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Study on Improvement Effects of Polygonum orientale Flower Extract on Hypoxia-reoxygenation Injury of
H9¢2 Cardiomyocytes

LI Yueting', LIU Ting', WU Qiong’, LU Dingyan', WANG Mingjin®°, WANG Yonglin', LI Yongjun®’, ZHOU
Meng’, LIU Chunhua® (1. Guizhou Provincial Key Laboratory of Pharmaceutics/State Key Laboratory of
Functions and Applications of Medicinal Plants, Guizhou Medical University, Guiyang 550004, China;
2. Engineering Research Center of the Ministry of Education for the Development and Application of Ethnic
Medicine and TCM, Guizhou Medical University, Guiyang 550004, China; 3. School of Pharmacy, Guizhou
Medical University, Guiyang 550004, China)

ABSTRACT OBJECTIVE: To study the improvement effects and mechanism of Polygonum orientale flower extract on hypoxia-
reoxygenation injury of H9¢c2 cardiomyocytes. METHODS: H9c2 cardiomyocytes were divided into normal control group, model
group and low-, medium- and high-concentrations groups of P. orientale flower extract (20, 40, 80 pg/mL). Except for normal
control group, other groups were given 800 umol/L CoCl; to induce hypoxia-reoxygenation injury model. Cell apoptosis was observed.
The levels of Ca®* (in cytoplasm), mitochondrial membrane potential (MMP), ATP enzyme (Na'-K'-ATP enzyme, Ca*-Mg"'-ATP
enzyme) activities, the ratio of cytochrome ¢ (Cyto c)
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related protein [protein kinase B (Akt) and extracellular signal

regulated kinase 1/2 (ERK1/2)] as well as protein expression
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BT M. WFIE 7]« 2 26 SRR e e PR of HIF-1a were detected respectively. In addition, the cells
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CoCl.), LY294002+P. orientale flower extract group (15 pmol/L LY294002+80 pg/mL P. orientale flower extract), MEK inhibitor
PD98059 + CoCl, group (25 pmol/L PD98059 +800 pmol/L CoCl,) , PD98059+ P. orientale flower extract group (25 pumol/L
PD98059+80 pg/mL P. orientale flower extract). After cultured by the same method, the phosphorylation levels of Akt protein and
ERK1/2 protein in the cells were measured to verify the activation of P. orientale flower extract to RISK signaling pathway.
RESULTS: Compared with model group, nuclear pyknosis and the number of apoptotic bodies were reduced in different
concentrations groups of P. orientale flower extract. ROS level, Ca** level (except for low-concentration group), MMP, ratio of
Cyto ¢ in cytoplasm to Cyto ¢ in mitochondria, protein expression of HIF-1o were decreased significantly (P<<0.05 or P<<0.01);
the activity of ATP enzyme (except for the low-concentration group), Akt protein and ERK1/2 protein phosphorylation level were
significantly increased (P<<0.01). After treated with PISK inhibitor LY294002 and MEK inhibitor PD98059, Akt protein and ERK1/2
protein phosphorylation level in cadiomyocyte were decreased significantly (P<<0.05 or P<<0.01). CONCLUSIONS: P. orientale
flower extract can improve hypoxia-reoxygenation injury of H9¢c2 cardiomyocytes, the mechanism of which may be associated with

inhibiting cardiomyocyte apoptosis, improving ATPase activity, protecting mitochondria, regulating RISK signaling pathway related

proteins and HIF-1a protein expression.
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Fig 1 Micrograph of the effects of P. orientale flower

extract on the apoptosis of H9¢2 cardiomyo-
cytes with hypoxia-reoxygenation injury(x200)
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Fig 2 Micrograph of the effects of P. orientale flower

extract on ROS level in H9¢2 cardiomyocytes
with hypoxia-reoxygenation injury(x200)

&1 FAHI2 DAL F ROSKFE $58 FKF (4
BT AR MMP K FUELE R (x+5,n=3)

