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Predictive analysis of quality markers of Atractylodis Macrocephalae Rhizoma
volatile oil based on GC-MS fingerprint and network pharmacology
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College of Pharmacy,Chengdu University of Traditional Chinese Medicine ,Chengdu 611137 ,China

Abstract: To analyze and predict the potential quality markers of Atractylodis Macrocephalae Rhizoma volatile oil ( AMO)
based on fingerprint and network pharmacology,11 batches of AMO was analyzed by gas chromatography-mass spectrometry
(GC-MS) ,and similarity evaluation, principal component analysis (PCA) and cluster analysis were carried out,and the Q-
Marker candidate components in the volatile oil were screened. Target collection and network pharmacological analysis were
carried out to build a " component-target-pathway" network and predict the Q-Marker of AMO. The fingerprints of AMO were
established with similarities greater than 0. 990, indicating that consistency in the composition of AMO from different origins
and batches. PCA analyses showed a more concentrated distribution of AMO from the Zhejiang,and HCA analyses showed that
when the classification distance was 15 ,four batches of AMO from the Zhejiang region were clustered into one group,indica-
ting that the volatile oil quality of AMO from the Daoji region was more stable. Ten Q-Marker candidates were obtained after
GC-MS analysis, 19 key targets and 66 pathways were obtained from the network pharmacological analysis,and palmitic acid,
B-eudesmol , y-elemene, elemene and atractylone were the Q-Markers of AMO according to the preliminary prediction, provi-
ding a theoretical reference for quality control of Atractylodis Macrocephalae Rhizoma and other Traditional Chinese herbs.
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Table 1~ Sample information

s R s R
No. Place of collection No. Place of collection
s1 L S7 WL

S2 Z S8 Wi

S3 B S9 g

4 L S10 =~

S5 Wi Si1 bW

6 WL

1.1.3 MHE

LEE N E RN QU SR SE 3R E t S (/ARSI D
Agilent SAH (A 1% - BT 3% AL  Agilent GC-MSD T/
Wi (7890A-5975C., 35 [E 22 HE 4 4 & ) 3 Sartorius HL T+
KF-(BP211D AG, fEEFEZ A A F]) 5w b 24
Bl (HX-200 AU, Wi 745 K 5 T IR 1 4 25 R

I ).
1.2 SR AE
1.2.1 aRFEL BRI

R K 28 SR IBE S IR A AR A, BRI AR
HLKS 80 g, %& A 1 000 mL [FFEESIHE, A 8 f5 /K
B3 h i IRE A Z G0k, IR R E 6 b T8 K
TRIREN K IS, UR i T E AR 1) EP &b, 111
KPR, BEE BT 4 CORFERTE. A (1) it
R Rl

WA BRI =
BEmRE(g)/ B mE(g) x100% (1)
1.2.2 AR S5k #) &

WU %00 30 wL T 1 mL IE Qe AL ug
b U IR AZERE, Jy GC-MS T E AL i o
1.2.3 GC-MS &4

{35 %A OIS Agilent 190915433 (7§}
(30 m x250 pm x0.25 um) ; S NAS (He) , %
SHEUE 1 mL/min; RICEE 7 FHR, WG AR 60 C,
345 2 min, L 5 C/min J} & 160 C {345 5 min,
L4 °C/min 7+ 2 200 °C,{%4F 8 min,#R)5LL 6 C/
min F+ % 250 C, {fFF 10 min; 53 HFAE, 73 00 LR
20: 1 EFE o1 WL I FIIER 23 min,

Bui sk iy 7 & i (ED & 78, i FRE >
70 eV, B IR 230 C, UHATIRIE 150 C, %L
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PR 2. x2 1 #HERGHIELBENE
1.2.4 ZHBRZSHE Table 2 Extraction rate of 11 batches of AMO
28 0 I X 7 )5 i PR 8 I R A B+ L% i Vmﬁﬁﬁﬁw)hmﬁﬁi%)
KR ATEVE RS 4 NIST14. 0 3 %, 4414y - o 193 o 21
ARG 5 T AR B R Pl LR P 0 T AR 2 0. 145 0. 181
A 3RS s3 0.193 0.241
2 BARELMA CC-MS HIFER S 0290 0.362
21 ARERMEE N - e
B ST~ ST 45 % 5 it AR R L 2. < 0193 0241
2.2 GC-MS 59 Eig# L S8 0.289 0.361
WL A RS R, #5212, 27 R 45 4% %9 0.195 0.244
HER AW, 1. 2. 37T F GC-MS AR UHERE, IF :(1’ g- j;‘; g- j‘;

TSR AT, 11 HE AR AR SRS UL 1,

I
9
J 4567 g | i
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fo

W ' 1) O (S5 % ) ;e T m—
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Fig. 1  The fingerprints and common peak markers of 11 batches of AMO

