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Plasma Substitutes

B E
Masuhiko Takaori

MAFEBRIL) > ERICIEE o7z, L72d%o TIROBRIMBIEROER L R oTWnab, 2L TRERATHEOBERIZIZTT L
DRVATHRAHRET A EMFLEL LS. $LMBFORMEBESTEEDIMET LT AEBEIIHEE SN L4, g
EVERBOIMETINTEMHERSIBEE 22, T4bbHMND > THLMEEOHM KL FHUDBEBEIIEBE SN, &4
PHEFEEND, LIl MIREZNES2H oW HMBERICHSZ LIZI3E4ORE S 5. 207 0BT THEATMYE
FIORREISTOI TR, REEFMEIFEFEIEVIOREE I TV RV, BETIER- L EEMEREEEE ISRV D
AELTWHICBER . L LAHLERICIREEECB T A HEROBELETREBEEOTE S S BT b IR m K - Eh
ZRAH A, FORE, KEFRIECOBREBEERLHMILE R EFEET L. BRIEZOL S 2EERORE &/ Bz,
LDEBK RS DOREHIFLENS. KRBV TUIBRACB T 2 RBMEROBRIGHICOWTRET L, AH MR OBEGIC
DWTHNTAH,

Body fluid circulation has preliminarily initiated from the lymph circulation and plasma circulation in the vascular system is an original form of the
blood circulation. Therefore a development of good artificial blood should be sustained new development of adequate artificial colloid, i.e plasma
substitute. In the present time, acute, massive hemorrhage can be treated to maintain human life by replacement of the circulating blood with plasma
substitute until his hematocrit value falls down to a half of normal level. Contrary when his plasma volume would be reduced to 3/4 amount of the
normal, his circulatory dynamics should be impaired crucially and his vital function could not be maintained. The plasma substitute is sometimes
superior to homologous blood transfusion, specially for the treatment of acute, unexpected, massive hemorrhage. Therefore many artificial colloids
were applied to manifucture plasma substitute for the past several decades. Nevertheless a few plasma substitutes, such as dextran, hydroxyethyl
starch and modified gelatin, have been used in pracice at present. However other many artificial colloids have been abandoned for medical use,
because of their antigenicity, long termed tissue retention, red cell aggregation, hemostatic dysfunction and etc. In this paper, the author wishes to

discuss the problems related to the complications and futurity of the plasma substitute in practice.
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A) MERSFENG
(1) Hemoglobin .........cceeercerrennnne

(2) Modified Human Globin ......

(3) Bovine Serum Albumin.......
(4) Aminokrovin ...,

(5) L103.ineieeereeenennne
(6) Aminol .......cccevecereererinnenene.
(7) Human Albumin ...................
(8) Human Plasma.......................

B) fBE2>/NVH
(1) Gelatin ......ccceeveevrnreereeeenenne.

(2) Modified Fluid Gelatin .........
(3) Oxypolygelatin .....................

(4) Isinglass ......ccceeeeveeeerennnenn.
(5) Casein ....coveerevrererreniireenenens

C) 2mEE

(1) AcCaSia ....cceceeeveerecneieeeniiee
(2) Pectin ....ceceeveerereeeeeieenne.
(3) Methylcellulose ....................
(4) Starch ....ccceevevevecnriireenane.
(5) Hydroxyethyl Starch..............

(6) Dextran .......cccceeveeveevereernnen.
(7) Hydrodextran ........................
(8) Levan .....cooevevvveeeeeeeeenne,

(9) Alginate ......ceeevereerenenanee.
(10) Glucomer ...........ccccourverinnenee..

D) {LREEREAF
(1) Polyvinylpyrrolidone ............
(2) Polyvinylalcohol ...................
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3. BEMH ST 5 E 2 mAEH

dextran hydroxyethyl starch modified fluid gelatin
s polysaccharide polysaccharide polypeptide
SYE 60-75X 10° 60-400 X 10° 30-40 X 10°
BIRIRAE 6% 6% 3-4%
BLE biosynthesis sorghum starchiZ T F 1L > TVOREEIF L&
T¥HA FeEHSES THEBES
o4 FREEGSME) 1.65 — 2.15
#axt ki (c.p.s. at 25C) 2.56 2.21 2.15
PR FEE RIS S RFER RER
(ICDFEBRITTN)
BRIk - (+) EbhoTthizwn )
BiE 7 VAL (—) () (+)
SIS SIS T i} 25%5E 2t 0-50% 10% LA
Pt 60%LL LR 90% LA LR A 90% LA LR
TA4TN =T 0E (+) (+)? ()
pinocytosis (+) (+) (£)?
osmotic nephrosis (+) (+) (£)?
intercompartmental fluid (+) () (—)
movement
I 4% o352 £ (half time) 5-12hrs 5-10hrs 3-4hrs

BLEEDING
TIME(MN.)
- »
o o (-3
T
]

L — — - DEXTRANTS i
---- DEXTRAN 40
\ — hes

PERCENTPLATELETS
ADHERING TO GLASS
]

T

- \
20 \

0
BEFORE END OF 2HRS 24 HRS 48 HRS ¥ 8DAYS
HD HD AFTER HEMODILUTION

B3, AL MRS % IR Sh s BB OEE & /MU SRk L
DOBRGEXI13L VY EIH)

WKREL Do HELTWAE. LIETFADx, ZOMONKH
MR T 120 ) BRREERE O F B I3 EKICH T ORGSR T
TH)TLPEETH S LRERTIT TS,

3.2. HM{&ERM

A MAEHTE S & %) L MSHEORBE B L Clds <
HEN TV S, Horvaths WIEIEE F F L idDxi2 b L Tl
BAOBENLLRVE L TWwD, Al ST FEYHBIMET70mLO
BERFERES CHNE L EEO ANV BEB TS F VRt RS
L, BRI BMER 23205 Z L3k o795, REREE
THRIEMEEEA2E S, /M EREIRRSROTI%IET T 5
ZEERDL EMEEICBT MR EREOELOEEMIX
5 { iEBloom 5 2, Lewis ©'9([X3), Bygdeman'¥, % D7%Bennett
BN > THRIEEN LA THA. # L TAberg59i13Dx

