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Abstract: Objective To analyze the formulation rules of Sanqi (Notoginseng Radix et Rhizoma)-containing health products and
investigate the potential mechanisms through data mining, network pharmacology, and molecular docking techniques. Methods

By searching the Notoginseng Radix et Rhizoma-containing health products from the State Administration for Market Regulation
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and MedSciNet, the basic information and formulation rules were analyzed using frequency statistics and association rules. By
searching TCMSP and other databases and reviewing relevant literature, the chemical components and potential targets of
Notoginseng Radix et Rhizoma were obtained. Based on the frequency analysis of health functions, relevant potential target
information was selected from databases such as GeneCards. The key components and target were screened using R language
software packages, String database, and Cytoscape software. Protein-protein interaction (PPI) network analysis was then conducted,
and core target were screened based on degree values. Gene ontology (GO) functional annotation and Kyoto encyclopedia of genes
and genomes (KEGG) pathway enrichment analysis were performed. Finally, molecular docking was used to verify the binding
affinity of core target and key components. Results A total of 345 cases of Notoginseng Radix et Rhizoma-containing health
products were collected. The most frequently mentioned health function was immune enhancement. A total of 684 chemical
components related to Notoginseng Radix et Rhizoma were identified, including 339 effective components and 2 078 targets. A total
of 2 076 potential target genes related to immune enhancement were obtained. By intersecting the genes related to Notoginseng
Radix et Rhizoma and immune enhancement, 434 key target genes were identified, and 10 core targets for immune enhancement by
Notoginseng Radix et Rhizoma were obtained. Notoginseng Radix et Rhizoma has an effect on immune enhancement through
processes such as positive regulation by cytokines and signaling pathways such as phosphatidylinositol-3-hydroxykinase
(PI3K)/protein kinase B (Akt). Molecular docking results also indicated a stable binding between the key components of
Notoginseng Radix et Rhizoma and the core targets. Conclusion Through data mining, network pharmacology, and molecular
docking research, this study analyzed the relevant information of Notoginseng Radix et Rhizoma-containing health products,
preliminarily revealing the potential targets and mechanism pathways of immune enhancement by Notoginseng Radix et Rhizoma,
providing a theoretical basis for the development of future Notoginseng Radix et Rhizoma products.
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Table 1 Frequency statistics of raw materials in health products containing Notoginseng Radix et Rhizoma (frequency > 9)
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Fig. 1 Radar plot of four gi, five flavors, meridian distribution of raw materials in health products containing Notoginseng

Radix et Rhizoma
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Fig. 2 Frequency statistics of health-care functions of health products containing Notoginseng Radix et Rhizoma
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Table 2 Analysis of association rules of high-frequency raw materials in health products containing Notoginseng Radix et

Rhizoma and health products with different health functions
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a: contains notoginseng; b: helps to strengthen immunity; c: helps to maintain healthy levels (cholesterol/triglyceride) of blood lipids.
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Fig. 3 Relationship between high frequency raw materials in health products containing Notoginseng Radix et Rhizoma and

health products with different health functions
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Table 3 Binding energy between key components of Notoginseng Radix et Rhizoma and core target points

454 fE/(keal-mol ™)

RERRA CAS No. TNF AKTl ACTB IL6 ILIB SRC STAT3 TP53 CD4 TLR4
AZBE1f Rg 22427-39-0 -89 -69 -115 -71 -73 -86 -77 -16 -10 1.1
AZ 21 Rby 41753-43-9 -9.1 -76 -85 -70 -71 -98 81 -78 -7.1 —69
=-bEHFR 80418-24-2 -73 -64 -101 -70 -70 -9.1 -83 83 -80 6.6
=t& 5302-45-4 -92 58 98 63 -69 -84 -73 -76 -64 6.7
i B 3 117-39-5 -5.9 -45 -57 —46 -55 -59 50 53 -48 52

1 kcal=4.18 kJ



«214 . PER 2024F 18 B55% B 1 Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 1

NERZ) . DRI FR ], Hi i 24 AT G s bl A
W ZEThRE, AR IERRA PRI 45 R oK,
=R R E S A R DUR R A, TR
E PN S Sl O S 3PN N o e St
H R SR ERE B2 B, &7 By B S WA e
B R il o AR AT R, e R
TR, DR R IR R A R R, IR S 2D
RER T P B S AR I, B B I DR f
TEH, He A m -2,

RN R GO, &=tH8 “ARITHE%
B J17 WIORGE R T SR EEHEAA T 7 R 2550
=H-RZ =ZL-AEES. =K =BT
=t-mEr. =2 =tb-AZ, REHET
e 2 5 RIS ST v HE T 10 B9 gs
o RZAMVTLM . bV, PORESAVRN]L TS
A, BETEAMSAEM. A TR, Mok
B A E, RAH S I E, S
TEIMRZ . AEF LR BUITER. BRI e, A=
KA AR a . BRI E RER S =1
“CH BTSSR G 7 R OR A R i v e 24 R T
RS P EREAR S, I HIACL B 22 AT 70 R s
R Ry AT BT R G 70 AR 022281

