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[Abstract] Objective To investigate the effect of Qingre Huayu prescription on oxidative stress in rats with
cerebral ischemia-reperfusion injury (I/R) and further explore its mechanism. Methods SD rats were randomly divided
into normal group, sham operation group, model group and Qingre Huayu prescription group, with 8 rats in each group.
Except for the normal group, all the other groups were treated by suture method. The rats were fed normally and drank
freely after modeling. The Qingre Huayu prescription group was given the Qingre Huayu prescription (1.4 mL/100g,
bid, i. g. ). and the other groups were given the same volume of normal saline by gavage. and were killed after 4 days.
The expression of miR-18a-3p, Keapl, Nox-2, Nox-4, HO-1, SOD2 mRNA and protein, Nrf2 nuclear translocation and
ROS levels in ischemic brain tissue were observed by RT-qPCR, Western blot and ELISA separately. The interaction
between miR-18a-3p and Keapl was detected by the double luciferase reporter gene. Results As compared with the
normal group, the expressions of miR-18a-3p, HO-1, SOD2 and Nrf2 nuclear translocation in ischemic brain tissues of

the model group were significantly decreased (P<C0. 05), while the expressions of Nox-2, Nox-4, Keapl and ROS levels
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were significantly increased (P<C0.05). As compared with the model group, the expressions of miR-18a-3p, HO-1,

SOD2 and Nrf2 nuclear translocation in the ischemic brain tissues of the Qingre Huayu prescription group were signifi-

cantly increased (P<C0.05), and the expressions of Nox-2, Nox-4, Keapl and ROS levels were significantly decreased

(P<C0.05). There was no significant difference in the results between the sham operation group and the normal group

(P>>0.05). The results of dual luciferase reporter gene testing confirmed that miR-18a-3p targets the 3' UTR of Keapl

gene. Conclusion Qingre Huayu prescription can inhibit the oxidative stress response in brain tissues of cerebral I/R

rats, and the mechanism may be related to promoting the expression of miR-18a-3p in ischemic brain tissues, thereby

inhibiting the expression of Keapl and promoting the nuclear translocation of Nrf2.
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Figure 4 The detection results of miR-18a-3p in each group

o 5IE#HAMI, DP<0. 05; SR H . @ P<0. 05

B4 &40 miR-18a-3p KL R (n=8)

BS MEAXRBHREEERXEER0=3)
Figure 5 Experimental results of dual luciferase reporter gene

15 NC AL, O P<C0. 05

FA I T AR R TE CIS IS5l B & BEAE sk Ah L U i DR R B I T ALV R A KL
PEOCSEAE Y . 2R b XUS . ROS (g i 2 ROS P2 A A58 0 Mg & o AT 3 S5CHFE O 0t 5 ik
2 B PR 8] BTGk B A R R A SR s s B i A U . NADPH S AL 9 3F 7 0
ROSH 545 40 ffd K 5> ¥, A 2200 A WU TR IR 4 4010 il (NOXO 52 15 J2 i Bk il 48 fk B 38 b 7= A=



WARE S 2022 %3 A % 34 % 34 Med ] West China, March 2022, Vol. 34,No. 3 + 333 -

ROS iy F 2R R . 4 KM 52 3] F AL D BT NOX 5
WO 4 T N NADPH # 8 3 404> T . AT
PR Y ROSTM . Nox-2,Nox-4 3 B4 45 T i 41
glrp J& NOX ZEHE A T i 451 45 10 O s W 7Y . RE AT F
TR I, Noxd ™~ /NFRUTE Jay kb MCAO B AY w4 5E
PR LA Ab R I I A 5 B B R R 28 T U T Y
WU BEAh Nox-2 i 5 ROS B i £ vl if — 4
PR T/R KB RAE . ARBF ST K& B, A3 T
E R AL A8 2 0 i 2 20 ROS #9 2E i i 1 3 T
s (R PR A T I /R K RS AT B A i
Bl 2 ROS & &, R I/R & 5 T ™ &E A
AR A A TS AR T A B Tk i T/R 51 Y
Ak A A L RTSE S A0 ] Nox-2 Fil Nox-4 3R
FTROS Az b, TS0 T/ Ry 3509 480 Ak N 3 4

