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Abstract: Objective To investigate the safety and toxicological mechanism of Artemisia argyi based on combination of
metabolomics and network pharmacological analysis. Method The chemical compositions of essential oil from 4. argyi (AAEO),
petroleum ether fraction, ethyl acetate fraction, n-butanol fraction and water fraction of 4. argyi were analyzed by gas chromatography-
mass spectrometry (GC-MS) and ultra performance liquid chromatography coupled to tandem quadrupole time-of-flight mass
spectrometry (UPLC-Q-TOF-MS). The safety of AAEO and four non-volatile fractions of 4. argyi was evaluated in KM mice for 7 d.
Metabonomics technique was used to detect the changes of endogenous metabolites in liver before and after AAEO intervention. The
potential components and targets of hepatotoxicity of AAEO were analyzed by network pharmacology. The toxicological mechanism
of AAEO hepatotoxicity was revealed by integrating metabolomics and network pharmacology and constructing a “metabolite-
reaction-enzyme-gene” interaction network. Results A total of 39 components were identified in AAEO, accounting for 89.30% of
the essential oil content, and 34 components were identified from four non-volatile fractions. Compared with control group, AAEO
significantly increased the liver coefficient (P < 0.05, 0.01), up-regulated the activities of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in liver (P < 0.01), and damaged the pathological structure of the liver showing obvious hepatotoxicity.
Metabonomics revealed significant changes in the levels of 17 metabolites in the liver after AAEO intervention, including nine amino
acids, mainly involved in phenylalanine, tyrosine and tryptophan biosynthesis, alanine, aspartate and glutamate metabolism. The
network pharmacological analysis suggested that 10 components of AAEO, including (+)-camphor, thujone, caryophyllene oxide and
(+)-3-thujone were potential hepatotoxic substances. Integrated metabonomics and network pharmacology analysis identified
phenylalanine hydroxylase (PAH) as the key target of AAEO hepatotoxicity, and PAH mRNA and protein expressions were significantly
decreased in both high and low dose groups of AAEO (P < 0.05, 0.01), revealing that AAEO produced hepatotoxicity by down-
regulating PAH expression and inhibiting tyrosine biosynthesis. The results of molecular docking showed that the binding energies of
10 potentially toxic substances to PAH were all less than —20.00 kJ/mol. Conclusion The toxic fraction, possible toxic substances
and toxicological mechanism of 4. argyi were clarified by combining with metabonomics and network pharmacology, which provides
a basis for the development and clinical application of A. argyi industry.
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2 Bk
21 ER¥IE %M (essential oil from A. argyi,
AAEOQ) KIAHZELMAETHIE &
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Fig. 1 Total ion chromatogram of AAEO by GC-MS
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# 1 AAEO ) GC-MS £E4R
Table 1 Identification result of AAEO by GC-MS
V'S5 w/min e AT HRERSEU% %5

