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Abstract: Objective To analyze the medication rules of traditional Chinese medicine formulas containing Corydalis yanhusuo in ancient
Chinese medical literature based on “disease-medication-dosage” and provide a scientific basis for clinical application and further research
and development. Methods The traditional Chinese medicine prescriptions containing C. yanhusuo was collected from Zhonghua Yidian.
Prescribing patterns and dosage characteristics were elucidated through frequency statistics, association rule mining, and cluster analysis.
Active constituents and targets of C. yanhusuo were identified via Traditional Chinese Medicine Systems Pharmacology Database and

Analysis Platform (TCMSP), with disease targets sourced from CTD and DrugBank databases. Pharmacodynamic networks were
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constructed using Cytoscape, protein-protein interaction networks established via STRING, and functional enrichment analyses gene
ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) performed in Metascape. Molecular docking with AutoDock Vina
validated binding affinity, SwissADME evaluated drug-likeness, Pro-Tox 3.0 predicted toxicity grades, and GROMACS executed
molecular dynamics simulations to confirm complex stability. Results A total of 716 Corydalis-containing formulas addressing 133
distinct disorders were analyzed. Analysis of high-frequency medication usage revealed that for menstrual disorders, the formulations were
mainly pills with C. yanhusuo dosages mostly at 41.31 g, combined with core herbs Danggui (4ngelicae Sinensis Radix), Chuanxiong
(Chuanxiong Rhizoma), and Rougui (Cinnamomi Cortex). For hernia, formulations were primarily pills with C. yanhusuo dosages mostly
at 37.3 g using core herbs Muxiang (Aucklandiae Radix) and Bajiao Huixiang (Anisi Stellati Fructus); For amenorrhea, formulations were
mostly powders with C. yanhusuo dosages mostly at 41.31 g paired with core herbs Dingxiang (Caryophylli Flos) and Danggui (Angelicae
Sinensis Radix). Network pharmacology identified 197 bioactive compounds targeting menstrual disorders, with PPI topological analysis
revealing 10 hub targets. GO enrichment demonstrated significant association with protein-binding functions, while KEGG pathway
analysis implicated biological processes including tumor necrosis factor (TNF) signaling. Molecular docking and dynamics simulations
confirmed high-affinity binding of active constituents quercetin, cryptopin, berberine, bicuculline to CASP3, BCL2, TNF, IL-6 targets,
exhibiting favorable drug-likeness and low toxic potential. Conclusion Formulas containing C. yanhusuo is mainly used in the disorders
related to menstrual disorders, and its high-frequency co-occurrence drug combinations are mainly warming and activating blood
traditional Chinese medicines such as Angelicae Sinensis Radix, Chuanxiong Rhizoma and Cinnamomi Cortex. Network pharmacology,
molecular docking and molecular dynamics simulation studies have confirmed that the core active ingredients of C. yanhusuo, such as
quercetin, cryptopine and berberine, improve menstrual disorders through targets such as BCL2, TNF, CASP3 and IL-6.

Key words: Corydalis yanhusuo W. T. Wang; data mining; network pharmacology; menstrual disorders; Angelicae Sinensis Radix;

Chuanxiong Rhizoma; Cinnamomi Cortex; quercetin; cryptopine; berberine
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yanhusuo (frequency > 20)
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3 W 318 4.33
4 NE 253 3.44
5 K& 197 2.68
6 HEE 168 2.29
7 PR 161 2.19
8 ARAG 143 1.95
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Fig.2 Data mining of efficacy and nature, flavors, meridian tropism of prescriptions containing C. yanhusuo
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A-network diagram of medicine association rules for menstrual disorders; B-network diagram of medicine association rules for menstrual disorders when
support > 50%; C-cluster analysis of high-frequency medicine for menstrual disorders; D-network diagram of medicine association rules for hernia; E-
network diagram of medicine association rules for hernia when the support > 50%; F-cluster analysis of high-frequency medicine for hernia; G-network
diagram of medicine association rules for amenorrhea; H-network diagram of medicine association rules for amenorrhea when the support > 60%; I-cluster
analysis of high-frequency medicine for amenorrhea.
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Fig.3 Association rule and clustering analysis of high-frequency diseases
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Table 3 Statistics on dosage of prescriptions containing C. yanhusuo in past dynasties

