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component quantification by HPLC, and to predict the spleen-tonifying active components in Atractylodis
macrocephalae Rhizoma. combined with network pharmacology. Methods The HPLC fingerprints of
Atractylodis macrocephalae Rhizomea. were established, and the similarity of 10 batches of samples from
different origins was evaluated using the Similarity Evaluation System for Chromatographic Fingerprints of
Traditional Chinese Medicine (2012.1 version). The differential components were determined by hierarchical
cluster analysis (HCA) and orthogonal partial least squares discriminant analysis (OPLS-DA). A "traditional
Chinese medicine-active component-target-disease” network was constructed via network pharmacology.
Combined with the detectability, specificity and effectiveness of components, the core spleen-tonifying active
components of Atractylodis macrocephalae Rhizoma. were predicted, and their contents were determined.
Results The similarities between the established HPLC fingerprint and the reference fingerprint of Atractylodis
macrocephalae Rhizoma. ranged from 0.949 to 0.992. A total of 27 common peaks were identified, three of
which were assigned. HCA clustered the 10 batches of samples into two categories. The differential components
screened by OPLS-DA were peak 21, atractylenolide I, atractylenolide II , atractylenolide I, peak 7, peak 19,
and peak 24. Network pharmacology analysis showed that the spleen-tonifying active components of
Atractylodis macrocephalae Rhizoma. exerted spleen-tonifying effects by acting on core targets including EGFR,
SRC, TNEF, PIK3CA, JAK2, ESRI, IL1B, ERBB2, PPARG, APP, AR, and ALK, and regulating signaling pathways
such as pathways in cancer, proteoglycans in cancer, and pancreatic cancer. Atractylenolide I, Il and Il were
predicted as the core spleen-tonifying active components. The contents of atractylenolide I, Il and I in 10
batches were 0.0587-0.1652, 0.0201-0.2288, and 0.0448-0.3961 mg/g, respectively. Conclusion The established
HPLC fingerprint and multi-component quantitative analysis method for Atractylodis macrocephalae Rhizoma.
is accurate and easy to operate. Combined with network pharmacology, it scientifically and reasonably predicts
the spleen-tonifying active components, which can provide a scientific reference for the quality evaluation of

Atractylodis macrocephalae Rhizoma. and further research on its spleen-tonifying mechanism.

[Keywords] Atractylodis macrocephalae Rhizoma; HPLC; Fingerprint; Content determination;

Network pharmacology; Spleen-tonifying active ingredients
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Table 1. Active compounds of Atractylodis macrocephalae Rhizoma.

MOL ID Y24 FR sy fH OB (%) DL

MOL000020 12-T- B -2F, 8K, 10E- AR = (12-12-senecioyl-2E,8E , 10E-atractylentriol ) 312.39 6239 022

MOLO00021 14—&@%%@2—%@7‘6@%—2& 8E, 10E-F1IAR = (14-acetyl-12-senecioyl-2E,8E, 10E- 255.44 ™
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MOL000043 FIARMAE I (atractylenolide 1) 230.33 3736 0.14
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232 KRR EFHERSHILEWY L FHCHR A5, GeneCards 5 #iE 2 LA Relevance score >
¥e b 10 MBS S5, BIFREHIGH] 2 724 M AL

N A GeneCards %% #& JFE  (http://www.
Genecards. org) . OMIM % & JE (https://omim.
org/), LA “spleen deficiency” A TR K 2R 9 HE

https://yxqy.whuznhmedj.com

B AR T P S S S AR B
(http://www.})ioinformatics.(:om.(:n/) , RBOC AR
N, HRTG 84 s SRR I N . I “rhzh—igE


https://www.tcmsp-e.com/
http://www.swisstargetprediction.ch/
http://www.uniprot.org
http：//www.Genecards.org
https://omim.org/
http://www.bioinformatics.com.cn/