Tab 1 The levels of ROS, Ca** (in cytoplasm) and

MMP in H9¢2 cardiomyocytes of each group

(xxts,n=3)
415 ROS BET MMP
ERXRA 2064+292 2064£223 0482015
fig 50.09+240° 6109566 2914060
SRR AL 40184355 56.09+4.03 2124024
SRR AL 345243647 43851356 174+0.127
TR R A 30.82£2.50" 34.64£335° 150+0.16”

e S IEH R B LA, P<<0.01; SR LA, "P<<0.05,"P<
0.01
Note: vs. normal control group, * *P<<0.01; vs. model group, "P<<

0.05,"P<<0.01
3.5 HELENYHES RIRMG HI2 LALLM
ATP EEE R0

55 1E 5 X BR 2H b %5, 4R 4 40 Jifd v Na K -ATP fif
l Ca™-Mg* -ATP [ P 35 fi P (P<<0.01) 5 AR
YRR, 20 AR B IO | v R R 2 A rp AR T
¥ T (P<<0.058 P<<0.01), W% 2,

- 1308 - China Pharmacv 2021 Vol. 32 No. 11

AEH X EAL

CZERAEFERU IR AL D.2E LRI hfk 2

E.2F BRI v 4
3 EHERIMIXTERE S SR {5 HIc2 (0 AL 4 i h
§5 8 F /KT (BB ) R AmET S5 (x200)
Fig 3 Micrograph of the effects of P. orientale flower

extract on Ca®" level (cytoplasm) in H9¢2 car-
diomyocytes with hypoxia-reoxygenation injury
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Fig 4 Micrograph of the effects of P. orientale flower
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hypoxia-reoxygenation injury(x200)

FERK1/2 25 11 /0 85 iR 1k 7K 73 i 2 7 %5 (P<<0.05 8%
P<<0.01); 52F e 4RIV 4H LB, LY +2F S AE SR B 4
A Akt 2 FABERR b /KA PD+2E S fE R B 21 40 g
H ERK1/2 2 TR R fb /K 735 i 25 IR (P<<0.05 5 P<
0.01), UL 7 . F4.
4 g

CoCl j& — PR FUL Bk S8 S A 1 Ak 24 i) o A Ok
] 5% 240 0 e iy e SRR A A RO A AR 4 A S AT A
B FE Al B AR 98 2K F 800 umol/L CoCl. &2 ffil] H9¢2 .0»
LA B A B AR e R AN AN i B 2 A
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®2 HBHAHIDLDIMAMEP ATPEFENELR (x+
s,n=3)
Tab 2 ATPase activity in H9¢2 cardiomyocytes of
each group(x+s,n=3)

413 NaK-ATPH, U/mg Ca*-Mg"-ATP B, U/mg
R 38454250 26774208

B 17804221 1275+235°
HETERRIRR A 20374314 14414401
AR A 2141405 19.29+2.00°
Rk 26274198 2185+461°

0 SIE R R IR He A, P<<0.01; SR 40 Feds ,*P<<0.05,“P<
0.01

Note: vs. normal control group, **P<<0.01; vs. model group, ‘P<<
0.05,"P<<0.01

R Croe _ e
- —
practin W 42 kDa

IR XA AR ZEREARIN YRR 2P RERRIN
PR WP Wi B

BE5 ZELRERBMXTEREE S5 HIc2 10 AL 4 f Y
HRRRANLRIE R Cyto c EARIEZNTAIFEIKE

Micrograph of the effects of P. orientale flower

Fig 5
extract on protein expression of Cyto ¢ in cyto-
plasm and mitochondria in H9¢2 cardiomyo-
cytes with hypoxia-reoxygenation injury

&3 BLHHI2 ALY RE 4R A BT H Cyto c/Ze i fd
Cyto ¢ [lL{E .RISK {5 S i@ i HH X | B BEER L 7K F

K HIF-1eZARIZKEFMNELE R (x+5,n=3)
Tab 3 Ratio of Cyto c in cytosol to mitochondria,
phosphorylation level of RISK signaling path-
way related protein and protein expression of

HIF-1a in H9¢2 cardiomyocytes of each group

(xxts,n=3)

