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Total flavonoids of Dracocephalum moldavica L. inhibit oxidative
stress against H9c2 cell ischemia-reperfusion injury via VEGF-B/
AMPK pathway
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Abstract: Total flavonoids of Dracocephalum moldavica L. (TFDM) is an effective component extracted and
isolated from the traditional Uighur medicinal herb Cymbidium fragrans. Cymbidium fragrans has the effects of
tonifying the heart and brain, promoting blood circulation and resolving blood stasis, and has been widely used in
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the treatment of cardiovascular and cerebrovascular diseases for a long time. The purpose of this study was to
determine the effect of total flavonoids from Cymbidium fragrans on hypoxia/re-oxygenation (H/R) injury in H9¢2
(rat cardiomyocytes) cells and its mechanism. A model (H/R) of hypoxia/re-oxygenation injury in H9¢c2 cells was
established using hypoxia and glucose deprivation for 9 h combined with re-oxygenation and rehydration for 2 h to
simulate myocardial ischemia-reperfusion injury. The effects of total flavonoids from Cymbidium fragrans on cell
viability, markers of myocardial cell damage, oxidative stress levels, and reactive oxygen radical (ROS) content
were investigated, Western blot was used to detect the expression of vascular endothelial growth factor B (VEGEF-
B) and adenosine 5'-monophosphate (AMP)-activated protein kinase (AMPK) pathway related proteins. The results
showed that the total flavonoids of Cymbidium fragrans significantly increased the viability of myocardial cells
after H/R injury, and decreased the content of lactate dehydrogenase (LDH) and creatine kinase isozyme (CK-MB)
in the cell supernatant. It significantly reduced malondialdehyde (MDA), increased superoxide dismutase (SOD)
and glutathione peroxidase (GSH-Px) activities, and decreased intracellular ROS and nitric oxide (NO) content.
Western blot analysis showed that the total flavonoids of Cymbidium fragrans decreased Bax levels in H9c2 cells
damaged by H/R and increased Bcl-2 expression. Total flavones of Cymbidium fragrans upregulate VEGF-B/
AMPK pathway related proteins VEGF-B, vascular endothelial growth factor receptor 1 (VEGFR-1), neuropilin 1
(NRP-1), peroxisome-proliferator-activated receptor y coactivator-la (PGC-la), phosphorylated adenosine
monophosphate activated protein (p-AMPK) and phospho mechanistic target of rapamycin (p-MTOR) levels. The
above research results indicate that the total flavonoids of Cymbidium can significantly reduce the H/R injury of
myocardial cells, which may be related to the upregulation of VEGF-B/AMPK pathway and inhibition of oxidative
stress response.
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Figure 1 Total flavonoids of Dracocephalum moldavica L.
(TFDM) can improve the viability of H9c2 cells injured by
hypoxia/re-oxygenation (H/R). n = 3, X = 5. P < 0.001 vs the

control group; “P < 0.01 vs the model (H/R) group
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Figure 2 Effects of TFDM on lactate dehydrogenase (LDH, A) and creatine kinase MB isoenzyme (CK-MB, B) released from H9¢c2 cells
injured by H/R. n = 3, x 5. P < 0.001, P < 0.000 1 vs the control group; P < 0.01, ""P < 0.001 vs the model group



w
o
=T
=
zfz
e
ST
a4

. T S MO E T VEGF-B/AMPK i P& 22 fif

FALE P HOc2 41 Sk I P JEJE: 4345 - 2689 -

A 6+
o #H
g
2 4
=
=
Z\. *
= .
g 24
é
0
H/R - + + + +
TFDM/ug'mL' - - 25 50 100
C 150
fa
£
2 100 4
4? * ok
Z
S i
& 50+
=
[7¢}
5]
0 -
H/R = + + + +
TFDM/ug'mL? - = 25 50 100

