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Abstract: Objective Based on HPLC fingerprint, chemical pattern recognition, network pharmacology and molecular docking,

potential quality markers (Q-Markers) characterizing the common chemical components of three origins of Meretricis seu cyclinae
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musculus were screened, and a content determination method for multi-origin M. seu cyclinae musculus was established, providing
a basis for unified quality control of multi-origin M. seu cyclinae musculus. Methods A total of 32 batches of samples, including
ten batches of Meretrix meretrix Linnaeus, 14 batches of Meretrix lyrata Sowerby, and eight batches of Cyclina sinensis Gmelin,
were collected to establish HPLC amino acid fingerprints. Similarity evaluation and cluster analysis (CA), principal component
analysis (PCA), and orthogonal partial least squares discriminant analysis (OPLS-DA) were carried out to analyze the similarity
and difference of the overall chemical profiles among different origins. The amino acid components shared by the three origins
were selected, and the component-target-pathway network was constructed by network pharmacology, and the component-target
binding activity was predicted by molecular docking. Methodological validation and quantitative determination of multi-origin
samples were performed for the selected potential Q-Markers. Results A total of 13, 13, and 11 common peaks were identified in
M. meretrix, M. lyrata, and C. sinensis, respectively. Glutamic acid, glycine, taurine, arginine, and alanine were identified as the
characteristic amino acids shared by the three origins. The similarity among different origins was = 0.862, indicating a high
similarity in the overall chemical profile. However, chemical pattern recognition could distinguish the three origins, suggesting
differences in component content among them. Nine core targets such as GOT2 and GATM were screened by network
pharmacology, mainly involving endocrine, immune, and nerve-related signaling pathways, suggesting that these pathways may be
involved in anti-tumor, anti-oxidation, neuroprotection, energy metabolism regulation, and other related biological processes.
Molecular docking results suggested that the five common amino acids showed certain binding affinity with the core targets, but
the overall binding strength was weak to moderate. HPLC quantitative methods for the five amino acids were established, and the
methodology was reliable. Five amino acids could be detected in 32 batches of samples, but the contents of components from
different origins showed obvious distribution characteristics. Conclusion Although there were differences in the content of some
components among the three origins of M. seu cyclinae musculus, glutamic acid, glycine, taurine, arginine, and alanine were
common, measurable, and potentially bioactive substances in the three origins, and are suitable as potential quality markers for
multi-origin M. seu cyclinae musculus. This study provides a research example for the overall quality evaluation of multi-origin

cn

marine Chinese medicinal materials with “"multi-origin of the same drug”.
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WMAHH B, BRI WL 2; AREREN 0.8
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2.1.2  PREIEIH S Bk RIS R
HER. R, HEARSNARSENRnEE,
H10.1 mol/L £ R 43 Al e & 1% 73 3229 1 mg/mL

*1 XHRAFRRERER
Table 1 Collection information of Meretricis seu cyclinae

musculus samples

G s SKAEH AT KA [H]
WG-01 TP AR KT 2025-01-18
WG-02 T RN R RT3 2025-01-18
WG-03 PN T K 2025-01-19
WG-04 TR R A 2 B T 2025-01-19
WG-05 AL K Sk 2025-01-18
WG-06 TGN TR T 2025-04-10
WG-07 TP T B PR EE T 3 2025-04-15
WG-08 AR T A VST 2025-04-25
WG-09 T P A T S 2025-04-26
WG-10 TR T R A I 2 B B i 2025-01-19
QWG-01 AN T AR 2025-01-18
QWG-02  JTHEMITIE K i 2025-01-19
QWG-03 [ HEpIET TRRE T 2025-01-19
QWG-04 [ IGB T B IGE — T3 2025-01-19
QWG-05 [ IGB s vb ik 2025-01-19
QWG-06 [ P TR St T % 2025-01-18
QWG-07 T ALK ik 2025-01-18
QWG-08 [ AN A M IETA 2025-04-10
QWG-09 TPk B M BRI EE T 3% 2025-04-15
QWG-10  J PN &M R T % 2025-04-18
QWG-11 T AN &M R % 2025-04-18
QWG-12 [ Bk bk i 2025-04-23
QWG-13 LB 2025-04-26
QWG-14 T UM R D Hi 2025-01-19
QG-01 I TG A T BN B A T 3 2025-04-15
QG-02 I TR R T 2025-04-18
QG-03 I TR R T 2025-04-18
QG-04 RN TN R T 3 2025-04-18
QG-05 PRI T VT 2025-04-23
QG-06 PRI T VT 2025-04-23
QG-07 ) FG AL R 2025-04-26
QG-08 ) FG AL I 2025-04-26
T2 BRERERIER
Table 2 Cradient elution program

