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Abstract: Objective To reveal mechanisms of Sangqi Qingxuan (SQQX) granules on hyperlipidemia by network
pharmacology and molecular docking. Methods By integrating information about effective chemical components and
their targets in TCMSP and using GeneCards, OMIM, DisGeNET, TTD databases to find out targets related to
hyperlipidemia, we listed out key elements, common targets and input them into STRING platform to perform PPI
network analysis, along with extracting essential modules by Cytoscape MCODE. Metascape was used to conduct GO
and KEGG analysis, and Cytoscape3.8.0 software was utilized to build a component- target— pathway network.
Finally, molecular docking was completed by Autodock tools. Results A total of 132 kinds of main effective
components were screened out and 7 components including stigmasterol, beta—sitosterol, cholesterol, quercetin,
sitosterol, luteolin and 3-beta—hydroxymethyllenetanshiquinone were found as shared components, which primarily
acted on targets such as STAT3, AKT1, TNF, IL6, VEGFA, etc. Pathways involved were mainly focused on
AGE-RAGE signaling pathway, fluid shear stress and atherosclerosis, TNF and PI3K—Akt signaling pathways. And
molecular docking results proved a good combination of main effective component of SQQX granules and its most
important targets. Conclusion This study preliminarily explored SQQX granules’ effect on hyperlipidemia and
revealed the main potential targets and pathways.
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Table 1 Common effective ingredients in the individual herbs
comprising SQQX granule
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1 A Mol000449 Stigmasterol (. {5) Ftd el
2 B Mol000358 beta—sitosterol (B-A S BE)  HAL EFAG4E AR LAt
3 G Mol000953 CLROJHME) Fdd R+
4 SJS2 Mol000098 Quercetin(Hfitf% %) Tfd MF4aE A AL A
5 SJSI Mol000359 Sitosterol (7 i) [igyiaRERCIe S
6 D Mol000006 Luteolin(AFRHZ) Y1351k J1%
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7 E Mol007059 tanshiquinone (3-¥23ETEH #4% Hfh
HFL )
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Table 2 Overlapping targets of the individual herbs comprising
SQQX granules
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2 = 69 109 105 101 31 52 50 134
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6 iR 34 58 57 32 19 65 38 52
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Table 3 Top30 action targets of the individual herbs comprising SQQX granules
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1 %% PGR. NCOA2, NR3C2, PTGSI. AR. PPARG. PTGS2, HSP90A. PIK3CG. DPP4, AKRI, PRSSI, TOP2A, KCNH2, SCN5A, F10. ADRB2,
MMP3, PRKACA. F7. NOS3. RXRA. ACHE., GABRAI, MAOB, RELA, EGFR. AKTI. VEGFA. CCNDI

2 A

KCNH2, SCN5A. F10, PTGS2, TOP2A. CALM. PTGSI, NOS3,

HSP90A, NCOA2, F7, NOS2, AR. PPARG. PIK3CG, PRKACA, DPP4,

PRSSI, PGR. CHRMI., GABRA2, ACHE. SLC6A2, CHRM2, ADRAIB, GABRAI. RELA, IKBKB, AKTI, BCL2

3 ik

NR3C2, PTGSI. PTGS2, NCOA2., PGR. ADHIC. IGHGI, RXRA. NCOAl. ADRA2A. SLC6A2. SLC6A3. ADRB2, AKRI. PLAU. LTA4H.

MAOB. MAOA, PRKACA., CTRB1. CHRM3, CHRMI. ADRBI. SCN5A. HTR2A, ADRAIA, GABRA3, CHRM2. ADRAIB. GABRAI
4 Bj45{c CASP3. TP53., CASP8. FASN. FASLG. CYPI9Al. PGR. NCOA2, PTGSI, PTGS2, HSP90A. PIK3CG. KCNH2, PRKACA. DRDI, CHRM3,
CHRMI, SCN5A, GABRA2, CHRM4, PDE3A. HTR2A. GABRAS5. ADRAIA. GABRA3, CHRM2, ADRAIB, ADRB2, CHRNA2, SLC6A4

PGR. NCOA2, NR3C2, NR3Cl. CES2, HSDI11BI. CYPI9A1. PTPN1. CCRI. HMGCR. GSK3B. P2RX3, NOS2, MDM2, TRPV4, PRKCD.
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PTGS1, CHRM3., CHRMI., SCN5A. CHRMS. PTGS2, HTR3A. CA2, CHRM4. RXRA. OPRDI. PDE3A. ADRAIA., CHRM2. ADRAIB,

