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Abstract: This study investigated the intervention effect of Guanxinning Tablet on human umbilical vein
endothelial cells (HUVECs) injury induced by oxidized low density lipoprotein (ox-LDL), providing experimental
basis for Guanxinning Tablet in the treatment of atherosclerosis-related diseases. Under the damage of HUVECs by
ox-LDL, the cell viability was detected by CCK-8 (cell counting kit-8) assay; lactate dehydrogenase (LDH) in the
cell culture supernatant was detected by the corresponding kit; the cell morphology of different groups was
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observed by common phase contrast microscope; reactive oxygen species (ROS) and NO levels in the cells were
detected by DCFH-DA and DAF-FM DA probes, respectively; monocyte adhesion assay was used to detect the
recruitment of THP-1 in HUVECs, and TMRM dye was used to detect the level of mitochondrial membrane
potential; interleukin-6 (IL-6), intercellular adhesion molecule-1 (ICAM-1) and monocyte chemoattractant protein-1
(MCP-1) secretion in the cells was detected by ELISA assay. The results showed that Guanxinning Tablet had a
concentration-dependent proliferative effect on HUVECs. Under the stimulation of 100 pg'mL" ox-LDL, the
morphology of endothelial cells was significantly changed. At this time, NO level was significantly decreased,
ROS level was significantly increased and accompanied by a decrease in mitochondrial membrane potential. The
recruitment of THP-1 cells by endothelial cells and IL-6, ICAM-1 and MCP-1 were also significantly increased,
resulting in oxidative stress and inflammatory injury. Guanxinning Tablet and its composed extracts could signifi-
cantly improve cell morphology, increase NO level, decrease ROS production, and also reduce the secretion of
inflammation-related proteins IL-6 and MCP-1. Salvia miltiorrhiza and Ligusticum striatum DC. have significant
synergistic effects on NO. Among them, salvianolic acid B and salvianic acid A exerted the main effects, and the
combined efficacy of salvianic acid A and ferulic acid was superior to that of single administration. The above
results showed that Guanxinning Tablet and their active substances had the effects of improving endothelial basal
function, resisting oxidative stress, and alleviating inflammatory injury, and Salvia miltiorrhiza and Ligusticum
striatum DC. synergized, which may be related to their regulation of oxidative stress and inflammation and have
application prospects in the treatment of atherosclerosis-related diseases.
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Effect of different concentrations of oxidized low density lipoprotein (ox-LDL) in HUVECs. A: HUVECs were respectively

treated with ox-LDL (0, 30, 50, 80, 100 ug-mL™) for 24 h, and cell viability was determined by cell counting kit-8 (CCK-8) assay; B: Lactate

dehydrogenase (LDH) relative release level was determined by LDH release assay kit; C, D: Intercellular cell adhesion molecule-1 (ICAM-1)
and interleukin 6 (IL-6) were detected by ELISA kit. n=3, x £ 5. "P < 0.05, "P < 0.000 1 vs control group
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Figure 2 Effects of Guanxinning Tablet (GXN) on promoting the
proliferation of HUVECs. Cell viability was determined by CCK-8
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Figure 3 GXN and its corresponding contents of Salvia miltiorrhiza Bunge (DS) and Ligusticum striatum DC. (CX) can improve cell
morphology under ox-LDL damage. Exposed to 100 pg-mL" ox-LDL, HUVECs were also treated with 400 pg-mL" GXN, 124.8 pg-mL"
DS and 185.6 pg-mL™" CX for 24 h. Scale bar is 50 pm
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Figure 4 GXN and its corresponding contents of DS and CX regulate NO production in HUVECs. A: NO generation was detected with
probe DAF-FM DA, scale bar is 100 um; B: Quantitative results of average intensity of NO fluorescence. n = 3, x £ 5. P <0.000 1 vs
control group; ™ P < 0.000 1 vs model group; C: The combination index was calculated according to Bliss independence model. CI = (E +
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Figure 5 GXN and its corresponding contents of DS and CX inhibit reactive oxygen species (ROS) production induced by ox-LDL in