1696 Frontiers in Pharmaceutical Sciences, Oct. 2026, Vol. 30, No.10

AT S " KR, MEE “network.xlsx” I
“type xlsx” XCfF, B SCHESA Cytoscape3.9.1 i
fF, gl 23 PR - - T AHELAE
FHMIZEIE (B 7-A) o WG I R/ IMURHAE
FHEE R 20
233 MEFOR-FaRILAERRL%
FAF 21 844 S BEHEFER S/ A STRING %%
Y& 2E (hitps://string—db.org/) , EFEYIF N “Homo

A & & ®
.. .‘@

&> @"’@o e
@" D ®5%
|: ® %
@ OL00002, L000072 @
' ?;gz phala @
@@ o @Q
@ deficiency
@ o &)
& & @
'o 0@ 6% g®
, “ooce® .@
'0000@'

sapiens”, EAGEIE N 0.700, FHITEAR-EH
A EAEH  (protein—protein interaction, PPI) 4y
Fr, HEEPPLRZE (151 7-B). 4 PPIRIZE S Hr4h
REPEF A Cytoscape 3.9. 151, T M&IHFbZ
oo, WENEFOE (betweeness centrality) >
121.5, #2380 PE (closeness centrality) >
0.005 3, FEfEH LM (degree centrality) > 7.59 i
T, AT 120 A
’ e ©® 2% e

. =)

.

@a@o@@
@ ooy e
Y ) ® -
@‘. @ o -
o @ db @,
® e

o @ <
1 F@v
T e @ @

E7 “hHA-EERS-BR-RR BENSKES PPIRNS

Figure 7. Interaction network of “traditional Chinese medicine—active component-target—disease”
A A CPHERRS Yok -RRT MEAEAMGE; B PPIMAHA,

234 REAKAEDHFIRE EFTAL
ARSI A A R S BN R R s

HE 0 Y 12 A% 5 A DAVID %54
JE= (https://davidbioinformatics. nih. gov/) , wEH M
JEE T E XN “Homo sapiens” , #4173 K AR
(Gene Ontology, GO) IREE 5 73 B L K ot AR A&
HERHAEHR 24 (Kyoto Encyclopedia of
Genes and Genomes, KEGG) @& EE S GO
DIReE LR E 4611 GO H, Hih343 45
AWt #E (biological process, BP) A, 3945
ML 7 (cellular component, CC) HK, 791
55 F 88 (molecular function, MF) H2%, BP.
CCHIMF BHT 101~ GO 2 H WL 8-A. KEGG il i
BT 2 139 ZR 2 WNRT T BN A I, K
PAE R /NEHUAT 20 558 B2 AR 18 (1518-B),
AR AR e, BV K iE A R
& A2 . BE S IE UL B 3- e - 2 O B

(phosphatidylinositol 3—kinase—protein kinase B,

and PPl network

PI3K-Akt) {55l AL AE AR . AR
B TR . RV R AR G e TR
WeE s INEIIFR . JE . RSt
fii f& 1 (programmed death-ligand 1, PD-L1) 7£
i B R AR P MESE T 324K 1 (programmed
cell death protein 1, PD-1) K iigfs. Wb
AT, CRIBEERZIAF S mm . B, AU
K. KRAERKHFFZIK (epidermal growth factor
receptor, EGFR) P& Z R M7 251 . T2
LS AAAE T . FATER (S T . EAE Ay
WRaRACES . /NNt . HEFLRAG TiE s B
[ RETE YIS WA o P FY =Nl = o8 S i BuN i E)
X S ek B B B H R . B Y
A IR AE A IR AR . RIE PR B RO L TR

235 4HF XTHEIGE
BEHARNET . AHARANBET . HAARNEY

12 DHE S 70 X042 . B PubChem (https:

https://yxqy.whuznhmedj.com


https://davidbioinformatics.nih.gov/
https://pubchem.ncbi.nlm.nih.gov
https://string-db.org/

