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Purpose: Ischemia and reperfusion (I/R) injury is a major cause of hepatic failure after liver Correspondence to: Sung Su Yun
705717, t-F A FE SR 170,

surgery, but there is no direct method to monitor it in real-time (like an ECG in heart dis- auter
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hepatic ischemia are probably caused by sodium and potassium concentration changes in nal workis properly cited.

the ECF due to reduced intracellular ATP content.
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Z1=Hmono-polar needle) 27}E 10 mm 7+A 0.2 7+
IAAJ7] &, LCR meter (GS-4311B, ANDO, Japan)
&= 2ol oheFet 145120 Hz-100 KH2) & Q17}sto] 546 7F

2. 700 518 AN 7S A 07 SHe Fuk

EoE 0 58 A4S e W] HojlaL, o
O] A% 39445 915 2T} E 120 Hz 2 A3 4= 2IcHFig. 1).

7] AgFL 717+ 413+ 0.22 (Mean + SD; 0|5} AJ2F), 4.57 £ 0.22,
4.89+0.38, 5.57+0.77, 6.19 £ 0.72, 718 £ 0.65, 8.58 + 0.69 kQ.O.
2 AR oS Bl om, AF T 5,10, 15 E 208 9] A
A A7) AL 757+ 0.56, 7.02 + 045, 6.52 + 0.58 L 6.29 + 0.61
KOO 2 7HAsl= S BTk (Fig 2).
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Fig. 1. Changes of bioelectrical impedance in liver during ischemia
according to frequency 120 Hz to 100 KHz (n=5). Ref. 20 with per-
mission from the Korean Association of Hepato-Biliary and Pancreas
Surgery.
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5 2AZH5{R & ZH =& &4 2 7| M
1) Adenosine triphosphate (ATP) B3}

2t 5 9{oll A 100 mge] 225 ZA|S}e] 10% cold per-
chloric acid buffer® 108]) 345} 7} 2 ZA| A2 th-&- Ultrat-
urax T-25 (Janke and Kunkel, Germany)E ©]-8-5}0] o 235}5} ]
-70°C Y511 (deep freezer)o] W HSt & Khano| A|QFot HIH
1]e= & A5kt

12042 31& THAof| A 3042 7HA 0. = AF3h 7F 2 AW ATP=
Y7} 0.540.1,0.3+0.1,0.3% 0.1, 0.2 £ 0.1 (umol/g wet wt, Mean
+ SE; o]glEh 2 o 2(2.3 £ 0.5)9] H]&} Z+2F 20.3+59, 12.6
+2.0,11.342.9,89 +2.3% £ oJu] QJA|(P<0.05) 72541t} 30
- 518of| H[5}o] 604, 90+ B 1204 518 &4k - ATP+= 2Jn] ¢l
A(P<0.05) 748 AATE 604, 90 9 1204 3|8 Afo]ofli= 2
1] Q= WS G SATH(Fig. 4).
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Fig. 2. Change of bioelectrical impedance in liver during 30 minutes
ischemia and 20 minutes reperfusion at 120 Hz. Bars represent means
values+SD (n=5). Ref. 20 with permission from the Korean Associa-
tion of Hepato-Biliary and Pancreas Surgery.
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Fig. 3. Change of bioelectrical impedance in liver during 120 minutes
ischemia. Bars represent means values+SD (n=5). Ref. 20 with per-
mission from the Korean Association of Hepato-Biliary and Pancreas
Surgery.
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Fig.4. ATP content of the ischemic liver at 30 minutes interval during
120 minutes ischemia. Ref. 22 with permission from Korean Surgical

Society.
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Fig. 5. Palmitic acid oxidation rate of the ischemic liver at 30 minutes
interval during 120 minutes ischemia. Ref. 22 with permission from
Korean Surgical Society.
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A2 ApopTag Peroxidase In Situ Apoptosis Detection Kit (57100,
Chemicon International, Inc., MA, USA)-& A-8-5F5.00 #1215}
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Fig. 6. Microscopic findings of the ischemic liver during 120 minutes
ischemia. Ref. 22 with permission from Korean Surgical Society. (A, C,
E, G, I) hematoxylin eosin (H&E) stainx 40, (B, D, F, H, J) TUNEL stain x
40. (A, B) control, (C, D) 30 minutes ischemia, (E, F) 60 minutes isch-
emia, (G, H) 90 minutes ischemia, (I, J) 120 minutes ischemia.

