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Abstract: Objective Based on gas chromatography-mass spectrometry (GC-MS) combined with network pharmacology
methods, this study explored the active ingredients and mechanisms of the volatile oil from Zanthoxylum armatum DC. in
intervening hyperlipidemia, providing a theoretical basis for the research on functional components in the volatile oil from
Zanthoxylum armatum DC. and its intervention mechanism in hyperlipidemia. Methods Initially, the chemical
components of the volatile oil from Zanthoxylum armatum DC. were identified by GC-MS, and then the corresponding
targets of the chemical components and the disease targets of hyperlipidemia were obtained through databases. The key
targets of the volatile oil from Zanthoxylum armatum DC. in intervening hyperlipidemia were obtained through Venn

diagram, protein-protein interaction analysis, GO analysis, KEGG metabolic pathway enrichment analysis, and
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construction of the “target-pathway-active ingredient” network. Finally, the molecular docking software AutoDock was
used to validate the semi-flexible docking of the main active compounds from the volatile oil from Zanthoxylum armatum
DC. with the key targets. Results 29 chemical components were identified in the volatile oil from Zanthoxylum armatum
DC. , obtaining 37 core targets for intervening hyperlipidemia, which are involved in cellular responses to lipids, lipid
localization regulation, and responses to lipopolysaccharides. Through KEGG enrichment analysis and the “target-pathway-
active ingredient” network, 28 key targets including PPARA, RXRA, TNF, NR1H3, PPARG, and IL-6, as well as
7 main active ingredients such as farnesol, linoleic acid, and a-caryophyllene were obtained. The molecular docking
results showed that the key targets had good binding abilities with the main active ingredients, with binding energies all less
than -7.0 kJ/mol. Conclusion Various functional components in the volatile oil from Zanthoxylum armatum DC. may
intervene hyperlipidemia by acting on key targets such as PPARA, RXRA, TNF, NR1H3, PPARG, and IL-6. This study
explores the mechanism of the volatile oil from Zanthoxylum armatum DC. in intervening hyperlipidemia, aiming to provide
theoretical support for further research on the functional components in the volatile oil from Zanthoxylum armatum DC.
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Table 1 The GC-MS analysis results of Zanthoxylum armatum DC. volatile oil

% % (R/min & /% English Name L4 CAS 5
ZA1 4.484 1.72 Sabinene Ax W 3387-41-5
ZA2 4.645 0.34 B—-Myrcene A ARH 123-35-3
ZA3  5.274  3.14 D-Limonene AT 138-86-3
ZA4  6.202 46.23 B-Linalool o A2 BE 78-70-6
ZA5 7.914  0.43 Linalyl acetate LB 55 FE B 115-95-7
ZA6 10.335 0.34 Germacrene D + Lk 23986—-74-5
ZAT 13.634 0.28 B-Elemene B-HLA 515-13-9
ZA8 13.792 0.42 Copaene O 18252-44-3
ZA9 13.938 4.73 3-methylene—6—( 1-methylethyl ) ~Cyclohexene - FHE-6-(1-FATHK) K TH 555-10-2
ZA10 13.977 0.13 — — —
ZA1L 14.417 .31 Bicyclo[ 3. 1. 0] hexan—2—-ol ,2-methyl—5—( 1-methylethyl ) P S6-79-2

—cis—sabinenhydrate
ZA12 14.583 0.23 — — —
ZA13 14.701 0.45 a—Caryophyllene a-5G ki 6753-98-6
ZA14 14.867 0.46 3,6,6—trimethyl-bicyclo(3. 1. 1) hept—2—ene 3,6,6-= WA -WER(3.1.1) F-2-H  4889-83-2
ZA15 14.934 0.56 Tricyclene x 508-32-7
ZA16 15.051 1.11 Cineole Aot iy 87 470-82-6
ZA17 15.190 1.09 Caryophyllene ZWHR-8-FHA-=3£[7.2.0]4-+—4 118-65-0

