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Anti-fatigue Analysis of Common Mechanisms of Interaction of Ginseng Radix et Rhizoma

"Tonifying Qi" and Notoginseng Radix et Rhizoma "Enriching Blood"
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(1. School of Medicine & Holistic Integrative Medicine, Nanjing University of Chinese Medicine,
Nanjing 210023, China;
2. The First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000, China)

[Abstract]  Objective: To analyze the common active ingredients, potential target genes and pathways of
Ginseng Radix et Rhizoma "Tonifying Qi" and Notoginseng Radix et Rhizoma "Enriching blood" in alleviating
fatigue based on the network pharmacology technology. And the compound ingredients of total Ginsenoside Ginseng

Root and Notoginseng total Saponins were selected to verify the core target genes in vitro. Method: The main
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active ingredients and related targets of Ginseng Radix et Rhizoma and Notoginseng Radix et Rhizoma were
screened by traditional Chinese medicine systems pharmacology (TCMSP). The data of fatigue genes were
established by GeneCards comprehensive database and Human Mendelian Genetic Integrated Database
(OMIM). Depending, The data sets of fatigue-related genes are established based on the data bank of
GeneCards and OMIM. The intersecting genes of drugs and disease were obtained by R software. Cytoscape
software was used to establish the regulatory network among the active ingredients, drug targets and fatigue-
related genes. PPI network of intersecting genes was constructed by STRING 11. 0 software, and the core genes
were screened by CytoHubba software and Matthews correlation coefficient (MCC) algorithm. Based on the
results of network analysis, 24 male SPF ACR mice were randomly divided into control group, total
Ginsenoside Ginseng Root group (0.08 g-kg') and Notoginseng total Saponins group (0.08 g-kg'). The
corresponding drugs were given for 3 weeks. The expressions of core genes in muscle tissue were detected by
real-time fluorescence quantitative PCR. Result: The 20 active components and 181 drug targets were screened
from TCMSP. 33 intersecting genes of diseases and drugs were obtained when compared with GeneCards and
OMIM comprehensive database using R software. 10 core genes including aryl hydrocarbon receptor (AHR) ,
androgen receptor (AR) , glutathione S-transferase P1 (GSTP1) , cysteine proteinase-3 (Caspase-3) ,
cytochrome p450 enzyme 3A4 (CYP3A4) , intercellular adhesion molecule 1 (ICAM1) and nuclear factor
kappa B inhibitor alpha (NFKBIA) were screened out by the algorithm of MCC. Total Ginsenoside Ginseng
Root and Notoginseng total Saponins had no significant effect on GSTP1 and ICAM1 genes, but they could
significantly inhibit the expressions of AHR, CYP3A4, Caspase-3, NFKBIA and AR (P<0. 05, P<0.01), and
there were no significant difference in anti-fatigue effect between total Ginsenoside Ginseng Root and
Notoginseng total Saponins groups. Conclusion: The mechanism of anti-fatigue of Ginseng Radix et Rhizoma
and Notoginseng Radix et Rhizoma may be related to the regulation of AHR, CYP3A4 and Caspase-3 genes,
and there is no significant difference in their anti-fatigue effects, through the analysis of network and
experimental verification.

[Key words] Notoginseng total saponins; network pharmacology; Notoginseng Radix et Rhizoma;

Ginseng Radix et Rhizoma; total Ginsenoside Ginseng Root; fatigue syndrome
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Table 1 Primer sequences