Fro} 2 =7} 9L Ok (Fig. 6) THA12E.2] 2172 604 518 5 F20%
e 571 8AL 71 o] ol = 2 B} (i SITh(Fig. 7).

6. 7t M= 2|%H(extracellular fluid)0l| A2 FHE 'iJg,'

o8 £44% 1) A A7\Ago) Wstel el e
$]3}+0] microdialysis 7"H2. 2 zero net flux (ZNF) curves 18
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Fig. 7. Changes in hepatocyte diameter during 120 minutes of isch-
emia. *P <0.05 vs 0 minutes (non-ischemia). Ref. 14 with permission
from Korean Surgical Society.

A 7F A Q)Mo A M3 AL ZA5FATHI3,14]. Microdialysis
probe (CMA 30 Linear Microdialysis Probe, CMA/Microdialysis,
Solna, Sweden)+= cuprophane membrane (length 10 mm, molec-
ular cut off 6000 Daltons, outer diameter 0.24 mm)< 7}2] Ao &2
perfusion pump (CMA 102 Microdialysis Pump, CMA/Microdi-
alysis AB, Solna, Sweden)& 145} A&-5F3ATE

518 0, 0-30, 30-60, 60-90, and 90-1205- F<k2] 7hA| 3L 9]elo]
[Na'] (mM)2 150.4+3.8, 128.9 £ 5.1, 97.8 £10.6, 90.7 + 4.99}
88.7£5.0%1.9™ [K'] (mM)-27.540.3,22.1+ 0.7, 34.3£5.5,40.4
+709}48.3+1.7%2 5|8 G % & [Na'|-2 2u|AI(P<0.05) A
SFRem, KT SJu|MAI(P < 0.05) 57 FoFAtHFig. 8).

7. MH| H7|XEe| Hetet ZIMIE 2o of TS Elute| At 2|

ZFo] A A7) A8 3E G- 30, 60,90 2 1205-0] 3.1+0.2,
8.1+0.3,10.1£0.5,10.8£0.8 ¥ 11.3+0.9 xkQ=Z 575} 7F
A|ZE2]oho] [Na*|¥} [K]Q] 3k 157.8 +£3.8, 151.4+ 5.9, 135.7 +
7.6,131.0 £ 6.2 2 1370 + 6.3 mM 2 7143} ChH(Fig. 9).
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Fig. 8. Changes in ECF [Na*] and [K'] in liver tissues in vivo during 120

minutes of ischemia. *P < 0.05 vs 0 minutes (non-ischemia). Ref. 14
with permission from Korean Surgical Society.

. —— BEI —— [Na']+[K']

4170
S nt 160
3
g 10r 1150 =
=) Q
2 8 =
E 1140 =
= 6F =
2 =130
g4 =
3 2| 1120
2
0 1 1 1 1 1 ‘I‘IO
0 30 60 90 120

Ischemia time (minutes)

Fig. 9. The correlation between BEl and summed [Na*] and [K*] in liv-
er tissue ECF in vivo. Ref. 14 with permission from Korean Surgical So-
ciety.
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2ol ZAsRL[8], A A7) A% S fIal 7F 22 Well Ak
Sk A=9] Zo] Al ejtof 2]tk Fof| ZFetsld, 518 &4F
0] 7+ 2] A 27] Ao F7h= A2 oo o] Hsf(e]2)
O] Zavo]) 7191RktHAL 58k 4= QUATE All2UHe] Na'-K* T =
ATPE AHSHAA 37]19] Na'2 AfZ 92 HUY|a1 27]19] K2 A
3 9t 2 §olate], M|E U)9]o] AFEQRS 2 HEHE /)5S with

(19]. 318 &4 5 7F Al O] ATPE] 4-7F A| 329 Na'-K* $HZ
9] 71 ol Zffsto], AIEEL] A Na* o] 2 FEE AT
a1, o] & QI 7+ 220 AA| H7] Agfo] Adsditial e 2 5131
I, 57 A A AAIsto] o5 S sHSITt(Fig. 8, 9)[14].
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