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Summary : The anhepatic period of orthotopic hepatic transplantation is commonly
accompanied by specific cardiovascular disorders due to the occlusion of portal and inferior
vena caval systems.

The present study was undertaken to elucidate the effect of veno-venous bypass (v-v
bypass) on hemodynamic and early metabolic function of 16 dogs with hepatic allografts
under mechanical ventilation with barbiturate and muscle-relaxants. (Fio,: 0.21, V=10
ml/kg, f: 10/min.)

The dogs were divided into two groups which one group has been performed with stable
pressure in systolic, portal and inferior vena cava : functional v-v bypass group (n=8), and
poor-functional group (n=8). The survival rate of the functional group was 75 % and of
the poor-functional group 38 %.

In comparative assessment of v-v bypass functional and poor-functional groups, the
following parameters were determined : pH, Pco,, Po,, Base Excess (arterial, portal and
inferior vena caval venous), arterial ketone body ratio (AKBR), pyruvate to lactate ratio
(P/L), branched-chain to aromatic amino-acid ratio (BCAA/AAA) and hepaplastine test
(HPD.

These considerations suggest that the monitoring of hemodynamics and metabolic
functions play important roles in successful hepatic transplantation.

Index Terms

canine hepatic transplantation, veno-venous bypass function, hemodynamic and early
metabolic function of hepatic allograft
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1. EREWY

KR, FE 10 kg BIROMEER K % 80 A .
1 ElOBMEEERIZ, donor, recipient 1245 1 58, ¥
Dt 3EOF S EHOREHER L, &5 16 HORTH:
FEFBEYT - .

2. KRR R T R R Al

FFRRFHIL, R0 b 0T RICHE LT - 7% UT
iz Donor & Recipient I2413C, ZDFMFER Lo
TR 3 5.

a) Donor OFAMiFH:

BE7 br v 0.03mg/kg, RV EFAALER—ALF
MU v A 25mg/kg HEHER, KENREL, HinEE
ELC, Avrr=a—aTmr<1F0.6mg/kg 25
L, BAATE®RSES AT, FiO,:0.21, 1[E#ES
10 ml/kg, FPEEIH 10/4 CHRMHES T THERR L 7.

IEREIBHICCBAE L, FINR, #BFFEIIR, BFTE0 T X#
AR DB, FIIR X 0, 4 Cie&H L7z ~-2 ) v~ 1000
BArEHOIBMY v 7 A 1000 ml 2T, #1m O
ECHEN, BEL, Faflle. Mg BHEzcs
CHEM AR K BEHMERE L, WEHImRRE, TS X
hPIRMEERE TE L.

b) Recipient ®DFMiFH:

Donor & #E, ~v P E8 — VIREETICEMAEA
TR CHERF L7, IR 1 emdml, B
Bimm, EXBecm Dv ) avFa—TEHH, AKX
BEERIR & AASERIROM, = X ORIk & £/ S5 IRD
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iz V-V bypass ¥ 3RE L7z, FF LS TAER FIRko
MEYEL, BEIR—/NEHIRRE bypass ZPAGKL,
FARRIMGE 2 HEA L 7. BIEFOF TH T AXEIR» S
graft NOMEWRK 2P &2 ctg, A& % clamp L,
R I L3 FA# IR % declamp L 7=, FF T8 T A#IR
V&8, KEBREIR—/MERIRR bypass &L, HT
T AER% declamp L. B BIRERBICYE L
%, BHET—IRBEYASC UREERELZT - k.

FHIRIE 0~2 % glucose BEDIEEM Y v 5 ViK% 20
ml/kg/hr THE- L, Im¥EfE% 150~250 mg/dl ic#ERR L
fe. Fle~= b2 )y MERBER, RIE30 % %R DL
5l L 7.