fr/min TBIAHA/ % TBNAB/%

0~10 100 0

10~16 100~82 0~18

16~25 82~70 18~30

25~28 70~40 30~60

28~32 40~100 60~0

32~35 100 0

(I 2600, 20 A BUE R % B A — i, 22,
RIAS-VR At R T A R

2.1.3 LSRN E S BOUGRE R, M,

B AR GE =50 405g, KWEKE, BHZEHE
TEME, A IK 10mL, FRE R, #AEAE 60
min, A%, FFERE, FAKANERARRE, &
%], 13 000 r/min &> 10 min, F&% & _FER 2
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mL, & 5 mL &4, 0.1 mol/L IR EZ
B, %51, RiE.
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BERE AT, et nE B TR 32 HESCHE A2 H
(1 BRSSO N 2 (i 48 o B VS AE ALLRE DY
&4 (2012 5O ) BAF, 450 WG-01. QWG-
09+ QG-06 Ff ik N 3 ML RIEE, R
WS, AR B FE A 0.1 min, HEAT (i 0 A
1E. Marker UEDULHED, 43 7)4Ef% 10 L3085 HPLC fi5
SUENE . 14 BRSO HPLC fR4UEiE . 8 it
HPLC $R40RE K & E X IE i, WA 1. 450 %
B, 10 #iL3C0G. 14 #EESCHAFD 8 #EF U5 4 Hilhs
13, 13 f1 11 AN 3L %,

2.1.9  AHUBLEEVEAN RASEMEAR E K T AR AN T
LR e 2 A 0 S SR il BN (R i

A 4 6
12 3 ds k789 wup

R1
WG-10

ki _n WO01
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t/min
82 w0llals gy

: T QWG-14

R A I\ i F QWG-01
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. =N

7 9 1011 13
gt IO e

QG-08

SR L ) i ii i QG-01
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1 30k (A) 230 (B) 55 (C) #Y HPLC $580ENE
Fig.1 HPLC fingerprints of Meretrix meretrix Linnaeus
(A), Meretrix lyrata Sowerby (B), and Cyclina sinensis
Gmelin (C)

SEEAUZ PR R EGE (2012 B ) 8%, #EAT
AHALEE VEAR, 25 R oR, 10 $HkSCU 0 AH AL BE 7
0.956~1.000, 14 H#LZCIGHIFHALEEAE 0.960~
1.000, 8 HLFHUMIAHALEEAE 0.956~1.000, A
FIEJE B R . SRR 3 AN R AE R
SRR (R1. R2. R3) SN (B @mitfa o
WAL IR B 5 (2012 B ), LA R1 AZS
B, 47 3 ANFETREAHALE L b, 45 R E
N, MRS E SRR N 0.966, 5T kA K AH
BLEE N 0.946, =5 3CuA 5 H S IAHALEE N 0.862,
2 B AN [ 56 i 8] 44 252 1 o 2L AT 2 v 1190 2 A7 A AL
P BRGSO B EE “2.1.47 TUF AT ATAE
PRALEE, % “2.1.17 TR Bk kR b, ¥
Fr a6 B 55 I i R1. R2. R3 HEAT 4R BB
LT, JLHRINT 5 AN, 2 SN G
AR, 3 5ENHEIR, 4 SENFRER, 5 50%
NIEEIR, 6 S NNERE, WK 2.
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NG, A . ARG, SRS . oA QWG-05 —
2-BEM: 3-HEM: 4P SHEEIR: 6-NER. QWG.03
2-glutamic acid; 3-glycine; 4-taurine; 5-arginine; 6-alanine. WG-04
2 X RD. EXH (R2). H (R3) HPLC MR oo
GEERRENRM (S) BiLE WG-07
Fig.2 HPLC characteristic fingerprints of M. meretrix WG-05
(R1), M. lyrata (R2), C. sinensis (R3) and chromatogram of \\xggg
mixed reference standards (S) WG-01
g s WG-02
2.2 ERIRA WG-09
5 ) . G-03
2.2.1 EK4Hr (cluster analysis, CA) DL 32 SG-04 ]
L SCH AR SO 13 A SR T (S Q02
ARH, F A SPSS24.0 B, #AT RS CA. X T 8g-gf |‘
Hlg R sk B I a I, IR IE T F AN EAE QG-07
QG-08 I