AHIF FE I 1A 2R % Bl e A =B SR SCERER 1S
=B 684 A, A RUs Sy 339 A KR
2078 1. % 4h, M GeneCards ##i % . PathCards
Hdfi e & DrugBank H0s  Hh iik S 2 0 AH KT
FEFE A 2 076 />y TR =B G A OGSt [R5
Venn & 7341, 452 3E [FIFE R G SEEE 5 434
WA PP M2 IR BEAEHE Y, =B3R5 71 10 4
#%0¥E SN TNF. AKT1. ACTB. IL6. ILIB. SRC.
STAT3. TP53. CD4. TLR4. [}, 3R =L
G I REESETE 3 669 A GO 4K HAI 283 %
KEGG i@+ & 54 (P<0.05). i GO 4
S50, = Ol RS ) 3 e A PR R AR I IR
T ARG T A PR A e [ R B S AR
PR, DL KRR T RARG G EE LR
TR /75 2 R/ P 2 BRSO s 1 B o 2 R/ 7R 2 TR
Wl s SE 7y T DI RETT R FEAE ] . AR = o
TP I A 5 1Y) KEGG SR /ATl A1, =L
5RO 2 70 W] ORE G L IR R OUL B 3- 2 UM
(phosphatidylinositol-3-hydroxykinase, PI3K) /&5 134
i B (protein kinase B, Akt) {55 iM% . MR
(mitogen-activated protein kinase, MAPK) 155 jH %

Z: 590 A SEBERN S 2 H M D RE ) 1 1200, W] R
it JAK (Janus ¥/, Janus kinase) /{55 SH
B S WG R 7 (signal transducer and activator of
transcription, STAT) {5 5 il#% 2 5 40f(E 5 M
T AT RE I TTEY, AT REENE NOD #32141(5
S Toll FE524& (toll-like receptor, TLR) {55
Mg, C BBHER G Tl S 518 30405
L T AP T S5 S AR R R ) R R D% e T 4 A )
WaEBB), nTRedEd T MM ARG 5k S
5 T YRR RS AN G e N B4, wl figilad Th17 48
Ff o Ak S B E 3T CD4TT 40Hi Thl7 4R
B, ArREE B A SR E#ES S B
I B (0 A A = AR B, mTRRIEIE TNF {5 5@
% T4 VR YT G A AR ) AR A A 1 BT, AT R I
IL-17 15 Sl HHS 5 RAEM B & 5% ) B B8,
IR GiBuE AN Y I IR i GF =3
Z 5 BRI R 1 B, nTRgidid FeyR
ISR AE O B S5 5 40 R ) B R A
FBOL, mTfgiEsd Fe eR1{E 5% Hi%S 5 % 40
X E PR PR A AEOEE, A e Bk S
S ER A S A BT RS R E I, 0 SERE A i
SN R T AR,

CAEMFIEH, ANZREH Re @il i PI3K-
Akt-Tf AL BN T A5 F AL . (mammalian target of
rapamycin, mTOR) {5518 H3 5 iJE A SR F--a
(tumor necrosis factor-a, TNF-a) fJF=4E, i@
il #% X -F--«B (nuclear factor-kB, NF-xB) 8 i
IL-6 ({53, DAUGIEGR CDA4™T A A3 1k 3 F =
Th1/Th2 7L A2 2H Rby /] LLI% TNF-a.
IL-18+ IL-2+ IL-4. IL-6 Al IL-10 Z5:40 i K 1Kk,
BEINRE SRR TgA S TGl R IgG2a (& &, it
BIPT AT S R 4T, = Hrh =B R
HARRE R . =B PR M s A B R
T S 5 AR 4851 B I - R B2 1 45 AR
], =-CRXRE I NS REHE Rgin AZREH Rbi,
=HREHE R = LRUSKZOESARSE HES
Rt

HH T =R o AT S EA W ARGE, 3
R TG R 5838 St UL BAR U E
TP SIWER—AT 2 IR, AHI T B S A B B
B, FEAREMEAL, SEHHE PRI
4 it

BT FOR AR IZ I SR, bl 73 =Bk



FED 202418 $55% B1  Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 1 « 215

fRg b 2. Thak, A, bk, HZ&. 7l
RUFIA [F) R Ak Dy e P DR A £t rh s FH BRI 4L
N=LRSREE SRR S BB . Rk
1T 7 WA 2B T RHEDT I, Wb 4R =Bt
SRS RV AERE S HLEE R, v =HE s B
T 1Y G 7 R ORAE B i I A SR AL R AR A
FlBAR ALY EAREEF R

SE R

[1] EAREMEER PAEMBEELS. PAERC T
— BTG R A i OB B IR 38 &N [DB/OLY]. (2023-
02-28) [2002-10-20]. http://www.nhc.gov.cn/wjw/gfxwj/
201304/e33435ce0d894051b15490aa3219cdc4.shtml.

