt SH. Donohue SE,
Traylor AN, MacPhee J, McLaughlin T, Ricciardi R, Callery
MP. Meyers WC. Biliary secretion of extracorporeal porcine
livers with single and dual vessel perfusion. Transplantation
1999:68:362-368.

Nakamura N, Kamiyama Y. Takai S, Kamiya T. Imamura A
Matsui Y, Wei T. Kaibori M. Sato1 S. Saitoh T. Yoshida H,
Yoshida K, Kwon AH. Ex vivo liver perfusion with arterial
blood from a pig with wschemic liver failure. Artificial Organs
1999:23:153-160.

Horslen SP, Hammel JM, Fristoe LW, Kangas JA. Collier
DS, Sudan DL. Langnas AN. Dixon RS, Prentice ED. Shaw
BW Jr. Fox 1). Extracorporeal liver perfusion using human
and pig livers for acute liver failure. Transplantation 2000:70:
1472-1478.

Borie DC. Eyraud D, Boleslawski E, Lemoine A, Sebagh M,
Cramer DV, Roussi J.

noun L. Functional metabolic characteristics of intact pig

Imbert-Bismut F. Germain G. Han-
livers during prolonged extracorporeal perfusion: potential
for a unique biological liver-assist device. Transplantation
2001:72:393-405.

Dutkowski P, Odermatt B, Heinrich T, Schonfeld S. Watzka
M. Winkelbach V. Krysiak M, Junginger T. Hypothermic
oscillating liver perfusion stimulates ATP synthesis prior to
transplantation. Surg Res 1998:80:365-372. 1998

Schon MR, Kollmar O. Wolf S, Cshrem H, Matthes M,
Akkoc N, Cshnoy NC. Neuhaus P. Liver transplantation
after organ preservation with normothermic extracorporeal
114-123.

. Nithipatikom K. Simultaneous determi-

perfusion. Ann Surg 2001:233:

nation of adenosine. inosine. hypoxanthine. xanthine and
uric acid in microdialysis samples using microbore column
high-performance liquid chromatography with a diode array

detector. Anal Biochem 1996;238:34-39.

A g Vol. 10, No.2, 2002



S
BRRER (NT/OC/MaR) e @83 SIBEDELFHIIRE

Clinical Chemistry of Blood Serum Containing
Hemoglobin-vesicles as O, Carriers

W KD, Wl B0, BN BREY, il TTal, SEZIN LA, K AR, L seRD
Hiromi Sakai', Kenichi Tomiyama", Yohei Masada', Shinji Takeoka', Hirohisa Horinouchi®,
Koichi Kobayashi?, Eishun Tsuchida”

F3CiLER
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I, R KR E 50 vol % F TR L, Mg/ AL F AR 30S T o Bl & (TEIm i aiiic S 0k L, I oRifE 2 ki L7:, F
2DV AU Lo mdiicB LT, HbV &L L s (50,000g, 20 min) L 72 l"m‘, i f‘;..; DT R 2 b T v (4 50200 kDa)

UL 729%, EE 0N O EE (2,700¢, 30 min) (2 THbV s L7z o Mk A b A& & iz ir - 72, HbV sz
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£ 72HbVOIK s YIS B VB s I s i 24z, - 7, Fad 2 U THDY & op8f L 721 i T, 58 5 s CRLEI & B J:
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Abstract

A suspension of hemoglobin-vesicles (HbV) is an artificial O, carrying fluid for the substitution of the red blood cell function, and its O,
transporting ability in vivo has been extensively studied. It is important to clarify the interference of the HbV suspension on serum clinical
chemistry, and to establish a pretreatment method to avoid such an interference. The HbV suspension, acellular Hb solution (!Hb]=10g/dL),
or saline was mixed with a pooled human serum at various mixing ratios up to 30 vol%, and the magnitude of the interference effect of HbV and
Hb on 30 clinical laboratory tests was studied. The mixture of the HbV suspension and serum was ultracentrifuged (50,000g, 20 min) to remove
the HbV particles as a precipitate and the supernatant was analyzed and compared with the saline control group. The HbV was also removed
by centrifugation (2,700g. 30 min) in the presence of dextran (Mw. 200 kDa). The HbV suspension showed a considerable interference in most
laboratory tests, and most of which were more serious than those of the acellular FIb solution. These finding are thought to be due to the light
absorption of Hb in HbV and the light scattering derived from the suspension that interfere with the colorimetric and turbidimetric measurements.
The components of HbV may also interfere with or participate in the chemical reaction of the assays. Removal of the HbV from the supernatant

diminished the interference with the laboratory tests. This will be an advantage of HbV in comparison with acellular Hb solutions.