B 150~

TCD

g * £

=5 100 o

P #

=

2

8 507

@)

w2

0_

H/R - + + + +
TFDM/ugmL' - = 25 50 100

D 150

o

2 100 4 -

\:_ *

=

5 iy

g=1

2 50

]

7

0_

H/R - + + + +

TFDM/ugmL* - = 25 50 100
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Figure 4 Inhibition of TEDM (25, 50 and 100 pg-mL") on reactive oxygen species (ROS) release in H/R damaged H9c2 cells. ROS

expression was determined by a DCFH-DA fluorescent probe. n = 3, X = 5. P < 0.01 vs the control group; P < 0.05 vs the model group.
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Figure 5 Effect of TFDM on the expression of an apoptosis-related protein in H9¢2 damaged H/R cells. A: Western blot of Bax and Bcl-2;

B: Bax, Bcl-2 protein expression and Bcl-2/Bax ratio. n =3, x = 5. P < 0.01 vs the control group; "P < 0.05, P < 0.01,

model group. Bax: BCL-2-associated X protein; Bel-2: B-cell lymphoma-2
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Figure 6 Effect of TFDM on the associated protein expression of the VEGF-B/AMPK pathway, in H/R damaged H9c2 cells. A: Western

blot of VEGFR-1, VEGF-B, NRP-1 and PGC-1a; B: Western blot of AMPK, p-AMPK,

MTOR and p-MTOR. C: Expression of VEGFR-1,

VEGF-B and other proteins. n = 3, x £ 5. "P < 0.05, P < 0.01, P < 0.001 vs the control group; "P < 0.05, P < 0.01 vs the model group.

VEGFR-1: Vascular endothelial growth factor receptor 1; VEGF-B: Vascular endothelial growth factor B; NRP-1: Neuropilin 1; PGC-1a:

Peroxisome-proliferator-activated receptor y coactivator-1a; AMPK: Adenosine 5'-monophosphate (AMP)-activated protein kinase; MTOR:

Mechanistic target of rapamycin; p-AMPK: Phosphorylated adenosine monophosphate activated protein; p-MTOR: Phospho mechanistic

target of rapamycin



RATRME s RAE/R SR B 22 G A8 I VEGF-B/AMPK I8 4 22 i S50 BT HOe2 4H i Bh if PRV E S /s - 2691 -

HA R R O NUA N BV A B A . A, B
24 J TR R A ) 40 B R T 2 VEGF-B/AMPK i&
RHIFRIE . XL S L BRI, A 1 25 M i ] fe i
it /E F T VEGF-B/AMPK i % 17 4101 ] HOc2 41 i 7 1
A SR, SO JUL R I P 98 33 453 473 (1) ¥ T it
T AR

H AT, O WUBR I A 97 32 2 2 58 4 Bh R AN
R Bl Bk R, O ILAS 21 B I B E v, SR R REVE & 5
Ak UG, SRR E ARG . AR
O JUTL AR 0L - 98 2 453 493 1) R L o) w2 A A 24 Y,
SR A LR 4 B R i S A TR R AR A 7 2 ] AR T
7 (0 45 B, 3 B ROS A U5 M 3T AL RS
45 1T B8 5 25 9% 0 20 i IR - ()RR ORI MDA 25 75 1 i
3G R, AR e FH BT A A A BB R P YR B AL
T2 TR P 2 3 75 3 1 0 JUE 45 47 1) B 42
I, B BUEACREYE B 259 0] Re R — A R O fR
P .