1 837  ()-a-llAIE CioHis 0.24 LSS

2 8.50  o-JENE CioHis 2.52 EALES

3 9.08  IIE CioHis 2.51 EALES

4 9.47 2 4-thujadiene CioHi4 0.15 EHES

5 9.78  IKCEE CsH120 0.49 e

6 9.98  B-KME CioHis 1.97 EALES

7 10.07 20 CioHis 2.34 EALES

8 1094 B-fiAA 4 CioHis 0.74 EALES

9 1136 o-FajMm CioHis 1.77 LALES
10 11.66  (H)-FFiEks CioHis 2.37 HALE
11 11.86  a-/KiTHi CioHis 0.68 LALES
12 1221 1,8-ft& CioHi50 13.35 LALES
13 12,65  y-FAtE CioHis 3.48 LALES
14 13.48 5L CioHis 0.73 LALES
15 13.92 Ci1oH160 1.48 LEES
16 14.67  4-(uifaEs C1oH1z0 0.88 (S
17 1496  Em CioHi50 3.77 [EeS
18 1555 2,6,6-trimethylbicyclo[3.2.0]hept-2-en-7-one CioH140 0.73 LTS
19 15.94 kR CioH160 8.30 LEES
20 1626  (—)-7F Ci1oH160 237 LEES
21 1675 #uFRER C1oH140 0.84 LEES
22 17.29  Faf CioH160 435 ENLES
23 17.67  4-mE i CioHi80 3.65 [EES
24 18.02  cis-chrysanthenol CioH160 1.98 (S
25 18.15  Jel C1oH150 5.12 FAE
26 1835 Syl CioH160 0.44 (2
27 18.56  o-FAH CioHi50 2.14 [EES
28 19.03  frans-piperitol CioH150 0.33 L2
29 1976 (-)-FITH CioH160 1.39 [ESS
30 2035 fpfw Z s Ci12H2002 0.99 B
31 2044 ()-F R Ci1oH140 0.43 LEES
32 21.30 ()-o-TR M CisH24 0.54 ARG
33 21.67  a-PEEEE CisHos 0.10 IREINES
34 2292 B-FAHE CisHa 6.64 (EERES
35 23.63  RA-P-E AWM CisHas 1.03 (RS
36 23.84 i CisHos 1.66 (RS
37 2462 KL D CisHa4 2.79 eSS
38 2841  ONE Ci1sH240 1.35 eSS
39 30.21 neointermedeol Ci15H260 2.75 @%‘%

6 MEF ARG 6 MG 1 DMER
BB A, 5 AAEO 55111 89.30%.
Hp g amm N 1,8-0 % (13.35%), JLIREZE
RMIFTEE (8.30%) B-ATTHE (6.64% )
(5.12%) i (4.35%). FEEE (3.77%) 4-ifi
(3.65%) y-IAiM (3.48%) 4.
3.2 UPLC-Q-TOF-MS ##r#r X 3E#E & MH4A 7 B0
L4 AR

