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Abstract: We determined a component-target-disease network for Carthamus tinctorius L. and the key
compounds, identified by topological analysis, were related to vasculitis, coronary heart and cerebrovascular
disease. Based on these compounds, the chromatographic fingerprint of Carthamus tinctorius L. was established.
Firstly, 132 compounds were obtained from TCMID and TCMSP databases. Their targets were predicted in the
PharmMapp and HemMapper databases. CardioGenBase, Therapeutic Target Database and DisGeNET databases
were used to collect targets of vasculitis, coronary heart disease and cerebrovascular disease. The corresponding
relationships between component and target protein were established by mapping. Finally, the "component-target-
disease" network was built with Cytoscape software. The core network and key nodes were analyzed with the
Cytohubba plug-in. The results showed that the 24 key compounds were alpha-tocopherol, adenosine, quinone
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chalcone pigments such as hydroxysafflor yellow A, safflower yellow, quercetin, kaempferol and other flavonoids,

organic acids such as stearic acid, linolenic acid, coumaric acid and cinnamic acid. This resulting chromatographic

fingerprint of Carthamus tinctorius L. showed good consistency, and the core chemical compounds obtained by

topological analysis of the network of "component-target-disease”, could be used as quality control markers. Our

research provides a new approach for the identification of quality control indicators in Chinese medicinal materials.
Key words: network pharmacological; Carthamus tinctorius L.; fingerprint; quality control
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Table 1  Sample information of Carthamus tinctorious
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TEZiM ok BB R AL, 5% 1.
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0.05% — 4 SR, MmN AHB: ZNiF. BRIEBEML: 0~
15 min 2%~12% B; 15~35 min 12%~23% B; 35~40 min
23% B; 40~48 min 23%~32% B, 48~75 min 32%~
42% B; 75~76 min 42%~54% B; 76~80 min 54%~
65% B; 80~90 min 65% B; Jii# A 1.0 mL-min; JE#
110 pL, Bl K 270 nm #1475 nm.
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HIFE
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%, FHRARE, F 75% FREA 2 K E, #2257, 1T 0.45 um
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No. Medicinal origin No. Medicinal origin

S5 Tuoli County, Tacheng, Xinjiang S22 Jiagesitai Village, Chabuchaer County, Yili, Xinjiang
S6 Yumin County, Tacheng, Xinjiang S23 Hainuke Village, Chabuchaer County, Yili, Xinjiang
S7 Tacheng, Xinjiang S24 Nuke Village, Chabuchaer County, Yili, Xinjiang
S8 Tacheng, Xinjiang S25 Chabuchaer County, Yili, Xinjiang

S9 Tacheng, Xinjiang S26 Huocheng County, Yili, Xinjiang

S10 Tacheng, Xinjiang S28 Nileke County, Yili, Xinjiang

S11 Tacheng, Xinjiang S29 Jimusaer County, Changji, Xinjiang

S12 Tacheng, Xinjiang S30 Yining County, Yili, Xinjiang

S13 Tacheng, Xinjiang S31 Jimusaer County, Changji, Xinjiang

S17 Kuohonggqi Village, Chabuchaer County, Yili, Xinjiang S32 Jimusaer County, Changji, Xinjiang

S21 Kan Village, Chabuchaer County, Yili, Xinjiang S33 Gongliu County, Yili, Xinjiang




IR A 48 T 0 2% 24 PR 2 ) 2 AR SV 2L AE 24 6 5T B 4 1 D T

+ 2077 -

FIERIIUE

WEESEGE WAL (S15) 4kl i iE
TP T S 2R AT AT AL B, SRR B IR, X BT 1S ) i
HEATHUE o B AL B . IR — IR AL AE 2 b, 5
U R, HERE S BT, X T A G R AT EaE 43 B Ak
B, 3@ A AL 45 ATV

Fase bt EUZLAEZ58F (S15) Ttk it v v 1) e o)
HEAT R ALEE, 2351 F 0.1.2.4.8 F1 16 h k%5 25 W B [7] —
A VA V10 L, X BT A5 I € 1 AT 00 2 A A
PR, 38 A AL RE 45 STV

i P BUZLAE 24544 (S15) Aiak i I 0 i 1) 3k
FTRTALEER, 533K F 34 Waters Symmetryshield™ C,, %4
SR (7415 02073713833866.02143834413856
H1102143834413814) X [\ — 4tk IR £L 18 25 ¥ 1247 43 #t,
S ARACLRE, i AR ACL R 45 SR AT VRN

g RN SRS R 077, # 8 LC-MS
SEATRERE, X BT L 1) FR aU RS (B AT 0 R . S
B (RS U 1) U AN 5 AME B, I 5 6 RE LU, R4
B Y B SRR RE A, X I 4 24 11 25 v P 45 31 1 T
2 A% IS A B A A A 2 L 1 i U

