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Abstract: In this study, a research strategy integrating network pharmacology analysis and animal experimental
validation was applied to explore the molecular mechanism of Chuanxiong Qingnao Granules (CXQN) in improving
migraine headache (MH). All animal experiments were followed the regulation of the Laboratory Animal Ethics
Committee of the China Academy of Chinese Medical Sciences. Based on the network pharmacology analysis, the
27 active ingredients and their corresponding 940 targets were obtained, and 99 common targets of CXQN in the
treatment of MH were obtained by intersection, and tumor necrosis factor-a (TNF-a), interleukin (IL)-6, vascular
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endothelial growth factor A (VEGFA), IL-1p, brain-derived neurotrophic factor (BDNF) were screened out as hub

targets. Enrichment analysis showed that the targets of CXQN in the treatment of MH were mainly involved in

cyclic adenosine monophosphate (cAMP), hypoxia inducible factor-1 (HIF-1), phosphoinositide 3-kinase-protein

kinase B (PI3K-Akt) signaling pathways. In addition, the experimental verification in the MH rat induced by nitro-

glycerin showed that the CXQN administrated groups could significantly improve the behavioral symptoms and
regulate the level of vasoactive substances, and reduce the expression of TNF-a, IL-6, VEGFA, IL-15, and BDNF
at gene and protein levels. This study revealed the multi-component, multi-target, and multi-pathway characteris-
tics of CXQN in the treatment of MH, and elucidated the potential mechanism of CXQN in the treatment of MH,

laying a theoretical foundation and scientific basis for its clinical application in the treatment of MH diseases.
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uniprot.org/) FYEAL f5 15 B35 14 5 43 (1 00 4 A

MH E7EER M iFE A 5T L “migraine”
FEE1E AT K, 7E GeneCards (https://www.genecards.
org/)"”'. OMIM (Online Mendelian Inheritance in Man,
https://omim.org)""* Al PubMed-Gene (https://www.ncbi.
nlm.nih.gov/)!" 4 P v 3EAT RS 2R, FFE 2 A BoHE R R
2 #E 5 A& I J5 8 i UniProt #4 B VG 1L 5 15 31
MH 59 HH S HE 5o

EAR-EAKRBEIER (protein-protein interac-
tion, PPI) (48 A9H03E K X L A93REY il VENN
(http://bioinformatics.psb.ugent.be/webtools/Venn/) 7E £k
T B#4 CXQNYRYT MH FI/E L A3, A5 21697 1F
FHHE A5 NEISTRING T & (https://cn.string-db.org/)!"*
o, 3E 4T PPLAr AT, PLE K B 5 JE (confidence) W& N
0.4 257 PPIM%% . #4i% PPIM %% 53 A\ Cytoscape 3.7.0 *F-



PRI IRAE: T T 000 4 24 RS2 R 1125 T M OOAE 50 Al S 0 A L A1) B B8IE F S - 3097 -

B BEAT PTG 73 4T, I A 4 17 cytoHubba fifi it CXQN
09T MH [ 2 8 I #E A

# T GO (gene ontology) #1 KEGG (Kyoto ency-
clopedia of genes and genomes) ¥R EENHT K CXQN
Y697 MH FI#E 55 X\ DAVID 6.8 (https://david.nciferf.
gov/ ) VECHE FE Sy A HE 0 Th e AR SR R, JE R R
5 5 TP “ ggplot” A1 “ ggpubr” £, 2 il AT AR AL 1%, 3545
CXQNAY7 MH 5 5@ i S BV e

DFFHEEWIE  NRAETHE H K CXQNRYT MH
TERAE O B B B R R, CXQINE 2k B A Wi B
SR ARCIR 5 s R = ikl 4 = WiW R (P
(protein-protein interaction, PPT) [ £ [ #4) & % 5G4 41
S PR SR IR T v 00 21 7 L A B RUEAT R R
TE PubChem %4 /% (https://pubchem.ncbi.nlm.nih.gov/)
Hh SR B P B 23 1 2D 7y 5 45 #, [ I /£ RCSB PDB
A (https://www.resb.org/) 3515 5 B S m I S5 4 .
K HI Schrodinger #2450 I 14 43 1 55 O i BE SAK) 25
48, JF % H PyMOL (version 0.99) ] #1 1k %t 2
g |00,