Keapl/Nri2 J& A4 ¥y & (1) 8 8 P Bt 44 b 8 5 .
Keapl J& Nrf2 (8 KSR 150 o 15 AR BUR ST P35 45
A S Nrf2 7 240 IF Bl IS # 26S B W 1R B A . A
B 1k Nrf2 (%50 K H 5 ARE ¥4 i 25 & (Nrf2
WO AR R MR RS E s M A AZ 3] ROS S
Nrf2 5 Keapl fif 8 15¢. Nef2 S#00E . DA #F T 3 &
ARE J7 %1 B 4T S A0 390 3L BB %% 5%, 1] n HO-1., SOD
LR AE G /R B LR AE Y. HO-1
AR I 2T 2 SR A A I Bk L IR R R CO L B IR Vi
BIMLL R 2 5 E A O & BT A AL B AR DA S i
YHM P T EEVE RN, SOD 2 HLAK & B 5 A AL 1
A3 2ok Ak B v B A Rl O BH BT B BT e Ak
N MRS A 4R B T A2, SOD 432 SODI1, SOD2
1 SOD3, SOD2(Mn-SOD) f£ 75 T4 biAk N . 5 5 1%
P e 32 AR VB AR T/ R 45 b ke 2 2 R
PERIE 2T KRB STAE 5L Nef2 (1 B4k 5% R B2 il
Ao /R KSR A i 5 2 0 b 22 T RE Bl L O BRI R Ui B
SEALREER AR L ARG KB AR TR R 4L N
I/R KB 5 » M e 1 20 24X ) Keapl FisTh 5,
Nrf2 #5457 % HO-1 F1 SOD2 1) 3 ik 1 2 B A% 03
PAR 7 0] B AR HE I T/ R 45 40 21 h Nrf2 A% 5 4
K HO-1 #il SOD2 ) £ ik, 1 i Keapl ik, % W i
I/R 534508055 17 HLAAR B9 48 Ak B A AL . i $ ke
J5 T i 2 o U P e S R0 B A Y RE . L AT 3 i
i Keapl 33k, #0G Nri2 {558 i, BA B & Mt
AR — 25 U B B0 Nrf2 A 5 0 Bt S AL AL I
AR T/R #5145 .

miRNA J& —F i 6 19 9F 4 5 B 5 RNALJE i 5
H s mRNA [ 3" UTR 25 & K 0 il 3 B ik, 4R
Sk K 2 1 BF 5500 52, miRNA 953 % £k 5 CIS
MR VR GRIT R WE ¥ A BV R . T4 miR-

129-5p FRIKWHE T 4 BB 5L Y X T/R K B 452 4
ARG AR T, B miRNA 7625 9 8035 i 1/R 451453
HOR S . %9 4. miR-34b W] 3@ o 7 4 4 rh) 40 )
Keapl % (47K 5, 38 7 Nef2 1 HO-1 9 3535 , 1 i F
i /R A B S (0 A0 B R 05 & #E AR B Ve Y 3
W] Keapl/Nrf2 7E M /R i 45 5 09 bt S AL BL T A] BE 2
miRNA 4. NS84 Rel ] i i 9 il miR-144
B3k, JE T AR #F miR-144 F JiE ¥ 4% Nrf2 (%5 55K
-, TSR T/R 5 9 510 0 S8 45, iF— 25 4R
PRI FIAE G T/R 4545 P E AL &0 5 miRNA
A K, AT KB, TargetScan I £5 2R 275 . Keapl
J= miR-18a-3p MW FE R - 28 WU ' 2 g4 4 i PR Aax
W 45 FAE 52, miR-18a-3p #l ] Keapl #£H ) 3' UTR;
I H . miR-18a-3p 7EMN 1/R K KUY ik 2H 21 v i 3 3K
AT IE R R, 1 AR IR T I T/R KR
J5 . i 2% |8 miR-18a-3p ) ik, % B miR-18a-3p
Z 5T /R BGHLH  BIE A AR5 % i 1/R 5L
AALVE LTS miR-18a-3p % UIA X,
4 Hig

T RALPE T 2B YT Mk /R 8445 A 2807 7L /T A
R T/ R A UG 2 2041 1 R g L AL AT fig
55 AR i 2 20 miR-18a-3p K3k, E MM i Keapl
IR AL Nri2 B AL ¢, Xk — 25 R B b e
J5 A SR A 22 OR A 500 A it PR . D7 1o B A i A 1A
il T/R 453405 /& — A~ 52 4% 0 9 B A B B L 8 B Z A L
il 5 2 405 S, s ks r b B Z R a8 .
O BRI T 203 I T/R 45405 19 2800 5 AL i A7) i 22
WAL

(5% k]

[1] M-S SUN, JIN H, SUN X, et al. Free Radical Damage in Is-
chemia-Reperfusion Injury: An Obstacle in Acute Ischemic
Stroke after Revascularization Therapy[J]. Oxid Med Cell Lon-
gev, 2018, 20183804979.

