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Abstract

Introduction: Splanchnic hypoperfusion is central to the pathogenesis of acute respiratory
dysfunction syndrome (ARDS) and multiple organ dysfunction syndrome (MODS) after
hemorrhagic shock (HS), which is a leading cause of morality in patients with severe trauma;
however, the underlying mechanism remains unclear. The purpose of this study was to
examine whether liposome-encapsulated hemoglobin (LEH) improves oxygen metabolism in rat
small intestine after HS.

Methods: HS was induced by withdrawing blood, and mean arterial pressure was
maintained at 40 mmHg for 30 minutes. Rats were then resuscitated with shed blood +2 X
shed blood volume in normal saline or LEH (equivalent volume to shed blood)+2 X shed blood
volume in normal saline over 120 minutes. The small intestines were harvested at four
different time points: before HS, after HS, and at 40 and 120 minutes of resuscitation. The
tissue levels of lactate and alanine (umol/g) were measured with 'H magnetic resonance
spectroscopy. Data are expressed as means * SD and were compared by means of one-way
analysis of variance followed by post hoc analysis using Fisher’s protected least significant

difference (n=>5 in each group).
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Results: There was no significant difference in hemodynamics between the shed blood

and LEH groups. Improvements in intestinal lactate and alanine levels with resuscitation were

equivalent in between the shed blood and LEH groups.

Conclusion: LEH appears to have a comparable oxygen carrying capacity to blood and

may serve as a useful blood substitute.
(HARRERRFEFSMERE  2007; 3: 89-95)

Key words: artificial blood, hemorrhagic shock, intestinal ischemia,

multiple organ dysfunction syndrome, acute lung injury
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organ dysfunction syndrome : MODS) &, HIEA e
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dihydrothiazine hydrochloride, SIGMA CHEMICAL
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JEEF (YSI 4000A thermometer, (k) HI%¥U A T
A7 A) THlEL, i lamp % v T 37.5~385C
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PENIE Uil &Rl & # B L, FILE LNV &
30 MR L7z Yay 2Tk D AR B
L7z4zii+ B ATdk (Bl o> 2 f5 &), 1) LEH
B LEH (Bl & S5) +/RMaifk (FimsEo 2
fii) % 2 RER 2 TRl G- L 7.

Z v MEEEBORER

Sy PHIMMEY sy 2 EFVDA Vg v IR
(n=5), B; Ya v Z7#Tk (n=5), C: £M¥EOE
A BG40 230%% (n=5), D ; BRAEBIAA 120 5% (n=5),
E ; LEH B ORRAERIG 40 53 (n=5), F; #RAERLK
120 55 (n=5) DOEEA > b THINE L HE AR5 LR %
#15cm Yk L7z, 'H-MRS #ll 52 @ 72 12 [l % ) B
L7259y ME, 1R ¥ bR L T—Ly
Dk L, BGTREBERLICLEIE ST WKL
ML § AR AR E TP TR L, 'H-MRS #ll &
T T-80C THREFEL.

Sham # T, B, BIEREDRZITHT, MEE
TIo4I#E - LEH # & [ U R CIEE =% —
&I lactate fED M E & 175 7=

'H-MRS IZ & 3 B E % lactate & & U alanine D
HIE

A~DCTHWM L =Bk %, BTV ABREEE
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'H-MRS T 4 #f L 72. #l % 1£70 Tesla Fourier
transformation (FT)-MR spectrometer (LA-300WB,
(¥) HAETF) % H\ T proton ® 18 & Ik % 300
MHz, pulse # 0 & LI 10.5 sec, 1l &5 FH 6,000
Hz, #J/K® signal % homogated decoupling method
WZCTHIHIL, 200 M OFEH % 1T - 72, lactate B L O
alanine @ 0.6 B € # 1 PR AL AE VS WIS CTRERE L 72
chemical shift fEi7> 5 #E D spectrum F® lactate 3
X UF alanine ®-CHs HH 3 @ peak % assign L, #1L#
N peak THFE % T lactate B X UF alanine O & =
ZATo 7z, WEOBRBEIXRER Y72 D @ mole B (CF
¥ R ) TR L7