SLC6A3, ADRB2, ADRAID, TOP2A. OPRMI1. GABRAI, HSP90A. CHRNA7, NCOA2, NCOAI. DRDI. HTR2A, SLC6A4. IGHG1. PGR
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Figure 2 Action targets regarding SQQX granules’ effect on
regulating hyperlipidemia
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Figure 3 PPI network of SQQX granules’ effect on regulating hyperlipidemia
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3 TNF 25 0.0915 05205
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5 VEGFA 2 0.067 5 0.508 6 MDM2
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Table 5 Topl5 active components of SQQX granules regarding

its action on hyperlipidemia
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4 ZX6 Mol000854 5L C 115 02494 04265
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6 A Mol000449 & {5 [ 64 00274 03752
7 DZ2  Mol000422 Il1Z% 61 0.0539 0.3917
8  DZ9 Mol009015 K 2 42 00237 03729
9  DS52 Mol007154 F+Z:fii IIA 41 0.0374 03735
10 DZ12 Mol009031 #ZEjgT 39 0.0146 03707
11 GGl Mol000392 HlI-AlAEE 38 0.0309 0.3696
12 DS48 Mol007145 FUEHEHEER 37 0.0201 0.3713
13 DS31 Mol007100 & JS+Z N 36 0.0072 03713
14 DS9  Mol007041 2-SPNHE-8-HHE4E 34 0.0056 03741
-3, 4-""[iil
15 DSI2 Mol007049 4-3F P}Z3rifl 34 0.0065 0.3741
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Figure 6 GO analysis of targets regarding SQQX granules’ effect on regulating hyperlipidemia
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Figure 8 Component—target—pathway network map of SQQX granules’ effect on regulating hyperlipidemia
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Table 6 Binding energy between major effective components of
SQQOX granules and key targets
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Figure 9 Schema of molecular docking of major effective components of SQQX granules and key targets

Z . U5 ZE g SAEME . TS ARz T, e
25 T 1R R A E RN 9 TS R AR (B i
15 . WFAG 4855 ) W Re A A BEARAC I 25 5 1E 2 3 1T
TG. TC. LDL-C 7K, [RIEfF+E HDL-C /K, 2
B RIS =AY, A, S sim
IEEFERRAFE . SR M2 FEFHARNR
5P AE B AR S S B KT, 3 R IR B T 9 46
ELT, YR EEMAHLE" s 07 LU AR A S By
JoPH 255 A R A i R A e D S A R B IR
B RBRIE S TC M TG B & &, JLIHFEK TG &
w455 LRE TN HARSKRE, AT PR H
1) B — R ZH L 245 ) B0 0 el 38 LB S 8 A — e AE
AR BRI IR R 7253, 7 25 B & B Rk
WS A M-S TP EHES T, AR
RARYURA R, BEZUSE. g, B,
SN Z S R B BT SN 44 T
SCHERH 8 654 il IR AT A FRFIE AL HT & B, 5
PRI AH S 2 237 11(25.98%) , 5 MBAH K (0G

MEEEE, &8 142N (25 BRAE AN/ 53%) LDL-C
K TR, o2y 3100 T3 AR AR EIH [ Bk
SR 13 mmol - L7, U ML R XU B, 1 HLAE
WoR, BZEIRIGITE LDL-C BFURE]—F,
1 PO 2 35% HE 38 B R HI . w0, o
J S 8 B A T B Mk 2 2 AR A %) [ L, ]
XF AR I6 iR AR o b s 2 TRA IR S I R
JPRONEFV62, HA B BARRARE R T,
SCHRBFSE SR, BERR T (% a4 . Mt .

h. AKT1 53EEE: C

g AKTI iz %

1 887 f41(21.92%), HUAHAHCHIA 1471 61 (17.08% ) ;
Mi's . . PSR 2 195 411(25.49%), =<,
A . BHEE 1 545 61(17.94%), Al 0L “pg . B, "
ETEIMAR 58 A R RS R, T SRACIE X
kL IE S 25 IR T R AN L a8 25 AR DAL RS
I BpSEgrE R, T DRFANE, U
LR TN 1335 B S R S B R B (2 31 = S 11
PH. BEBIANEE, (ELAPES . BARTE AL, DI
15 . WA IE LR, TE A I AERN R L TR .
HIEZ 8, LG, a2 RBEERW SR, bR
AR, BANHE . 2Tk B, &
O3 Rz Uk Xt v RE PR 1 & v AR R BRI 5 M s
AL RERRER , ABEARLHIA R
AHIFFE 0 1oL R 2% 24 B~ 9 D Pk O e R T RACTE X
WORLIA T e B NUAE /Y G PR A2y, R B AL PSR
. B-AHiEE., KRBREZE, BIEE C. FI5E B23-
CZWRMR . LIZSHY . PFBHR TIA 25, Ml R E—Fheas
AT, VT A R AI R BRI A R T ApoE ™ /I ER



