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Q-marker prediction analysis of Gentiana rigescens Franch. based
on HPLC and network pharmacology
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Abstract: Aa a characteristic medicinal plant in China, Gentiana rigescens Franch. has the function of
protecting the liver and invigorating the spleen. At present, there are a few studies on the content determination
method of characteristic components of G. rigescens, so it is necessary to establish a scientific and effective quality
control method; In this study, The high performance liquid chromatography (HPLC) fingerprint of G. rigescens was
established, based on literature reviewed and characteristic spectrum identified, the source range of G. rigescens
quality marker (Q-marker) was screened. The effectiveness of the ingredients and the corresponding targets and
pathways was analyzed through network pharmacology, and drew the diagram of "component-target-pathway".
Qualitative and quantitative analysis of G. rigescens was performed by HPLC, and screen the main marker
components leading to the differences between groups which were determined the Q-marker of G. rigescens; The
literature and HPLC had determined that five iridoids were the main source of G. rigescens Q-marker. The network

pharmacology (effectiveness) and qualitative and quantitative (detectability) analysis of G. rigescens from different
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producing areas confirmed that gentiopicroside, swertiamarin, and sweroside can be used as the main landmark

components, and there were significant differences in their contents among different producing areas; The analysis

of G. rigescens from different producing areas was carried out by network pharmacology and chemical

fingerprints, it is confirmed can be used as potential Q-marker to provide sufficient theoretical basis for the quality

control of G. rigescens in the later period.
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Table 1 Information of 10 batches of G. rigescens. G. rigescens:

Gentiana rigescens Franch.

Class Origin Elevation/m
S1 Yiliang, Kunming, Yunnan 1817
S2 Xundian, Kunming, Yunnan 1870
S3 Yiliang, Kunming, Yunnan 1817
S4 Xiaoshao, Kunming, Yunnan 2 085
S5 Xiaoshao, Kunming, Yunnan 2085
S6 Huangsi, Fuquan, Guizhou 1550
S7 Taigong, Taijiang, Guizhou 1260
S8 Badazhang, Xingyi, Guizhou 2158
S9 Badazhang, Xingyi, Guizhou 2158
S10 Pengzha, Xingyi, Guizhou 2028

BmIgEH  Agilent Intersil-C18 4+ (4.6 mm x 150 mm,
5 um, H A GL Sciences 24 &)); i aAH: 0.1% F R K
(A) F1 2% (B), i 1 mL-min™, £ 5 5 (0~2.5 min,
7%~10% B; 2.5~20 min, 10%~26% B; 20~29.02 min,
26%~58.3% B; 29.02~30 min, 58.3%~90% B; 30~
34 min, 90% B); FE i 30 °C; HEREE 5 pl; & W K
241 nm,
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36.0 mg JE AT T 7.0 mg. JE 23 7.0 mg. 6'-0-4-
D-HE PSS 7.0 mg AR TR 8.0 mg. F 2T ¥
7.0 mg. B4 EK 7.0 mg, B T 10 mL #E R4, LA
FRREVA i, JE AR R R, 325, RIS R H o 4
LSRR AR L 6-0-p-D-F & HE I T D
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Figure 1 Fingerprint overlay (A) and chromatogram of reference

substance (B) of 10 batches of G. rigescens. 8: Loganic acid; 11: 6-O-
f-D-Glucosylgentiopicroside; 12: Swertiamarin; 13: Gentiopicroside;

14: Sweroside; 17: Isoorientin; 19: Isovitexin
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Table 2 Go enrichment analysis of core target of G. rigescens. GO:

Gene ontology; BP: Biological process; CC: Cellular component;
MEF: Molecular function; FDR: False discovery rate

. Genes
Gene function P FDR

Category number

BP Purine-containing compound 3 9.80x10° 0.034
salvage

2.71x10*  0.039
3.47x10*  0.041
4.09x10*  0.008
5.03x10*  0.026
6.35x10"  0.047
2.75x10°  0.005
2.88x10°  0.009
3.24x10°  0.016
8.77x10°  0.028
5.58x10™*  0.031
1.48x10°  0.042

BP Carbohydrate phosphorylation 3
BP Canonical glycolysis 3
CC  Cytosol 1
cC Focal adhesion 5
CcC Membrane 9
CC  Apical plasma membrane 4
4
9
7
8
3

—_

CcC Extracellular matrix

CC  Extracellular exosome
MF  Identical protein binding
MF  ATP binding

MF  Endopeptidase activity

KEGG & £ 7 #7115 51| 48 45 8 %, & #% P < 0.05,
FDR < 0.05 [ AT 15 2538 B 3 AT g oR, W& 3. =HEH
(AT 15 Sk % 1 B R RS e A B R I T LB S
B R AR R L L RRT R 2 R LR
BEEA5 538 B 25, AR IX 19 AMAZ 0 8 A0 RT i 2 20 1o 1
P25 T L 3 K 0 ) P 1 H
3.5 “HH-HL-BER g E