B SRR H I (5 H11020289, JE 5T i
RZGIA PR |]); 79 EE R L HE (5 H10930003, 75 2247
AR5 IR\, NS BURL (35 22010053B, 5
JI 25k 56 A R 2 5 42 fit); 5-HT B B¢ 4 9% 60 &
(E-EL-0033c). /I8 R FE K F-a (tumor necrosis factor-a,
TNF-a) B 5 32 -7 & (E-EL-R2856¢) (4L -6
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Table 1
tion (RT-PCR). IL: Interleukin; TNF-a: Tumor necrosis factor-a;
VEGFA: Vascular endothelial growth factor A; BDNF: Brain-

Primers for reverse transcription-polymerase chain reac-

derived neurotrophic factor

Gene Sequence (5'-3")

IL-6 Forward: TCCAGTTGCCTTCTTGGGAC
Reverse: GTGTAATTAAGCCTCCGACTTG

IL-1B Forward: GACCTTCCAGGATGAGGACA
Reverse: AGCTCATATGGGTCCGACAG

TNF-a Forward: TAGCCAGGAGGGAGAACAGA
Reverse: TTTTCTGGAGGGAGATGTGG

VEGFA Forward: GGAGGATGTCCTCACTTGGA
Reverse: CAAACAGACTTCGGCCTCTC

BDNF Forward: GGGTGAAACAAAGTGGCTGT
Reverse: ATGTTGTCAAACGGCACAAA

f-Actin Forward: TGTTACCAACTGGGACGACA

Reverse: GGGGTGTTGAAGGTCTCAAA

%Ki+ F 54 ) GraphPad Prism #44 7.0 #4754t
T W, BT BOE 5 2R 0R P B + AR TEZE (x £ 5)s
MWL B 5 % 5 T (ANOVA) K Tukey 5 5 £ 5 A
Z P H4E . B Student's ¢ K6 56 4 B 5 41 1W) £ .

P<0.05 N NEA ST R

Table 2

SRR ER 3

FHR
1 CXQNJEMERL - TRMEE =AY 3K BX

5T TCMSP %4 2 48 % CXQN 1)3E s 4y, I
K5 259 1) ADME 244, %7€ OB > 30%-DL > 0.18 Al
BBB > 0.30 F Ay i itk 2% 11, JLIRIOH VR 3 27 4> (R
2), Horb I i o 24N, FTERE R 9 4, 240
PERLS 1A, Bl RGEE 2 64N, ST T 43 4 4, 2616
TEPE R 44N, SRR RO 1A, FETEIEVER T 9,
S PE RO 6 A4S, SRR A 24N, ARG K
O3 1A, BTG 5AN, H BT SSr 6 4N, A2 20
PERLS: LA o K 07 328 B PR35 R 180 T Xof 2 1) S AT
TERL, R R A, 645 2 B2 5 55940 1.
2 CXQN;&Y7 MH B PPI W 4& EOAEE | < 40 s BA 76
ESIMEEEE S

i i ¥ 2% GeneCards OMIM #F1 PubMed-Gene %Y
P 2, GeneCards %4 /2 JL 8 22 1 113 /M ¥ 15, OMIM
KO AL 2R ) 116 A HE 21, PubMed-Gene (4 2 3
TR P 287 M, B FIR B A A IR A E,
I id 1 UniProt 204 2 ML YE A0 J5 315 374 > MH #E £ .
5 CXQN ZG e 555 MH 25948 55 ‘5 XN VENN 7E 4k T