PGSR BE 2021 5T A0 EE T

© 977 -

ML TC F1 LDL-C 7K', I BEisifik & sh kA4 2
AR UK, BAPUsh Ikl RS AL (atherosclerosis,
AS) FCy I A PR AP AR R, AT 58 43 8 PPARYy.
LXRa F1 ABCA1 R Z A2 HF F 03k 41 it i I [ e 1)
T T ARG AS AR B4 B B2 i H T B I
i 5 BT A ) £ B AR A i, SR R LT
Ao BRI O L 1 s 3 O [ EF 344 Jon 28 45 v 5, 55 e 1)
HEME, @ R NPCILI. ACAT2 1 MTP mRNA /K
S 410 ) L T ) R AP A R R R R R IR B
ApoE /N AS HEJE, IFREINGIE 5% 5 R SR P
K 3(STAT3) A F B SAE B8 /L oxLDL 724z, i
MR AS™Y; PREVEEE C ARG EE B23- 2 FRIR Y AEHH
WAL= AR /N TC K, MEE T HiE S
HMG-CoA i 5 il 5 M 45 A 1 il FLT6 M & HE R IR R
FHROG LA B o] Sl Z2 R ] Ake 3P, BRAIL
TG /K, #8155 AkvmTOR & 42, ¥IG
PPARs #1775 5 40 AL B w8508 /0N BRUH I H s 5
T B TS R A ) AT 30 ) TGF- B/PI3K/
Akt/eNOS {5 5% , W85 ApoE™ /NN IR EE S A i
FULRR, BRI MW LDL-C. TG KF, 7
HDL-C /K3, e R TR, KRERSE
TR AT TNF F AKTL, #iHZ=5 TNF DK B-4r HS B
5 AKT1 W85 GG RIS, S SAC G IZ R A] 58 3
LRI 1 K S R AR L T

AWFFEH, AKT1, TNF, 1L-6 J2& SA40 1 I ik
PRSI A SR E BRI AR . AKTL i AR AT A2
Ui 26 1140 GSK3B 45 1Y W 2 Ak 4k 1 I8 15 i 135 35
BLE, M TNF-ou, 1L-6 55 ARAE PR 3800 P15 S e
i I 2 5 B ) SR JEACR i A A P A 38 0, v il g 7K
P ST R URLVE FH T A ILE Py g 3 2 A
T AGE-RAGE {55 . ARy IR J1 5 s Pk ok ke
WAL IR A2 FN TNF {5538 #% . MR, AGE-RAGE
RIS IR MLE 5 ) AS 25 2R B AR, 3
B L Ab 28 K 77 W) (advanced glycation end products,
AGEs) =T 5 AS Bk B oG, Honl i
i RAGE #E1fiJe s 445 NADPH, MAPK. ERK. p38
FEE S C 55 EME SR Y, 524
WA A E BN, 3 A AS IR, IR AR BT )
I 7 AR VR I FE M55 P9 R 4R B L R EE 82 7, X T4
FRAEMRE TN ERSEECEHEEN, RENE
TEY N I BAYT AS PER, WZTMHEsh R AS 12
T HRMAEE, 2RI T, PECAM-1/VE-£53 &
FI/VEGFR2 15 5 1% 5 1Y 03 ™ 51 il i 8 N B2 R

e, #E— Ak AS®, TNF {5 53 857 5 B 1 5 A1
AS th A EEAEA, TNF-o © W2 AS N1,
Hfe B &P xs LDL AR, 512 LDL 78
PR T BRI, (E AR R A, LR BT D)
J1Z 597 RAGE 11 2% 35 J0TE A B2 v 1 9 0 J
N, HAZE TG A A, BRI
R 2k et = A OF SR A I e S ST (B2
RAEA AN TNF-o B9 |9 7] S50 AGEs By K7k
%, AGE/RAGE Fll TNF-a 55 A0 AR 5 8 16 P
A ] 5 | — ST U Y P B T sk D e sz
ZH IS G AS kR RS,

ZE T L, AT A OR AT 2 A T T
WG & 2 s . 24001, W24, R
G212 5T AR A AS f kB R RE R, AR
I FH T 6% 245 3 Y0 1 SR AT 2 OB YR T 15 i I E
AR HTHE s FRT BEAILR 4 J5 B3I R AN AF S 40 4
%, REAMTRLCIRITRMAIA AL
(A B PR LAY, BR 5 TE R 7 h 25 4 R A I P
B AT RE A ek s, A — o R BR T, XA
i H G i — 20 5250 i LASIE .