IR Cyto o/ pERKI/2/ HIF-la/
i e ) .
Al Zfifhoh Cyto ¢ p-Ak/Ake ERK1/2 P-actin
R ERYL 0.73+0.06 0.76+0.09 098+006  0.16+0.05
g 1852008 0205007 0662006  0.92£0.04
EEV 28] 1.570.06° 0.32£0.03° 091£006%  0.69£0.07°
AR AL 123+0.07° 052£005%  L10£0.06%  048+0.08"
SRR AL 092+0.08” 070£005 1212006  035+0.047

T 5 IR R BRZE L #, < P<<0.01; SEERIZH [ #, "P<<0.05, " P<
0.01

Note: vs. normal control group, **P<<0.01; vs. model group, "P<<
0.05,%P<<0.01

it R, A P A A SO B B 1 S R A
LhRe R R oKl 1 A A O A T H A ROS =R
A L T B R AL A 48 - BT A AL 7R g Al A AR
P, ABIEFER B, i i SRR HOe2 Lo LA A 2 i
R l4e BoEAe e, i W CEE A T/IMA; 4 HP ROS 7KK
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Fig 6 Electrophoretogram of the effects of P. orientale

L X AR

flower extract on RISK signaling pathway and
HIF-10 protein expression in H9¢2 cardiomyo-

cytes with hypoxia-reoxygenation injury
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Fig 7 Electrophoretogram of the effects of P. orientale
flower extract on RISK signaling pathway in
H9¢2 cardiomyocytes with hypoxia-reoxygena-
tion injury after treated with inhibitors
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ATP BHEAETE T AW E i —FhE B, BAa Yk
BT BRI BAL I S A WA T RE s IR FE SR
BT, O UL 2300 P A7 S8 QG R 0 A B
4L ATP #8358 , i — 51— R R AL S
W, T E AR SE ATP 5432 (R 96 ATP B MG, o
-SSP o i T 4 R B, 5 LA 4 e A 45 5 1
R, AHIFST 2 B, S 5k A 1 HOe2 0 LA it Hh
Na'-K'-ATP fiff fil Ca**-Mg®*"-ATP i I Pk i 2 WG, 45 55
TACE (A ) 2T s G20 R e R IRy TS |
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R4 MANMFIFEZAMEME P Akt BB F ERKI2 E
BB K FERINELE R (x+s,n=3)
Tab 4 Phosphorylation level of Akt protein and
ERK1/2 protein in H9¢2 cardiomyocytes of
each group after treated with inhibitors(x + s,
n=3)
Ei| p-Akt/Ake
IR 2544019
ait| 0.88+0.08°
HEERA 15140.15"
LY+ R4 1.05+0.10%
PD+ER R 053£0.06°

T 5 IEHE X BT U, * " P<<0.01; SRR b4, "P<<0.05,7P<
0.01; SLERRII AL L, “P<<0.05,““P<<0.01

Note: vs. normal control group, **P<<0.01; vs. model group, "P<<
0.05, "P<<0.01; vs. P. orientale flower extract group, “P<<0.05, ““P<<
0.01

ik ATP S 2 T A K (AR ) B3
AR X FIAZE R AE LY T 3 el 4 5 ATP 76 1k | 2
Fi O WLAN I P IE 3 B4 TGS 1% | RE B B RN B 45
AW E T RE DI 38  O JUL 200 A Hh 55 28 1 /K (R T
TR AR LA A F

LR AT B R B LA TR & T UL 1 i Ak
TR T R AR SR AL B R A /K2, BRI 5 MMIP
AP R B DI RE . AFZE & B, Bl i Sl S 54495 HOc2
DN MMP S35 715, 420 B ARSI T BUs , 41
MMP (. 3 FEAIG , 3 ¢ A 2 50 48 312 B ml 3 2o 9 2okt
A, B HOe2 /U AL ZH I A Al 1 fahe S 4 47