Keywords

clinical chemistry, interference effect. hemolysis, lipemia, blood substitutes
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Figure 1 Pictures of glass capitlartes for the hematocrit measurements
during the resuscitation of hemorrhagic shocked hamsters.
The centrituged glass capillary containing blood afier the
infusion of Oxyglobin (glutaraldehyde-polymerized bovine
Hb. Biopure Co.) showed a red colored supernatant due to
the presence of Hb components. In the case of HbV infu-
sion. HbV does not precipitate at the normal centrifugation
condition {10.000g. 5 min}. thercfore. the supernatant is red
and turhid.
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Figure 2 Absorption spectrum of Hb and HbV at t1Hb"  0.01 g/dL
in a 10mm cuvette measured using a UV/vis spectro-
photometer. The significant turbidity is confirmed espe-
cially at shorter wavelength for an HbV suspension.
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Blood Serum is diluted (~ 50 vol%) with
@ Saiine
@ HbV suspension ([Hb] = 10g/dL, in saline)

3 Hb solution ([Hb] = 10g/dL, in saline)
For @), HbV particles are removed by

@ Ultracentrifugation (50,000g, 20 min;)

(® Centrifugation (2,700g, 30 min)

in the presence of dextran (Mw = 200 kDa)

Clinical laboratory tests for the samples (D - (5.
The samples @ - B are compared with (D as a standard.

Figure 3 Experimental procedures for the study of clinical chemistry
of blood serum containing HbV.
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Figure 4 Clinical chemistry of human serum after mixing with HbV () and Hb (@). after removal of HbV by ultracentrifugation (- ). and
after removal of HbV by centrifugation in the presence of dextran (Dex) ( {). The interference effect was expressed as the changes (%)
from the value of serum mixed with saline at the same mixing ratio. Unsteady values were observed for AST. ALT. total and direct
bilirubins, and urea nitrogen with HbV. and for ¥-GTP. urea nitrogen and CPK with Hb. so that the plots were connected by broken
lines. The values in the parentheses are the analyte concentrations of the pooled serum. (AST. aspartate aminotransferase; ALT. alanine
aminotransferase: LDH. lactate dehvdrogenase: ALP, ulkaline phosphatase: y-GTP, y-glutamyltransferase; CPK. creatine phospho-
kinase).
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Table 1 Summary of the influence of the presence of Hb or HbV on blood serum clinical chemistry and the effect of removal of HLV by

ultracentrifugation or centrifugation in the presence of Dex to avoid the interference effect of HbV (Fig. 4).

interference cffect with a deviation exceeding the CLIA limits (ref. 20). We set the deviation limit of 20% for the analytes which do not have CLIA

(+) and ( - ) indicate the direction of

limits (indicated as ND). The degrec of interference effect was expressed as the volume ratios (vol%) of the Hb solution or the HbV suspension

mixed with the pooled serum at which the deviations do not exceed the CLIA limits or 20%.

50 vol%" indicates that the deviation does not exceed

the Hmit up to the maximum mixing ratio of 50 vol% (Hb concentration = 5 g/dl), and "< 10 vol%" indicates that the deviation exceeds the limit at

the mixing ratio of 10 vol% (Hb concentration = 1 g/dL). The concentrations of the annlylcs of the pooled serum are cxprcsscd i Fig. 4

Volumc ratio of Hb or HbV o( whxch {hc deviation dm.‘\ not
exceed the CLIA limit or 20%

Analyte CLIA limit e e e e e s
Hb nn\cd HbV nnxcd HbV» HbV/Dcx~
ullraccmnfug,pd centrifuged
1) Total protein + 10% (+), < 10 vol% (+), < 10 vol% 50 vol% 50 vol%
2) Albumin + 10% (+), < 10 vol% (+), < 10 vol% 50 vol% S0 vol%
3) Albumin/globulin ratio ND, used + 20% (-), < 10 vol% (-), < 10 vol% 50 vol% 50 vol%
4y AST? + 20% (+), < 10 vol% (+), < 10 vol% 50 vol% 50 vol%
5 ALT™ + 20% (+), < 30 vol% (+), < 10 vol% (+), < 20 vol% ® (+), < 40 vol% »
6) ILDH © + 20% (+), < 10 vol% (-).<30vol% 50 vol% 50 vol%
7y ALP?® + 30% 50 vol% (-3, <30 vol% 50 vol% 50 vol%
8) v -GTP*" ND, used + 20% {-), <20 vol% (-), <30 vol% 50 vol% 50 vol%
9) Total bilirubin + 0.4 mg/dL or + 20% ® (-), <40 vol% ™ (-), < 10vol%” 50 vol% ™ 50 vol% ™
10) Direct bilirubin ND » (-), <10 vol% ™ (-),< 10 vol% ™ 50 vol% ™ 50 vol% ™
11) Creatinine % 0.3 mg/dL or = 15% (+), < 20 vol% (-), =20 vol% (+), < 40 vol% {(-), <40 vol%
12) Urea nitrogen + 2 mg/dL. or 2 9% (+), < <40 vol% (-3 <30 vol% 50 vol% (-),<30vol%"”
13) Unc acid 1+ 17% (-, <20 vol% (), <20 vol% 50 vol% 50 vol%
14) Amylase + 30% (+), = 20 vol% (+), < 50 vol% 50 vol% 50 vol%
15) Lipase ND, used 20% (-), <50 vol% (i), <30 vol% 50 vol%e 50 vol%
16) CPK " + 30% (+), = 20 vol% (+), < 10 vol%% 50 vol% S50 vol%
17) Total cholesterol + 10% 50 vol% (+), < 10 vol% (-+), <50 vol9% 50 vol%

