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AR, BEE NI VYo bF A & MKE
(ADVANCE #, T201) 8mm 7 —~_%2HEEL 7,

HEROFENEOT: DHFRCETHE N7 Yy
b ¥4 AFRH2MM o — R EEE L FERSE
BEDIHERZThThE S0 —_PEE L, T
DRnERIT, HAIRERE R ARk X D FFNEIESE
FF#IRC6Fr O 7T —F VEEE L2, ~3Y > (3
mg/kg) 25 L, activated clotting time % 400~500
P fRD & 512, BREA/SY » EEML 7 BED D -
Mm% psik3 %72 %, A%8mm Ot =— N F a2 —7
Z2RWT, FIBHEEEIR—RRRERIR 1 XX 2T .,
FEFTERIMITERT U ot ERBRBEEIR— ARRERIR S 1
NR2DOEREOHEE LY, AESmm OELE =—u
F a2 —7EBOHFRRMRc 8 s, o—7 -8
K> 7 (TONOKURA #) *ERENEEE L, PIIRE
FEZFH L7 (Fig. 1), ERAGMTE 2 EBEANI
HARALREE—EIHR o2, FIRMERD &, PINRE
HIE D7 HXRMEIEEFEIS & 0 3Fr # 7 — 7V %N
MRicBHE L7, ERPITBRE6L 1°Clcfio 7z,
& BT O PIIRILFEE D 100%, 50%, 25% & L, %
hZh100%8 (n=6), 50%Ef (n=6), 25%EE (n=

Fig. 1 Experimental model
HA : hepatic artery, PV : portal vein, SMA : supe-
rior mesenteric vein, SPV : splenic vein, FV : femor-
al vein, FM: Transit time flow meter, PUMP
roller pump, ligation : ligation of hepatic artery and
portal vein

PUMP
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6) & L7, MEERIZIFEL H1200HT- 7.
HAES & CRIEEE

BEET, N4 SAHT, FEFBLEL5, 30, 60, 90,
L2030 ATOHEE = EL, FhZhsgifdE 15, 30,
60, 90, 12053E & L7z,

1. BEFERE (oxygen delivery”), EEREREK
(oxygen extracton ratio)

ok, MIMRMn, AHSARIZERECL, AT XS4
& (Radiometer £, ABL-300) iz & © IM# 4 A 5347
BITotz, s DHEIEED & Hasselgren 53Dk
X VEESEME (ml/min/100g), BEEHEE (%)
PEH LU, M, ERPSFESHRGERILTWED
THEIRMFEZEZ20ml & UTEHL .

2. PORRMEHSL

FIiR, FF8#IREIZE b 7 > X 72 —% —Uniflow
(Baxter #f) % POLYGRAPH SYSTEM (Nihonkoh-
dentt) WL, *OFHYE (mmHg) 2HIEL 72,
(FIARAE — FFERAREE) / AF SR A M B 8 < 100 % PR MK
i (mmHg/mlemin) & U7z, AFSAMGBE AT
WPIRRIMGEE, FERAIIFIIRXMTER THE L .

3. FHE@E = A ¥ SR tEY

B % SRS ERI L, BRASHCER L ot s
g2 7774 — (TOSO#) ZHWT, HARZEE
£ H 72 Y ® adenosine nucleotides (ATP, ADP,
AMP) #HIZEL 72, &2 A1 ODS-80TM(TOSO %),
BER T AERREE (0.5M, pH6) 2HALL. &5
Nz & D Atkinson® D EFE K & D energy charge
(EC) &L 7,

4, Bhfikis 7 b > &k (Arterial blood ketone
body ratio : AKBR)

REREMR & O SRIMZERAR L, MEEEEL %, o
My 7 2™ KETO-34011 (ZRI8EH) v, B
FECTHIEL .