HUVECs. A: ROS generation in HUVECs was determined by measuring DCFH fluorescence. Scale bar is 100 pm; B: Quantitative results

of intensity fold on control group. n =3, x £ 5. "P < 0.05 vs control group; “P < 0.05 vs model group
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Figure 6 Effects of GXN and its corresponding contents of DS and CX on THP-1 adhesion and inflammation-related factors secretion in
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HUVECS treated with ox-LDL. A-C: Levels of interleukin-6 (IL-6, A), monocyte chemoattractant protein-1 (MCP-1, B) and intercellular
adhesion molecule-1 (ICAM-1, C) were detected by ELISA assays; D: HUVECs were stimulated by 100 pug-mL™" ox-LDL for 24 h, then
stained by Hoechst 33342 to mark nuclei (blue). After washing off the supernatant, HUVECs were co-cultured with fluorescently labeled
(green) THP-1 cells for 1 h. Scale bar is 80 um; E: The adhered THP-1 cells were counted and normalized by HUVECs number. n = 3, x + 5.
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Figure 7 Salvianolic acid B (SB) and salvianic acid A (SA) attenuates ox-LDL-induced oxidative stress and endothelial dysfunction. SB,

SA and rosmarinic acid (RA) are main compounds derived from DS; ferulic acid (FA) and senkyunolide I (SI) are main compounds derived
from CX. Exposed to 100 pg-mL™" ox-LDL, HUVECs were also respectively treated with 10 umol-L™" SB, SA, RA, FA and SI for 24 h. A:
NO generation was detected with probe DAF-FM DA, scale bar is 80 um; B: ROS generation in HUVECs was determined by measuring

DCFH fluorescence, scale bar is 80 pm; C: Quantitative results of (A) intensity fold on control group; D: Quantitative results of (B) intensity

fold on control group. n=3,x£s.
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Figure 8 Combined efficacy of compounds from DS and CX. A: Molecular structure of main compounds derived from the two herbs.

Grey lines illustrated the compound combinations tested and yellow box outlined the two compounds with positive interaction detected in

our assay; B: Quantitative results showing the mitochondrial protective effects of main compounds and compound combinations. The dosages

were all 10 pmol-L"', for both single compound and compound combination treatments; C: Images of mitochondrial membrane potential

detected by probe TMRM. The interaction between SA and FA was examined. Scale bar is 40 pm. n = 10, x £s. ~ P < 0.000 1 vs control

group; "P < 0.05, P < 0.000 1 vs model group; “P < 0.05 vs SA group

pyrazine, TMP) A [ 4 1ML 2% A 1 MCP-1 7K F £ 401
REFKH LOX-1 7= 2E . [FIFE, AT T7E A4k B F 52
W R 3L TMP il fil] ox-LDL #5 5 1) p-ERK. p-p38 i p-
INK (13& A4, 1FE B3 TMP R4 N 57 38 5 40 1 G 88
RIEHT ASTEHE,

Ty — P TIZ RAE [ R B2 HT AS WL R E@ i Nrf2/
HO-1 {5 518 6 IR0 SR OR 37 1A B2 48 Bl 4 52 284 B 38
1% . Xiong S| H X4 7K 5 5 HUVECS 4 il 5
R, R B AR FH 6 97 O XL S 5 10w 24 5 770) T A o
ik T B (XXT) g9 4K HUVECs 1 [) ROS 7K, Hiy
LEHLH] 5 Nrf2 F1 R 72 (HMOX.GCLM.NQOI) f
WHE K. RS AR T P Z A — R A
A2 YNSRI E Y. AWM ER (dihydro-
myricetin, DMY) A& %2 H{ B 78] % B e 76 %1 )8 10 K S8 5
Fe i o W58 K B, DMY W] ¥0E Akt fl ERK1/2, 5 &
Nrf2/HO-1 {5 5 4% 3, W5 BR0AR 5 Ay, 11 Y 5 4
8 T, £ 97 HUVECs % 3Z ox-LDL 5 ‘3 [ % Ak 5
1 Britz A, DWY AJ DL HUVECs 41 f FE T2 3
il caspase-1 3G 46 < TL-18 B iU AT NLRP3 48 14 /M i
1k, 138 1S Nrf2 {5 45 38 B 7 4 N R 4l i A T
RAE AR,