3. BEHE

£ 1wRTZ &L, recipient FATEMEE (A),
HERT (B), Pk clamp 1544 (c), FIPRIMITTEED
ERT (D), PRI 15 4% (B, FFEIRIMIEER
ERl (F), FEIRmTEER 60 44 (G), FElkmitE
BA 180 438 (H) &Mz >WTLUTDATA—2—0
Wi 75 Fe.

a) BRE, TREHIRE, FIREDRIE

HAEREINR, ZEKBEFRIR, BREEIREBEL D, ZTh
FhaT—7rwHEAEEL, Statham p-50 F 5 v R
T2y — 12T, FHBIRE, V¥ TREIRE, FHFk
ExflE L. :

Fig. 1. Method used for veno-venous bypass
during anhepatic phase.
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b) I » %3 X OVEMREOHE
KEEBHAR, KERERNR, BREREIRL D, ThZh~Y
v in#m#%, ABL30 (RADIOMETER) T, pH,
PCO,, PO,, Base Excess (B. E.) %, %7 NK-60P
(BX) —BREC KA+ vBERIE LK.
c) BiRmF4 + vkt (AKBR) o#llE
KEEEDAR & D ~-2 v vingkimss, 4°CizT 3000 rpm,
10 23Rl O 4 BB, s o> acetoacetate & f-hydrox-
ybutyrate ZEE L, Bilkifid 4~ » v (acetoacetate
/B-hydroxybutyrate) %EEL, BRIy b vk
(acetoacetate/g-hydroxybutyrate) & LCEH L.
(Williamson DOEEREMNCET L, Bk s v vi&5
PIBIZEA Y + vy 7z 2 [ZF] (SRMLE) 65/
d) Pyruvate, Lactate b (P A L) oJiE
KBEEIIR X H ~-% ) v n¥ki % 17\, pyruvate,
lactate % & L, pyrurate/lactate th& UTEH L.
(pyruvate EEBRIET # 3 7—PA (BFiA 54 7 R),
lactate EEREKT £ 1 F—LA (HRAT 47 2) &A
WICEESRER)

Table 1. Phases of the procedure

, Operation start of recipient

Just before hepatectomy

15min. after portal vein -occlusion
Just before P.V. reperfusion

15min. after P.V. reperfusion

Just before hepatic artery reperfusion
60min. after H.A. reperfusion

180min. after H.A. reperfusion

momEUOWRE

%

e) BCAA /AAAMHIE

KEBBIIR & b ~- <V vingkies, MmigswEL, €88
7 3V BROMETT, OFi8E7 3 B BCAA (valine,
inoleucine) &, FHEIKE 7 § 7 B AAA
(phenylalanine, tyronine) @€/ thé LTHEHE L 7.
f) ~7525v5 2+ (HPT) ol

KERESIR X © 0.9 ml DMK & EEAEE, 3.8% 7 =V
F PV Y A0.1ml %, EFHE Hepaplastin test (=
—¥ 1) FHAWCHEEL .
4. SEBFE

FHFRE (MPVP) & X OFHTRK#IRE
(MIVCP) o= =219 v 7 hb, MPVP, MIVCP zh
ZhoFENER# (32 1 phase[C]~[D]) ¥\ ~T phase
[A] FMHBABEEEEL, EAR2/BUTEY V-
Vbypass BEERIFH (=8), 3fELULOELERLH
BEEERRE 0=8) L1 T, LEDAF2—%—-0D
BITEAE % HBE U e,
5. MarEERILER

FMET T R CPHELERERZE (meant S.D.) TR
bL, student’s t REZX AT, p<0.05 2FEEDD
Ll

leucine,

= xR

1. RFEAT % R B R

%213, V-V bypass HEERIFE (LIF bypass BIF
B LAEE (LIF bypass RER) 0 2BOERYT
3. BREHMFREIZ L h 161£18, 151+18 45T, EHF

Table 2. Profile in 16 dogs undergoing liver transplantation

Cold ischemic anhepatic survival
time(min.) - time(min.) (days)
V-V bypass good 1 196 44 9
group(n=8) 2 172 38 1>
3 167 35 5
4 158 27 12
5 161 31 16
6 148 33 1>
7 151 35 >125
8 138 28 9
Mean=+S.D. 161+18 346
V-V bypass poor 9 138 36 1>
group(n=8) 10 177 28 5.7
11 165 31 34
12 146 34 4
13 129 35 1>
14 170 31 1>
15 138 34 1>
16 143 30 1>
Mean=+S.D. 151+18 32+3
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BIREREE, FhEh 3446, 3243 5 L ARERERIRD S
hizhote, EFHEELFERICOWTHRTHRBE, 2H
IR0 RHASET=HFIiL, bypass BIFREC8 G 2 41 (25
%) TH B DR LT, bypass NERETIE 8 #i4 5 #1(63
%) THote. 2 BUROETHDOER VTR R
LRFEROHMEE 2 bhi.