Fat R

BRI NTCHGELEERECTRE Lz, 28
MOBEEZRE T Student-t BREIWZ THITL, SRR
DEEEMRE X —TREBSBAN, FEIEBIRCTT
WERHFO 05K 2 b > TEREDD LHTELE,

B &

1. MIREHE (ml/min/kg body weight)

PRV B 5 14T RT O FIIR M PR D 100%, 50%, 25%
&L, Z0OEAMMEIXI00%EE1335.9+9.4, 50%FE I
17.145.1, 25%#138.1+2.9TH -7z,

2. a) BEEMBOLEE)
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BREHLEMEZ100% & U BERERE O (%) i,
100%%E, 50%#, 25 % BEDI5HMETIX 2 2070112,
391+ 8, 2011 EHEE (p<0.05) A L, 155K
THRICHIECHNBERCES L T, 8L LR
TR SRR L IET L, 100%EE, 50%8E, 25%
HO1203EIXZ hFh45+12, 27+8.5, 14+11TH
D, 3L H1205HIZIHMEICHEREEIC (p<0.05)
BT L7, 100%8E, 50%8E, 25%BED 3 BT I3 R
FEEZ (p<0.05) %23/ (Fig. 2),

b) HEERIBREDNLEE)

FrEERIBRCE (%) 13, 100%E, S50%BCBWTIE
ERHABLVERMNICERL, 100%8 1381
(21.618.2), 12043 1 (52.9+3.8), 50%EE it A &

Fig. 2 Changes of oxygen delivery during portal
perfusion
PP : portal perfusion
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Fig. 3 Changes of oxygen extraction rate during
portal perfusion
@ : 100% flow group, A :50% flow group, I :
25% flow group, PP : portal perfusion
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PINR B SRR 31 2 FFERENE, Hr a3 — R

AMsEE 275 115

(18.4+10.7), 1205H# (55.2+15.2) & tizpiffE Ik,
RI205METEE (p<0.01) W kAL, 25%HTI3
BifE (25.6+15), 155ME (58.1+12.6), 3043-# (59.3+
17.5), 6043 (55.3%+17.6), 1205ME (38.2+17.2)
& BE W LR B 15, 300 THEE (p<0.01) iz
ERL, 6095512000 FEE (p<0.05) ED
Uiz, %7225%8Ei3155), 3051238\ T100% Bz kL L
FE (p<0.05) wHEEERLL (Fig. 3).

3. FPIRRMEESLOZEE

FIRRIME I (mmHg/ml-min) 1X100%EE, 50%%E
TRERPEMEAERT b OOEELELIZE DK
Moz, 25%BEIAIE (0.01+0.004), 6053E (0.049+

Fig. 4 Changes of portal vein resistance during
portal perfusion
@ : 100 flow group, A : 50% flow group, B : 25%
flow group, PP : portal perfusion
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Fig. 5 Changes of ATP during portal perfusion
@ : 100% flow group, A : 50% flow group, W : 25%
flow group, PP : portal perfusion
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0.015), 9043 (0.069:0.034), 1205 (0.075+0.03)
LHIEIZEEL60, 90, 1203 CHE (p<0.01) kR
Uz, %7z, 25%BE1X100%8E, 50%ER2HLL 60, 90,
1203 THE (p<0.05) W&EERLY: (Fig. 4).

4, a) FH## ATP BoOXH)

M ATP & (umol/gdw) i3100% 8 Tld iR+
BEFR R ER 2R LY, BERELIITE DL
oz, S0%EETIHREFCIRA LEG{E (7.5£1.8),
12053 (3.9+2.4) ERMEICEANI0METEE (p<
0.01) CEA L7, 25%FETIIRIE (7.021.0), 305F
i (4.81+1.4), 6053 (4.1+1.8), 905ME (2.9
1.2), 12053f#(2.9+1.4) L BifEICEE~, 30, 60, 90,
120 CTHEE (p<0.01) EA L, 905G ITRED
50%AT & & odz, £ 7225%FETI360, 90, 12053 T
100%BEICLENEE (p<0.05) WEME%ERL7: (Fig.
5).

