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A THREBERRNBGEZFSTORTHEREFES (Q-Marker) FMZHEZ,

KB Waters Sun Fire Cis #3542 (250 mm X 4.6 mm, 5 p,m) , K (A) TR (B) ARzh4E, #
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. REFHERBER, mymmaRneE]., aRnEl. aRAssl. % KE 45 £EQMarker,
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Prediction and Analysis of Quality Markers of Atractylodis Macrocephalae
Rhizoma Based on Fingerprints, and Network Pharmacology

Li Qing', Zhu Xiangmei', Shi Yuhe', Zhu Jue', Wang Zhi"*, Liu Xiangdanl’z’S, Zhou Ribao'*?, Tong
Qiaozhen**" (1. School of Pharmacy, Hunan University of Chinese Medicine, Changsha 410208, China; 2.
Key Research Laboratory of Germplasm Resources and Standardized Planting of Genuine Regional Medicinal
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Abstract Objective: To analyze the potential quality marker (Q-Marker) in Atractylodis Macrocephalae

Rhizoma and determine its content based on fingerprints and network pharmacology. Methods: Waters Sun

Fire C,4 chromatographic column (250 mmx4.6 mm, 5 um) was used with water (A) - acetonitrile (B) as
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mobile phase, gradient elution, flow rate of 1 mL-min™, detection wavelength switching measurement, column
temperature of 30 °C and injection volume of 10 pL to establish the fingerprints of Atractylodis Macrocephalae
Rhizoma. of 32 batches of Atractylodis Macrocephalaec Rhizoma were evaluated, the common peaks were
confirmed and identified, and the “active ingredient-target-pathway” network was subsequently constructed with
network pharmacological method to predict Q-Marker and determine its content. Results: The fingerprints of 32
batches of Atractylodis Macrocephalae Rhizoma were established, and 28 common peaks were confirmed. Four
chromatographic peaks were identified by comparing the reference substances of Atractylodis Macrocephalae
Rhizoma, which were Atractylenlolide I , Atractylenolide I, Atractylenolidellland Atractylone, respectively;
It is also confirmed by network pharmacology that the above four components are active components,
that can act on 16 core targets and 20 key pathways to play the roles of anti-cancer, anti-inflammatory and
improving gastrointestinal conditions. It is preliminarily predicted that Atractylenolide I , Atractylenolide I,

Atractylenolide [lTand Atractylolone are potential Q-Markers, and the total mass fraction of Atractylodis

Macrocephalae Rhizoma is not less than 1.79 mg-g"'. Conclusion: The prediction and analysis to potential
Q-Markers of Atractylodis Macrocephalae Rhizoma will provide references for the establishment of a set of
quality control evaluation system and will lay a foundation for clarifying the material basis and mechanism of its
efficacy.

Keywords: Atractylodis Macrocephalae Rhizoma; quality markers; fingerprints; network pharmacology;
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(823 ~S28) . ifidb (S29~S31) . YLF§ (S32)
6177 b, 2R g T R 2 R 2R 2 e B B I S AR
UE NARHEYI AR (Atractylodes macrocephala
Koidz. ) B TIARFRZE,

TR IR NES T (41E5PS010510) . IR
WEE T (L5 PSO10511) . HAARNET (L5
PS010512) . &AM (HLSPSO11118) ¥ A AL
R S AEYIBH A A B E], 6 BES BT 4040
=98%; LM, WEE (Aigal) I HMerck A H] ;
AKRBElK, AR el
2
2.1 HPLC
211 kA

Waters Sun Fire C 8354 (250 mm x 4.6 mm,
5 wm) ; WA K (A) -2 (B) , BEELR
i (0~6 min, 40% B; 6~ 10 min, 40% B—60%
B; 10~ 11 min, 60% B—65% B; 11 ~15 min, 65%
B—68% B; 15~20 min, 68% B; 20 ~25 min, 68%
B—76% B; 25 ~30 min, 76% B—84% B; 30 ~ 40
min, 84%B—95% B; 40 ~45 min, 95% B—100%
B; 45~47 min, 100% B—60% B; 47 ~48 min, 60%
B—40% B; 48 ~ 60 min, 40% B) ; KA K1)
e (0~21 min, 220 nm; 21 ~25 min, 276 nm;
25~60 min, 220 nm) ; AFFE] mL © min™'; AR
30 °C; #HFERE10 w Lo
2.1.2 IRAXTHR AR AT A

