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Mechanism of Yangxue Qingnao Pills in treatment of migraine based on network
pharmacology and experimental verification
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Abstract: Objective To explore the potential mechanism of Yangxue Qingnao Pills in treatment of migraine based on network
pharmacology and molecular docking and to conduct its experimental verification. Methods TCMSP and Swiss Target Prediction
databases were used to screen the active components and targets of Yangxue Qingnao Pills. Genes related to the occurrence and
development of migraine were searched through databases of NCBI GENE, OMIM, CTD, and DisGeNET. The potential targets of
treatment were obtained by taking the intersection of the two above. STRING database was used for establishing protein-protein
interaction (PPI) networks and key targets were selected by Cytoscape 3.6.0. GO and KEGG pathways involved in the targets were
analyzed by DAVID database. “Yangxue Qingnao Pills - herbs - active components - migraine - targets — pathways” network was
constructed and key components were screened by Cytoscape 3.6.0, AutoDock software was used to dock the molecules of the key

components with the key targets. The migraine rat model induced by nitroglycerin was used to verify key nodes in the results of network
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pharmacology. Results 140 active components and 279 targets of Yangxue Qingnao Pills were screened. 53 targets were identified
for the intersection between Yangxue Qingnao Pills and migraine. The key targets of Yangxue Qingnao Pills in treatment of migraine
were IL-6, SLC6A4, TNF, VEGFA, NOS3, etc. The key components were isocorypalmine, quercetin, (S)-scoulerine, bulbocapnine,
kaempferol, etc. Molecular docking showed a good binding ability of key components and key target. The enrichment analysis of
KEGG pathway showed that Yangxue Qingnao Pills treatment for migraine involved multiple pathways, including neuroactive ligand-
receptor interaction, serotonergic synapse, calcium signaling pathway, cAMP signaling pathway, TNF signaling pathway, etc. The
results of animal experiments showed that Yangxue Qingnao Pills could inhibit NO, IL-6, TNF-0a, VEGF, SLC6A4, and CGRP in
serum or brain tissue of migraine rats and increase of 5-HT and 5-HT1B level in brain tissue, significantly improve the symptoms of
migraine rats. Conclusion This study reveals the potential active components, key targets and related pathways of Yangxue Qingnao
Pills in treatment of migraine, the mechanism maybe related to increase of the level of 5-HT and the 5-HT1B protein expression,
inhibition of SLC6A4 and CGRP expression, which provides a basis for further experiments.

Key words: Yangxue Qingnao Pills; migraine; network pharmacology; molecular docking; 5-HT; isocorypalmine; quercetin; (S)-scoulerine
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Table 1 Active ingredients in Yangxueqingnao Pills

MOL ID 185 # R OB/% DL 24
MOLO001921 lactiflorin 49.12 0.80 HA]
MOLO001924  paeoniflorin 53.87 0.79 HAj
MOL000211  mairin 5538 0.78 Elev]
MOLO001930 benzoyl paconiflorin 31.27 0.75 =]
MOLO001919  (3S,5R,8R,9R,108,145)-3,17-dihydroxy-4,4,8,10,14-pentamethyl-2,3,5,6,7,9- 43.56 0.53 HAS