ZA18 15.237 2.14
ZA19 15.343 1.27
ZA20 15.703 4.42
ZA21 15.744 3.16

Methyl palmitoleate
Aromadendrene
4—Carvomenthenol

Terpinolene

(7) -+ > Wiis P B 1120-25-8
HAH 489-39-4

4k H BT 562-74-3

T 5 i 586-62-9
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% % (R/min & /% English Name L4 CAS 5
ZA22 15.842 3.69 y—Terpinene y— itk su M 99-85-4
ZA23 15.927 3.77 B-ocimene Z ¥ 13877-91-3
7ZA24 16.017 5.88 Myrcenol F K B8R 543-39-5
ZA25 16.077 1.37 a—Terpineol a—ANh BR 98-55-5
ZA26 16.151 3.93 a—Ocimene T b 502-99-8
ZA27 16.328 1.03 Geraniol vt B3 106-24-1
ZA28 16.475 0.1 — — —
ZA29 16.550 0.39 a—phellandrene a—7K 7 M 99-83-2
ZA30 16.617 0.23 a—Pinene =R 80-56-8
ZA31 16.650 0.11 — — —
ZA32 16.742 0.32 Methyl phenylacetate KT ERF B 101-41-7
7ZA33 16.833 0.47 Isobutyl acetate LR+ T B 110-19-0
ZA34 16.875 0.13 — — —
ZA35 17.047 0.09 — — —
ZA36 17.206 0.59 (E,E) —Farnesol AR BE 106-28-5
ZA37 17.360 0.53 Undecanal +—m 112-44-7
ZA38 17.413 0.23 Myrtenal PR AR N B 564-94-3
7ZA39 17.545 0.37 Hexadecenoic acid A7 AR i BR 373-49-9
ZA40 17.725 0.21 Linoleic acid I R 60-33-3
ZA41 17.817 0.13 Heptadecane +-k% 629-78-7
7ZA42 17.924 0.27 — — —
7ZA43 18.050 0.18 — — —
ZA44 18.217 0.27 — — —
ZA45 18.392 0.25 — — —
ZA46 20.502 0.39 — — —
7ZA47 20.944 1.57 Isobornyl acetate TR 7 o P s 125-12-2
7ZA48 21.337 0.11 — — —
7ZA49 21.616 0.22 — — —
ZA50 25.796 0.21 Dibutyl phthalate AROR W BR — T B 84-74-2
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Fig.1 The Venn diagram of compound targets
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Fig. 2 The important targets’ protein—protein interaction of

Zanthoxylum armatum DC. volatile oil treating hyperlipidemia
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Fig.3 The important targets’ GO enrichment analysis of Zanthoxylum armatum DC. volatile oil treating hyperlipidemia ( top 15)
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Fig. 4 The important targets’ KEGG enrichment analysis of Zanthoxylum armatum DC. volatile oil treating
hyperlipidemia ( top 20)
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Table 2 The information of metabolism pathways and related targets

EGIE 7S P i I B $e. &,

hsa03320: PPAR signaling pathway .58x107'°  CPT1A .FABP4 FABP1 ,LPL .PPARA PPARG RXRA SCD NR1H3
.03x10™"*  HSP90AA1.ILIB.IL6 ,CXCL8 ,NOS3 ,PPARG .RXRA ,TLR2 TLR4 ,TNF
.72x10™"*  CPT1A.FABP1.IL1B.IL6 ,CXCL8 ,PPARA SCD TLR4 TNF

.27x10""  AGTR1.EGFR . F2.IL1B.IL6 ,CXCL8 . TLR2 ,TLR4 ,TNF

hsa05417 : Lipid and atherosclerosis
hsa04936: Alcoholic liver disease

®©® O oo N

hsa05171; Coronavirus disease — COVID-19
hsa04932 . Non—alcoholic fatty liver disease 1.37x10™"  IL1B.IL6 .CXCL8 .PPARA PPARG RXRA.TNF NR1H3

AGTR1, EGFR. ESR1., F2, HMOX1, HSP90AA1, IL6, CXCL8, NOS2,
PPARG .RXRA

.39x10™"  IL1B.IL6,CXCL8 TLR2 TLR4 TNF

hsa05200: Pathways in cancer 2.55x107"

hsa05144 . Malaria
hsa05142; Chagas disease .87x107"  IL1B.IL6.CXCL8 .NOS2 . TLR2.TLR4 .TNF

hsa05146: Amoebiasis .87x10™"  IL1B.IL6,CXCL8 ,NOS2 TLR2 TLR4 TNF

~N W W W

hsa05134; Legionellosis .69x107""  IL1B.IL6 .CXCL8 .TLR2 .TLR4 TNF

hsa05207 : Chemical carcinogenesis — receptor

1.68x107°  ADRB2,CYP3A4 EGFR.ESR1,HSP90AA1 ,PPARA RXRA VDR

activation

hsa05133: Pertussis 4.55%x107"  ILIB.IL6,CXCL8 ,NOS2 . TLR4 ,TNF
hsa05323 ; Rheumatoid arthritis 1.56x10°  ILIB.IL6,CXCL8,TLR2,TLR4 TNF
hsa05152;: Tuberculosis 2.11x10”°  IL1B.IL6 NOS2 . TLR2.TLR4 .TNF,VDR

