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[HZE] B& BT A8 206 K UK B -3 1 4545 (CIRD 5 m 01 4R 3 20 AL . 753k FF 144 B
Wistar K FUBEAL 73 A T AR, BEORUA, TR A AR, b, @R B 2R T ARk, 2 24 Ko S@ BT R b 3l ik 2 ho i
# CIRI K BB, #5205 T 1 AHT 3 d FFIREE K 1 K ip 4324, FRIEVE 24 h S, ITMIE DI REBR I3, TTC e kA0 I i 45
YEAR; EB 5 5 Sk I 1% 57 B (BBB )i 17 7E; HE . TUNEL Y (o WS i 1l 21 5545 iz 2 2 70 B2 B3 5 Elisa VAR I ke
ARG 2 22 9 E P F-F5 fE, Western blot I 461 TLR4/NF-xB il B HHOCHE 1634, SR SR A, FABER R b &
FIEE AT 2R BERZ M2 DR BR T A3 . WAIAESE | EB 7 & b 35 BRI (P<0.05) ; il 1ML~ 7 F2 24 28 0 323 O ) Wl 2l s,
TR T . 3 PR (P<0.05); 4 A F TNF-o, IL-1p & & Al TLR4, p-NF-kB. cleaved caspase-3., Bax %} ik & . 3 PRI,
Bel-2 A%} #e ik 1 i 3% T+ R, p-NF-«xB/NF-xB il Bax/Bel-2 HE B & FEAIK(P<0.05) . T/ F 2 1 70 d2 2H 0] 45 I 6 o 14 )
PRI T T RBE (P<0.05) . 4518 FAMEH FEEMS (R BBB Ak, Jsii CIRT K R AP D REBRAE At 2 TR AE, B
TR BER, VR FIHLE AT BE S0 TLRA/NF-«B 18 ## S HA S0 48 U AR 2T T4 %
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Effects and mechanism of triptolide on cerebral ischemia-reperfusion injury in

rats
ZHU Dongjie', HE Xinzheng', ZOU Jie*, YU Shidan', LI Hongxia'(1. No. 906 Hospital of Joint Logistic Support Force, Ningbo
315100, China; 2. No. 903 Hospital of Joint Logistic Support Force, Hangzhou 310013, China)

[Abstract] Objective To investigate the effect of triptolide on cerebral ischemia- reperfusion injury (CIRI) and explore
its molecular mechanism. Methods One hundred and forty-four Wistar rats were randomly divided into sham operation group,
model group, low, medium, high dose of triptolide group and butylphthalide group, with 24 rats in each group. The CIRI rat model
was established by blocking the middle cerebral artery for 2 hours. 3 days before modeling, the rats in each group were ip
administration once a day. 24 hours after reperfusion, the neurological deficit score was detected, the rate of cerebral infarction was
measured by TTC staining, the blood brain barrier (BBB) permeability was detected by EB penetration test. The pathological
changes neurons in the ischemic penumbra cortex were observed by HE and TUNEL staining. The content of inflammatory factors
in ischemic cerebral cortex were detected by Elisa method. The expression of TLR4/NF-«kB pathway related proteins were detected
by Western blot. Results Compared with the model group, the neurological deficit score, cerebral infarction rate and EB content in
the triptolide middle, high dose groups and the butylphthalide group were significantly decreased (P<0.05). The pathological
changes of cortical neurons in the ischemic penumbra were significantly improved, and the apoptosis rate of neurons was
significantly decreased (P<0.05). The content of TNF-a, IL-1p and the expression of TLR4, p-NF-kB, cleaved caspase-3, Bax were
significantly decreased, the expression of Bcl-2 was significantly increased, the ratio of p-NF-kB/NF-kB and Bax/Bcl-2 were
significantly decreased (P<0.05). The regulatory effect of the high dose triptolide group on various detection indexes were better
than that of the butylphthalide group (P<0.05). Conclusion Triptolide could protect the permeability of BBB, improve the
neurological deficit and neuropathy in CIRI rats, and reduce the rate of cerebral infarction, its mechanism may be related to the
inhibition of TLR4/NF-kB pathway and which mediated inflammatory response and neuronal apoptosis.
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RAREL ), Wiyt 2E, HAT T AR | 1 Xl 4
EF T M AE TR, T SR AR IR YT o
IR = AT R B, SAE SN B e i~ s 5 i 280
R T A i IR 45 (CIRD) i i v & 4 o 22
YEH, ATVE MBI CIRL #7245 5% O #p5 4 Fy
T ZON TR AN E G MR 2 —, (2R R
TS AERR A Y, A PR PrifT a2y s
PE O, Toll ¥ 3Z A& 4/4% %% 5 K F -xB(TLR4/
NF-kB )il [ /2 CIRI Ji5 #4F 2 W S pf 28 e 12 1
EEPEEHLRT ., A SRS A, A R hE
PPl TLR4/NF-kB i BT K RIS RGBT R . B R
HA—EMEIER . SR, 58 R R SR
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8. PR, AR SE IR R R 2N i Y 26 K B CIRI
Y520 S AL, DU A B 23 ik T 2% 0 T CIRI
BiiA R AL AR A