hexahydro-1H-cyclopenta[a]phenanthrene-15,16-dione
MOLO001925 paeoniflorin_qt 68.18  0.40 HAj
MOLO001910 1lalpha,12alpha-epoxy-3beta-23-dihydroxy-30-norolean-20-en-28, 12beta-olide 64.77 0.38 HAj
MOLO001918 paeoniflorgenone 87.59  0.37 HAj
MOL001928  albiflorin_qt 66.64  0.33 HAj
MOLO002157 wallichilide 42.31 0.71 NE
MOLO000433 FA 68.96 0.71 NE
MOL002135 myricanone 40.60  0.51 JIE
MOLO002140 perlolyrine 65.95 0.27 =
MOLO002151 senkyunone 47.66 0.24 =
MOL001494 mandenol 42.00 0.19 =
MOLO008484 vincoside lactam 50.81 0.82 Lafea
MOLO008457  tetrahydroalstonine 3242 0.81 e
MOL008488 yohimbine 4642 081 s
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8F1
MOL ID HRAY 44 R OB/% DL ]
MOLO008472  hirsutasideA 7034 0.81 Gl
MOLO008476 hirsutasideB 4021  0.80 Gl
MOLO008485  hirsutasideC 3427 075 Gl
MOLO008463 SMR000232338 56.74  0.75 Gl
MOLO008470 SMR000232333 7838  0.75 Gl
MOL008481  (1'R,3S,4'S,5a'S,10a'R)-1'-methyl-2-oxo0-1',4a',5",52',7',8',10',10a"-octahydrospiro 10522 0.70 el
[indoline-3,6'-pyrano[3,4-f]indolizine]-4'-carboxylic acid
MOL008475 mitraphyllic acid 31.70  0.70 Gl
MOL008467 rhynchophylline A 68.68  0.69 Gl
MOL008455  3-ox0-22a-hydroxyurs-12-en-27,28-dioc acid 3233 0.68 Gl
MOL008458  angustidine 51.85  0.66 Gl
MOLO008456 (3E,4R)-4-(1,3-benzodioxol-5-ylmethyl)-3-[(3,4,5-trimethoxyphenyl)methylidene] 51.78 0.65 Lzl
oxolan-2-one
MOL008478  methyl(E)-2-[(25,3R,12bS)-3-vinyl-1,2,3,4,6,7,12,12b-octahydroindolo[ 3,2-h] 31.94  0.64 el
quinolizin-2-yl]-3-methoxy-prop-2-enoate
MOL008489  delta(sup 18)-Hirsutine 41.64  0.64 Lz
MOL008468  methyl(E)-2-[(25,3Z,12bS)-3-ethylidene-2,4,6,7,12,12b-hexahydro-1H-indolo ~ 56.83  0.64 el
[3,2-h]quinolizin-2-yl]-3-methoxyprop-2-enoate
MOLO008465 (E)-16,17-didehydro-17-methoxy-17,18-seco-3-beta-yohimban-16-carboxylic 32.75 0.64 Ll
acid methyl ester
MOL008482  (25,12bR)-methyl2~(E)-1-oxobut-2-en-2-y1)-1,2,6,7,12,12b-hexahydroindolo[ 2,3-a] 42.07  0.60 el
quinolizine-3-carboxylate
MOL008490 isocorynantheic acid 7236 0.60 Ll
MOL008460 geissoschizinc acid 4992  0.60 Ll
MOL008477 corynoxeine 57.13  0.57 Ll
MOL008473  (E)-2-[(35,6'S,7'S,8'aS)-6'"-ethyl-2-keto-spiro[indoline-3,1'-indolizidine]-7'-y1]-3-  57.85  0.57 el
methoxy-acrylic acid methyl ester
MOL008474  (E)-2-[(3R,6'S,7'S,8'aS)-6'"-ethyl-2-keto-spiro[indoline-3,1'-indolizidine]-7'-yl]-3-  54.47  0.57 el
methoxy-acrylic acid methyl ester
MOL008471 isorhyncophylline 4731 057 Eaafe
MOL008469  rhynchophylline 4182 057 Eaafe
MOLO008487  hirsutine 34.44 043 Eaafe
MOL000073  ent-epicatechin 4896 024 Eaafe
MOLO000469  3-hydroxystigmast-5-en-7-one 4093  0.78 X5 111
MOL000033  (35,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-[(2R,5S)-5-propan-2-yloctan-2-  36.23  0.78 X% I Ji
y1]-2,3.4,7,8,9,11,12,14,15,16,1 7-dodecahydro-1 H-cyclopenta[a] phenanthren-3-ol
MOL000296 hederagenin 3691  0.75 X5 111
MOLO000493  campesterol 3758 0.71 X% I Ji
MOL000470  8-C-a-L-arabinosylluteolin 3554 0.66 X5 111
MOLO000491  augelicin 3750  0.66 X I Ji
MOLO000503 medicagol 5749  0.60 X I Ji
MOLO000507  psi-baptigenin 70.12  0.31 X I Ji
MOLO000490  petunidin 30.05  0.31 X I Ji
MOL000497 licochalcone a 40.79 0.29 X8 111
MOLO000502  cajinin 68.80  0.27 X I Ji
MOLO000501 consume close grain 68.12 0.27 X 11 Ji
MOLO000468  8-O-methylreyusi 7032 0.27 X5 I fE
MOLO000483  (Z)-3-(4-hydroxy-3-methoxy-phenyl)-N-[2-(4-hydroxyphenyl)ethyl] acrylamide 118.35 0.26 X5 I fE
MOLO000461  3,7-dihydroxy-6-methoxy-dihydroflavonol 43.80 0.26 X I Ji
MOLO000006 luteolin 36.16  0.25 X I Ji
MOLO000417  calycosin 4775 024 X I Ji
MOL000392 formononetin 69.67 0.21 X5 111
MOLO000500  vestitol 74.66  0.21 X6 I
MOLO000506 lupinidine 61.89 021 X I Ji
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MOLO006481  gluco-obtusifolin 4241 0381 VLR
MOL005043  campest-5-en-3beta-ol 37.58  0.71 VYRR
MOL000953 CLR 3787 0.68  RHIT
MOLO006465 rubrofusarin-6-beta-gentiobioside 40.12  0.67 VYRR
MOL006475  obtusin 8143 040  RHIT
MOLO006486  raffinose 3124 040 i
MOLO006472  aurantio-obtusin 31.55 037 VYRR
MOL002268  rhein 4707 028  REIT
MOLO006482  9,10-dihydroxy-7-methoxy-3-methylene-4H-benzo[g]isochromen-1-one 6325 0.24 VYRR
MOL002281 toralactone 46.46 024 VYRR
MOL006466  rubrofusarin 4555 024 W1
MOLO006489  quinizarin 4734  0.19 VLR
MOLO009849 ZINC05223929 31.57 0.83 gl-F