VL AR S P 32 By 1R 4 T A5 R T 3A BT
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Figure 2 Protein-protein interaction network (PPI) network of G. rigescens. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
MAPKI: Mitogen-activated protein kinase 1; EGFR: Epidermal growth factor receptor; MGAM: Maltase-glucoamylase; ADK: Adenylate
kinase; ADA: Adenosine deaminase; CCND1: Cyclin-D1; LGALS3/9: Galectin 3/9; MAP2K1: Mitogen-activated protein kinase kinase 1;
SLC29A1: Solute carrier family 29 member 1; MCL1: MCLI1 apoptosis regulator, BCL2 family member; HK1: Hexokinase 1; HPRT1:
Hypoxanthine phosphoribosyl transferase 1; ADK: Adenosine kinase (by homology); PNP: Purine nucleoside phosphorylase; CDA: Cytidine
deaminase; SI: Sucrase-isomaltase; GAA: a-glucosidase; DPP4: Dipeptidyl peptidase 4; HK2: Hexokinase 2; CDK1/2: Cyclin-dependent
kinase 1/2; MMP1/3/9: Matrix metallopeptidase 1/3/9; ADAM17: ADAM metallopeptidase domain 17; SELL: Selectin L; TYMP: Thymidine
phosphorylase; TK1: Thymidine kinase 1; HSPAS5/8: Heat shock protein family A member 5/8; MANBA: Mannosidase- f; IMPDH1/2:
Inosine monophosphate dehydrogenase 1/2; ADORA1/3: Adenosine A1/3 receptor; STOGALL: ST6 f-galactoside-a-2, 6-sialyltransferase 1;
OGA: O-GlcNAcase; AHCY: Adenosylhomocysteinase; AKR1B1: Aldo-keto reductase family 1 member B; ADORA2A/2B: Adenosine A2a/
2b receptor; PYGL: Glycogen phosphorylase L; SELP: Selectin P; SLC5A1/2: Solute carrier family 5 member 1/2; FOLH1: Folate hydrolase
1; SLC28A2: Solute carrier family 28 member 2; FUCA1: a-L-Fucosidase 1; PTPN11: Protein tyrosine phosphatase non-receptor type 11;
GBA: Glucosylceramidase f; NEU3: Neuraminidase 3; GRK1: G protein-coupled receptor kinase 1; ADH1A: Alcohol dehydrogenase 1A;
DAO: D-Amino acid oxidase; ENGASE: Endo-f-N-acetylglucosaminidase; TARS: TAR DNA binding protein; NEU4: Neuraminidase 4;
TYR: Tyrosinase; NAALAD2: N-acetylated a-linked acidic dipeptidase 2; NEU2: Neuraminidase 2; SLC6A2: Solute carrier family 6 member
2; CA1/2/7/9/12/13/14: Carbonic anhydrase 1/2/7/9/12/13/14

Table 3 Top 15 KEGG pathway enrichment analysis of core target of G. rigescens. KEGG: Kyoto encyclopedia of genes and genomes

Genes ID KEGG pathway Genes number P FDR

hsa05219 Bladder cancer 6 2.43x10°* 2.07x10°
hsa04066 HIF-1 signaling pathway 6 1.84x10° 7.84x107°
hsa05230 Central carbon metabolism in cancer 5 1.14x10° 3.23x10*
hsa04915 Estrogen signaling pathway 5 6.43x10° 1.36x107
hsa05214 Glioma 4 4.13x10* 4.35%10°
hsa05212 Pancreatic cancer 4 4.15x10™ 4.38x10°
hsa05205 Proteoglycans in cancer 5 9.59%x10™ 7.76x10°
hsa05200 Pathways in cancer 6 1.53x107 1.03x107
hsa04668 TNF signaling pathway 4 1.76x107 1.07x107
hsa05216 Thyroid cancer 3 1.98x107 1.11x107
hsa00052 Galactose metabolism 3 2.12x10° 1.12x107
hsa04910 Insulin signaling pathway 4 3.65x10° 1.63x107
hsa05161 Hepatitis B 4 4.19x10° 1.70x107
hsa01100 Metabolic pathways 8 1.39x107 3.80x107
hsa04010 MAPK signaling pathway 4 1.93x107 4.60x107
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Figure 3 Molecular structure of 5 main components (A) and "compounds-targets-pathways" network (B) of G. rigescens. a: Gentiopicro-

side; b: Sweroside; c¢: Swertiamarin; d: Loganic acid; e: 6'-O-f-D-Glucosylgentiopicroside

Table 4 Results of linear relationship, LOD and LOQ investigation of 3 main components of 10 batches of G. rigescens. R: Correlation coeffi-

cient; LOD: Limit of detection; LOQ: Limit of quantitation

Component Calibration curves R Linearity/ug-mL" LOD/ug-mL" LOQ/ug-mL"
Sweroside Y=3195X+7.96 0.999 4 3.4-81.7 3.5 10.3
Gentiopicroside Y=5732X+222.64 0.999 7 102.6-3 615 48.6 165.6
Swertiamarin Y=8 065X+ 24.35 0.999 9 5.5-185.3 2.5 8.1
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Figure 4 Orthogonal partial least squares-discriminant analysis

(OPLS-DA) score (A) and variable importance in the projection
(B) of 10 batches of G. rigescens
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Table 5 Results of three main components of ten batches of

G. rigescens detection

Sweroside Gentiopicroside Swertiamarin

Class B 0 B

/mg-g /mg-g /mg-g
S1 1.54 18.69 0.11
S2 1.25 20.22 0.50
S3 1.54 19.16 0.18
S4 0.97 18.86 0.37
S5 1.62 21.54 1.01
S6 1.33 18.87 0.54
S7 1.64 23.66 0.63
S8 0.29 15.74 1.19
S9 0.16 12.89 1.12
S10 0.57 12.37 0.29
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