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Metabolomics study on reduction of hepatotoxic of Tripterygium wilfordii
processed by liquorice based on LC-MS
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Beijing Friendship Hospital, Capital Medical University, Beijing 100050, China

Abstract: Objective To observe the effect of Tripterygium wilfordii processed by liquorice on the metabolites in the serum of
mice, and to explore its possible metabolic pathways to reduce hepatotoxicity. Methods C57BL/6 mice were randomly divided into
control (Con) group, raw T. wilfordii (Raw) group, and T. wilfordii processed by liquorice (Pro) group. Liver histopathological
sections and biochemical indexes of liver function and inflammatory factors were detected. LC-MS technology combined with
metabolomics methods were used to characterize the differences in metabolism between each group. Results Compared with Raw
group, the liver injury of mice in Pro group was significantly improved, the levels of biochemical indicators and inflammatory factors
were significantly decreased, which indicated that TwHF could reduce the hepatotoxicity of mice after processing by liquorice.
Twelve potential biomarkers including hexadecanoic acid, phosphatidic acid, glyceride, lecithin and cholic acid were screened,
mainly involved nine metabolic pathways including biosynthesis of unsaturated fatty acids, glycerophospholipid metabolism,
arachidonic acid metabolism, etc. Conclusion TwHF processed by liquorice could reduce the hepatotoxicity of mice and the
mechanism may be related to the regulation of fatty acid metabolism, which provides a reference for clinical rational application.
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HEmRH . P, WM, 752 000 Z4E
A, HEMEEIIR O (MRAEZ) FIAZZ
Edhe BB ERIER R E, HEREZAIRZY
g, nTEBEMEE . PR e, M
Hil 2 2 N B B Ig R 2 —, AR,
HAEwR, i B, mRERS TS RAER
s T B K PR BE b R 4527 R R AZH i A Fi 3R
B, H B B A R T DUE BRI, R
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175307, WEDER AT RERIuERVE AL, o H
LI T 2 B (I P 5 BN R S5 4
1 #RIE{EE
1.1 @5

i 2 250 [ E Darmstadt A 5] 4K
W E BT A e A F] s N BB R SRR T -a
(TNF-0) ELISA {7 & (fit5 177958001). /)M
F/r%-6 (IL-6) ELISA ikjfl& (k5 177962001)
J [ Thermo Fisher Scientific 23 &) ; K11 & & R
g (AST) Rrillalil& (s 2019007). N
FREZEFE RN (ALT) Rl & (ks 2019013)
IAIERIS SIWALEEY//NEIR
1.2 7h%t

EHAREZM (LS 180221) W EHERE =1, 4
HER (5 SAALD W | AL 5t A HEERE 2555
280 H = K 2 M T b m A PR B X 2 T BUR
S, o o8 Lo BEE A Tripterygium  wilfordii
Hook. f. BT HEMR. SRHMEVIIK R HEE Glycyrrhiza
inflata Bat. AF1EHL .
1.3 {42

LC-MS/MS-IT-TOF. Inertsil ODS-SP C1g ff i 43:
T H S A 0.22 pm FLIEE H Solarbio 2
] ; BSA224S-CW = 40 #T K18 H Sartorius A 7] ;
KQ5200E Y 5 AW g | B 1L T b A A s A PR A A
YB-2500A 1 2R PE LI 7K R T s i T A PR A
Al; LGJ-18 AYA R TR LI B b 78 VU AR A 3

] 75 2016 AUV HUIE H LSRRG R AR
Gradient A10 Mill-Q #E4ti/K 2314 5 3 [E Millipore 2
Al; AISITE /K%l B R ETH RIS AR A
7] ; Forma-86 CULT Freezer #{% IR VK484 1 Thermo
Electron A #].
1.4 LI

SPF 2 C57BL/6 Mt /NER 30 R, 8 JAllS, 45
& 20~229, MWEIE s EMHEARERA
"), HYERRIES SCXK (i) -2016-0002. /N
a1 HB R RO S B AL AT B B S5 34 h
L, SEREAAES SYXK (51) 2017-0019, =iE
20~22 C, WMNELF, HEiE, ENLREE 12 h
BRI AE B o S A8 AR v BREDRE . KT A
BN SB35 1 R AR B R LR B S A i A R B B
Ve BRZE P12 AHCHUE AT, BB B2 0 x4l ifE
%5~ 18-2031.

2 7k
2.1 ZYklE

211 AEFABRIPIH G BEREEEHL
FERES, FTRALFTRE SR AN SRR, i 24 Hif, LA 8
FEARFR R K S e, 1R 1 h JE N, B
PEEL 45 min, NG 3 ZLbAapEL, JEEIN 6 5k
FUIK, [FIRIRE 30 min, JEd, &IFUEW, T
A RAORG SRR TR AR, BRIAE AR
B, W FH Ao T 25 B8 2R /K S i) % 0.4 g/miL (VT
wzifa (DUEZET) N 4 g/kg.
2.1.2 HEMIEE AREINSEE  HEDRR LA
8 FEARFAIAKIRIL 1 h, BIZ 30 min, B#jEld, =
R HIE 2 Wa A IFIEI, W48 IS 12 H A 30 min,
T100 CKP 10 min B2E ABRAMERIMART, 15
FVE AR DR QBRI 1% “2.1.17
Hil 7%, B H BT A BRI, AR
T A B E K ECHI R 0.4 g/mL IR, 4525778 (LA
AR A 4 glkgteol,
22 PHES5%RZ