4

M4, gt 7 4 7)) YRAIICE S s B ImEGEEY
G317 Y51

HO/MR-EVIIRF £ OS2I L, Zhrsi/Maft#FiEnE
TEETH 2 LRI, Lo LEBOBROBIZHWTHH
M2 A LB LIS UISTEH & hoa i s i34« ol F
FEET B (FL)., 7 AEHAIIRENB L) ICEEICE b2
747 VERICHY, FOFRIIDGFAFHAIN TS
DIZBRMBEIFEE IR LB —REkoTn5,
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F4 RAMBRS IS Bl SN BIHR T 5 R

1A BRI S B E R 7R
M/ME FRE OB E
fibrinogen> ¥ & 2 0 4 F43F & DRI
fibrinPI~\D T 0 4 FHIEIC & 2 MAFRTIL
BMBA ORMIRERAC & % MBHHETIL
FAH I 3R

MM E LR RE L)
P/ I A P ot ¥ 2

BiRE LR

1) SHREANC & B BT AR

33. BEMAROIKE, HMEHR

RAMEFER 25 L -BOBRMEEOWEHNRIZFOMHIM
oo FOBERBEEIKFEL TS, 2LTEOBEEST
BZDOBESFORKICOERT 2S00, —EIIIZSTFED
WFITKELA. 2L TIEBREREEI K & 2 THIRE
ZIEND S MEMICEA L TIHEEFHET LS. THIIK
LRI BRI EOBE ST 0 & E& M/ D#
REHEBENOBAT, B O DRPNOHIICEERL, chd s
FORRIIHEINS S ODFTFEIKE 2 UE—E8 I M
BATIIA R, MBEEHEFDHFRRIRLEL S, LALRELWAL
LMD F b FNFKRACMEBERICEE T L 3EIn%
WOT, EORER D> TRHL T50HAE T TRAMIER R
IZB7-DRE, REIhTELLIATHA.

T4 DMRER A Z IR E L7 Ml AREE TIdDx40CER 5T
£40,000), I 7ziZHES450( 34T £450,000) & % F\V TR

WREAT, NREPWOMB AT 27 1) v MEZ10%IET X
H7235612Dx40, HES450L b ITHREMIED 22 & ¢, MlLPE
PO BKFEMEMNIEALTVWSE I EFNTDHOR, FHIZE D
WM E OIS, & IZDx40TIRE LW I L HTH LN
®, LA LDxIZ L AMEAHRTIE, #024ER%TIEt LA
EVRA L TWT, BROEEHEFOTE CIZHESIZE > TW5b D
EWRBDLNT(KS). —MIIHTRIVNE UL, —BWOMTE
BEHEINIKRE 22300, ZOREREIIERINLS). 7272
LS T oS iRE EOZRBIY 4 X, 6 P20k
RICHHBEIND, 7oL 2 IZDXEHES & % B L 77354, 207
RMEEHEESER, HEDRICZBVTIIDxOS 875,000+ Y
3 HHESDZ T &13400,000~450,000 & % 5. ¥ 7-fLH MO
55223 52 EOBESHINTICD HEE2 ST, ThbbAik
DHAIRILIZ B 5 35E B RILEER IO E 4134 7% (Z6).
S HIZEMERTA L WD MEEHIMOREE L R OB B
TR—AHMEER 2 AV HE TOMBEERNOBRE L IZR %25
Z LB B (FE). FORRIIHATII WS, CHMEY & [
G SN ERORE, RAMEFORE S EHE, L
BRLTWAbDLEEHENS.

3.4. RERIS

AHMER & LTHYWO N b ORBEWETH AL, T4
DLEBWES T TH D Lo HARIMER L L TOMB®RICH
HEEZRIZTOONH L. H5HVITFOHARDERREEANE
FLTVEDDIZ Db, FOLOoKS5HEK, &5VIIEERS
BOFUR - RGO O I BREHICES 2272000 %
Mo fz. K7L Ring, Messmer " DFEER LA LV OTH S
A, SORICALND L ITRILKFEROAL IO A F, Dx,

RS 7 A LT 40, HES450% AV CHBEMRIC L 2 MEHRE 1T - 20 KA ESEEOLEEGEG 8L V31

Plasma Stage
Factor Substitute 2 3 4 5
Plasma volume Dextran 40 55+2 122+ 5 98 + 8 70+ 2 62 +
(mL/kg) HES 49+ 2 98 +4 87+3 73+ 3 69+7
Hematocrit Dextran 40 40+ 1 10+ 0 12+1 17+ 1 23+ 1
(%) HES 43+2 9+ 1 11+1 13+1 1742
Volume of erythrocyte Dextran 40 33+2 13+1 131 151 18+ 1
mass (mL/kg) HES 35+£2 10+ 1 10+1 1m+1 13+1
TBV Dextran 40 84 +3 134+ 6 109 + 8 83+ 3 78+ 5
(mL/kg) HES 79+ 3 107 + 4 97+ 3 83+3 81+7
CBV Dextran 40 19.6 + 0.3 229+20 195+ 24 178+ 1.6 156+ 1.7
(mL/kg) HES 16.6 + 0.3 164 + 0.9 155+ 1.4 17.0 + 0.7 173+ 15
CBV/TBV Dextran 40 0.22 0.17 0.18 0.21 0.20
(ratio) HES 0.20 0.15 0.16 0.20 0.21
Extracellular fluid Dextran 40 195+ 14 246 + 12 237+ 6 242 + 16 210+ 14
volume (mL/kg) HES 174 £ 6 240 + 7 231+ 11 216 £ 12 210 £ 22
Interstitial fluid Dextran 40 140 + 16 1249 139 £ 8 172+ 13 148 + 14
volume (mL/kg) HES 125+ 7 142+ 10 144+9 143+ 9 141 + 18
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changes to control (%)