I 34 AR H)ftilg T 4ug RHug V4431 %ilg H/ME~ B K E/g

e 16 10.70 10.35 13.80 2.07~13.80 0.69~27.60

FN 245 32.74 20.66 41.31 20.66~41.31 0.21~826.20
7t 29 71.30 41.31 41.31 20.66~51.64 0.83~826.20
i3 295 27.07 18.65 37.30 4.73~37.30 0.19~186.50
T 144 23.84 11.19 3.73 3.73~37.30 1.12~149.20
AR 35 48.30 25.00 50.00 5.50~50.00 0.36~445.00
FoAth 3 452 217 — 0.55~2.17 0.55~10.85




+ 5142« CED 2025E7H 5635 5148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14
x4 SREPEHEFESIT
Table 4 Statistics on dosage of C. yanhusuo in prescriptions for high frequency syndrome
P Bix H¥g T %g REg P9s-hi g B/AME ~ K AH /g
HE&AR 70 46.62 37.30 41.31 9.06~41.31 0.41~826.20
il 67 22.08 18.65 37.30 3.73~37.30 0.21~123.93
ZiER 58 28.33 29.84 41.31 6.63~41.31 1.24~74.60
Ji R 54 22.96 18.65 20.66 3.54~37.30 0.83~111.90
i e 47 33.79 18.65 18.65 5.60~37.30 1.24~445.00
A 767 30.49 20.66 39.31 5.00~41.31 0.19~826.20

34 ETMEHBEFIERNTIZHE

3.4 SEBARIBIT AU RE I 1AL A )RR O
RITRE T ATHSIRIZIRE R, SEHRET
FIRRE T H & ARSI m, RIUIAHT 7T 5 2244
e gt oy - e S N EE, RGENTIE AR IATT
H2ASR I P 5 55, #4E OB DL #£ TCMSP
Kl PR ikt 49 AE RIS LRI A 203 AMAH
KHL . E, M CTD. OMIM. Genecards I
Drugbank 4 Ml 2 s H S AN AR CHE 55
LREETUGIIRE 21 864 NEIHHEL, LK 4-
A. IEHEIEM NS5 HEANRIEE 197 ML
&, WK 4-B. FIF Cytoscape B nl WAL ZESH R G
TSV 14 FpIEE s> A1 197 AN EH S50
K%, WHE 4-C.

3.4.2 PPl WZEFZOHL SRR NIRREHAR
BT HEAWB AL, K 197 DESE S
STRING %4 5 AR PPI M4 . HFRMZEA 193
AN AR 3 526 2514, SPIAT RUEE N 36.5. ARA,
¥ TRING 7 & &K PPL W4 &4 3 A
Cytoscape #EAT A #i4k, W 4-D. )5, ffH
Cytohubba it 1 () EEE 5 FP i #6107 10 MZOHE
A, R R ARE-3 (Caspase-3, CASP3). B 4
J bR 2R -2 (B-cell lymphoma 2, BCL2). HJRIAIE
[A-¥ (tumor necrosis factor, TNF). H4IENE 6
(interleukin 6, IL6) %5, LK 4-E.

343 GO M KEGG #EEESH FH
Metascape F(IEEXT 197 DML S 34T GO I
KEGG &%, FIHAYME 857 B Wk k47 v]
M. wkE 5-A~C Fir, GO &0 UER
BP. CC fl MF Hi44 i 10 HI%H. 7EBP 1, 2
VRSN EE A VRSN C= W A i pum e B4 S  Ea
TSN E R Ay CC R B TR I
UK BEEAAI R i 5 555 MF R EET G &
B I S AR TR 1 T J 40 2208 o 2 AR T 1 4

22386 USRS A Lo I i 45 6 g /155 . KEGG i
BT REARHEAA AT 10 HEER, ALAE MRS AL 2
I - S RE B AL 2 77 W) 32 46 (advanced glycation
end products-receptor for advanced glycosylation end
products, AGE-RAGE). LB VIN /)53 kst
TEAL A 25 B0 - S AR OE A ITLAR 5 B0 K S A A A 55
ik, WA 5-D.