EEZEBEEAE LEEY, 45 REMZE R
vz R TT O i I 05 P L B 24 A 3R 2
B 3t $R 5 A7 SV RGORE FH HG 527 0 791 5 40 1 IR I PR
R B 9 R 380 I S EL A B A 1 O U R AR BT
SCHRPSHRIE, B R IR R AR B 0L
S L5 P S AL R T PR LAY . A T 2 S A G AL
EVRE ] 40% ORI IE T 2 A MR F T 2R
IR, 22 HPD600 B K FLIK Bt A% i 7 25 4lifk, 15 21 &
T 2L R T AT G AL o 8 I AT, R R R
K -7-0-B-D-F H HEBL R TY « T3 3 -7-O-p-D-Hi % BE &
FRFF VIR L H IR B K R -7-0-p-D-H % B BR 1 L H
il 5 R 2R -7-0-B-D-71 %) BE I IR 1 5 5 51K 53% LA
o BT R RO B T 2 PO LR I
LT B BN, 35N T 29 MEE ), K5
R E D, GO m RS, FE LA
B FL AT 2 P 24 BTG 1, A R A SOE RN R R
PERFESEAE F, 75 1 =2 2 A R0 A7 38 g % #1 i) SD
R B LR I P A 4045, 0ok o FIL 4 B R P 2 40
JH T ANRR PP It SR B, VR 7 0o JLdsfe L P 8 3 453 45 1 F
B . AR RN, B 22 S RGP &
] DA H/R B34 HOc2 4 H /7. A BAEE, A
WP T 25 BT TS 250 LA Y 24 F1 48 h, X 41 g
T BRI, W TERE RN, BE 2SR
fift 22, 29 W) ¥ R I A 19%0 — FF 3% T A (dimethyl
sulfoxide, DMSO) 4= 3% 7& & ¥ fif, S2 58 7 2 5 1F 1%
DMSO X} H9¢2 ¥ A #E1%, PR AN £ 5% 52 50 32 Bl 5% 1
TE 7 T 25 I o5 T 4% 50 JUL 40 3 1 S 6 e, 2550 A
100 pg-mL" & 22 2 B Hd (2 2F 1 H9c2 40 B iy 4 56, #1

il LDH Al CK-MB [ 8 i, 3 & W 77 15 == 5 5% B fe 417
il H/R 475 11 HOc2 ZM A 85 Pk o b Ab, & 5 =2 i B i Il
Sk ) P AR R TS S I I A o 4 AR L AR
AT T Bax Al L PR T F Bel-2 £k, 52
Sk B 34 T DA O JUL A0 P S S 4, 982 ROS
PRI, 2R A M b T T HY/R 545 1 40 Y
SOD.GSH-Px.NO iifi 1, J /> MDA /=4, # il 4k i
Bans .

VEGF-B & 7 1996 4 1 & VEGF [A] J5 4 4 & BH,
KBSk — B WA N fE VEGF 5% Hf B AR 11 %, 572
Z— .o VEGF-B & ZAF1E T 0 WL 4R 30 ik -7 i WL4n
Ji P B 40 it AR iR R it L I i ik . VEGF-B A 2
Fh v %Y B VEGF-B167 Al VEGF-B186, £ k £ $ 4 4
i1, VEGF-B167 /& 15§ VEGE-B #% 5% 5 5 80% LA F )&
LY AN VEGE-B 5 VEGFR-1 A1 NRP-1 45 &, K 1%
OUVRIFER . B3R B, VEGF-B 7.0 WL 1) 3 &
F I AT B HE O 5 0T AR AL T R, SRR O Y
T JUL AR TR LA P, e YRR PN R 4 I
HAGE, H4% KOO U FE (myocardial infarction, MI) J& 0>
WLEH ZLH) 45 F N Th BE B 445" VEGF-B i@ it VEGFR-1
1 8 b AMPK & 136 0 17 5 o7 S84k 1 % B ik AT 1 3%
5. AMPK 0% PGC-1a, it 5 PPARy ul e 4 25 4
KL HAE WS b R A= & L 2 R . AMPK
TR L eBF2K B2 I B M & . eEF2K 32 %
757 0 2 1 A FEfH, S MTOR G B (1 R 975850 1.
it 235 AMPKy3 W12 7] {2 i PGC-1a 1R 15 . AMPK
A {8 PGC-1a ) Thr177 A1 Ser538 W /N7 i % A= B ik
. WA B R L, AMPK 7] i i 4% p38MAPK
HDACS %5 5K ] 32 i 5 PGC-la 1 £ ik . 4% L Tk,
AMPK E N e B IR 2 4%, TR 2 P29 (1 4E R0 AL,
AL HEXT R IR AR o B A R YR TR .
K, AMPK 2 5 () VEGE-B 1] ] T~ 38 hin i ifi 4 0
I SR I IR L R G, R e AR O R DL 2
ORETNHERY . VEGF-B 1] LU 5 VEGFR-1 454 5k 42
THVF 2 KB PUA LSS R, B3 T U 88 2 —
GSH-Px, LR FEHUSEAAE Y. A2 2 2 B Y
HIRRIIER. ARG EERK T RHE
R ER ALK R A P B S AL P R MDA 1 7= A, I3
I SOD yEME LR FEBTEAAE R - BRI, 22 B nliE
it VEGF-B/AMPK/eNOS/NO 15 ‘5 il B {4 M1 Ji5 (1] 0>
MY A SCRRCIRGE, (2 R R A T 22 B R 3 AT
I SORE M R AR . B P B, B 2L A
SEW, X T R, HF 2AENE 2 RS 2
B RS R e, DG SORE I B SR A AR