160

140

----O 7%MFG-40
————————— 7% Dx-70

120~

10% Dx-40
6% Dx-60

100

R R
SO O 4% MFG-40
R 0 3% MFG-35
80 ] ] hd ]
control immediately 2hrs 4hrs

after hemodilution
Dx-40 FHHFR 40X103 F¥2 + 51 MFG35 FHHFR 3BX10? GEES 7
Dx60 Fi#4FR 60X103 F*¥ZX b MFG40 FHHFR 40X103 BEY 5 F>
Dx70 F#4FR 70X10° FFIX bS5

5. 5 F DR 5 K RICHMEH 2 A CIEHRZ 17 - 728
DIEIR M & DFERFHIZAL

HESIZHBL TETF U2 EME LTS 4 FRIDL DT
BERNPEL, POBELZLOLRSN LD, HESEDxTOR
ERIZGKELRENFTDOON LW, FLFKALBERAEICIE
LHENBED LN, BETORELENLL VD, F7-DxIIxT
BUEDRERA Y =T, I V72— AEBROIZBVTDH
BETHDBM, Lo LD % Keid K5 75 E(1,000 Dalton)
DDXDFHRGIZ L > THIET A Z EHDUEETH B2,

3.5. MAKEZEAL

B IMAER OREEE X —MRICIEF M ORE L ) HWI(E
8). L2 LEMERKIZB W TR MR % fEH ¥ 5 B A
M bn)ze, MHKOMBHEIIMET S 5(0H7). €07
HRMMEESDRWA L, CHAHEISEMNT 5. ZHATHMIC
HLTANETOEY 288 LaWIUHILRH 2R LT K4
MBANOBRFRMA T T OIRBL 2> T b, L2 > T
R A HMEROHEF S VEEILRTFRINLLHEED
W T ¥, REHBNOBREMGEI A TEL 25T L
B HP,

3.6. EAS KRG
RAMFEROIZRGIZE SR VIFIZB T 2 BB AR S
5. T$hbbDxiR5Il Lo TMEE 7V 7 I VAl I S %
HENFDH LY, TLEHEMOy-7OT) v ERSTAILIZES
TT7LNTIVAEIMTIHIENE Z DRI LR D LNTWVAS
%, 5 LD I 20— AIELTT VT I VAR
RS A EEM D B 54, Rothschild 5207 -7 70—
L Dleucine L 1) IAAIRFE X BHZE L 7in vitro COMR T 7 F
AbTEFDOLDIZEHEAEHOIENIZL , DxIxGRIZR
LNAET7TIVT I EROEHEIINEOBREREEFAICL S
DEFBRINTV 5,

3.7. BN RHEHE
Vickery", Riickhardt® 5 ASEE L7 AT v A FOMRILA S

6

changes to control (%)

1401
/o‘ ~
130 ;
o
120} "o hydrated
: dehydrated

101

100

90
control 30 90 180 min

after hemodilution

B i34H HOBOKHIRZ ZITHRBEIZBWT4%DEL ZRL T,

(6. BLAIREE L. & % B T MA AR 1T - 2B OIERMBE R

18 4 DR DpinocytosisiZ L B DTH B A, TOHRIT L I
HARICBWTERIIED NS, Thbb{AMELHRS L
Be, EEROZFROBARPRHMEO 204 FEEITERLT
WB 72D, FOHICEBIRTNEEYICHT L EREN OB T
FHENS, T4 bbSchild® 5 DFFFET b in vitro T O T2
LB BHERT VT I OEKEERRER- BRI, e ofH
MAEFNZ U TIPS BE S YD LRUIREND L9 I2FD
WAL LTOBEDKTHFRDOONS, S5 IZRESYORIL
ERK(X8), T~ F MF T U DinvivoTORE - HIEETLAHM
FHZE BB TIIANZROEYBRFEDOBETHIAD S
5.

& b (ZLohnborg S ™I HER MM & 1T 5 BEEHRIZL T,
FARERTICS00mMLODx % #5 L T, Th2EZEOBNRMEEIC
WY 5, PHERT VT I OE KEERBIGEED, S
REF L7z, 2O RDxDREIRGIH»IZT VT I Y EREGEE
BENEIETSEZ., Lo LZOBRTENINNGREDI25%T
Hol:Zlhb, COEBIBRRHICERLZTNTELEVY
DOIPE)PITFEMTHDE LTS,

4. KANFEFOBRKEREN

4.1. MFEDHEM
MEBAHAZLLLBEUDLDLEAE, FHUIL - THHE
DWREREILEHMETIHEI S . TabblMIZL 5
Hext Ay Z MR #E (absolute hypovolemia) DL E, & 5\ IMMEKD
PRI B ZMRE DS E, 72 RETF717F 2 — -
Yavy, BIEES a v, 5VITEHERE:, BE/RE:C
I ARMERREDHLZIZH VS Z A%\, LA LIEXTHIC 4
BEVEAL, WhWAMEREE R LISHEIHCEZEbDH
5. TORBWLIGEL L TGS S, TR TIIEERE
ARMERBERN THILMES 3 v 7 ORBEECIHEF 2 EICHY
HIEWNHDH., SHIZMBRBOBRIIAVLEELH 5.