3.4.4 FXHERIEA ADMET 2047 454 Lidi
OFE SR Cytoscape AIAMIAGEE B, THEIEHH R 1)
PE R 2 (quercetin) [ B, (cryptopin). /)
EEDE (berberine)~ fuf €L4EFHIK (bicuculline) 5 H &
YA A% HE £ CASP3. BCL2+ TNF. IL-6 2 [H]
Mgs&he, ¥/hT-5keal/mol, W3R 5. MW+
Bifh S5 R 25 ST AR E M RN, REEBUIC, 4544
AR ERT, KX R TN Pymol #AFHEAT IR
1, st EEmE 6 s,

ADMET 14 Ji VAl & R SR 25 Wit A hiAs vh A AT
BHR A% O PP T8, {fiH] SwissADME #(#fz
BT ADMET 7347, 45 53R W RE 12 (1) S BT M
5 HA RIFRZ 302 R0, Wik 6 fias, 4 Fhat
A2 M O A A b U ASE B v 1) 24 B)) S R 1 A R
BonHEIWER, 655 B IpiERY. I BE EEaE
P-WEER R AR DRI BRAh, 4 FPiE PR RS>
T 25 Tl B 1 TR ASE AL i 3 R HY R I A AR D AH 25
P, BREBIH IR, HEEEEET N M
PE 3 AN BORAZVE T rh A B 2 . BB, /)NBE
BN PR, B AN )N BE Y 20 B 1 B
SR FBUE IR SR, T, W
YRSt 32 S0/ w28 T AN 11 2 AN N 1 v
ADMET Fitill ABEAT FIRAL 5 xs b, A& 7.
345 S TEN AL FET T o R A
BEB-TNF 456 Re i L2 & WEAT 50 130 715 B4
P)H R Z (root mean square deviation, RMSD) 1f
N A B A E S R A Iz O 2
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A-Venn diagram of menstrual disorder targets across databases; B-Venn diagram of intersection targets of C. yanhusuo and menstrual disorders; C-PPI
network of C. yanhusuo-active ingredients-disease targets (red and blue color denote the component and disease target, respectively); D-PPI network of
common target genes (from inside to outside of circle indicate degree of binding between proteins and lines represent PPI); E-core targets selected by
Cytohubba.
4 TAATAT B AT BRSO S Tk
Fig. 4 Screening of core targets of C. yanhusuo in treatment of menstrual disorders
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A biological process B cellular component
response to drug e membrane raft ®
response to lipopolysaccharide © count membrane microdomain @f count
. . .
reactive oxygen species metabolic process ° [ ) %2 membrane region L 3PS %2
response to molecule of bacterial origin ° 940 plasma membrane raft ° ® 40
regulation of tube diameter 1.)45 postsynaptic membrane{ @ ; +
regulation of blood vessel diameter » integral component of postsynaptic membrane| * 3% 10712
regulation of tube size ;§§ ig’“ synaptic membrane{ ® 10
vascular process in circulatory system{ 6:1 X102 intrinsic component of postsynaptic membrane{ 1o
response to oxygen levels{® 3.1X10%4 caveolaq - 1X10
response to steroid hormone |@ 3.1X107% integral component of synaptic membrane{e
225250275300325350 1214 16 18 20
Enrichment Score (—1gP) Enrichment Score (—1gP)
C molecular function D pathway analysis
G protein-coupled amine receptor activity . AGE-RAGE signaling pathway in diabetic complications o
Ppostsynaptic neurotransmitter receptor activity @ count fluid shear stress and atherosclerosis ° count
neurotransmitter receptor activity ° ° ?2 chemical carcinogenesis -receptor activation ® |e20
_ catecholamine binding ¢ : ég lipid and atherosclerosis ) :%3
G protein-coupled neurotransmitter receptor act!v?ty - hepati tis B ° P
- . nuqeafr recfeptor amfv?ty i P prostate cancer: ® 8.9X107'°
- —16
ligand- ac?lvalted hansctllptllon actor alctnflty . bladder cancer | 6.7X 1()7I6
DNADbinding transcription factor binding { @ %1071 . . 4.5X10
. L L o 2X10 endocrine resistance{ e 22X 101
RNA polymerase Ilspecific DNAbinding transcription factor binding | @ L . .
drug bindi 1X10 pancreatic cancer 2.1X107%
g binding {® o
4 16 18 hepatitis Ci®
16 18 20 22