NGO TE oy LA A N |
20.1 pg - ml'. HARMNEED 255 pg - ml', AR
PIBETT 38.6 wg » mL™'. BARM35.7 we - mL 'R
GV, RIS,

2.1.3 SRl

FEEFREAARRFN0S g, B 10 mUAETE, K
HEMUPES mUIMA, %%, Fra, @GR (T
250 W, 4% 50 kHz) 35 min, B, %, H
H SR R IR i, F25) . BGE R, B0 (12 000
remin') 5min, BEIEWR, 1045 wm LI,
I
2.1.4 JypkcePEsk

(1) KR
IS18 5 AR, FEEFRE, % 2137 W)

V@ORTR Y i\ ARVACEUTICAL A

PR, R 2007 O AL
FEOWR, ok isE, DI AREGEE S ik, 1
SALHEA WA PP RE VR B B TR OR P T AR, 52045
RAE WA X B3 B[] I RSD 349 <0.12%, ARG T
FURSDY) <0.24%, FifREiE S A s
FESUETER UM R JE (201200) , I
S FEAHPLCIE RS A AARLEE , i SO 1 AR AL EE 3
=0.995, FHNZIUAHEE L R AT

(2) HEEMERE

HS18%5 FIARME A6y, ArildE “2.1.37 5 ik
il PR, STATRl ey, IR 2.1 Y
CESRMFUERE, R EIEE, DB AREIEE NS
WA, AT U Y A XS % B B[] R X6 O B TR
S5 AR X PR BR B ] [ RSD 34 < 0.06%,  AHXF
WETRIFRY RSDF)<3.0%, WFisEIESA e
TEFRSURITEA LB TN R BF (20120%) , 1T
HAFEHPLCIES MAHLEE , Fe 8BS RAI U
=0.995, RHZHEHEREMRLE.

(3) FeE tEise:

S185 AARME S AW, #% “2.1.17 7
ERERM T 0, 20 4, 8. 12, 24 h iHFEHT,
SR, DA AREEVE S i, THA A 0%
(AT P B B [ AR X R T AR, 45 SR A R AiF I AH
X5 BA B[R] I RSDY) < 0.25% ,  AHXTIE AR RSDY
<1.35%, ¥ EiESA ks a0 A
RUETHN RSG5 (201200) , HESFESHPLC
FEEIARUE, FESURTE M AHEIER =0.995, &
A TE24 hNFA B BT

(4) FeEUEER HEr PP

HE 3248 AR Y 5 R 3 A B 2 L 5
SR 2 ke SR AR U RN RS
(2012.130723 JgA ) Hr,  #EF7MarkIEDTHL, B
IHWEI AT M, Presr e SRS Wk, H
AEBUEE AT 25 R L1, A4 IR AR 556 B F5 2 &
TEAHLLEE 35 >0.900,

(5) TearFE AT TR IA

X324 IR 2GR SRS AT, TS
TG LR B ] D B T o i b, A28 3R
W, SR FEDOAT R b AR A T a2 g, L
2.
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1 32
1
' AHABLEE ' AR ' AHABLEE
S1 0.996 S12 0.989 S23 0.965
S2 0.993 S13 0.966 S24 0.993
S3 0.991 S14 0.991 S25 0.992
S4 0.999 S15 0.992 S26 0.960
S5 0.969 S16 0.962 S27 0.988
S6 0.954 S17 0.990 S28 0.985
S7 0.992 S18 0.971 S29 0.987
S8 0.985 S19 0.994 S30 0.983
S9 0.964 S20 0.998 S31 0911
S10 0.992 S21 0.990 S32 0.992
S11 0.997 S22 0.937
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2.2 - -
2.2.1 RSB

