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(HE] B RO RS0 FE S0 T 4k iR DNA 18 FE S pLE R B mE WM THEM. i &
S7 R BR A AT fe I PR T B A0, 4 Sk 4 4. A 4L BRI 30 min 215 B 41 kMl 50 min 41;C 4 R ETE A ZHEE , B
50 min 41;D 41 ARF AR . ARJ5 24 h, 5 3.5 R FIALSEA A 34, W Mg AST  ALT ; I AR 995 32445 I s miDNA
D-loop X4 ¥4 JF , AE $875 037 o5 s RT-PCR Kl i 2H 2L PN 2 i /& DNA S5 v mRNA fYRBIEM. 458 AR5 R
(24 h) ,A B.C 3 41 AST ALT 7}, IF2H S0 B2 A8 b B o, ki & DNA SR G v mRNA Rk ¥ s, Hp c 4
AST ALT K JHFZH L 32 U FIZ ki i DNA JRA5 7 y mRNA Rk AT B Z41(P <0.01) ;24 h )5 3 24 AST ALT ¥
FEAIK, A (B 2 414k & DNA JA A v mRNA 63k 8B #iAIL, C U0%: A B 2 41 4MIK(P <0.01) , HAR 5 —EH 4t F5 76 [/ —
7K C 41 miDNA D-loop [X. DNA ZEZE B AL T B 41 (P <0.01) , &5 JFFWESR M FEERUA AL miDNA D-loop [X.5E
A7 B WA 2R AT el R A BRUPFR E ke at FR-08E 1 Ao B 7 AR miDINA [ 2878 28 il 4 b i DNA R 45 F v mRNA FRiE
S BT AT XHERRLR DNA i B AL A R 94
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Effect of rapamycin on mitochondrial DNA damage in rats after liver ischemia-

reperfusion injury and repair mechanisms

Yu Xi', Zhang Ying®, Fan Wei’, Liu Yang’, Guo Jiangfu®, Gong Yi’('Teaching Section of Surgery, Second Clinical Medical
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[ Abstract | Objective To investigate the injury and repair mechanism of mitochondrial DNA damage
in rats after hepatic ischemia and reperfusion injury and to determine the intervention effect of rapamyecin in the
process. Methods  Whole hepatic ischemia and reperfusion was performed in the rats according to the
following ischemia period. The experimental rats were divided into 4 groups, group A (ischemia 30 min),
group B (ischemia 50 min), group C [ intra-gastric injection of 1.5 mg/(kg + d) rapamycin for 3 d before
surgery, then ischemia 50 min and rapamycin injection again ], and group D ( sham operation). The rats were
sacrificed in 24 h, and 3 and 5 d respectively after reperfusion in each group, and their serum levels of AST
and ALT were tested and hepatic pathology was observed after HE staining. The mtDNA D-loop region was them
amplified and sequenced to find the mutations. The mRNA expression of the mitochondrial DNA polymerase -y
was detected in hepatic tissues by RT-PCR. Results  In the early stage after injury (24 h), both serum
levels of AST and ALT were increased in groups A, B and C, pathological injury was serious in hepatic tissues,
mitochondrial DNA polymerase vy mRNA expression was increased. Among the 3 injured groups, the indexes
were significantly lower in group C than group B (P <0.01). After 24 h, the serum levels of AST and ALT
were decreased in the 3 groups, the expression level of mitochondrial DNA polymerase vy was gradually

decreased in them, with those in the group C more lower (P <0.01), and maintaining at the same level after
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operation. The mutant rate of mtDNA D-loop region was significantly lower in group C than group B (P <

0.01). Conclusion

There are DNA mutations of mtDNA D-loop region in hepatic ischemia-reperfusion

injury. Rapamycin attenuates the pathological damage induced by ischemia-reperfusion in rat liver, reduces the

mtDNA mutation rate, suppresses the increased expression of mitochondrial DNA polymerase v, and thus exerts

a protective effect against oxidative damage.
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JFF 0 S5t 0fiL -7 1 42 457 ( hepatic ischemia reperfusion
injury, HIRT) J&— > 5 2L I PR 0] &8, AR 5 Jkge T
JEESIMG3 JHE DD B SRS AT S04 T 2 BE 48 S
IHRE WG H 5 Z A 5 o AT A A IR doke i 5 52 6k (1]
Dol e LR T AR L DR AP S RE , BT LRI RS v A
HEMIGIRE Lo REBETERY], AL kLA DNA
( mitochondrial DNA , mtDNA ) A4 45 155 75 AT i Sk 1fi, F5- 52
HER R E AR . AR g i 7 K R 4
S5 PRV 0 A A Y, R mtDNA DL AR S o7 s 4k
ik DNA 45 v (mitochondrial DNA polymerase )
Fib5 mDNA ZHU5 B R L, DRI R L
KR DNA A RERY LRI B