HH S B 5 J BR, 24 2 A 1) ) R 2 LI, AT R
Cyto c A AMAEL T, J4075 G IR T S, 128 T s 2 kL
IR FERY, e 2T BN R T RIRAE . A ST R BH,
Bt Bl SR 5 HOc2 O LA I A AH I S5 P Cyto o/Z kA
W Cyto ¢ LA B 35 T i s G20 e U T i), ik
FEbR HCAE 25 B . X 3% B 25 B AR 4R B ] 3l 2o R A1
S5 L S5 S 45 495 HOe2 o0 WL A AR AT AR JBE 1) JF B0 R B, e
S H AU S A5

RISK 553 % ALK T 0o AL ke i P8 2 1) e T
BRI G —0 20 LN 37 B i AR AR AR, &2
Tofr P 5P R A 5 0 B 2 A RISK G A% R HE AR 4 20
HLEVE ™, ABESE R IR, G20 AR EE I T W5 |,
A A H9e2 O LA A Akt 25 (AT ERK 25 1 9
PR ALK S 1 S 2 T g 5 £ FH Akt 25 1 R ERK 25 14 B4 1
FI4> BIAL BRI , 4 Akt 2 A ERK 25 (A BB 1L K
S S B RN, U RH 2F S SR B X Akt 2 1 Fl ERK 2
El RS TE A Pt LI , UE S T T S i i RISK 55

A 6 Ko 4R AR AR AL 1 O UL AN L AR

4 HIF-1oafE MU H SR T AR R e A, B
Pt WL I P R VR L (R, XY 2k i), T
e FECO ARG . ABFFE KB, BA B A5 HIc2
LA P HIF-1a 85 1R IR K 5 T i s B 2E R A

p-ERK1/2/ERK1/2
093£0.08
048£0.12°
0.68%0.08°
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AR GRAPL O LA A VR T

25 b TR, 20 R AR SR U ] s HIC2 O ILAR A Y

BRAE S A7, HAE AL AT AR5 400 o JULAR L A 1

vy ATP BEEEIE PRI ZORLA 8775 RISK A5 = 18 B AH O

HFITHIF-1o8E FIREA K.

S 3k

(1] SEMAEZ R BRI h 25 b R IEZ5 4 BT i AR
HE[S]. 5L FH - BENBHE H Rk, 2003 : 267-268.

[2] XURZ, EEML, H 5 20 RS- Ir.C WUB L -7
FEA ORI B A 1 IS E[0]. P R 245 55, 2019, 30
(1):68-72.

[31 X%, B, XA, 45 20 R ARSI 0 HIe2 /L LA i
AU B I ORI E T [I]. Hh 258, 2018, 41 (1) : 184-
188.

[4] XI55, R0 XNEA 45 20 R AR YN Ho 0015 51 HIc2
20 S A8 3 B PR AP FRAILTRIDT S (0] R R It 5 5
F A ,2018,30(2):299-303.

[5] =B XUAA, e, % 20 5 AR U X H.O. 5 S 1Y
HUVEC 4l Jg S AR50 (4 DRAP 45 I 52 (0], o el v 24 2%
£,2018,43(5):1008-1013.

[6] LESNEFSKY E J,CHEN Q,TANDLER B, et al. Mito-
chondrial dysfunction and myocardial ischemia-reperfu-
sion: implications for novel therapies[J]. Annu Rev Phar-
macol Toxicol,2017,57:535-565.

[7] CHEN Q,CAMARAAK S,STOWE D F,et al. Modula-
tion of electron transport protects cardiac mitochondria
and decreases myocardial injury during ischemia and
reperfusion[J]. Am J Physiol Cell Physiol, 2007,292(1) :
C137-C147.

[ 81 LESNEFSKY E J, CHEN Q, HOPPEL C L. Mitochondrial
metabolism in aging heart[J]. CirRes, 2016, 118 (10) :
1593-1611.

[9] DE MARINIS E,FIOCCHETTI M, ACCONCIA F, et al.
Neuroglobin upregulation induced by 17 B-estradiol se-
questers Cytocrome ¢ in the mitochondria preventing
H:O.-induced apoptosis of neuroblastoma cells[J]. Cell
Death Dis, 2013,4(2) :e508.