M= lactate AlFE

Wity s v 7 7 MICBNT, A~DD4 RS~
b TENZEN 200 ul OEPIRILZ FRECL, 4°C, 10,000
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THE FCORAF L 720 U L 7o, FLIRIIE kit
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Fig. 1 Changes in mean arterial pressures (MAP).
After rats were anesthetized, the left femoral artery
was cannulated and MAP was continuously
monitored. Hemorrhagic shock was induced by
withdrawing arterial blood (1 ml/min). MAP was
reduced to 40 mmHg and maintained for 30 minutes
by reinfusing or withdrawing blood as needed. At
the end of hemorrhagic shock, rats were
resuscitated with shed blood+2X shed blood
volume in normal saline (NS); whole blood (WB)
group or LEH (equivalent volume to shed blood) + 2
X shed blood volume in NS; LEH group over 120
minutes. Sham  group underwent identical
procedures without hemorrhagic shock and
resuscitation. Data are expressed as the mean = SD.
There was no difference in MAP between WB
group and LEH group. At Pre-shock and R60 to
R120, there were no differences MAP of WB, LEH
and sham groups (¥*p<<0.01).

R30, 60, 90 and120: at 30, 60, 90 and 120 minutes of
resuscitation.

F® [72xh - vr7~] W) BEEfEs) 2Hw, #
i £ %% (COMBAS MIRA PULS (¥k) H A Roche)
TIfiLH lactate Z#15%E L7,

et

TEH LI — R E T 2 Fv, Z20#%0%
HEM%E X Fisher's protected least  significant
difference - CTHIT L, fGRMREEH 005 DL F 2 HEED
D EHIEL.

mEZS (Fig. 1)

Ya vy 7 oFEYERINEMLKTIX, £, LEH
BICBWTHBETH 2. Y3 v 7 BROBAEICEN
MmHEEER L, &lfEs LEH#HETERBIIBWTEH
HEIBRD SN2, F72, AlMBEE LEH B,
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Fig. 2 Plasma lactate levels.

Blood samples (0.2 m! each) were collected from
arterial line at pre-shock, post-shock, R40 and R120
(resuscitated at 40 and 120 minutes). The
concentrations of lactate in arterial plasma were
measured using an enzymatic assay (Sigma, St.
Louis, Mo) and COBAS MIRA plus (Roche
Diagnostics K.K., Tokyo). Data are expressed as
mean = SD. There was no difference in lactate levels
between whole blood (WB) group and liposome-
encapsulated hemoglobin (LEH) group.

*indicates that the plasma lactate levels at post-
shock in WB and LEH groups was significantly
greater than that the others (p<<0.01).

WA B AR 2 60 250D s 5 C sham #F & il 2SI FREE £
ToEL, EBKT FCHERF s N

M lactate (Fig. 2)

21, LEH # oIl lactate fHix, >3 v 7T
RECHREMHICEL, TOREIMBERE & BITKT, #
ABAE 120 0 F8ICIE Y a v ZRIMEE CTRE L2 &
FERA V MZBWTaME & LEH # o Il lactate
EICHEEZIRL, YavroRE 528058
FAROLEREIIFEE TH -7z, sham # T,
FEGREEY, BREEZREO T FHR L.

IR EMED lactate £V alanine (Fig. 3 a, b)

M, LEHHORSE lactate fliid > 3 v 7 10K
EAEICE L, #RAEBGE 40 5% 20 5 R 2 ITIKT,
voa vy 2Rl BRAERIMG 40 4, 120 S RECAH EE
137 %o 72, alanine fEix, £I#, LEH # T lactate
ERBRICY 3 v 7R TRICIREMEE 20, BRARIIRE
EBITIERT L, BRAEBAME 120 0 88ICIE v 3 v ZHiflE &
MR Tt L7, EBRiEEd, 4amiE LEH &
THUERA ¥+ OBEEMREE lactate B X U alanine
EICHEZI R L, BEToORMORE, BEAGD
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Table 1 Characteristic of LEH

Diameter : 200nm
Components
Stroma free hemoglobin
Liposome : Phosphatidylcholine
: Cholesterol
: Myristic acid
Inositol-hexaphosphoric acid
Hemoglobin concentration: 6 g/d!

