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0.7.1.4 mmol/kg) , 44015 R, BFARM MAMK KB F FHRARAELLEK, EALMRKRAETE LY, HFR1K, &8 14d, B
BF Rash, LSRRI R AL EE L CIRIER . KR eeh 2 h FAHIE22 0 /G, M8 K RIRFE B4R F 40 X Kb
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Study on protective effects of twin drugs of tetramethylpyrazine-scutellarein on cerebral ischemia-
reperfusion injury model rats and its mechanism

CHEN Lina, WEN lJinlan, ZHANG Shanhui, LU Jun, ZHAO Fuhui, LONG Tiemei, DONG Li, DONG Yongxi
(School of Pharmacy, Guizhou Medical University, Guiyang 550025, China)

ABSTRACT OBJECTIVE To study the protective effects of twin drugs of tetramethylpyrazine-scutellarein (TMSC4) on cerebral
ischemia-reperfusion injury (CIRI) model rats and its mechanism. METHODS One hundred and five SD rats were randomly
divided into sham operation group, model group, scutellarein group (0.7 mmol/kg) , tetramethylpyrazine group (0.7 mmol/kg) ,
and TMSC4 low-dose, medium-dose and high-dose groups (0.35, 0.7, 1.4 mmol/kg), with 15 rats in each group. Sham operation
group and model group were given constant volume of normal saline intragastrically, and other groups were given relevant drug
intragastrically, once a day, for consecutive 14 d. Except for sham operation group, all other groups were treated to establish the
CIRI model using the thread occlusion method. After 2 hours of ischemia and 22 hours of reperfusion, the brain index and brain
water content of the rats were measured. Serum levels of interleukin 1B (IL-18), IL-6 and tumor necrosis factor a (TNF-a), the
levels of superoxide dismutase (SOD), malondialdehyde (MDA ), glutathione peroxidase (GSH-Px) and catalase (CAT) in brain
tissues, the situation of neuronal cell apoptosis, and the protein expressions of B-cell lymphoma 2 (Bcl-2) , Bcl-2-associated X
protein (Bax) and cleaved-caspase-3 were evaluated. RESULTS Compared with sham operation group, the brain index, brain
water content, the serum levels of IL-13, IL-6 and TNF-«, the levels of MDA in brain tissues, the brain cell apoptosis and the
protein expressions of Bax and cleaved-caspase-3 in model group were significantly increased (P<<0.05); the levels of SOD, GSH-
Px and CAT and the protein expression of Bcl-2 in brain tissues were significantly decreased (P<<0.05). Compared with model
group, the above indexes of rats were reversed significantly in administration groups (P<<0.05) , while the reverse effects of

TMSC4 medium-dose and high-dose groups were significantly

AESTIE [ [ AR 34 VE BN H (No.81960630) s S 4 better than those of scutellarein group and tetramethylpyrazine
S P LA AR 0T 1 . HUAS
T B AR AT (No.gzwki2021-448) s e @oup (P=0.05). CONCLUSIONS TMSCH4 has a certain

A s SRR A A IR H (No. B4 KY F2(2021)164) protective effect in CIRI model rats, the mechanism of which
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TMSC4.SC-Ag H A SE 6 = [ ™ (28 = 30 AH
TEVERGI , 4 B K T 96% ) ; TMP (41t 5 11032-118,, 4
J& =999% ) WF TN In AR LR A BRA W 5 3 Ak
A (catalase, CAT) i) & (H£%5- 20190415) ALY
B 4k [ (superoxide dismutase, SOD) i f] & ( 4t =
20190321) . A —_#% (malondialdehyde , MDA )i & (4t
5 20190315) 2 B H Ik & 4k S (glutathione peroxi-
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2.4 KRIMFEH IL-18 IL-6 . TNF-a 7K F B4

K ELISA VESEA TR o BCAS 21 R BRI #F i i
s, $2 AR U B S A I KRR T P IL-18 L IL-6
TNF-a /K-,
25 KRN LH SOD MDA  GSH-Px, CAT 7K FJ
i