b) energy charge (EC) OZH)

EC i2100%%#F T X BT fH (0.81+£0.07), 904> f&
(0.650.21) L9053+ E THIfEICLLNAEE (p<0.05)
WA U7, 50%E X HTME (0.81+0.04), 1550 f&
(0.68+0.07) :REHECLAIHMETEE (p<0.05)
WAETF L7228, 304M# (0.68+£0.07), 6043-# (0.67+
0.10), 9053 (0.65+0.11) &3053~905 £ TIHHE
BEALETED o 72, 25% B TIIAIE(0.8410.04),
1543+E (0.75+0.07) EHfEICHARERE (p<0.05) i
BTL, 305LEEDAIEICE~RERE (p<0.05) IZ/ET
Uiz, SEECREERZREDZM o728, 30453
RE25%FE DA R bEM AR L (Fig. 6).

Fig. 6 Changes of energy charge during portal
perfusion
@ :100% flow group, A :50% flow group, B :
25% flow group, PP : portal perfusion
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Fig. 7 Changes of arterial ketone body ratio dur-
ing portal perfusion
@ :100% flow group, A :50% flow group, W :
25% flow group, PP : portal perfusion
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5. BRI b AR OZEE)

AKBR OZEIX100%EE CIXFi{E (0.91+0.16), 60
53fE (0.70=£0.11), 904> fE (0.51+0.22), 1205 f&
(0.500.19) ¥60, 90, 1205 CRMEICHNEE (p<
0.05) WETU, 12053ET 6 PErp 1 FE0. 4ALAT DfE
R LT, SULFERH0.250 ETH 7. 50%EE
AT fE (1.01£0.39), 604> fE (0.62+0.24), 904+ f&
(0.55+0.27), 12053 (0.51+0.20) & BRI
L60, 90, 1204 THIEWH~NEEI (p<0.05) BA
U7, 6PCH 17560, 90, 1205METO.4LA T OE %R
L7edd, 2PEERH0.25LL ETH -7z, 25%FEIHIE
(1.00+0.28), 1553# (0.55+0.21), 3043 (0.47+
0.14), 6053# (0.40+0.11), 9053& (0.35+0.10),
12050# (0.25+0.09) =155 LI CRiEICH~REE
(p<0.05) A L7z, 60, 0METENEN 6ILH
3PS D0 4L T DE %R L, 1203E T 2080 4L T
THotz, 66053 T 1L, 9043 T 2 0%, 12053 T 4
TEh30.2500F & & o 7z, % 7225% 81230, 6043 T100%
B HENEE (p<0.05) WEfEZRL7 (Fig. 7).
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% ZTEN 523 FIBE RIS IR— IR 4 /¥R
B %, MiERTOBE> -, FELZHE, K
RO PIRERT DS REIC o To L REL T3, L
L, EEBEERSIKEPIREOESZ DR, 86K
SNARAEBEOEIC & O B O MR 3T
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DD ERBENFBIEHA_RTRETHFOZ ANV F—
REEEIETZ LME SN TR, SEIDOHERT
Z100%FETI31203 T 1RO 4T 2R LD AT,
1220 OER TR A V¥ —EH0B{bEE T %
b THhneFEz ohiz, 50%EE T 6 ILd 1 IL60
U0 AT OEERL, FO AV ¥ -BHEE S
EUb0bReNH, £LERH0.25 T3
S5THORBEARZE C ko EZNT:, Ly



19944F11 8

L 25% B Tl EERRBREAT604 T 1 41, 9043T 2 f1, 120
FTAHI0.25A T & olz, LTedSo> T2H%HECIIHE
R0 ERIFORBER LR I HIN S kb &
zehi,