Information of active compound of Chuanxiong Qingnao Granules (CXQN). OB: Oral bioavailability; DL: Drug-likeness; BBB:

Blood Brain Barrier; CZ: Cangzhu; HQ: Huangqin; JH: Juhua; CX: Chuanxiong; BZ: Baizhi; MD: Maidong; FF: Fangfeng; XX: Xixin;
QH: Qianghuo; DH: Duhuo; MJZ: Manjingzi; DG: Danggui; GC: Gancao; SJ: Shengjiang

No. Compound CAS OB% DL BBB Source
1 Alloisoimperatorin 35214-83-6 34.80 0.22 0.43 BZ, QH
2 Ammidin 482-44-0 34.55 0.22 0.92 BZ, DH, FF, QH
3 Bergaptin 7380-40-7 41.73 0.42 0.70 QH
4 Cnidilin 14348-22-2 32.69 0.28 0.52 BZ, DG, QH
5 Coptisine 3486-66-6 30.67 0.86 0.32 HQ
6 Cryptopin 482-74-6 78.74 0.72 0.41 XX
7 Dihydrocapsaicin 19408-84-5 47.07 0.19 0.47 SJ
8 Ethyl oleate 111-62-6 32.40 0.19 1.10 BZ
9 Glabranin 41983-91-9 52.90 0.31 0.31 GC
10 Glabridin 59870-68-7 53.25 0.47 0.36 GC
11 Isofucosterol 18472-36-1 43.78 0.76 0.97 JH
12 Isoimperatorin 482-45-1 45.46 0.23 0.66 BZ, DG, DH, FF, QH
13 Isoindigo 476-34-6 94.30 0.26 0.32 DH, QH
14 Mandenol 544-35-4 42.00 0.19 1.14 BZ, CX, FF
15 O-Acetylcolumbianetin 23180-65-6 60.04 0.26 0.34 DH
16 Ostruthin 148-83-4 30.65 0.23 0.79 DH, QH
17 Panicolin 41060-16-6 76.26 0.29 0.31 HQ
18 Phaseolinisoflavan 40323-57-7 32.01 0.45 0.46 GC
19 Phellopterin 2543-94-4 40.19 0.28 0.48 BZ, FF, QH
20 Phyllanthin 10351-88-9 33.31 0.42 0.57 DG
21 Prangenidin 642-05-7 36.31 0.22 0.50 FF
22 Shinpterocarpin 157414-04-5 80.30 0.73 0.68 GC
23 Stigmasterol 83-48-7 43.83 0.76 1.00 BZ, CZ, DG, MD, HQ, JH, MJZ
24 Supraene 111-02-4 35.55 0.42 1.73 BZ
25 Truflex 84-78-6 43.47 0.24 0.60 JH
26 Vestitol 20879-05-4 74.66 0.21 0.30 GC
27 p-Sitosterol/sitosterol 83-46-5 36.91 0.75 0.99 CX, DG, DH, FF, GC, HQ, JH, MJZ, QH
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A #2503 O\ STRING £ 45 = LLER 15 PPLI 2%, -
F A Cytoscape - & AT Al AL 73 T W1l 1 i, 1%
PPI W 2% 3L 40,8 97 AN715 21 (node) Fil 789 2% 4 H.AE FH 14
(edge). %7 Cytohubba i {11 5 1% M 2% th 1) #1412
LG4 CXQNIEYT MH B OCHEEE f. AR M 2% 46 41
3BT HR AR PY, DLEEAE (degree) > FALEL (15), A
b (betweenness centrality) > H1 47 %1 (119.3), H.
HOEEIT B (closeness centrality) HE 44 5 5 44 1F i ik
% AF, 19 3 CXQN ¥ 77 MH [f14% 0 #E £5: TNF-a. IL-6+
VEGFA .IL-14.BDNF (% 3).