2. FHMRE MPVP) %X OF¥HTA#IRE
(MIVCP)

X 2 ®, bypass RIFFfIc s\~ T, MPVP XF4BE1A
B55.1+£1.9 mmHg AMEFF#ACX 7.8+£2.5 mmHg &,
EFCBEED LR ¥R i. —7F, bypass REET
3, FHMBEBRES.61.2mmHg, 4 #134.8+10.5
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mmHg & ZEHREERZRD.

MIVCP X, bypass BRIFRCFAFBEERF6.510.9
mmHg 3, 9.0+2.1 mmHg & EFHcEED LR 2
L7 2 bypass NREBHECRXFMEAMHAKES.611.3
mmHg, EF#H29.6+7.1 mmHg & &8 AE AR
H bt

PINRIMVEFFBASE T, bypass BIFH, TEBELD
MPVCP, MIVCP 3 F#iBiiams O i iz EEH Le.

3. IEHAME (SBP) 3 X O“EHEIRE (MAP)

X 3T, SBP %, bypass RIFH CFMBAAR: 160+3
mmHg AEFFHI© 130+12 mmHg & 19 %DE T 2R
L, bypass AREETI, 160+13 225 80+25 mmHg &

N MPVP mmhg 40, MIVCP
—a—v.v bypass good group
“ =+<[}+-' V-V bypass poor group
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Fig. 2. Changes of mean portal vein pressure and mean inferior vena caval pressure at the various

phases.
Meas+S.D. for 8 dogs
*p<0.05 compared with A phase

T p<0.05 compared with v-v bypass good group
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Fig. 3. Changes of systolic blood pressure and mean arterial pressure at the various phases.

Mean=+S.D. for 8 dogs
*p<0.05 compared with A phase

1 p<0.05 compared with v-v bypass good group
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50 % DX T CTHEFEO B 35\ T bypass™ BEEDET
BEBEYRLE. (P<0.0D.

MAP % bypass BIFECFEMBGE 123+5 mmHg
MEFFHAT 95+8mm Hg &7ch 22 B F LD
%L C, bypass REBETIE 12249 235 5420 mmHg
.56 %DIETTHY, SBP & [k, bypass REEFDE
TRREFHCHLCEBEZERRLE (p<0.0D.

PRI EBE#% > SBP, MAP %% &, bypass B
FRETE, SBP, MAP &b, BADe{RELT
Wi FRIEE LT, bypass ANERECIMEIL 2 S L
7.

4. R, PR X O A#ARML+ pH (pHa, pHpv,
pHivc)

X 4 =T pHa 1, FHBAMAR & K L CEFIILIE,
WEE L S{ETMEE T, bypass REHTREED
acidemia 3%t L C, MEFER 180 iR\ Tdh, 7ak
RIFMEEBE L TEEET LTV (p<0.05).

pHpv, pHivc &, WH & dFMBAMAF L B L €, &
FFHALIE, BRWET L (p<0.05). pHpv X, 4&FF
Bi% X O ERE 15 R\~ T, bypass REBICH L
HERCEMEEZRL (p<0.05), pHive TH, EFcs
T bypass AEH CTERBIEMER L (p<0.05).
5. Bk, Pk X 0T Kkl BE (BEa, BEpv,

pHa
7.6
—— V.V bypass good group
7.5 eee[Js-== V-V bypass poor group
7.4

7.3

7.2

71

pHpv

75

—m— V-V bypass good group

74 | «+:0-=+= V.V bypass poor group
73 | -

: T ......... T’Tf ,,,,,,,,, T o

¥

BEivc)

X 5C, bypass BiFEE T BEpv 2MEFFHIic s\,
—5.1+1.5mEq/], BEive 2FIIRIMIMEEEIE 15 5 icds
WT—5.0+2.3mEq/l &, —BMERETLEZR (<
0.05), BEa, BEpv, BEivc \»¥'h % FiiBaAR: & Hik
LCEHREHZRD -T2,

L 2L, bypass NEBE T, FF#1L%%, BEa,
BEpv, BEivc 23& dIeEBICEME LR L (p<0.01), %
hZxh—9.4+3.8mEq/l, —12.1+7.5mEq/], —10.8%
4.1mEq/1 w%¥ C{EFL, bypass BIfff & L T,
FRICEMETH -7 (p<0.05). .