FEAH FEH, B iR B 11 ox-LDL #5 S HUVECS 4
WA TE 22 1) 98 RE R -, S0AE 20 A S s 2R R T R R 2 1
LDH, 4 3% /3 B, T jek -0 7 BE DR AP P 5 4 B 1) 5%
HLPE, (R PN Bz A R B, E 3 I P Rz 48 i AR NO [
[ 1N, 3 fi 2 35 $0 1 ROS 7K SF, b 98 9 K] - TL-6 A1
AL IR F MCP-1 [ 43 ¥ o $E 4L 0 72 (0 7 2 1|
EEREU oy AT S, R I R 2 M i Re R FE LA
A RN B 2 AR, (R SR BE AR R, FE 2 A
fabs EPF S INGRAL . 7R N B 40 R AL ThRE L,
SN E W FER N7 BRI O T B
W LG B oy S R, AW FLIE B T TR B ST S &R ik ik
7T T R T R0 )11 25 N B 1 S 2 A0 & 4 90 AT
FAGR UGS IG FNER A 45 2 5508, TE L4 2 SE B0 R, PH IR
B # P2 3 R IEDU R AN SE ] 2 DhRe b (1) 32 2 4F
F; FEBR A 4R 255250 R, P2 2 R0 B 2R IR IR B & 24 A
TR

CRG bR, AW TR S5 R R e O T i S K
MPFS IS SR B B s R R T g K AL
LI G R AR IOV, I BLPH S0 )15 3 5] 39 28,
KA 258 E M R B A 2 R R X EEH,
B2 R BB R B A 28U TR e 25 230 AT



A BEE: 0T IR ox-LDL 545 P R 4 IR IR 24 800 T A - 147

FEN e 0 T P (KIS I R A A 2 FH 3 P S 6 K

B TTBK: TR0 RN TR 2 05T 5 Hh 0 e e it

WFTE 7 58 e ST B G A B0 ST L S8 AT R AN ST
B,

FI S A fRAE B IR A 25 00 5%

References

(1]

(2]

(4]

[9]

[10]

[11]

[12]

[13]

Wong ND. Epidemiological studies of CHD and the evolution of
preventive cardiology [J]. Nat Rev Cardiol, 2014, 11: 276-289.
Salvayre R, Negre-Salvayre A, Camaré¢ C. Oxidative theory of
atherosclerosis and antioxidants [J]. Biochimie, 2016, 125: 281-
296.

Suciu CF, Prete M, Ruscitti P, et al. Oxidized low density lipo-
proteins: the bridge between atherosclerosis and autoimmunity.
Possible implications in accelerated atherosclerosis and for
immune intervention in autoimmune rheumatic disorders [J].
Autoimmun Rev, 2018, 17: 366-375.

Tabas I, Garcia-Cardena G, Owens GK. Recent insights into the
cellular biology of atherosclerosis [J]. J Cell Biol, 2015, 209:
13-22.

Ling S, Nheu L, Komesaroff PA. Cell adhesion molecules as
pharmaceutical target in atherosclerosis [J]. Mini Rev Med Chem,
2012, 12: 175-183.

Pirillo A, Norata GD, Catapano AL. LOX-1, oxLDL, and athero-
sclerosis [J]. Mediat Inflamm, 2013, 2013: 152786.