Table 3 Topological parameters of hub targets

Betweenness Closeness
Target Degree i K
centrality centrality
TNF-a 51 570.67 71.83
IL-6 49 457.15 71
VEGFA 46 686.32 68.66
IL-1p 43 400.00 68.33
BDNF 44 1 038.04 69.66

¥ 99 ANIATHE 25\ DAVID Hudis P E 47 5E 21 T
REA & SR B%, 01181 2A o, 8 3d GO 73 ) 1 CXQN
1BIT MH 3 205 J 2R [l By 45 4 L G- B AR R LS 3R %
PTE Ve IR WOE R 1 45 S 4 AR WL B (biological
process, BP); 41l i 2 4} (cellular components, CC) ¥ %
VST SZ AR S B TR P ZE 1 73 S5 A 40
F I BE (molecular functions, MF) ¥ B K — F AL &
A B R B L TR A5 4B AR R T T O 1 (extra-
cellular regulated protein kinase 1, ERK1) Al ERK2 % Jx
R IE R 4 L 22 28R 0 A B B RS (mitogen-activated
protein kinase, MAPK) y&VE 1) 1E I 15 55k 2. 404 2B
Fr7n, CXQN 697 MH £ 23 S 3 B R IR 1 (cyclic
adenosine monophosphate, cAMP). &t % % 5 K T -1
(hypoxia inducible factor-1, HIF-1) 7 Jig Bk UL ES 3-8 iy -
& H BB B (phosphoinositide 3-kinase-protein kinase
B, PI3K-Akt) %615 5 i@ %, & B CXQN HI1E H L S 2
ARG 5@, K2 n-2 8 H-2 R
HEEL W [F) 9 5 & CXQN AT MH (R FI AL .

3 CXQNJEMR S5 K8 S o7 x5 38E

4 CXQN G MBI 43 1) 5 X 4% 43 H 3R B 5 4%
Ly #E 5 TNF-a (PDB ID: 2AZ5).1L-6 (PDB ID: 4CNI).
VEGFA (PDB ID: 1IMKG). IL-1 (PDB ID: 5R8Q).
BDNF (PDB ID: 1B8M) #E AT 4> T W 2. 4r 1 X 45
RE7R (B24A), CXQN HREME R 5 R 8 5E Rl B
B E GG, kit S R R A A s TR A

()3 11 53 1 3547 T A AL 3 B, 40 ] 2B BT 7R, panicolin
L5 TNF-a 5 [ 1 010 20 5 B2 5k & Tyr119 1 Tyr151 ¥ i
A EAEA, 5 TyrS9 b1 283 1 st /K P A H A
FH; glabranin 43 %] 55 IL-6.IL-18. VEGFA 1 BDNF % 1
) & B R % 3 Lys86/Leu64 Asnl108/Met148 . Leu32/
Glu30 1 Ser15/Glu9 JE il S B AH HAE FH .

4 CXQN EZEEKR MHIER

WEB3AFTR, 52 AHAME, MHAKRETh R
P U I B AT R 220 [R) B 3 0 (S AR I E
LR, P<0.01), ¥ L U] HH GTN 75 3 1) i Sk g 1 72
S Th; 5 MH AL, BHM:25-Flu 4481 CXQN 44 24
41 (CXQN-L.CXQN-M.CXQN-H) ] K i £k R F A
HLATFFSR [R]85 kb (P<0.05, P<0.01); 5 H4H
Bt %, MH 41 111375 7 f9) 5-HT 7K F 5 3 FE A (P < 0.05),
5 MH 41 Et, Flu 40 f1 CXQN-M . CXQN-H 41 IfiL 7%
[ 5-HT 7K F- & 2 T+ & (P < 0.05), CXQN-L IfiL i H (1)
5-HTKF LW 2 5. H&E Jett 4 B 0K, 45 [ 4w
LA, R FEMT (I 6 F k), MH 2H fix 5
A R B R I B I T SR B R (SR i sk, A A
AL S 20 B IR (2L 2k, HoAE Jodm i 4k 4, HF
HIZEL; 5 MH 2 A b, CXQN-H 41 (8.10 g-kg'-d™")
H IS A S I LA A A S 4 A PR IR i AR B
AT MH 4L, Hod0 2 70 40 Mo 4% 4 IR 3 3 ol (K
3B), # B CXQN RE X35 MH A R AT A 2R R B i
M VE VKT DUR IR T MHAER .