VEZH BT IR 7 R B, T 22 R T BE A% W L B



2692 - 24254k  Acta Pharmaceutica Sinica 2023, 58(9): 2685-2693

7% VEGF-B F A {547 P B 40 A, 3041 22 32 bL 22 100 0
PN B 5 A 38 i Western blot v ll VEGF-B/
AMPK HH ¢ 18 B & [ 3R 08, B4 R A B HOc2 41 i
J&, VEGF-B & [ A W] A4 0, N ii# 52 &k VEGFR-1.
NRP-1 ik th 52 2 # ] , PGC-1a+ p-AMPKa/AMPKa
Al p-MTOR/MTOR #5 [ £ JA F# ik, VEGF-B/AMPK iifi
P BE S A HO i h RIEEEAE . 4T
TFDM Ji , 45 5 #2758 TFDM H] fig i id #i% VEGF-B/
AMPK 38 B, K 5 $0 #1 HOc2 41 ffg 5k 45 & A 455 1)
ER.

25 B PR, TFDM {2 3 # i H/R 51 #2 ¥ H9¢2 4 g
AR BT B RS E A RS, B ROS 14 A%,
AT Ao L H/R LR O LT B AR T LA AT
At 5 i VEGF-B/AMPK J& % <, {H HL P40 HL#1iE
i gk — A SIS IR, J5 2SI T BB /N F RNA
T4 VEGE-B A1 AMPK £ 1A, % TEDM 4] i %
H/R 512 0o LA M 452 15 12047 B B AR BRDKCP BIR 2
W T -

e TTBK: RAE KRR EAT TSR0 B 2 A R gt
i, RS TR TR I SR A B B S AT K sk
I Bl S AT RN Gt KRR 57 A B AE AR AR B TR ST
RIS ES .

FUE I AT AEH B PAAMAAER G PR R

References

[1] Nie C, Ding X, Zheng M, et al. Hydrogen gas inhalation alleviates
myocardial ischemia-reperfusion injury by the inhibition of
oxidative stress and NLRP3-mediated pyroptosis in rats [J]. Life
Sci, 2021, 272: 119248.

[2] GBD 2016 Disease and Injury Incidence and Prevalence Collabo-
rators. Global, regional, and national incidence, prevalence, and
years lived with disability for 328 diseases and injuries for 195
countries, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016 [J]. Lancet, 2017, 390: 1211-1259.

[3] Wang ZJ, Zhang LM, Zhao ZG, et al. Progress in research on
myocardial ischemia-reperfusion injury [J]. Chin J Gerontol (*
H 242 2k ), 2018, 38: 1532-1535.