Trpkovic A, Resanovic I, Stanimirovic J, et al. Oxidized low-
density lipoprotein as a biomarker of cardiovascular diseases [J].
Crit Rev Clin Lab Sci, 2014, 52: 70-85.

Matsuura E, Atzeni F, Sarzi-Puttini P, et al. Is atherosclerosis an
autoimmune disease [J]. BMC Med, 2014, 12: 47.

Ogura S, Kakino A, Sato Y, et al. LOX-1: the multifunctional
receptor underlying cardiovascular dysfunction [J]. Circ J, 2009,
73:1993-1999.

Rui G. Study on Bioactive Compounds of Guanxinning Tablet
and Its Mechanism of Action for Alleviating Cardiac Hypertrophy
Based on Fluorescence Imaging Technique (# T~ % Y6 14 &
TR PO MU R 25204 51 5 /E F BL A 5 9E) [D]. Hangzhou:
Zhejiang University, 2021.

Qi YH, Ma QX, Xu ST, et al. Guanxinning inhibits myocardial
cell apoptosis in mice with chronic heart failure, possibly via the
phosphoinositol 3-kinase/Akt signaling pathway [J]. Chin J
Comp Med (1 [H HLE L 224 ), 2019, 29: 33-39.

Qi A, Ren C, Li J, et al. Study on antithrombotic activity of
water-soluble components in Guanxinning Tablet [J]. World
Chin Med (tH F £ ), 2021, 16: 3435-3441.

Zhang CY. Research progress of Danshen DC. and Guanxinning
Preparation in treatment of cardiovascular and cerebrovascular

diseases [J]. Chin Tradit Pat Med (" & %), 2017, 39: 1018-

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

(25]

[26]

1024.

Jiang MM, Sheng YK, Wang YF, et al. A new use of Danshen
drink: CN, 202111439853.1 [P]. 2021-11-30.

Ma NN, Fan SS, Li X, et al. Screening of anti-inflammatory
substances of DC. Rhizoma and analysis of its mechanism [J].
Chin J Exp Tradit Med Form (7 [ SZ46 5 751 % 44 &), 2018, 24:
140-146.

Lu M, Wang TY, Tian XX, et al. Interaction of anti-thrombotic
and anti-inflammatory activities of commonly used traditional
Chinese medicine for promoting blood circulation and removing
blood stasis revealed by network pharmacology analysis [J].
Acta Pharm Sin (Z2254R), 2015, 50: 1135-1141.

Chen ML, Lv JM, Pan YM, et al. Effect of Guanxinning Tablet
in acute myocardial ischemia in beagle dogs [J]. J Zhejiang Chin
Med Univ (#TVLH BE 25 K224, 2005, 29: 54-56, 60.

Zou Y, Ying HZ, Pan YM, et al. Effects of Guanxingning Tablet
on coronary artery flow of dogs with acute myocardial ischemia
[J]. Zhejiang J Integr Tradit Chin West Med (#7122 45 & 24
), 2005, 15: 482-485.

Hu F, Rong YL, Zhu KY, et al. Study on the protective effect of
Guanxinning Tablet on myocardial ischemia reperfusion injury
in rats [J]. Chin J Comp Med (' [ b4 & 2% 2% &), 2017, 27:
76-82.

Wang ML, Pan YM, Jin M, et al. Establishment of a zebrafish
model of thrombosis and the intervention effect of Guanxinning
Tablet [J]. Acta Lab Anim Scia Sin (7 [# 5246 2h % 24 4)%), 2016,
24: 432-438.

Li YY. Antithrombotic Effect of Guanxinning Tablet and Its
Effect on MAPKSs Signaling Pathway (70 7 A 470 1L A2 1 F &%
L X MAPKs 15 5 3@ # # 5 W) [D]. Hangzhou: Zhejiang
Chinese Medical University, 2018.

LiJ, Liu H, Yang Z, et al. Synergistic effects of cryptotanshinone
and senkyunolide I in Guanxinning Tablet against endogenous
thrombus formation in zebrafish [J]. Front Pharmacol, 2021, 11:
622787.