TRIE 2026 £ 10 A 30 8% 108

>

BREERERABIERY

SRIREHAYEIRE

ERK1FIERK2RERAIIER)EE
MAPKREXAILE[)E=

HRRXNEAER
BHIREUAES-HAS R MEBE SHSNERAEE |
ERFAEE

AR IE S

BTSRRI R EERE

PERMSISE

dd

-lgP

ZhEEY 15.0
L3
“HEERE | 1,5

AREREKS,
aEAEAN
PIRRE

PIERR
AR HRAR
[RER/4HEBER

00)

10.0
75

5.0
R IREO R SR A
BEINEE

MTRES
BRLERDAESEEEE
EORARNEEYE

BEa

BeEE
HagE

AN

ATPES
HREEE

0 20 40 60
[EE 7ix s

1697

TR ——

PI3K-Akt{SSiEH

R RS
PNEE:
ERFRE AR SRR
RIS g P

R

15

BRI '
FEREFPPD-L1RIAFIPD- 1 E sl R -
PRI
CRURERZINEEIEE 1
BE
BT 9
EGFRESEUER SES I IR 2514
TS SIES 7
EREEE
FEAESPRIROBRAE
e NREERE
BILFESERE
bt

—_—
10 20 30

[EE Vi ¢

8 GOREEEN TS KEGG BB EENTHRKE
Figure 8. Bar charts of GO functional enrichment analysis and KEGG pathway enrichment analysis

E: A GOMRLE EoH; B.KEGGIBH T &5,

//pubchem. ncbi. nlm. nih. gov) 5 98 & 28K B EH AR N
Be 1. BRNERL . AARNBRII =45, A
RCSB  (https://www.rcsh.org) 8 F 55 J&E 3R BL
12120 F8 SR HE 1 A RS54 o fdE 1] AutoDock
Vina 1.2.7 A7 XHETR . 34 EARNERZE 5
12 B0 S L 36 N A I XTHESS S REN T
~6.06 ~ —8.72 keal/mol Z [i] . 3 i H X0f 42 BEAT XS
FERTEEME SR, OO S TEE L, TEMAE
AR 1 (amyloid precursor protein, APP) ik
SERIOR W/ AR A OO RE A T N, R
Jii FE (proto—oncogene tyrosine—protein kinase
SRC, SRC) Fil izt % 1k i A< 389 58 W 0 3 52 1K

(peroxisome proliferator—activated receptor gamma,

PPARG) Al id ¥k . ST F s - B A Al B AR
F 7 ¥ &% (protein—ligand interaction profiler,
PLIP) XF R fity G abA7 2 P - A AR EAE U]
giitet (SIS0, K S5EM) SHK
YERT. 36 MG BN 27 S, HP K
ARKTF 3.5 AMHE A 185, FUHAMHKME
FHEREE ] 2 ~ T4 F803 5 M Hek A e, 25
A B T 5.0 keal/mol, 38 i< X 22 o] SE P 56 9IF
WA R R AL (I A BLBE X)) TR AL
2/ A E R A K . DA =0 Y
GPRERY], 3 5 AR 12O R B
RAFI B G RES), SR 2% 2 B2 T A
AR R (R2).

Fz2 ARNEE L. 1. I5ZOBRESFREEER
Table 2. Molecular docking information table of atractylenolide 1. II. Il with core targets

EGFR  HAWEET  -7.63 1 Asp855 (3.71) Leu718, Thr790. Val726. Thr854. Leu844 7 B
FIARNEET  -7.62 1 Gly796 (3.71) Leu844. Val726. Thr854, Lys745. Asp855. 8 LG
Met793
AARMNEETT  -7.49 1 Asp855 (3.62) Val726, Thr854. Leu844. Leu718. Thr790 7 gl
SRC HARMNEET  -7.9 0 — Val281. Ala293. Tyr340. Leu393. Leu273 12 L5
FARNEET  -7.48 1 Met341 (2.86) Val281, Leu393 14 L
HARNERIT  -7.52 1 Asp404 (3.01)  Ala293. Leu393. Val281 12 gl
TNF HARMNEET  -7.73 0 — A: Tyrl19. A: Leu57. B: Tyrl119. A: Tyr59 12 gl
HANERT  -7.32 0 — A: Tyrl19, B: Tyrl19. B: Tyrl51 8 gl
HANERIL  -7.24 2 Ser60 (2.9).  A: Tyrl19, B: Tyrl19 9 g