Enrichment Score (-1gP) EnrichmentScore —1gP)

A-GO Wi s SRR AL HEA AT 10 (AL RE; B-GO 2rHreh s SEREBEREA T 10 INZRHLAY s C-GO - Hrh s ARA2 L HEZ AT 10 K12 T 2hig; D-
KEGG 7r¥rrh i SRR FEHEA T 10 HOME 5 0dEk .

A-top 10 biological processes by enrichment degree in GO analysis; B-top 10 cellular components by enrichment degree in GO analysis ; C-top 10
molecular functions by enrichment degree in GO analysis; D-top 10 signaling pathways by enrichment degree in KEGG analysis.

5 GO 1 KEGG BEN#HT
Fig. 5 Enrichment analyses of GO and KEGG
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Table 5 Binding energies of active components in C.

yanhusuo and core targets

fEr HURIPDBID  WETERRY  “ifRE/(kal mol™) I AN, mE 7-E~H s, E8WIKkAET
CASP3  ebfi i ~6.20 RMSF EARRHAE (RETE 3 A BVF), HIHR
- 782 LR, A PR
P s LR, SRR R, B YA
sy ovor s i A BAFIAEER . Fk, NT SHE AL A
I i ik —6.64 JFIREF
ANBER ~7.18 4 itig
LR 7,60 41 HESEIBTEARAANERAE
TNF og2 ~6.14 R 9D ST AT T, 26 R
b ik 7.7 fi B T 22 BB PR 7 55 PR 26 0 7 T
NI ~8.00 B LR DR 1400, ST A 40 1A B ST B
e e FERITAENS ALK i & P IS LT IR, ollipkat
e o FIRACARMERIS AR S . ATFIULE R, IEHIZ A
g oo B EIHSERAE, WA 2R, W%, R
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T SEEAZANEREEWE 7-D i, &
YRR EREBEN 0~4, FERZHIBN

RPI FELYIAL L, AR SR, R
2\ R | 35 2455 24 AT SE A R T R A L AL
73 IRIER . SREM R R T2 2iE 2



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14 * 5145 «

#i} i & -BCL2

/NEERS-BCL2

i AL FH-BCL2

6 EHRRRFUENSSRET AR LR RS FIHEE
Fig. 6 Molecular docking diagrams of representative active compounds in C. yanhusuo with core targets of menstrual

disorders

Fzo6 EHERNRFMFBMERS R ADMET 247

Table 6 ADMET analysis of representative active compounds in C. yanhusuo

15 Ty i & R il /NBETRR fr E04E FHB
B it e high high high high
L i e B 3 3 12k no no no yes
P WEE HEY no no no no
CYP1A2 il 7 yes yes yes yes
CYP2C19 #il5) no no no yes
CYP2C9 #iil 51 no no no yes
CYP2D6 il 7 yes yes yes yes
CYP3A4 $IHI5) yes yes yes yes
LD50 Tii{E/(mg kg™ 159 940 200 1000
7] & 52748 Ames F& il non-toxic non-toxic non-toxic non-toxic
i A inactive inactive inactive inactive
ot active (0.68) active (0.58) active (0.56) inactive
HRAE active (0.51) active (0.54) active (0.62) inactive
AN EETE inactive active (0.51) active (0.96) inactive

s BRI B A L RERE (0~1), H KT 0.5 /T 0.7 WA TNMES IR 1% T A BEEERRE, KT 0.7 Jym K TE: %7 [F.
Numbers in parentheses represent probability values of prediction confidence (0—1), if value is greater than 0.5 and less than 0.7, model’s prediction weakly

indicates that molecule has a risk of this toxicity, If value is greater than 0.7, it is a high-risk warning; same as table 7.