Half life in serum 224 hr
Methemoglobin ratio 1 =5%

Pso 145 ~ 55 mmHg
Viscosity :2cP

WEREEICEIRDO LD o7, sham BETIE, FEEREE
B, FEERIMEOF FHER L /2.

z =

1. Hlt%S =3 v 7EOBREENI 25 ICRIFTHE

INFETOMZEICEY, WY 3 v 7125 &<
ALI % MODS O #HEICIE, BERIMA R BES 35
CEDBHLNR Lo TETWBEY, Koike 515 v b
RV, EREREERERNC X 2 /NI - g
(2, R T H BMICREEAE L S Z & &R LY
Moore % Deitch i, Witk 2 v 7 B OBEE» S
Bex RPAEVEA T4 T— & — DA SH, BREY &
N ENLCERIERICHA LA T4 T— 7 —HH
B, »50IE, ko 4 L TR
BN A S R LEE2 G SR 32 L 2
HLY BEREERETROHHEED 30% b o
MEZIFTWBEDY, &Y ay 7 b & EEE
TG HIC X ) BB MEIEE L ETL, &
HoMEs (iE) ASHE L7225 D BEKERIZ R
b7 ) BIET 5™, ZOBEMATENEO 28 %%k
A, Mty =3 v 7 FIZBOWCHEEIEELR Y —7 v
MF—HVERBOPZALEEZOND.

2. B4 3 v VEOALIBTEREOE

WAE, METHEOHIME R Y & 5 EHFEFEOAZF
HEwv)@rnrs, NTEREERAKICEREI ST - T
W BTE L RIFFE T L 22 N TR E K LEH
1, WIBRGINARAEIE 2 & 0 EE R L2 e bAEZ 1
o) VIRECHRTHELZDOTHY, ~ES
OV VEEIZ6g/d L TAESN T EYE R
RURMEBRIZ IERT/NEE, RS CRE R E MR Z A58
WE Lo RS2 LS (Table 1), Y3 v
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Fig.3 a, b Lactate and alanine levels in the intestinal tissues.
At four different time points; pre-shock, post-shock, at 40 and at 120 minutes of resuscitation with
shed blood or LEH solution, a midline laparotomy was performed and small intestine was

removed immediately (n=>5).

The lactate and alanine levels were measured by 'H magnetic

resonance spectroscopy. Data are expressed as mean SD * SD.
a: Lactate level at post-shock was significantly greater than those at pre-shock, at 40 minutes of

resuscitation with whole blood (WB 40),

liposome-encapsulated hemoglobin (LEH 40), and at

120 minutes of resuscitation with WB, LEH (WB 120, LEH120) (* p<0.05).
b: Alanine level at post-shock was significantly greater than those at pre-shock, at 120 minutes of

resuscitation with whole blood (WB 120),
0.05).

7 TR L2 MENZHEERT 52DICE L TWDH EE R
b b.

R DERIRICBNT, ¥ a vy 7 oA E
L CATEEREMA L H5 L2G6, AN G
HEROTEEAL R 2 5 O SIE AL R S, FBEHED
BETFLZZEHESINTWE®Y, ZhFTobhbh
DOIFRIZBVWTY, Wity 3 v 7 BosAmREE L
CTLEH # H\W7234, LEH IZGRIEEY v oz L
TR EROE ML Z I § 5 2 L 2 L Tw 5™
EHICLEH #5112, vyavy 2 Zhlafi&kLs
iR AN S B & DFER % T 5 (unpublished
data). O LEH OFOFEBED L) HEFICLD
b7 3NLO0%RHT 5720, bhvbhid LEH
HRRBIFRMERIZLERT Y 3 v 7 B OGS &L % 539
KEHELTWEDOTE RV L ORFE 72T, RERK
2iTo 7.