[2] EZ8 [S]. —#B. 2020: 12-13.

[81 XMR, sKEKZE, FWilgR, 5. =-LRwFuet g &I m
AR EWTW A (7. PEZ, 2021, 52(9): 2733-
2745.

[4] Hu S N, Wu Y L, Zhao B, et al. Panax notoginseng
saponins protect cerebral microvascular endothelial cells
against oxygen-glucose deprivation/reperfusion-induced
barrier dysfunction via activation of PI3K/akt/Nrf2
antioxidant signaling pathway [J]. Molecules, 2018,
23(11): 2781.

[6] mmes, B, e, & =-E82H RS INOS-
NO-NF-kB {5 T il LPS 53/ RAW246.7 4HiJf
RAEWETT [J]. ZAWPENIT AL, 2020, 43(4): 670-675.

[6] kA, £30ME, WEZR, & =-LRMAEIEMT T
J& [, B SRR, 2019, 34(10): 3192-3196.

[71 i, Akfg, skiltdE, % =GR Hhusk 2 4
5 FHUEIRT SRR [7]. A RHE 2, 2022, 20(6):
1027-1030.

[8] BE, £z, £, % =-t2H R-ILHEYT
JEE =B 2 MEAARL I ] % S o6 SH-SYsY 44 £
MRS VER [J]. P24, 2021, 52(10): 2918-2926.

[91 HE &, 2Rk, KM, & = LREERD KL RE

PWEER IR AR ERE [J]. RS RE2W, 2014,

33(2): 119-124.

o, TUHRE, KA, & EPORE RS DR AR

SMERY T (0], BEBTTESITA, 2018, 39(24): 218-

224.

Wrig. JUAh 2 rgE e b 25 28 R A T 3 BUIR r

EREAL [D]. HEIK: PEERYE, 2012.

ERPEGEHR PR RZ S, THEEE [M].

B RIREAEOR A, 1998: 839-850.

Chen H B, Boutros P C. VennDiagram: A package for the

[10]

[11]

[12]

[13]
generation of highly-customizable Venn and Euler
diagrams in R [J]. BMC Bioinformatics, 2011, 12: 35.

[14] Chin C H, Chen S H, Wu H H, e al. cytoHubba:

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

Identifying hub objects and sub-networks from complex
interactome [J]. BMC Syst Biol, 2014, 8(Suppl 4): S11.
Wu T Z, Hu E Q, Xu S B, et al. ClusterProfiler 4.0: A
universal enrichment tool for interpreting omics data [J].
Innovation, 2021, 2(3): 100141.

Ito K, Murphy
pharmacometric graphics [J]. CPT Pharmacometrics Syst
Pharmacol, 2013, 2(10): e79.

Fhibestie, 222248, KaE, 5 JET PIBK/AKt 5 5@ B
PR = -0oRonf o i e 6 By L) 0], o [ S8 T 7
22K, 2023, 29(13): 88-95.

BRGNS, T D0 2% 24 B S A0 = B RA L S AR
FINLE] [J]. ELAEEES, 2023, 6(3): 80-85.

Bhigg A, Bl th2sE (ML BB 5 R dbnt R EH
5 24 Hi AL, 2021: 259-260.

W, KB, WERRE. BURZERARRE LT R ().
rRE ZE 245 Tk 243, 2000, 31(3): 137-140.

W2, TG, FRMERUR R PN (0] PEEZ
241, 2003, 21(9): 1429-1430.

PREM. R Z U I R0 G 1 B R Sk R
[3]. bt REEZEH: BREERR, 2002, 34(5): 493-498.
e, AR, AREIME, 5. THEES G EAE AT AT
B [1. NSHt7E, 2016, 28(6): 49-51.

TR/, BEES ZWE I A0 % TRTY AR S R R U T AT
HERE [7]. KRR, 2003, 24(6): 101-104.

BZ M, FI0HE. MIAT T 06 B gy B 245 SRR 5 ik
& [J]. REEZEEHR, 2000, 28(4): 33-35.

TSR, BENE, Xw, . R SR B 2 EAE H
R L R S BF FEE Jg (0], I T EE AR, 2017,
44(2): 426-429.

Fidike, EHiL, AKAE, & SR LR E
TERIBTFERERE [7]. HHEE24, 2020, 51(3): 788-798.

BIH, KT, XEE, % ASHERS NZ A
HERE [1]. hEEZY, 2009, 40(1): 164-166.