K H UPLC-Q-TOF-MS 7£ 1 B 74 20 4 #r
AAPE. AAEA. AABU fl AAWE 4 e R4

SR, AT IRE W 2 fis. AR
I e R ((M—HID. EER AT
BEHRPART, FPLEET 34 MEAW (E
2). G EIR, £ AAPE T 11 MEE, 4
IR, IR 28, 3-0-FRIEM L . 1
WREJEE . SRR, MAERER. REHEE. B2
W, WIEE. BELEE. BTN, EEN
2Ry : 16 AABA Hit%E i 26 Mba,
WAEGIRER . WIMERR . 50 J R R 4 S M VM i
B FIE M. ABEE, PR,
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A i 35 AAPE
28 3
3 223 252607 || A 33
. ' 1 2 3 4 5 6 7 12 13 14 34 15 16
0 6 28 2390 . AAEA
17 19 27 35
s 6 holheti glist?
1 2 3 4 5 610 7 12 13 14 15 16
C AABU
VDU ¥ s ¢ B | WAL L 6 A
1 2 3 3 4 5 6 7 12 13 14 15 16
D A—A AAWE
1 7
ek I S
1 2 3 4 5 6 7 12 13 14 15 16
2 AAPE. AAEA. AABU 1 AAWE {J UPLC-Q-TOF-MS £I§ 5 7R E
Fig. 2 UPLC-Q-TOF-MS base peak ion chromatographs of AAPE, AAEA, AABU and AAWE
#z2 BUIEEAMESPEENZRINEE
Table 2 Identification of main chemical components in non-volatile fractions of A. argyi
%5 m/min  m/z S Fa MS/MS F#1E B+ e s IR
1 0.56 191.0562 C7Hi206¢ 173.047 0, 93.033 2, 87.007 5, 85.028 6, 59.014 2 2R o4
2 290 353.0862 CigHisOo 191.0562, 179.035 8, 173.042 3, 161.021 7, 135.043 4 &5 R ©
3 3.78 255.0893 CioH120s 211.096 1 R od
4 4.02 353.0862 CiHisOo 191.0562, 179.031 1, 173.047 0, 161.021 7, 135.043 4  %%JE K b-c
5 424 353.0862 CieHisOo 191.056 2, 179.035 8, 173.047 0, 161.021 7, 135.043 4 [Fa4¢)E 1% ©
6 440 179.0358 CoHgOs  135.043 4, 134.038 7 e
7 451 305.067 1 Ci2Hi1807S 225.113 2, 96.958 9, 59.011 5 hydroxyjasmonic acid-O-sulphate® 9
8 536 593.147 3 CarH30015 533.126 3, 503.115 0, 473.107 2, 383.079 7, 353.066 3, /T3¢ 2-6,8- —-C-%ii ) PhFF ©
117.033 7
9  5.89 563.137 7 CagH2sO14 503.122°9, 473.107 2, 443.095 1, 383.079 7, 353.066 3 J5 2 % -6-C-o-L- Fi i A1 9 7 -8-C-p-
DT B be
10 6.13 563.146 1 CagHasO14 503.1229,473.107 2, 443.095 1, 383.079 7, 353.066 3 B I be
11 6.39 563.137 7 CasHasO14 473.107 2, 443.095 1, 383.072 8, 353.066 3 SR AT ¢
12 6.55 563.137 7 CagHasO14 473.107 2, 443.095 1, 383.079 7, 353.066 3 Fr 2K 2% -8-C-a-L- [ $7 A4 ## £ -6-C-B-
D-P-FLBET be
13 6.93 609.143 6 Ca7H30016 301.027 9, 300.026 9 PR
14 7.07 533.126 3 CasHasO13 473.107 2, 443.095 1, 383.079 7, 353.066 3, 325.070 2, /T3¢ 25-6,8- —-C- K Flits bc
297.076 2
15 7.61 533.126 3 CasHa6O13 473.107 2, 383.079 7, 353.066 3 3 2-6,8-—-C-ML AT ©
16  7.67 515.119 0 CasH24012 353.086 2, 335.074 6, 191.056 2, 179.031 1, 173.042 3, 7-4% /51 Bb-©
161.021 7, 135.043 4
17 7.84 515.1190 C2sH24012 353.086 2, 335.074 6, 191.056 2, 179.035 8, 173.047 0, S 4% )5 1% Abc
161.021 7, 135.043 4
18  7.90 515.119 0 CasH24012 353.086 2, 335.074 6 FRERETR A BRIk
19 848 515.1190 C2sH24012 353.086 2, 335.074 6, 191.056 2 SFARJRER Cbo
20 9.85 287.0577 CisHi20s 151.004 6, 135.043 4 LR A HR ©
21 1038 285.039 0 CisHioOs 175.039 7, 151.004 6, 133.029 7 ARRELE b
22 1048 207.0639 CiiHi204 179.035 8, 135.043 4 WNHERR 2, »°
23 10.68 315.048 6 CicH1207 300.026 9, 243.026 7, 228.038 8, 136.985 7, 65.001 3 3-O-H F:Hj fz & b
24 10.89 345.060 6 C17H140s 315.011 2, 287.021 9, 259.024 0 5,7,4" 5" - U 5k-6,3"- — I 4 Jik i ©
25 11.48 315.048 6 CigHi207 300.026 9 T B £ S
26 11.83 269.0472 CisHioOs 225.055 1, 201.053 6, 159.044 1, 151.004 6, 149.025 2, JE3g g »be
117.033 7
27 12.18 299.051 8 CisHi20s 285.033 0, 284.029 3, 256.034 9, 227.035 0, 212.043 5, = ZEH{ 2 »