SR

[1] MOZAFFARIAN D, BENJAMIN E J, GO A S, et al. Heart disease
and stroke statistics—2016 update: a report from the American Heart
Association[J]. Circulation, 2016, 133(4): e38-e360.

[2] NELSON R H. Hyperlipidemia as a risk factor for cardiovascular
disease[J]. Prim Care, 2013, 40(1): 195-211.

[3] GRUNDY S M, STONE N J, BAILEY A L, et al. 2018 AHA/ACC/
AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
Guideline on the management of blood cholesterol: a report of the
American college of cardiology/American heart association task force
on clinical practice guidelines[J]. Circulation, 2019, 139 (25) :
e1082-e1143.

[4] JACOBSON T A, CHEELEY M K, COHEN J D. The statin adverse
treatment experience survey: experience of patients reporting side
effects of statin therapy[J]. J Clin Lipidol, 2019, 13(3): 415-424.

[5] e, BEF, Hah, S5 BTTZRZGYITEIR R P Y AR
B R By iR W (1], AR AR 2 A E BN, 2018, 17(12)
949-951.

[6] KARR S. Epidemiology and management of hyperlipidemia[]]. Am J
Manag Care, 2017, 23(9 Suppl): S139-S148.

(7] S5, BEtaFE. R I Y B2 2GRy T DR HE . ThPa R as &
LM AE, 2019, 17(14): 2116-2119.

(8] =5k, Vb, ). SACI IR IOR: T B0 A o iR K B C LA
T IIBRRTAE ] TP PY BRSSO L R Ak, 2015, 13(6):
743-745.

[9] CHEN L 'Y, PAN C S, WEI X H, et al. Sang—qi granula reduces



© 978 -

Traditional Chinese Drug Research & Clinical Pharmacology, 2021 July, Vol. 32 No. 7

blood pressure and myocardial fibrosis by suppressing inflammatory
responses associated with the peroxisome proliferator—activated receptors
and nuclear factor kb protein in spontaneously hypertensive rats[J].
Evid Based Complementary Alterna Med, 2013, 2013: 721729.

[10] 857y, SRaRFE, RASE, . FEIRNABOS SRR UCR B R R
JER BRI HEPTTESS 2K, 2002(7): 528-530.

[11] 2R SR AL MORLIG Y 7 Ik M e I M T I 9 B K RE )
BRI D). dbat: QLU BRER:, 2015.

[12] LIS, ZHANG B. Traditional Chinese medicine network pharmacology:
theory, methodology and application[J]. Chin J Nat Med, 2013,
11(2): 110-120.

[13] HSIN K, GHOSH S, KITANO H. Combining machine learning
systems and multiple docking simulation packages to improve
docking prediction reliability for network pharmacology[J]. PLoS
One, 2013, 8(12): e83922.

[14] 5 AR A7 22 2 PO Il bl . v [ o R 3R S
PERPRBUR (G, Jbat: ARTA AL, 2015.

[15] MORAN A, GU D, ZHAO D, et al. Future cardiovascular disease
in China: markov model and risk factor scenario projections from
the coronary heart disease policy model- China[J]. Circ Cardiovase
Qual Outcomes, 2010, 3: 243-252.

[16] Centers for Disease Control and Prevention (CDC). Vital signs:
prevalence , treatment, and control of high levels of low—density
lipoprotein cholesterol-United States , 1999-2002 and 2005-2008
[J]. MMWR Morb Mortal Wkly Rep, 2011, 60(4): 109-114.

[17] JESCIE. BER 7R YT mi R MAE[N]. o IE B 254, 2015-06-
15(005).

[18] ZEBHe, BRkss, s, A5 QM S CER S AL 23 1 IR 57
BB RARPUAIT BOWE (). KA IR 2 RS54, 2017,
36(4): 258-262.

[19] RIS, ZRLL%, Ml 45 SEEPHS =BRIAVIARTT SR LA X
LSBT IEL)]. PR EPTEEZY, 1999, 9(S1): 3-5.

[20] £, T, SR, S Ak R s 5 R BRI /K - Y
PEASE. HEZDL, 2019, 28(16): 20-22.