1 RS

1.1 ##

e FRETE T G PE SD KB (n = 60) , /K BT 200 ~ 250 ¢, 11y
FER =R SR sh Yoo, RET 12 h 55, Aok, &
W2 2R ) 9B A T AR U RB AT B W1 e LA K1 25 T B
JRRAM IS fifp I W JBE 0 0. 345 mg/mL (97
1.2 520 A feth?h

54 HORRSIN 3 26, A 21 IR 30 min 2H ;B 20 : JFFE G
1. 50 min 2H;C 2H: RAT3 d MARGEHEMAEZRE[L.5 mg/(kg - d) ]
HEH PSR I SO min 45 R 6 HAE BT ARX A (D 4) .
A B AR 3 d KRG LUIKH 25 TR 1 mL#EH . 4K
U8R FH kBRI , 2 B Pringle” s/ 482 57 K B4 JFF Bl ofn T30
VERCAL, IR D) 1S LA G R i 45 e K T sl bk L 1T K K 8
—JEJe ], BT 30 .50 min BRI , 72 BTk i 534
T, D 2 pRE 5 AUT T B 3l T S R SCGHE
1.3

FHRBARE 24 h 3.5 d 054 5E % A sh¥ . Ok
BRI 2 mL,3 000 t/min, 15 min B3 AST ALT; QBHR 4
FFIEZHZH (1.5 emx 1.5 em x 0.3 cm) [#5%E T 10% 45 /R D
ARIEW T, A B S T HE G, S0 B UL I 6 0 R J3E
@RT-PCR A JH2H R LA DNA 2R 457 v mRNA i35 .
BUFNEH LA 15 mg, #2300 & UL SR LR RNA, 5 1 ¢DNA, Bt
2 pL ¢DNA j#47 PCR SN, ZKL{A DNA 541 y mRNA 5147
FUF51 49 5'-TCAAGGAAGTCACGATGG-3'; | iif 51 4 5'-AG-
GCACTGGTCAATGTCTAC-3', ¥ 14 H Bt K B 470 bp; N £

B-actin My Eh b i A THEAE . 9718 A BeK B 165 bp, ¥ 2%
.94 CTAS M 3 min,94 CAEME 30 5,55 CiH k 30 5,72 C 4t
il 60 s, K 30 MEFR . 72 CHEMRS min, il % 20 /L HUIREE
B, IS Wl PCR P29 5 1 pl EREZE MRIR & 5 s e,
100 ~1 000 bp Marker 5 wL,120 V 40 min HL3K, 5 54MT T W
4RI ] Quantity one 4.6 A=Wy R 70 A B4 3 4% LUK
ZRA AR OEEE BE A, THI 5 JEAR B B-actin 11 B 3 BE LU MR
@2 s mtDNA D-loop [XAREL 434 5 - BUHIELLZ 15 mg,
TR S UL R PO IEZH 2B P ZH DNA IR 2wl 2R 4H DNA
AT PCR AL, mtDNA D-loop [X5[#): Eil#514) 5'-ACAT-
TAAATTATTTTCCCCAAGCA-3"; FiiE5| ¥y 5'-TTGGTGTATGTG-
GAATTTTCTGA-3", 91§ J B A B 850 bp, 4314 4% 14 15 2 kL i
DNA 451 y mRNA PCR Wi AH[F] S wl PCR =4 7T,
UK, LUK R AFTR R A, 40 BEE BT 4 B 0% 2% 2, B PCR 7
Pralidl 5 3% bl A O, TR Y 45 5 5 NCBI GenBank 2
P AR LA A S0 Ao
1.4 %it5Eo#