5 CXQNiTi MH#08 s £ EMERQRRIK

WK 4 frow, 52 A4 A, MH 40 TNF-a. 1L-6
VEGFA. IL-14.BDNF mRNA /K V- # 7+ & (P < 0.05);
5 MH A1 k., CXQN 25 2 20 (CXQN-L. CXQN-M,
CXQN-H) ] TNF-aIL-6.IL-18 mRNA 7K -1 & 2 P
T i# (P < 0.01), CXQN-M 1 CXQN-H HJ BDNF #ll
VEGFA mRNA 7K F & 3 F i (P < 0.05), HAhh 2541
WA THRERELTEEEER.

WME SA~CFiR, 525 A4, MH 416 1L-6+
IL-18 F1 TNF-a [f) 8 [ 205 & B 300 (P < 0.05); 1
CXQN % 25 40 1 IL-6 . IL-18 Al TNF-a [ 2 1 ik /K
¥ B BRI, H CXQN-H 41 () 2 3 % 54 B 5 BRI
(P<0.05); P55 4% 54 CXQN 15 VEGFA
HIBDNF #% 088 s & R ik, W 5D~G s, 5
2% (1 41AI EE, MH 41 1) VEGFA Al BDNF ()25 [ %% & W
SN (P <0.01); 5 MH 41/ b, CXQN-H 4t 1)
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Figure 1 Hub targets screening and functional enrichment. A: The process of the screening of hub targets. a: Protein-protein interaction
(PPI) network with degree > 15 and betweenness centrality > 119.3; b: The PPI network with top 5 closeness centrality; B, C: Functional
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Figure 2 Docking stimulation. A: Heatmap of the docking scores of hub targets combining with bioactive compounds in CXQN; B:

Molecular docking stimulation of bioactive compound-hub target. a: Panicolin to TNF-a (docking score = —7.73); b: Glabranin to IL-6
(docking score = —5.246); c: Glabranin to IL-1/ (docking score = =5.153); d: Glabranin to VEGFA (docking score = —5.892); e: Glabranin to

BDNF (docking score = —4.885)
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Figure 3 CXQN improve migraine headache (MH) symptoms. A: Behavioral observations and pharmacological indexes. a: Comparative

study on the duration of ear redness; b: Comparative study on the number of head scratching; c: 5-Hydroxytryptamine (5-HT) in the rat serum.
n=10,x£s. "P<0.05 "P<0.01 vs the control group (Con); "P < 0.05, P < 0.01 vs the MH group. Flu: Flunarizine (1.25 mg-kg'-d™);
CXQN-L, -M, -H: CXQN-low (0.90 g-kg"-d"), -medium (2.70 g-kg"-d™), -high (8.10 g-kg"'-d") groups; B: Pathological changes of the
CXQN (8.10 g-kg'-d") in rat brain tissue after glycerol trinitrate (GTN) induced migraine. a: Control group; b: MH group; c: CXQN-H

group. Blue, red, and green arrows indicate the neuron, the inflammatory cell infiltration, and the hemangiectasis, respectively. Scale bar:
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Figure 4 Effect of the CXQN on the mRNA expression in GTN induced migraine. A: TNF-a; B: IL-6; C: VEGFA; D: IL-14; E: BDNF.
n=3,x+s."P<0.05 % P<0.01 vs the control group; P < 0.05, "P <0.01 vs the MH group
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Figure 5 Effect of the CXQN on the protein expression in GTN induced migraine. A-C: ELISA results for TNF-a (A), IL-6 (B), and IL-1f
(C) (n = 6); D, E: Immunofluorescence for BDNF (D) and VEGFA (E); F, G: Immunofluorescence intensity for BDNF (F) and VEGFA (G)
(n=3).x+s "P<0.05 "P <001 vs the control group; "P < 0.05, "P < 0.01 vs the MH group. DAPI: 2-(4-Amidinophenyl)-6-indole-