R TR o IO 2H T 4 6 R R ik 2
L GER YT VIAL 2 |, O — R Bl 2 20, A &4
FRER K AE VKIS 25 0F T F 40 B | LA 3 000 r/min 5.0 10
min, WA 1T TGRS 43 13 W (IR 38 73 11547 Western
blot 52 56 ) ¢ 12 50 &5 15 B 15 77 3 0 S KRR G 4 241
SOD MDA .GSH-Px .CAT /K-,
2.6 KRR R 2 4 22 2 AR T A9 A U

K TUNEL i gEA PRI . BR“2.57 300 ) 4% i) — 1)
SRV R, 4% B TUNEL 4 A 8 T e i 370 5 5 P 45
AR AT 2L 0, SR IO W U 2T T L5,
W OUR A FAPEY @, R AN T A A RE
HLEEI 3 AN S AT T T, P T30 (% ) = FH L
G20 ISP 34 3 S A S E 38 B X 100%
2.7 KN4 A dh Bax,Bel-2 . cleaved-caspase-3 & 5
FRikKFRIH

K H Western blot iEFEA A, HUE 1 “2.57 1 T [y
i ZH 253, in A\ EH S i £, SR )5 R BCA 51
R IR EE o B AR SRS UEAT T e SR R 4 -
SRV T Pl B JUE LUK, 43 S A P, T R, AT 5 43 DA
Bax (Fi FEEE &y 1:1 000) . Bel-2 (Fi BEEE Ry 1:1 000) |
cleaved-caspase-3 (Fi B 4y 1:500) \GAPDH (5 R i h
1:10 000) —4t, 4 *CHEF LB A T (W B2l 1
15 000) 95 2 h; DL ECL &GRSR B SR R 5t
AT, 83T Image JARPF BT 8 K BEAE, L H Y
EHSNSE AN KEE RER R HREAKE, L6
HE 3o
2.8 FitFEFHE

K SPSS 26.0 FAF AT T o EdE L x £5 TR,
22 2 [] He 3ok FH B DML 2R T 22 0 B, AL 1D PR R EE 2R
LSD-tfa %, KK #E=0.05,

- 1806 - China Pharmacy 2023 Vol. 34 No. 15

3 H#HE
3.1 TMSC43f CIRIEE X RNIEH RS KEN
=AU
SR AR AL s, AR 2 A BRI 48 BIORI A 5 7K 534
2 T (P<<0.05) . SBIAVZH LA, 45 45 25 20 K BRIk
& BORI I 55 7K f 14 I 25 IR (P<<0.05) 3 5 SC-Ag 4 5%,
TMP 41 L, TMSC4 H s 771 2H R Bk 48 Z5ORI i 5 7K
T B R (P<<0.05), 459 WFEL,
x1 ZBAKXRBEH RSKkERHEEMATEY
WMER(x+s,n=6)

a5 e T k% JiT%1%
AL 038+0.02 70584625 528071
fiA] 0.70£0.11° 83274943 3349£5.00°
SC-Agl 053£0.04 7639+5.84" 1649£2.03°
T™P4 060£007° 79471738 2017£125°
TMSCAIERI R4 0.6240.06° 81181634 23844394
TMSC4 ] 049£0.05% 74365724 12194187
TMSC4 a4 0414003 71904509 860+ 1,63

a: HIHRFARA LI, P<0.05;b: GEIAIZ L3, P<0.05;¢: 5SC-
Ag# H#, P<0.05;d: 5TMPA [ #¢, P<<0.05,
3.2 TMSC4 X} CIRI 4% & X & 1fl i& & IL-18. IL-6.,
TNF-a 7K F B S0

BT AR e, A2 KRR i 35 IL-18 . IL-6
TNF-a /K V-3 B E TF 8 (P<0.05) ; SHBIZH #4245
245 20 K I3 P TL-18  TL-6 . TNF-o 7K - 44 fi 35 A A%
(P<<0.05) ; 5 SC-Ag 4 5% TMP £H 4% , TMSCA4 | =557
2 K BT Y TL-1B L TL-6 , TNF-a /K - 14 & 25 B AR
(P<<0.05), &5AhLF2,
£R2 HAKXRIMEDIL-18.IL-6. TNF-a 7K F R &
#Z£R(x+s,n=12,pg/mL)