514 Fr41(5'-3") ¥ /bp

AR | TGGCGGTCCTTCACTAATGTCAAC 101
¥ CACTGGCTGTACATCCGAGACTTG

NFKBIA [ AGACCTGGCCTTCCTCAACTTCC 199
Fiif CTGCGTCAAGACTGCTACACTGG

Caspase-3  _Liif G TGGAGGCTGACTTCCTGTATGC 181
T it ACTCGAATTCCGTTGCCACCTTC

CYP3A4  |Jf TCATTGCTGTCTCCAACCTTCACC 116
T iif GGCTTGCCTGTCTCTGCTTCC

AHR |- CGCTGCTGGTGAGGTTGACTTC 110
T GCTGCTGGCAAGCCGAGTTC

ICAMI ¥ CTGGCAGCAAGTAGGCAAGGAC 115
T it TGGCTGGCGGCTCAGTATCTC

GSTPI1 |9 AGCTGGAAGGAGGAGGTGGTTAC 144
T GCGGCCAAGGTGTCTCAAGATG

GAPDH 3 CGTTGACATCCGTAAAGACC 125

it AACAGTCCGCCTAGAAGCAC

R2 ZEMASHEREERS

Table 2 Active constituents of Notoginseng Radix et Rhizoma and Ginseng Radix et Rhizoma
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No. D ALy AR 43 S o CAS OB/% DL g
1 MOLO001494 - /\#%-6,9- M ik £ 1 (mandenol ) 308.56 544-35-4 4200 019 =1L
2 MOL001792  (2s)-7-F23-2-(4-F2 HLHIL )t §i -4-TF ( DF V) 256.27 578-86-9 3276 0.18 =&
3 MOL005399 i JJj 1l Kk qt(alexandrin_qt) 414.79 474-58-8 36.91 075 A%
4 MOL005308 Bl ) KAl F B (aposiopolamine ) 271.34 N/A 66.65 022 A%
5 MOL005320  {£4= DU 2 (arachidonate ) 304.52 506-32-1 4557 020 AZ
6 MOL000358  B-4 [ i ( Beta-sitosterol ) 414.79 149-91-7 36.91 0.75 =k/AZ
7 MOLO005317 i % — R A2 BB W% (deoxyharringtonine) 515.66 36804-95-2 3927 081 AZE
8 MOL005318 4747 % (dianthramine ) 289.26 136945-65-8 4045 020 AZ
9 MOLO002879 42K — HI ik — 5 3¢5 (diop) 390.62 25103-50-8 4359 039 =L/ AZ
10 MOL005321 % T fifl A( frutinone A) 264.24 38210-27-4 6590 034 A=
11 MOL000787 1 % ( fumarine) 353.40 130-86-9 5926 083 AZ
12 MOL005344 A2 7 Rhy(Ginsenoside Rh,) 622.98 112246-15-8 3632 056 =-L/AZ
13 MOL005348 A2 7 (Rh,)Ginsenoside-Rh, qt 458.80 174721-08-5 31.11 0.78 A3
14 MOL005356 7 JLH % i ( girinimbin) 263.36 23095-44-5 61.22 031 A%
15 MOL003648 114 % (inermin) 284.28 19908-48-6 6583 054 A
16 MOL000422 1L £ (kaempferol) 286.25 520-18-3 4188 024 AZ
17 MOL005376 A2 [ (panaxadiol) 460.82 19666-76-3 33.09 079 AZE
18 MOL000098  ffif iz % ( quercetin) 302.25 73123-10-1 4643 028 =+t
19 MOL000449 & {5 stigmasterol) 412.77 83-48-7 4383 076 =L/AZ
20 MOL005384  #5F I4 (suchilactone) 368.41 50816-74-5 5752 056 A%
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Table 3 Intersection of drug genes and disease targets (top 15)

No. B S L oy 7 HE IR SC AR AR
1 5 He % 3% 4 (aryl hydrocarbon receptor) AHR
2 a-1A % I JI# 2 6% 1K (alpha-1A adrenergic receptor) ADRAITA
3 i % % 3% & (androgen receptor) AR
4 P8 T8 75 PR B bk B 40 i 98 -2 (apoptosis regulator Bel-2) Bel-2
5 A WEH BK S-#4 % iff P( glutathione S-transferase P) GSTP1
6 - bt 2 12 2 (1 i -3 ( Caspase-3) Caspase-3
7 - bt 2 12 4 1 i -8 ( Caspase-8) Caspase-8
8 2 i {4 2 p4SO i 1B1( cytochrome p450 1B1) CYPIBI
9 23 (5,2 p450 iff 3A4( cytochrome p450 3A4) CYP3A4
10 y-28 I T R 52 R W10/ a-1( gamma-aminobutyric acid receptor subunit alpha-1) GABRAI
11 23 e H K S-# #£ ff Mu 1( glutathione S-transferase Mu 1) GSTM1
12 fits 1) 6 B 43 7 1 (intercellular adhesion molecule 1) ICAM1
13 s 57 I F- kB 1 51 «( NF-kappa-B inhibitor alpha) NFKBIA
14 T 51 R 2% G/H & L 1( prostaglandin G/H synthase 1) PTGS1
15 1L 40 it 6 B 5 19 1 ( vascular cell adhesion protein 1) VCAMI1

3.3 AZM=-LARED-2WARIEN PG EE N &Y 4 Cytoscape F 70 Hr kb B, Fy gt 17 LA
(9 5 W 45 fF Kappa P40 1 0.4, JRHEBR A S0 =L oW R0 R 250 5 P 2 1l Y 3 75 10 4%
KRB AR L33 AR IEE A 20~ 4k WAL

En F!IJMJIEETCBS?

v
NR3E2 O mia
RON1 PPARG |
PRKCA PRSS1 Diantiramine 2P | &
CASP8 AKRIB1 arachidonate Girinimbin
A > Frutinone