4.2. KA MR =
KB TOMMLEIROBFEN LB OND.
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(a) LR E OB S SRR MEIR ML & O 8 hn

(b) MABFFUIZHE ) MBKEEDOET

) KM A FIz k Z)7?11[[5*6‘5%%0)ﬁ@l@‘f*(disaggregation)

(@ WAL TIE—EDREE CL2ABEEELZ V., 22 LI
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R7zF. RIS LHAR0%I2% 5 &, He 2550% D & & 01728

®6. AR TBMEH © AV CIARETo 72 L EOERIN .«
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BH AR MEERE

6%7TFAIT 70 5%7 FUMER 048 0.91
2 saline 0.47 0.97
” ” 0.54 0.96
” FLEEY) 4 050 1.04
10% 7% A F5 -40 saline 0.25 1.59
” FLERY 7V 051 1.26
A%BEIEE 5 F -40  saline 0.42 0.93

K7 ABMEREH IS T 7 14 5% 2 —BRIBRER
GRC19& Y 51H)

infusions No. of incidence
colloid registered | anaphylactoid (%)
(1975) reactions
plasma protein:
serum solutions 25582 5 0.019
human serum albumin 60048 7 0.011
total 85630 12 0.014
dextran*:
dextran-60/75 34621 24 0.069
dextran-40 51261 4 0.007
total 85882 28 0.032
gelatin:
urea-linked gelatin 6151 9 0.146
oxypolygelatin 810 2 0.617
modified fluid gel 6028 4 0.066
total 12989 15 0.115
starch:
hydroxyethyl starch 16405 14 0.085
total 200906 69 0.033

* includes dextran from 5 manufacturers.
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FTIEHIHIC TRz T8 L, AR S 2 h, Lidrh
PREERZET A, 20D OWEFIH LT, HEOMmS
NIRRT, MEEOFE-ERICHEVONE. F 780Uk
MEWEMOBED MRS I CHVWS NS,

5. AHMEHE L TDELEMH

AR RMROET 5EHE, KEIIL V. ThH5DBTIZON
TALBEZREYE LTEHI AT L ITEBMEL LCHET
5. BERCRAMEL LTAVWAATIBEICHEL VLS

Fe. AHMER OB ERE M4, BRMERE O
GR22X H51H)

HhRE
(CPS.)at37C
K 0.70020.002
ARk 0.71240.001
1% BEYSFUH 0.964+0.000
k-3 1.35440.114
4% BEXYTF UK 1.72340.001
6 % THFEANTI0M 2.057+0.002
6 % HES-100i& 2.208+0.002
10% FHFA LT 40 2.930%4.005




Viscosity(cps)@ 46 sec shear rate
10} HES
4% MFG
10% Dx-40
plasma
6% Dx-70
S 1% MFG

/ saline

1 1 1 1

20 30 40 50 Ht (%)

7. M A BRI BF ) OB OBk GR 322 & 0 51HD)

9. NAHMER G RICE O W 2 AREREE T — IR T V7
IVEREEWRBIEIC X A@ERX27X 0 51H)

Substance? cpm/cpm in controls
Dextran 40 1.0

Dextran 70 14
Hydroxyethyl starch 1.6

Gelatin 1.7

PVP 1.8

Plasma 4.1°

a:specified in Table 1; 0.2ml plasma from infused animals
was added to the incubation medium of 2.8ml.
b:significantly different from controls.
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NORMAL, 1 HOUR AFTER INFUSION

UNTREATED

T/2 - min

ALBUMIN Dx40 Dx70 GELATIN HES PLASMA PVP
ap: >0.05 <0.001 <0.01 <0.001 >0.05 - <0.05

Disappearance rate of 51Cr-RBC after i.v. injection.
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M/ DI RERTE

Cold Preservation of Platelets

I —, it —, B e
Koichi Niwa, Kenji Ikebuchi, Sadayoshi Sekiguchi

RIE /MR EFI(PC)IF A IZ FiR(20-24C) TIRE L 22O RIFT 5 2 L HHB DTSN TV B, M/MIEHNIE 19704 MFE £ TidaT
TRE STV LA, BIEOEBRRG A LA S ERIRAER S0k < o7z, PCORTERIBIE, MAMAE AT BRI MR =
N2, £ —RBALCHESHEEL2WEEE LT, BRTE3HE, 7TAYATHSHLEGLEDOLNTE Y, SEHEAE
BET&2 &) 2EBRFEOBIFE TN TS, KBEFIC L 2 M/MEHREDOHIIE, M/MKAMEIRIC & 0 iFEMILT 2 - L ickeR
THEEZOND., £IT, KRBT 2 RMMSEEL L 2V E ) 20EBE S AIZZ 5 5V, ARTE, KRIC L 2 /MK
EHELOMF L, /MEBH OERRAE B 5 BE 0 H R 2 B30T 5.

Currently platelet concentrates (PC) should be stored at room temperature (20-24°C) with agitation. In the years preceding 1970, platelets had been
stored at 4°C. However, the storage under refrigeration was avoided because the storage at 4°C resulted in a marked shortening of post transfusion
viability of platelets. PC can be stored only for 3 days in Japan and for 5 days in the United States, because of the potential of bacteria propagation.
The needs for development of the cold storage has been arising. Low temperature causes the activation of platelets, which is supposed to be
associated with the storage injury. Therefore, the inhibition of platelet activation must be essential to the cold storage. In the present article, the

authors describe an overview of the mechanisms of cold activation in platelets and the current state of the research for cold storage.
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Research Division, Hokkaido Red Cross Blood Center, Yamanote 2-2, Nishi-ku
Sapporo 063, Japan.
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3.2. Antifreeze glycoproteins (AFGPs)
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DETYVE TR, FOHER, B L Tz i/MUTERED
/T3 #965%, AFGPSHLE L 7-M/MRTId#30% &, &AL
PRI ENT Wiz, 72, 4CT21HBERYERE L2 M/MRT,
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MR, ELEOM/METIXIZIZ100% DM AGPS3 2 RE L Tw
755, AFGPs% iRIN L THRAF L 72 M/MRTI320% &, {EHEALH™HD
Ao TWwiz, 220, BEE T % MAEIZRE L /MR T
i3, RIBRFICLDGPS3DEREMAHTE e ole. TDTE
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AFGPsMRIRIZ &£ AMIBBOBEL I CBF I L Gh o Tk
WS, AF U FrRVIERT A2 L, BETC X A IRERE
BUERT A b EdELZ LN TWA, AFGPsiZ T 2HMmE L
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H5B. L LASHRAFGPsOERSFEH O MIc 3N, Zffi% {4
ATED L)L, MBHEHOEERFIICHTE 527N
bdH 5.