[21] RMES5, TPRE, XA, 5. 10190 M fig 5 2 11 o B2 TR
P ARRLEERTTELI. ThARER 22k, 2018, 33(6): 2672-2675.
[22] B, ®hoR, JRDOL. mlR AR I AL A S AT LR £ R 583

HR2EWFITI). sy, 2009, 27(1): 77-78.

(23] # ), 2, B4, A5 BRIEDKARIAYT & I (I A0
) AR O BRI IRRR) . 2006, 13(2): 16-18.

[24] 275 FEEDKA RS & UE IR RDIZED]. dbat: dbgirh
PREGRE, 2003,

[25] JUZWIAL S, WOJCICKI J, MOKRZYCKI K, et al. Effect of
quercetin on experimental hyperlipidemia and atherosclerosis in
rabbits[J]. Pharmacol Rep, 2005, 57(5): 604-609.

[26] JIA Q, CAO H, SHEN D, et al. Quercetin protects against
atherosclerosis by regulating the expression of PCSK9, CD36,
PPARy, LXRa and ABCAI[J]. Int J] Mol Med, 2019, 44 (3):
893-902.

[27] LARA G O J, TABARES G J H, LEON V Y M, et al
Proatherogenic macrophage activities are targeted by the flavonoid
quercetin[J]. J Pharmacol Exp Ther, 2012, 343(2): 296-306.

[28] LEI L., ZHU H, ZHANG C, et al. Dietary B-sitosterol is more
potent in reducing plasma cholesterol than sesamin in
hypercholesterolemia hamsters[J]. Eur J Lipid Sci Technol, 2016,
119(7): 1600349.

[29] DING X, ZHENG L, YANG B, et al. Luteolin attenuates

[}

atherosclerosis via modulating signal transducer and activator of
transcription 3—mediated inflammatory response[J]. Drug Des Devel
Ther, 2019, 13: 3899-3911.

[30] XU F, YU H, LU C, et al. The Cholesterol-Lowering effect of
alisol acetates based on hmg-coa reductase and its molecular
mechanism[J]. Evid Based Complementary Alterna Med, 2016,
2016: 4753852.

[31] HOANG M H, JIA Y, LEE J H, et al. Kaempferol reduces
hepatic triglyceride accumulation by inhibiting Akt[J]. J Food
Biochem, 2019, 43(11): e13034.

[32] WANG J, HE X, CHEN W, et al. Tanshinone IIA protects mice
against atherosclerotic injury by activating the TGF- B/PI3K/Akt/
eNOS pathway[J]. Cornary Artery Dis, 2020, 31(4): 385-392.

[33] YANG S, SHEN Y, HU X, et al. Natural product puerarin
activates Akt and ameliorates glucose and lipid metabolism
dysfunction in hepatic cells[J]. J Funct Foods, 2019, 55: 296-304.

[34] SIASOS G, TOUSOULIS D, OIKONOMOU E, et al. Inflammatory
markers in hyperlipidemia: from experimental models to clinical
practice[J]. Curr Pharm Des, 2011, 17(17): 4132-4146.

[35] MCNAIR E, QURESHI M, PRASAD K, et al. Atherosclerosis and
the hypercholesterolemic AGE-RAGE axis[J]. Int J Angiol, 2016,
25(2): 110-116.

[36] CHEN Y, CHEN Z, LI H, et al. AGE/RAGE-Induced EMP
release via the nox—derived ROS pathway[J]. J Diabetes Res ,
2018, 2018: 6823058.

[37] HEO K, FUJIWARA K, ABE J. Shear stress and atherosclerosis[J].
Mol Cells, 2014, 37(6): 435-440.

[38] ZHANG Y, YANG X, BIAN F, et al. TNF-a promotes early
atherosclerosis by increasing transcytosis of LDL across endothelial
cells: crosstalk between NF=kB and PPAR-+(J]. J Mol Cell Cardiol,
2014, (72): 85-94.

[39] DEVERSE J S, BAILEY K A, JACKSON K N, et al. Shear stress
modulates RAGE- mediated inflammation in a model of diabetes—
induced metabolic stress[J]. Am J Physiol Heart Circ Physiol,
2012, 302(12): H2498-H2508.

[40] CSISZAR A, UNGVARI Z. Endothelial dysfunction and vascular
inflammation in Type 2 diabetes: interaction of AGE/RAGE and
TNF—a signaling[J]. Am J Physiol Heart Circ Physiol, 2008, 295(2) :
H475-H476.

(m#t: 154