[10] HAUSENLOY D J, YELLON D M. Reperfusion injury
salvage kinase signalling: taking a RISK for cardioprotec-
tion[J]. Heart Fail Rev,2007,12(3):217-234.

(111 &, BE, BoAlsk, S0 WU /756 0 0 R4 AL
RISK {551 s (14 5 i DX 22 (0], o B 24 2% 35, 2016, 25
(19):2211-2217.

[12] HFRERS, T4 AR . PISK/Akt {5 5 % 5 78O LR
TR Th A 1 T R b BR 2 Bl A JR (0], T el S 30y
2724k, 2020, 26(24) : 208-217.

[13] SEUNGHEE Y. The extracellular signal-regulated kinase:

multiple substrates regulate diverse cellular functions[J].

HEZED; 2021455 32 5 1Y

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[23]

[24]

Growth Factors,2006,24(1):21-44.

NANAYAKKARA G, ALASMARI A, MOULI S, et al.
Cardioprotective HIF-1 a-frataxin signaling against ische-
mia-reperfusion injury[J]. Am J Physiol Heart Circ Phy-
siol, 2015,309(5) : H867-H879.

VLAHOS C J,MATTER W F,HUI K Y, et al. A specific
inhibitor of phosphatidylinositol 3-kinase, 2- (4-morpholi-
nyl) -8-phenyl-4H-1-benzopyran-4-one (LY294002) [J]. J
Bio Chem, 1994,269(7) : 5241-5248.

HANY F,LIN-HUA JI,FENG T T,et al. Effect of ERK1/2
signaling pathway inhibitor PD98059 on the expression of
Ras, BRaf, MEK, ERK1/2 in marrow nucleated red blood
cells of CMS patients[J]. Zhong Guo Shi Yan Xue Ye Xue
Za Zhi,2017,25(5):1571-1575.

I SCHE , Mg, AN, % 5L T UHPLC-Q-TOF-MS 73
Br 28 HEAESE I TE HOc2 O LA L rh 25007 3 [ 7. v [
S A%, 2017, 23(12) : 90-95.

BAO X H,LI H X, CHEN B D, et al. Role and related
mechanism of S1P/S1P1 signal pathway during post con-
ditioning of hypertrophic cardiomyocytes[J]. Zhong Hua
Xin Xue Guan Bing Za Zhi,2016,44(5):431-435.

CHEN P, ZHANG H, ZHANG Q, et al. Basic fibroblast
growth factor reduces permeability and apoptosis of hu-
man brain microvascular endothelial cells in response to
oxygen and glucose deprivation followed by reoxygena-
tion via the fibroblast growth factor receptor 1 (FGFR1)/
ERK pathway[J]. Med Sci Monit,2019,25:7191-7201.

LI L,SHA Z,WANG Y, et al. Pre-treatment with a combi-
nation of Shenmai and Danshen injection protects cardio-
myocytes against hypoxia/reoxygenation- and H.O.-in-
duced injury by inhibiting mitochondrial permeability
transition pore opening[J]. Exp Ther Med, 2019, 17(6) :
4643-4652.

YANG C X,ZHANG X C,YIN H Q, et al. MiR-429/200a/
200Db negatively regulate Notchl signaling pathway to sup-
press CoCl,-induced apoptosis in PC12 cells[J]. Toxicol In
Vitro, 2020,65:104787.

WU L, TAN J L, CHEN Z Y, et al. Cardioprotection of
post-ischemic moderate ROS against ischemia/reperfusion
via STAT3-induced the inhibition of MCU opening[J]. Ba-
sic Res Cardiol, 2019, 114(5) : 39.

SULAIMAN D, LI J,DEVARAJAN A, et al. Paraoxonase
2 protects against acute myocardial ischemia-reperfusion
injury by modulating mitochondrial function and oxida-
tive stress via the PISK/Akt/GSK-3 8 RISK pathway[J]. J
Mol Cell Cardiol,2019,129:154-164.