Leul20 (3.2)
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PIK3CA HARNAET  -8.72 2 Val851 (3.19), Asp933. 11848, Val851. Tyr836. 11e932. Phe930 7 L

Ser854 (3.46)

HARMNEET — -8.13 2 Val851 (3.2), Tle848. Phe930. Asp933. Val851. 11932, Tyr836 7 B
Ser854 (3.3)

FIARNERT  -7.1 0 — Phe794, Glu798 9 LG

JAK2 HARNEET  -8.46 1 Leu932 (2.96) Ala880. Leu983. Val863. Leu85S 11 LG
FIARMNERT  -8.48 1 G1y935 (3.67) Leu855. Asp994, Val863, Tyr931 12 LGl
HARMERIT  -7.98 0 — Leu855. Val863. Leu983 14 L

ESRI1 HARMERT  -838 0 — Leu525, Phe404, Leu391, Leu346. Leu387. 10 gl

Leu349. Leu384

FIARNEET  -8.39 0 — Leu384. Leu346. 1le424. Ala350. Leu525. 12 L
Leu349

FIARNEEN  -8.53 0 — Leu349, Leu525, Leu346, Leu384, Phed04, 11 LGl
Ala350

IL1B HANE T  -6.97 0 — Vall00, Pro57. Lys97. Vald7. Lys94. Alall5 10 ahiE R
HANEET — -6.82 1 Met95 (3.35) Vald7, Pro57. Alall5. Vall00, Lys97 7 ghA BT
HARMNEETT  -6.66 1 Met95 (3.52) Tys97. Pro57. Vall00. Alall5, Val47 7 245 R4

ERBB2 HIARNAET  -8.19 1 Glu770 (3.13) 1e767. Leu796. Ala771. Leu785. Phe864 8 LG
FIARNEET  -8.13 1 Phe864 (3.8)  Phe864. Ala771. Leu796. Thr798. Leu785. 8 g

Lys753
HARMEIT  -7.70 1 Thr798 (3.22) Leu796. 1le767. Phe864 11 i

PPARG HARNERT  -7.43 1 GIn271 (3.63) Leu270, Arg288. Phe287 8 gl

FARNEET  -7.32 1 GIn271 (3.96) Leu270. Phe287. Leu255. Arg280. 11281 . 10 L
Glu259
FIARNEEIL  -7.92 1 GIn271 (3.36) Leu270. Phe287. 11281, 11262, Leu255 11 gl

APP HAMEET  -6.06 1 Asp53 (3.5)  Tyr77. Leu80. Vald7. Glu79 5 A R
HANERT  -6.18 1 Asp53 (3.38) Tyr77. Leu80 8 s BT
HANE  -6.57 2 Vald7 (2.86), Tyr77. Leu80 7 e R

Asp53 (3.17)

AR AARMEET  -833 0 — GIn711, Phe764. Leu704. Met749. Leu707 12 b
FIARNEET  -8.12 0 — Leu704, GIn711, Leu707., Met745, Leu873 13 LG
FIARNEIT  -8.26 0 — Leu704, GIn711, Leu707, Leu873., Met745 13 i

ALK HARMEET  -7.60 1 Metl199 (2.97) Vall130, Aspl203. Leul256., Alall48 9 L
HARMNERT  -7.79 1 Metl199 (4.08) TLeul256. Vall130, Alal148, Met1199 11 gl
HARNEEIT  -7.83 0 — Leul256, Vall130, Aspl270., Leull96, Alall48 11 Eg

i —IRFEIG; TNFAPEIRSER 75 PIK3CA. BEMRBEALEE 3— IRl AL T Py s JAK2. Janus 3 2; ESR1 MR 2K 1;