I J€. -, ARBLSE. L HO8E, AMRRg FEASAE. R W& wr AaANREE, o
WA M. g, BaNE. RIEETH AMASHNIERR-HT)1S -, EHREH
RGETE, K DU R s I E =, B IR 4131 g, WHFIRD A (R TERIR)
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#z7 EENKEIEI ADMET 547
Table 7 ADMET analysis of homologous compounds
ETE R 1L 25l =N D, AR AT
B W iE R high low high high high
T 5 e e 5 no no yes yes yes
P HE &R AR no yes yes yes yes
CYP1A2 #jitil5 yes no yes yes yes
CYP2C19 )5 no no no yes no
CYP2C9 Hiiiil) no no no no no
CYP2D6 1417 yes no no no no
CYP3A4 ##II7 yes no yes no yes
LD50 Fi{E/(mg kg 1) 3919 5000 200 778 401
[8] 52 %45 Ames & non-toxic non-toxic non-toxic non-toxic non-toxic
et inactive inactive inactive inactive inactive
ok inactive inactive active (0.55) active (0.54) inactive
BRAE M inactive inactive active (0.55) active (0.66) inactive
MR inactive inactive active (0.55) inactive inactive
A 6 B 23 C 24 000 b 5
4
4 22 « 22000 il 3 ‘
o < i e
a 2 WMM %0 J §J 20 moW ®2
% 1 221 Mgy 2 " 1
0 T r . : 20 , T : : 18 000 r - - .
0 20 40 60 80 100 020000 40000 60000 80000 100000 020000 40000 60000 80000100000 0 20000 40000 60000 80000 100000
E t/min F t/min G t/min H t/min
6 4 6 5
34 41 | |
< g 2] z g 21 W | I\ A
2 2 IR z % = 4 ”) \J‘*M‘"‘ t“v.' ULV LY
— 0 - . 0 ; * ¥ 0 ’ ' '
20 40 60 80 120 150 50 100 150 0 100150
Residue Residue Residue Residue

A-/NEERFA TNF ff] RMSD f8; B-/NEERKAI TNF ) Rg {f; C-/NEEBAI TNF ) SASA {8; D-/NEEREA TNF f HBond {; E~H-/NEERFI TNF

AV REIER & S5 711 RMSF 8.

A-RMSD of berberine-TNF complex; B-Rg of berberine-TNF complex; C-SASA of berberine-TNF complex; D-HBond numbers of berberine-TNF

complex; E—H-RMSF values of amino acid backbone atoms in the berberine-TNF complex.

&7

INEEFH AN TNF 894 F5h 71 484

Fig.7 Molecular dynamics simulation of berberine and TNF
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R ZZ S, WY AR, O AE AR I
R-THE- L7, EHRFERAEN 4131, HHF
RUNBGH .. FREFAARSRYLEIRRE 552, BiE
DI i EREAS R N T, STUEST 2 A I
FREES SR LA N %, IRIRIEST AN E R,
[ B SRS A BN, T EEIRAM. B, I
BHHEGE. #aEr, MEHE, A Be, 3
FRMIFLE, —HAGHAI TR, RIMEHAR
PRSI, BERNEI SCE kS, b, fFr T
MW, ZKI5F.
42 EHEHSIEERTEEFHESEERNT

EHRIERABEAERELSER, (FEHZ
B 2020 AR UG R AE B 2 (1) A8 71 R 3~10
g, Ml AREF A E AR E N 0.19~826.2 g,
WHFIE AN 31.7~41.31 g fEVRIT HE RS, ZE
RN ARG, B3 T 41.31 g, iz g iy ff
&, SR, HAERFI RO RS 7802
7 252 [AIAFAE 22 R 8, — T T I R F 26 1) R 2
TR, RN EEHAETIA S0g, IR ER
1B -5 2 BUAHERE R B A B AN 7.83%49), W R 2597
ROz B 2 R WS, Ik, Rguhns b 4
EWHHAAL, WAL 7 HE A I PR 3E B =
PR, BOK BONFRTHT R B R AR
43 MEHEBEFRREPRAIZAZLETARNZLE
EHLE