K11 SPSS 19. 0 B A7 Hidis Ak 3, W RE A SR
5, HARR BRI L x =5 R, (i FH B R R O 28 40 W A T AS
[vi Fsf (] 5 5 2 1) 22 S P A 6

2 HR

2.1 BAKRAREE

A R EBAGIE2E 18/18 (100% ) , B 41 K BB % 18/
45(40% ) , FPRIESI AR RIGRAS 5, 4 701 45 28 e 276 18 L,
T C 21 K BSOS 28 18/24 (75% ) , 7R #b 78 1 B 28 I 2 L 1
18 H, REFET- Y H A TF R I 3% PR )G 2 ~ 5 ming
2.2 BMRKEAKRE AR

FAKRBARTGE 1RGS2, ATHOK BRI & BRURH
KB, BORHR G e I R D, BERT EHERS DL LR
WA, R A A RRAEARG 2 ~3 d. BAKRERE 4~
5d.CHRBAEREI ~4 d FEBWELFE,KE WmahESE
HREILHEZR,D AREAEFAY BRI E RFPRE
2.3 &Kk F AST ALT %4k

A.B.C3 4 KRl AST ALT 5301 (24 h) FH Wl ,3 d 5T
HEREAT(P <0.01,P <0.05) , BAJG 5 d &40 Ak g it
22 (P>0.05),A.B.C3 AN L, REH 1.3 KAC
4 AST ALT % B 20 W BFFAE (P <0.01) , RJGH S KA
GiilF2ER(P>0.05), g1,
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x1 JBAAXRTFERESME ALT AST ZHR (U/L,n=6,%=s)

215 ALT AST
A4l
24 h 416.50 +145.87¢ 559.67 = 124. 68¢
3d 47.14 £7.31b 74.50 £5. 17b¢
54d 35.00 +5.29 62.67 +8. 14
B4
24 h 902.33 +107.21 1592.67 £245.72
3d 135.50 +23.92b 373.17 +46.79"
54d 61.50 £13.47 109.00 +13. 832
C
24 h 612.83 +130. 18° 1011.83 +£217.40°
3d 85.00 +9. 78" 229.17 £38.52"
5d 59.67 £8.31 92.50 £9.95
D4
24 h 41.00 +1.41 65.50 £3.54
3d 37.50 2. 12 60.50 £2.12
54d 32.50 +3.50 60.00 +2. 80

a:P<0.05,b:P<0.01,5 48 A5 — 8 1] 54k ;e P <0.01, 5 B 4irkss

2.4 ZAMRKFAIEALZRE T
A ARG 24 b JIF/NHSERE T I, e e i I ] LT 200 K i
AVENY L, DV A0 M S AR AR R LR BE VA XD R M AR
HI¥E (B 1A) ;B 415 24 h FFAIIC I BURSE, I A1 HIE
AR, T AL R ANIERE (B 1B) ;C ARG 24 h WLITF40
RSP RFE (I 1C, 22 AR BRI, A A0k T 4140
BT RS A R IR, 4 B 4B s D 4
HIEH AL
2.5 FFREZAZE miDNA D-loop X PCR = 4p ¥ 3% 45
A RBUIFIEZLZ! mDNA D-loop [X. PCR 7= ¥4 1 T 3l
BERS P HLTK , ST 850 bp A B/ NG MR — 1 4% (181 2) 6

M 1234567 89101112131415161718192021

Weeweewewwe-ewgewrwewwew .

M:Marker;1 ~6: 534 K55 d A B.C3 A2 AL ;8~13.4
FAREIdABC3IWME2 ANEW;15~20: 53 KRE24hA,
B.C3AE2ALH,T1421: 53 A DARES53d24h &4
B2 FAKRBIFAEEAL mDNA D-loop X PCR P43 R R 45 R
2.6 ZKKAIFAIELAL mtDNA D-loop R H B 2%
Hr 5L
JHFNEZH 2R miDNA D-loop [X PCR 43 7= W Jy> 45 5 5 NCBI

A:A#1;B:B4;C.Ca
El1l ARE24 h KEFEHGSREETL

(HE x200)

