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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-«B 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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[MEERIT] 2R, FELIM, #5807 ) EEB22E 525312, Email: 188577724@qq.com
[BEEE] 2, Bl FEL500, PH5E 7 I): BB 5 253, Email: shrmzyh@163.com


https://doi.org/10.12206/j.issn.2097-2024.202311021
https://doi.org/10.12206/j.issn.2097-2024.202311021
https://doi.org/10.12206/j.issn.2097-2024.202311021
mailto:188577724@qq.com
mailto:shrmzyh@163.com

2EsR SRS 20254EX A 25 H 43 % B X
2 Journal of Pharmaceutical Practice and Service, Vol. 43, No. X, xxx 25, 2025

MBS BERTR, 2 b E T KGR, <A
MR HERTLEE | BRI 4 2 b KUAZ O AL
THNHER DR A S MY, XA B
IKZET. Wil | 215, IRZEAZY, B+ (M
RAREL ), Wiyt 2E, HAT T AR | 1 Xl 4
EF I M AE TR, H T S R MBI R YT
PR B9 A R, SRAE SR B Bt > By b 287
AT i I 5 (CIRD) i i b & 4555
SR, ATAE R B IG CIRL Fi 25 W i 24, &
OSTHEWR AT AT IRy 2 —, T2
J& T i AL G, HAPUR . BT 2
22AE TS, Toll 32 1R 4/ %5 55 [H F -xB(TLR4/
NF-kB )il [ /2 CIRI Ji5 #4F 2 W S pf 28 e 12 1
FEEPIFEALENT, A7 SRS 1B T A R e
PPl TLR4/NF-kB i BT K RIS RGBT R . B R
HA—EMEIER . SR, T8 A8 £ 25 ResE
i ¥ TLR4/NF-xB i [ ) i CIRI A5 75 - A W
FEo B, ARSCERRE T TR A FH XKL CIRI
Y520 S AL, DU A B 23 ik T 2% 0 T CIRI
B iR LRSI

1 R

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, 1] FE IR SE 4R IR 23 ~ 25 C HIXTRE
45% ~ 65%, H HKOKIEE . YL 5y S g
YIAE RS BRAE AT HE R .
1.2 F5%zhi 5 XA

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 PRER K (A R U254 FRA AL A% 500 ml, E2Y
#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 &
Jif 984 SR E R F -a( TNF-a) . 140 2% -1B(IL-1B)
370 6 (R o AR ) TARRF SR 0T )5 WY Ik
(R HERL 2 BR AL 215045 FR 23 ] )5 TLR4, NF-xB,
p-NF-xB. ¥ & % ) Bt & BR & H i -3(cleaved
caspase-3) . B 4 g ik 297 -2(Bcl-2) . Bel-2 #H% X

5 M (Bax) . B-actin JUIRFN 1gG —Hr (Ib 5t 18 B 2%
P ARABRA A )5 —Hsmk H R7% (BCA) EE H Ik
JEE R R & L B Rk 2% RO (ECL) (R =8
HEVHARARRAFD) .
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
SN BFARGL . BRI | TR RAL, b &
1#21(0.2, 0.4, 0.8 mg/kg)" " FI T AERAL(6 mg/kg)"Y,
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 ™ 238 19 7 7R R AT ph A DI RE B G T 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 AE, BOK AR -20 “C A7 15 min 5 i44)
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%
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FREBERL, IL-18 A5 F R M AR 1, e R0E
SN, Bel-2 il Bax A2 28 for T2 A B 1) 1 b 2
F, Z &R T bel 8 ZKG, NSRRI %
B RIEEEEEN . Bax AlE SR C
LA T Ao R LA A AN S, 3 R T i TR
AY Caspase-3, cleaved Caspase-3 REME ] Il I JF 15
F . Z5HE A ST R gE -0, Bel-2 BRI
Cyt C Bt R A - /EH, 3F H Bel-2 5
Bax REWSLE AT MGG ERY Rk, TLR4 EE N7
T /INE I 200 F — ol 5 RS R0 37 44, TLR4 BEE 7
T NF-xB #il2 1k, p-NF-«B ¥ 5 5 DNA Fi &
D7 S 45 A AT TNF-a, IL-1B S5 500E R FhE % 5
Fik, HEINE RAE BN, AN, p-NF-«xB Al
1T 4% Bel-2, Bax Rk 75 FANMIA 12, Zhai
SEEN L PN H] TLR4/NF-«B 18 14 5 19 989 S
AT 8 K B CIRT, AR SEEG 45 SR R, 248
OSEEW FE R TR ER AL B AR A8 B B
I CIRT B it Ak ¢ R ZH 2R TNF-au, IL-1B 75
i fil TLR4, cleaved caspase-3 25 [ AH X 22 ik &, [%
fi% p-NF-«kB/NF-kB. Bax/Bcl-2 F A, I H 5/ B H
F R RO T T RERAL, 1M TR 20 1 R R A
A FIRMERIEABE . ULIERABEF Z X CIRI
TR R AR A J52 IO e I > I ik 2 J2 pp 2 T T 2
AHEIER, FLHLEI AT BE 590 TLR4/NF-«B i %
TEALA G, AR50 5 2 085 A5 2 438 1 25 P 0 o
TLR4/NF-«B 3 [ % Ja b i e i, -3 K Rl
HA AP ER R Z A7