ND, used + 20%
ND, used + 20%

18) Free cholesterol

19) B -Lipoprotein

(+), <40 vol%
(+), < 10 vol%

(+), < 40 vol% *

(+), <30 vol%% *®

(+), < 20 vol% ¥
(+), < 10 volT% ®

(-+), < 10 vol%
(4, < 10 vol%

20) HDI .-cholesterol + 30% 50 vol% (+), < 50 vol% 50 vol% 50 vol%
21) Neutral fat (Triglyceride) + 25% 50 vol% 50 vol% (- 50 vol%
22) Phospholipid ND, used + 20% 50 vol% (+), < 10 vol% 50 vol% 50 vol%
23) Free fatty acid ND, used « 20% (-), <40 vol% (), < 40 vol% 50 vol% 50 vol%
24) Total lipid ND, used + 20% 50 vol% (+), < 10 vol% 50 vol% 50 vol%
25) K* + 0.5 mmol/L (used + 11%) 50 vol% 50 vol% 50 vol% 50 vol%
26) Ca* + 1 mg/dL (used = 10%) (+), < 20 vol% (+), = 10 vol% 50 vol% 50 vol%
27) Inorganic phosphate ND, used + 20% (+), <= 10 vol% (+), < 10 vol% 50 vol% 50 vol%
28) Mg™ + 25% 50 vol% (-), <30 vol% 50 vol% 50 vol%
29) Fe* + 20% (+), < 10 vol% {-), <20 vol% 50 vol% 50 vol%%
30) Cu™ ND, used + 20% 50 vol% (-),< 10 vol% 50 vol% 50 vol%

a) aspartate aminotransferase.

d) alkaline phosphatase. e) y-glutamyltransferase.

b) alanine aminotransferase.

c) lL-lactate dehydrogenase.

) creatine phosphokinase.

@) Interferences are seen even after the removal of HbV, however, the deviations are significanity decreased in comparison with the samples before

the HbV removal (see Fig. 4, No. 5, 18, and 19).

h) Due to the low concentrations of bilirubin in the pooled serum used (Total bilirubin 0.5 mg/dl., Direct bilirubin 0.2 mg/dl.) which are close to the

CLIA limit (0.4 mg/dL), the intercfercnce effect was judged if the analyte concentration is completely inhibited and the deviation shows - 100%

We determined that the ultracentrifugation and centnfugation allowed mecasurement.

1) A part of urea should bind to HbV/Dex precipitate.
j) Neutral fat should be phase scparated on the top of the supernatant.
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Abstract

Organ specific stem cells are defined as the cells that have the capability to self-renew and differentiate into functional cells. Among these stem
cells, hematopoietic stem cells (HSCs) are unique population since they can be enriched according to their cell surface markers. Mouse bone
marrow HSCs can be highly enriched in CD347/'o* ¢-Kit" Sca-1- Lin (CD34 KSL) cell fraction and we evaluated direct effects of various
cytokines on CD34-KSL cells clonally in serum depleted culture conditions in order to define which environmental factors affect HSCs. Most
of cytokines, act on hematopoietic cells, did not sustained CD34  KSL cell survival and proliferation. Only stem cell factor (SCF) or throm-
bopoietin (TPO) alone stimulated proliferation of CD34 KSL cell. CD34° KSL cell proliferation were observed in 79.3 £ 8.1 % of wells (n=30)
in the presence of SCF, and 50.0 = 15.6% (n=150) in the presence of TPO after 8 days of culture. When CD34 KSL cells were cultured in the
presence of SCF or TPO alone 2 days and subsequently cultured in the presence of both SCF and TPO for 4 days, better proliferation of CD34-
KSL cells was observed in the culture that was initiated with TPO at the end of culture period. More HPP-CFCs were observed in colony-forming
cells (CFCs) arose from 5 days culture in the presence of TPO (65%) than in SCF (49%). These data strongly support the notion that TPO and
SCF directly affect the HSCs and stimulated proliferation, and that SCF and TPO has discriminating effects on HSCs.

Keywords

hematopoiesis, hematopoietic stem cells, cytokine, cell division, stem cell factor, thrombopoietin
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Fig. 1 Schema of single call culture. CD34™1ow cKit* Sca-1* Lin™ calls were deposited at one
cell per well with cell sorter. The cells were cultured in serum-depleted medium supplemented
with various cytokines. The number of cells per well was moritored under a microscope untl
day 8 of culture.

Table 1. Effects of Cytokines on Clonal Proliferation of CD34'KSL cells
in Serum-Free Culture

Cytokine No. of wells Cells / Well
B analyzed 0 1 2-7 L

SCF 50 6 4 40 0
TPO 50 16 8 22 4
FIt-3 ligand 50 49 1 0 0
IL-3 32 12 4 1 0
VEGF 32 30 2 0 0
Epo 16 14 2 0 0
G-CSF 16 13 3 0 o]
GM-CSF 16 14 2 0 0
IL-6 16 14 2 0 0
-1 16 15 1 0 0
LIF 16 13 3 0 0
Oncostatin M 16 15 1 0 0

Single CD34™* c-Kit* Sca-1* Lin cell were seeded in each well containing
serum-depleted medium supplemented with the indicated cytokines. After
5 to 6 days of culture, the number of cells in each well were scored.