3. M 3 v 7850 LEH OF R

ABFEIZB VT, EEfEF o LEH # 0PI H) Ik
JEG AL R L CAEER SR L. (Fig. D).
IhETo NTRRFEMARA T, BIERE LT
nitric oxide scavenge TEMIZ & % L&, MUE _EA-
HHE SN TV L2 REFFECIX B RIME LA %
Ad$, ARWZECHM L7z LEH 12 2 o fCio 5]
XD REMEDPE N EATRR S N EEREE T O

liposome-encapsulated hemoglobin (LEH 120) (¥p<

WP lactate i1, LEH#E 2MBFECHEET RO R
o7 (Fig. 2). E bbb, BiEHMSESE
R OB L L THE MM lactate 3 X U alanine
% 'H-MRS % H\vCill€ L7z. 'H-MRS & proton (‘H)
WCH¥T 5 signal # VT, AERABICETNS &
F S F AW E O IEIEN 72 W % A3 BE 2 AT Tk
THAH. W, K LB B L v o 72RO
W RZEICIRIL I SN TB D, KT,
MRI & % F\ 72 in vivo TOHE D IHEFI/TDNLS
X 912% 5T WAY, Lactate 3B H#AITHE L
B AT H BN BREFABDOIRETD 505,
alanine b MM EAMORBEL L TAHLE SN
589 ORFFZEOH R, LEH BB L OEmbolGEM
#ih lactate, alanine XY a v 7 HRICHKEE & %
D, TOBRMIAKLT LT a v ZHifEE CTWH
L, I lactate & MO ZELZ /R L7 (Fig. 3). *
, BB MK @ lactate, alanine i (& #% 2E B 4% 40
"17;% 120 7HOVTNORPWER A ¥ MZBWTD,
LEH# & &M CTHELERSELLA. AEFBYE
VREEATRIRBLRIMER Dy 1/2 123 % & 7z LEH #
Bz kb, RKEABRIMER & RS OBEEABREENRED
BoNt0FERIE, LEH VAR 2 BEERATDH
D, Yayv koL RE LTHEHATH TR
B55bDThH5.

AT ONEZ O VIEEOENC X ZBEA
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HUERREANOEBEML 720, REBRIT HRRA
I 2 F W22 WEE, D F 0 Bl o 3 5 0 4Bl i
KOKLTHEZTI)MERE LERETT 72, €O
B, BAERICIMEDS LA T ERIRE TE R o7z
(unpublished data).

WEA 2 120 53 D B B ALRE P lactate 25, HEZEX
Wb OO LEH TR W Z/;RL, 72, 1
P lactate fili %2 5 & FL#% © alanine fii T 3 [F] £k o i 7]
R L7z, REBBRIMERE LEH ONEZ 1Y v RE
DEWHRZ OREICHE LY RITL TV HEERD
5. G, NEZBY VEARE RKBRIMEKE FH U
WEFCHMSE-LEH 2L, RAEoFERICE
WTHRABEP L VEE SN 02T 52 4E DD
LEEZOND.