I R T g0t 22 HE AL AL AR BEAT S A, R £ 1 B
BEAT AL AR B, 5 ALARE QB0 o SR 63 4 10
2R 1 5048 52 N B0 AR L B vh ) AR xR
SRS FH T 15 380 1R Sxek PRl o B LA b vk 204 24 6 (1 A
ALLJEE, 51T 6} 2146 245 1 1D R 38— MR SEAT VR AR

Z#HR
1 ARy a-ER NEHES S

K B3R J5 1k, AR oy~ R N 4%
AL BN AR AR 8 R B LRI, N 48 s 41
TEAL 25 B 19 i 122 A FHEE SR T (99 ) 590 AN F
PN T 0 3, FEE 7144 A, TR 2 A s )
4ha ok & (i) Lt 3 245 Fh . Network Analyzer 4 £
Xof T A T D) 248 R AT $h 422 o0 i, X 4 1) 38 Rl R
249.09, Mg 0y 0.78, BASHUR IS HULE 2.
WRIEHIFS RPN EHE RS R, EFEABHEX
T 10 71 AL, AT LLAES RS — 4 R 9000 7 R0 I 245 )
i3, 15 L0 AL 254 15 70 0o < i L85 95 AR ik 2 46 A
SR 0 PR 2% R 248 FLAUHE 143 4N 5, Ferb Ak 2 B
T 65 A AE FHBE SUEE (9 AR) 75, BT A3,

HATIHE . AL R - S S & & (3h) il 1 281 Fh .
FRALEE VAN R A I 5K 245 2% o2 S AR AU VPR 3K LB 1,
55 BT B B 2L AE 258 AT A AVE VP4 . B JE T K H1 Cytohubba it 17 Jir % ) 28 1) O B8 715 5 70 AT,
Hradd % 5Hass
HHBg9 HHB93
HHB62 HHB94
H HE24
Mﬂﬁ% TL ?Npﬂ‘“ e : NS5+
HASET ol e OPRD1 NR3C1
HHO58 HH@10 PLAU e HTR3A
HHg98 HHa44 CEhiKeA PREC 2108 - 6a SLC6A4
HH401 HHO40 GSTP1  apRa2a PPARG pgi‘;?“
1
He HHBSS acc ADRAZB L ESR2  rRoc angeitides
H e ADORA1 aprBt FPT@&S1 ESR1 ccmaz HTR2B coronary
HHA11 HHO85 By
HHO64 HHoos  APORAZA DR S disease
HHo28 HHB37 BCHE S = ALOXS  cerebroyascular
HH{?W'}E‘ F10 F2 sLasaz SEC14L2 disease
& MAGA e e
HH,{;‘Q"WO"‘"H&MQ PDESA PAEP
HH120 HHO43 CAspz  SLOBA3 ADR1C LCN2
HHO50 HHO09 ILe et ilodl IGF1
HHO92 HHOo8 TEIER 131 T&‘.Tzcs
CcHE Y96
HHO18 HHOO7 ﬁgﬂﬁmmﬁﬂ“é
HHO55 HHo84
HHO97 HHOO5
HH102 HHO36
M Foapommods '

Figure 1  The core ingredients-targets-disease network of Carthamus tinctorious. The diamond nodes represent compounds, and the circular
nodes represent targets and the triangle represents diseases. The degree of red nodes is more than or equal to 49, and the degree of orange
nodes is more than 18 and less than or equal to 48, and the degree of yellow nodes is less than 18
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Table 2 The ingredients- targets-disease related network topology parameters of Carthamus tinctorious L.