SO FEB TR ERS WSR3 % © 5oL
F—RBEECEY, MRTEEEZT2G2EIE
ERETo TR L L OBIERRETH S, LrL,
25%BE TIEPETIBAAAER605r £ D AKBR #30.2500F &
RHELOMBEL, 1200 FTEFLTWE2HDH8AS
1, ATP $6053LAREI00%AEICHARET U, BRFRE
RH0DLUIEERTI 52 & L0, 25%WER TIE605 L
BidH = A ¥ —AS3EENEL, JoRENREL &
B ORISR 2 BEE S 4 U 2 AJREE S m W &5 2
53, 100%8, 50%BIXER1205 % ClkBETEm
H2ORTE2BRFBERED FATRELHFz A LF R
BEMRELIEE LN,

FIBRIMEHEG U FFAFTIR, B, UEIRD 2 Wik
FrglROIE & 2 fioRMEE 2z oh 5, PRI
FIRILIE25% B TI1E603 LIREL00% 5, 50% I LE~E
B ERLU AL DBEREREMETLIEIC Y,
AKBR#MET 9% 2 & L DIFORBERBEL ATP
EEERESMET L, o= : ¥ —REHEENEL
TrrEz ol IO EBNMEERITO FRE 2V
—RWEEZ shi-s, PIRITERTO FROER
LTRSBOBRNEET 3 L Bbhi:.

KX DOE L F 2B HABEHEINBE SRS (1993F
TH, KBO, HE20EBEESHRE1993F9 H, &30, $
QEHFEBABFSRE (1994F 2 A, E) 2B8W»T
FERL.

X ®

1) PEFLR, FRER], FNGED @ HEEREMN
—HRRAGTE - —HERGRERE « BREE T BB VIR
—., SEIZ2HE 59 :12—21, 1988

2) =N A, SEEN, EREIZ | HESEERE
X3 B FIRGHVIER LB EREERIR « FIIREEES &
FT=TFNNARREWC L B, FM 4111519,
1986

3 EH B REERMAK BAE»  BECBU3Z
JHEE O BB, KB KREML 381181188,
1990

4) Beach PM, Tprres E, Litton A et al: Acute
occlusion of the portal vein in dogs. Surg
Gynecol Obstet 121 : 761—766, 1965

5) Huguet C, Nordlinger B, Bloch P et al: Toler-
ance of the human liver to prolonged normoth-
ermic ischemia. Arch Surg 113 : 1448—1451,

6)

7)

10)

11

12)

13)

14)

15)

16)

17)

18)

19)

20)

33(2401)

1987

ARFHEE : P E I TEREEO A 7 — 7 v 3 A
NARE & B RFITRER B3 2 EBRpTSE, HIH
SheEE 24 11954—1963, 1991
HAREREEY SR - S EREAEE. E¥K
EBHN, HH, 1992, p94—95

Hasselgren PO, Almersjs O, Gustavsson B et
al: Liver circulation and oxygen metabolism
during short time ligation of the hepatic artery
in the dog. Acta Chir Scand 145 : 471—477, 1979
Atkinson DE: The energy charge of the
adenylate pool as a regulatory parameter.
Interaction with feed back modifiers. Biochem-
istry 7 : 4030—4034, 1968

Cameror B, Glenda B, John W et al: Acute
occlusion of the portal vein in the calf. ] Surg
Res 11 : 95, 1971

EEBA, HREW | AEFIRGEN RS & U
BOEHMITEE  BRATREERICHE T 5 ERY
Wi7e, H4bsE 861 738—751, 1985

Mathie RT, Lam PM, Harper A et al: The
hepatic arterial blood flow responce to portal
vein occlusion in the dog. Pfliigers Arch 386 .
77-—83, 1980

Kock NG, Hahnloser P, Roding B et al: Inter-
action between portal venous and hepatic arte-
rial blood flow! ; an experimental stady in the
dog. Surgery 72 : 414—419, 1972