6. Bk, Filk¥s X T KEIRIMLFBRES E (PaO,,
Ppv0,, PivcO,)

6 R3 2 &<, Pa0, i3, FBIMAE: & LBL, %
MEEH L, MHETOERE I

Ppv0O,, PivcO, iX bypass BIFF I\ T, FHZYE
UC, BEL T\, —7, bypass NEF TR
# Ppv0O,;, PivcO,DETWREH T, ThZh26.4%
7.1, 22.6+6.4 mmHg &% TE T L (p<0.01), bypass
RIFFHR L CAEBEMETH -7 (p<0.05).

7. Bk, PRI X T REIR M BALRE Z A 5 E
(PaCO,, PpvCO,, PivcCO,) '
M 7 T, PaCO, X bypass BRIFFIC R\, PINRIMLSE

pHive

7.6

7.5 1 —&— V.V bypass good group
V-V bypass poor group

PO N

Fig. 4. Changes of arterial, pv and ivc pH at the
various phases.
Mean=S.D. for 8 dogs
*p<0.05 compared with A phase
tp<0.05 compared with v-v bypass
good group
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mEq/l BEa mEg/l
4 . BEive
J 2]
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mEgq/I BE
\"
. P
2
—&— V-V bypass good group
0. ---0--= V-V bypass poor group
-2

Fig. 5. Changes of arterial, pv and ivc base
excess at the various phases.
Mean=+S.D. for 8 dogs
*p<0.05 compared with A phase
tp<0.05 compared with v-v bypass

good group
-15 . T T T T T T T
A B c D E F [
phase
mmHg Pa02 mmHg .
120 60 PivcO2
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4
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phase phase
mmHg PpV02
80 _
—&— V-V bypass good group
70 weBee V-V bypass poor group Fig. 6. Changes of arterial, pv and ivc oxygen
60 | tensions at the various phases.
50 . Mean=*S.D. for 8 dogs
ey *p<0.05 compared with A phase
20 tp<0.05 compared with v-v bypass
good group
20 |
10
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BB 15 5 45.4+3. 4 mmHg & —B#ED EF AL
huic A, bypass REEECIE, FIIRMITEBIERE 2 Kk
L.

PpvCO,, PivcCO, i bypass BIFEICE\T, Fiiff
BARANE & LS U CE B34 7o by o 7o A8, bypass RRET
1%, fEFEEz T, PpvCO,, PiveCO, B zhZ h, 70.9
+9.1, 73.3+6.2mmHg & R L, FMEIRRICHE L
<C, hypercarbia 2L % (p<0.0D.

8. Bk, PRI X OFAEIRMmA K #E (Kta, K*
pv, K*ivc)

X 8 ™, bypass BIFF T, Kta, K*pv, K*ivc &
3, ZHEEBCEEIID s - . —7, bypass TNREf
s\, Kra FIIRMTEFEEHEE 155, 4.7£0.5
mEq/1 &#mL7 (p<0.05). Kpv, Ktive %, i
B\ CTrhFh, 4.84£0.2, 4.7+0.4mEq/] & EF
Lz (p<0.05).

9. AKBR

X 9 12T, &I, FATBIMAEE & B L bypass B
T8, RERESFhTEh, 0.59+0.07, 0.60+0.19 &
ETF L% (p<0.01, p<0.05). bypass RIF#E T, i
PRIOGEFEBRBE Bic, 1.10+0.20 & FiRbAKRKOMEI
CEIfE L. —75, bypass RERL, MIKFEEIE 6045,
180 412 0.76+0.33, 0.50+£0.16 L{EfEZEZZRL, EEL

PaCO2

mmHg 60 .

55 4 —

-

V-V bypase good group
V-V bypase poor group

¥

ot (p<0.05).
10. P/Lk

10 @, bypass BRIFETIX, £HEEL (EBIIS
frdrotz. —7, bypass NEETIE, FHERBEOME
0.035+0.013 il L <, IMmIEFERIE 60 4, 180 Sk
WTEFRER, 0.01520.006, 0.018£0.010 L{EME R
L (p<0.0D.
11. BCAA/AAA K

X 11 ®bypass BIFHE T, FMEIMHREF 3.0720.60 17
WL, EFPH2.6450.4 L BEBCBD L <
0.0, FIPRMMEFEBIAMESE Lic. —7, bypass NREF
T, FABIMARE 3.18+0.72 ik L, MEFFHA 2.340.52
LABRREA L (p<0.0D). MEHEEESEEIEAD
P, MTER® 180 ek T 2.15+0.19 LEE%
~L7e.
12. HPT

X 12 123\~ C, bypass BIFEE T, FATbIMkEF 131+
27 % TH - Tk, I 77118 %, PINRMITEBAL 15
&, 72429 % EET Lic. UL, Mk 180 4tk
84+23 %% TEIE L. —7, bypass ARE T, Pk
MEFEBA SET Lk, mitmEEatk 180 £tk 5112
% % &R LT, bypass BIFE & o s © b ARICEAE
ThHhote (p<0.0D).

mmHg

PiveCO2

....
....