Hh 24 2R G 2 B U PR 5 o B F S TCMSP
( http://temspw.com/tcmsp.php ) , PubChem%{#ji
J (https://www. ncbi.nlm. nih.gov/pubmed/) ,
Swiss Target Prediction R4 #% (http://new.
swisstargetprediction.ch/ ) , Pharm Mapper£{#ji
J ( http://lilab.ecust.edu.cn/ pharmmapper/index.
php) , Uniprot¥#EZ ( http://www.uniprot.org/ ) ,
David 6.8%(4% & ( https://david.nciferf.gov/ ) =¥
HEESHEFA TR (KEGG) A (http://
www.genome.jp/kegg/ ) , Cytoscape 3.8. 25 1F .
2.2.2 PR

IR R T 2 R G A FETCMSP (htip://
temspw.com/temsp.php ) . PubChem#(#& /% ( https:/
www.nchi.nlm.nih.gov/pubmed/ ) . Pharm Mapper%{
P& (http://lilab.ecust.edu.cn/pharmmapper/index.
php ) . Swiss Target Prediction/lR55#% (http://new.
swisstargetprediction.ch/ ) 248 4475 MRS B9 1
FHHE S s A Uniprot Zi#ig 2 ( http://www.uniprot.
org/ ) A5 TIIN S (1474 2% PRI B Xk 7 (9 R TR 47

V@O i ARV ACEUTCAL AT

R A PO A RS 0T, BREERALT, &
ZAFEN S AR G AR K561

2.2.3 HREASEALE (PPL) M

B RAFHIS6 ML U H P ATELSTRING 11.0

( https://string—db.org/cgi/input.pl ) B, YFh
BN N (Homo Sapiens ) , i BEEEEH
LHZHOFHME>0.9, HASHRERNLE, &
TR ZE B —5 i, RIS PPT M2 (LIK3) o
XFPPIAEAT HAMNFAE 3 M, BEHUCAE O™
(Degree) LA FE” (Betweenness )
“FEHULPE” (Closeness ) 3N BB KT H L
W HDegree= 100 s AR OHERL, 206 1 )5 It
HEN6NHEEZ O, BREIEALB (Degree=
34) . EGFR (Degree=27) . HSP9OAA1 ( Degree
=27) . ESRI (Degree=23) . MAPKI ( Degree=
21) . CASP3 (Degree=20) . MAPKI14 ( Degree
=20) . SRC (Degree=19) . MAPKS8 ( Degree
=18) . AR (Degree=17) . PPARG ( Degree
=15) . PGR (Degree=15) . NOS3 ( Degree=
13) . CDK2 (Degree=12) . CHEKI1 ( Degree=
11) . GSK3B ( Degree=10) .
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2.2.4 FEHAE (Gene Ontology, GO) HIREE 4E
gixi

FIF DAVIDEHEE (https://david.nciferf. gov/
tools.jsp ) R ARAFHI 16 MAZOHE G HEAT GORAESS
Bro #EBCE AN (Homo Sapiens ) ¥Ff) “Gene—
Ontology” T, 52GO%KH, &F79M LY

16 q

( Biological Process, BP) 2cH, 1471404 AL
( Cellular Component, CC) &H, PAK341M%
TIhfE (Molecular Function, MF) 48, 4%
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Prolactin signaling pathway

Pathways in cancer
Progesterone-mediated oocyte maturation
Prostate cancer

Estrogen signaling pathway

Epithelial cell signaling in Helicobacter pylori infection
ErbB signaling pathway

GnRH signaling pathway

Proteoglycans in cancer

Hepatitis C

FoxO signaling pathway

Hepatitis B

NOD-like receptor signaling pathway
VEGF signaling pathway

Colorectal cancer

Shigellosis

Tuberculosis

Pertussis

PI3K-Akt signaling pathway

Viral carcinogenesis

5 KEGG

20

SRR, VMG EESSEYE RO L SRSy
PO | IRIE 22 IR IR AL . OO X RTEE . B2 AR /SRR IR . — AL
MERCGRAO SN . AT R TR . MORIRE R RAREE TR E . EERESE . EAEEEE . =
Wl 5o e, WRRTERR. M BERIREAT S0 TIIRE, HALRILE 2.