MOL001558  sesamin 56.55 0.83  4HF

MOLO012141 caribine 37.06  0.83 gl-F

MOLO002962  (3S5)-7-hydroxy-3-(2,3,4-trimethoxyphenyl)chroman-4-one 4823  0.33 gk

MOLO002501  [(1S)-3-[(E)-but-2-enyl]-2-methyl-4-ox0-1-cyclopent-2-enyl](1R,3R)-3-[(E)-3- 62.52 031 gl-F

methoxy-2-methyl-3-oxoprop-1-enyl]-2,2-dimethylcyclopropane- 1 -carboxylate

MOLO012140 4,9-dimethoxy-1-vinyl-$b-carboline 65.30 0.19 gk

MOLO006772 poriferasterol monoglucoside 43.83  0.76 B
MOL004355  spinasterol 4298 0.76 B RHEL
MOL006774  stigmast-7-enol 3742 0.75 B RHEL
MOL004798  delphinidin 40.63  0.28 B RHEL
MOL000737 morin 4623 027  HEffE
MOL006767 vulgaxanthin-I 56.14  0.26 B RHEL
MOLO000791 bicuculline 69.67 0.88 FEAR
MOLO001463  dihydrosanguinarine 5931 0.86 JEHZR
MOLO001474 sanguinarine 37.81 086 JEHZR
MOL004231  tetrahydrocorysamine 34.17 086 JEHZR
MOL004225 pseudocoptisine 3897 086 JEHZR
MOLO001458  coptisine 30.67 0.86 FEHR
MOLO004230 stylopine 4825 0.85 FEAR
MOLO004198 18797-79-0 46.06  0.85 FEAR
MOLO004226  24240-05-9 5375 0.83 FEAR
MOL000787  fumarine 5926 083 MR
MOLO001461 dihydrochelerythrine 32.73  0.81 HEBAZR
MOLO004202 dehydrocavidine 38.99 0.81 FEAR
MOLO002670 cavidine 35.64 0.81 FEAR
MOLO004190 (-)-alpha-N-methylcanadine 45.06  0.80 HEBAZR
MOL004228  saulatine 4274 079  WHAR
MOL001454  berberine 36.86 078  HEHER
MOLO002903  (R)-canadine 55.37  0.77 HEBAZR
MOL004234  2,3,9,10-tetramethoxy-13-methyl-5,6-dihydroisoquinolino[2,1-b]isoquinolin-8-one ~ 76.77  0.73 JEHHZR
MOL004210  (18,8'R)-6,7-dimethoxy-2-methylspiro[3,4-dihydroisoquinoline-1,7'-6,8- 4395 0.72 HEBAZR

