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Abstract

Purpose : To study whether preoperative fasting would influence postoperative prognosis and to
measure the variation of the ketone body amount and ketone body ratio, kidney function during the
postoperative period in the model of 90% hepatectomy.

Materials and Methods : Total of 180, seven weeks old, male, specific pathogen free Sprague-Dawley
rats, divided into two groups of the fasted and the fed. First, 80 rats were divided into two groups of 40
each; 40 of that were denied food for 48 hours before the operation, other 40 were fed. Following 90%
hepatectomy they were investigated by Kaplan-Meier method, drawing a survival curve, Secondly, 100
rats were divided into two groups of 50 each, 50 of that were denied food for 48 hours before the oper-
ation, and the other 50 were fed, Following 90% hepatectomy, they were investigated by the method of
Student s T-test and Mann-Whitney test on the following: the amount of arterial ketone body in the
blood in the blood sampled from abdominal aorta, reading at preoperative 48 hours, at the time of
operation, postoperative 6 hours, 12 hours, 24 hours, 48 hours periods.

Results : The mean survival time after operation: the fasted group was 53.0£3.7 hours and the fed
group was 34+1.7 hours and it had the statistical significance(p=0.0008). Rats which had long term
survival over 72 hours were 14(35%) in fasted group, but only 2(5%) in fed group. In preoperative fast-
ed group arterial ketone body ratio was recovered earlier than fed group and ketone body amount ele-
vated, but in preoperative fed group, there was no significant change in ketone body amount. Blood
glucose level lowered in both groups. Blood ammonia was severely increased in preoperative fed
group, suggested bad liver function and destruction of muscle, BUN and blood creatinine was elevated
in preoperative fed group, suggested lowered kidney function.

Conclusion : Preoperative fasting has a positive influence on survival of the rats which has acute liver
failure induced by 90% hepatectomy, because it could be caused by increased ketone body amount by

preoperative fasting,

Key Words : 90% hepatectomy, Liver failure, Preoperative, Fasting
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el wj7Ae 2% M3}sl= plasma substrate
ol A B 4= itk w2 s HH Aol glu-
cose, insulin %7} 743 E]u% AW ol =45

o] 49 triacylglyceroldl A F=% fatty acid2]
mobilization¥} utilization©] %7]—6]—131] e
dation $4S A A long-chain fatty acid 25€
A=A (ketone body)E A ==t o] 2A A
2HHE AEA], & acetoacetate, acetone, Bhydroxy-
butyrates= 3, A%, 5713, #H9} & 7+ o]9]
o] B71014 F2 AUA Lo 2ol HE} " o]
2% ARAE v EEH A, o S 100g
9] glucose”} 10.7kg AE2] ATPE WH5o] U&=
H]3}e] 100ge] Bhydroxybutyrate:= 12.7kg, ace-
toacetic acid& 11.4kge] ATPE W&o WA &
o gk o] AlEAle AlEes A28 %

SRR LR

fat oxi-

acetoacetate?} Bhydroxybu-
tyrate®] H]:= IFA|EW 2] mitochondrial NADS}
NADH®] H|E ykedal7] wiitof sHd oA ZA5H
AEAE o] 83t 73 AEA Y] (arterial ketone

body ratio, AKBR)+= 7+2] oL A] A7) S ¥k
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# o] A specific pathogen-free Sprague-
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=T =2101 90% Zt ExE=z2 REE

ol g-3ke] gAutelx 2] AZT}, Median lobes}
left lateral lobe& 7]A| -0l & o]&3fe] Az
2 719 o]8-3ke] ARl Right lobed 3}
o] Y& 1A fe= Adshd 48 A8

A ok f150] 9kA 90% 3t Aol o] Fof A

AEgol A8 5 gHE Y
Lt MsfE ZALet 2he) R
100vke] WA S 4 48417

2 20| & 3 Hojtor Felahytt. T4l

7471 2243 90% 3t Fi dAlrs A -, 2ea

Zo| By AlZto 2 HE] GAIZE, 124]7F, 24A]7F, 48

AR 733} Foll Z4zhe] AFTelA 4-12nfE] 4 ]