, BARRES A

R BEHERZ

2
251 FER TR BHA P FDR
BP MWW ( Response to Stress ) 4 201107  2.64x10°
BP KRR BN ( Response to Estrogen ) 4 244x10° 2.64x10°
BP JKIETREHFRBERR L ( Peptidyl—threonine Phosphorylation ) 4 477x10° 8.63x 107"
BP FT IR R ( Negative Regulation of Apoptotic Process ) 6 343 x 107 3.10x 107
BP S5 5 (Signal Transduction ) 9 212x10°  573x10°
BP BRI 22 A R AL ( Peptidyl-serine Phosphorylation ) 6 597x10°  323x10°
BP FEFIETEEE (Positive Regulation of Transcription ) 6 6.19% 107 479% 107
cC LB ( Cytosol ) 12 470x10°  2.05x10™
cC AHEAZ% (Nucleus ) 16 123x10°  1.07x10°
cC 1% 5 (Nucleoplasm ) 11 9.75%x10°  2.83x10™
MF fifiz% 4 ( Enzyme Binding ) 8 6.13x10°  730x107
MF HEEEPE (Kinase Activity) 152x10°  9.05x107°
MF T R 22 5 R D BRI EETE PE ( Protein Serine/threonine 133x10°  3.03x10™
Kinase Activity )
MF KSR Z ARG (Steroid Hormone Receptor Activity ) 4 1.53x 107 3.03x10™
MF —EH AR AT TIEYE (Nitric—oxide Synthase Regulator 2.06x 107 3.25x10™
Activity)
MF T TE 2 ( Protein Kinase Activity ) 1.07x10°  3.03x10™
MF TE MR 45 5 ( Protein Phosphatase Binding ) 4 2.18x 107  325x10™
MF WM TS5 A& (ATP Binding ) 15 135x10°  9.46x 107
MF FEH 454 (Protein Binding) 16 553%x 107 731x10™
MF MAPETEYE ( MAP Kinase Activity ) 3 6.67x107°  7.93x10™
zhgysh
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225 HHERE KW H E RN A AR &
( Kyotoencyclopedia of Genes and Genomes, KEGG )

i AT

| DAVID (¥ % (htips://david.nciferf. gov/
tools.jsp ) X 3K 15 1 16 > 4% .0 48 25 i 17 KEGG-
PATHWAY &4/ Hr. & #1453 KEGG 15 % i #%
$k 49 %, W E P < 005, FDR < 0.05, #i4
i 20 25 HUNIE 5 s o 3 650 % 3 200 59 0 i
. HATTRAT B P iy B R AR A L i

FLEF S . MAPK (5558 . 220/ S0 5p Bk
YRR RIS . MERE S S L A N
ERETFESENE. KIBE. A%, FoxO 5%
W, ErbB 55 EE . ZAUFR . GnRH {5518
B RYRBE N 5 S . PI3K-Akt {55 H |
NOD FESZ ARG ik A, HARZE R IR 3. R
16 A0 $IE 557 AT RE 32 B33 1o 9 e 3 263 ik 21
TEE I H 1 .

