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[ ABSTRACT ] Aim To investigate the effects of minocycline postconditioning on myocardial ischemia-reperfusion in-
jury in rats and its possible mechanism. Methods Ninety-six male Wistar rats were randomly divided into four groups:
sham-operation group ,ischemia-reperfusion (IR) group, low-dose minocycline (3 mg/kg) group and high-dose minocycline
(10 mg/kg) group. The rat model of myocardial IR was established by occlusion of the left anterior descending coronary ar-
tery for 45 min and reperfusion for 2 hours or 24 hours.  After 2 h reperfusion, myocardial area at risk and infarct size were
evaluated ; the amount of TNF-a, IL-1B in serum and myocardium and cardiac MPO activity were assayed; myocardial apop-
tosis index( AI) and the myocardial tissue morphology were detected.  The parameters of haemodynamics and myocardial are-
a at risk and infarct size were evaluated 24 h after reperfusion. Results Compared with IR group, both low-dose and
high-dose minocycline reduced LVEDP, enhanced HR, LVSP and + dp/dt
and myocardium, cardiac MPO activity, and AT (P <0.05 or P <0.01). Conclusion  Minocycline postconditioning

lowered the amount of TNF-a, IL-1$ in serum

max 9

may ameliorate heart functions and decrease the infarct size and myocardial apoptosis induced by myocardial IR injury in vivo

rats, and the protective effect may be related to interfering with the local and systemic inflammatory reactions.
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SRl FH 1 o 273 P 0 I A S 56 A 490 41 9 T
25, LD WUR I PE FHE 5 ST, IFFE ki 2R
K2R AL BE5 RE I v A, 350 2 I R A T
oS ge e w AR 30 £5 ) HETM A 48
HH ST N2 % 4 0 FH A A A 791 oK 3 34 2R e ik
SHEE HAOUR T ER L, AHESE & R AR
FIERIEIRE 3 me/kg, A 25 T I PRI FH A o 751 &
200 mg LA 2y 0" SR AL BE X IR O LAY
VER, AR X 9 1 5 0, Ay K85 20 2 B 3
JULFEE T 45403 0 ] A5 P G DR A B A S AR B |

| HRSHE

L1 RSN

KI5 & (£ E Sigma A7) ;2,3,5 -4
=K W A % ( triphenyltetrazolium chloride , TTC)
( £ Sigma 28] ) ; F XK 2 (F+ Fluka A ) ;
it At 4 B ( myeloperoxidase , MPO ) & 7| & ( B 7 #
A AR AFE ) KB % B F o tumor nec-
rosis factor-o, TNF-ou) . & 48}t A~ & 1B (interlukin-
1B,1L-1B) ELISA 7 £ ( % E R&D 2 &) ; & & Hf
REEAMNZRANE(ERERBEARLE); R
s 28 g B A 3K A & ( transferase-mediated dUTP
nick end-labeling box, TUNEL box, ¥ 7% ¥l & 4 4 £
TR EA RN ) 5/ 50 A 7 F AL (HX-300, ik #5 2
AR ARAFA); NRAERZIMN (B X
RM6000) ; % 541 /7 #l. (% B LEICA A7) ; K ¥ 2
%% ( H A& OLYMPUS /2 #] ) ; B8 47 {3 ( MpltiskanMK3
752 ThermoLabSystem ) ; 2 H 3 4 ft. % 47 1 ( Co-
base501 4 [E Roehe) ,
1.2 Bh¥RBYEST

HeME Wistar K 96 R, K& 250 ~280 ¢, #1 ¥
EERKFLRGHFOREME, KR 10% K&
AB 0.4 mL/100 g B8 B 5T AR EE, R BV T 6 B AT
/N AR R AL EE B AR, B A 10 mL/kg, R F
1:1.5,"F | AR & 75 K/min, &% WU R 18 4T Z& 9 BF
VIR, ZRE QN FTIOE, HF B AW, &
B o0 ik B 4 5 A2 BOARE D] By 22 RO #E K, A
ERARBRAGE, S04 ExERBRTF
%, % [ A R Ak — A 7E BE R OIR B0 BT PR AR B
12mm BZR—PELYS mm é’]/@%,%%’ﬁ 27G
HEKEASmm WEREE T EE P, £ 5, L
EEREELHRE (RAH) KB E ST Bdp g
H QRS W EEH A FEFAENE LRI, 45
min J& 3K H B IR, R R B Bk ot ok B R, Bk A