JIN Q,JIANG Y, FU L, et al. Wenxin granule ameliorates
hypoxia/reoxygenation-induced oxidative stress in mito-
chondria via the PKC-6 /NOX2/ROS pathway in H9c2
cells[J/OL]. Oxid Med Cell Longev, 2020[2020-12-13].

China Pharmacy 2021 Vol. 32 No. 11 - 1311 -



AN[E] 7 Wb AR 7S 250 T 5 R AL TOPSIS 1A 25 &P
BHE", 225 RO TRN L Z2 (LEMNB LB AZR EFR, AL BN 324000, 2.8 M T &
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M AR ERe 2730, 40T M 32400055 40T KF £ G RAF R M 310058)

hEsRS  RILT XEARER A
DOI  10.6039/j.issn.1001-0408.2021.11.06

XEHFE  1001-0408(2021)11-1312-07

H E NS5 FN AR FREREHMGRE, ik KA S0 &k (HPLC) € AR o 4 P 23k  E A4
F AR AR R AT R a0 A8 R R R Sh- ST L4 R e S AR 2 2 A b B ER 69 8- 5 R R 2020 SR (P E 25
Y (e 2R ) M 3 2204 FE L i F kP ik S AR E M FEL RS, A AIRE F R LM P LR 6 AN E RS
B B R AR A h W A8 A 35 AR, SRR AL TOPSIS ik 2 AR I AR 2 MR Bk R F . R 4R R Z R A4 P 23k
o E AR AR AR R AR TR R B BRI e & F 4 ) 4 2,630 4~2.9151,4.273 7~5.313 8,34.715 8~36.695 8.,
3.061 1~4.456 0,4.560 9~5.773 5.45.153 6~47.019 7.145.480 1~157.022 5 mg/g, 48 % ik #4543 4 0.034~0.040 mL/g. i
TOPSIS i > 474 £ 27, bik B35 AR E 5 #14 0.109 0,0.140 7.,0.148 3,0.125 5.0.067 0,0.139 0,0.124 2.0.146 3; 14 Bt R F =
SOABAR % 25 44 04 T 34 AR 3B R JE 4 5 0.809 0.0.711 9.0.807 0.0.681 5.0.447 0.0.363 1.0.439 8.0.349 6.0.449 6.0.376 5.0.486 6 ,
0.458 7.0.282 0.,0.167 0, A ZH LT 44269 R B A o 8 A F B R =0 b B R 0 B8 L f LB 2 =4
Seo L5 R ANEAX TOPSIS i 7T A AR ot 25 4 R AT 45 631 s 7 L BT = AR e S A 44k .
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Comprehensive Evaluation of Citrus Paradisi from Different Producing Areas by Entropy Weight TOPSIS
Method

FENG Jinggian', LI Jiangyan’, SONG Jianfeng’, WANG Siwei', MAO Bizeng’ (1. School of Medicine, Quzhou
College of Technology, Zhejiang Quzhou 324000, China; 2. Dept. of Pharmacy, Quzhou Municipal Hospital of
TCM, Zhejiang Quzhou 324002, China; 3. Center of TCM and Natural Medicine, Quzhou Institute for Food and
Drug Control, Zhejiang Quzhou 324002, China; 4. Dept. of Pharmacy, Quzhou Municipal People’ s Hospital,
Zhejiang Quzhou 324000, China; 5. College of Biotechnology, Zhejiang University , Hangzhou 310058, China)

ABSTRACT OBJECTIVE: To evaluate the quality of Citrus Paradisi from different producing areas comprehensively.
METHODS: The contents of eriocitrin, narirutin, naringin, naringenin, hesperidin and neohesperidin in Citrus Paradisi were
determined by HPLC method; the contents of total flavonoids were determined by UV spectrophotometry; the contents of volatile
oil were determined by volatile oil measurement method A stated in appendix 2204 of Chinese Pharmacopoeia (part IV ). Using the
contents of above 6 kinds of flavonoids componets, total flavonoids and volatile oil in 14 batches of Citrus Paradisi from different

habitats as indexes, the overall quality of Citrus Paradisi was evaluated by using entropy weight TOPSIS method. RESULTS: The
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