(2] WIERSR, 2208, 320, 45, 3 A 7 16 & 78 25 3R 97 B i P L
90 Bl KW ZELT]. HBEZE 4l 2017, 23(20): 79-81.

[3]  WIBRIR,.ZRLL#%, JHA, 5. J:T Nri2/ARE {55 3 ¥ R 0 15 #4
A T3 %ok I BRRG dt f. FE- 94 4040 4P R N i S R LT 1. P
ST F 2 e A . 2018, 24(14) . 128-133.

(4] WIBRSR, BEZRSE, A, 45, R BRUIG Bt i 75 9 1 4 £ )5 P62/ Keapl
RIRBAL B W AT T BB LT ]. A R 2 Ak,
2019, 34(8): 3409-3412.

[5] JCHOU, SHAHI P, WERB Z. microRNA-mediated regulation
of the tumor microenvironment[ J]. Cell Cycle, 2013, 12(20):
3262-3271.

[6] Y HU, DENG H., XU S, et al. MicroRNAs Regulate Mito-
chondrial Function in Cerebral Ischemia-Reperfusion Injury[J].

Int J] Mol Sci, 2015, 16(10): 24895-24917.



. 334 -

(7]

(8]

9]

(10]

[11]

[12]

[13]

[14]

[16]

(171

WA EF 2022 % 3 A % 34 4% 348 Med] West China, March 2022, Vol. 34,No. 3

E-Z LONGA, WEINSTEIN P-R, CARLSON S, et al. Reversi-
ble middle cerebral artery occlusion without craniectomy in rats
[1]. Stroke, 1989, 20(1) . 84-91.

Tl BB BTAR LS. b 24 B0 i B 0 0 T 0 A9 4
HHLB RBrE R[] ], sPEZY, 2021, 52(5) . 1471-1484.
TAERG . TR Tl B 45 W Sl 7 B 4 HIP-BMSCs # 4
of i d5te a3 49 K B PI3K/ Akt ik fgmi[J]. 37 i € 2 K22
. 2018, 20(4); 8-11.

Tk O R A S JAK2/STAT 3 3 5% 78 G e 160 F 3 v
UGN BON h A LT DL PEEREE 2, 2017, 29(2): 172-178.
M-Y WU, YIANG G-T, LIAO W-T, et al. Current Mechanis-
tic Concepts in Ischemia and Reperfusion Injury[ J]. Cell Physiol
Biochem, 2018, 46(4). 1650-1667.

TR E AEXUE, IVHE L A SN S e A T A o R 2 0 g
W AN A DI E K WA B SE LT ], AR EE 4%, 2019, 47
(3): 287-291.

R RODRIGO, FERNANDEZ-GAJARDO R, GUTIERREZ R,
et al. Oxidative stress and pathophysiology of ischemic stroke:
novel therapeutic opportunities[ J]. CNS Neurol Disord Drug
Targets, 2013, 12(5): 698-714.

S-P GRAY, JANDELEIT-DAHM K. The pathobiology of dia-
betic vascular complications--cardiovascular and kidney disease
[J]. ] Mol Med (Berl), 2014, 92(5) . 441-452.

QY ZHANG. WANG Z-J. SUN D-M. et al. Novel Therapeu-
tic Effects of Leonurine On Ischemic Stroke: New Mechanisms
of BBB Integrity [ ] ]. Oxid Med Cell 2017,
20177150376.

H LIU, WEI X, KONG L, et al. NOD2 is involved in the in-

Longev,

flammatory response after cerebral ischemia-reperfusion injury
and triggers NADPH oxidase 2-derived reactive oxygen species
[J]. Int J Biol Sci, 2015, 11(5);: 525-535.

