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Exploring biological characterization of “hot” pungent Euodia rutaecarpa based
on endogenous metabolites
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Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China

Abstract: Objective To explore the pathways and targets evoked by Wuzhuyu (Euodia rutaecarpa) as well as the molecular
mechanism related to its biological effect through the changes of endogenous metabolites. Methods Mice were randomly divided
into control group and E. rutaecarpa group, E. rutaecarpa was given to intervene. The blood samples of two groups were analyzed
by ultra-performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS). The analysis methods such as principal
component analysis, partial least squares discrimination analysis and orthogonal partial least squares discrimination analysis were
selected to identify data patterns. Differential metabolites were screened according to VIP > 1 and manual integral calculation, and
then the metabolic pathways analysis was performed. Cytoscape and Metascape software were used to establish the network
modularization analysis of differential metabolites and screen possible targets. Results The result of data pattern recognition
showed that serum sample of E. rutaecarpa group was completely separated from control group and 13 differential expressed
metabolites were obtained. Fout pathways were found by pathway analysis. Network modular analysis obtained 11 modules in total,
among which arachidonic acid and linoleic acid metabolic pathway were the two largest modules. In the whole module, the node
degrees of nicotinamide, arachidonic acid, palmitic acid and linoleic acid were all greater than the mean. The pathways involved
nicotinic acid and nicotinamide metabolism, arachidonic acid metabolism, linoleic acid metabolism and saturated fatty acid
[B-oxidation. A total of 26 genes were screened out, all of which were belong to cytochrome P450 enzyme system. Conclusion E.
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rutaecarpa may regulate energy metabolism and affect metabolic pathways of arachidonic acid, linoleic acid, nicotinic acid and
nicotinamide by acting on cytochrome P450 enzymes to achieve biological effect.
Key words: Evodia rutaecarpa (Juss.) Benth.; endogenous metabolites; metabolomics; arachidonic acid metabolism; cytochrome P450
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Fig. 1 Total ion current diagram (A), chromatographic peak (B) and corresponding to parent ion fragmentation (C) appeared

at 1.08 min in positive ion mode
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K and green represent control group, C and red represent E. rutaecarpa group, same as belows
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Fig. 2 PCA 2D score chart (A), PCA 3D score chart (B), PLS-DA 2D score chart (C), PLS-DA 3D score chart (D), OPLS-DA
2D score chart (E), OPLS-DA 3D score chart (F) of serum sample in control group and E. rutaecarpa group
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Fig. 3 Cluster analysis of control group and E. rutaecarpa group (A), partial metabolites with VIP greater than 1 (B)
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Table 1 Relative contents of 13 differential metabolites in serum sample of E. rutaecarpa group
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i) XTIR S AL A
L-acetylcarnitine 6.50+0.28 9.97+0.39" 0.65 |
L-valine 8.35+0.15 6.12+0.12" 1.36 1
betaine 8.35+0.15 6.15+0.11*" 1.361
arachidonic acid 2.37+£0.29 4.30+0.23™ 0.55
palmitic acid 6.12+0.08 7.90+0.07" 0.77
oleic acid 5.45+0.16 7.16+0.07™ 0.76 |
elaidic acid 5.45+0.16 7.15+0.08™ 0.76 }
creatine 1.65+0.23 2.76+0.20" 0.60 {
docosahexaenoic acid 6.07£0.22 7.894+0.16" 0.77 }
linoleic acid 5.42+0.21 6.80+0.15" 0.80 {
stearic acid 3.50+0.09 4.42+0.08™ 0.79 |
B-hydroxybutyrate 1.38+0.36 2.16+0.34" 0.64 |
nicotinamide 1.59+0.17 1.04+0.13" 1541
x4 "P<<0.056 “P<<0.01; tF#RLEiE, | #oR LA