B 4 48 5 B ¥, [ ST B Bl % 3% QRS & &, &
B G EEESAY, AR ARIE, &
AT 0T 4R KRR IR £ 37°C ~38°C, &4
BH#EE2h24h, BFERUAFHFALTRE HM
AR 1B ROF S 8 4L R 3 ik,
1.3 EWHESE

HE M Wistar A B 96 R L4 A 8 1 45 min
BEFE2hA(T2 RA)MEEE24 h 4 (24 R), 54
BaohBFARY S BETH KAEKEHRE
A oHAEREXREZTA, (1)BFAA: TR A
WMEXRFL AL, F4% 5 35 min B R#HKE
1N AT K (1 mL A FE 2 AK/100 g) ;5 (2) B
TR 4 LR B kA AT R 45 min, FEEHT
10 min B Bk 2 18 7E N 4 B2 3 K (1mL 4 2 3 K
/100 g) 5 (3) A & K3 & 4. F# £ A7 10 min
W R R N BB K E IR R 3 mg/kg (0.3 ¢/L
ALK m LKEFRZER100 g);(4) 7 A E
K EIR R4 B E AT 10 min By R BROE N S B K
B E 10 mg/kg(1 g/L £ H K ImL KEF R E
K100 g) ;FREE 2 h AF2h 42—k, %542
Ko BHAMAI 6 RI#ATHLRBELSEFAM R
AR T 40 fe R AL L6 Rk BAT 0 ALk o & fo X
M LSE BN E , 7 4 6 Rk R HTBh ik B i 9F AT 40
B F ELISA 4 , 2 J& 4 38 & Rk & 0 AR A, #
AT AL 4 MPO 78 M R 248 48 40 f 740 0, 7 OB
FE24hAF2h B — R, ZEET6h, 44
KOCEFHI6 RKRAT Ik 30 7 F AN, B AT
117 Y o 1 O A=
1.4 MR AFIEIRUE

FHEE24h 5, 2EMNT LD IRIEEE LS
FLEEE N A E DTN, I F L E (heart rate,
HR) . Z % £ ¥ 4% & (left ventricular systolic pres-
sure, LVSP) .72 /0 E 47 % #] K /£ (left ventricular end
diastolic pressure, LVEDP) | 7 & % % fb 3 & & K {H
( £dp/dt,, ).
1.5 OABMER X 4852 SE BEillE

H#EE2h K24 h B, BAREMELZRF
Jik, K220 % RN 2% (7 XK 2 3 mL, 5k kol AL
AERREE, S LR e, B S AR K,
HEACEMEE , AFEEEN 2 mm B4 B
W 4~5 N, hiliEEHHET37°C T 1% th
TTC B F & 20 28, 6 5% 3 R U
10% FHERBEZ6h, ZHFE(H. 2FHE) 5
BIREAE S X | 3EAF BL 8 e ifn IX g B fn X, JEAE
TUHG Bt X oA L X — AR E R Bkl & I K, R
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MR AELERE CNEESALCEEEZIL
(AAR/IN% ) ko~ , T L E B LXK & ALE &
5 0 K0 HLE & 2 W (IS/AAR% ) R &
.6 DNARFEESEROIATHEIEM
ME

HH#EE2h B, REYRACEAESNAR,
TA4% W5 FEEE L 12 h, 7 # 4% HE 361
ZHEFEQHNAREFEL N, A TUNEL 4 0
AT, BB R R A BT, EET
L4 A% 2 6 776 ) TUNEL %6 8 4
AR TR R AL L 10 A EF (400 %), i3
ER R DR s O il S (R
38 B (apoptotic index, Al) , J it & 4.0 AL 28 48 8 1=
iRE
1.7 ©ALLALR MPO & MEMNE

FFVEE2 h, BRA B, KR F T, EE
X ALA L 0.2 g, vk Eh AR Ik KR T E e
2 mL A 2h K A7 AT K 10% 4 A 4 %, 15000
r/min %35 F 8 30 min  F_EE R, 1% K & B
B1E,
1.8 MmiF. OB TNF-o IL-18 ME

FOEFE2 h, Foh kB M 2 mL, #E JE 4CT
3000 t/min %% 10 min, 2 B & ; A R 2 % 4 4L

1. KIBIREN IR KROIHEES IR (n =6,x +5)

BT ORE AR X QAL L, F 20 mg 48 mA
150 pL R, 5 A B H KRS BHEAS K, 4C
15000 t/min %% 5 min, B _FE R B & 41 2k A #
B, Bl 200 ELISA 34 0 fn v & L4 42 o TNF-
o A1 TL-18, A6 9 7 3k 4% B AR 3K ) &1 3t oA
T, AL mEE N T EANE N2 FA
WEESE, BHBER, FIXRFHEREF
SE(/mL)BEREATHAREFEE(/mg),
1.9 FitZEHE