[4] Dai Y, Wang Z, Quan M, et al. Asiatic acid protests against
myocardial ischemia/reperfusion injury via modulation of
glycometabolism in rat cardiomyocyte [J]. Drug Des Devel Ther,
2018, 12: 3573-3582.

[5] Shah VK, Shalia KK. Reperfusing the myocardium-a damocles
Swor [J]. Indian Heart J, 2018, 70: 433-438.

[6] Sang XY, Xun LY, Jiang JJ, et al. Overview of preventive effect
and mechanism of active ingredients of traditional Chinese
medicine on myocardial ischemia-reperfusion injury [J]. Shandong

J Tradit Chin Med (th 4 P& 2% &), 2022, 41: 683-690.

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Mo G, Liu X, Zhong Y, et al. IP3R1 regulates Ca** transport and
pyroptosis through the NLRP3/caspase-1 pathway in myocardial
ischemia/reperfusion injury [J]. Cell Death Discov, 2021, 7: 31.
Tian L, Cao W, Yue R, et al. Pretreatment with Tilianin improves
mitochondrial energy metabolism and oxidative stress in rats
with myocardial ischemia/reperfusion injury via AMPK/ SIRT1/
PGC-1 alpha signaling pathway [J]. J Pharmacol Sci, 2019, 139:
352-360.

Hagberg CE, Falkevall A, Wang X, et al. Vascular endothelial
growth factor B controls endothelial fatty acid uptake [J].
Nature, 2010, 464: 917-921.

Zhu H, Gao M, Gao XD, et al. Vascular endothelial growth
factor-B: impact on physiology and pathology [J]. Cell Adh
Migr, 2018, 12: 215-227.

Feng L, Ren J, LiY, et al. Resveratrol protects against isoproterenol
induced myocardial infarction in rats through VEGF-B/AMPK/
eNOS/NO signalling pathway [J]. Free Radic Res, 2019, 53: 82-93.
Wang S, Wang Y, Zhang Z, et al. Cardioprotective effects of
fibroblast growth factor 21 against doxorubicin-induced toxicity
via the SIRT1/LKB1/AMPK pathway [J]. Cell Death Dis, 2017,
8:e3018.

Ma T, Zhang Y, Zhou SS. Vascular endothelial growth factor: a
potential therapeutic target for ischemic stroke [J]. Int J Cerebrovasc
Dis ([ Brfigi Ifi. 975 44 %), 2018, 26: 47-50.

Liu Y, Jin M, Wang Z. Progress in the chemical composition and
pharmacological effects of total flavonoids [J]. Chin J Ethnomed
Ethnopharm ([ R B R 5 24), 2019, 28: 68-71.

Fan XM, Cao WIJ, Xing JG, et al. Protective effect of total
flavones from Dracocephalum moldavica against myocardial
ischemia-reperfusion injury in rats [J]. Chin Tradit Pat Med ("
i), 2013, 35: 1625-1629.

Li SJ, Su W, Xu L, et al. Study of the protective effect of total
flavonoids of Dracocephalum moldavica L. on doxorubicin
induced injury in HUVECs based on VEGF-B/AMPKa pathway
[J]. Chin Pharmacol Bull (4 [ 24 # %3 it ), 2022, 38: 726-732.
Xiang M, Lu Y, Xin L, et al. Role of oxidative stress in reperfusion
following myocardial ischemia and its treatments [J]. Oxid Med
Cell Longev, 2021, 2021: 6614009.

Jiang M, Ni J, Cao Y, et al. Astragaloside IV attenuates myocardial
ischemia-reperfusion injury from oxidative stress by regulating
succinate, lysophospholipid metabolism, and ROS scavenging
system [J]. Oxid Med Cell Longev, 2019, 2019: 9137654.
Chouchani ET, Pell VR, Gaude E, et al. Ischaemic accumulation
of succinate controls reperfusion injury through mitochondrial
ROS [J]. Nature, 2014, 515: 431-435.