"P<0.05 P <0.01vs control group; 1 means up, | means down
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Table 2 Information of 13 differential metabolites in serum sample of E. rutaecarpa group
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L-acetylcarnitine 11921997 203.2380 3.948 1 CoH17NO4 C02571
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betaine 1.4351210 117.0790 3.8015 CsHuNO2 C00719
arachidonic acid 9.522 7149 304.240 2 35827 C20H3202 C00219
palmitic acid 11.303 449 0 256.240 2 3.6733 C16H3202 C00249
oleic acid 11.011 8670 282.2559 3.4309 C18H3402 C00712
elaidic acid 11.011 867 0 282.2559 3.408 2 C18H3402 C01712
creatine 1.182 4475 131.069 5 2.762 1 C4HoN30O2 C00300
docosahexaenoic acid 9.352 906 9 328.240 2 3.068 5 C22H3202 C06429
linoleic acid 10.334 693 0 280.240 2 2.5927 C18H3202 C01595
stearic acid 12.655 560 0 284.2715 2578 3 Ci1sH3602 C01530
B-hydroxybutyrate 1.614 602 3 104.047 3 19311 C4HgO3 C01089
nicotinamide 1.347 366 6 122.048 0 1.9737 CeHsN20 C00153
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Table 3 Analysis of related pathways of 13 differential metabolites
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Fig. 4

Related metabolic pathways of 13 differential

metabolites in E. rutaecarpa group
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Fig. 5 Metabolomics network module diagram of 13 differential metabolites
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Table 4 Topological parameters of metabolic network of 13
differential metabolites
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Fig. 6 Correlation analysis of 13 differential metabolites
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Fig. 7 Heat map of hierarchical cluster analysis of 13 differential metabolites
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Table 5 Genes with degree value greater than average value
in metabolomics network

H FEAH S FEAH
CYP4F8 18 CYP2E1 18
CYP1Al 18 CYP2F1 18
CYP1A2 18 CYP2J2 18
CYP1B1 18 CYP3A4 18
CYP2A6 18 CYP3A5 18
CYP2A7 18 CYP4B1 18
CYP3A7 18 CYP19A1 18
CYP2A13 18 CYP4z1 18
CYP2B6 18 CYP4X1 18
CYP2C8 18 Cyp2s1 18
CYP2C9 18 CYP4F11 18
CYP2C18 18 CYP3A43 18
CYP2D6 18 CYP4F12 18

T CYP450, H7mFAt i 24 R 45 24 80 AL AT
5 CYP450 < R,
4 g
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IR BN, SXIRAE, RAEA/N R G
AR =K R AR R E AL, H 2 Bz [ EfE
FERAT, BOUE T 2 0a RS TR 1T/ RRMIE AR
YKo Sk RIS TEAE VAR . BRI
B WRER . — T ZWoNmIRSSE 13 A2 AU,

RN RIS T TS M AEDbR A, B L4
B0, MWK 2 B RS, HR 84 %ER
RPN NS . AR TR
VLR ERHRIBRAE SR B AR . AR BT AC S e
IR YIRS, LR AT fei o e gEpl
AR AE DUIRER . WM LR SEARH ™ il
MRIH, SR Re EACRPIRES, KIFEH b2
2GRN E R, 5 UL AT S P o 2 A M RS T
FNINESE St (S

KRR, WML EAEVUIGEIR . JHER S
P Jeig AR 3T B2 2 3R R A T LA ) 2 AR I
o IV HERAEE HIB TNF-o. IL-18. 1L-8 S5 Fli
iE DRI AE, i SORE I BT A A DU IR A
— I B EEAEYDIRE R 2 AMEMIRITER, B
R RAT B G, TBOR E e 1281 Ak e e
BT LA RE RACH, BT E ARG, A0
IL-8. IL-6. IL-1B %5 48 REH 7 IR k2030, 258
REWE b R MR A A A B, S A8 A DY AR IR
AR ACSE RS, PRRIX AT e R BE A
PE 2R IEDTR . AT R RIS 2 —

AU R HE S A 45 R, CYP450 FIfg R
RRBAENR N RKAEVE I OCHEEE 5. CYP450 1E
AR N AR, REME AL 2 AR IR DT IR
(polyunsaturated fatty acid, PUFA) A= A [&] A 5t
FEEe, FE A PUMGEER S5 CYPAS0 KR %Y, HAE
B A B 58 = 2 A0 42 el 2l ik CYP2C .
CYP2J2 Z5 ¥ A AAE FI AL A 8 = T Ik = IR TR
(epoxyeicosatrienoic acids, EETs) B33, EETs /MY
R AL LI DI RE , AL RE R4 PRz gi L R -1
(monocyte chemoattractant protein-1, MCP-1) .
TNF-o. IL-6+ IL-1p S5 RAEF IR, KIEHTR
ERIER, R, ACHEFE iR 3845 1) CYP2C.
CYP2J2 WfeR RARFEKIETRAE IR AL, HI
WYI 73 T HL A fe it — 2 7.
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