CASP3 ACHE - A Aposiopolamine

CASPS - ~CYP3A4 . @insenoside Manidenol
i o e B
BCL2 CHRIAT- = = ; y
o _kaempferol Ginsenoside-Rh4_qt
GABRA1 ICAM1 ~ =~
o ; c Deoxyharringtonine
CHRNA2 SELE - Panaxadiol
. : ’ 2 ——  beta-sitosterol
ADRATA — vecAm il :
CHRM1 CYPIB1 - = S
PGR = s e 5, alexandrin_gt DSlFVg glerol
CHRM3 : = quercetin g, jaring
NCOA2 =

PIGS G w1 NR1IS
AJEIFGARAE B S C. = WIE R = A8 A RAE 1Ry
E1 ASM= L AREER S - IBEE-FREE NN &EE
Fig. 1 Network regulation map of active ingredients, drug targets and disease genes of Ginseng Radix et Rhizoma and Notoginseng Radix

et Rhizoma

3.4 HEHZEMKSN LHEERNBEREES KL, WK3, K4,

STRING 11.0 54047, 3K45 T3 H 2 | iy PPIM 4 3.5  XF /v ®L AL W 1 AHR, CYP3A4, GSTPI,
KI(E12), MCCHIEA 2 STRING 11.0 #4453 #r Caspase-3, NFKBIA, ICAM1 fll AR mRNA [ 5 Iy
Ja Ry R R BCdE L R4S T CYPIAL, AHR, 5 ALK, NS BB =L gt
CYP3A4, GSTP1, CYPIBI, GSTMI, Caspase-3, BUJ5 HE AL A 41 40t AHR, CYP3A4, Caspase-3,

NFKBIA,ICAM1 1 AR 10 4~ G4 3 A K Hixg 1 ™ NFKBIA I AR mRNA 2 ik /K 35 B I [ AIG, 22 5%
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Fig. 2 Interaction diagram of disease targets and drug genes

B A 431 2% 5 X (P<0.05, P<0.01) , 1fii ICAM1 Al

x4 BOEEZEMELS ST (A 10)

Table 4 Core gene interaction network node scores (Top 10)

3 10N ROEERERLE
Fig.3 Interaction network diagram of 10 core genes

VL S

GSTP1 mRNA FA A U B840, 22 5 KWL B & 58
R, RS, SAZABFALE, = LAR
H 4/ BN 4140 rh AHR, CYP3A4, Caspase-3,
NFKBIA 1 AR mRNA % ik /K- Jo B B 28 4k, 22 5
TGt EE L, RS,

No. s 1 . — ELE I S Y AR A Wt 1% SCAAZ A LR
TE A TESE E TEHE Ly

1 CYPIAL AHR 0 0.061 0 0.900 0.975 0.997
2 CYPIAI GSTM1 0 0.061 0.077 0.650 0.892 0.962
3 CYPIAL CYP3A4 0.605 0.129 0 0.900 0.895 0.950
4 CYPIBI AHR 0 0.095 0 0 0.939 0.943
5 CYPIBI CYPIAIL 0.893 0.277 0 0.900 0.936 0.935
6 GSTP1 CYPIAI 0 0 0.077 0.650 0.738 0.908
7 CYPIBI GSTM1 0 0.054 0.077 0.650 0.672 0.886
8 CYPIBI GSTPI 0 0 0.077 0.650 0.674 0.885
9 CYP3A4 GSTM1 0 0 0.064 0.650 0.555 0.841
10 GSTPI CYP3A4 0 0 0.064 0.650 0.551 0.840

x5

ASEEHEM=ZLREHEXNAEL D AHR,CYP3A4,GSTP1,Caspase-3, NFKBIA,ICAM1 #1 AR mRNA B 80 (X+s,n=3)

Table 5 Effect of total Total Ginsenoside Ginseng Root and Notoginseng total Saponins on levels of mRNA of AHR, CYP3A4, GSTP1,

Caspase-3,NFKBIA,ICAM1 and AR(x+s,n=3)

21 51 F /g kg AHR CYP3A4 Caspase-3 NFKBIA AR GSTPI1 ICAM1
ANZEBH 0.08 0.14+0.052 0.44+0.152 0.19+0.072 0.82+0.09" 0.64+0.10? 1.24+0.15 1.23+0.22
=t HEir 0.08 0.21£0.032 0.48+0.09% 0.18+0.05 0.59+0.082 0.71£0.072 0.96+0.19 1.12+0.16

A 414 mRNA RR | R 15 525 A4 4K DP<0.05,2P<0.01

4 itig
(BN - R -2 = ANZFA &, I
5T MR AR A 2 RIEHEA Y 5T, 76 A K
A i s A R AL A B U
T SR, R 5 AL T BE 19 IE R 45 A %)
. 86 -

o

2R 2 o AR A0, AR G AR Ok R 23 A T8 02 B
Ry 1 SR KN U N TN /S B R A = S | I E
o JEAUR W REHE S AR ALK KT L IMES I
e KO B AR B B IR s AT, N R R R

G T HLAE BB B S R R R T IR
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