dihydrocyclopenta[g][1,3]benzodioxole]-8'-ol

MOLO004224 pontevedrine 30.28  0.71 JEHHZR
MOLO000793 C09367 47.54  0.69 HEBAZR
MOLO004191  capaurine 62.91  0.69 FETHR
MOLO004204 dehydrocorydaline 4198 0.68 FETHR
MOLO004195  corydaline 65.84  0.68 FETHR
MOLO004214  isocorybulbine 40.18  0.66 FETHR
MOLO000785 palmatine 64.60  0.65 FETHR
MOLO004071 hyndarin 73.94  0.64 FETHER
MOLO004216  13-methylpalmatrubine 4097 0.63 FEFER
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MOL ID Ay AR OB/% DL 5]
MOL004209  13-methyldehydrocorydalmine 3594 0.63 ILHAR

MOLO004203  dehydrocorybulbine
MOLO004199 corynoloxine
MOL004205 dehydrocorydalmine
MOLO000790 isocorypalmine
MOLO004196 corydalmine
MOLO004221 norglaucing
MOLO004233 ST057701
MOLO004220  N-methyllaurotetanine
MOLO004197  corydine

MOLO000217  (S)-scoulerine
MOL004208 demethylcorydalmatine
MOLO004193  clarkeanidine
MOLO004763 izoteolin

4697 0.63 IEHER
38.12  0.60 FEFAER
4390 0.59 IEHER
3577 0.59 IEFAR
52.50 0.59 FEME
3035 0.56 IEFAR
3187 0.56 IEFAR
41.62 0.56 IEHER
37.16 0.55 IEFAR
3228 0.54 IEFAR
3899 0.54 IEFAR
86.65 0.54 EMZER
3953 0.51 IEFR

MOLO004200 methyl-[2-(3,4,6,7-tetramethoxy-1-phenanthryl)ethyl]amine 61.15 0.44 ICHER

MOLO004232  tetrahydroprotopapaverine
MOLO004215 leonticine
MOLO000359 sitosterol

MOLO000358 beta-sitosterol

MOLO000422 kaempferol
MOLO000492  catechin
MOLO000449 stigmasterol

MOLO000098 quercetin
MOLO000471 aloe-emodin
MOLO001460 cryptopin

5728 033 EMZER

45779 026 IEHIER

36.91  0.75 FAGJIE. . A,
FEFHR

3691 0.75 HAAT. T B 39 I #E
=R A

41.88 024 7). WE. BRE

54.83  0.24 HAT. I

43.83 0.76 . ASIMEE. RIT. 2K
M. EAGE. AR

4643 0.28 HE. BERiE. fER

83.38  0.24 XGIME. kBT

7874  0.72 . R

3.2 FMERASRLBELEELMTFELE R

JEid TCMSP 1 Swiss Target Prediction £(4f %
o 2R 7% L7 i AL 14 B o A R s AT A R L
JEFEIRIFHE A 279 A, 0 B 88 M K73 - A NCBI
GENE. OMIM. CTD. DisGeNET ¥ /% 1 43 5l i
RE S5 SIRAHCHHEAT 304, 634 230 124, B
I 4 DNEHRE I MR E SR A, IR 325 Mk
JRIAH S IR A Ao 4 7 LIS 0 AL A A5l SR A S B
RBHT RS, RSC R 53, WA 1,
3.3 HBEIS PPI MK K S HIFEE R

FIMLIH I A5 Pk IR 5 A 38 R PPT R 2% 4 1]
2 Jis, SR BB RN R 53 A, A SR AH LA
HIR)iA3E 336 %%

K H Cytoscape 3.6.0 ] CytoHubba fgif4%} PPI
W 230 S AN S AT 41T, degree. betweenness.
closeness 3 NZEHELHT 10 BIFE S B HAHH
EHI R 2. 1 B (S B AT, IL-6 Al SLC6A4 X
2 NMEESAE 3 N SHhHERYONET 2 4, REHIX 2
B ASUTT B A TR L7 0 FLYE TT M Sk I8 1) DGR 15