2.3 IEYEIEHFIERICRAEUETN BEAARRUZ TP, G52 R B 1L 4 I RRE AR )

B 11 HEEARSE L S TR AR 2GR 80 FEXIRT 0,992, 3R M) 11 L FARKE i 74 A il AR B2
FIEARUBEITAN R 58, LA S8 A Z IR, R P8 Bom, B BONRE , (B4 RE AR ATl v F] — @ g i
ok A SEREBE 0.1 min, BE 1 10 A3, AgUEmBUNIE, BER B & il 09 & A —RE 22 5%
WP S I I AP S WD ULIET 1 AR 20 DASEAT sy ™ R A A T s AR BRSO 5 iy T LA™
(1 RGN Z IR AT 22 RCIE 0 T bR Rl DX A A B AR A ™ X, PR IR 3 3R 4.

R3 N HARELHEERMEERRENSE

Table 3 Common components and relative content of 11 batches of AMO

/4 - A L .
e I A ijiiuf]tar e FHXF 4 1 Relative content( % )
No. (min) formula Compound Sl 2 s34 S5 s6 ST S8 s9 S0 Sl

1 16.47 29873992  CisHy  y-HifMi y-Elemene 3.452 3.71 3.057 1.807 5.982 8.223 5.644 3.028 2.813 4.04 2.493
) -Sm Wl (-)-

2 19.572 95910364  CjsHy
Isophorene

2.416 6.429 4.482 7.928 3.803 4.715 4.273 7.152 2.166 8.16 2.037

3 28.477 6989-21-5  CisHysO  FARPMH Atractylone  60.378 58.05 58.818 61.416 72.168 64.212 64.044 65.457 53.09 60.449 62.829
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213% 3 ( Continued Tab. 3)

¥ HHE it Relative c 9

=] ' A i & i Relative content( % )

}JN%‘F R CAS Molecular C“ﬁ i q

0. (min) formula ompoun S1 S2 S3 4 S5 S6 S7 S8 S9 S10  S11
R i B-Fu-

4 31.493  473-154  C;5HyO ﬁetirtnol+ B pEu 2.756 4.685 2.229 0.389 2.366 3.555 2.325 1.163 2.751 1.432 2.69%4

5 32.088 63999-6 CisHyO ML Elemene 1.56 0.824 1.663 1.07 0.658 0.422 0.908 0.808 1.448 1.066 1.733

6  32.316 18594-05-3 Cj,H; 0 4 ICHRLIH 4-Gy- 1.443 1.752 1.841 2.115 0.976 0.61 1.482 1.177 1.5 1.258 1.591
clohexylacetophenone
24-TF- -3, 12- 0

7 33.475 201358249 CyHy,  24-Noroleana-3, 12- 8.441 5.626 4.765 5.725 3.622 4.727 4.147 3.63 5.824 3.739 5.03
diene

8  35.446 101628-22-2 CsH, 0 #jiFLfE Valerenol 1.518 0.832 1.291 0.548 0.926 0.828 1.141 0.492 2.566 0.597 1.778
Jz X8 s 1 I 1R TR

9  37.562 101527-74-6 Ci;Hy0, trans-Valerenyl ace- 5.186 4.592 6.78 4.103 3.548 3.341 5.249 3.365 5.551 3.998 6.024
tate

10  51.868  57-103  CyH3, 0, FEAEAER Palmitic acid  3.275 3.696 5.284 2.854 1.697 1.39 1.881 2.983 8.285 3.192 6.76

x4 11 HLEARELH GC-MS 5L EEHELEIEMN
Table 4  Similarity of GC-MS fingerprints of 11 batches of AMO

2.4 EWSSMH

K F A VR K 52 50 #7715 (http://v2. biodeep.

en/) ¥ 11 4t FHARIE A GC-MS A M 5 5

%' ML %' AL

No. Similarity No. Similarity
S1 0.997 S7 0.999
S2 0.998 S8 0.999
S3 0.998 39 0.992
4 0.998 S10 0.999
S5 0.998 S11 0.996
S6 0.997

(16,17 J AT PCA R o373 Bt , AL 7345 5 L[]

2, th PCA Zp#r Al UL, HHL¥K 82,84, S10 434 T4
—RIR,S1.S3.89 A T4 ~ R IR, S11 7E55 =
G, S5 ~ S8 W L™ F AR K3l 32 B 03 A 7E 27

ZIR,

2.5 RES

K H A 3% K 58 43 B & (hitp ://v2. biodeep.
en/ ) AF 11 HL AR S ot 3 A B0

PC2(16.2%)
o

Group

N<«O>

]
PC1(39.8%)

E2 11 #tBRELM PCAFHE
Fig.2 PCA score of the 11 batches of AMO
T ACEBGC WU TV Y 5553 Z: WiV, FIAl. Note:A;Anhui;C;Sichuan;]; Jiangxi; Y ; Yunnan;Z; Zhejiang , the same below.

