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Effects of liver glycogen storage on hepatic functional reserve during warm
ischemia and reperfusion injury in rats

CHEN Wen-bin' , ZHANG Rui-ming’, ZHANG Xiao - chun’
(1. Research Institute of Hepatobiliary Surgery , PLA General Hospital , Beijing 100853, China ; 2. Department
of General Surgery, the First Affiliated Hospital , Innermongolia Medical College , Hohehot 010059 , China )

Abstract ; Objective ~ To study the role of hepatic glycogen reserve in pretecting the ischemia-reperfusion
injury of rat liver. Methods A model of rat liver warm ischemia and reperfusion injury ( WIRI) was set up.
Rats were divided into 4 groups: (1) Group H, given 25% glucose by tail vein injection (2ml, q6h,iv) ;
(2) group L, food was not supplied ( drinking unlimited ) 24 hours before warm ischemia; (3 ) control group
(group C) , rats took food freely; and (4 ) sham operation group ( group N ). After 45 min of ischemia,
reperfusion for 1/4h,1/2h and 1h, blood was taken to test for ICGR 5 and GLT ( glucagon loading test ) .
Meanwhile , the levels of enzymes ( including AST, ALT, AKP ) were observed. Results (1) Hepatic
functional reserve ( HFP) ; (DICGR15 : groupN < groupH < groupC < groupL( P < 0.05 or P < 0.01).
@GLT; c-AMP level in plasma after GLT and c-AMP answering rate ( CAR) : group N > groupH > group C
> groupL( P < 0.01 ). There were significant differences of ICGR;5; , GLT between the periods of reperfusion
of 1/2h,1/4h and 1h in group H, Cand L ( P < 0.05 or P < 0.01). (2) Enzyme level ; There were
signlficant differences in the same periods among the four groups ( P < 0.05 or P < 0.01), groupN <
groupH < groupC < group L. No difference was observed between 1/2h and 1/4h enzyme level in the groups
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(P >0.05). (3) Histopathologic changes in the liver ; They were significantly milder in group H than in groups

C and L, and the changes in group H were similar to group N. The changes in group L were the most severe.

Conclusions

(1) Prophylactic increase of hepatic glycogen storage could counteract the injury of hepatic functional

reserve that occurs during warm ischemia and reperfusion. (2 ) The changes of hepatic functional reserve that occurs

during warm ischemia reperfusion can be earlier and more sensitively reflected by ICGR;5 and GLT than by the

routine enzyme parameters of hepatic function.
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c-AMP i SR &, i B B 2 R 2 R A R E 4R
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CET o (7) GC-911 g WU S it K s g A h [
(R NN 8/ 5 2| S S/ S
1.2 Fi&
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300g) ,BEHLr 4 . (1)IRI X MRAL(C 4) - 4T
TFEEE, JC B I A8 e e P I A, 45 min S5 AN T M A
S, FHETE 1740, 1/20 Th JF IR . B ELHT A b 2
To (2) @B A (H 4) IR RF] 24h JF a4 H
¥ Bk 6h Ik T AT 25 % A A HE 2ml, 3k 4 W
(3)PUHAL (L 41) : IRT R A5 £ 24h, (ROK AR
(4) BT ARXF B2 (N 4H) . JF JE S840 1 s, 5 A
VRT3 o A4 24 FORE i Bl il 145 3 A 1740, 1/
2h, Th BENL 3 4, T8 R, HECKR 96
HOBEHLr o 4 A ClRAT) , B4 24 (¥ 1/4h,1/
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2h,1h 43y 3 A, B 2H 8 H) , FH T A I B & oM
Hl 2 10 7 iR 5 ( glucagon loading test, GLT)

1.2.2 s BEAGHE LB A YRR B,
A S R K i v B, 2mL iR (100U/ml) B2
Wk eSS, A2 B K 10mL B2 F 4. FTFE I, T
B 1l & e e P A (N AL BR S0 ) I IR G i ko i
e A I T UE I €5 5 7 28 %, T K L b R A
BEJR M, 45min J5 A8 JF I 4 Je, HHETE 1740, 1/
2h . 1h,

1.2.3 #ARE ()KHDNTHEER 1/
4h,1/2h, Th (& w8 H) #F 47 0 & B (3
ICGR s 4 7 Iy AH AU AT 1S min B8 i ik i 55 1mg/ ke 1Y
N5 W R 2k ), IF R HTBE, 3 000r/ min & .0 10min,
B 2 fy & T -20C kA R RER, 1 B T
I AKP , ALT , AST , 1 {53 ] 1CG ¥ J£ . 4% 2H W If )5 ~7
Bp D BUIF 4L, LL 10 % Hh v F s 1 i (2) 4
I GLT #% 20 T 1 9 7 & w0 (B mh s 8 H) Hi 10
min F& ¥ UK U 5 B8 w5 1B 3R (20mg/ kg, 1mg ¥ Al AR
+ E AR K 2 100mL B} 10mg/ mL) Ff 73 51 T : 25 Hif
FePEZY )G 10min [T PR AL 1 ~ 2 mIL (BRI JS [] 3 45
A K) VBT EDTA HTEEE , vK#F,2 0001/ min
B0 10min J5 B 1 ml, - 20°C vk 48 08 77 75 46 .
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e 1R & U B AT .
1.3.2 JFpEts&haesem (1) ICGR5 ICG ¥ J&