Baur JA, Sinclair DA. Therapeutic potential of resveratrol: the in
vivo evidence [J]. Nat Rev Drug Discov, 2006, 5: 493-506.
Renault TT, Teijido O, Antonsson B, et al. Regulation of Bax
mitochondrial localization by Bcl-2 and Bcl-xL: keep your

friends close but your enemies closer [J]. Int J Biochem Cell



Rl R R AR S AT 22 R B I VEGF-B/AMPK J8 ¥ 22 i S5 Ak ML bt H9e2 41 i e i, 7 388 v 453 43

2693

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Biol, 2013, 45: 64-67.

Zhao D, Yang J, Yang L. Insights for oxidative stress and mTOR
signaling in myocardial ischemia/reperfusion injury under diabetes
[J]. Oxid Med Cell Longev, 2017, 2017: 6437467.

Varesi A, Chirumbolo S, Campagnoli LIM, et al. The role of
antioxidants in the interplay between oxidative stress and
senescence [J]. Antioxidants (Basel), 2022, 11: 1224.

Zhu N, Cai C, Zhou A, et al. Schisandrin B prevents hind limb
from ischemia-reperfusion-induced oxidative stress and inflam-
mation via MAPK/ NF-xB pathways in rats [J]. Biomed Res Int,
2017,2017: 4237973.

Huang LH, Li J, Gu J, et al. Butorphanol attenuates myocardial
ischemia reperfusion injury through inhibiting mitochondria-
mediated apoptosis in mice [J]. Eur Rev Med Pharmacol Sci,
2018, 22: 1819-1824.

Yang ZH, Wang XM, Xu L, et al. Effect of effective parts of
Dracocephalum moldavica on the necroptosis of HBMECs after
OGD/R injury [J]. Acta Pharm Sin (2422 244), 2019, 50: 6045-
6051.

Gulimila-M, Aynur-M. Clinical efficacy of Uygur medicine in
the treatment of cardiovascular disease [J]. ] Med Pharm Chin
Minorities (7 [ R P& 24 44 7£), 2014, 20: 11-12.

Hong Y, Yuan Y, Cao WJ, et al. Effect of Dracocephalum total

[29]

[30]

[31]

[32]

[33]

[34]

[35]

flavonoids on myocardial ischemia/reperfusion-induced autophagy
in rats [J]. Chin Pharm J (" [H 2554 2% ), 2016, 51: 890-895.

Yu N, Jiang W, Tan M, et al. Quantitative determination of
flavonoids and phenyl propanoids of Dracocephalum moldavica
L. in different harvest periods by HPLC [J]. Chin J Pharm Anal
Mot i), 2016, 36: 991-997.

Zeng C, Jiang W, Yang X, et al. Pretreatment with total flavonoid
extract from Dracocephalum moldavica L. attenuates ischemia
reperfusion-induced apoptosis [J]. Sci Rep, 2018, 8: 17491.
Résdnen M, Sultan I, Paech J, et al. VEGF-B promotes
endocardium-derived coronary vessel development and cardiac
regeneration [J]. Circulation, 2021, 143: 65-77.

Herzig S, Shaw RJ. AMPK: guardian of metabolism and
mitochondrial homeostasis [J]. Nat Rev Mol Cell Biol, 2018, 19:
121-135.

Kiveld R, Bry M, Robciuc MR, et al. VEGF-B-induced vascular
to metabolic ischemia

growth leads

resistance in the heart [J]. EMBO Mol Med, 2014, 6: 307-321.

reprogramming and

Arjunan P, Lin X, Tang Z, et al. VEGF-B is a potent antioxidant
[J]. Proc Natl Acad Sci U S A, 2018, 115: 10351-10356.

Liu Z, Ma XG, Zhao Z. Effects of baserol and total flavonoids
on tumor necrosis factor-o and interleukin-6 in asthmatic mice

[7]. J Clin Exp Med (i fk 5 S B8 5 2 4% 3£, 2019, 18: 1263-1266.