1 #H

1.1 4

TSR EE 7 JE S Wistar KR 144 H, {k
B HE 210 ~ 240 g, W4 H B TR SE 5 s PRk A R
o], L5 B W) AR 7 VR AT IE S SCXK(# )2019-
0004, 1l % IR 45 4t 45 2= U 23 ~ 25 C L AH X BE
45% ~ 65%, A B POKIHFE . S S5~y 555 5)
YItE R B A 1R
1.2 £EEHHL5EA

TAHEH R (g IR A YR A R A W], 4l
JE=98%); T R ERGIL 8 T 3 (RS 2451 A7 B
s w), FLA% 100 ml:25 mg, [ 25 #ESE H20100041);
A BEER K (A R DU 254 BRZAS A, #iA% 500 ml, E 24
#ET- H13023200) 5 EGT 80 0 o224 (i 124
HOEZDATRR S A, B 0.1 g, EIZGHET H21021725);
ZLPUEME(TTC) . 3B (EB) (Jb s B 2R AE 1)
HEARGIRAT); 4% 2R P EEHER (U R EL
YR F]); R obRic ik (TUNEL) 3t (2350 &
Jif8d YR A6 R F-a( TNF-a) . F1 47 2 -1B(IL-1) K&
TR (R Bt A ) TR 9 T )5 B e (R
BHER AL 2R BRAF]) ; TLR4, NF-kB, p-NF-«xB,
T T > Jhk 2 R B 1 -3 (cleaved caspase-3) . B 41
Ji 4k 983 -2(Bel-2) . Bel-2 4 ¢ X7 14 (Bax) . P-

actin FUIAA 1gG —HrAL B EYHARF R
A)); MERRF R (BCA) B Pk BEAS IR & | 1
5 Ak 2 & O (BCL) (B — J8 AE W H R A R
NP
1.3 T&/E

TKY-BMB #4740 JAL (A0 e 28 B 7 ik &%
A IRAT]; 87220 B IS Y) R HLCUE FHAEAA R A
FR 2> ] )5 TY300C 7 H 3k A (32 [E Wealtec /A H] );
Semi-Day U (3£[H Bio-Rad /A ]); FluorChem
HD2 %Y % i 1 481X (35 [ Protein Simple 23 7] );
BioTek Epoch %42 K A3 (36 [EF AL A5 FR
NH]); BX53 B i35 (H A Olympus H 374D .
2
2.1 o4, %25 CIRI K RBLA 4 &

¥ 144 H Wistar K FU3% FEBEHLECT 1671
S RIRTARA, A, TP RAL. . milE
41(0.2. 0.4, 0.8 mg/kg)" " F1 T KWk (6 mg/kg)™,
Rl 24 Ho BEREET 3 d FFAG 1 Vk/d IR I A Gip)
U2 R TR BRI ip 25T A BREL K, V54
R 5 mUkg, BRIBTFARLISN, Hay 5 412
i S0 s A A CIRT KRR,
2.2 AWZ I REH kTR o Ao A ST R A

FRHEE 24 h )5, e BIBEALERAS 4 6 KR, =
HESCHR R 38 1) 5 75 AT s 2 D e s R 1P 43, TG
SN 0 43 AECASRRIR R R 1 43 AT m % P R
2455 ATERHEREN 3 4> REEITES R IR RN
443y ip B HE 280 (40 mg/kg) HEAT R IR 5 , 200KE
AR BE, BURIR 4L . —20 °C %RAF 15 min J5i4%)
JEEEYI A 5 R, 2% TTC iEH AR 37 C Lyt
30 min, & 5 min FHFE—K, IEHWHLSURL A F5
HA R A, Wt E R R TR RS2
23 wfEFRE (BBB) &gl