Fie 25 W) Uk W1 A5 4 i ICG Aw ol 2k o KR B I 3K
ImL A= AR 7K 2mL 76 BRI 57,752 B 48 40 43 60
BEt 805nm Ab I E W G BE L A bR E I 23 A
ICG % J . ICGR,5 = ICG ¥ JE/1.0 x 100% , (2)
GLT DLJHCHF %0 € : ( RIA) JU I % - AMP ¥k J . 4%
VO & W An M 20 MK AR AR 4L B HL 0. 1 mL
R AR A ML N A 2mL JC KK , P& 4% L min, §f &
5min,3 000r/min #.0> 10min, ¥ [ ¥ W 5 A 15 B
i, R M 75% W ks 1mL #2457 ,3 000r/ min &
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1.3.3 meEARFEE FERFAHLITH M A8

Y] R HE Bt FOGHE T LS IE ik B AR A

Ji RN S g Ky, P <0.05 A G
ES

& ALT , AST , AKP # Il &£ B
4 2[R 3 PP KT, AR ERA B EMN (P
<0.05,P <0.01) HABRZEMT CHMNLHY
(P<0.01),mTNH(CP <0.05); LAY G &
FNH(P<O0.01)CH(P<0.05), £H1/
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2.1

1.4 %itEsE (%F1),
%=1 &4 KB AST,ALT & AKP #kE (U /L, x +s ,n =8)
£zt FRHEERT N2 HH c4 L
ALT 1/4h 78.08 +15.04 97.96 +14.08"+% 124.74 £20.62 174.76 £29.25% 9
1/2h 77.91 +16.08 114.84 +14.2999:5 145,74 15.64°) 192.72 £15.2324)
1h 78.23 +14.30 191.02 £21.49%9 220.94 +22.37 270.75 +22.58%3)
AST 1/4h 29.40 +6.33 75.29 £13.23%Y 93.08 +12.56 113.74 £12.60% 9
1/2h 28.99 6. 15 85.37 £14.162-9-5)  109.16 = 14.28% 128.47 £12.62%99)
1h 29.09 +£5.85 106.44 +16.312 136.35 £ 15.46 166.03 +15.4229
AKP 1/4h 30.85 +3.30 41.01 £8.97"9 56.93 +10.40 70.73 +10.13%-%
1/2h 31.20 +3.57 46.23 £11.931:35) 63.53 11.11° 78.36 +10.53%)4) %)
1h 30.94 +3.34 66.71 +10.482)-3) 84.09 +11.54 100.23 +10. 862
.5 NAN#H,1) P <0.05,2) P <0.01; 5 CHHEHK,3) P <0.05,4) P <0.01; 54K 1/4h I S He#,5) P >0.05
2.2 ICGR;s 0.05 8, P <0.01), H,C,LZ KN 3 4 &0 %

H#H 174,172, 1h F AR EM/RT LAHAK
CH(P <0.058P <0.0)ii@mF NH(CP <
0.01) ,LAHZFMMEMERTFNARLCH(CP <

S8 BA R 5V ICGR, s Bl 3 71 98 T i (8] 1) 2 < i
Ww k2, M),

£2 HUAKBICGR (% ,x+s,n =8)
PHUE B 2 N4l H 4 c4 L4
1/4h 5.68 +1.93 17.04 +5.27-2) 25.08 +5.32 34.05 £6. 16"
1/2h 5.90 +1.93 26.54 +7.041:2: 36.75 +7.30%) 47.39 £7.37":29
1h 5.67 £1.86 37.02 £7.461:2)% 47.71 £7.18% 59.74 £10.05"-2)-3)

TE: 5 N4IH#,1) P <0.01;
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TG c-AMP ¥ B &% % % H (¢-AMP answering
CARYHBREE T CH(P <0.01) K L4
(P<O0.0)MMEFNL(P <0.01) ;L 48 8K
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5 C UL ,2) P <0.05; SANA—H & HE,3) P <0.05,4) P <0.01

FN4(P<0.01)RCHA(P <0.01), H,C,L
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0.01)(£3,2),
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5 R 1/4h THHEVE 1/2h THHEVE 1h
Ho
ik famia N H(100%) il P MW (100% )  FUErHT i I N2 H (100% )
N 6.91£0.95  55.00+5.91 8.00+0.74 6.93+0.90 55.36 £6.67 8.02 £0.67 7.13£1.04 56.92 +7.46 8.02+0.72
H o 4.80£0.73 27.71£4.80V-2 5.77£0.38"2  3.88+0.78 17.93+2.641-2-3 4.67£0.41-2-3)  3.28+0.62 13.20+2.48"2)-3) 4,02 £0.18")-2)-3)
¢ 3.23£0.59  12.31£2.21 3.81£0.16 2.05+0.39 6.06£0.61> 3.01£0.39% 1.78 £0.71 4.40£1.579 2.52£0.29%
L 0.95:0.24 1.88+0.39"-2 2.00£0.16"-2  0.91£0.27 1.38+0.34"-2-3 1.53£0.14"2-3) 0.76£0.21  0.95+0.25"-2)% 1.25£0.211-2

5 N4, L) P <0.01; 5 CAHE,2) P <001 SHNM—KHEE,3) P <0.01,4) P <0.05
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