AT RGRE M, RRERULE 3. o R

AU Y ISR 1S I MRS BN D 2 28,84 .85 ~
S8 J% S10 H&5—,S1 ~S3 .99 SI1 s —2%,



Vol. 35

TG BT GC-MS F S 113 1 (00 £ 24 027 1) 1 AR D P 1l 4 o o s 9 000 3

1309

gEEEm@
C<ON>

—

—

—‘:‘:M |
S9

&3

T 1
5 0

Group

1 #tERBERHRESIER

Fig. 3 Cluster analysis results of the 11 batches of AMO
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Fig. 4 Target PPI network diagram
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3.3 PPI &S

ARG 1Y 173 S HHOCHE 555 A STRINGIL. 5
(https://cn. string-db. org/) {48 FE 1, % £ “ Homo
sapiens” P, ZBR A5 5, FHATROY. v AL,
JEEE T OB T AEFFIE R SA Cytoscape 3.9. 1

A AT FTRAR 23 BT, 15931 28 1 ELAF ( protein-protein
interaction , PPT) (2% | 25 8 L[] 4 (& H degree {H
R, mBOR, B BRI ) 5 B U 28 b degree {ER
T2 A5 A A Ry B T 4 R R
1519 A SCHERE A A R WK S

RS RBEAGEER

Table 5 Key target screening results

R TR HE AR Bl
Abbreviation of target Full name of target Degree
TNF ffE PR 5E AT Tumor necrosis factor 54
PPARG A Y R B B 038005 A y Peroxisome proliferator-activated receptor y 46
PPARA T E A W B B B 03065 324K o Peroxisome proliferator-activated receptor o 39
ESRI1 MR 2 324K « Estrogen receptor o 37
PTGS2 B AR 2E G/H 4 i 2 Prostaglandin G/H synthase 2 34
RXRA PR X 524K o« Retinoid X receptor a 29
PTEN BENRIENLRE-3 ,4,5- = BEIR 3-WEWR RGFUSURR St 2 1 IR It 27
PTEN Phosphatidylinositol-3 ,4 , 5-trisphosphate 3-phosphatase and dual-specificity protein phosphatase PTEN
MAPKI1 MAP i ERK2 MAP kinase ERK2 27
IL10 F 4 A2 -10 Interleukin-10 25
NCoA2 W SZ AR ILE T 2 Nuclear receptor coactivator 2 25
NOS3 N 2 —%UfL A &1 Nitric-oxide synthase , endothelial 24
ABCB1 P-BiH H 1 P-glycoprotein 1 22
CYP2C19 Ml {72 P450 2C19 Cytochrome P450 2C19 22
SLC6A4 M35 22 %32 1 Serotonin transporter 22
CYP19A1 A (7,25 P450 19A1 Cytochrome P450 19A1 22
FABPI1 JIFHE RS iR 45 4 75 1 Liver fatty acid-binding protein 21
GRMS5 fRIFEI R TR Z K 5 Metabotropic glutamate receptor 5 20
NROB2 WZ IR FR 0 B 45 5t 2 Nuclear receptor subfamily O group B member 2 19
PGR 2 3K Progesterone receptor 19

3.4 GO 5KEGC BREEN

FFH DAVID %t 3% E ( https://david. nciferf.
gov/ ) XFARAFHY 173 AHE g 47 H A (gene on-
tology ,GO) & £E 437, 1%#E“ Homo sapiens” ¥ Ff T
[t “ Gene_Ontology” #47 & 8 /04, iR 45 P <0. 05 %
G R 153 397 A W)id A (biological
process, BP) 25 H, 55 4~ 40 jfd 2H % ( cellular compo-
nent,CC) 45 H, f1 116 /43F I fE ( molecular func-
tion, MF) 25 H , 4% P {H /B BCHE A4 i 20 19 5%
H, 53K S5, &l s s, BP £Z 5259 R .G
PRI A 5 il dL 1 R AR 18 5 I DA
S5 O CCEZE V0 S 20 MO 3T | 240 JE R L oA o ) e 2