WA M AAE HFHstA. A NS Hsto

ethyl etherZ FYrHHAE g Foll ERE HA, &

B oA 22 gage needleS 4+3le] 10cc A

o] 95 dojA dntdasistgrtel HE AE

AF ZZA/E AlPstolx] Antd NS

53lol= &5 o] W3}, blood urea nitrogen,

creatinine, ammoniaF3] S ZA3} YL A=A

SAA S Fatod= Aol EA8h= 3719 A=

A2l Bhydroxybutyrate, acetone, acetoacetates:

ZA o] 7153+ Bhydroxybutyrate 2} acetoacetate

FTEFS oo @ AT WAE A"

Fd AR AP EHH Folsle vdEE

el A58 AR bl wAIET R o8

spol A2 T 2AE Zeheint.

4. Proliferating cell nuclear antigen (PCNA) &M
Akl w2 7F 22 oA A TS Thetstr] ¢
ste] ABTEHE st
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B2AZ1 F 60 C 2] ovenollA] 3083t 7} A7) 3L
slideZ Xylene I solution ol 5%, Xylene II solu-
o] g3t
2} 3 & 100% ethanol®l] 13, 90% ethanole] 1
£, 80% ethanoldl] 18, 70% ethanole] 1837 &
T FRFE 281 Al

L, Blotzol 15t eiu

<g}o]=Z PBS solution® & 3 AHs] W =
methanol®]] 0.3%9¢] T2 H:0O:Z H7}3}e] -20C
oA 108-7F Eol 52t} PBS solution® & 3H A
A3 W T 1% BSAZ blockingS 3027F A3 =
o LBS solution® 2 3% A5 Wl & anti-PCNA
antibodyE PBS solutiondl] 1:502.2 3]4]3}o] 14]

7r Fot FolE & PBS solution® 2 3 A H &) Wl

tion °f] 5% Xylene III solution ol 5%

% anti-mouse IgG antibody?l secondary anti-
bodyZ PBS solutionel] 1:2002.2 3] 5}e] 30%8-7F
Tol+lth. PBS solution® & 3 A|Hs) Wl =
ABC reagentZ PBS solution ©f 1:2002.2 343}

o] A&oA 3083F Tt 1mg/ml Fx2 9]

DAB solution< 100mM Tris-Cl (pH 7.2) °l 42
T H:O0:E 0.03%°] F=7F HA 41olFAet. PBS

solutiong ©]-&3}e] vzl & Balsam mountingS

sheiet.
5. SUY A EH HY 24

sHd AEA ] 24 WHE heparin A 2d F
AIZ2 FHE smlE A3t =7 smle] Y7t
10% perchloric acide} £33+ 3 10,000GE 15%
F galE st 2 35S W2 69% potassium
carbonate®} E38H3F T} 0°C ~4C oA 10,000GE
A LAt dof7l AFF A& Ketorex-3409]
o] F2g o] &34 acetoacetate 2F Rhydroxybu-
tyrate®] F & 73}t

6. A48 &#d

SPSS version 8,05 ©]-&3|A FAA HE& &3
th WX o] AEFHL T 249 148 S
31 &els}e] Kaplan-Meier ¥} Mann-Whitney™
< ol&ate] EA38aL ol59 99+ Log-rank

test o] g3ho] BH} wa &5 Ao

AL

o} e o g HU18HgT A EE 95%E Fo}
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] Student’ s t test®} one way ANOVA testS ©]-&
Stol E AR Sl BAT A 2ol oo
v ZF HAAME Abole] aEA £48 ¢k BAF
71H © 23 Pearson correlation analysisS %83}

et

Z 1
1 MEg
S0l 48417E FAEL A7) WATY ST A
. 2 &R
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fr ool ot >

