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Exploration on molecular mechanism of hot herb Aconitum carmichaelii for
therapeutic action based on metabolomics

MA Qian-gian, WANG Chun-qian, YANG Xiu-juan, WU Yin, WANG Peng-qian, ZHANG Miao, HUO Hai-ru,
SUI Feng
Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China

Abstract: Objective To observe the effects of Aconitum carmichaelii on serum metabolites in mice by metabolomics technology, and
to explore biomarkers and metabolic pathways and targets related to its treatment of various ailments such as cardiovascular diseases, in
order to uncover its molecular mechanism of efficacy. Methods Twenty male mice were randomly divided into two groups, and 4.
carmichaelii decoction and distilled water were orally administered with the dose of 15 mL/(kg-d) for consecutive 4 d respectively.
Collected blood samples of each group were analyzed using UPLC-MS/MS technology, and data pattern recognition was performed
using PCA, PLS-DA and other analytical methods. Meanwhile, differential metabolites were screened out based on VIP greater than 1
and manual integral calculation. The differential metabolites were used for pathway analysis. Network modular analysis and targets
screening were performed by Cytoscape and MetScape. Results When performing data pattern recognition, the aconite group and the
control group could be completely separated. A total of 18 differential metabolites were screened out, and their contents were
up-regulated. Pathway analysis was performed to obtain five related pathways, namely linoleic acid metabolism, arachidonic acid
metabolism, starch and sucrose metabolism, nicotinate and nicotinamide metabolism, and inositol phosphate metabolism. Fourteen
modules were obtained using the network analysis, the largest two of which were arachidonic acid metabolism pathway and linoleic

acid metabolism pathway. The degree of arachidonic acid (59), linoleic acid (55), nicotinamide (26), and palmitic acid (11) were
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greater than the mean value (8.010) in the network, and the related pathways were arachidonic acid metabolism, linoleic acid

metabolism, nicotinate and nicotinamide metabolism, and saturated fatty acid beta-oxidation pathway respectively. A total of 26 genes

were screened out, all of which belonged to the cytochrome P450 enzyme system. Conclusion A. carmichaelii may affect arachidonic

acid metabolism by acting on CYP450, thereby improving the body’s energy metabolism and producing therapeutic effects.
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T RN EERMEM Sk Aconitum carmichaeli
Debx MR, fH# B, HET (MRARELZ),
BAEIE. B4 RIREEH, 2K -T2,
FEMT R WU, B B
SRRV IR TEFERZ W L REPIANHR DL S X TE VR
PRV EERE VR YT o U A AR 90 IO I
ERWEITE R 53 JT AR, (HHEHTI o
TR LS B AT R A5 DR A2 AU 2
AR X AEIHLAR N AU B Zh AT S ATt
TV FZ A HRE), a2 2 H 7 Z 5
% N AR R RURN RS S AR B 6 T SRR AE AN T
Ao ST IE R 250 LA 72 A2 7 A 1) B AL T B
ARSI AT DA S e 25 25 L 25 R0PE A 1) Al L
FIF UPLC-MS/MS 4 24 AR 4 Hir B AL et 2
BT T/ BRSPS VR P S A AR 1k, F4KAT
e RAE I MR S AR A 12 AR OHE &, #E
R R LV T O L5 R RE ) 401 BRI

1 ##
1.1 5%t

TR R FAe s RS, SrpE R
BEr it AT AAZEE ENEEREY S L
Aconitum carmichaelii Debx. THREIIN T, &
(R EZG ) 2015 SERR AR SCHLRE o
1.2 {55

DIONEX Ultimate 3000 #2 & 24 ¥ AH £ 1% 4%
(Themo Fisher 23 &) ); Thermo Q EXACTIVE JFi i 4%
(Themo Fisher 2 ] ); C1s L HEAE(100 mm X 2.1 mm,
1.7 um, Thermo Syncronis /&) ); BSA223S U HL T
TR (A 28 2 R B AGER AR A F D
Milli-Q AdvantageA10 AL 47K A (Millipore 2
T)); BT R (Mettler Toledo 4] ); DW-HL388
H-80 CHERIRIKFE (hARlSEZFRIRAHA R TTE
AF]); BCD-320D11D BUUKAS (SR AR A
FRAF]D; 5402 BUARELHL (Eppendorf 22 7]);
KQ-250 = yig s (RILMHEAENSERA
A HEE (R, S 152469). 4G (B,
L5 136376). HIE (g, #5 152469). HIR

B (B39, 5 152469) T Themo Fisher
AF]; K U8R RERD.
1.3 StRuzndy)