B, DAORFE S HERFE MR —8ME (PCA M
OPLS-DA 4 i i kb 28 75 =XAH R o SR FH 41 9 B
PRV RIS 7 WK PR B N &, Z 4390 34T B A
Efh, SHIEEE. SRWE 3 iR, 4
RRIGHE By 10 BF, 3 AN [F) 58 5L 32 i A AT BA
N 3K, FEM WG-01~WG-10 B A —3%, #
i QWG-01~QWG-14 N —2, FE il QG-01~
QG-08 EA—3, B 3 MEJEXKH RN,
DA | & B3 B A [R] 25k J5E 1) S e YRR o BT 4k
WA AFE— B E R, FH—EEARAKZE
RN

2.2.2  ERST T (principal component analysis,
PCA) L 32 #tsCia R gk b 13 LA
() U T AR AE AR B, ¥ H S N SPSS 24.0
SIMCA 14.1 et 84347 PCA. R4 RHAEAE
K7 ETTRRER IR 3. 71 3 A F RS FIVIIERFIE
fHIRIRN 8.642. 1.527. 1.026, R TTETTEAE
B E] 86.118%, fF & SPSS = B4 70 M RAR Tk
R>80%MER, RWLLE 3 F R AR L
AR 13 MEFEF P RESEE. PCA B9
Ko 32 #HbFE KRB R 3 38, FEf WG-01~
WG-10 % 125, Fi QWG-01~QWG-14 N
2 %5, FEM QG-01~QG-08 B A—HK N 3 2%,
HEESWER—, WHE 4.

3 2R CA
Fig.3 Cluster analysis diagram of 32 batches of M. seu

cyclinae musculus samples

%3 PCAHMEERSETBE

Table 3 Eigenvalues and variance contribution rates of

PCA

ERGr  RIEE T ETERE/% BRI TR %
1 8.642 66.478 66.478
2 1.527 11.746 78.224
3 1.026 7.893 86.118

223  IEAR AW/ Z3EH B 3t Corthogonal
partial least squares discriminant analysis, OPLS-
DAY ¥ 32 ORI A MR SIS T ) 13 AN
(U T AR N AR B § N SIMCAL4.1 A, 47
OPLS-DA ##%. OPLS-DA #%Ir, R2¢ 4 0.934,
Ry 0.868, QA 0.810, R EA KUFHIR
BERE AT RE /7. OPLS-DA #7435 ILIE 5,
32 MO AR TSN 3 2K, FEE WG-01~WG-
10 9% 128, Fi QWG-01~QWG-14 A% 2 2,
FEih QG-01~QG-08 T A—EKNH 3 3K, 5 CA.
PCA Z5R —3.