carbamidine dihydrochloride

P0E 3 BN 4 R A A T AR R, TL-6 AT 4
SRR AE N JR G 1 % A I, (R RS 5 1% F; TNF-a
18 3 {2 13 B 45 21 3 A A 9C IK (calcitonin gene-related
peptide, CGRP) & 4 P K] -1 1 & ik, $id v fii Jig€ 47 75 Je&
52 A5 T RIURAE T 3 — P (R AR 22 o i B D A 3 R
PRSI TL-18 2 i I A B 4 L 25 12k 4 i 1] 26 P A1
I, E N E = SRR SORE SR, AT G i A7

PERCZ 23 I RURAERY . VEGFA E 9 I A K PR 1
M P R AN R A 2 5 39 A, IR T L adE 5 B
M3 EE FAANEEY, MO 78 R, Sk 538 11 VEGFA
KT S e R A M S 8 N 2 5 M SR R
AP, BDNF {E Sy H iK1 A1 FE 96 i 368 i 1 2 229 15 (A
T, NZ B S- 2 L Rt & e IR UL 8 FR T A i
7 & PP, BDNF 5 CGRP L3 ik, i i % 4 48 v ¥



y

3104 - %% % Acta Pharmaceutica Sinica 2022, 57(10): 3095 -3105

PERE A 2 5 iR PR B

AT 5 R R TR I BT 35 5 11 O Sk TR A Y 1A
2R B8 M BB R F i Sk IR R SRE DR AR BRRR B,
I DL 2T R 82 1 ] 389 ) B Sk R By 2070y X B AT
NEERDL, 72 HATE O 12 B30 Sk IR i A0
CXQN 25 245 20 1) K BR 498 Sk ICHSURN L 21 45 82 0 [ 35) {2
R SN R A e ol o 3 S R R S S A
1% H 7 BT S50 i Sk R IR a3 RT-PCRELISA & %
P55 ¢ St S I 3k — A IF S CXQN 3 3T I8 %5 TNF-a IL-6
IL-15. VEGFA Fl BDNF mRNA Al & [ [t) % 15 & 5 1h
I et S T R

28 L Fri®, CXQN 1] f& @ i ¥ % TNF-a. IL-6+
VEGFA . IL-15.BDNF {3 ik f #H 9% 18 1% F# A% 25 [N
TR, R4 i A ﬁfé&%l:ﬂ&%wﬁ;&f“&
FEAERIFER, 8 CXQ K PR AL SR B0 K
. SR, Ziﬁﬁnﬂ}ﬁTEzﬂt ﬁﬁzﬁEXE'JCXQNE’J
15 B A VR 3 SRR T M B, 5 SE PR i g R
A —EEZR, EMAELEIFREZ 5T EYELR
X I AT I IE

EB Tk RER A ST s S R i L E RS
H R RS 5 LR E 5800 R 5, (s 8D £
RS2 5 S TR SEEG R AR A Wit ZE R 5K
i B BT SO B B ST R

FEIR: ATA VR S A EER SR .

References

[1]  Gerring ZF, Nyholt DR. Can we predict those at higher risk for
migraine? [J]. Per Med, 2016, 13: 205-207.

[2] Yu S, Liu R, Zhao G, et al. The prevalence and burden of primary
headaches in China: a population-based door-to-door survey [J].
Headache, 2012, 52: 582-591.

[3] Wood H. Migraine: migraine - a risk factor for cardiovascular
disease? [J]. Nat Rev Neurol, 2018, 14: 194-195.