3 Pathway
%5 (AwCiRtilES HHA P FDR

hsa05200  ##5EI&RTE ( Pathways in Cancer ) 9 2.35% 107 7.97 %107
hsa05120 B I TIEAF R B L R M (5545 ( Epithelial Cell 5 7.65x 107 8.67x 107

Signaling in Helicobacter Pylori Infection )
hsa04917  fiEFLE(EF S8 E ( Prolactin Signaling Pathway ) 6 1.89 x 107 7.97x107°
hsa05205  FEAEFP IR 28 ( Proteoglycans in Cancer ) 6 3.19%x 107 241x10™
hsa04914  Z2PA\- A UIEEAII AN ( Progesterone—mediated Oocyte 6 528 x 107 9.50x 1076

g )

Maturation )
hsa05215 A5 ( Prostate Cancer ) 6 5.59x 107 9.50x 10
hsa04915 MM ZE(E S50 ( Estrogen Signaling Pathway ) 6 1.10x 10 1.37x 107
hsa04370 I AR FF 538 ( VECF Signaling Pathway ) 4 225x 107 1.07 x 107
hsa05210 KB (Colorectal Cancer) 4 236x10™ 1.07 x 107
hsa05133  'F H % ( Pertussis ) 4 4.16%x10™ 1.52x 107
hsa04068  FoxOf5 5 #% ( FoxO Signaling Pathway ) 5 1.18x 10 732 %107
hsa04012  ErbB {553 ( ErbB Signaling Pathway ) 5 2.17x 107 2.11x10™
hsa05161  ZHIH-4 ( Hepatitis B ) 5 1.61x10™ 9.11x10™
hsa04912  GnRH {55 5@ ( GnRH Signaling Pathway ) 5 2.59% 107 22010
hsa05160  PNBF4 (Hepatitis C) 5 1.15x 10™ 732 %107
hsa05131  AHEEPERTZNE ( Shigellosis ) 4 2.60x 107 1.10x 107
hsa04621  NODFEZ{R(E S8 ( NOD-like Receptor Signaling 4 1.75x 107 9.13x 107

Pathway )
hsa05152  filiZ#% ( Tuberculosis ) 5 3.47x10™ 1.39x 107
hsa04151  PI3K-Aktf5*53# [ ( PI3K-Akt Signaling Pathway ) 6 424x10™ 1.52x 107
hsa05203  JFEEEUE ( Viral Carcinogenesis ) 5 6.06x10™ 2.00%x 107
zhgysh
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2.2.6  “TEPEAUSY - BN - GEEKT MRS T

[N 2% 2 B2 1 b PR i S A TR R 45
BE, JRUE T 2R s SN, AR B I A OB
JE R AT 25 A T e A5 B A A R 1O AR A R

® ey
o
A s

v ooER

2.3
2.3.1 Z&MEXFRFEE

FERBEAARNER T . ARNERT . AARMNER
M. AR (X B e, PP Il e ol o Ve S
3524 0.08.0.03.,0.1.1.5 mg - mL™" AN R S VAT
Iy BRI AR NS T . FIRNEET . AR

e EW R FERL 558 A BAE RS A
Cytoscape 3.8.2 Jfff, #HE “mWidr — #LAT - @ BE AL
Pz, SR ULIE 6,

I, & AR ER 3 BEAL S 1 L, DA Bt AT
BRI, W AERE R, 045 pm RALIERR
SURSHE AN W i PRGN SR QY i S O TR S G S
DABERRMERE A br (X)), IR AARAR (V)
bR, TR R, AR 4.

4
Ew EEp¥i R LM/ (mg - mL ")
FAR IS T y=2.6661 x 10'x+3.8617 x 10°* 0.9993 0.0050 ~ 0.0800
EENSI y=4.3525 x 10'x+3.3374 x 10’ 0.9997 0.0005 ~ 0.0300
AR AR I y=2.5184 x 10'x-2.2630 x 10 0.9999 0.0010 ~ 0.1000
BA y=1.6529 x 10'x+1.5675 x 10° 0.9995 0.1500 ~ 1.5000
2.3.2 JTikEELR RS B R4S

(1) MR

HUS18 5 AR M A, & “2.1.17
T EGEAMFESIAE 6 I, e AIEE . RN
I FRNERT . FIARNERT . AR B ] Y
RSD %3514 0.08% . 0.07%. 0.06%. 0.09%; Wi
LAY RSD 43514 0.05% . 0.20% . 0.80% . 0.08%,

’?7 AR @l CliINESE PHARMACEUTICAL AFFAIRS

(2) et

B S18 5 FIARKE S ki, % “2.1.17
WEAGELAFT 0. 2, 4. 8, 12, 24 h PRI,
FIARNEET . FIARMNESIT . FIRPBEI . 5 AR {4
B B[] Y RSD 4351124 0.16% . 0.20% . 0.23% . 0.05%;
W AT FHR Y RSD 43114 0.08% . 0.18% . 1.4% . 0.08%,

zhgysh
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R IRTE 24 h INERUE .