KFZEDFE D S 1L, ¥ 3 v 7 BoEEHkEEEN
#h LEH ## & &lliff CREEOHRETH ), LEH 28
RERBIFRMERICIERTY 3 v 7 o EELE L ) B
Il ETLEORHFEAAHT A LIEITE 22
72, AW TG E MR O lactate, alanine il E %
BRABALG 40 2515, B L OV120 7RI T 72, 2D
DB DOEALSH, BRAERIE 40 5 L ) B4 T
TWAHREMA B D, & SICHFEHI MR H %2 B4
LUENRHBEEZ LN

4. LEH ORE=R EFR

LEH @3AEREETEO R Y Y IRE ER THE
NTWBY, ARICES>TIEEWTH S, ARG
tr, HL PP IFEOMANRICM D AThbZ &
Mo, HAREBERAOZEPBREINLD, BWE
BEINE TRAGEEHNIIHE ShTnin™
S, BRI W T LEH O MRS 2 88 %
WEPIZT BLEN D 5.
ANTLMRFEERAR L LEH & &0, — IS PRAF L
WCHES 2 ME R Y 4V AERD RS %
WSS F 7o LEH G MRS A DL FEA R v & wv
IRERMEZFD, REMMDH 24EH/ 4T) &
B WY FCHHEBNERTHL 2 06, BED
BECEBE 720 TR, TR ICEBY TOIRY
MfrEh s, 3610, BROMEMRHEEZHES 5
&, WY HBEBEBRDOHMFIH &) Blinrs, T
REBEELZEREZFH->TLHbDEEZONL. il
P a v 7125 & & 3IET 5 ALL ® MODS DJifE
fER° LEH O HEZ WS 2ICT 25720, 4% 35
% HMREEHAER T LEDNDH 5.
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Sy MRIMYEY 3 v 727V LT, ALEEEE
Wk LTRSS N/ LEH 23%5-L, Yav 7 #%k®
EB LB EOMBEBRERH 2, 'HMRS 2 Hw7z
lactate, alanine DFEIZ L Y, FHliREF LAz 20
AR, LEH I RARIFRMIERDK 1/2 @ hemoglobin &
JEC, KARAVRIMER & M2 28 B X OB o itk
Vav s BEBEEABEYE LI S, Btk
Yav 2l LCTHEHRHERKEEZ SN,

RWFFEONEIL, 830 M HABEESHREB L OE
61 Bl American Association for the Surgery of Trauma
THELE F72, EBRIEM L7 liposome-encapsulated
hemoglobin % 4 L CIHW /2 7 VB KL ICH & % %
LET.

X ®

1. Moore FA, Sauaia A, Moore EE, Haenel JB, Burch
JM, Lezotte DC: Postinjury multiple organ failure: A
bimodal phenomenon. ] Trauma 1996; 40: 501-512.

2. Deitch EA: Multiple organ failure, Pathophysiology
and potential future therapy. Ann Surg 1992; 216:
117-134.

3. Bifft WL, Moore EE: Splanchnic ischemina/
reperfusion and multiple organ failure. Br ] Anaesth
1996; 77: 59-70.

4. Deitch EA: Role of the gut lymphatic system in
multiple organ failure. Curr Opin Crit Care 2001; 7
92-98.

5. Ciesla DJ, Moore EE, Johnson JL, Burch JM, Cothren
CC, Sauaia A: The role of the lung in postinjury
multiple organ failure. Sugery 2005; 138: 749-758.

6. Moore EE, Moore FA, Franciose R], Kim FJ, Biffl
WL, Banerjee A: The postischemic gut serves as a
priming bed for circulating neutrophils that provoke
multiple organ failure. ] Trauma 1994; 37: 881-887.

7. Garrison RN, ZaKaria El R: Peritoneal resuscitation.
Am ] Surg 2005; 190: 181-185.

8. Fine J: The intestinal circulation in shock.
Gastroenterology 1967; 52: 454—455.

9. Takala J: Determinants of splanchnic blood flow. Br
J Anaesth 1997; 77: 50-58.

10. Toung T, Reilly PM, Fuh KC, Ferris R, Bulkley GB:
Mesenteric  vasoconstriction in  response  to
hemorrhagic shock. Shock 2000; 13: 267-273.

11. Sinaasappel M, van Iterson M, Ince C: Microvascular
oxygen pressure in the pig intestine during
haemorrhagic shock and resuscitation. ] Physiol
1999; 514: 245-253.