415 I-1 IL6 TNF-a
A4 3558691 18.69£4.63 55.60£7.08
A 102832 15.26° 52.61£8.69° 11356 16.11°
SC-Agél 65.54 841" 33924705 76821803
T™P4] 76.06£539 39051663 83591817
TMSCAHIERI 4L §8.959.72° 4027705 §736£781°
TMSC4 &4 59954735 27654693 7081 £7.54%
TMSC4 F 50474861 20731497 63.7246.59%

a: ST AR LEE, P<0.05;b: SHIMAL E4E, P<0.05;¢: 5SC-
Agdl b3, P<0.05;d: 5TMPA Lh#:, P<<0.05,
3.3 TMSC4 %t CIRI 4% & K FR fi 22 1 f SOD . MDA .
GSH-Px . CAT 7K FH 250m

ST AR e, BRI K B 214 SOD . GSH-

Px.CAT /K- i E K (P<<0.05) , MDA 7K i 2 T
i (P<<0.05) ; S5 2] b A, 45 45 25 40 K R 41 40
SOD .GSH-Px ,CAT 7K~F- 34 i 3 Tt (P<<0.05) , MDA 7K
S35 5 3 BRI (P<<0.05) 5 5 TMP 4 b 5%, TMSCA IG5
2 K B 2H 21 GSH-Px /K B & T (P<0.05) 5 5
SC-Ag 418, TMP 2H L% , TMSCA4 H | i #1420 Kk Ui 20
211 SOD .GSH-Px . CAT 7K -4 i & Tt 55 , MDA 7K -1
R (P<0.05), 4550323,
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*®3 KHAKBKAL B SOD. MDA .GSH-Px.CAT 7k
FHRNER (xts,n=6)

Eibl SOD/(Umg) ~ MDA/(wmollg)  GSH-Px/(Umg) ~ CAT/Ulmg)
FAH 149.756.5 4841063 1746£2.07 3561052
i 87541 13.89° 967+ 147 8381114 181£059°
SC-Agdl 11858954 7311105 1372£075° 255£056"
T™P4] 105424963 7984063 1041£1.02° 2264035
TMSCAIEHI 4L 110.75£ 838 171091 12.8540.94% 2381038
TMSC4 4L 1256718475 6.59£0.76" 14.98 0,86 2964062
TMSC4 EFIEH 138.06:+9.75 6.01+0.94% 16634159 3211043

a: GIRFARL I, P<0.05;b: SHAIL 14, P<0.05;¢: 5TMP
20 He A, P<<0.05;d: 5 SC-Agd Fb 4, P<<0.05,

3.4 TMSC4 3f CIRI 42 K FR K fisi 57 /= 180 22 40 B ) 1=

TR K FR ARG B )23 r AT D 21 /0 e A € R 5
S RFARYL A, B2 R RN Bz J2 s ot ks 2
I 2 S AR TR 2 T (P<<0.05) 5 AR
RUZH R, & 20 25 20 R BRI B2 J2 v B SO Bt B
S AN PR TR BRI (P<<0.05) ; 5 SC-Ag
ZH B TMP 20 L, TMSC4 H 5 75 i 2H K BRORNG B2 )23 vh
g B A 5 W S >, ol 2 0 0 T ) dl 2 AR
(P<<0.05), Z5H U2 1. E 2(TMSCA 5 w2 EmS ) .

-

. ©
e _ S

A fBTFARYL B.#iRIZ]
. 50 um 50 pm

v
C.SC-Ag4l D. TMP 41
5

50 pm 50 um

E. TMSC4 il 41 F. TMSC4 il 4l
El2 &40 K FRANZE L KR Bz 1 42 20 R T
3.5 TMSC4 Xt CIRI # 2 X FR i 46 42 ¥ Bax , Bel-2,
cleaved-caspase-3 & H FRiX B &0
SR F AR A e, A2 K B 2 40 Bax,
cleaved-caspase-3 £ [1 R 157K V-3 g 3% T 55 (P<<0.05) ,
Bel-2 8 H #R A KF 3F FRR (P<<0.05) . SACEI4] L
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B, 4545 25 4 K BRI 41 2 vf Bax | cleaved-caspase-3 45 [
FE kKT i B AR (P<<0.05) , Bel-2 85 A F36 /K -1
BETE (P<0.05)., 5 SC-Ag4H 4, TMSCA {7 &
2H K FUIKZH 21 cleaved-caspase-3 £ [ 3R IA 7K - i 2 [
i (P<<0.05) ; TMSC4 H | & 751 £t 2H K FRUG 2 41 Bax
cleaved-caspase-3 25 [1 ¢ ik /K -4 i 2 FRAIK (P<<0.05)
Bel-2 4 1A K- 1 3 T (P<<0.05) . 5 TMP 41
HE#, TMSC4 45 71 it 20 K B ZH 4L iR Fe 3R ak /K
S35 5 (P<<0.05) . SESR L4 K3,