AR 1L BT S OPLS-DA F8 B f A
S 25 R HERAYE, IE ST e 2 bridt— 2D i
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Fig.4 PCA score plot of 32 batches of M. seu cyclinae

musculus
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Fig.5 OPLS-DA scores of 32 batches of M. seu cyclinae

musculus
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JHit Cytoscape 3.10.4 FAF A4 T “ il - 517 2%,
WK 7.
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200 permutations 2 components
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Fig. 6 Permutation test of OPLS-DA for 32 batches of M.

seu cyclinae musculus
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Fig.7 “Composition-target” network diagram
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232 PPI MZorHr  # 308 NMHER S\ STRING
HiaE, VM EN “Homo sapiens” , BSH>
0.9, FHEHIAEHIE, M Cytoscape 3.10.4 &
PEREAT AT ARA AT, DL 8o Rl P R O R

N
R HOAGH
En2
HOACZ oPt
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AdHiie ie
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s O VAR O R T A B R T 22
SR ST AZ ORE A, B 9 MZD S, 45
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AcAR2

PTGS2

LaPa
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Fig. 8 Visualization of protein-protein interaction network

x4 IMRDERNTREE

Table 4 Node degree of nine core targets

leides HA FEfE
1 GOT2 38
2 GATM 34
3 SRC 34
4 AGXT2 32
5 GRB2 32
6 PLCG1 28
7 SHMT2 26
8 EGFR 26
9 NOSI 24

233 GO M KEGG Mg s &t # 9 ML O
mFA DAVID 4l FE AT A Dhse = 4R 70 Hr. GO
MTILERAS 37 AN H, W 13 MEYEE
(biological process, BP) 11 4~ ZhifE (molecular
function, MF) HI 13 145> (cell composition,
CC) o FUEIHT 10 Wisk H A FAASF & Zeil b
WL, WK 9. S5RER, AR FEEZETE
FAEKR T2 0G5 @s. HEaREYER L2 K
Rac HAMGSHSMIEM AL »TFIhRETEELE
THLBEREIRES & . P E FRIMER TRKA kS5

W E R IR EOE T ARy EEEET

BRIAR . FEAEIE . JBEAE A Aok . KEGG &
LT IRAT 52 ZkIEEE, R 20 SREER LI
K, WK 10, FEAFEEAKBEN G, 2S5 1E
. HURIRMER S S Es. T 25 5l &
MAEFRRE @RS, SRRY, L9
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Fig. 9 Results of GO enrichment analysis
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Fig. 10 Results of KEGG pathway enrichment analysis

235 X4 M UniProt #dE PSR AR I R T 25K, HEASE AL, BEJS7E AutoDock
UniProt ID § A\ RCSB PDB ¥4 /%, SREVHEE AR Tools 1.5.7 H5ENE. THH Hfi A PDBQT % x\f%
=Y RLER) (PDB #30) , I PyMOL 3.1.8 0 {k. M PubChem 4 & N 405 4 %5 1 2D 458495




« 8332« F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

Glutamic acid Alapine PLCG1

Taufine Argiine &

Glygine

EGFR SRC

SHMT2

Chem@King Binaing €8 signalng patway
pathway

e Crote S metabolism n
Estrogen signae
patrway
ocal adheson
E£GFR tyrosine kina:
bADE resistarc
o
snaling pathway Endocrine resis!
Metabolic pathways Ghoma
GrRH signaling pathwa
Giycine, serine and » v
threonine metaboss
Carbon metabol
Proteoglycans in
Non-4mall 6ell lung
Hepatocellular
carcinoma
Gap juncion

Argindig@d prosine- Eotheliskcelsignaiing
N olicobacter pytori
infeckion

11 “SEMRS- R LK E

Fig. 11 “Active ingredient-target-pathway” network diagram

(SDF #%50) , 4 Chem3D T =40 SRERE R/ IME
J&, [FFEEA5N PDBQT #%3X. i 5 KA AutoDock Vina
L12 T TR 4 5 NEVERG 735 Sk
BRNRZOBE B THHE (AGXT2 RERED - 5T
SRR, SRR S S RN T-3.3~-6.1
kecal/mol (1.0kcal/mol=4.184kJ/mol) , #REHF —E
FREEMSE GoR A0, S HE AT, (AR
Hrom B se 28 A, AHOCEE R SEaeE—DUIE . 45
HRENE 5. ARSI =4 AL LB 12,

YR MR, 5 FiErS NOST (PDB: 4UCH)