12. Zallen G, Moore EE, Johnson JL, Tamura DY,
Aiboshi J, Biffl WL, Silima CC: Circulating
postinjury neutrophils are primed for the release of
proinflammatory cytokines. J Trauma 1999; 46: 42—
48.

13. Guo W, Ding J, Huang Q, Jerrells T, Deitch EA:
Alterations in intestinal bacterial flora modulate the
systemic cytokine response to hemorrhagic shock.
Am ] Physiol 1995; 269: G827-832.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

HEREZRE 2007; 3(2)

Zallen G, Moore EE, Johnson JL, Tamura DY, Ciesla
D], Silliman CC: Posthemorrhagic shock mesenteric
lymph primes circulating neutrophils and provokes
lung injury. J Surg Res 1999; 83: 83—88.

Gonzales R], Moore EE, Ciesla D], Biffl WL, Johnson
JL, Silliman CC: Mesenteric lymph is responsible for
post-hemorrhagic shock systemic neutrophil priming.
J Trauma 2001; 51: 1069-1072.

Magonatti L], Upperman JS, Xu DZ, Lu Q, Deitch
EA: Gut-derived mesenteric lymph but not portal
blood increases endothelial cell permeability and
promotes lung injury after hemorrhagic shock. Ann
Surg 1998; 228: 518-527.

Magnotti L], Xu DZ, Lu Q, Deicth EA: Gut-derived
mesenteric lymph. Arch Surg 1999; 134: 1333-1341.
Johnson JL, Moore EE, Offner P], Partrick DA,
Tamura DY, Zallen G, Silliman CC: Resuscitation
with a blood substitute abrogates pathologic
postinjury neutrophil cytotoxic function. J Trauma
2001; 50: 449-456.

Johnson JL, Moore EE, Gonzalez R]J, Fedel N,
Partrick DA, Silliman CC: Alterration of the
postinjury hyperinflammatory response by means of
resuscitation with a red cell substitute. J Trauma
2003; 54: 133-140.

Masuno T, Moore EE, Cheng AM, Moore PK, Grant
AR, Johnson JL: Prehospital hemoglobin-based
oxygen carrier resuscitation attenuates postinjury
acute lung injury. Surgery 2005; 138: 335-341.

Moore EE, Cheng AM, Moore HB, Masuno T,
Johnson JL: Hemoglobin-based oxygen carriers in
trauma care: Scientific rationale for the US
multicenter prehospital traial. World J Surg 2006; 30:
1247-1257.

FEAT, MRALE—, /N, RERRRERE, AGK
B, AR - Wity 3 v 212§ % liposome-
encapsulated hemoglobin 235 EIEE Y > 73 R O i
BRIGHEWRIC S 2 5 8. HREEARE 2004; 15: 579-
586.

Yoshioka H, Suzuki K, Miyauchi Y, Takahashi A:
Characteristics of Neo Red Cells and their in vivo
oxygen transport capacity. Artificial Organs 1990; 14:
211-212.

Usuba A, Motoki R, Suzuki K, Sakaguchi K,
Takahashi A: Study of effect of the newly developed
artificial blood “Neo Red Cells (NRC)” on
hemodynamics and blood gas transport in canine
hemorrhagic shock. Biomat Art Cells & Immob
Biotech 1992; 20: 531-535.

Usuba A, Osuka F, Kimura T, Sato R, Fujita Y,
Yamashita M, Hoshino C: Liposome encapsulated
hemoglobin as a resuscitation fluid for hemorrhagic
shock. Artificial Organs 1998; 22: 116—-122.

Koike K, Moore EE, Moore FA, Kim FJ, Carl VS,
Banerjee A: Gut phospholipase A: mediates
neutrophil priming and lung injury after mesenteric
ischemia-reperfusion. Am J Physiol 1995; 268: G397—
403.

Stowell CP: Hemoglobin-based oxygen carriers. Curr
Opin Hematol 2002; 9: 537-543.