K | SPSS 13.0 4u it #k #4720 A, i & % B
ZUHBWRKAEE R T Z 00, % 418 HH LR
> A Bonferroni 7% ,P <0.05 HERHFHZITFE XL,

2 # B

2.1 KEREFLREXNAXROEMTZHZEHN
A1)

SRR M, Sl il PR 2 G R K
RZEL HR LVSP, = dp/dt, TEARI B3 AR (P <
0.05 5 P <0.01) ,LVEDP Bl 5. J& (P <0.01) ; 5k
I PHPEE A LA AR e R S K P 2R 2 A e o
B HR  FH 5 LVSP #il = dp/di, (P <0.05 B P <
0.01) Bk LVEDP(P <0.05 5% P <0.01;% 1),

Table 1. The effects of minocycline on cardiac function parameters in rats(n =6,x +s)

i HR(R/47) LVSP( mmHg) LVEDP(mmHg) +dp/dt,, (mmHg/s) -dp/dt,, (mmHg/s)
RFAA 412.2 £30.3 143.5 £13. 1 9.8+1.5 5258.7 +538.7 3731.9 £405.0
Sk 1l PR V2R 351.3 £26. 4* 95.7 +12.8" 17.9+2.6" 3640. 3 +389. 4" 2061. 1 £293.5"
AR IR A 377.8 +30.8 121.8 +15.3° 13.8 £2.4" 4456.6 £427.7* 2683.3 +369. 1™
=il S22 ¥ 386.1+31.0 134.3 +£10. 6" 12.6 +1. 8 4952.6 +439. 1° 3146. 1 +306. 5°

a’N P<0.05,b 4 P<0.01,5MFRALK; ¢ I P<0.05,dH P<0.01, 55k 10 FFHEEA LK,

2.2 RIFFRZFLHEXNKROHEEMDERX EIE
SEER R

TEGRMFEHET: 2 h & 24 h 41, &40 B0 LBk
MfERs X BTG it 22 5 (P >0.05) ; 5 FARH
LA, ot I PR T A AT R W B 3 K (P <0.01) 5
e PR A PO AR R R K U PR R A
i E U/ MEBETE B (P <0.05 B P <0.01) ; 51K
ORI R AL LA, 8 77 oK A PR 2R A el N A
BT i (P <0.05;2 2 FIE 1),

2.3 KRERZFLEXNAXRONALRFRERSE
oA

B T ES BT ARG O LA HES 2 5% 5
Y5 VAT YR SO B, JCAm b Ak , R WL AR PEIRSE A
SRAEGNARIRIE 5 Sl FRE AL O WULET RS 25 L,
FHOARIGE], NP KA ., O LA B 1] BELK A ™
WUEFERR oW 58, R SOBORA B 2%, AT D00 JUL 240 B 522
P RINFE, SRFE DX 20 A% A SR i ik, ) A R M4
PRI £TAR ML 3 B 5 AR s R KPR R A O
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JULEH RELHES AR KL | 350 230 UL AR K i A5 8 | JILEF
1] R N W e A i A S R s 7
PR, 0 UL AR 1 240 BRI 5 5 afe i PV 3 2 AR
L, ORGSR s (1 2) .
2.4 KEREFLEI KR OHEME TR
TUNNEL J4 8 J5 1F 5 40 i A% 4y 5 €, 0 12 40
ki, BFARAKEON > & TUNEL 3¢
G BAPELNI, 518 P AR 2 He g, i i 8 7 41K R
(e S 4 i R G L2 AT B (P <0.01),
i P R A LA AR S R ORI A R A G A
FH: 200 B B S 2>, AT B R B (P < 0. 05 5] P <

0.01;%£3 FIE3),

1. KIEHREI K RO M R X AEEERAR0
A CHERIFERE 2 h 41, B S 1 2 b ORI R L, C
B 24 h 41, D B FHEE 24 b R EORIEA R AL,
Figure 1. The effects of minocycline on myocardial area at

risk and infarct size in rats

& 2. RIEREMNKROANRMAER X AEEERAIFM(n=6,x +5)