GenBank 275 )75 %} LIS 3 S B 62 A8 S 37 s (B2 [ 7 L
B 3) G R RAE R A SR BEBR R P A T A
D H5Z % A R BLRAE , A 175 18 mtDNA D-loop [X )
S, THAA 525 55 K D 40065 H T & B A8 T A1 %
 HIRT P8, Horh B LR BURAL (L AT 54 A, RAZHN 6.4%
A B RBURANL R 3L A, RAERN 3.6% , 5 B ALK ERA
Gl (X' =6.551,P =0.01) ,C 4RGN 33 4,
RABRN3.9% , 5 B A WE I A G FE L (X =5.342,
P=0.021), W32, DI ERBEZH R, Bk F 254
7EB 41, H B ARAERY AT A CAL.

1536 1644 1744

Y'\WWMMM m /\WWMWN

%153 164 12,540 % AR E 174458 h SR E
3 #34> mtDNA D-loop XillFF 458

2.7 AFREZALR K AR DNA A% vy mRNA R ik &4
T

41 RNA 42 LA K PCR 434 7=y v kb A R J2 A [
B, HEBR T IR A o AN ) 7 3 P £ PR PE sl B B M. ki ik
DNA % 4 ifF v mRNA K B-actin PCR 77 #) 43 7 2 480 bp Fl
165 bp( &l 4) , % Quantity one 4. 6 £ EQ 3 B4R 43 715
A THBDGE B, 5 HAHNL B-actin [ FR G B LU H S0
25381, A B.C3 A FIEA 2 ki /& DNA 5 v mRNA
TR TE (24 h) B AT SR EE (P <0.01) ;KRG
3d A FRFEPE R, UBHANEE(P<0.01), ZEARF5d
A B ZH R — I ] A B AR (P <0.01,P <0.05) , 1 C ¢H7E
AJE24h35dHTLHEER(P>0.05), 015K 3,

M 1234567 8 9101112131415161718192021

1500 bp—

<480 bp
<165 bp
M:marker;1 ~6: A A KE5dABC3HE2/MNEWH;8~13:4
MARGEIAdABCIAE2 NEF;15~20: 07 A KE24h A,

B.C3MA2ALBT 142155 HDMRES53d24h &%
4 RT-PCR #&ZHifk DNA B &8 vy mRNA Rix
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®2 BAKRIFHAL mtDNA D-loop XZEHHREFLR

. FRAFR()) T
WA BRAV A5, Ayl B C# DA GenBank L5 H AR SRR
63 3 c G BT
6 33 G A B
70 3 3 C T/G TR
72 6 T G TSR
73 6 A G/T HGAR
74 6 T A TR
75 3 12 6 A T/C/G AR
76 5 12 8 A C/T/G AR
77 3 G CA g
78 4 6 4 C A/G HGAR
79 5 9 4 A C/G/T IR
80 6 12 6 T G/C/A A
81 -82 3 (=) GT A
81 6 12 9 G C/A MR
82 4 15 10 T G/A HGAF
83 3 13 7 A /G JGAF
85 5 4 T A A
86 3 3 3 A T TGAF
90 3 A G MR
922 12 15 10 T C HRAR
92 -93 2 (-) G A
93 6 6 3 T /G A
94 6 7 6 A T HRAR
94 -95 1 (-) TA FA
116 3 A T MR
118 3 C G SRR
121 3 A G TSR
123 2 C (=) sk
131 4 T G FEGRAR
134 # * * T C EZ0Y:4
153 * * * G A Z 50k
156 3 T A SRR
160 4 1 T C TG
161 - 167 1 TAAAATA (=)  FBisk
164 * s 5 A G EZ 3
174 2 0 6 A G R
186 1 T A R
187 2 5 3 G C AR
247 * # * T (-) EZ0Y:H
319 6 9 5 A T HGAR
400 * * * T C Z 51k
587 * * * A T EA A
667 - 668 5 3 (=) C A
678 2 9 6 C (-) Bk
846 * * * T C 250
857 1 1 C T HGAE
874 4 8 4 C T e
883 12 12 9 A T G
884 3 3 2 T C/A e
885 9 9 6 T A/G/C i geAR
885 — 886 2 TC (=)  FBk
886 3 4 4 C A AR
886 — 887 2 (=) A A
887 7 9 8 C A HGAF
888 2 3 3 A C AR
888 — 889 1 (=) T A
889 12 15 9 C A/T TGAF
889 —890 2 2 1 (=) A/T A
891 8 9 8 T C Gy
893 —894 1 1 (=) A A
896 4 8 3 C A A
897 1 1 A C W gAs
900 6 8 4 G A s

w TR ARAM F 45 % 5 GenBank 3 R — 2 ; — : #85F F GenBank
B AT B A AT R B K

®3 BAXBRARBFEEFEALR LG DNA BSES
Y mRNA RIAEBHTEL(n=6,x+5)