F4 HBHAKXRIALRF Bax,Bel-2, cleaved-caspase-3

EREMNRIEELER (xt5,n=3)

Eibl Bcl-2 Bax cleaved-caspase-3
TR 126£021 02840.02 006001
fiAg 033003 L17£020° 118008
SC-Ag#l 082£0.09° 0.60£0.03° 0.78£0.09"
TMP4 0.71£0.06° 0.890.05° 086£0.15°
TMSC4 4L 0854005 0.66:+0.04 0.54£0,08
TMSC4 4] 098011 043£0.04% 039£0.07
TMSC4 4 1.16£0.18 0.3240,03 029006

a: SIRFARL A, P<0.05;b: SR H#, P<0.05;¢: 5TMP
A H#R, P<0.05;d: 5SC-Agdl th#g, P<<0.05,

Bax M- M 21 kDa

Bel-2 WD N s s amn o @ 26 Da
cleaved-caspase-3 ~ # = -“- SRR W 17 kDa
oo

I \% VI

I 1 v Vi
I ABTFARE; AR - SC-AgH; IV : TMPZH ; V : TMSCA4{IX
FHEH 5 VI TMSC4h 740 s VI TMSCA B 4 o
B3 &4 KR M4E 4 Bax, Bel-2. cleaved-caspase-3

EARSH K
4 g

AR 2 T A 9 5 B, R S SRR SC-Ag 5
TMP % #7503 9 25 2 TMSC4 [ 5 i 48 SC-Ag i, 7t
A 2 AN I 2 rh 21 A B P, A K B P
B AT A RRAE DR I AT, R, AR
WFFEE— AT TMSC4 X CIRTBE I A LA 4547 VR F K
LA

JNE T IL-18  TNF-« F1IL-6 [ 7= A FRE i 2> i
— 2L JRE B R A5, 41 3K 2 4 i PR A R
BRI % CIRL, ASHIF 78 45 5 87 , TMSCA4 REAS [ AIE K
BRI H IL-18 . IL-6 . TNF-a /K-, iX 15 B TMSC4 7] i
TR A SN, BRI R B CIRT,

FHICAIFFE B, P AL A T AE AL B 0 [ i 3™
AL FECIRI™, SOD & —Fh IR A (LR , AT {40
MU 32 S8 A 3543 ; T GSH-Px Fll CAT b 32 1941 A Ak
I, AT B ik AUk S A S At i 48 Ak, e CAT X
Bt S E A SCHEVE ™ s MDA (R R B8 12 S
CIRI I§ Jit i A Ak AR N DRk, 0 R B g 21 21
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5 1 Jrik , TMSC4 %t CIRIB R A FUELA (B 1

AR FIBIL T AT BE -5 Dol S0 AT S IO SR A IS At A , 40 il

MZAMEIT A,

S0k

[1] ZHOU M G, WANG H D,ZENG X Y, et al. Mortality,
morbidity, and risk factors in China and its provinces,
1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017[J]. Lancet, 2019, 394 (10204) : 1145-
1158.

[2] OZONER B, YUCELI S, AYDIN S, et al. Effects of pyc-
nogenol on ischemia/reperfusion-induced inflammatory
and oxidative brain injury in rats[J]. Neurosci Lett, 2019,
704:169-175.

[3] GUO L, HUANG Z X, HUANG L J, et al. Surface-
modified engineered exosomes attenuated cerebral ische-
mia/reperfusion injury by targeting the delivery of querce-
tin towards impaired neurons[J]. J Nanobiotechnology,
2021,19(1):141.