[4] Feng JX. Efficacy and safety analysis of flunarizine in the treat-
ment of migraine [J]. Electron J Clin Med Lit (lIfi /R = 25 SCi#ik HL

TFIkE), 2020, 7: 19-20.

[5] LiuZ, Du S, GuJH, et al. Study on prescription medication rules
of modern Chinese materia medica compound in treating chronic
migraine based on data mining [J]. China Med Her (* [H & 2§ 5
1), 2022, 19: 11-15.

[6] LiYH, Jiao YG, Li YM. A meta-analysis of comparison of the
efficacy and safety of the Chuanxiong Qingnao Granules plus
flunarizine versus flunarizine alone on migraine [J]. Clin J Chin
Med (F I EBFIT), 2020, 12: 142-146.

[7] Chen J, Tian HJ, Zhang W, et al. Effect of Chuanxiong Qingnao
Granules combined with flunarizine on craniocerebral hemody-

namics in patients with migraine and the effects of ET-1, 5-HT

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

and CGRP levels [J]. Guizhou Med T ( 5% 1| [ %
302-303.
Wu PR, Sun CM, Du YN, et al. Clinical effects of Chuangxiong

%1), 2022, 46:

Qingnao Granules on migraine patients [J]. Med J Chin People's
Health (71 [H R BB 2%), 2022, 34: 75-77, 84.

Ru J, Li P, Wang J, et al. TCMSP: a database of systems pharma-
cology for drug discovery from herbal medicines [J]. J Chemin-
form, 2014, 6: 13.

Zhu N, Hou J, Yang N. Network pharmacology integrated with
experimental validation revealed the anti-inflammatory effects of
Andrographis paniculate [J]. Sci Rep, 2021, 11: 9752.

Yan D, Zheng G, Wang C, et al. HIT 2.0: an enhanced platform
for herbal ingredients' targets [J]. Nucleic Acids Res, 2022, 7:
1238-1243.

Xu HY, Zhang YQ, Liu ZM, et al. ETCM: an encyclopaedia of
traditional Chinese medicine [J]. Nucleic Acids Res, 2019, 47:
976-982.

Keiser MJ, Roth BL, Armbruster BN, et al. Relating protein
pharmacology by ligand chemistry [J]. Nat Biotechnol, 2007, 25:
197-206.

Gfeller D, Grosdidier A, Wirth M, et al. SwissTargetPrediction: a
web server for target prediction of bioactive small molecules [J].
Nucleic Acids Res, 2014, 42: 32-38.

Safran M, Dalah I, Alexander J, et al. GeneCards version 3: the
human gene integrator [J]. Database (Oxford), 2010, 2010:
baq020.

Amberger JS, Hamosh A. Searching Online Mendelian Inheri-
tance in Man (OMIM): a knowledgebase of human genes and
genetic phenotypes [J]. Curr Protoc Bioinformatics, 2017, 58:
1.2.1-1.2.12.

Zhou J, Rudd KE. EcoGene 3.0 [J]. Nucleic Acids Res, 2013,
41: 613-624.

Szklarczyk D, Gable AL, Nastou KC, et al. STRING database in
2021: customizable protein-protein networks, and functional
characterization of user-uploaded gene/measurement sets [J].
Nucleic Acids Res, 2021, 49: 605-612.

Hou JY, Wu JR, Xu D, et al. Integration of transcriptomics and
system pharmacology to reveal the therapeutic mechanism under-
lying Qingfei Xiaoyan Wan to treat allergic asthma [J]. J Ethno-
pharmacol, 2021, 278: 114302.

Zhu N, Hou J. Exploring the mechanism of action Xianlingubao
Prescription in the treatment of osteoporosis by network pharma-
cology [J]. Comput Biol Chem, 2020, 85: 107240.

Hou JY, Wu JR, Chen YB, et al. Systematic identification of the
interventional mechanism of Qingfei Xiaoyan Wan (QFXYW) in
treatment of the cytokine storm in acute lung injury using tran-
scriptomics-based system pharmacological analyses [J]. Pharm
Biol, 2022, 60: 743-754.