BHE 1298 R A A R AT H S A0 TR IR TT
L EAAWEN A, T, AT — PR M %
PR TR R G R 2 B R L. T
BRI AT, TG SRAT RE A 2R S T M R 2
R i S /BB A, @it i CASP3. BCL2.
TNF Fl IL6 S5 % 2 5 H 2RI 500 22 1
. GO BENMRIIEFARIRIT A LA IIAE R
WS4 NEZ RN I 1 A A 1)
F%. KEGG 18 % 45 B 2 B B PR A 0E H 1
AGE-RAGE. & & A 3 ik s A A0 A5 5 i
MEERE RS . HERNRENSRE LE,
IGIREN EEAFELIEAL . EHEKAKEER
HERFIERO, H ARG N i RGEREE, AR
Fe I PR TR B AR AR A T N IR 2,
FFh AT R GRS, P 43 WA g5 g 193-S S| kL 1)
PR 5 A T R R Re e B H &
(1) HE 58, i R A — PR &4, Hopt
%~ PUEALPIRR I RE 0% 0 25 DG U0 SR ik

i1 AR5 WIS DA SR T H 28 5 BAAH OC 28
JIERUFR BT, SRR AR e 2R 08 # ) s B 28Uk
YA RO E B k4B -2 AHOK X B (B-cell
lymphoma-2 associated X protein, Bax) /Bel-2 ik
Lo, W3 PEAIC CASP3 &1, I #) S8 A0 LB
SR T, SRR T E KON B8, I
b, Wi B 2R RE g A RE K] 7 TNF-a., IL-6 RIA I
VATHER R KT, SEE TR NIRRT T, SR 2
FEON FLLRAAEDS-00, I HAR K R iE it 2 50 R
TNF-o A5 1 JE SRE 22 38 36 B 245 P4l S A
M- T2 TLIE R, 25 A H] B N B SR ALRE
HPERROU, WEFRY, NEERRRT R 2 OV R SRS
fES| R H 2 AN 0268, i i f#AIK TNF-a. IL-6 4%
RPER R, $&E Bel-2/bax FIA L], ]
CASP3 FE PRSI, FAUHIE B ST S B 28 B 7
T3 % 1) W [ i 4 164650,
44 EPHRFHENS SEFESEESHHILIE
#1 ADMET #F4IEM

Gy TS TR I RIE O 5 H &4
VA AH G AR AE B S5 B0 1, 7 T3 1 A
HE— AR S /NBERAE TNF &5 540 i H A e g sl &
GEERHE . AN, KBS YERUT I ADME J3 AT K
P B R OB P-4 2 [ JEC ) A I G BF [ 72
B R o A0 N B AR T 4y A b 2 I
H R B BE (LDso>150 mg/kg) 661,
K E ARG BN . Wit =5 L2
FOTRE E R E Y, H OBART L&, &1
FiT o BN T R, M 2 5L 2 AR R X
FA = B RIS, T 75 48 M 3 T A K A it B
FIE RIELR, AR A T4 e 3167681, /N BE
Bl 5 v R T 2R e B R A, BLACHI T R
“HAA M B RE, HAEUKE) OB W fE
e H T IR RE R 22 I AR U 45 IR R iy B 89T,
ADMET il 5 7 B it i 52 30 v F5 o VB WS 12 A%
WEAN MR . AE ORI R IF JE e B AR P be,
MR R K IS R 22 2 8 OB 2[R, HL2&8 i A
A TG R Z AR S RIS EE MR AR, fif
A0 PO £ 22 B I WSR3 i
P, R EIBARE RN . AE v A g F) Ab e A
VTR 2200, AR NARBIE FLIESE, KR&
W& 7 45 2 o W AE I B PR VBORE A e il 21 K 22
Bl S5 Y e o S AR 4, TR B R 1245 3)
SRR,
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5 4Hie rats [J]. Am J Chin Med, 2022, 50(7): 1887-1904.
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