Mg AR NIITER 1 e M. Hb Glu 5
NOSI1 ifiid SER-418 Fl ARG-419 FIEH K 4 A
Gly 5 NOSI1 j@#id TRB-680. GLY-338 & SER-339 %%
FRISER 7 ANEHE; Tau 5 NOSI @it ASN-416 Fl
SER418 WAL 3 MEM: Arg 5 NOSI il
SER339. GLY338 K ASP-680 ZhIEIAL 9 MaliE:
Ala 5 NOSI it GLY338. MET-700 & TRP-681 %
BRIETERL 6 NEBE. FRE S, . JurEE))
MFKAH AR AT REILEIZ S T A S NOST iEPEAL
RINgEE, HHEATRN T2 k.

®S OTIERGEERE
Table 5 Molecular docking binding energy

B 454 fig/(keal-mol ™)

BER HaER AR KR [
GOT2 (PDB:5AXS8) -5.0 -4.0 —4.7 -5.1 —4.3
GATM (PDB:2]DX) -4.6 -3.7 -3.7 -5.4 -3.8
SRC (PDB:1A07) -5.0 -3.7 —4.1 -5.6 —4.0
GRB2 (PDB:1CJ1) -4.5 -33 3.4 —4.3 -3.5
PLCG1 (PDB:4EY0) -5.0 -3.8 —4.4 -5.1 —4.2
SHMT2 (PDB:5X3V) —4.8 -3.8 —4.1 -5.4 —4.3
EGFR (PDB:1M14) 43 —4.1 -3.6 —4.2 -3.4
NOS1 (PDB:4UCH) -5.7 43 —4.4 —6.1 —4.7

2.4 HAEER Q-Marker 2EME

RO 54 AR O TR B, BT
HZER AR K2R AN TR U ST A A R 2
JRFE G sy, BA RIFMAREME, 46 Q-
Marker A5 115 P IIPE  FEARBER o ) 245 24 B 2 4
REIR, Bk 5 Fssesr T e 2 S S T PumME
G2 P TS SO ACH R 15 S AR DG RE, R HTRES
5 BB, 50 WA BE A —
TEORER, HIE S DURHNZ) W75 456 25 R0E I

PR FEE— AR, 7SIk, ZRa ATk,
AN R O 2 R A S R, R EIR . H R
ARETR . KSR TN 2R TR N e B TE ) Q-
Marker-.

241 AMRRELH BEERNASER. HERK.
ARETR . FERRM N R & B0EE, HHlET 5
AR, BCH]— R FUASF] 5B R R R S
a O A, B, A, B, 4% “2.1.17
TR i SRR E , BEREE 10 pL, 10 IETH
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Fig. 12 Visualization of molecular docking results

i, USRS BB AR RS (XD, T RUA AR
(V) , ehilbriE iz, Zetth BlH77 7 R PG L
K 6. GRRW 5 FbE R FEL T E N 2 R 4T
MLEPER R

2.4.2 FEERLAL ORSEIEL “2.1.27 BURRE R
FEAWR, % “2.0.07 TUT it s B S FE 6
W, WRIETAR . FERER. HER. 4R,
WA WAL RSD H, SR 50N
0.32%- 0.18%- 0.10%- 0.62%- 0.30%. %5 5H % I
TG E R .

243 fREMIAR HERBOCE AR AR (95

®o6 LMXRETRER

Table 6 Results of linear relationship investigation

%) EP=psg R B E (mgmL™)

REW  7T=3X10°X-15010 0.9997 0.02~0.32
HE®  7=8X10°X-24138 0.999 8 0.02~0.32
AR Y=5X106 X-25710 0.9999 0.03~0.60
BEA®R  Y=3X10°4-49158 0.999 5 0.02~0.32
HEE  7=6X10°X-20773 09999 0.03~0.60

WG-09) 27 0.5g, ¥ERE, %K “2.13” “2.14”
T & A VA O ATAE AL AR B, 4% “2.1.17 T
N EREEA AT EHE 0. 24 4. 8y 120 24h i
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FEE, IHHEARR. HER. TR, BaR.
ARG TH A RSD 1H, 45 H 7318 1.3%- 1.5%-
1.3%-+ 1.7%- 1.3%. &5 FRFMHRHIERIE 240 K
et Rt