C-A SILVA-ISLAS. CHANEZ-CARDENAS M-E, BARRERA-
OVIEDO D, et al. Diallyl Trisulfide Protects Rat Brain Tissue

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

against the Damage Induced by Ischemia-Reperfusion through
the Nrf2 Pathway[]]. Antioxidants (Basel), 2019, 8(9); 410.
B SCHR AL S BRI £ I AR - 1 7 I e I 4
A AL LT ] [ e I o 5 5 A 5, 2018, 26 (6) 464~
467.

G-E YANG, TAE H-J, LEE T-K, et al. Risperidone Treat-
ment after Transient Ischemia Induces Hypothermia and Pro-
vides Neuroprotection in the Gerbil Hippocampus by Decreasing
Oxidative Stress[J]. Int J Mol Sci, 2019, 20(18); 4621.

S GUO, ZHANG Y-Y, PENG J-J, et al. Natural compound
methyl protodioscin protects rat brain from ischemia/reperfusion
injury through regulation of Mull/SOD2 pathway[]]. Eur ]
Pharmacol, 2019, 84950-849558.

Q LIU, JIN Z, XU Z, et al. Antioxidant effects of ginkgolides
and bilobalide against cerebral ischemia injury by activating the
Akt/Nrf2 pathway in vitro and in vivo[ J]. Cell Stress Chaper-
ones, 2019, 24(2): 441-452.

X CHENG, ZHANG F, L1]J, etal. Galuteolin attenuates cere-
bral ischemia/reperfusion injury in rats via anti-apoptotic, anti-
oxidant, and anti-inflammatory mechanisms [J]. Neuropsychi-
atr Dis Treat, 2019, 152671-2680.

WA L A RN 4 R R ER IO E A T 45 miR-129-5p Kk X
I e . P K B A A B OB AE I LT DL PRI 20, 2021, 24
(1): 12-15.

R HUANG, MA J, NIU B, et al. MiR-34b Protects Against
Focal Cerebral Ischemia-Reperfusion (I/R) Injury in Rat by
Targeting Keapl[J]. J Stroke Cerebrovasc Dis, 2019, 28(1):
1-9.

S-F CHU, ZHANG Z., ZHOU X, et al. Ginsenoside Rgl pro-
against ischemic/reperfusion-induced neuronal injury
through miR-144/Nr{2/ARE pathway[ ]J]. Acta Pharmacol Sin,
2019, 40(1) . 13-25.

(75 B #9:2021-01-28; 1€ [B] B #§:2021-12-08; 4545 : 3B 2)

tects

(E#% 327 5O

[15]

[16]

(171

[18]

S B 3 L SR A0 B L 3K T PHER R B X 18 1 TR P BT 45 R BUAT
P AP A P LD D, v I PR 25 4% 44 38, 2020, 36 (16) : 24192421,
HESSE R, LAUSSER L, GUMMERT P, et al. Reduced
c¢GMP levels in CSF of AD patients correlate with severity of de-
mentia and current depression[ J]. Alzheimers Res Ther, 2017,
9(1):17.

ZHENG J J, LIW X, LIU J Q, etal. Low expression of aging-
related NRXN3 is associated with Alzheimer disease; A SYS-
TEMATIC REVIEW AND META-ANALYSIS[J]. Medicine
(Baltimore), 2018, 97(28): el11343.

BATE C, WILLIAMS A. Monomeric amyloid-8 reduced amy-

loid-B oligomer-induced synapse damage in neuronal cultures[J].

[19]

[20]

[21]

Neurobiol Dis, 2018, 111:48-58.
SINCLAIR L I, TAYLER H M, LOVE S. Synaptic protein
levels altered in vascular dementia[ J]. Neuropathol Appl Neuro-
biol, 2015, 41(4): 533-543.
TACOBUCCI G J, POPESCU G K. NMDA receptors: linking
physiological output to biophysical operation[ J]. Nat Rev Neu-
rosci, 2017, 18(4):236-249.
DENG W W, HU Q. LIU Z R, et al. KDM4B promotes DNA
damage response via STAT3 signaling and is a target of CREB in
colorectal cancer cells[J]. Mol Cell Biochem, 2018, 449(1-2):
81-90.

75 B H5:2021-04-13;; f£ B B #5:2021-10-12;: %5 . X R§D