S BERLIRCAS 2 6 HORER, & R FIKIESS 2%
EB %5 4 ml/kg, 30 min J& SZ it BRI, -5 28 < A2
OB AT O T A B K R RO 5, UK
#, 1 ml/100 mg IAHBERZSS 60 °C /Kift 24 h,4 C
A13%J5 15 000 r/min 2.0 20 min B 3k, 18 o i
FRACREI 620 nm AW BE A, Xof B v il £ 0
EB &,
2.4 B F UG R EAY ZTUIRIL F R MR

a3l BEALE A4 6 HOR B, ip B b2
(40 mg/kg) PEAT IR J , S00HE 8 F1 Ah BE, UG it )
KM Bz JZ L, 2 4% 22 38 VI VT 181 2 K
SRR DI B R SRR, 4% R HE 108 &
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A1 TUNEL 50 @ #/E Ui A 5 0047 Y b 3 )5, 38
1A AT L B I > I Y B B A 8 T P A
MOAE . B AUEE R TUNEL % 547 F 5 AP0 7
DA 20 M BRI T A, B 2 A Rz 2
JCIT%,
2.5 B ) KA R R 20 4R A AR ARAR

B4 20 A 6 R B, ip T L %2 44
(40 mg/kg) PEAT IR J , S5UME G 1 A BE, S OB I
AR ik g S22 2L 21 QOB 43+t it 00 A i 2 J2 448,
TS i 4 °C A FEER /KA 2)3K, 3 500 r/min 2
L 5 min 43 85 b, a2 IR ) B 45 1R 1 BH i A
Elisa 24670 S 1fi 00 g J2 2 4140 TNF-a, IL-1B
o QWA A3l i A G 2 JZ A2, i AGE
T A 2 S I 203, VK 30 min i H T
3246, 4 °C . 12 000 r/min 5.0 25 min 435 FiE
W, R A IR BE O T )T, 30 pg St BAE, &
10 % SDS-PAGE #§ i FiL Uk 73 2 & 1 . B% A 5%
W Rg 4= W £ 1.5 hJE, in A —PURG B TLR4
(1:800), NF-kB(1 : 1000), p-NF-kB(1 : 1000) .,
cleaved caspase-3(1 : 800), Bcl-2(1 :500), Bax
(1 :500)FINZ: B-actin(1 : 1500)4 C G E i
., Vel G bR B (1 3 000) E I E 1.5 h,
Yel S ECL W52, it Image J 4434 86 F 257
JREEAH
2.6 %itFEom

iz 1 SPSS 20.0 i AT B e it o dr, i i
GRS LS LA (k2 s) 2, 2408 iR
HR R Iy 225307, T 2257 IR FLBCR ] LSD-¢ K
5, J7 22 55 EE 38R FH Dunnett’s T3 £ 5,
P<0.05 ESAGITE L,

3 4R

3.1 BLARRAPZ I Re sk kAR A AR 5t R 64 i

S FAY g, B K B 2 Th ek S 1T
A3 FBRAE LR 2 3 5 (P<0.05) . SR LA,
TARER R BRI T AR Bk 2 e
VE4 FGAE L 2 4 35 B A (P<0.05) . 5 T 2R k4
FoAs, BN T R 2 R A A 2 D RE BRI A
FEAE A L R (P<0.05) . WIF 1, % 1,
3.2 A4 KR BBB @& e bi

SRFARA e, SR KRN0 2] EB & i
B E TR (P<0.05), SR AR, TRABEH &
W R R T ORERAL N 414 BB B i E PR
(P<0.05). 5 TARERA LA, T & min
iZH 40 EB & i i & FEAIR(P<0.05), WL3% 1.

A B C D E F

E1 SEAREETLIRTAIELER
A BTFAR; B, BIILL C. T IRERAL D. AT H R4
E. S ATER Z Al F. 3 ATE R Rl
F1 JEKXBRWAINEERRKITS . MIEEE,. BBBEEM
BIELEE (2 + 5, n=6)

g1 ERI A AE EBH

BARIEAT(41) (%) (ng/g)

BFARH 0.00£0.00 0.00£0.00  0.49+0.06
HRIZH 2.84+0.39°  48.17+7.39°  1.54+0.27
TR 1.3140.174  16.28+2.15%  0.79+0.094
EARERRMAGEA 2504034 42.9345.74  1.42+0.23
FABER R P 1.85£026%  27.54+3.48%  1.10+0.16*
FAMEPREEFEH  1.0940.15%%  11.38+1.654% 0.70+£0.084%