%-1B; ERBB2.FRZAMRIMMIZIA2; AR MEMESZI; ALK A28k 5 ikt

IL1B. F 41

2.4 B IFESRINE
241 AMXAER

FEE R “2.1.17 T FIRA X RS Z R RE
B A R M ER T 1.078, 2.155. 4.310,
8.620. 17.24, 34.48 pg/mL, FHARMNAE I 1.430,
2.86. 5.720. 11.44. 22.88. 45.76 pg/mL, & [
AR Mg I 1.254, 2.508., 5.015. 10.03, 20.06.
40.12 pg/mL FRAE FR 51U FE TR A6 R TR A R 8K

WAL, 4% “2.1.37 IUF @i AR E HR

WEE T . I, I, DAMREBE ARG AR PR (X, pg/mL).
M AR A bR (V) il brifEdh £k, 154t
HERE (£3),

242 MHEERE

B “2.1.17 IﬁT/Eé YR SIA R, %
“2.1.37 TN S SRR 6 IR E , 1A S
HANE T . 0. IR RSD 735 1.5% .
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x3I BARWEE L. 1. M&EFRE
Table 3. Linear equations of atractylenolide 1. 1. I

ey SebE T AL
(pg/mlL)

FIARNEE 1 Y=48.1074X - 20.6724 1.077 ~34.48  0.999 7
FARNEET Y=37.5045X - 148146 1.430 ~45.76  0.999 7
FIARNEST Y=25.1424X - 8.4419  1.567~50.15 0.999 1

1.2%. 1.7% (n=6), FPIIHRGEHE RIT.
2.43 AR MK
BEAARZGH (45 S1), # “2.12” HF
Jrddilgs Vb, il FEIRLE O, 2.
4. 8, 12, 24 h5#e “2.1.37 Wi F (4% 2ok ke
Mg, IEAEARNET . T, EHFRSD 5>
MHK1.8%. 1.6%. 1.3% (n=6), FWHHHLHTE
24 h MR EE R 4F .
2.4.4 FHMWIKE
BAARZH (45 . S1), % “2.12" W
AT % 6 (R A A, i “2.1.37 TR

1699

TR TIE, PR AARNER T . T, T
SR 4508 0.139 8, 0.207 1., 0.384 2 mg/g,
RSD 435 R 1.4% . 1.7% . 1.5% (n=6), £WHix%
T EE R
2.45 EKERIXIE

KEBRBROC T ENARGHHER (45
S1) 0.500 0 g H:3F 90y, 3B A 4 FHE A
& 80% . 100% . 120% F 4% B — %) IR 5 i 4
W, BEAMRESATI0Y, 2,127 TR g5kl
FHER AW, P 92137 TR (A% S AT
W5, HEAEARNEET . 0, MASFEEESCRS
WM 98.5%., 103.4%. 100.8%, RSD43%141.8%.
1.7%. 1.9% (n=9), FIHZIECRRET,
246 b ENE

BOIOHE RS 30y, #% “2.1.27 TR 5kl
AU AW, FRE 2137 TR @RS SR E
FARMNEE D, I, MAgER, 45004,

x4 ARHFARKE L. . IHEENELER (mg/g, n=23)
Table 4. Content determination results of atractylenolide I, I, and IIl in Atractylodis macrocephalae
Rhizoma. (mg/g, n = 3)

iR FIAR A 1 FIAR N I FAR R

S1 0.139 8 £ 0.000 8 0.207 1 +0.003 2 0.384 2 + 0.006 6
S2 0.1652 +0.001 4 0.228 8 +0.002 6 0.396 1 +0.004 0
S3 0.121 0+ 0.001 3 0.162 4 +0.001 9 0.318 1 +0.005 9
S4 0.058 7 +0.000 9 0.041 9 +0.000 8 0.076 1 £ 0.001 2
S5 0.068 4 +0.001 2 0.020 1 +0.000 4 0.044 8 +0.000 7
S6 0.0722+0.001 1 0.030 2 +0.000 6 0.067 9 +0.001 1
S7 0.066 3 +0.001 1 0.024 1 +0.000 5 0.053 3 +0.001 1
S8 0.068 2 +0.001 3 0.026 7 + 0.000 5 0.0520+0.0010
S9 0.078 2+ 0.001 0 0.067 2 +0.001 2 0.067 2 +0.000 8
S10 0.087 4 +0.001 0 0.046 4 +0.000 9 0.090 4 +0.001 8