[4] QIAN W D, XIONG X J,FANG Z Y, et al. Protective ef-
fect of tetramethylpyrazine on myocardial ischemia-
reperfusion injury[J]. Evid Based Complement Alternat
Med, 2014,2014:107501.

[5] LIGL,LIGL,TIANY F,et al. A novel ligustrazine de-
rivative T-VA prevents neurotoxicity in differentiated
PC12 cells and protects the brain against ischemia injury
in CIRI rats[J]. Int J Mol Sci, 2015,16(9) : 21759-21774.

[6] WUDR,CHENJ,LUO K K, et al. Design, synthesis and
evaluation of novel scutellarin and scutellarein-N, N-bis-
substituted carbamate-l-amino acid derivatives as poten-
tial multifunctional therapeutics for Alzheimer’ s disease
[J]. Bioorg Chem, 2022,122:105760.

[7] WUSX,LIUMJ,WENIJ L, et al. Hybrid molecules of

- 1808 - China Pharmacy 2023 Vol. 34 No. 15

(11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

scutellarein and 3, 5, 6-trimethylpyrazine-2-formic acid
linked with polar amino acid for ischemic stroke[J]. Med
Chem Res, 2022, 31(6):916-924.
XIS SR P, 55 IS AT S R Tk
I AR TR 2R 24 R RO TG PRI ST, P BT 2 AR
2021,30(3) :267-273.
DONG Y X, DONG L, CHEN J L, et al. Synthesis and
biological evaluation of N-alkyl-1, 4-dihydroquinoline
prodrugs of scutellarin methyl ester as neuroprotective
agents[J]. Med Chem Res,2018,27(4):1111-1121.
TR SR SRR, 052 1L 2% X A /P A 114
RPN SMADVE RIPLEITRIE (], 25 55,2022, 33(17) :
2065-2071.
TEGRVE XK e, 28 6 3C. Z-1 25 B IR 11-BE-B- &
P 7L 7 T2 Xkt -7 0 P S R A B Py e A R
FE[I]. HEZE 5 ,2019,30(24) : 3354-3359.
YIN L H, TANG T,LIN Y J, et al. Functional connectivity
of ipsilateral striatum in rats with ischemic stroke in-
creased by electroacupuncture[J]. J Integr Neurosci, 2022,
21(6):162.
AR INAAR el AR AR v A A U e
HETEBOR YT BT )]. AR BR 255 ], 2009, 27(6) «
1200-1201.
LIU M, XU Z P, WANG L, et al. Cottonseed oil alleviates
ischemic stroke injury by inhibiting the inflammatory acti-
vation of microglia and astrocyte[J]. J Neuroinflamma-
tion,2020,17(1):270.
CHOUCHANI E T,PELL V R, GAUDE E, et al. Ischae-
mic accumulation of succinate controls reperfusion injury
through mitochondrial ROS[J]. Nature,2014,515(7527) :
431-435.
SAMARGHANDIAN S, AZIMI-NEZHAD M,
FARKHONDEH T, et al. Anti-oxidative effects of cur-
cumin on immobilization-induced oxidative stress in rat
brain, liver and kidney[J]. Biomedecine Pharmacother,
2017,87:223-229.
WANG L F, SUN J, YI Q D, et al. Protective effect of
polyphenols extract of adlay (Coix lachryma-jobi L. var.
ma-yuen Stapf) on hypercholesterolemia-induced oxida-
tive stress in rats[J]. Molecules, 2012, 17(8) : 8886-8897.
LI Z X, XIAO G X, WANG H Y, et al. A preparation of
Ginkgo biloba L. leaves extract inhibits the apoptosis of
hippocampal neurons in post-stroke mice via regulating
the expression of Bax/Bcl-2 and caspase-3[J]. J Ethno-
pharmacol,2021,280:114481.
YANG L, TAOY W,LUO L L, et al. Dengzhan Xixin in-
jection derived from a traditional Chinese herb Erigeron
breviscapus ameliorates cerebral ischemia/reperfusion in-
jury in rats via modulation of mitophagy and mitochon-
drial apoptosis[J]. J Ethnopharmacol,2022,288:114988.
Ok 11 491: 2023-02-07 [ 1 41 : 2023-06-17)
(il « JEFIGE )

thEZ s 2023 4E55 34 4245 153