"P<0.05, SEFARLLHES; *P<0.05, 5T HKBRAL LA 4 P<0.05, Stk
I L
33 BAKR BRI REAE TR TR
# rbax

AR K BB ZE M 2ot 2 R s BRUE , 1E
Ao, & @A), iz Erh o AL R BBk i~
Bl R )2 20 R IR HN, B S 40 5 25
FEAS, 6 IR, BRI FANTE , R 20 iR 1 25k
RO SRR A, TR AR T R AR B A RN
TORBRZH B > Y B 2N 2 e ks, Hoh iy
AP R m A EARCRICT B AREP RAL, il &
ZHFN T ARTRE, DLIET 2,

B2 SEXRERM RSN EHETRIEF TR

(HE, x400)
A BFAREL B, BUNAL C. T IR D. 520 T 2 %A 20,
E. {5 /A 22 2 F. A Y 2 e 4
3.4 BMK A s b 0GR BEAYZ UM TR iR
SR FARL Hodsg, R R LR i~ BT )2
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P2 ICI TR W T (P<0.05) . SAHIA L,
TARERZE P SR AL T 7B AL TR . 2
K (P<0.05) ., 5 TAHBRAL AL, TARER R milE
ZHPRTR p EBRAR (P<0.05), ILE& 2.

®2 RERRRMFBETREMZTTATERMLEE (15,

n=6)
251 TR (%)
FARA 2.68+0.35
PRIV 53.07+8.42"
TORMRAH 17.69+2.904
FEAHER AL Al 45.93+7.67
AR R il 31.5245.084

AR FEREA 12.88+1.744%

"P<0.05, ST ARLLLE *P<0.05, 15T HERAL LA 4P<0.05, 515
UG HeA
3.5 B K R B KRB LR TNF-a, IL-1B
A ag iR

SR TR AL b g, A5 Y 4 e ol ) K i B 2 4
41 TNF-a., IL-1B & i i & (P<0.05) . SHAY
AR, HARER R SRR T RBk4 TNF-a.,
IL-1B & B F K (P<0.05) . 5 T %RER4 s,
BHAEH E & H 4 TNF-a, IL-1p & & B Z A%
(P<0.05), W% 3,
F*3 BHEKXBRERMDMAMKEEHLR TNF-a. IL-1p 2 EHIEL

5 (+s, n=6)

2 TNF-a(ng/g) IL-1B(pg/g)
BFARA 1.41£0.22 37.06+4.81
T RE| 2.76+0.35" 68.42+7.79"
TRk 1.85£0.234 46.93+5.624
A Z ARG 2l 2.54+0.32 63.81+6.54
FHAMER Z Pl 2.07+0.254 55.74+5.914
TR Z A 1.62+0.214* 40.27+5.394%

"P<0.05, ST ARALLLES; 'P<0.05, 5 T HBRA LA 4 P<0.05, 58
RIZH AL

3.6 Bk R H M) K i &k B 4822 TLR4., NF-
kB. p-NF-kB %& & & A 8 b4
ST AR Hedse, AR 2H R R i ) R i )2

kB/NF-xB [V 1H i % Ft 5 (P<0.05). HHREAIZ L
B, HABER R SR AT KB4 TLR4, p-
NF-kB £ [ AH XT3k 5 A1 p-NF-kB/NF-«B [ {H i
EREIR(P<0.05) . 5T RBRA LLER, AR =5
F 20 TLR4, p-NF-xB 2K [ % 235 5 Al p-NF-
KB/NF-xB HAE B AL (P<0.05), WL 3., % 4.

TLRY | e i S S —

P-NF-(B | s s e e S—

NF-kB | e < T S S

f-actin | GEENS T S T T a—

A B C D E F
E3 FHEAXREMMARKEEELE TLR4, NF-kB, p-NF-xB
ERRIARILLER

A BRFARL; B AL C. T HRERA; D. B AT R AR 45
E. MR Z PRl B A H 2w R gl

3.7 ALK R HodAn) X FUELELR cleaved caspase-3 .
Bcel-2. Bax & @ &k 69k

SBRTFARH b, AEAZH R Sk i ) IR i Kz )z
ZH 21 cleaved caspase-3., Bax £ F A X &5 & I 3%
Tt i, Bel-2 A 2 4 1 i F R AIX, Bax/Bel-2 LH
BFH TR (P<0.05) . SRR LA, FAMR R
L BRI ZH AT ARBKZH cleaved caspase-3. Bax Al
Xt 6 1A TR R 3 AR, Bel-2 AR 263 0 2 T,
Bax/Bel-2 HWAH i FEAR(P<0.05) . 5T KBR4H L
8, AR FZ B 4] cleaved caspase-3. Bax A
Xf 6 35 B B S R, Bel-2 M Rk W E T,
Bax/Bel-2 HUAH B3 F#AK(P<0.05) . LI 4, &5,
4 itig