Fu CX. Clinical observation of 28 cases of migraine treated with

mannitol [J]. Heilongjiang Med J (£ JEVT. [ %), 2005, 29: 959-



PRI IRAE: T T 000 4 24 RS2 R 1125 T M OOAE 50 Al S 0 A L A1) B B8IE F S

3105

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

960.

Cicero AF, Allkanjari O, Busetto GM, et al. Nutraceutical treat-
ment and prevention of benign prostatic hyperplasia and prostate
cancer [J]. Arch Ital Urol Androl, 2019, 91: 3.

Dadgostar E, Rahimi S, Nikmanzar S, et al. Aquaporin 4 in
traumatic brain injury: from molecular pathways to therapeutic
target [J]. Neurochem Res, 2022, 47: 860-871.

Liu M, Fan G, Zhang D, et al. Study on mechanism of Jiawei
Chaiqin Wendan Decoction in treatment of vestibular migraine
based on network pharmacology and molecular docking tech-
nology [J]. Evid Based Complement Alternat Med, 2021, 2021:
5528403.

Koinuma S, Negishi R, Nomura R, et al. TC10, a Rho family
GTPase, is required for efficient axon regeneration in a neuron-
autonomous manner [J]. J Neurochem, 2021, 157: 1196-1206.
Liu YY, Jiao ZY, Li W, et al. PI3K/AKT signaling pathway acti-
vation in a rat model of migraine [J]. Mol Med Rep, 2017, 16:
4849-4854.

Vergne-Salle P, Bertin P. Chronic pain and neuroinflammation
[J]. Joint Bone Spine, 2021, 88: 105222.

Liu M, Li Y, Zhong J, et al. The effect of IL-6/Piezo2 on the
trigeminal neuropathic pain [J]. Aging (Albany NY), 2021, 13:
13615-13625.

Bonner K, Pease JE, Corrigan CJ, et al. CCL17/thymus and
activation-regulated chemokine induces calcitonin gene-related

peptide in human airway epithelial cells through CCR4 [J]. J

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Allergy Clin Immunol, 2013, 132: 942-950.

Takahashi K, Watanabe M, Suekawa Y, et al. IL-1/ in the
trigeminal subnucleus caudalis contributes to extra-territorial
allodynia/hyperalgesia following a trigeminal nerve injury [J].
Eur J Pain, 2011, 15: 467.

Sargent KM, Clopton DT, Lu N, et al. VEGFA splicing: diver-
gent isoforms regulate spermatogonial stem cell maintenance [J].
Cell Tissue Res, 2016, 363: 31-45.

Mozafarihashjin M, Togha M, Ghorbani Z, et al. Assessment of
peripheral biomarkers potentially involved in episodic and chronic
migraine: a case-control study with a focus on NGF, BDNF,
VEGF, and PGE2 [J]. ] Headache Pain, 2022, 23: 3.

Lemos C, Mendonga D, Pereira-Monteiro J, et al. BDNF and
CGRP interaction: implications in migraine susceptibility [J].
Cephalalgia, 2010, 30: 1375-1382.

Demartini C, Greco R, Zanaboni AM, et al. Nitroglycerin as a
comparative experimental model of migraine pain: from animal
to human and back [J]. Prog Neurobiol, 2019, 177: 15-32.

Urits I, Patel M, Putz ME, et al. Acupuncture and its role in the
treatment of migraine headaches [J]. Neurol Ther, 2020, 9:
375-394.

Patel M, Urits I, Kaye AD, et al. The role of acupuncture in the
treatment of chronic pain [J]. Best Pract Res Clin Anaesthesiol,
2020, 34: 603-616.

Moye LS, Pradhan AA. Animal model of chronic migraine-asso-

ciated pain [J]. Curr Protoc Neurosci, 2017, 80: 9601-9609.