215 24 h 3d 5d
A4 3.16 £0. 19¢ 2.91 £0.09¢ 1.98 £0. 082
B4l 3.80 0. 14 3.37 0. 10 3.02 £0. 15"
CH4 2.43 +0. 14¢ 2.39 £0.17¢ 2.36 +0.21¢
D4 1.66 +0.07 1.51 +£0.07 1.82£0.10

a:P<0.01,b:P <0.05, %5 41 ]9 57 — B 1] £ b4 0. P <0.01,d: P <
0.05,15 B 21rk#

3 g

JHF P SFe KL-PEORE 3 0 4 RO BT i A 58 4 B T, ok
TR RE 52 L e A B AT A S R R 2
— P B A M ) i A 2 T e ) T
N ffa s , TR0 M RE S A h R S AR ] . B B AR AT
FEZRARZE A R T RE S0, ORI S A1 E & 5]
A LAt 248 L 25 FH RS A 240 L 1) 22 4k, [RD R, 72 HIRT Hrih
P4 (reactive oxygen species, ROS) [t 7= A= ] i 1 & fk
& A A% IR N YDA 5% DNA J Befb 512 DNA $ii
1,7 mtDNA HuA% DNA TEZS 5 AR 5878 B i A
F50 0 AU %) RE AR R, B0 ATP A /b, ik
TR 20 A5 o T FE P AR X HIRT MK B 7K
SR ST D AR AR 2 B A A R A& DNA
AT 0T T R i FERE T A h ok DNA B4 4
AU S AL S A e R T BE .

mtDNA A (1) 4 G 5 DX 542 i) DX 4% FRAF D-
loop [X, K F mtDNA D-loop X k7 901 bp, U &5
RIS SU R S SN R SRR R G e
ek iy 5 3, b miDNA &2 il F1  sk B R P AR
FAP', mtDNA D-loop [X. [t 58 745 W] £ 23 % 1l mtDNA [
SR B AT e AR L DUE, HAZ R BOAE RS I 58
AR, S miDNA S8 (B DX I B e T A e D-
loop XA A FATTHETE Y 520 i o AL 5, HIRT
WL FEAK B2 850 bp WM P R e rh, 3R B 62 S8
B, AR FIR BRI 0 A8 S, Ik T Ze ki {& DNA D-
loop By s B2 2 AR P , X i 5k S0 ) s 52 P 22, B JHF I
It it BEL D Fsf ] £ S 4, 58 728 S B S Tt o, O HL LT
ALT AST W T , Y8 2l 240 o B 22 AR B
JHZHZ A0 17 3¢ B, 3R W AE HIRT 309 JHF 44 i 26 ki 4
DNA D-loop 545, I A& 4= 5742 , 7] fig 5 3 mtDNA & il
A SR 1 S, Wit 2 R 7 1 2R AR I %5 B 1 3R 8 7
GRE: G T i

TESRLAR DNA 45 & 2 LI b, SR VI BR B &2
(BER) 2 F2A/E T, itk DNA REH v 2125 M 1k
ME—BEUE SCAAAE T B HES AR A4 1Y) DNA R4 B, XF
mtDNA [ A 516 R E i — K e,
LRk DNA (2 il b 72 i DNA RA R v fEfL, — B
DNA A v W25 0 kA= A8 4k, LRk DNA 1) 52 il
B2 BN s 78 Hofs 2 ad A BER & 42, #l A Ak sl it