Argument Ingredient-target Argument Ingredient-target
Clustering coefficient 0.0 Number of nodes 714
Connected components 1 Number of edges 3245
Network diameter 5 Network density 0.013
Network radius 3 Network heterogeneity 2.88
Network centralization 0.78 Isolated nodes 0
Shortest paths 509 082 (100%) Number of self-loops 0
Characteristic path length 2.359 Multi-edge node pairs 0
Avg. number of neighbors 9.09 - -
Table 3 The key nodes of compounds in ingredients-targets-disease network of Carthamus tinctorious
Class Compound Code Average shortest Betweenrjess Closenejss Degree
path length centrality centrality
Flavonoid Safflower yellow A HH094 2.499 2.15x10%? 0.4 126
Saffloryellow HHO093 2.533 1.69x10 0.395 118
Hydroxysafflor yellow A HHO054 2.547 1.58x107? 0.393 117
Quercetin HH090 2.698 6.90x10° 0.371 67
Kaempferol HHO058 2.743 3.30x10° 0.365 45
Apigenin HHO028 2.805 1.61x10° 0.357 32
Luteolin HHO064 2.816 1.47x10* 0.355 30
Onjixanthone | HHO77 2.842 9.67x10* 0.352 27
Myricetin HHO068 2.822 8.80x10* 0.354 21
Organic acids Lauric acid HHO059 2.67 1.25x10? 0.374 68
Stearic acid HHO099 2.69 9.44x10° 0.372 62
Linolenic acid HH062 2.72 7.66x10° 0.368 59
Isovaleric acid HH057 2.87 1.32x10* 0.348 28
4-Coumaric acid HH040 2.84 8.81x10* 0.352 24
Oleic acid HHO76 2.84 1.06x10® 0.353 21
Cinnamic acid HHO038 2.86 8.16x10* 0.35 21
Dehydroshikimic acid HHO044 2.93 9.12x10* 0.341 21
Coumarins Bargapten HHO031 2.71 3.38x10° 0.369 50
Psoralene HHO088 2.71 3.53x10° 0.369 48
8-Hydroxy-5-methoxypsoralen HH022 2.74 2.37x10° 0.366 45
Xanthotoxol HH111 2.74 2.41x10° 0.365 46
Demethylfuropinarine HHO045 2.76 1.80x10® 0.362 38
Umbelliferone HH109 2.77 1.77x10® 0.361 37
Isopimpinellin HHO056 2.81 8.61x10"* 0.356 25
Alloimperatorin HH025 2.86 5.64x10 0.349 24
Sterols Stigmasterol HH101 2.81 1.13x10°® 0.357 25
Alkaloids Rutecarpine HHO091 2.78 2.69x10° 0.36 33
3-Formylindole HHO16 2.79 1.68x10* 0.359 32
Others a-Tocopherol HH113 2.30 7.29x10%? 0.435 216
Adeninenucleoside HH024 2.47 3.86x10? 0.405 142
Myristicin HHO070 2.79 3.62x10° 0.359 44
Benzothiazole HHO032 2.77 2.05x10° 0.361 37
Carvacrol HHO037 2.83 1.99x10° 0.354 31
1,2,3-Trimethoxy-5-methyl benzene HHO010 2.84 7.30x10* 0.352 26
4-Hydroxyacetophenone HHO019 2.84 8.96x10* 0.352 25
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Table 4 The key nodes of targets in ingredients-targets-disease network of Carthamus tinctorious

Average shortest ~ Betweenness Closeness

Shared Uniprot Target Degree
P g path length centrality centrality g
PTGS2 P35354 Prostaglandin G/H synthase 2 2.00 1.76x107? 0.50 64
NOS2 P35228 Nitric oxide synthase, inducible 2.04 1.23x107? 0.49 55
ESR1 P03372 Estrogen receptor 2.07 1.60x10? 0.48 54
NOS3 pP29474 Nitric oxide synthase, endothelial 2.03 1.84x10? 0.49 53
PTGS1 P23219 Prostaglandin G/H synthase 1 2.05 1.04x107? 0.49 51
ACHE P22303 Acetylcholinesterase 2.06 1.49%107? 0.49 49
DPP4 p27487 Dipeptidyl peptidase IV 2.07 1.60x10? 0.48 48
CDK2 P24941 Cell division protein kinase 2 211 7.58x10 0.48 43
AR P10275 Androgen receptor 2.09 5.45x10°% 0.48 33
PPARG pP37231 Peroxisome proliferator-activated receptor gamma 2.12 7.90x10° 0.47 32
SCN5A Q14524 Sodium channel protein type 5 subunit alpha 212 5.27x10° 0.47 32
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gram of 475 nm (B). The peak numbers were in accordance with Table 5

1/ min

Figure 2 The HPLC fingerprint chromatogram of Carthamus tinctorious, fingerprint chromatogram of 270 nm (A), fingerprint chromato-
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Table 5

Pt 2 I A T R B A 2 R A3 1 L I AT U R
LG IS IR (08 1) 1 (0% 2); R X 2 FE R
BRI TERAET). KO EEERB
(U 15) MZIAELT 3R (W 22); s s 1h 25 ) -3-0-
B-D-FRLME (U6 12) #if Bz 2% -3-O-p-D-7H % # -7-0-4-D-
e REXURE FF (W6 5) Fl 1L 4% 1y -3-O- B-D- 25 Fr bl 7 (0§
14) %5; LA R B WL Ko 4-7F G R (V& 12), BRItk 2 4k
AT HF8(2)-28 -4, 6- —kk-1-O-p-D-Hi 4 i 1F
HTNL,N5,N10-(E)- = - X} 7 5 I 35 37 i i B 3L 44N [A)
S A, W, B0018 i i 4R S A 1 04 U [T
R R /NN B AR J bl 2 6 4 JE B €8 R AL IR S5 % 0
FE bR 20 11 B O, J3E T K 24 R R A o 1 T
BEAT 1