Table 2. The effects of minocycline on myocardial area at risk and infarct size in rats(n =6,x +s)

e SR AETE 2 h BRI FFHETE 24 h

eI FE 6 X HEFE F B L e 51X HEFE F
i P 2 50.47% +6.87% 56.83% +6.25% 51.27% +4.52% 67.28% +4.27%
IR B KPR R A 49.61% +5.42% 39.19% +4.56%" 50.89% +6.18% 44.23% +4.26%"
AR R A 49.89% +4.89% 31.83% +3.08%" 49.73% +5.67% 35.18% +5.13% ™

a i P<0.01, 55 MAREEALE b A P <0.05, SIGHE KR RAE,

2. KFEFREXFKROMNABLRGEIZM (400 x ,n=6)
KR,

A HRTARA B B AEEH , C WG R IR IR R A, D il i

Figure 2. The effects of minocycline on myocardial injury in rats(400 x ,n=6)

3. KIBIREITK RO AL REE T BRI (400 X ,n=6)
KR A

A RFARA B Bl HE AL, C MR K IR 4, D i i

Figure 3. The effects of minocycline on apoptosis of cardiocytes in rats(400 x ,n =6)
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xR 3. KEREXNKRONARB TR (n=6,x £5)
Table 3. The effects of minocycline on apoptotic index of

cardiocytes in rats(n =6,x )

o 4l T8
BFARU 5.10% +1.78%
e 1fi FEVE 3 4H 36.89% +8.33%"
KGR A 24.63% £5.79% ™
[=Siill=e 97275 32| 20.83% +5.62% ™

a’h P<0.01, 5EFARLLIE;b A P<0.05,¢c N P<0.01, 58l
FEEL R,

2.5 KIEFRZEFLEXNKRMFE., OALALR TNF-
a JL-1B FS AL MPO BRI R

SBRFA L g, S 7 R 4 i 5 o L4l
21 TNF-o IL-1B8 751 S0 UL MPO 36 P 357 B 8 384 1
(P <0.01) ; 5 By £ 4 e i, A% 5 i oK i
FRZ A M7 O WL 2L TNF-o IL-18 &5 & K0 L
MPO ¥ P B FEA% (P <0.05 5 P <0.01) ; 5{%H
ORI R AL HLER, 5 7] K i PR 2R 2 T B 3 0
INALTE O WLZH ST TNF-o IL-18 & (P <0.05; 5%
4),

4. KIEREIKRMFE OMALR TNF-o IL-18 S EFGHL MPO FHERI I (n=6,x =)
Table 4. The effects of minocycline on serum and cardiac TNF-«,IL-13 and MPO activity in rats(n =6 ,x +s)

4w ML TNF-o M 1L-18 LWL TNF-a DWLIL-18 LI MPO
(ng/L) (ng/L) (ng/g pro) (ng/g pro) (U/g pro)
BFARH 52.34 +10.27 44.38 +8.18 15.11 £2.21 8.14 £3.08 1.06 £0.29
H 3 (IREERFME A 234.34 +24.79" 153.13 +11.98" 38.65 +3.68" 23.23 +4.92" 5.19 £1.01"
EFEREIR RN 163.59 +12.87™ 91.74 £9.23™ 22.03 £5. 04" 16.22 £2.76* 3.48 +0.99™
EAERIE IR RN 129.18 7,56 73.05 £9. 05" 15.51 £3.87™ 10.19 +2.84™ 2.29 £0.53"

a N} P<0.05,b HP<0.01, 5FARHLE; ¢ P<0.05,d N P<0.01, 5H M ERETHLK ;e I P<0.05, SIEHIEKIEHRZHILEK,

3 3

KIRFRRAE NG IR b 322 TR 7 T & M H
ERGEB AR R IR Z R4 R G R
A REWRYIER . S IR IESOK i B R
Ak 2B TR B R AL e o 9 T A A
W, AR5 e 8 5 oK A B 3R Ml PR I P s 4 55 2 200
mg A2 A5 3 mg/kg' | FRHETERT 10 min 2585k
TS 4 24 38 A JUL 200 B 30 1 B LA B 3 6]
PO WUH SR O R (]I Hs I e 37 50 ) 2
28 - dp/di,, Ml LVEDP 3T # .0 I 4F 5K 20 fig,
+dp/dt,,, F1 LVSP WA O ENCAR T g, WFFE 45 2R
RO AR T SO USRS e TR 2H 5 K0k
HERAY W TERFARA, $&8 IR SR A0
JUUAGL 05 , AR o M 5 D B[R] I3 5 10 LA 44 i
T3 AR 7 oK v P 2R A B A g0 LR
SR T, RN k% 1 2 00 LAY &7 5K i ThBE .