S 247710
718k 72417F o|ul el o)
FAE Ho 72213F o] A7)
2| (5%)0l B3l ou £ F472 453
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2](35%) At (Fig. 1)
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Hours after hepatectomy

Fig. 1 Survival rates in liver failure, Fasting
group(solid line) shows better survival
than feeding group(dotted line). The mean
survival time of fasting group is 53.0%3.7
hours(n=40) and the mean survival time of
feeding group is 34.0E£1.7 hours(n=40).
These results have statistical significance
(p=0.0008). At postoperative 72 hours, the
number of survival rat is 14 in fasting
group and 2 in feeding group.
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* *

-48 0 6 12 24 48
Hours after hepatectomy

Fig. 2 Comparison of ketone body amounts
between groups. Solid line represents
fasting group and dotted line represents
feeding group. Each point represents mean
+standard error, * shows statistical
significance at that point(p<0.05) using T-
test,

Ratio

06

04 |

02

-48 0 6 12 24 48

Hours after hepatectomy

Fig. 3 Comparison of ketone body ratio. Solid
line represents fasting group and dotted
line represents feeding group. Each point
represents mean *standard error,

* shows statistical significance at that
point(p<0.05) using T-test.

AEA F& FAs] S FAH = o]
71zke] AEA L] FA Aol FAGHRL 2] o)7t
AT FAH. (p=0.0001) &7 T2l T
A=A Fe 7 F FH3) Fashs AL &7
=l Hiske] 23 Aol AEAFS =
5ol S Fol A o7t Yt (Fig. 2)

TN AEA vl= FE Foll FH TolA BF
#F43] gastglont ¢E F 2400E AR =
T 48AIRbellE 2 FAT oAtz vlgto]
ou|gi7 e H 5] 7k A& & 5 AT
(p=0.032) (Fig. 3)
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Fig. 4 Comparison of blood glucose level. Solid
line represents fasting group and dotted
line represents feeding group. Each point
represents mean T standard error. There is
no statistical significance at any point.

Fig. 6 Comparison of BUN level, Solid line
represents fasting group and dotted line
represents feeding group. Each point
represents mean *standard error, * shows
statistical significance at that point(p{0.05)
using T-test,

umol/L.
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120 12r
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Hours after hepatectomy
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-48 0 6 12 24 48
Hours ater hepatectomy

Fig. 5 Comparison of blood ammonia level. Solid

line represents fastix}g group and dotted Fig. 7 Comparison of creatinine level, Solid line
line represents feeding group. Each point represents fasting group and dotted line
represents meantstandard error, * shows represents feeding group, Each point
statistical significance at that point(p{0.05) represents mean -+ standard error, * shows
using T-test. statistical significance at that point(p<0.,05)
£ BT 5 F 1243 Fol A3} Bl % uoing Ttest
e BPou kel Apol= FAIEAQ oot oltelA & uwf o2 Q13| vl d o] F3t
ATt (p)0.05) (Fig. 4) gIAFECl ammoniaZ} Fol] ZH=E 44T 2
4. &= ammonia2l BUN, creatinine 2| 43} A71%59] ot = FATFAA HoE A A
G oA e AFHE 5 ammonial] A ofellA] FElo] B 4 QQlth 53] ATsE =
o] AJAT 53] &4 2o|Te = F7HEo] A ol Abgo] 43| FUtEE &% 2443
H& gon SAHl o7t At (p=0.046) oA 48AI1ZF Abolel whz A EtElE S B
(Fig. 5) 1=
Z BUNS| 3= &7l 2o oM & T B 5 5 F AlZio| Mg 7t B9 Hsiet &%
ol PCNA antibody staining 2| g3},