Zi LR, TR W KAete Ry BBB &,
YRR CIRT K BRI 28 T RE Bl R 28 O AR AR, FAAIR
A AT, VR AL AT 58 5 40 TLR4/NF-«B 38
B A G S RN AR 2T T o ARWF5E
SO TR AR ZH T PG CIRT $24E T HHS YR .

[ &% 3K]

(1] BRI R, LA, W, 5T 3 A0 2R B T Akl i
P X2 D R R AR AL [7]. dbath R 2 K
%, 2021, 44(7): 625-630.

(2] fEELEA, HZOHE. G P R A ol 700 of fo it i 74578 1 B %5
YEFIRYRFTE R [J]. Th R 2 541, 2021, 18(12): 61-64.

(3] B, bk, RRBHUIEE, &5 )11%5 0k B I6 A RN it /P i 44
13 J5 S0 SN 5 AR A T AR A (3. i 2E AR, 2021, 52(6):
845-854.

(4] BRFELE, =, JIAY, % M TE R A FiAb BT /)N B i 1l
FERETER 0 B2 ST A AE BN AR T (5 [J]. I AR e A 2
4, 2019,29(9): 1-5.

[5] SHENJY,MA HL, WANG C Q. Triptolide improves myocar-

dial fibrosis in rats through inhibition of nuclear factor kappa B


https://doi.org/10.3969/j.issn.1006-2157.2021.07.007
https://doi.org/10.3969/j.issn.1006-2157.2021.07.007
https://doi.org/10.3969/j.issn.1005-8982.2019.09.001
https://doi.org/10.3969/j.issn.1005-8982.2019.09.001

RIS RS 2025 4E X A 25 H 5435 B X
6 Journal of Pharmaceutical Practice and Service, Vol. 43, No. X, xxx 25, 2025
and NLR family pyrin domain containing 3 inflammasome path- R BRI G 5 e ) PR AP VR A (3], R R 24, 2022, 39(8):
way[J]. Korean J Physiol Pharmacol, 2021, 25(6): 533-543. 1069-1076.

[6] LIYY,JIANG X E, SONG L T, et al. Anti-apoptosis mecha- [16] AERN, Bemnfd, BRARR. /N ot 40 A e A ke i P 0 5 v g
nism of triptolide based on network pharmacology in focal seg- VRITVE AR [1]. o TR 4R, 2020, 29(11): 932-936.
mental glomerulosclerosis rats[J]. Biosci Rep, 2020, 40(4): [17]  Z59E, F i, sOSre, &8 RO Al v 7] 75 55 T 20 B 6 ik 26 T
BSR20192920. {36 BURS AL S A 40 521 52 TNF-o A1 IL-1p ZEIKAOR40 1],

(7] XU#, PR, BPHE, 5. AR 2 U I8 % TLR4/NF-«B i# RS2 B4, 2020, 15(1): 40-45.

B PR S/ U B R BRI (7). 11525, 2019, (18] WANG H J, ZHU J, JIANG L P, et al. Mechanism of Hes-
50(21): 5282-5288. houwuyin inhibiting the Cyt c/Apaf-1/Caspase-9/Caspase-3

(8]  BRAE, TR, T 75, 5. B2 P ERE 2 KU G 4 pathway in spermatogenic cell apoptosis[J]. BMC Complement
KBl TLR4/NF-kB {5538 B i PR E B ST (7], [ B g2 Med Ther, 2020, 20(1): 180-193.