244 HEMHAE HBERICUGERHR (RS
WG-09) 47 0.5g, “FATHR 6 43, 1% “2.1.37 “2.1.4”
TiF 7 i R T AR A AR, 4292117
T AR 2 At 2 AR E o THE R SRR HER
ARETR . RS 2RR . TN 2R 240400 RSD 18, 45
SN 1.3% 1.0%- 1.3%- 1.8%. 1.6%. 45HEFEH
FIEEE R

2.4.5 IIFEEICEREE RS AR U bE AR R £
0.5g, “PATHR 6 1, FEZMAK 10mL, #EFAEEE 60
min, 3% 13 000 r/min, 20> 10 min, F5% &0 E

JEW 1mL, B SmL &P, SEHS TSP E
= 100%H7 ELF AT RS, A0 0.1 mol/L #5718
WIREZIE, A, %I “2.1.47 TR kit irf
Aqk, BPfS. F% “2.1.17 TR R EIE &R 0 E .
THHEAER. HER. PR, BER. HEaRM
SRR ST N 99.9% 92.5%. 90.6%- 93.6%-
101.5%, RSD {H7 58 1.2% 1.8% 1.1%- 2.9%-
2.3%, RIS R 7527,

2.4.6 ANFEZEFECINERS S ENE B 32 #3C
BPIRERR R, IR “2.1.37 “2.1.47 TR
TSSO AT AR B, $2 “2.1.17 TUR
R SR RERE N T, SRR, TR HEIREE
S PRI R A S, ERIER 7. GREH 32
ST hE L a8 g e Skl B3R 5 Mg, A

x7T RMUTHAAMSENEER

Table 7 Determination results of contents in 32 batches of M. seu cyclinae musculus

FUE S E/(mg-g™")

4 1
i AR Fam T WA A
WG-01 7.230 6.444 17.850 6.057 24.160
WG-02 7.084 6.551 15.860 3.482 17.870
WG-03 7.406 4748 16.480 5.236 22.010
WG-04 5.995 5.923 16.890 4.360 20.140
WG-05 6.084 7.806 9.105 4.157 25410
WG-06 8.925 5.838 17.620 6.026 23.040
WG-07 6.430 4.189 15.060 4.566 21.670
WG-08 7.092 4.515 14.190 4.356 18.240
WG-09 8.480 5.487 16.740 6.574 23.070
WG-10 6.758 6.400 18.060 6.043 22.320
QWG-01 7.332 6.889 8.438 4.523 26.690
QWG-02 7.746 8.681 9.884 4.809 27.800
QWG-03 7.278 4275 11.350 4.766 24.320
QWG-04 7.513 6.773 8.292 5.252 25.130
QWG-05 2.294 6.343 9.962 4232 24.150
QWG-06 7.200 6.617 5.949 5.428 24.420
QWG-07 3.573 6.472 6.233 4.615 25.000
QWG-08 7.243 6.234 10.020 4.582 21.790
QWG-09 6.143 5.271 9.331 3.398 16.570
QWG-10 5.088 4.927 8.354 3.483 13.410
QWG-11 6.466 5.857 9.826 4.293 16.250
QWG-12 7.786 6.246 8.201 5.129 21.720
QWG-13 6.175 4.608 8.448 4.300 14.930
QWG-14 7.219 4.592 5.487 4.896 19.360
QG-01 4.344 4.784 16.580 1.592 11.110
QG-02 4282 5.986 13.660 2.248 10.300
QG-03 4.008 5.891 14.020 2.601 9.022
QG-04 4.592 6.394 15.550 3.768 10.450
QG-05 4.627 4.686 12.490 2.007 10.500
QG-06 4.401 4.125 11.520 1.203 9.798
QG-07 4.029 3.469 14.790 3.895 6.958
QG-08 4.372 3.062 11.770 2.601 7.189
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