Moore EE: Blood substitutes: The future is now. ]
Am Coll Surg 2003; 196: 1-17.

Moore FA, McKinley BA, Moore EE: The next
generation in shock resuscitation. Lancet 2004; 363:
1988-1996.

Sakai H, Hara H, Yuasa M, Tsai AG, Takeoka S,
Tsuchida E, Intaglietta M: Molecular dimensions of

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

95

Hb-based O. carriers determine constriction of
resistance arteries and hypertension. Am ] Physiol
Heart Cric Physiol 2000; 279: HO08-H915.

Vane LA, Funston JS, Kirschner R, Harper D, Deyo
D], Traber DL, Traber LL, Kramer GC: Comparison
of transfusion with DCLHb or pRBCs for treatment
of intraoperative anemia in sheep. J] Appl Physiol
2002; 92: 343-353.

Winslow RM: Current status of blood substitute
research: towards a new paradigm. ] Intern Med
2003; 253: 508-517.

Hirakawa K, Uekusa K, Sato S, Nihira M: MRI and
MRS studies on acute effects of ethanol in the rat
brain. Jpn J Legal Med 1994; 48: 63-74.

Lehnhardt FG, Rohn G, Ernestus RI, Grune M,
Hoehn M: 'H- and *P-MR spectroscopy of primary
and recurrent human brain tumors in vitro:
malignancy-characteristic profiles of water soluble
and lipophilic spectral components. NMR Biomed
2001; 14: 307-317.

Igarashi H, Kwee IL, Nakada T, Katayama Y,
Terashi A: 'H magnetic response spectroscopic
imaging of permanent focal cerebral ischemia in rat:
longitudinal metabolic changes in ischemic core and
rim. Brain Research 2001; 907: 208-221.

Vejchapipat P, Willlams SR, Spitz L, Pierro A:
Intestinal metabolism after ischemia-reperfusion. J
Pediatr Surg 2000; 35: 759-764.

Blum H, Summers JJ, Schnall MD, Barlow C, Leigh
JS Jr, Chance B, Buzby GP: Acute intestinal ischemia
studies by phosphorus nuclear magnetic resonance
spectroscooy. Ann Surg 1986; 204: 83—88.

Dunham CM, Fabian M, Siegel JH, Gettings L:
Relationship of plasma amino acids to oxygen debt
during hemorrhagic shock. Circ Shock 1991; 35: 87—
95.

Mithieux G: New data and concepts on glutamine
and glucose metabolism in the gut. Curr Opin Clin
Nutr Metab Care 2001; 4: 267-271.

Brgsems, mEECHEE, R %, WHE ARy -
2L HARR E OMEMER. AT 2003; 11: 153-161.
Sakai H, Horinouchi H, Masada Y, Takeoka S, Ikeda
E, Takaori M, Kobayashi K, Tsuchida E: Metabolism
of hemoglobin-vesicles (artificial oxygen carriers) and
their influence on organ functions in a rat model.
Biomaterials 2004; 25: 4317-4325.

Sakai H, Horinouchi H, Tomiyama K, Ikeda E,
Takeoka S, Kobayashi K, Tsuchida E: Hemoglobin-
vesicles as oxygencarriers; influence on phagocytic
activity and histopathological changes in
reticuloendothelial system. Am ] Pathol 2001; 159:
1079-1088.

Moore FA, Moore EE, Sauaia A: Blood transfusion:
An independent risk factor for postinjury multiple
organ failure. Arch Surg 1997; 132: 620—625.

Aiboshi J, Moore EE, Ciesla D], Silliman CC: Blood
transfusion and the two-insult model of post-injury
multiple organ failure. Shock 2001; 15: 302-306.
Offner PJ, Moore EE, Biffl WL, Johnson JL, Silliman
CC: Increased rate of infection associated with
transfusion of old after severe injury. Arch Surg
2002; 137: 711-717.

(544 : 2006 4212 H 27 H)
(=¥ : 20074 2 H13 H)