HMEPE R/ 20 R, (AR 18~22 g, 3K
THEFERER B SVFATIES N SCXK- ()
2012-0004 . S48/ FIEN AT 7 d JEidbAT ISR
1.4 BIEERRHY

Metlin™ ¢ # & Chttp://metlin.scripps.edu/ ) ;
HMDBUE i F  (https:/www.hmdb.ca); KEGGL7
HHEE  (https://www.genome.jp/kegg/ligand.html);
Mzcloud #¥ #% & ( https://www.mzcloud.org/ ) ;
MetaboAnalyst  4.0080 % 4% FE  ( https:/www.
metaboanalyst.ca/ ) ; Cytoscape v 3.7.01° # 1+
MetScapel'" $di 14
( http://apps.cytoscape.org/apps/metscape ) ;
Finder {4
2 Rk
21 $HHlE

/N 2o IR A AT I, SRR
T RPRRE— s B TR IR, nzg
PRI VIR )G 2590 10 fAEAAFD, i
(]2 30 min. 2RSS EI A, HEATHIE. —AL &
Mk B =K P, BRISCKEE 150 )5,
MebAigd, —RUTRS —RME, &FbfE, 0K
A 0.5h, &JF 2 IR0, PRI SO K4 22 i 2K
FE9 0.15 g/mL. Mf7 A RHZ), REEEREPIA
EEITK, PAORIEF 2580 N B E R

/N 257 =9.01 X i N 5 &

22 T ERGLH

¥ 20 SHEME/NREATRENL Y Y 2 4, 4L 10
Ry RN FHM R, FHE TR S . s
o5 4d, NRAZEN 15 mL/(kgd), XTHEA ig
ZEUE/K 15 mL/(kg-d).

2.3 MERESLIE

NGB E, HEATIRERIUM, KA F M
T 1.5 mLEP B, RERERIRIMAE 4 CURFREE
2h, SRJETE4 CHAFT, L 12000 r/min F5H B

( https://www.cytoscape.org/ ) ;
Trace

i

)]

w4



22

Chinese Traditional and Herbal Drugs 35 51 % 35 24 3§ 2020 12 B

* 6271

£ 10 min, B0 5 MG FE-80 C2&AE TR IRAE -
SHTHT, AR RIS R, SRR, W&
AN MIEARE S R 50 ul, IIANYTETR I EE- 20 (12 1D
450 pL, #RE 30 s, SRIGTE 4 CEAE R, BL 12 000 1/min
(I B0 10 min, HUH BB, EHEGHEFET.
2.4 UPLC-MS/MS ##f
241 @M AiEFEN Thermo Syncronis Cis
R (100 mmX2.1 mm, 1.7 pm), FisHAHZL,
RK (F0.1%F R & 2 mmoL/L H g%z, A) -2/
(B)o BEFEVEME, LEMiETEN 0~35 min, FAEEA
5uL, AEBUREN 0.3 mL/min. JEHAHERE Hl &
f£4: 0~1.00 min, 95%A; 1.00~25.00 min, 95%~
5%A; 25.00~30.00 min, 5%A; 30.00~30.01 min,
5%~95%A; 30.01~35.00 min, 95% A.
242 JREELM R ESIE TEIE. 705 7[R
PR AT LA 2 800 V; BRI E A
10.5 L/min; fiBAAFUREN 3 L/imin; BAE R
R 320 C; —AR#SHEER R 70k, FHiEHE
m/z: 50~1 000; —ZEAR AL RN 17.5
k; Stepped NCE E 43724 20~ 40, 60 V.
2.5 BRSO

W R BT AR 0 /N BRI YRR ) 402X
FUAHXS 43§ B B AE Mzcloud 4 b AT % 2, A
i R Trace Finder H A7 AR YEHE 31T iR
#l. FAIF Metlinn, HMDB. KEGG 5304 FE #E4T

& 2RI 2 R« 7 MetaboAnalyst 4.0 F1F| FH Z 44>
Hr77i% (PCA. PLS-DA Kl SACHTIEER 74D
1790 BJ51E Cytoscape v 3.7.0 HF| FH MetScape 2%
AR R 2 PR AT R A 23 R s i