IR ML HL (PR

1 %ﬂﬂ/ﬁﬂﬁ]ﬂ %1ﬁ}r¥85$lu\.
Fig. 1 Venn diagram of the target of Yangxueqingnao Pills

and migraine related target

3.4 HEELR GO IR KEGG BEERDT
AL GO B Hrh, BP. CC. MF
AT 10 KK HAEE, WWEI 3. BP A 1074 5%, #
REES5X AW RN (response to drug). MK
& ¥ (blood circulation ) « X & AL & W) B =
(response to nitrogen compound ). 53 R 4Giid #2
(circulatory system process) %5; CC W& 44 %%, &
FE U ZH % 7 (integral component of plasma
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=2 PPIMEHER 10 WEAES
Table 2 Top 10 target information of PPI network

o5 degree | HE/A  closeness| #A  betweenness
IL-6 27 |(IL-6 38.83 |SLC6A4  272.19
SLC6A4 26 |[SLC6A4 38.50 [IL-6 220.89
TNF 23 |TNF 36.83 [OPRMI1 199.76
VEGFA 22 |[VEGFA 36.17 [NOS3 151.83
PTGS2 22 [NOS3 35.67 |ADRB2 125.08
MAOA 21 [MAOA 3533 |TNF 106.48
NOS3 21 |OPRMI1 3533 |[CAT 105.97
OPRM1 20 |PTGS2 35.00 [MAOA 103.28
CAT 19 |CAT 34.33 |[NR3Cl1 102.82
HTR3A 19 |IL1B 34.17 |VEGFA 99.76

membrane ) Ji B[ 5> (intrinsic component of
plasma membrane). J5ifiZ# 7 (plasma membrane
part) %5; MF B8 92 %, LA AT BEREME
1B ARTEYE (neurotransmitter receptor activity )+
G AP Z Z KR35 (G-protein coupled amine
receptor activity )+ 24454 (drug binding) . 15552
R7EME (signaling receptor activity) %5,

KEGG @ & &g Rl 3 fos, A
FEUE R hiE g IL 28 4%, fORFR LGN ALIEE £
T A S R TR . AR PAE KA, 1
SAET S B PR AR 2 M AR 2 A FE AR

3 L5k

(neuroactive ligand-receptor interaction) . 5-32 L% f
Z&fili (serotonergic synapse) #5155 (calcium
signaling pathway )« cAMP {5 5 i i (cAMP signaling
pathway) KB SRFEIE 15 518 E% (TNF signaling
pathway) .
3.5 “FrIERNAL - LA - TEMERRSY - RKTE -
M - AR MEIIE R KBRS TFIRLE R

Fr MBI ALY T =k Im ) “ TR IMIE AL - 4007
HH 2 - TR - ST - B - R S G ]
4 fw, MZAE 161 el (10 ML HE. 78
ANETERLSY . 43 AN, 28 S R 639 %4,
WA 246 [) 25 79 R0 % 5% Rt — 2 R W R L i AL
PALZ Ay 2 2RI Sk B /R R a5
3.6 XA - KRIBHESR S FIES