hsa04933: AGE-RAGE signaling pathway in

diabetic complications

2.43x10”°  AGTRI1.IL1B.IL6 ,CXCL8 ,NOS3 . TNF




#3 M FEFE, & HETHEHGEEE CC-MS AT v L MAE & 3o T 5 Akt 69 18 AL #1 39
2 (3R2)
@ % P i I fe fe. &
hsa04620: Toll-like receptor signaling pathway ~ 3.08x10~  IL1B,IL6,CXCL8 TLR2 ,TLR4 TNF
hsa04931: Insulin resistance 3.87x10°  CPTIA.IL6 NOS3 . PPARA . TNF NR1H3
hsa04066: HIF-1 signaling pathway 4.10x10°  EGFR,HMOX1.IL6 NOS2 NOS3 TLR4
hsa05321 : Inflammatory bowel disease 1.64x10"®  ILIB.IL6 .TLR2.TLR4 TNF
hsa05132; Salmonella infection 1.99x10"  HSP90AAI.ILIB.IL6 .CXCL8 TLR2 TLR4 . TNF
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Table 3 The binding energy of Zanthoxylum armatum DC.

volatile oil active compounds with the key targets

#5448/ (k] « mol™")

EHE RS
PPARA RXRA TNF NRI1H3 PPARG IL-6
7A36 -9.5 -10.6 -8.1 -11.4 -11.6 -7.9
7ZA40 -7.4 -8.6 -7.9 -8.6 -9.4 -7.1
7A13 -9.7 -10.3 -8.8 -11.2 -10.9 -9.4
7A6 -8.2 -8.8 -7.6 -9.6 -10.5 -7.3
7A9 -7.1 -7.5 -6.8 -7.7 -6.6 -5.5
7A14 -6.3 -6.9 -6.1 -7.7 -7.0 -6.4
7.A30 -7.0 -6.2 -5.7 -7.3 -6.3 -7.2
Limonene -3.1 -4.2 -5.5 -1.6 -2.0 -3.2
Linalool -3.4 -1.9 -3.0 -2.5 -2.7 -3.1
Atorvastatin =~ —8. 8 -8.2 -7.8 -9.2 -9.9 -8.9
Simvastatin  -10.6 -10.4 -9.0 -9.7 -11.2 -10.2

185 98 5

ZA36-PPARA

ZA36-1L6 7ZA36-NR1H3
7ZA36-PPARG ZA36-RXRA ZA36-TNF

& Ay

ZA40-PPARA

ZA40-1L6 ZA40-NR1H3
ZA40-PPARG ZA40-RXRA ZA40-TNF

Bl 6 ZA36.ZA40 5 6 XA FXHEEEE
Fig. 6 The molecular docking model diagram of ZA36

and ZA40 with 6 key targets
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P 2 i D B B S VA %) 01 g I I (1)
YEFMLET, GC-MS 15 05 R BE R i 0 O A 22, i
S5 L5 TN T SOV AR BRUHEE 2R R 2 SR A RRORS il 24 53
TAELE VA KRR Aot ARSI v 4 i
TR B35 R B RN AT A6 05 T R T 990 8 R IMLE . 4l i
I8, Cheng %5 & B35 W Bt /I SRR E A 348 KA 5 3
SRIGINEIBE J7 , BEJS , 2 3T3-L1 4 (—Fh 3 B 5%
J U A AR YT AR ) ISR S, 55 R AN AU /N BRI
YA ARLI A3 Ak A 5 T T L S AR T B /0N R ot AR
FIUE I A LB R R I . R, Cho 281 & B fas it
T2 g AR O JIEL i P25 AR 5 ) HMGCR B 3Rk
ok ¥ 1 N B B ARG AR R, A, LIN LY 2P 2
HepG2 4 g 5 Y ik 55 47 15 4 2 5 AMPK - SREBP -
PPARS 3 i T I A i A= JsiAH 5 Bl i A 1) R AL it g Fn
TR 51 R LRE 4 A 2 0 T 4 45 5 vh 2 30 0 A3 I
FrREds 5 OCHE 0 s I 25 6 BEIT N &1, 7T RE 9 I IR 2 O
AR TSR A 0 114 A 5 v S LS 35055 8 A A VE G R
BT AR AR 3] 4 T A 0 s A 2., 2B T R 1A
4.2 TRTIR RIS ARBE AL, ROk D5 IR I FAT AR T 90
N MLAE A o i — 25 WF5E