(3) HEEMIALR

PATH A S18 5 FIARKE S B sl i A 6 17
A3l <2007 T EIE SR T, I
GORFIRAEE T . FIRANER T . FORNERIT . AR
- 25 5 430 R 039, 0.11, 025, 54l mg - g,
£ B 1 (8] 19 RSD 43 511 24 0.10% . 0.08% . 0.06% .
0.07%; W& RSD 23514 2.25% . 1.61% . 2.59% .
2.82%, RWNZIEEE VR

(4) IAERIBCRIRLS

FEEPRE 6 (T A 4 DR & i S18 5 FHR
FERAS, BHREY 0.25 ¢, MRIEFES P& & &,
F 1+ 1 LUORS B I AAH R B S, 4% ©2.1.27

WO RS IR, 2.1 W&
MW, ARNEET . AARMNEET . AARMNE .
& AR B 0 A [R1 I 2R 43 03 SR 100.4% . 100.3%
99.6% . 99.4%, RSD 4350 0.64% . 2.1%. 1.1%.
2.1%, FHRIREE MR

(5) FE&H S EIE

SRR 32 HE AR Z MR, 4% “2.1.27
WA R, i “2.1.17 AT AR
B, M E A, RS ERNEE T . AR
BT . FORPEET . 5 A o e 40555 e o e 43
B, HRIERILE S, 32 HLEARZ R T 4 A PIEESS
AT BT BN 1.79 ~17.22 mg - ¢

5 32 mg- g
i %
itk ST
AR T FIAR TR 1T FAR S I G
S1 0.11 0.02 0.06 4.77 4.96
S2 0.11 0.02 0.07 6.14 6.34
S3 0.38 0.20 0.21 5.96 6.75
S4 0.21 0.08 0.20 6.00 6.49
S5 0.09 0.08 0.15 1.55 1.87
S6 0.32 0.09 0.20 2.37 2.98
S7 0.14 0.03 0.09 7.88 8.14
S8 0.20 0.04 0.16 9.18 9.58
S9 0.28 0.04 0.13 15.36 15.81
S10 0.21 0.09 0.24 4.08 4.62
S11 0.33 0.14 0.23 4.54 5.24
S12 0.48 0.17 0.36 4.97 5.98
S13 0.18 0.10 0.23 3.36 3.87
S14 0.89 0.40 0.65 15.28 17.22
S15 0.45 0.08 0.18 7.86 8.57
S16 0.50 0.07 0.25 10.04 10.86
S17 0.23 0.14 0.27 3.85 4.49
S18 0.30 0.11 0.27 5.21 5.89
S19 0.66 0.20 0.54 14.04 15.44
S20 0.27 0.05 0.13 441 4.86
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Jitte 4K
HER ENDiN Wi
FIAR AT 1 SENZ[ AR P I A
21 0.43 0.10 0.24 7.19 7.96
22 0.48 0.09 0.26 7.71 8.54
$23 0.27 0.22 0.51 4.09 5.09
24 031 0.13 0.33 2.99 3.76
$25 0.32 0.15 0.41 3.70 4.58
26 0.48 0.17 0.37 1.96 2.98
27 033 0.17 0.24 5.75 6.49
28 0.22 0.09 0.18 433 4.82
29 0.23 0.10 0.22 4.18 473
$30 0.25 0.08 0.16 9.02 9.51
S31 0.28 0.16 0.22 1.13 1.79
$32 0.30 0.12 0.22 3.57 421
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