56

FRET LR, MERICREFET DIGTEI BRI S o0
SCF*TPOAHEML 2 VDA TH -T2 (Table 1). SCFD
HALIR N T, 79.3+ 8. 1% NHCD34-KSL#uASCF Iz L L g
WL 72, F72, TPOORIK TIE50.0+15.6%DCD34  KSLAHIY
AR L 72 (Fig. 2, Table 2).
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Days in Culture

Fig. 2 Effects of SCF and TPO on clonal proliferation of CD34 KSL cell.
Single CD347ow c-Kit* Sca-1* Lin~ cells were individually cultured in 200 ul

serum-depleted medium supplemented with 100 ng/ml mSCF or 20 ng/m
mTPO. Data from one representative experiment are shown.

Table 2. Etfects of SCF and TPO on proliferative
response of single CD34'KSL cell

Cytokine % proliferative clones
SCF 79.3 =* 8.1
TPO 50.0 * 156
SCF+TPO 90.0 =% 57

CD347" ¢c-Kit* Sca-1* Lin cells were sorted at one cell

per well in serum-depleted medium supplemented with
indicated cytokines. (n=50 cells) Cional growth in each

well was evaluated after 5 days culture. The data represent
the mean percentages = SD of clones that underwent cell
division at least ones in three individual experiments.
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Fig. 3 Effects of combination of SCF and TPO on clonal proliferation of CD34°KSL cell.

(A) Single CD340w ¢-Kit* Sca-1* Lin cells were individually cultured in 200 wl serum-
depleted medium supplemented with 100 ng/ml mSCF plus 20 ng/mi mTPO. (B) After

2 days of preincubation in 100 ng/ml mSCF, mTPO was added to each well at 20 ng/m!.

{C) After 2 days of preincubation in 20 ng/ml mTPO, mSCF was added to each well at
100 ng/mi.
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Table 3. Effects of Cytokine combinations on colony formation of single CD34'KSL cell

No. of colonies

Cytokines Total No. of cells TolalCFC  HPP-CFC  GM  Meg E E-Mix
Fresh Cells 50 45 43 23 2 0 20
SCF 145 (2.9 100 {2.2) 9 (1Y) 62 12 0 26
TPO 104 (21) 71 (18) § (1.1) 31 12 0 28
SCF+TPO 1422 (28. ) 1023(22.7) 383 (82) 858 70 3 95
SCF+Fit-3 figand 3427 133 (3.0) 4 (13 99 14 0 21
TPO+FIt-3 ligand 5 (1.9 7 (19 30 (07 60 9 0 18

Single CD34 ™ c-Kit' Sca-1- Lin cells were individually cultured in serum-depleted mudium supplemented
with designated cytokines. (n=50 cells) On day 5 of culture, number of cells in each well were scored. Then,
the cells in each well were washed and replated into the methylcellulose culture in the presence of SCF,
IL-3, IL-6, Epo, and TPO. Incubation was carried out for 12 days. *( ), fold increase.
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Assessement of Artificial Blood for Clinical Use:
Efficacy and Safety of Liposome-Encapsulated Hemoglobin

T a8 2
Masuhiko Takaori
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Abstract

Development and practical use of artificial blood is essential for sophisticated medicine in the new century. Specially, as an oxygen transporter,
new artificial red cell is desired to be developed sooner rather than substitutes of other blood components. It is an urgent object that the articial
red cell should be used to treat acute, unexpected hemorrhage and to shear in transfusion of donated blood supplementary. Furthermore there
will be another object that hemoglobin contained in red cells which were donated and expired for some reasons should be reused in medical field.
However the new developed artificial red cell must be adjusted to pharmaceutical criteria as a new drug and blood substitute, particularly its
safety, and must be satisfied for efficacy as an oxygen transporter. In this paper. we attempted to propose our designs and actual methods for

assessment and validation for them.

Keywords

artificial blood, artificial red cell, drug safety, drug efficacy, drug evaluation & validation, liposome-encapuslated hemoglobin
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Characrensiics of HbV and PEG-HbY compared with XLHb abd RBC
Parameiers XLHB® HbVY PEG-HbY RBC
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Hb (gedl} 10.0 10.2 10.0 ca. 1S
Lipid (g/dl} - 5.9 5.1 02
[HbYLipsd) - 1.73 1.75 75013
PEG-lipwd (mol*) - - 03 -
P (mmHg) 3 15 35 28
OTE %) 32 bt 38 28
metHb (%) <? <3 <3 <05
HbCO (%) <2 <2 <? <$
pH w1 37°C 14 74 14 74
Osmolality [mOsm) 300 300 300 300
Oncotic pressure (mmARe) 30 20 20 25
Viscosity (¢P) at 37°C 1.6 94 17 40

“intramolkeeular crosslinked hemoglobin with bis{3.5-dibromosalicylfumarnie (DBBF).

"Oxygen transporung efficiency: the difference in oxygen saturation (%) between pO. ol 40 and 100 mmHg
*Including membrane proteins (o | g/dh) as hipd.

* Oncotic pressure was adjusted by addition of y-human serum albumin.

oted from " Evluation olthe oxygen transporting capability of hemoglobin vessicles
Takeoha. S.. Sakai, 1. Kobayashi. K., Tsuchida, E. . lo: Bloog Substirutes - Present and future perspectives
Tsuchuda, E. ed Amserdam Elsevier Sci. 1998, 171184, ©
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Clone Sorting in 96U-Wel! Plate

Counting the Number of Cells in
individual Well under a Microscope

Fig. 1 Schema of single cell culture. CD34™1o% c-Kit* Sca-1¥ Lin™ cels were deposited at one
cell per well with cell sorter. The cells were cultured in serum-depleted medium supplemented
with various cytokines. The number of cells per well was monitored under a microscope until
day 8 of culture.