3.3.ThromboSol
LifeCell Corporationtt i3 fIL/IMR DR IBARAE R B RFE D 72 D12
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2. ThromboSol D LA,

amiloride 0.25mM
adenosine 0.1mM
sodium nitroprusside 50uM
dipyridamole 40uM
quinacrine 0.2uM
ticlopidine 0.75mM
ThromboSol % Bi% L 72. ThromboSolid 217K T HLELA 5 & Bk

EIC, EICM/MEARRE % %1 TEMIET 2 $ TOMBATER
R IR L CiMR O IEHAL 2 3§15 5.

FEWOMERRRE L HHEICHB L TH <. amiloridel IFIRE &
LTHWLR TV AEAT, HFAELONy/HRHES%* HET
5. COFBBHBAOPHIE T VA U EIEE, [Ca*li kB2
EN B, adenosinelZA2ZHBERICEALTCTTFToIIVEL 75— F
TIEHALL, cAMPOEAZRET S, cAMPIZCa* L ARICEE
LHIBREA Y Ry ey Py —T, M/MRIZBWTIZ[Ca®iD
EREHHIL, MAMROERALEZ T 5. sodium nitroprusside
IINOZHHEZEDL, NORT 7T NVEEY 75 —FREHILL, B
IKGMP(cGMP)E % i1 &€ 5. cGMPIZcAMP & 178 L T[Ca®]i
DEREMEHITHELEZ LN TEY, HEL L TIAMOERAL
TS 5. dipyridamoleld, cAMP%: 3T ABEZETHAH 7+ A
TV ITATT—EEBEET L0, ERE L TAMPYERT
%. quinacrineld 7+ A7 4 ) N—FMEHELTT 7% F B
DEAZHEIT 5. ticlopidineld M/MRIIFIIRZH T 545,
DERBFEIL L T o T,

Connor 5213, 22Cd 5\ 34 CTOHMIRAE L2 @HDOPCE,
ThromboSol % i1l L T4'CTRAF L 7-PCOM/ME#EEES, in vitro
THBHRET L7, 4CTHRE L M/MRIE T EE DbaloondK 12 7% -
THBHOHBENOERAEL LTz, F7-2CTRELZDDIC
B, M/MIEEAERT L, BEREY 3 v 7 BIERBHSR)RPETE
BB(ESC)H345 - T\ 7z, ThiZxf L, ThromboSol% i1 L4TCTT
RAE L 72 M/MRIE, baloondRIZ 72 o Tvazz & O DRI PR I3 X
CRINTIz, FM/MERIE22 C TR L 2PC L R
T, %HSR, ESCOEIZHEME CATRFL/ZPCL Y bEH» -
72. 3 DIIGMP-140D ) EGHEAEI, 22°CTHRA L 72I/MR &
") % ThromboSol & M L T4CTREFE L 72 b DD/ MK, EMEAL
PIHIE T Wiz Z AR E 7.

Z D & 9 |ZThromboSoliH IR R A L T b /M E &ML S &
F, TBED I CRESEL V) BIF RSB LA TV
% . ThromboSol D E K DFF# L, ThromboSol % HE ¥ 2 ¥
A, WTFRHBICMO B TRRICBVWONATVWEATHA ).
SH%OBROESIL, RIBRA L 72 M/MIOB %4 kN F O
{&.F % ThromboSol 25T 5 HE»Tdh 5. 4%, ThromboSol %k
H7- B EBRRPEREBRIHRE I NS 0L B, /MK
BREFOERLGBFETEE) 2HRNATH 5.

4. BhH)IC
AR % BREFE D 2 B2 IR L, RRFEEBROBIK
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Establishment of Rat Model of High Blood Exchange
by Neo Red Cell(NRC)

Naoyuki Yanagida®, Toru Tamaki", Akio Kawamura®, Akira Isizaki”, Masahiro Okano",
Masahiro Takahashi®, Mitsuko Tanaka?, Jun-ichi Meguro?, Kazutaka Kukita”, Motoki Yonekawa",
Yoshitaka Ogata®, Hideo Fukui®

APO—=TT7)=ANEFQE %KY —AIZH TEIVAL L 72Neo Red Cel(NRC:TERUMO) 2 o> M # A e 12 ot L CREE BN
AL, MBEEMARATE FRMERIEPMLTEY, B 3 v 7 EFVIIH L TREIHEGENI BT LA X, Sy e Ldg)
WEHWEBRRATHREIN TV, 40, NRCEAWT, HOROEROATIIEFARTRELIIEEE LS v MIEKHBRE TV 21
B L7z. Brown Norway(BN)H#H 7 v b % FV> TNRCT80%IA LOBEMBACH % 1TV, IHAZIINRC % 1mL/hr D% B T8RRI REbe A%
WLz, BERAICIRIL L C, —ARRIN, MEEH RS9 %2iTo 2, MEBERHE®%T, ~N~Y b2 Yy MH)43.551.9%137.1+1.5%~ &
BT L, MERHREIISIS5L3.8%EFIE SN, BRI Y R 5347 Tldbase excess(B.E.)IE-1.37+1.10mM7* 5-7.77 £0.35mM -~ & &1L,
L, fBME7 ¥ F— 2 RV 7248, 24BERI#%1C131.23+20.98mM & [IfE %278 L7z, RBBEOHOZRRIZEILIZE R, 248E/H%, 488
ft%, 728, LEAMZRIIBWTENRER, 71115, 85£1.9, 127122, 155%54, 441+33%TH D, 24-48E5FLIE, HT D
EMARGEHEE LG, DARTIIZIZRMEICE L2, MERHEE, S 5ICNRCFRREHELZMAAZ LICZLD, v FTNRCICE S
#185% D B M AT RE TH o 72, HIDHIEDS0%ICEIE S 5 $ TR ET 205, F0O8, NRCIIEDLBEEREL LT
BREL TWA L Bbh/, s, LEMTHYEIZIZHHMEICESEL, 15 BULOBMERLB L.