Chen J, Wang Y, Wang S, et al. Salvianolic acid B and ferulic
acid synergistically promote angiogenesis in HUVECs and
zebrafish via regulating VEGF signaling [J]. J Ethnopharmacol,
2022, 283: 114667.

Shi JJ. Study on Vasodilating Effect of Guanxinning Tablet and
Its Mechanism (5& 0 3* F {94 1L 45 FI 22 AL 1B 92) [D].
Hangzhou: Zhejiang Chinese Medical University, 2018.

Guo BW. The Protection Activity and Action Mechanism of
Guanxinning Injection on t-BHP Induced Vascular Endothelial
Cells EA.hy926 Injury (it O T 1 4 ¥ % -BHP 5 5 1) 1 &
W B 40 B EALhy926 451 473 ¥ O/ 47 £ H 22 BL 1 BF 55) [D].
Jinzhong: Shanxi University of Chinese Medicine, 2020.
Foucquier J, Guedj M. Analysis of drug combinations: current
methodological landscape [J]. Pharmacol Res Perspect, 2015, 3:
€00149.



A,

148 - #2224k Acta Pharmaceutica Sinica 2023, 58(1): 139 —148

[27]

[28]

[29]

[30]

[31]

Ren Y, Qiao W, Fu D, et al. Traditional Chinese medicine pro-
tects against cytokine production as the potential immunosup-
pressive agents in atherosclerosis [J]. J Immunol Res, 2017,
2017: 7424307.

Yang X, He T, Han S, et al. The role of traditional Chinese
medicine in the regulation of oxidative stress in treating coronary
heart disease [J]. Oxid Med Cell Longev, 2019, 2019: 3231424.
Greenway F, Liu Z, Yu Y, et al. A clinical trial testing the safety
and efficacy of a standardized Eucommia ulmoides Oliver bark
extract to treat hypertension [J]. Altern Med Rev, 2011, 16: 338-
347.

Hosoo S, Koyama M, Kato M, et al. The restorative effects of
Eucommia ulmoides Oliver leaf extract on vascular function in
spontaneously hypertensive rats [J]. Molecules, 2015, 20: 21971-
21981.

Yang P, Almofti MR, Lu L, et al. Reduction of atherosclerosis
in cholesterol-fed rabbits and decrease of expressions of intra-
cellular adhesion molecule-1 and vascular endothelial growth
factor in foam cells by a water-soluble fraction of Polygonum

multiflorum [J]. J Pharmacol Sci, 2005, 99: 294-300.

[32]

[33]

[34]

[35]

[36]

Guo M, Liu Y, Shi D. Cardiovascular actions and therapeutic
potential of tetramethylpyrazine (active component isolated from
Rhizoma DC.): roles and mechanisms [J]. Biomed Res Int, 2016,
2016: 2430329.

Wang G, Shi C, Sun M, et al. Tetramethylpyrazine attenuates
atherosclerosis development and protects endothelial cells from
ox-LDL [J]. Cardiovasc Drug Ther, 2013, 27: 199-210.

Xiong L, Xie J, Song C, et al. The activation of Nrf2 and its
downstream regulated genes mediates the antioxidative activities
of Xueshuan Xinmaining Tablet in human umbilical vein endo-
thelial cells [J]. Evid Based Complement Alternat Med, 2015,
2015: 187265.

Luo Y, Lu S, Dong X, et al. Dihydromyricetin protects human
umbilical vein endothelial cells from injury through ERK and
Akt mediated Nrf2/HO-1 signaling pathway [J]. Apoptosis,
2017, 22:1013-1024.

Hu Q, Zhang T, Yi L, et al. Dihydromyricetin inhibits NLRP3
inflammasome-dependent pyroptosis by activating the Nrf2
signaling pathway in vascular endothelial cells [J]. Biofactors,

2018, 44: 123-136.