Table 1. Effects of Cytokines on Clonal Proliferation of CD34'KSL cells
in Serum-Free Culture

Cytokine No. of wells Cells / Well
analyzed 0 1 2-7 8=

SCF 50 6 4 40 0
TPO 50 16 8 22 4
FIt-3 ligand 50 49 1 o] 0
iL-3 32 12 4 1 0
VEGF 32 30 2 0 0
Epo 16 14 2 0 0
G-CSF 16 13 3 o] 0
GM-CSF 16 14 2 0 0
IL-6 16 14 2 0 0
IL-11 16 15 1 0 ¢}
LIF 16 13 3 0 0
Oncostatin M 16 15 1 0 0

Single CD34"™ ¢-Kit* Sca-1+ Lin' cell were seeded in each well containing
serum-depleted medium supplemented with the indicated cytokines. After
5 to 6 days of culture, the number of cells in each well were scored.

56
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Fig. 2 Effects of SCF and TPO on clonal proliferation of CD34 KSL cell.

Single CD347low c-Kit* Sca-17 Lin~ cells were individually cultured in 200 pl
serum-depteted medium supplemented with 100 ng/ml mSCF or 20 ng/ml
mTPO. Data from one representative experiment are shown.

Table 2. Effects of SCF and TPO on proliferative
response of single CD34'KSL cell

Cytokine % proliferative clones
SCF 79.3 £ 8.1
TPO 50.0 = 156
SCF+TPO 90.0 = 57

CD347 ¢c-Kit* Sca-1* Lin cells were sorted at one cell

per well in serum-depleted medium supplemented with
indicated cytokines. (n=50 cells) Clonal growth in each

well was evaluated after 5 days culture. The data represent
the mean percentages * SD of clones that underwent cell
division at least ones in three individual experiments.
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Cytokines that directly affect hematopoietic stem cells
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Abstract

Organ specific stem cells are defined as the cells that have the capability to self-renew and differentiate into functional cells. Among these stem
cells, hematopoietic stem cells (HSCs) are unique population since they can be enriched according 1o their cell surface markers. Mouse bone
marrow HSCs can be highly enriched in CD34-"% ¢-Kit* Sca-1* Lin {(CD34 KSL) cell fraction and we evaluated direct effects of various
cytokines on CD34-KSL cells clonally in serum depleted culture conditions in order to define which environmental factors affect HSCs. Most
of cytokines, act on hematopoietic cells, did not sustained CD34 KSL cell survival and proliferation. Only stem cell factor (SCF) or throm-
bopoietin (TPO) alone stimulated proliferation of CD34-KSL cell. CD34KSL cell proliferation were observed in 79.3 + &.1 % of wells (n=50)
in the presence of SCF, and 50.0 = 15.6% (n=50) in the presence of TPO after 8 days of culture. When CD34-KSL cells were cultured in the
presence of SCF or TPO alone 2 days and subsequently cultured in the presence of both SCF and TPO for 4 days, better proliferation of CD34

KSL cells was observed in the culture that was initiated with TPO at the end of culture period. More HPP-CFCs were observed in colony-forming
cells (CFCs) arose from 5 days culture in the presence of TPO (65%) than in SCF (49%). These data strongly support the notion that TPO and
SCF directly affect the HSCs and stimulated proliferation, and that SCF and TPO has discriminating effects on HSCs.

Keywords

hematopoiesis, hematopoietic stem cells, cytokine, cell division, stem cell factor, thrombopoietin
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Duration of efficacy of NRC (Neo Red Cell)
in a rat hemodilution model
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Youji Tsutsui, Tetsuhiro Kimura, Takanobu Ishizuka, Shinji Qomori, Takashi Shizawa, Hiroshi Goto,
Yoshitaka Ogata, Shinichi Kaneda
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Abstract

NRC (Neo Red Cell), liposome encapsulated hemoglobin, as a blood substitute has a long circulation time achieved by modification of the
liposomal surface with hydrophillic polymer. However. due to methemoglobin generation. it is thought that “hali-life of efficacy™ as the period
to reduction by half of actual oxygen transport efficiency should be estimated by circulation time of liposome and rate of methemoglobin
generation. In this study. to clarify the duration of efficacy of NRC. we examined the relationship between half-life of efficacy and efficiency in
improving oxygen metabolism in a rat hemodilution model. Male wistar rats were anaesthetized. and 75% blood exchange was carried out with
a homologous plasma. Either of NRC, RBC of human or rat or saline was administered at a dose of 20ml/kg. Indexes of hemodynamics and
blood lactate. blood gases as indexes of oxygen metabolism were measured. In addition. NRC-crit and methemoglobin generation were measured
in the NRC group. The results of NRC-crit (NRC volume as a percentage of blood) and methemoglobin generation suggested the half-life of
efficacy of NRC was about 6 hours. All of the rats of NRC and RBC groups survived. while some of the rats of saline and no-infusion groups
were dead within 6 hours after administration. The indexes of hemodynamics and oxygen metabolism in the NRC group were maintained the
same as them in RBC group for 6 hours after administration. These results confirmed that oxygen metabolism in rats administered NRC can be

maintained during the half-life of efficacy.