B A MEF SEZE S RNA st R FiG 1 Bt
456 BT854 DNA 254 (G R B2 1k
Tk A JEUBEH E SEAT

FI 7 DAVID %3 i 4T KEGG_PATHWAY &
BT, IEARYE P <0. 05, i 3645 5 KEGG {5538 %
66 2%, 4% P {E M /INEI K3k BUHE 44 17 20 A4 3 542 il
HENE 6, &l 6 FWT AR K i =32 B2 1 #2295 1
Fe 452 1A AR H A AR g 4 A2 BUE -2 R )
T L AR S il AR  PPAR {5 5 aE i A6 Y
IR AR S R R AR WA 515 Sl i IR
S B AEZE i %5 R FEVE R
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Fig. 5 GO function enrichment analysis results
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3.5 “E4r-$B-EEET M E M E N Q-Marker T
S

W9 MRS S AR Q-Marker 3% 153 |
19 4~ degree {H AT 2 5 Az 557 I S AR 5 AN
20 5B H-S A Cytoscape 3.9. 1 &4 i gt (R
R Q-Marker {53 o 53-8 5300 [ X 4%, 1 UL 1]
T(EH =M ARG MRS, IR AR
RS, TR T AR B, 1 AR/ degree B
KN o

DI G B8 s B 1 A o I 2 (R Y 3 A
degree {H 27 (& degree {EBR K, 5 s8R, B
CRIR) |, K AR R IR \B-H i It - 7 0 | S A

Neuroactive pathways
Igand-receptor Loishmanias:s
nieraction
PPAR signaling ml g
f . pathway
Retrograde
endocannabinoid 826 - . B
signaling soen
Bz7 824
Chemical
orotonergi carcinogenesis -
synapse recapior
BZ8 BZ3 activation
Steroid hormone BZ0 BZ2 Wn
biosynthes s o
BZ1 pathway
7 call
il iaion Bile secretion
Arachidonic ackd
Thyrosd cance: “
rasistance

RS AR T 45 S0 73 1 32 2 R X A, i 7 3k 2 i
AIRESE I ARFE A i rh e 5 25 R ) 32 B M) Jo s
B MAPK1 . PTGS2 . RXRA .CYP19A1 PPARA \NOS3
TNF CYP2C19 (3% 45 B , FTRE/E HRIE A&
FEAE FH A0 SRR 05 5 AR 151818 ( Metabolic pathways) |
A2 BURE -2 TS ( chemical carcinogenesis-receptor
activation) . PPAR {Z 5 i [} ( PPAR signaling path-
way ) | Il V5 2 AE 58 fith ( serotonergic synapse ) | Mff i &
5518 % (estrogen signaling pathway ) [Y % 2 £ 4%
R, H 735 33K 65 5 FT R A R Tl A AR T O
G A ERERTIN

’ i
. o

B7 “mio-HBa-En REgE
Fig. 7 " Composition-target-pathway" network diagram
1 BZ1 AR BZ2 . (- ) -SFWIW\SG ; BZ3 oy - Wi M5 ; BZA . B-Hg Ui ; BZS - KR HTR ; BZ6 - i MM WE RS R T ; BZ7 - i 7 I ; BZS - TR ; BZO -
4- IR FEFR L . Note:BZ1 ; Valerenol ; BZ2 ; ( -) -Isotrumpetene ; BZ3 ; y- Elemene ; BZ4 : 8-Eucalyptol ; BZ5 : Palmitic acid ; BZ6 : trans-Valerenyl

acetate ; BZ7 : Elemental alcohol ; BZ8 : Atractylone ; BZ9 :4-Cyclohexylacetophenone.

4 Fie5%it

AWF5E i GC-MS WAL 1 11 HEUCAR[R]
7l R RS B4R SURTE  IF RN T 10 A
AU A R B0 S R R B R ) 85%
PAE . FEA BT PCA J3 B4 2R /s #7107 1R 4%
K5 L0 AR KA W X3, Wi AR 23
A AR R BT s 2 0 SRR O 15 I, 4 41t
WL EAR TRy —2¢, R S 2RI AR L,
TLHAARIE S 0l o 2 i JE O AR RIS RE , it 7Y
Nz w TP X E AR i T — , B0 E
FEREAR AT LU S WL CE R AR 25 5

HEAN  ARBIESE LL L St AR #E A i 384 oy

oy YRR B PR 2 B R AT T v M LR
N By~ 5 -1 % VR 2%, TI0 E ARA%E Aih
10 F2 A T I B AT o 48 24 B2 4 R s el
PR BRI I I Ly - MG A A UG 7 2 A0 2 K i T B2
ARIEFAM AL TR R Y o R A M EAT Y
B Wit A BT ORISR AR
WFTE R ARE R R | B it I -8 A My G 7 I 1
ARBE RSy BAT B DR R B
Bl R R Y PO Y B
YA, 5 R R BT AR DL = A,
X LR AT S RS A A% 25 AR i 222
LR, 55 P 2GR DI RESR PR B UIAR 5 o Lo A -
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