LRk e CIRI SR AL s i 2 iy i, B
AERAERE . R 5 A AR S
Mo ARSI EEHE R, CIRT A K B2 BE I B Y
P22 D) RE R T, BBB 85 1k S8 T, S
KMk Je S22 T B UL AR | MR 40 225t

20 41 TLR4, p-NF-xB £ [ A X} 3¢ 15 & Fll p-NF-

=4

FEAR B OBR . B AN | RN IR 4

R4 BEAXRBRMMKRKEEEHL TLR4, NF-xB, p-NF-kB & H KA p-NF-«xB/NF-kB LLERIELES (3£ 5, n=6)

2H 51 TLR4/B-actin NF-kB/B-actin p-NF-kB/B-actin p-NF-xB/NF-«B
BFARA 0.08+0.02 0.83+0.15 0.10+£0.02 0.12+0.03
TR 1.03£0.217 0.78+0.14 0.81£0.15" 1.04+0.22°
TRk 0.20+0.04* 0.84+0.15 0.29+0.06* 0.35+0.084
T HE R AL A 0.87+0.16 0.79+0.16 0.68+0.13 0.86+0.18
THARER F il 0.65£0.134 0.78+0.15 0.35+0.074 0.45+0.104
THAHER F &t 0.16+0.034" 0.74+0.14 0.14+0.034" 0.19+0.044*

"P<0.05, SIFARL IR "P<0.05, 5T ZRBKA HL#; 4 P<0.05, SAEIZH A,
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cleaved
Caspase-3

— e e S N —

Bcl-2 | —

Bax | =—— o e S — ——

P-actin | g NS - D G GED
A B C D E F
B4 FHEAFRELMMNARKE R cleaved caspase-3. Bel-2.
Bax EHAFRIAHIELE
A BRTARYL; B AT C. T 4B D. T AT H R AR =45
E. BB Z A a2 P fR A H R w2

=5 BHEKXRELMMAMKEELEL cleaved caspase-3. Bel-2,
Bax EHRIAK Bax/Bel-2 LL{ERIELE (3 + 5, n=6)

5] cleaved caspase-3/  Bcl-2/ Bax/ Bax/
-actin -actin -actin Bel-
4 ) X ! 12
FARA 0.09+0.02 0.92+£0.19  0.15+0.03 0.16+0.03
FETRIZ 0.61+0.11° 0.18+0.04" 0.97+0.18" 5.39+1.07"
TRBRA 0.16£0.03*  0.29+0.06% 0.20+0.04* 0.69+0.104
TATEH
[E2RAN S A
e 0.55+0.09 0.21£0.04 0.88£0.16 4.19£0.75
TR 2
[Z20N E A A A A
] o] 0.42+0.08 0.3240.064 0.47+£0.094 1.47+0.20
SEYAN: S
Fﬂﬁﬁgg’gji 0.12+0.02%%  0.56+0.11*" 0.26+0.5%* 0.46+0.074*
=Sl

'P<0.05, ST ARULLE; *P<0.05, 5 T HRBEA LK 4 P<0.05, S
T HA
g B2 U, S5O SE AIF R R — B, AT
TR, BB AP R A EECT R B
AEA% W] b 3% CIRL K BRUPH 22 D) RE, AR RE L %2
1 BBB il i P, 2 i i 2 A R R SR A 2T
S B IT AL 1238, O HLTR A T 2R v ) 2
SPLT T AR A e T = AR 4l R R
FARE . WHITHE AT REAMSIKR CIRL Y
YER, ZAE P BA — s B30 B P

CIRI Jg BFEALHIE 5 52 A%, Horh, SERE 5t Fn i
LU T KA AR . REFTSEUY B CIRI
A/ N A G AL TR AL TNF-a, IL-1B 5542
RIAF, 5IRMHALIAE N &A= . TNF-a Fl IL-1B
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