Keywords
NRC (Neo Red Cell), half-life of efficacy, oxygen metabolism, blood exchange, blood lactate
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Table 1

ultracentrifugation or centrifugation in the presence of Dex to avoid the interference cffect of HbV (Fig. 4).

interference effect with a deviation exceeding the CLLIA limits (ref. 20). We set the deviation limit of 20% for the analytes which do not have CLIA
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Summary of the influence of the presence of Hb or HbV on blood serum clinical chemistry and the effect of removal of HbV by

(+)and ( -

) indicate the direcction of

limits (indicated as ND). The degree of interference effcct was expressed as the volume ratios (vol%) of the Hb solution or the HbV suspension

mixed with the pooled serum at which the deviations do not exceed the CLIA limits or 20%.

the limit up to the maximum mixing ratio of 50 vol% (Hb concentration = 5 g/dL),

and "<

10 vol%"

"S0O vol%™" indicates that the deviation does not exceced

indicates that the deviation exceeds the limit at

the mixing ratio of 10 vol% (Hb concentration = 1 g/dL). The concentrations of the 1n’zlyxcs of the poolcd serum are cxprcsscd in l"ig. 4.

Volumc ratio of Hb or HbV of which the d:,vmllon dncx not
exceed the CLXA limit or 20%

Analyte CLIA limit S s e S S

Hb m:xcd HbV xmxcd HbVA HbV/Dcx~
ultracentrifuged ccntnﬁlgcd

1) Total protein + 10% (+), < 10 vol% (+), < 10 vol% 50 vol% 50 vol%

2) Albumin + 10% (+), < 10 vol% (+), < 10 vol% 50 vol% 50 vol%

3) Albumin/globulin ratio ND, used + 20% (-), < 10 vol% -), < 10 vol% 50 vol% 50 vol%

4y AST + 20% (+), < 10 vol% (+), < 10 vol% 50 vol% 50 vol%

5) ALT ™ + 20% (+), <30 vol% (+), < 10 vol% (+), = 20 vol% ¥ (+), <40 vol% ®

6) LDH®© + 20% (+), << 10 vol% (-), <30 vol% 50 vol% 50 vol%

7y ALP? + 30% 50 vol% (-),<30vol% 50 vol% 50 vol%

8) v -GTP " ND, used + 20% (-), <20 vol% (-), <30 vol% 50 vol% 50 vol%

9) Total bilirubin + 0.4 mg/dL or + 20% (-), <40 volZ ™ (-),<10vol% ™ 50 vol% ™ 50 vol% ™

10) Direct bilirubin ND"» -), < 10 vol% ® (-),<10vol%"™ 50 vol% » 50 vol% ™

11) Creatinine + 0.3 mg/dL or + 15% (+), <20 vol% (-), <20 vol% {(+), < 40 vol% -), <40 vol%

12) Urea nitrogen 2 mg/dl. or = 9% (+), < 40 vol% (-), <30 vol% 50 vol% (-),<30vol%"

13) Uric acid + 17% (-), <20 vol% (-), =20 vol% 50 vol% 50 vol%

14) Amylase +30% (+), < 20 vol% (+), < 50 vol% 50 vol% 50 vol%

15) Lipase ND, used 20% (-), <50 vol% (+), <30 vol% 50 vol% 50 vol%

16) CPK ® 4+ 30% (+), = 20 vol% (+), < 10 vol%% 50 vol% 50 vol%

17) Total cholesterol + 10% 50 vol% (+), < 10 vol% (+), <50 vol% 50 vol%

18) Free cholesterol

19) B -Lipoprotein

20) HDIL.~-cholesterol
21) Neutral fat (Triglyceride)
22) Phospholipid

23) Free fatty acid

24) Total lipid

25) K*

26) Ca™

27) Inorganic phosphate
28) Mg™

29) Fe™

30) Cu®

a) aspartate aminotransferase.

d) alkaline phosphatasc.

ND, used + 20%

ND, used + 20%

+ 30%

+ 25%

ND, used + 20%

ND, used = 20%

ND, used + 20%

+ 0.5 mmol/L. (used + 119
+ 1 mg/dL (used = 10%)
NI, used + 20%

+ 25%

+ 20%

ND, used + 20%

o)

(+), = 40 vol%
(+), < 10 vol9%
50 vol%
S0 vol%
50 vol%
(-), <40 vol%
S50 vol%
50 vol%
(+), < 20 vol%
(+), == 1O vol%
50 vol%
(+), < 10 vol%
50 vol%

b) alanine aminotransferase.

e) y-glutamyltransierase.

(+), < 10 vol%
(+), < 10 vol%

(+), < 50 vol%
50 vol%

(+), < 10 vol%
(-+), < 40 vol%
(+), < 10 vol%
50 vol%

(+4). < 10 vol%
(+), << 10 vol%
(-),<30vol%
(-), <20 vol%
(-9 <10 vol%

(+), < 40 vol9 *
(+), <30 vol%
50 vol%

(-7

50 vol%

50 vol%

50 vol%

50 vol%

50 vol%

50 vol%

50 vol%

50 vol%

50 vol%

¢) lL-lactate dehydrogenase.