3 it REY), MBS R T M

R I B, ALSONEIRITEI, A
LER o AT RE P AN R . PR R 24 i 55 255
B BEAEE, ey R e R M AN R T2
ROk, s I 4 Ja o FH T 24 Jode 4
AT, SR HERE 25 L SR PR o S L RE A
A5G R BIRANITE , B L Jm o 7R 25807
MFERT 2 SRR ) R IR SO 145 & 4%
P R . BRI . y-HEAIE . B
A A A R il B TR AR S . AR
A 20T BET R SV R 46 24 32 Sy M) AL T
FORNES T I, IR ARER A AR A3 1
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B BT BRI Y BRI IE SN S S D TR
Bl HEUE 7 A S EAR I, R AR 51 28 1 Ja i
PRI —IERAE — B IR 2, DUERRR A 2 1
(2 R 24 %6 33k B8 T AL B AR U T A YT
FELbT AR R, AR B R R AR RIRE
25 00 S i G 2 HRAE AT, IR T AN R
PER o FEAER T AN R -6, M N AR
KA. ILIBAF§E AN, 3 4% PI3K-Akt {55
BERIB BRI RTFI R SCR , r TRHER R AR
NS B35 TL LB RN 2 Ik R A Bl A 5 A () 45 2%
SEE AR L R ERCA RO, IO R
WER T . 1. 2RI OTEER .
T R 4D BE 25 SR 201 20 B B sh ) K- — 2 5
WE, ASOREZGHIEPESS . RIS O R
FH R 153 S50 A 2 3% — HR I DU AR AT AT B[] S i
AR LGB AR 2 R EE [ T AT i —
R 5 R BT B R RNz B s b R A i &
IEC-6 A= KA, A AR MG PR sy B
B4R 45 U Sl o S R UM Ik R e B 4
(M), 4Pl PEARNE T, 10, MR, &3
HARMNAEE T . AR ERR &1, c-C 3t
Ptk PR 22 b K FF-B £k, I
IR R FE R F -, HAIEAR-18. MM
NE-6, FIHIBHRIEE.
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HAMEAAS3) T B A4, TR A et S v
s O B IS TR R0 18 h R e X i i B iR AT v
WrEE, MIMARIEE A HERT . %58 T A He il
HH SRR AN RIS R IO 751) B AN () 8 7 Bk i)
BRI, 4559 70% HEE 10 mL A H#EHC L h 48
QEEEEE, ARNERT . T, MEEES.
BT ARG RE 5. =50, =Skt
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PESGERAEIRE, o — 50 Had = S AR ES T .
I, I sy, S5 AR — i, B8 T
FEE-K . CHE-K . ZHE-0.05% B K 7 —F
T, a5 SRR NG -/K HH - /K I 4y
Lt ZE-0.05% BEFR/K IR AR IR 1 & i iae

BOEE SRR R, 10U = s oA
Ji& 20 #1335 FH AL BE 7E 0.949 ~ 0.992, i i HCA Fil
OPLS-DA ¥ 10l AR A, Zetm EoREEN
FHA (4%5S1~83) h—2, HihAR (&Y%
S4 ~S10) h—2, X2 22 5 P ity hy i

21, 13, 15, 18. 7. 19, 24, Hrpik 13, 15,
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KA, —RBEEAREAKR, EAARSHE
ZRANE, fb2E2 R AR 5 A AR AR
SR . R =R T e e AR R
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Rz, FEOFEWRME, W™ AfA 1, HPLC
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4334-4337. [Wen YT, Wang FY, Tang XD, et al. Discussion on
the scientific connotation of 'injured spleen and stomach cause
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