Yang Y, Xiao G, Cheng P, ef al. Protective application of

D. Application of ggplot2 to

Chinese herbal compounds and formulae in intestinal
inflammation in humans and animals [J]. Molecules, 2023,
28(19): 6811.

Mahjoor M, Mahmoudvand G, Farokhi S, et al. Double-
edged sword of JAK/STAT signaling pathway in viral
infections: Novel insights into virotherapy [J]. Cell
Commun Signal, 2023, 21(1): 272.

ZhouY J, YuSY, Zhang W'Y. NOD-like receptor signaling
pathway in gastrointestinal inflammatory diseases and
cancers [J]. Int J Mol Sci, 2023, 24(19): 14511.

Li F L, Chen B P, Xu M, et al. Immune activation and
inflammatory response mediated by the NOD/toll-like

receptor signaling pathway-the potential mechanism of



« 216«

FED 202418 $55% 1 Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 1

[33]

[34]

[35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

bullfrog (Lithobates catesbeiana) meningitis caused by
Elizabethkingia miricola [J]. Int J Mol Sci, 2023, 24(19):
14554.

Guo N, Liu Y, Hao Q, ef a/. A mannose receptor from
Litopenaeus vannamei involved in innate immunity by
pathogen recognition and inflammation regulation [J]. Int
J Mol Sci, 2023, 24(13): 10665.

Shah K, Al-Haidari A, SunJ M, et al. T cell receptor (TCR)
signaling in health and disease [J]. Signal Transduct Target
Ther, 2021, 6(1): 412.

Lee G. The balance of Thl7 versus treg cells in
autoimmunity [J]. Int J Mol Sci, 2018, 19(3): 730.
Advances in experimental medicine and biology [J]. J Med
Genet, 1973, 10(4): 401.

Cardoso Alves L, Corazza N, Micheau O, et al. The
multifaceted role of TRAIL signaling in cancer and
immunity [J]. FEBS J, 2021, 288(19): 5530-5554.
McGeachy M J, Cua D J, Gaffen S L. The IL-17 family of
cytokines in health and disease [J]. Immunity, 2019, 50(4):
892-906.

Prager I, Watzl C. Mechanisms of natural killer cell-
mediated cellular cytotoxicity [J]. J Leukoc Biol, 2019,
105(6): 1319-1329.

Botelho R J, Tapper H, Furuya W, et al. Fc gamma R-
mediated phagocytosis stimulates localized pinocytosis in
human neutrophils [J]. J Immunol, 2002, 169(8): 4423-
4429,

Metcalfe D D, Baram D, Mekori Y A. Mast cells [J].
Physiol Rev, 1997, 77(4): 1033-1079.

Pozzobon T, Goldoni G, Viola A, et al. CXCR4 signaling
in health and disease [J]. Immunol Lett, 2016, 177: 6-15.
Lee E J, Ko E, Lee J, et al. Ginsenoside Rgl enhances

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

CD4"  T-cell Th1/Th2
differentiation [J]. Int Immunopharmacol, 2004, 4(2): 235-
244,

Huang Y Q, Zou Y, Lin L H, et al. Ginsenoside Rgl

activates dendritic cells and acts as a vaccine adjuvant

activities and modulates

inducing protective cellular responses against lymphomas
[J]. DNA Cell Biol, 2017, 36(12): 1168-1177.

Wang Y, Liu Y, Zhang X Y, et al. Ginsenoside Rgl
regulates innate immune responses in macrophages
through differentially modulating the NF-kB and PI3K/
Akt/mTOR pathways [J]. Int Immunopharmacol, 2014,
23(1): 77-84.

Im D S. Pro-resolving effect of ginsenosides as an anti-
inflammatory mechanism
Biomolecules, 2020, 10(3): 444.

Kang N X, Gao H W, He L, et al. Ginsenoside Rb; is an
immune-stimulatory agent with antiviral activity against
J Ethnopharmacol, 2021, 266:

of Panax ginseng [J].

enterovirus 71 [J].

113401.

KIEZE, R, mRR, 5 RARE TEEEAER

B R TR R ) R A MATEAC T I (0], 22 fBE

BEK 2247, 2020, 55(10): 1483-1486.

You L, Cha S, Kim M Y, et al. Ginsenosides are active

ingredients in Panax ginseng with immunomodulatory

properties from cellular to organismal levels [J]. J Ginseng

Res, 2022, 46(6): 711-721.

XIBCH, BRI, BEFHE, & L2 AR 1] &

TR 2R AR, 2019, 21(7): 137-140.

Mei Y S, Yu X D, Xiang W, et al. Panax notoginseng

saponins (PNS) attenuate Th17 cell differentiation in CIA

mice via inhibition of nuclear PKM2-mediated STAT3

phosphorylation [J]. Pharm Biol, 2023, 61: 459-472.
[riEsmig & E]