) creatine phosphokinase.

(+), < 20 vol% ®
(+), < 10 vol% »
50 vol%

50 vol% »

50 vol%

50 vol%e

30 vol%

50 vol%

S50 vol%

50 vol%

S50 vol%

50 vol%

S50 vol%

@) Interferences are scen even after the removal of HbV, however, the deviations are significanlty decrcased in comparison with the samples before

the HbV removal (see Fig.

4, No. 5, 18, and 19).

h) Due to the low concentrations of bilirubin in the pooled serum used (Total bilirubin 0.5 mg/dL, Direct bilirubin 0.2 mg/dL.) which are close to the

CLIA limit (0.4 mg/dL), the intereference effect was judged if the analyte concentration is completely inhibited and the deviation shows -100%.

We determined that the ultracentrifugation and centrifugation allowed measurement.

i) A part of urea should bind to HbV/Dex precipitate.

i) Neutral fat should be phase separated on the top of the supernatant.
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infusion of ()\)globm (glutaraldchyde-polymerized bovine
Hb. Biopure Co.) showed a red colored supernatant due to

the presence of Hb components. In the case of HbV intu-

sion. HbV does not precipitate at the normal centrifugation
condition (10.000g. 3 min). therefore. the supernatant is red
and turbid.
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Clinical laboratory tests for the samples O - .
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Figure 3 Experimental procedures for the study of clinical chemistry
of blood serum containing HbV.
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Developement of ex vivo normothermic liver perfusion system
using artificial blood.

& OE, ke OBIK, AH 1T AOKRHIHIEE, kb £,
P ak, AR 1L PFHR—
Tadashi Katsuramaki, Akihiro Nui, Hitoshi Kikuchi, Kazuma Kukita, Minoru Nagayama,
Makoto Meguro, Hitoshi Kimura, Koichi Hirata.
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Abstract

Although there were normothermic extracorporeal liver perfusion circuits using physiological blood, true artificial perfusion systems have not
been developed. We tried to make an ex vivo functioning liver with an artifical perfusate that consisted of artificial blood in the pig liver. A liver
graft from a female pig weighing 20 kg was harvested in the usual manner. The perfusion solution used consisted of artificial blood, (Neo Red
Cell, Terumo Co.) L-15 medium, distilled water, bovine serum albumin, NaHCO,, NaOH, KCI, human regular insulin, 50% glucose solution,
and dexamethasone. The isolated liver was perfused with this oxygenated perfusate through the portal vein at a rate of 300 ml/min for 9 hr. During
perfusion, oxygen consumption of the liver was maintained at over 10 ml-O,/min until 4 hr after perfusion, however gradually decreased after
then. Production of ATP and amino acid metabolism was recognized. Histological examination showed almost normal hepatic architecture.
Although liver cells at just after laparotomy showed the absence of glycogen deposits by PAS staining, numerous liver cells exhibited
PAS-positive cytoplasmic glycogen deposits after 4 hr perfusion. These observations indicated that we succeeded in developing an ex vivo

functioning liver with an artificial perfusate employing use of artificial blood.

Keywords

liver, normothermic perfusion, artificial blood. extracorporeal perfusion

LI L 22N {10 2k %)n Ko TR, Lr LZhiss,
DA AT 7wy —OJEIT K RIS e s IR S B R & {1 s ﬂl A L < d % F*J’"%ﬂll
R IR RS E - TNV A K A U R ML 2T R ra K KA AN K247 X i

FUBLIE R IR A AFE R K T 060 8543 +L|[1'>‘E||1"|“JL|><:|’(:J 1 kaLil(i I 11 First Department of Sur;{cr)‘, Sapporo Medical Uni\'m*
sity. School of Medicine, South 1, West -16, Chuo ku, Sapporo, 060 8543, Japan.

i T 6 TH R 6 2R

42 A 1 Vol 10, No.20 2002



THY, LHCBESTEEARII S > Tuh vl d
b, i, ANEERTI iHI%JJHJr\fJ‘ LM L T Zends, i
S N 1 i MR S DR LR ETH S

#ébn&h.é%k,%mmﬂwmm&éit&m¢@
DN HEEHL LN, REZET

4z s
b X = DR 1B

T LT 595 /vx—//mm SR AT A -
L5 (NO)Y oGl x 74027 2 /BT, NOE Mok 2
AR AN OB L 2 »)1L7 HERRhTT AR =k
9% wwnwww RS DL Lithon, 2Oz ERg
DERUT L DRI L H 2 010, ﬁ”‘r‘l“hﬁ D WL IET A
'%/JUBZ)fL@ 9. L LZ4h, HJ| TIAAFER KR TR
wu%%éﬁ7‘>ﬁT%f» ﬂ&ﬂ@,“&*bvk

SC & 7 MR & I L
Hribits,

A Dt & Bl 72 e e N T L A dEindic £ - T
RN % M S 20 A8 S (AP TR MR T 2 Z X e T H - 7o,
lwﬂnbhﬂkmwgﬂwﬁankv Hm%?fkﬂ¢9+”JWa¢NVI*«té
Tl by, W EE T BT AN NIF T X 4,
zmzm IRES AR LD T I IR LT D%, 2
WREIZ A AU ISR IE T A B W ICHHF TR 2 2 TR
HJfHu%$f¢hﬁ 777 MEgs IR T X5 2 1, ‘ufinzF
F—= LTS 7 Mg YOS L 7T 7 Mg FERGE
IMAE 3L 2k, HER S AL D AP0 s EEA
XLk, Y HEIS '7)))_’4%;&‘4‘79 IntB, DL
A 2R D 2 2 TN O 727 RN e sy T & 3
FXUbILA

TEfUT ld] AR A e TRELZ 7

\___

BE IR

1. Mitaka T. Sattler CA, Sattler GL, Sargent LM, Pitot HC.
Multiple cell cycles occur in rat hepatocytes cultured in the
presence of nicotinamide and epidermal factor.