Krarup N, Larsen JA: The immediate effect
of ligation of the hepatic artery on liver
hemodynamics and liver function in the cat.
Acta Physiol Scand 91 : 446, 1974

Lautt WW: Effect of acute, passive hepatic
flow and oxygen uptake in the intact liver of
the cat. Circ Res 41 : 787—790, 1977

K &, BEFIE—, KHERIE > | FFM{TENRED
HHERMR. EIBMEEEIRE & R EIIREAZE I X
% EERIOETSE. IRAFF 28 [ 1187—1192, 1988
PR, ) B ERAE, HIFRE | BlfEE O 7
e, 1R8f 24 :370—387, 1987

W%, BRER, TEAHTH» | PAZEEEEH
O [ I W 8 % & adenosine  5'-
triphosphate ¥ & CHBMEEO LT 3 5%
ERRUBSE. HiHsl=3E 251 2719—2716, 1992
L MR B, TEGRIE | PN EER
EMEERFFC B & 2N —BRILEY R
UM O£ 8 B3 2 EERTT ke
KEBENMOEE I >»wT—, HHALEE 9%4:
796—800, 1993

Ozawa K, Aoyama H, Yasuda H et al: Meta-
bolic abnormalities associated with postoper-
Arch Surg 118:

ative organ failure.



34(2402) FABR M 3 B 12 35 1 2 FFOEIRENRE, FF o v — (R Hs=sE 278 115

1245—1251, 1983 blood ketone body ratio as an indicator of the
21) IUFIEAE, ERIE D AR & &7 FFF RS SR no-return point in hepatic inflow occlusion

k. BEEE 341272278, 1985 without venous shunt in dogs. Life Sci 42 :
22) Nitta N, Yamamoto S, Yamaoka Y: Arterial 1973—1979, 1988

Experimental Studies on Liver Energy Metabolism and the Hepatic Haemodynamic
Response to Normothermic Portal Venous Flow Reductions

Yoshifumi Katagiri, Hajime Hirose, Shoushi Senga, Masatoshi Hayashi,

Hirokazu Matsutomo, Hideo Itou, Naoki Imai, Tatsumi Iida,
Masatomo Hayashi and Atsuyoshi Onitsuka*
First Department of Surgery, Gifu University School of Medicine
*Kaizu Medical Association Hospital

Changes in liver circulation and liver energy metabolism during acute reduction in portal venous
blood flow were studied in dogs. Extracorporal circulation from the superior mesenteric vein to the portal
vein during total clamping of the hepatoduodenal ligament was constructed to enable varying degrees of
portal flow by a roller pump. Mongrel dogs were divided into three groups by the rate (100%, 50%, 25%)
of portal perfusion (PP). 1) In the 100% flow group (n=6), oxygen delivery (OD) was reduced because of
clamping the hepatic artery, but it was compensated by an increase in the oxygen extraction rate (OER).
ATP in the liver was not changed significantly during PP. 2) In the 50% flow group (n=6), OD was
reduced because of clamping the hepatic artery and portal venous flow reduction. OER was increased.
ATP at 120 minutes’ PP was significantly lower than the previous level. However, arterial ketone body
ratio (AKBR) was more than 0.25 during PP. 3) In the 25% flow group (n=6), OER was significantly
higher than that in the 100% flow group at 15 and 30 minutes. However, OER at 120 minutes’ PP was
significantly lower than that at 60 minutes’ PP. ATP at 60 minutes’ PP was significantly lower than that
in the 100% flow group. AKBR in 1/6 (at 60 minutes), 2/6 (at 90 minutes) and 4/6 (at 120 minutes) were
less than 0.25. Portal vein resistance was significantly higher than that in the 100% and 50% flow group
at 60, 90 and 120 minutes. These results suggested that normal metabolism could not be maintained in the
256% flow group after 60 minutes’ PP, and become abnormal, as indicated by ATP and AKBR.
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