186.028 3
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2 8
E5 m/min mlz AFR MS/MS FFEE T e s IR
28 12.64 359.0725 CisHisOs 344.054 1, 329.030 8, 314.005 8, 301.034 0, 286.008 7, KLtz 0
242.017 8
29 12.66 329.0267 Ci17H1407 314.043 3,299.021 4, 271.026 0, 243.026 7 ERR G2
30 12.78 359.079 1 CisHi6O0s 344.054 1, 329.030 8, 314.005 8 3,6,7-= SN K i 2 2 °
31 1323 359.079 1 CisHisOs 344.054 1,329.030 8, 314.005 8,301.034 0, 133.0256  5,6,4-=323-7.8,3'- = Fi 48 5 °
32 13.37 359.079 1 CisHi6Os 344.054 1 VEL TR b
33 1424 313.0706 Ci7H1406 298.048 0, 283.021 4, 152.066 5, 117.033 7 B E >0
34 14.69 343.0817 CisHis0O7 328.054 4, 313.033 3, 298.011 5, 132.020 4 SR P
35 15.54 373.0911 CioHisOs 358.065 7, 343.042 6, 328.022 5, 315.048 6, 285.003 3, 2Efv4t iz »b

257.010 5,229.012 8

a. by ¢

d 7> BHCE M AAPE. AAEA. AABU F1 AAWE %858 AL &4

a, b, ¢ and d represent compounds identified from AAPE, AAEA, AABU and AAWE, respectively.
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-&-1.17gkg :AAEA —w-4.68 g'kg”' AAEA 0 - _I
. —1
15 o —eL17gke AAPH @468 kg AAPE KR 0.20 0.40 117 4.68 1.17 468 1.17 4.68 117 4.68
1 2 3 A 5 6 5 AAEO AAWE AABU AAEA AAPE/(gkg’)
#d
1.0 0.8
s 087 ® 0.6
ﬁ 0.6 & E 04
& g 04
5 044 §
ool 02-
0 0 T
SR 0.20 040 1.17 4.68 1.17 4.68 1.17 4.68 1.17 4.68 SR 020 040 1.17 4.68 1.17 4.68 1.17 4.68 1.17 4.68
AAEO AAWE AABU AAEA AAPE(gkg™) AAEO AAWE AABU AAEA AAPE/(gkg")
1.0 2.0
= %7 - T R 157 .
& 0.6 L )
i 1.0+
% 0.4 %
Ar
= 02 = 054
0 0 - T T T

*THE 0.20 0.40 1.17 4.68 1.17 4.68 1.17 4.68 1.17 4.68
AAEO AAWE

*P<0.05

AABU AAEA AAPE/(gkg")
SxtH e "P<<0.05

XTHR 0.20 0.40 1.17 4.68 1.17 4.68 1.17 4.68 1.17 4.68
AAEO AAWE AABU AAEA AAPE/(g'kg™)

“p<0.01, FEFE.

**P < 0.01 vs control group, same as below figures.

El 3 AAEO REIIFFEL AT I RIAREMARIEHFIE (X£s,n=6)
Fig. 3 Effects of AAEO and non-volatile fractions of 4. argyi on body weight and organ coefficient of mice (X + s, n = 6)
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3.4 AAEO X/NRAT. BEHME KRR MERF
AR F RIS

ALT. AST PR il D e 15 5 15 ) <
P FERRIS, WKl 4-AL B fian, St IR4LEES,
257 AAEO HI/NRTFZHZH ALT F1 AST 36 PE 277
BT, 1F 04 gkg FIETEAGIHHER
(P<0.01), T#i3L 4 NMEFERMEHS TR ER
ko Bk, #E—5K0 CRE. BUN /KF-3EA 25400}
B IhEEHISEI . WK 4-C. D Fiw, XRS5
BEHIAY LR EER. G, RS
PR R TIE B R B R, DR R AR EREL, JE
VERMA RN B, B0 RA
R %2 1 IR AAEO J5 i I 2228 4k . ik 3
Fr o ML RS TRFR AR 3 E A S0 25 TR H (E Ya Y
AAEO A3 /N R ) A vk e Btk

20 B o0t R 2H 42 25 s (P<<0.05. 0.01). %45
FH AR AAEO 5IHE T /N 20

WX E AAEO &y AR EA/NRIT. O
R il BT HE YLt il 80 4 405 BE 2 )
som (B 5, g5 R oot B/ R4 P = HES
Wy, R IR, SRy WA, AAEO
s KRR L S, AR B,
JHAHRASTE . T BRIE R moace R BlFE HR S
S B AH EL I TE I B AR o 245 5 ML 200 BE 2
JEUESE T AAEO (TR tEd5 4%
35 /IRAFLAL 'TH-NMR BiE & ZE S5