It has been proved that liposome-encapsulated hemoglobin, named Neo Red Cell(NRC) can be safely administered and is effective to treat animals
(such as canine and rabbit) under hemorrhagic shock, because NRC has a lower oxygen affinity than other blood substitutes and has an oxygen-
hemoglobin dissociation curve similar to human hemoglobin. We made a high grade blood exchange model with NRC in rats. Brown Norway rats
were used. We extracted blood from rats at a rate of 1.5mL/15-30sec, and transfused NRC at a rate of 1.7mL/15-30 sec. The exchange rate was about
85%. After blood exchange, NRC was continuously administered intravenously at a rate of 1mL/hr for 8 hrs. Complete blood count and blood gas
analysis were done. Hematocrit(Ht) decreased from 43.5+1.9% to 7.1 1.5%, and the rate of exchange was calculated at 83.5 +3.8%. Base excess
decreased from -1.37 = 1.10mM to -7.77 £0.35mM, however metabolic acidosis was improved within 24 hours. Ht was 7.1 £ 1.5% immediately
after blood exchange, 8.5+ 1.9% 24 hrs after, 12.7+2.20% 48 hrs after, 15.515.4% 72 hrs after, and 44.1 +3.3% one week after. It was suggested
that hematogenous function was improving 48 hrs after the blood exchange. It was proved that a high grade blood exchange about 85% could be
performed by adding c.i.v. of NRC. It took over 72 hrs to improve to 50% of the preexchange level in Ht value and one week to improve completely,
and it was concluded that NRC had an effective function as an artificial oxygen carrier. —Keywords: Artificial blood, Neo Red Cell(NRC),
Hematocrit, Blood exchange.
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Hospital, 2) 7-)V EHA XM L > & —, Terumo Corporation. Red Cell(NRC:TERUMO) 3t > i #E At 457 1= e L € W It
ALBRALRRIHEE T 0034LIE T 1 [X BALWE6-6-11-3, Sapporo Hokuyu Hospital, . el . i | _?‘&ﬁ o . & @: }

6-6-11-3 Higashisapporo, Shiroishi-ku, Sapporo 003, Japan. PEL, BEEEA e PROEKISGEMLTBY, Rl 2y s
B OCEAT96E 7 A18H, BRA97HEIA10H, ZHITHEIA19A. TV LTREIHRGFSN)HIEHFA X, FE M bHh
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Blood was extraced from the right carotid
artery at a speed of 1.5ml/ 15-30 seC <

Interval > 3 min.
NRC was transfused in the right jugular=—&
vein at a speed of 1.7 ml/ 15-30 sec.

Diethyl ether

After blood exchange, NRC was continuously
infused in the right jugular vein at a speed of
0.5 - 1.0 ml/ hr for 8 hours.

Brown Norway rat,
male, 220-290 g

Fig.1. Schema of blood exchange model.

B HOWIEBRRTHIENTWES, LiL, v MoBi
HIMBRBEE T VISR T BRSIERTE TV
v, bhvbiud, NRCEHWT, X ) H%htotal body rinse % H
I, BORMROATIIEFATERIZEEBELS v OB
BEFNEER L.

2. Ak
2.1. Neo Red CellD3A%Y

TERUMO X W fit5- 3172, NRC(NRCEET%E LT, 5%
bovine serum albumin % 1l 2. CFEE 2 & EA300-310mOsm/LIZ % 5
EHICRBINIZL DY A,

2.2. MK #

FEERE) & LT, $KE220-290gD Brown Norway(BN)HME S v
FEHVn=6). T v MIT—FVORAREEEERS)TICEH
HWIMIEEMZ, FEEERICEFNFRI )2 SN D7 —
TIVEEA, BN S 15-308 01 TLSmLOBR M %2 47\, 38
BIRA A S5FA € — FCLIMLONRCEHEAT B &\ #fE % 8-
15EREDRT LK o TMEEHE 1T - 729, Z OB RIE
3FEDA V& =V E BWTAT - 72(Figl). BRI~ L2
Dy PEREL LTEEL, 75-85%F TR L 72 (Fig.2). Ttk
HERPICEBRAON F—F VEkE L, BEEREONF—F
V&, ) TR TEBAVTNRCZ ImL/hrd 3B TR+
HEEL7:. Z0%, EERAOY T —FVidIkEL, BED
r—VATEEEAE, KIS TEE PG L 2. maBscHa, &
%, BLUZO%, BEMICRIML, —EMI0, mEYT 25
{707z,

3. f&R
BEOMBITROMER, Rl a v 7 1L 2EEH LTI}
ol MEHETH, 2BB0TUNICEEL, STe8okt R

Exchange rate(%) = Ht before blood exchange - Ht atter blood exchange 100

Ht before blood exchange

Fig.2. The formula of the rate of blood exchange.
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Fig.3. The change of hematocrit after blood exchange.
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Fig.4. The change of Pco, and Po, after blood exchange.
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NRCZ Wz M#BIHRIC L Y, FRiMBRS01.3+44.1X104L, ~
~ M2y MHY)43.5+1.9%, M/MR86.0+5.4X104uLIzFh 2
N128.8+259X104puL, 7.1£1.5%, 35.0+17.5X104YpL ~NEET
L, HYED S MAASHRIT83.543.8% & 58 & /- (5fK78.7%,
% 87.3%)(Fig.3).