T “FFE MIE R AL - AT 2 - TR -
P S - BE A - JEER T X2 g I A T R
degree {HIHAT /0T, 455RFK, degree HEAHT 10 [
TEPERUME B WA 3, $R7RIX 10 ANE IR g vl e
T LI I ALYE TT Sk 98 ()8 7 S BV MRl 73« SR
S FRHEIITTER 10 MRS E Ry 5 505
#15 IL-6 (PDBID: 4cni) 1 SLC6A4 (PDB ID:
6awo) [H] &5 A G AT ISR . & s 55 AR Y
ditvrewr 3 ian, —RINNG AR/ T-4.25
kcal/mol (1 cal=4.2 J) R [0F —E 45 551,
ZEARE/NT 5.0 keal/mol REHERUF45 Aib i, &5
A HE/NT—7.0 keal/mol MR R —FF 45
PERO, xR R BN, BRI RS 1L-6 4b,
FLAR R 5 OB i B 3 — e &S AiE e, HOR
T3 Lo 5 s R A 25 A i T, TL-6 S &
ANLZREY . SLC6A4 5 -5 {58 I AN BS it il [ 47 558 2
SEETE . WA A e/ T-5.0 keal/mol, B BA#LLF
G560 S VR B o) 5 B RTE] B0 e A SR kAT AT ALK
JERIE 5 Fis.
3.7 SHHISEIGIIESS
371 FRMLTE MR AU ST K BRAT A e 22
THRR H G e, B R B IR AL g
AZIER, B HESBIEN RA BE G2 (P<
0.01), TI&EY L8 3H 2 FF= M K AL 1.50. 0.75 g/kg
AH R B HH IS I S AR AR TR A (P<
0.01), WA 6.
3.7.2 FR IS AU i SRR RIS NOL IL-6.
TNF-o KFFUZHZR 5-HT VEGF & &5 a1
Kl 7 Fox, SXPREZEAR L, B K R IEH NO.
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Fig. 3 GO enrichment (top 10) and KEGG pathway enrichment analysis
IL-6. TNF-a /K X/WiZH4 VEGF S EEE TR (P<  H5-HT FEEETE (P<0.01).
0.01), TMIMZLZL 5-HT &8 K (P<0.01); 3.7.3  FRIMIFENG A i kA0 K B 4121 SLC6A4

HE

5-HT1B. CGRP RiAMFM  Sxt IR AL, A
HARMALH 5-HTIB HIERIE B ZHAE, 1M

SRR AR, 27D 4E A FE IS AL 1.5+ 0.75
g/kg H AR IMIEH NO. IL-6. TNF-a 7K F i 2H 23

1 VEGF /K& 8L (P<<0.05. 0.01), g SLC6A4 fl CGRP HFRIAEZE & (P<0.01); 5
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®3 EMRSSXBERENSGSEE

Table 3 Binding energy between active ingredients and target proteins

#5445 fE/(keal-mol ™)

y S Y hr =]

WS R LR MOL %5 degree L6 SLCoAd
SR AT IR isocorypalmine MOL000790 20 -4.40 -5.54
Wiz 2% quercetin MOL000098 19 -7.30 -5.12
Hr IR A (S)-scoulerine MOL000217 18 -4.50 -5.93
BREE T bulbocapnine MOL000793 17 -5.55 -6.57
g kaempferol MOL000422 16 -8.85 -5.09
B-%r &5 i B-sitosterol MOL000358 14 -4.55 -7.32
T stigmasterol MOL000449 14 -5.04 -6.29
57 BT fumarine MOL000787 12 -3.90 -4.68
(SR cryptopine MOL001460 12 -5.30 -7.61
KRB luteolin MOL000006 11 -6.30 -5.12

HRAM L, SFRMIEMAEITE, KRN PSkm - BB 5 - JEE” M2 R T S degree B

5-HT1B. SLC6A4 Il CGRP HIFIEEZE R (P<
0.01. 0.05), WK 8.
4 g
AT TR FH P 285 245 B 2 2R 4y 1 B2 1) 51
B AH G B R0 B4R A 30k I SR AT 7 AT I ALYR
I7 PSR AR B0 S B, s M) “ IR ITE
WAL - HTT 2 - IEPE RS - kR - B A -
PR L%, 2 R IR ERER MLIE X ALYE ST D Sk T 1
2930 TR S AE AL .

S AP FRALTEIA - 726 - FEHER S -

AT M, IR R HT%m@m%@ﬁ¢%MEE
A2 B SN BRI e 55 AT B L

R BRECE. JERT . BR m>ﬁm*<m
FE. INEm. RRER). 43 B-BHEE. &
H9EE) 3 2510 PMoBEETER S . b 5 NMERRSE
B R 2 A SRR YRR T RE R &R, IEFAR A
AIEML A7 IBRBIIIRL, AT, @A,
WO B RS, Mg R Ry
WE” , HAR AW Ry N R A SRS,
FARIRIRIGIT Sk ARER AP A 19 1 2 ok
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