S BS3L T creatinine’= 5 7] AT HE 1] fJste] AT Aol &
48A1kol= & Aolell N A% 4 HAe  Awae] Mg AE v 7A e 4% T
M &F 48213k o] 5 2 SAIE A -4«]7P S oA AIREe] At wekA M SrletE Fd
A A S22 EA SAFAAT. (p€0.05) & HAou ¥ T A2 AT Zel= ¢l
(Fig. 6,7) Atk (Fig. 8) & F AMER A& H e
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Ratio of remnant liver to body weight

Time after hepatectomy (hour)

Fig. 8 Comparison of ratio of remnant liver to
body weight in groups with fasting and
feeding. Ratio is increasing in both groups.
There is no statistical significance between
two groups. The number of rat in each
time is from 9 to 17, Solid line represents
fasting group and dotted line represents
feeding group.

2 PCNA @S A3t lom, (Fig. 9) 7€ F 24
AZW7EA= PCNAS] W o] wll-¢- A7 YEhA &
AFem oojg /bl 5 AU EF 48217kl
PCNA @42 200 vl &ollA QA== Mxe] A5
£ 2o]F A E 35,7122 17T ST dlME
458124, 60192} FASIH o2 ofn e Aol
= 21T} (p=0.476) (Fig. 10)

Aoltt. AT 44 Aol 81T
g AR 23 2 A AolE A7
e, olelg 40l o0 7k AlEFE W]
7] g F7hel $AF w3}
181 S, &3 4841371
BERA L 4% A5 A
S At FolA H3) U AL
% ¥ 20A130 BAR 48217 o
HzolA WA 3Fol Holrke dde v
Aol ARAE &3 FALZ A3
| 27hstltt} 449 Arastela olee W

= AoledMe & < /I

il
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Fig. 9 Immunohistochemical PCNA expression in
remnant omental lobe of liver after
postoperative 48 hours. There is no
statistical significance between two
groups(p=0.476). ABC method, original
magnification, X200 Note : dark brown
staining is PCNA A.: Feeding group, B.:
Fasting group

Number of PCNA staining

Feeding Fasting
group group

Fig. 10 Number of PCNA expression in groups
with fasting and feeding after
postoperative 48 hours. The number of
fasting group is 45.8+24.6 and feeding
group is 35.7£22.1. But there is no
statistical significance between two
groups(p=0.476).
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w B]ZAA el oke] NADHY} mitochondria W9l
A Ena Sdqn. NP0 ol A
NADH+= 7Fe] mitochondriadllA] TCA cycle?] <
L2 A3} citrate synthase®] 84S ol
ATP R2FS A &3} pyruvateo| A acetyl CoAS
WF5-0] TCA cycled &)= pyruvate dehydroge-
nase®] B4E TolA] F glucoseZt A A}
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3] 35 H7] el 2 71 gk o= Hl
F F83vta & 4 Qlvk, AAEL 90% TF AAIE =
Alggst Wi ZdloA &7 F2lo] &5 ool 1. Riegler JL, Lake JR. Fulminant hepatic failure.
FE UIATA AL B 25 dojv= A= Med Clin North Am 1993; 77: 1057-1083
Auet ko] Wz}, 7715 9 A7) Hsks # 2. Takahashi T, Malchesky PS, Nose Y. Artificial
ZHl B} sk, (A 2 W) 7EE Y] 84 liver-state of the art, Dig Dis Sci 1991; 30:
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2= o2 3t sonfel= 4onteE| A e A 3. Nakatani T, Ozawa K, Asano M, Changes in
48N BT Aol o2 Yo 90% I A A perdominant energy substrate after hepatec-
<& A3 ¥ Kaplan-Meierf & o]-&3}o] &4 tomy, Life Sci 1981; 28: 257-264
< J3g YA 100vkel= somkely & A 48 4. Caruana JA, Sunby C, Camara DS, Rapid
AZE T2 Aol o B UFo] 90% JF HAES alterations in substrate profiles after partial
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ZF, 12213F, 2423, 48413 Al el B o s 437-441
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AP} AL T-test2} Mann-Whitney test 5= ©|& in the rat, J Surg Res 1989; 47: 427-432
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