BYIR ML A 53#7 C 3B R 13 112.3+17.0mmHg 2> 5274.0+
123.1lmmHg~, ZEMLRFSIEIF49.7+4.4mmHgH 552.4+
3.5mmHg™ & 21t L 72(Fig.4). ¥ 7-, base excess(B.E.)i3-1.37+
1.10mM#»* 5-7.77£0.35mM~N L B4k L, M@ HIc & ) g
T Y F= Y AE T2, 24B812131.23£0.98mM & A7 %
R L72(Fig.5). BB OHMOBREEMEICIIE, 248/1%, 488F
th, 728, GARBIIBWTERFN, 7.14£1.5, 8.5+
1.9, 12.7+22%, 155+5.4, 44.1+33%THhH ), 24-48E5HE 1L
e, HOOEMEELSEE LGS, AR TIIIZIEICET S
T & AShh o 72(Fig.3).

6B, BT IR0 o 7225, 26i5%H HNo.6)-7HH
NoMHIZFET L7z, FETHORF, MR+ EHFOE™E %k
FEI R/, No2)DEN L B L 72, BB BT CILER
PETIRL TWeds, IZIZEF AN TED, Kupfferdiia
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Fig.5. The change of base excess after blood exchange.

Liver, HE Spleen, HE

Fig.6-a. Normal rat sacrificed 7 days after blood exchange.
Slight dilatation of sinusoid (liver) and phagocytosis by
macrophage (spleen) are observed.

Liver, HE

Spleen, HE

Fig.6-b. Histological representation of rat dead 7 days after
blood exchange. Marked dilatation of sinusoid (liver) and
phagocytosis by macrophage (spleen) are observed.

77 =VICETORESRFRON. —F, BEBIIBW T
TIZHFAOFE LWLR, 7)) v U HBEOBIESBE SR, BT
~r7u 77— VICERLEREHIHE S N7 (Fig.6ab).
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4. EE
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Fig.7. The change of platelet after blood exchange.
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The Oxygen Transporting Capability of Hemoglobin Vesicle,
an Artificial Oxygen Carrier, Evaluated in a Rat
Hemorrhagic Shock Model

Akira Yoshizu", Takeshi Yamahata?, Yotaro Izumi", Hirohisa Horinouchi?, Kouichi Kobayashi",
Sung Ick Park?, Hiromi Sakai?, Shinji Takeoka?, Hiroyuki Nishide?, Eishun Tsuchida?

Wity 3 v 7 (JERILEED50%) 1% L CALEEEERE, ~E70 /M MakEbWV) &5 L, TOBERERELIRET L. HbV
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PMEBBIRICE A DT — TV ERAL, Bk DB & 3R Bk & 0 BB OTRES 2T o7, BEREROBEL U CHRMEAT R, F
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IZH LHbVEETI3100%, RBCEETIZ120%F THITE L2725, ALBEETIIS0% IS T WENREL D AREIEL 7. ERHBIUEKRE
PtO2id Bl % &8 CIHRIMAT O#40% F TIET L 722 Z R O% G IR LA, H5&TEE TIEBRMATIZH LHbVEETIZ80%,
RBCEETI1390% % THIE L7275, ALBEETIZ60%ICE T VANREL W AEIEr o7/, RKBHET ¥ F-AQBHMEEBETEDO LN
A, BREESELI05TEELA O N, BEICEEZI b o7, FERTIE, MAPB X UEKE, BREOPOOBMY 3 v~
5 OEHEIZHOVEE ERBCHETIIFEE TH D ALBE EHRTRH Th o7, T X VHOVORRFEEREITHMEDL a v 7128V T
FRIMER L IZIZFAZETH oI EZ SN,

The oxygen carrying capability of an artificial oxygen carrier Hemoglobin Vesicle(HbV) was evaluated in a rat hemorrhagic shock model(50% of
circulating blood volume was withdrawn). Catheters were inserted into the jugular vein for infusion and the carotid artery for bleeding and blood
sampling. As indices of oxygen transport, arterial blood gases, mean arterial pressure(MAP), tissue oxygen tensions(PtO2) of skeletal muscle and
renal cortex were measured. The materials infused were HbV reconstituted in 5% albumin with hemoglobin(Hb) concentration of 10g/dL(HbV
group), 5% albumin(ALB group), and washed rat red blood cells reconstituted in 5% albumin with Hb concentration of 10g/dL, equivalent to that
of HbV(RBC group). In all the groups, MAP decreased to 20% of the initial value after bleeding. After infusion, MAP recovered to 100% of the
initial value in the HbV group, 120% in the RBC group but remained at 80% in the ALB group, which was significantly lower than the other groups.
Skeletal muscle and renal cortical PtO2 decreased to 40% of the initial value after bleeding in all the groups. After infusion, skeletal muscle and renal
cortical PtOz recovered to 80% in the HbV group, 90% in the RBC group but remained at 60% in the ALB group, which was significantly lower than
the other groups. Metabolic acidosis was observed in all the groups after bleeding which recovered 30 minutes after infusion with no significant
differences among groups. From the fact that the recovery of MAP and PtO2 measurements after infusion were similar in the HbV and RBC groups
and significantly better compared to the ALB group, we conclude that the oxygen carrying capability of HbV was comparable to that of red blood
cell. —Key words:Hemorrhagic shock, Artificial oxygen carrier, Hemoglobin vesicle, Renal cortical tissue oxygen tension, Skeletal muscle tissue
oxygen tension, Oxygen transport.

1) BREHUKFEZ I EL, Department of Surgery, School of Medicine, Keio University, 2) RfHKZFB TEREMA L~ ¥ — 85 FILFEFREE,
Department of Polymer Chemistry, Advanced Research Institute for Science and Engineering, Waseda University.

BREHRRNFERFEIIEL, T 160 TEIERH15 X (5 2 8]35, Department of Surgery, School of Medicine, Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo
160, Japan.

WOCEATTHIATH, THITHEIA21H.

18 ALIM# Vol 5, No. 1, 1997




Bleeding,

Polygraph system

Needle type
O2-eleclrode

Injection

Reference
electrode

Needle type
Oz-electrode N

Fig.1. The representative diagram of the experiment.