Hepatology 1991;13:21-30.

Mitaka T, Sato F, Mizuguchi T, Yokono T, Mochizuki Y.

Reconstruction of hepatic organoid by rat small hepatocytes

growth

S8

and hepatic nonparenchymal cells. Hepatology 1999; 29:111-
125.
3. Rodriguez-Reynoso S, Portilla E, Garcia D, Larios F.

46

Romero M, Muniz J, Vazquez G, Leal C. Blood flow rate and
energy charge in the isolated perfused canine liver. J Surg Res
2001:99:40-46.

Foley DP, Vittimberga FJ, Quarfordt SH. Donohue SE,
Traylor AN, MacPhee J, McLaughlin T, Ricciardi R, Callery
MP. Meyers WC. Biliary secretion of extracorporeal porcine
livers with single and dual vessel perfusion. Transplantation
1999:68:362-368.

Nakamura N, Kamiyama Y. Takai S, Kamiya T, Imamura A,
Matsui Y, Wei T, Kaibori M. Satoi S, Saitoh T. Yoshida H,
Yoshida K, Kwon AH. Ex vivo liver perfusion with arterial
blood from a pig with i1schemic liver failure. Artificial Organs
1999:23:153-160.

Horslen SP, Hammel JM, Fristoe LW, Kangas JA, Collier
DS. Sudan DL, Dixon RS. Prentice ED. Shaw

BW Jr, Fox 1J. Extracorporeal liver perfusion using human

Langnas AN,

and pig livers for acute liver failure. Transplantation 2000:70:
1472-1478.

Borie DC. Eyraud D. Bolestawski E. Lemoine A, Sebagh M.
Cramer DV, Roussi J,

noun L. Functional metabolic characteristics of intact pig

Imbert-Bismut F, Germain G, Han-

livers during prolonged extracorporeal perfusion: potential
for a unique biological liver-assist device.
2001:72:393-405.

Dutkowski P, Odermatt B. Heinrich T. Schonfeld S. Watzka
M. Winkelbach V, Krysiak M, Junginger T. Hypothermic
oscillating liver perfusion stimulates ATP synthesis prior to
transplantation, Surg Res 1998:80:365-372. 1998

Schén MR. Kollmar O, Wolf S, Cshrem H. Matthes M.
Akkoc N, Cshnoy NC, Neuhaus P. Liver transplantation

Transplantation

after organ preservation with normothermic extracorporeal
perfusion. Ann Surg 2001;233: 114-123.

. Mei DA, Gross GJ, Nithipatikom K. Simultaneous determi-

nation of adenosine, inosine, hypoxanthine. xanthine and
uric acid in microdialysis samples using microbore column
high-performance liquid chromatography with a diode array

detector. Anal Biochem 1996;238:34-39.

ALl Vol. 10, No.2, 2002



(T 7oty
101 /644501 < 4 < 1000,
(O, x RT/P) < (1/10),

n0), (mmol/L) - [ [Fg £ HL AL ( prcfpost)\
(g/dL) - % F~E 7o it (g/dl)) x
NRCA 5 (5 S 4072w 3 4 (ml/dL) =

n’ﬁ% ®

. /.gmufﬁqz‘@iﬁ} , BAFNE
WA R O 4 u)l “"':i;’m']”iﬁl( W Torrk) 1% - Tu7z,
E BRI DR ) PR 4 W % T 1360 Torrl) FTH-H 72
SN A M X L 270 Torrbl X 7% ) Z D %Rz b L7,
Wi RS Ll R R 4 DA AT A 13 L00 96 0L < TH - 7207,
Wit Jl(ﬂ"(m.(fld)ﬁh—‘% SRS L A B E TIETO%VI N TH » 72
A5 WER A 2 B e LA L70%LI 470 (14 3)

>
o

5 ' <.
[ c
s c
S5 oAm- :)\g K
2 3
¢ R
& g
EREE T 814
> | z
% | °
! 43
el J
T 24

perfugion cect T pertusion peri

Fig. 3 Changes of oxygen pressure (A) and oxygen saturation of

NRC (B). Open circles indicate perfusate of inflow, and closed
circles indicate that of outflow.
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Fig.4 Changes of oxygen consumption in perfusate. Oxygen con-
sumption was mostly over 10 ml-O./min until 4hr after per-
fusion, and then gradually decreased.
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Fig. 5 Bile production. Bile was producted over 2 ml/hr until 3 hr
after reperfusion. However. bile production were gradually
decreased after 5 hr.
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Fig. 6 Changes of AST in perfusate. AST was almost the same level
until 6 hr after perfusion. However. AST was increased atter 7
hr.
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