60 |
|
el V-V bypase good group
waa[}an V-Vbypasspoor group
40
T —

mmHg
90 _

80 |
70 4
60 |

50 |

40 |

=l V-V bypass good group

=={0-== V-V bypass poor group

30

T
D
phase

E

— T

F

Fig. 7. Changes of arterial, pv and ivc carbon
dioxide tensions at the various phases.
Mean=£S.D. for 8 dogs
*p<0.05 compared with A phase
+p<0.05 compared with v-v bypass
good group
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phase
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BRI 3135 V-V bypassicBi3 % EBpI%e

mEq/l
5.0 Ka
4.5 |
4.0 ]
3.5
1
~—a— V-V bypass good group
30 =-8-= V.V bypass poor group
A B [oF D E F G
phase
+
mEq/l Kpv

55 _ p

5.0 |

45 |

4.0 |

3.5 |

—m— V-V bypass good group
a0 ==0--: V-V bypass poor group
A B Cc D E F G
phase
AKBR

—a— V-V bypass good group
=== V-V bypass poor group

0.4

phase

Fig. 9. Changes of arterial blood ketone body

ratio at the various phases.

Mean=£S.D. for 8 dogs

*p<0.05 compared with A phase

T p<0.05 compared with v-v bypass good
group

4.0 4

3.5 |

3.0

—&—V/.V bypass good group
* V-V bypass poor group

edds
T
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A

B [ D E F G
phase

Fig. 8. Changes of arterial, pv and ivc plasma

0.07

0.06 |
0.05 |
0.04 |
0.03 |
0.02 |

0.01

0.00

potassium concentration at the various
phases.

Mean=S.D. for 8 dogs

*p<0.05 compared with A phase
tp<0.05 compared with v-v bypass
good group

P/L

—a— V-V bypass good group
----- Den V-V bypass poor group

phase

Fig. 10. Changes of pyruvate/lactate ratio at the

various phases.

Mean=+S.D. for 8 dogs

*p<0.05 compared with A phase

1 p<0.05 compared with v-v bypass good
group
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BCAA/AAA

4.0 1

—a— V-V bypass good group
35 0= .V bypass poor group
3.0
2.5
2.0
1.5

phase

Fig. 11. Changes of branched-chain amino acids/
aromatic amino acids ratio at the various
phases.

Mean=+S.D. for 8 dogs

*p<0.05 compared with A phase

T p<0.05 compared with v-v bypass good
group

%

HPT

140 -

—a— V-V bypass good group

1207 ° e V-V bypass poor group

100 1 sz%

80 |

" TTTTtT*TT *TT*DT
l

40

20

phase

Fig. 12. Changes of hepalastine test at the various
phases.
Mean=+S.D. for 8 dogs
*p<0.05 compared with A phase
tp<0.05 compared with v-v bypass good
group
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RFTEFBEE, ¥ FECFOMBEREL VL 5.
HOFFOfMmEE, FEIR, PIIRIS X O F KR OB
RS BT E 705, BB F 7 —FoBERFC
by, EHFHOMECHEE BEF~OMRLHERHELT
PR T 5. Dk, BHEFOBERILORIA~ &
AB. LichisT, FBEOMPEECR L, B

iltck;_

%% B3 5 MTEIRE R X OMREREDItE L, h
TR B EE) B NER I RS,

BT 351 5 recipient HFEIBEERMETDH
5. EFFIICIETAEIRS X OFIROER I X b, Bk
B0 BB 03 FET 502, ZORMEL D HBER
T B, BETEMRES X OFRERE BRIk
DA A R AERRET HHIRAS 1 2% (V-V  Dby-
pass) EAIhTEY, EFHomTEHRRIE/NMICHE
DTHEHTH S LOHED L RHh 50101012,

L AT, MIRERERICE, EROKE BT 5E
b T, FIRMD 5 > Hic X - TRIRAIE <« DR
HWENEE I 599D, V-V bypass ZRE L 72\ R
D, ThbXMEERABRICBER R X OMEERICEAL
T, MTEIREO A T BEFOBIERBICE CTEXR
HEYLLTINEELLRD. £ T, MTHED
I8 b TR O R HIRERBLIC & - T, o V-V
bypass REBEDEFIC DO\ THRA L.