Table 1. Characteristics of HbV

[Hb](g/dL) 10
[Lipid](g/dL) 6.2
Hb/Lipid(g/g) 1.61
diameter(nm) 251187
Pso(mmHg) 32

Hill number 2.2
pH(at 37C) 7.4
Viscosity(cP,.at 230 s-1) 2.6
HbCO(%) 2
metHb(%) 3

initial rate of
metHb formation(%/h)* 1.4
*at 37°C, PO2 =149Torr

1. 3UBHIC

I % ARMERERMLIE, BRREZICERLBRE R L.
L2 LA  HaRIMERE N X MBI B ASIFAE S 5 72 T 0 ¥
EREG IR L TRERRILETDH), FADSEIILDHE
THREOMEIGEEEE SN TS, FRMOIKICH L TZF0E
FIZOWTh A LRl H 5. 25 L-ZRELI) R Hm
DY OBFEERE T I2HRDA BT HEIEE IR,
BRICHTRE ATBREEREICLELLGL LTIE, DIFT
BRFELSINTBELMAGT CERL, BT Ta sz
E, DERMEFIC—EREE TV BEEEREK: LToBikr 4
ITEHT L, NEERBISTT2EMI 2 &, R EFET
Lia., HBRYIhE PROFRASHERLTESNIEHEATS
7 ¥ (Hb)BW(99.9% L Y% IR E — A FETHBEL-~EF D
E /PR SO DFM LTI RESE AT 5 ATE
FERED—DOTHL. ZOYHICBIT A8 L L T3k
02um&/h& <, auAf FREEORE I T TEMEREIES
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Fig.2. Changes in hematocrit (Hct).
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Fig.3. Changes in mean arterial pressure (MAP).

#1=P<0.05 RBC vs HbV, ALB.

Thh, SHIBHERTOHBRELEHD S Z LATEE, LA bt
M dcpl &) T &, Psold32Torr & BEFHAEE IR M EK &
D DEHBICBIT 2BEBBEIREVE V) T EEHH 5.
LRI A 3T v b 2O SSREITE 7V 1280 TR R RS
EOELHLE L-HWVOBRKEREOFME B o0, &
DEBRIC BV THOVIZRIMER & 12IZFSE OB ERELH T2 &
Zxbhl:, NIEFEREIHEERIIBNTH FOREICH
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DE—OFIHMEY 3 v 7 1T T /5 THBEZEL bR
oo FERTIEI Yy FEHWARO®EY 3 vy Z7EFLIZBVT
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2. FEEMNR
2.1. HoVO %Y

PRI OB OICE Y & =TI F R 5. Hb DRSS
RETBRERMERALEERTFEL Y ¥ — L W5 L D iTo 7.
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Fig.4. Changes in arterial oxygen tension (Pa0z).
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Fig.5. Changes in arterial carbon dioxide tension (PaCOz2).

HbCOE i (40g/dL) % 137>, Z 1LIZDL-homocysteine(Hey, Aldrich)
% 15mM,pyridoxal 5°-phosphate(PLP, Merck) % Hb(Zx} L T 34&mol
WL 7. HbVOREELSICIE, 1,2-dipalmitoyl-sn-glycero-3-
phosphatidylcholine(DPPC), cholesterol, 1,2-dipalmitoyl-sn-glycero-
3-phophatidylglycerol(DPPG), ¥ & UFa-tocopherol(o-Toc. Merck)
# Hvy, #K % DPPC/cholesterol/DPPG/o-Toc=10/10/2/0.2(€ )V
e L7, ZoORARE*HCOBHIIAHR L THONSERE
Mg E T A P V—T 3 VI ) EEICILE022umD T 1
VE —%EBEETREZ025umIZHIE L7z, SkHEOHbE 3k
Bk, BEXMTHOVIEET 2 BEICTHARN T2 L
12 & HYHbCO%ZHbCOAUZER L, 5% TV 7 X »(pH7.4,37C) 4
B & ¢ THbE R % 10g/dL (ZFAHT L 72,

2.2. HoVO i (Table 1)

FARIZ251 E87TnmICH S 7z, X P AE S O ¥ ¥ (metHb)i
FEI33%LL T, HbCOBEE 2% T TH o7z, BEEBEPs0)id
32TorrlZFAKT L 7. HbiBE % 10g/dLE LT BEIBE 136.2g/dL
EELMA SN HBASEAVEZREISRT VT I VBHT
TR 7272 OHERE1E8-9cp(230 s-1) & ML & ) 2% 1) Ed o 7z,

20

15
1 - -
.05 - o
0 +
-.05 4 -
—-O— ALB i
171 o Hov -
-15 -~ RBC =
h I
-2 v v r —_
Base Bleeding Injection  After 30 mins
Fig.6. Changes in arterial pH.
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Fig.7. Changes in arterial base excess (BE).

2.3. HkigFRMIRODARY

AR mMT v MEMEEELCL EEERFE LB TV T
IVT2EBEEL T v M RERILER % 57, HbEEIZHDY & [k
1210g/dLE L7z, 72, HRSANICKRERBICL VBREISREZ LS
W ERREFEL:.

2.4 3%
EREIME, AR5 — T v PR2IL(RE3T6 L 15 R AR E L
7z,

2.5. B A%(Fig.1)
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F—IZER L, MEHZEEEHKNLE, Polygraph System) i T
¥RMEMAP) % 5 I llE, igkL7:. F/, AHry—7u
PORIM, RiilxBI ko7, REERYT—T VL) &R
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(POE-10N, 4 » % — A FA A Vi) A LR OMBHESTE
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Fig.8. Changes in renal cortical tissue oxygen tension (PtO2).
#2=P>0.05 HbV vs ALB.
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AEHR 5%, HetfEIZALBEE & HbVEEIC B\ THIED#50% 12
BT L7z, Shid, HEEBERIEEDSEE LRI EAs RIS
FERILBEDHS0%TH -7z Bbh.
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Fig.9. Changes in skeletal muscle tissue oxygen tension (PtO2).
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