AL, 2019, 40(17): 2053-2057. [19] CHEN X W, YAO Z J, PENG X, et al. Eupafolin alleviates
(5] ﬁiﬁ{ﬁ Eﬁ%%@’a@;xﬁ:?&@ﬁ%ﬁ TLR2-NF-B {575 cerebral ischemia/reperfusion injury in rats via blocking the
ﬁiﬁﬂ’]qiﬁﬁfﬂ . WP RhAR S 248, 2015, 46(7): 63¢6- TLR4/NF-kB signaling pathway[J]. Mol Med Rep, 2020,
oo o L 22(6): 5135-5144.
Hol ii%«;;ﬁm;;;jﬁg %ffj Tg‘gﬂg Uﬁggﬁ 00 R, A, 5, . T AV Toll K

Sk 2012, 32(14): 2964-2967. 4/1% PR T B A 538 B0 R B IR R L PR A 3 ) PRAP
[11] JHVKEE, RIESC, MR, 45, VR 0 i el o P v R B [J]. e 25, 2021, 25(3): 431-435,637.

A ZE 47 B /IS B 40 TLRA/NF-xB 3 B H 5 i [J]. [21] ZHAIY Y, ZHU Y L, LIU J Y, et al. Dexmedetomidine post-

ST A de k. 2020, 26(22): 47-52. conditioning alleviates cerebral ischemia-reperfusion injury in
(121, R, ek oA B G -0 578 5 50 5 tais by inbdbiting high mobility growp protein Bl group

[]. B EE 2 B4, 2017, 36(4): 318-321. (HMGBI1)/toll-like receptor 4 (TLR4)/nuclear factor kappa
[13] LONGA E Z, WEINSTEIN P R, CARLSON S, et al. Re- B(NF-kB)signaling pathway[J]. Med Sci Monit, 2020, 26:

versible middle cerebral artery occlusion without craniectomy in €918617-918628. [PubMed].

rats[J]. Stroke, 1989, 20(1): 84-91. [22] Z=WeE, RIGAE, BRHG R, . 3L T TLR4/NF-«B il B 51T
[(14]  JHLLTE, TMe, Thotal, 2. S LR Ao e 10 T5-32E 13 160 g LT AE 0 Rkl IR e o, P T 05 K R A A A A (0],

Wi 375 78 A6 K 3 Oceludin, ZO-1 Fl PKC3 45 11K T 5% RS 27412, 2022, 32(6): 518-526.

Wi [7]. Hh AR 2R AR, 2021, 41(22): 5067-5070. (7B HI] 2023-11-10 [fEEIEHA] 2023-12-29
(151 Bk, BB JRELAL R 38 b Nrf2/HO- 1 38 3 % i ke 1 £33 [AxmE] A


https://doi.org/10.4196/kjpp.2021.25.6.533
https://doi.org/10.1042/BSR20192920
https://doi.org/10.7501/j.issn.0253-2670.2019.21.022
https://doi.org/10.3969/j.issn.1673-4130.2019.17.002
https://doi.org/10.3969/j.issn.1673-4130.2019.17.002
https://doi.org/10.3969/j.issn.1005-9202.2012.14.028
https://doi.org/10.3969/j.issn.1005-9202.2012.14.028
https://doi.org/10.3969/j.issn.1002-0217.2017.04.004
https://doi.org/10.1161/01.STR.20.1.84
https://doi.org/10.3969/j.issn.1005-9202.2021.22.057
https://doi.org/10.3969/j.issn.1674-2257.2020.01.008
https://doi.org/10.1186/s12906-020-02904-9
https://doi.org/10.1186/s12906-020-02904-9
https://doi.org/10.3892/mmr.2020.11637
https://doi.org/10.3969/j.issn.1009-6469.2021.03.002

	1 材料
	1.1 动物
	1.2 实验药物与试剂
	1.3 主要仪器

	2 方法
	2.1 分组、给药与CIRI大鼠模型制备
	2.2 神经功能缺失评分和脑梗死率检测
	2.3 血脑屏障（BBB）通透性检测[14]
	2.4 缺血半暗带皮层神经元病理学改变的观察
	2.5 缺血侧大脑皮层组织生化指标检测
	2.6 统计学分析

	3 结果
	3.1 各组大鼠神经功能缺失评分和脑梗死率的比较
	3.2 各组大鼠BBB通透性的比较
	3.3 各组大鼠缺血半暗带皮层神经元病理学改变的比较
	3.4 各组大鼠缺血半暗带皮层神经元凋亡率的比较
	3.5 各组大鼠缺血侧大脑皮层组织TNF-α、IL-1β含量的比较
	3.6 各组大鼠缺血侧大脑皮层组织TLR4、NF-κB、p-NF-κB蛋白表达的比较
	3.7 各组大鼠缺血侧大脑皮层组织cleaved caspase-3、Bcl-2、Bax蛋白表达的比较

	4 讨论
	参考文献