FRCEAY TEERA L THIREZ TR+ 5
passive 7z V-V bypass # i\ T\ 5%. Lichi-T, B
W2 X - TRIMERI ML, MEROBY MBI by-
pass 5 = — 7R A T X Iah o 7oA bypass HERE
BARR LB DEE 2 bhiz. V-V bypass BRIFIC
BRE L e B O, FIIRE, TABIRERZE X
D 13785 T, bypass BEEERIFRE T3, MEIFHIAT & WA
o MPVP, MIVCP 0FEZ 13 THrTH Y, Bik> -
BN ERR L. TORE, ST OIERIME
BOBRAIIEFIETE, SBP, MAP DETHRE & 7s-
7=. Wiz, bypass NREEETILETICRT5 MPVP,
MIVCP 0 EFIZR2¥ T, Thicf-T SBP, MAP
FERCE T L. 2Pk X OFREIRILD 5 -
WX 225 ERNEEDVETHRREE L bhl.

SEFFIAAMET LIt 2 FBE L 72%%, bypass NE#T
1, MPVP, MVCP »EH L d#i b7, SBP,
MAP OfETFRMREEE L, PIIR X OFR#IRIMIL O
5ol T EIFIRD 5 -, e ORBEYDOER,
MR, BERE, BHEOER 2D bLY, £
ORER, MEBEABCHRLFO=Y N+ s8I
ZOMORBEY D BHECATERICMAT S L1Icix
nIs - MEERE D T b X ATERIG R T 5
bDEE X bR, SEIOERT, bypass FREFTIL,
TN 313 BP9k % X T REIRAD PO, DIET,
PCO, » EF 1%, bypass BIFFFICHL L CHEETH D, %
7= pH, BE 0ZEBLET bR D OI. Tibb, KRR
R X 0 RSB OTUE, R 7 > V- 2 ORE2
R &N, %7z, bypass NEBETI, MIEHEE, *
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RHEFIPR, TAEIRD 5> >R ERLAbDEE LD
hrcto,

Z DEFFEAC 381 5 PR 3 X OV AE IR AEE SRR
RBEBF S ledofiodike LT, EFNL » BRABR
BEYEMEFTIHERE2ZLRS. LAL, bypass
AEFTE, Bk WX vEIRMX » D O, #iEN
BL, BBROTHIGEMTHS.

FBHECET5 Kt OB LIBNTHS & 3h, BiE
s TS RED K 2 st cBERT S h 5.
X BIZIE, S EIDERDDbypass 7RI CEFAIFIIRA
BIOTARIRN K BEXERBICERLTW54, &
IR 5 - ¥ic X 2 MR 2 bfast~o K ol d E &
Lizihidiebisy. mEHERR, hb K 2RAKEi
B R, BIRD 5 VEMEEERT I ERH B L
Toiio T, K¥ OEBFDE 5B D bypass BEREDHMER 1
BEETHHEE 2R

¥7c, MIVCP o ER%, BERmO > xR 5%
BIl, BiEEOBL R bebidhs. SEOERT
X, MERHTIZ V7 F=VvOBRERILLRIEr -
2, MSRER I D RENHFY 1 7 v AR Y vOBE
#17 & DEIE T, bypassNERECIXBEEREELERET
EHERDBHIDEE LB

JFid Viability OO D hBE =XV F - OEE
AR TH Y, DBh=iA¥—-ONBicLd 51200
DT le=xNF-DOEAFNELL, filBAO=%1
F— VA REC—ECMERFET S L OFAL T A,