Identification of peaks in the HPLC fingerprint. "Verified by reference substance

Ultraviolet

Collision

Peak ty ) Molecular ion Fragment ion Compound Fragmentor voltage Reference
1 5.38 205, 262 267.9[M+H]* 135.8 Adenosine* 100 10 [10]
2 7.04 255,280 283.9[M+H]* 152.1 Vernine* 100 10 [11]
3 17.07 220,275 205.0[M+H]*  188.3,146.1,117.7  Tryptophan 100 5
4 18.7 220, 265 395[M+H]*  232.3,364.5 Syringin* 150 20 [12]
5 202 228, 270, 340 789.5[M+H]*  627.5,465.4,303.3  Quercetin-3-O-4-D-glucose-7-O- 150 12

S-D-gentiobioside*
7 239 230, 400 612.9[M+H]*  451.1,433.0,396.9, Hydroxysafflor yellow A* 100 10 [13]
355.1,331.1
8 287 230, 240, 340 772.7[M+H]*  626.7,465.0,302.5  Quercetin-triglucose or 100 15 [13]
6-hydroxykaempferol-triglucose
9 29.52 230, 270, 340 626.9[M+H]*  465.0, 302.5 Quercetin-3,6-diglucoside or 50 12 [13]
6-hydroxykaempferol-3,6-
diglucoside
10 3318 270,333 610.9[M+H]*  464.7,303.0,146.9  6-Hydroxykaempferol-3-O- 100 8 [13]
rutinoside
11 34.44 277,337 464.8[M+H]*  402.9, 303.1, 96.9, 6-Hydroxykaempferol-glucoside 100 10 [13]
85.0
12 36.21 200, 265, 245 610.7[M+H]*  286.9, 126.7 Kaempferol-3-O-p-D- 100 3 [12]
sophoroside*
12 36.21 265, 345 165[M+H]*  146.8 4-Coumaric acid (coefflux)* 100 10 [12]
13 3942 270,340 625.0[M+H]*  479.0, 316.8 6-Methoxykaempferol-O-$-D- 100 5 [13]
glucoside
14 4111 265,350 595.0[M+H]*  448.8,286.8,128.9  Kaempferol-3-O--D-rutinoside* 100 5 [13]
15 42,61 244,406 1045.0[M+H]* 883.7,721.0,312.8, Anhydrosafflor yellow B* 150 15 [14]
433.2
16 48.67 210, 240, 252, 311.0[M+H]* 149 8(Z)-decene-4,6-diyne-1-O--D- 100 5 [12] [15]
267, 282 glucoside*
17  53.80 230,270 583.8[M+H]*  438.2,420.3,275.0, Isomers of N1,N5,N10-(E)-tri-p- 150 15 [15]
203.9, 147.1 coumarinyl spermidine
18 5570 230,278 583.8[M+H]*  437.9,420.2,275.0, Isomers of N1,N5,N10-(E)-tri-p- 150 15 [15]
292.5 coumarinyl spermidine
19 5731 230,278 584.4[M+H]*  438.2,420.3,146.6, Isomers of N1,N5,N10-(E)-tri-p- 150 15 [15]
203.7 coumarinyl spermidine
20 58.09 230,290 583.5[M+H]*  438.2,419.9,275.1  Isomers of N1,N5,N10-(E)-tri-p- 150 15 [15]
coumarinyl spermidine
21  59.63 225,296 584.3[M+H]*  438.2,420.2,275.2, N1,N5,N10-(E)-tri-p-coumarinyl 150 15 [14]
203.6, 147.0 spermidine*
22 66.10 243,375,520 910[M+H]*  250.1, 320.4,375.3 Carthamine* 150 15 [13]
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Figure 3 Reference fingerprint of Carthamus tinctorious. Reference fingerprint chromatogram of 270 nm(A) and reference fingerprint

chromatogram of 475 nm(B). The peaks with different numbers of tags were the common peaks
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Table 6 Similar result of fingerprint of Carthamus tinctorious

No. Similarity No. Similarity
475 nm 270 nm 475 nm 270 nm
S5 0.98 0.93 S22 0.97 0.98
S6 1.00 0.96 S23 1.00 0.98
S7 1.00 1.00 S24 1.00 0.98
S8 1.00 0.98 S25 1.00 1.00
S9 1.00 1.00 S26 1.00 0.99
S10 0.99 0.99 S28 0.99 0.99
S11 0.99 1.00 S29 0.98 0.98
S12 1.00 0.99 S30 1.00 0.97
S13 0.99 0.99 S31 0.98 0.97
S17 0.99 0.99 S32 1.00 0.97
S21 0.98 0.97 S33 1.00 0.92
wig
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