5536 56 21
2014 11 A 15 H

= E BE R ¥ ¥ MR
J Third Mil Med Univ

Vol. 36, No. 21
Nov. 15 2014 2195

3 (R P — T e 118 W vt g A% T P ) il 17 51 1
(8557 BERR 16 5k, TH I — BB I 1 B S A B A%
W B, DNA A v R I 70X — M e 25 B, 3F
H1 DNA JERERGE A B 0, Se s 2 o ARSesh b &4l
SIS YLk DNA B4 v mRNA 2635 76 FE T
T T 5, 2638 90 B 5 4 J0E 2 50R0 — B0, R BH 4eopr {4k
DNA RE 1 v FESRRZ B IH R LR s g B W&
2k Rk DNA HIIB 5, TSI RE B TR 2H 21 25 K B i 1K 2.
IEH ik DNA AR v mRNA Rk bl Z FEAIR
HHN R B HARJE F1(24 h) Zehifk DNA B4R v
mRNA R U] B3 & (0] RE i T ZbAR WA 1R =
WL I ROS , S IRZ ki fA DNA AT v 16 M. 9 Bk
AR IFSE R, mtDNA & & B (1) 3 & R IR & 5 i
SRR ERASAL Lok DNA BAHE v i1 B T,
TTRESATRZR LR DNA & 52 R 5810 3 8- , 5
 DNA B, X kAT LA R ] B 4120k DNA 28
A1 ymRNA 555, TR BT RER & fx— 42

T IA%F 2 b R K5 B TR 40 5 R VE M Pie
B 25, HonT i S 20 R B G A G BH T
G HEA S MM % 4% 11 F, DA T 490 7] 9k 00 200 JH ) 4
U BRI A b A 2 TR A RS 2K AR A, Xk
B 3 Y Villa-Cuesta 25 BIF5T & 305 A
5 T DT A s e SR O R 1 B R I St P 3 e
FIRRAR T S A 72 £ DA TTT 38 58 R ) IR 1 A
Pan 255 57 P IS 25 T4 364 7 vk, AT L sl 2L M
KEIE R 40 A P T, AR AT R R R AR 5. Dai
25 R R LR IR AT UG AOR A DNA 57251y
FHRI o

ARFIHEST LI, B ZIAITL(C 4) RAT R
B2 T R A B S B B, R AR R S T
B 21, 3¢ B B 08 2R e A5 e A O gl PR 3 A
HAHLHI AT BE S 5 A8 R FREARLORL AR DNA (58748 ; g
LRI R A P, 1) 20 B ) B S B B 1 385 9 5 5 4k
PR AT SR A v, S 40 G A M B R S T AR
REH RSB HEZ IR E . B4k, C ARG
AN]SR K DNA B4 v mRNA 35 B4
JIE k5, T B A B O 5t T 90 03 5443 ), miDNA
BRBE A 7% BT 24 ek /b T e S 3k DNA SR A v
H RN B2 Z B i) DNA R Br, {H C 4 £k ik
DNA %47 v mRNA k84 B 41518, HARJG &0}
6] 5 R B YRR AE [ — K, R EIHE X AT L
] HIRD o2k fA DNA SR 4 v mRNA f4d )i %
ik, A TR & A2 5 1 mtDNA; H 0] 38 52 982> DNA 28
AF FRARE R & DNA A v mRNA 13534, il ad X 2
B AR L A 1 T 5 AT, AT PO P ke
HEFARG , o DNA A v 3458 RUAFIIIB A 3RS

25 LA SR B I P 1 A mtDNA B3
PR A TR, SEOT W SE D RE S, 4k T2 kLA A

FRMBHBRRT, JIF DI RES T . DNA ST v SRR (& DNA
BRI T, ZokifR DNA R4 v mRNA 235
SR DNA 5 0 FE AN — . 3 A8 2800 i sk
AP AR A DR AP, AL AR v R « il o 444 9 24
JOAE R SR ERITE T A3E RV AE A7 , 100 71 K 2L 200 MO 004 7, Dol
JFPREE A S, 9 /0 mtDNA g (182473 , I DNA %€
AR AERFAORLIR Y DI RE 5 (] IR 2 A1 2% 3 E A A 2ok
R DNA S5 v it BE T o B B0 gk — 2D i BB 3, A
e HIRD JR FE 4 BE A, 4ERF mtDNA &2 il |
B FORBIRE AT, X HIRL 5 AT S RERI PRI A Y
WAt

Sk
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