RAEUESE R B, P9 T 400 3 2 Bk 1M 5 R A 2
OSSR FERE I 3 mT REAF A I ] A s, DR
P LIP3 ) 45 1 4R 6 I ) R LA ) - 0 U 40
P BIRR L, [t RE 52 R 245 9 T WU AT 85k .
JERIE Y R X6 it /N 3% A A - ( platelet-activating fac-
tor, PAF) SZARTE BT A 58 1E W] 1 P38 1 1) 15 [
X 25T TUSCRE AR W), S T 5 X 0 3 ke 1 e 1)

490 min, T FFEEFE IR 2350 3 h #16 h, 7E3 h
FEHE VE AF 58 v, PAF A2 4K 45 B0 7] ( BN-52021 5
CV3988) I/ AH AL ), M 24 - 4 6h [, PAF
ZARFE P (WEB2086 ) K fig I % K0 WA 2E 3
F BB G T A PATF A2 (R H5 5 751 W) ¢
AR, 9T B 3 B [A) 2 P 3 s ] AL
PAF ZZARF5H07 T B HURAEIR | H)AN AR 5 2k 2> R
FIREZESE ], SR AR A PR 6 h IIBFSE , PAF
G4 TE 11\ PORCERY RE R K RINE (A IR SRy NN
g, FATT o A U PV 2 h FH 24 h JS KT ER
BT IR R A5E BE 91 T A9 52 ), 485 SR SR 3R
FHA WA ER, IF B IR R o) Lk 2 F i E
J5 24 h,

7 B ot ST B 22 | RS0 LA MR R [ e
TP I AR v AP R TR 0 L PN S R 2 S AN
R G il X JILZH 231 B ik 4% o 41 i I - 45 1
AT ELEER 5O LA L, £ 2 O JUL A0 M6 4 7 14 8 T F0
PRFENOM R T RE O LR I P T 8
S b AN SR N A AR e 20 e IR 2 ik
P T & A R R B RR B R 2 MPO 2 AF
FE T H R 20 | A% 40 R ) T A, R
AN 16 AL AR W, O L MPO 6 4 1T B L
H A I R M A e A PR R LA
JRE SRR TR 5 Bl X0 LA 8L 3 1 432
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B 55 43 WA 9 5 3 L TNF-ou TL-18 45 i 4 E 40
PR, 3k S0 SR R 138 3 4% 1 32 A R A B 9 17 5
FIEARE— AT S v M 4 S A P R 2 Y
RGBT IS DL R e 70 O WL 2R BB e ik 14 Tilg
DACTRR, 15 S dafe oL PR 7 DX 3R P g JUL 00 L 1) 9 1 B
AL,

A WUTR 93 BB 20 ™ A2 1 TNF-oc S22 3 3l
HIT AT PR~ K S I Y OB, TNF - 100 I BE 4 T2
TR A Ak G L AR AT DL B 0 LA
FPE T SIRAE ) TL-18 20 L IR R0 B A%
W 00 6 5 0 114 PR R AE D, TL-118 R S 38 L
BN B 20 2 3R 2 i 1B BG4 T 1 (intercellular ad-
hesion molecule-1, ICAM-1) ,1fif ICAM-1 52X E
F 4} ( polymorphonuclear leukocytes, PMN ) % [} 7
PN B2 A B R P B B B T 2 ek oA B G A Bk 1L
DX, E o BH ZE St 48 R AR A Pl R R B LA i
i, IL-18 A% TNF-o 355774, 9F 5 TNF-a P
[ 7= A LT AR T SO LR e S s . A
WA SRR, O L P T 45 0 3 80 PMN 2T €
R, RPN AR L MPO T ETE B PMN 32
TR 3R A JRE T P24 TNF-o0 353800, )i shat 48
9 PR K S, TL-1 3 A B3 22, 16 22 i i ARAE [H
5 PMN R iEAH B A2 #5175 A& 5 20RO JILJR 35 Fn 4
B RAEIONE , L R R SR T B IR, R
FECOIIBEREAR, P OB IR ER TR oK o
PR 5 A Hi i 2 A MPO TEE  BA &l 1
Hh P 2 LR O L SR 300 AR LRy 350 R0
1§ TNF- A TL-18 7P, 2 1 0o LM 0 7~ 7
JEFLOUREFE (5 L, 20 D g, HoO LR 37 1
FH SR AR | o R SR T R R A ACR B4

AWFFE T UIE S AR 5 0K o 24 3 Ak B AE el
R R Bt MLt 1P 400403, T ok e S A R PR
O WU PR RL v i 1T 22 4 AT AT, Hol WLER B AL
PO RO (LA 2 PMIN 321 0 40 ) B 7 B8 Ao AL
RIT M TR, DL E G5 /XK R 2k
O UERAP A I PR 2 b BAT 48 18 3
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