1 X 26 24 B2 A5 3 1900 A I 1Y 56 B
PPARA .RXRA TNF .NR1H3 .PPARG Fl IL-6, %41k
Wy A B (B ) B0 52 1K (PP ARs ) J2 44 RS20 g
TR A8 R VR T B BRI A S5 [N, 3 R N 2R R R
R 2 0 /36 97 B 5. B 7 PPARA | PPARG il
PPARB =FF %I, PPARA FEALERE NS4 413
ik, AT ER R VR IR AR i T I 2 T
T, AT R — S R 1 %) 245 40 SRR 1D R B . mT s b
JOEL [T TS24 5 o, 2 e IEL 1 i, DA T 50 87 7 i I 56 7
K R X Z A (RXRs ) 2 — M 21k, i
e AR TG Ab 5 S PR 7 9 — M =R o8 i o7 3 90 R FEAE
%2 KA RXRa ( RXRA) . RXRB ( RXRB) F1 RXRy
(RXRG) =FiF > RXRA J& PPARA #LT% 194055
PR, LR 2 5 H il = R A0 R 1m0 35 D) A 8 4 i
SR =5 IR MUAE . 7 EL, RXR JE R 5 08 W i g &
B BB A RIS AR A S IR 560 R IR AR R
(TNF) A] 2 5 Z B 4t {9 A5 538 2%, DA 5 | 26 240 Ffd 4
To RIE SRIEEERON Y TNF BESZMR I I 255 S0 HL
X 2 M 1) FBCHEE T 5 ) 0t Y R B T g 3 T L
TENE I A0 5 S GKAPA2 B 11 W A 15 1T 175 S o) Bl 5
FIHEPL, B AR AR A i 2 A TNF 2R (K

SEE R LB L B2 FA T g IURE Y S
BR300 RSB AR o (NRTH3) 2 I X 324 —Fh
WY PR RS B A B Y 2 R d i
FERREE WA B B 25 1 RV 2% B2 R 2 2 MR o6
F 8 MRz ZALWLER S (R e s A e
JIEL PR A5 4 81 v & B LR Y NRIH3 i 1]
T8 L W e A S | R AR A DU TR 5 P 5 P S i 5t R
WA ZE A = e H I % 42 2 07 AR AR AR % B s 8k 1
ORE, BRI AR J5T 28 A A BT A9 5 1R X BT B BT 175 = 1 9
JoF 19 7 984 52 7 R A RE B X B NR1H3 m BT IfiL
BEVE T, J2& 3R 97 & B ILAE B9 T 76 #8025, PPARG 5
PPARA ML, /2254 B AR 25 IR IR i 32 44, —
DT T 45 B 0 R 0 2o Ak B s AR, SR B | I
NRRAS M ST H 7Y B £ -6(1L-6) J&
54 REHIE R AP T TL—6 A7 A A7 1 5 0 200 1
SIS VAST BT R IL-6 S 5% A X, TF
Uichi 25T B IF 58 v sk B, TL—6 & PR A6 w25 B8 I 1 50
JK ORI B AL 1) 3l P A AL v g K 5K T AE Monica
DS /IN B SEG BR, JRAE A S A AT IR T TL-6 A
ERH AT B S50 145 28 sh i 0 1 Ag /K R S A 2 DB
R, M FXHEEE R BRI 7 A EZIE RS ZA36
ZA40 ZA13 ZA6 ZA9 ZA14 ZA30 5iX 6 /> 4 5
HERRNEGHRET], 455138 /NT-7.0 kJ/moL, H
UL AT UL, 3236 1 i 43 P BEAE T DA b G S il
TNF.,IL - 6 /K F T F%, PPARA, RXRA, NR1H3 A
PPARG 7K P-4 i D & 441 1o i B ILE A

25 TR AT AR AR KT v ) R R o 5 R R
FrAge s A 2 BLE M 43 4 A W I | o — A A s R ST i PR
AL fEiE 2N 2T IR S, BT S
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