3 #R
31 —&ER

TEREAN SRS AR, XTI/ ERURES . B
KAME FAT G sh B R A AL . /N ig BTk
ARG, BARES BRIy, BRIER, FXTRRAML,

HIREMER . BESZ R ER, T4/
BRAKIRN BRI, KAE ARG, SRS R AR
1, IEEER . FANRORSRRSE B4 254
3.2 KREERFR

£ Mzcloud (P Hp ot /s BRI P PR PEAR 4
(1) 31 AR 4 R AT S R, AR Z
ANEGHE PR AT U LE N 9 2 0N . fEIE. S TAT
BT, 0P H R TR], AR A LI B T
AR, Wk 1R, BAOE SRR AR R
e E NIETE . B 1-A R BN IE. T
B, B 1-B A2 R B Tl R A R I (it 0
P 1-C J2 1E B AR 3 GURR o 2 AR e o
3.3 2 4/NRIMBELE 4
3.3.1 i UPLC-MS/MS ¥Ry 14
550 HR4H /N BRI R i 43 03847 PCAL PLS-DA 43
75 b o b, i3 Pareto #5508 H A4 b #E 5

A 1341 EE TR B
fl 1.08
986 1033 )\
1.00 8.09 Jh 1484
_r' B & [
1.08 BB A
| 7.13 13.43 1361 1451
I 6.15 | P e teN L
\ 3.81 : 1 s i &
I LRt L Pﬂ\" P L 357 548 947 1439
[T~ 1T 117 v T7 1T 7 1T 11717 T1mT11 rtT 1T 1 1T T 9T J1rnrrrJrrri
0 5 10 15 0 5 10 15
t/min t/min
c 118.086 28
CsHp0.N
118.226 26 119.089 68
CgHisN> CHi9N7
L I L B L L L L B
117.0 1175 118.0 118.5 119.0
miz
E1 BREFRE A) BHSRELEHNEEE B O

Fig. 1 Total ion current diagram (A) and valine identification process diagram (B and C)
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Table 1 Relative contents of 18 differential metabolites in

aconite group

®3I HEXBEOTER
Table 3 Analysis results of related pathways
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Table 2 Information of 18 differential metabolites in aconite

group
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3 starch and sucrose metabolism 15 1 0.15725
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Fig. 3 Related metabolic pathways of differential

metabolites in aconite group
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Fig. 4 Metabolomics network module
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x5 MEHEEXTFHEHER

Table S Genes with degree value greater than average value

in network
A 44 PR i3 B i3
CYPI1ALl 18 CYP2A13 18
CYP1A2 18 CYP2A6 18
CYPIB1 18 CYP2A7 18
CYP3A4 18 CYP2B6 18
CYP3A43 18 CYP2C18 18
CYP3AS 18 CYP2C8 18
CYP3A7 18 CYP2C9 18
CYP4B1 18 CYP2D6 18
CYP4F11 18 CYP2E1 18
CYP4F12 18 CYP2F1 18
CYP4F8 18 CYP2J2 18
CYP4X1 18 CYP2S1 18
CYP4z1 18 CYP19A1 18

F6 26 MEFEFLMEST
Table 6 Centrality analysis of 26 genes

BEAR EhOME ROt E hAarho e
CYPI1Al 18 0.508 108 11 0.008 825 65
CYP1A2 18 0.508 108 11 0.008 825 65
CYP1B1 18 0.508 108 11 0.008 825 65
CYP2A13 18 0.508 108 11 0.008 825 65
CYP2A6 18 0.508 108 11 0.008 825 65
CYP2A7 18 0.508 108 11 0.008 825 65
CYP2B6 18 0.508 108 11 0.008 825 65
CYP2C18 18 0.508 108 11 0.008 825 65
CYP2C8 18 0.508 108 11 0.008 825 65
CYP2C9 18 0.508 108 11 0.008 825 65
CYP2D6 18 0.508 108 11 0.008 825 65
CYP2EI 18 0.508 108 11 0.008 825 65
CYP2F1 18 0.508 108 11 0.008 825 65
CYP2])2 18 0.508 108 11 0.008 825 65
CYP2S1 18 0.508 108 11 0.008 825 65
CYP3A4 18 0.508 108 11 0.008 825 65
CYP3A43 18 0.508 108 11 0.008 825 65
CYP3AS 18 0.508 108 11 0.008 825 65
CYP3A7 18 0.508 108 11 0.008 825 65
CYP4B1 18 0.508 108 11 0.008 825 65
CYP4F11 18 0.508 108 11 0.008 825 65
CYP4F12 18 0.508 108 11 0.008 825 65
CYP4F8 18 0.508 108 11 0.008 825 65
CYP4X1 18 0.508 108 11 0.008 825 65
CYP4Z1 18 0.508 108 11 0.008 825 65
CYP19A1 18 0.508 108 11 0.008 825 65
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