MBEAO=XAF -5 v ARMBIEEIC  energy
charge=(ATP+0.5 ADP)/(ATP+ ADP + AMP)
BHTWBEELDLRTWA®Y, ZDFF energy
charge DL I + = v F ) 7R T 5E{LETIREE
BB L, T 7B, NADY/NADH H @ikl
7 b vk (acetoacetate/ f-hydroxybutyrate)
& 5202 @ikt s b vEHAME TS5, Thbb
FFsb=2v Y70 NADY/NADH HAMEFT35RA
LLTi, EFFE—RFFI bV E ) 7TAOBEHEET
BT, kicExORBEEI>TFI b2 v FI 70
BEEZ 0B X v, NADH OB LIHE I hic &
B % BRI, S E ORI\ T, FFFHICBIRD
b VERREBIET Lie. UL, MmETEEEE
bypass RIFFETIL, TR FMBRIRR OE % CEER
LT\ 5. —J, bypass REF T, EEI FEE, Mk
HE 180 SR B VT HEIE XA D fe. TOR
Ho—o2s LT, MmEHEHE S ERIAH RT3 %D,
BHEF~OMBEOK TAE 2 bh5. ¥ bypass R
BRI, B OFIIRERSE S E A BIET
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L, BsRaEOER MK A MIEERER I CRA L5
&, BRofEb e b b TFORESERL
T, FoRMEnEELXF| &Rz T0LBbhs. Z0
EFIRRIL 5 - W X 0 FIIRPIC S < DR ER L
THY, MREECEEL T, RBEDI—SICBHEF
MALT, FeREMETRI b0 EE 2 bhi.

FFOREES TS 5 &, NADH o X b, g%
BXO TCA HEIXEE Xh 5. pyruvate dehy-
drogenase complex ODIEMAPHE XN, pyruvate (%
TCA EIRIz ART lactate 23EML, P/L LOETF &
7252, Lichi- T, bypass T EBFIC R 5FIIRIMGEE
BI o P/L b E Tk, FFOBE ETLCVWHZ L%
RELTWA.

FoFBENEEIND &, ARk =RArF-JREL
THEEFIATE < /2h, KM T BCAA »HFHAS
h, Mo BCAA AT %2, zhictKL T, AAA
W b2V P Y 7 oRTAET L FFTAE I RS
7o, MAcEEing %%, 3 7cbh, bypass RRE TH
Lh s miEER% o BCAA/AAA HOETD, B
CHOBEYERLTWS D EE LR,

HPT fERMEREERFTH 5 I, VI, XAFEELRK
B 129, bypass BIFE T3, BHEF~IMITHEREECE
wrabhi-0iest LT, bypass REETIE, EIRS A
LT, EEE . S0z s, FeoBERTE
BROBEELER L, bypass RNEF TOFMIfaEE »/RT
PDEEZLRB.

BEnz e, FBEOMFHCRELE V-V by-
pass 2N RIFICEEEE L iy, SEFFEIC 313 5 178D
RBOREDOA TS, MIRHHEO MITEREDS RIEFIC
Bich, BHEFOT200REEEoRB ¥ F T
BbDEE 2z bhl. TORER, bypass BEERREICE
WTHY 63 % OBIER AR L D 7Dtk 2 H EIPIICSE
T L72D iR LT, bypassi$iE RIFR CILRIHFETHIR
TN RILEEF ST, ILHEELTW5 V-V by-
pass XIFBHEREOR EICE - CTEELERY AT
dDEE bR '

A S

RAFHEREFBELETALE LT, TOMmMTEEE
BT O R RBBIEOE X v, FBEFMEE O &N
231} % V-V bypass REDEZRICOWTHREL, LT
DIEREZE .

1. PIEREE, TAMIREZ#ERMNICE=2% -1, TOEE
1tx b L1 V-V bypass DHEREFHE A TTRETH - 7e.
2. V-V bypass % RIFIcffiE+5 2 L ic X » #iE



(192) w

WMEERH Y, ZE L fihnfTesnsgsbhi.

3. V-V bypass 138k 5 - Wic X 2 5E R RBWEDE
ExWz, FAORBPWETLERL C, OREHRED
BHEF O R YISERAB b IFHEL S IE L.

4. V-V bypass & & 5 fTERED L&, BHEF~DONK
BHPBR OB ORER, V-V bypass (XFBHEBRE & [
&,

(R OFER I 22 B, 223 B A ABIHEEEBS,
# 34 B H AKEF SRR B WTRE L. e L5
CHES, WIRHERRE 7o 5 HfeE, MR %1 - o BN
HZHBRICFEEOB B ET ET. i, HAKEZE
D E L I AR BEPHEERE, 3 NRISEHE
dH EHEERCEL LB L EFET. i, KPR
OEFTIEHIc, MHIEE, HBI R\ e 154E
FHREHMPEEMEL S Ol B, B
W7 —7OFLCEHOBERLET.)
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