AAEO =7l A BZHFZH 2% 500 MHz
'HNMR i & LK 6-A, MRAEIEAIRE . #E G H A
RIS EEIREILIRINT 34 MWIEEAREY .
R XA —10 5 i AR 34T PCA

A 30+ B 25+
*k
S 201 o
2 T S =)
= | [ [ | & i
— - T n
- H |—| H H H < |—| i
0 T I 1 ] 1 I 1 1 1 ] T
X 0.20 0.40 1.17 4.68 1.17 4.68 1.17 4.68 1.17 4.68 SHIE 020 040 1.17 4.68 1.17 4.68 1.17 4.68 1.17 4.68
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C 50~ D 84
o 409 6 L
o | = T T
5 30 T T ' 5
£ x
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53]
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*FHE 0.20 0.40 1.17 4.68 1.17 4.68 1.17 4.68 1.17 4.68

X8 0.20 0.40 1.17 4.68 1.17 4.68 1.17 4.68 1.17 4.68

AAEO AAWE AABU AAEA AAPE/(gkg™) AAEO AAWE AABU AAEA AAPE/(gkg")

B4 AAEO R¥FFIAFZELME ST/ NRATINEE (A. B) LIRBIIEE (C. D) BIEM (X+s,n=06)
Fig. 4 Effects of AAEO and non-volatile fractions of 4. argyi on liver function (A, B) and kidney function (C, D) in mice
(X£ts,n=06)

&3 AAEO X/NRIMEMAIFA (X+5,n=6)
Table 3 Effect of AAEO on blood routine of mice (X £ s, n=6)

My FB/(mgkg") LUK 102 4L MAEE (gL AR N 40 /(X 10° 4L
o HE — 7.61£0.75 131.17+14.69 43.08+4.46 3.20+£0.79
AAEO 0.20 7.76£0.58 129.17+10.48 43.70£2.53 5.284+0.54"

0.40 7.55+1.05 127.50+12.72 42.15+3.89 4.4340.59"

AR FEAmgkeg™?) FPHERIAII/(X 102411 ARELGII/(X 10° A4S L1 BAZ /(X 1094171 /MK 10° 4L
PapiiS — 0.28+0.08 3.11+1.06 0.12+0.05 1019.83+117.02
AAEO 0.20 0.57+£0.15™ 4.46+0.46" 0.17£0.05 975.00+153.58

0.40 0.49+0.16" 3.47+40.71 0.15+0.03 1161.20+222.69
x4 "P<0.05 *P<0.01.

*P<0.05 **P<0.01 vs control group.
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Fig. 5 Effect of AAEO on pathomorphology of liver, heart,

spleen, lung and kidney of mice (HE, x 200)
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Fig. 6 'H-NMR spectra of liver tissue (A), PCA (B), PLS-DA (C) scores plots and pathway enrichment analysis (D)
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x4 FHARFERREYIEE

Table 4 Identification of differential metabolites in liver tissue

AR FC —lgP BEVE T R FC “lgP BEMS
PR 0.804 3.06 " Ak 1111 1.49 -
SRR 0.873 1.62 : ¥t s 0.792 226 *
HE R 0.825 2.05 ** WA 0.737 210 »
3RERTIR 0.876 1.49 * 1 1A 0.744 319 wax
LR 1.258 1.39 * TR 0.686 323 -
MR 0.956 1.33 * AN 0.836 227 "
WA 0.798 3.16 NN 0.806 2.43 "

4-F I T W 0.840 424 e AW 1.137 1.55 .
BEIR 0.856 2.39 " e s 0.817 131 *

*P<0.05 "P<0.0l ""P<0.001
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Fig. 7 “Drug-component-disease-target” network of hepatotoxicity of AAEO
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Fig. 8 Common gene of integrated metabolomics and
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