ANRIEMNMEFE LG, BEAL 6 EE (Con)
4. AT (Raw, 4 g/kg) 4.« H 54 i) 5 23 Bk (Pro,
4glkg) 4, F4110 R R4 ig A MK, He
%40 ig 25, 1/Ud, ES:10d.
23 IMNEHEAWESLE
231 MIEFEARESAE  SEIE 10 K, §4/0
SRAEE I, 4 °C. 3000 r/min B> 10 min, WRHEL
IS B 4 R ELISA R 77 6 i B G I TNF-o1.
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IL-6. AST. ALT /K*¥. HX 100 L Ifiif oA B EE
W, JRAIEE, 4 °C. 10000 r/min &0 10 min, HX
IEWL 4R 0.22 pm PRALIEARE R, HERERS I
232 FFHZUE SAFE 52365 10 K, B AT
2, DR KR YE. 4% BHEEREE . ZEEHIR
BEEEMLK, M. 1A, Betu)s, TRFEEMEET
MEE
2.4 LC-MS/MS-IT-TOF #&
241 k%M Inertsil ODS-SP Cig thifi#: (150
mmXx4.6 mm, 5um) R, RN 40 C, A
MEN 1.0 mU/min, 3EFEREN 10 pL, WaIHA A
0.1%H ER/KIEW, WahHH B N 0.1%F R LN, B
FEEL: 0~3 min, 16% B; 3~8 min, 16%~30%
B; 8~20 min, 30%~50% B; 20~45 min, 50%~
95% B. Fill KAy 275 nm, PR B G AR E
e AR ARG IR R E R, AR
R ERES] (QC) FEfEH, B 5 MERIEAIS
Hre
242 JREFM BRI BN ESIT.
ESI™; EFIRHBEESAAN+45KV. —35KkV; F1H
a2 m/z 100~1 0005 fn#kBE AN 200 °Cs 5
SN Noy fBFRREAN 1.5 Limin; N2 JE /724 100
kPa; MLVAFIEIRE N 200 C.
25 HIEALEBS4t

B4 S N MetaboAlalyst 3.0 Chttp://ww.
metaboanalyst.ca/), SEHLERIAEAG T B HE L I A
A IH—1b . B PrSEHEFEFESI N SIMCA 14.0
i, HEAT B (PCAY FIEAS B/ — T
worHr (OPLS-DA) 2 TuSiit 7. MEHRFERE
PRI B LIIE N TG, R4 R
Ji % . PCA VEor BIH R 245 IR A X R .
OPLS-DA #% H T 4341 Con 41, Raw . Pro ]
2SR, MR BNEERAEDREY . ¥ VIP=1.0
AlP(corr)|=0.5 ) OPLS-DA Bk FAF B A ik
ERAEbREY), £ HMDB fil KEEG %3k 7 it
FTUCHL . {4 SPSS 22.0 B AFHEAT B IR 3R 7 2 04T
3 #R
3.1 IMRAFELRESME ALT. AST KFETL

Wi 1-A fizR, Con /R AT 4 HE 51 5
WAL, FFRHFIESS, /NS5 RiE ;
Raw ZH/)N PR HEDIZEEL, 40 B0 2 Al
FEML, PEE K. SRR, TR X H B A 1 2
MR Pro /N AT ALSURT R R IT . TR 5E

Uf, JFEmpRnT WS EEK AR YE . I BB ERAA VR
e, RIBHE RIE RN . Wl 1-B. C fizn, 5 Con
ZHELEE, Raw 4/ RUMLTE ALT. AST /K P15 8 2 7+
1 (P<<0.01); 5 Raw ZHEL%, Pro 44/ BRUMLIE ALT .
AST K8 K (P<<0.01). FHIH I H]E
YN IEPaRAN i) e

A B ‘ arsy : TR 7 :

&

B 100 c 250
T e _ 200
2 60 2 150
= 40 =100
= =
< 20 2 50
0 Con Raw Pro Cdn Raw Pro

4gkg™ 4gkg™

5 Con #ltb#%: *P<0.05 ™P<0.01 ™P<<0.001; 5 Raw #it

. *P<0.05 *P<0.01, FE[R

P<0.05 ™P<001 P <0.001vs Con group; P < 0.05 *P <

0.01 vs Raw group, same as belows
1 HEBHEFAENRFEALRETL A, IiF
ALT (B) #1 AST (C) 7KFRISNa (X200; x+s,n=10)
Fig. 1
pathological changes of liver tissue (A), levels of ALT (B),

Effect of TwHF processed by licorice on

and AST(C) in serum of mice (x200; x+s,n=10)

3.2 /RIS TNF-a. I1L-6 7KFIE{L

w2 s, 5 Con ZHAHEL, Raw 2H /) BRI
H TNF-o. 1L-6 /KPR ZEFm (P<0.01); 5 Raw
HAE, Pro H/NRIMIEH TNF-a. 1L-6 /K53
PEREL (P<<0.05. 0.01).
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= 40 #

[ a

g 200 o Eao

2 <
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L
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0 Con Raw Pro 0 Con Raw Pro
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B2 HEMGEQRDRIME TNF-a (A). IL-6 (B) 7K
TN (x+s,n=10)
Fig. 2 Effect of TwWHF processed by licorice on levels of
TNF-a (A) and IL-6 (B) in serum of mice (x+s,n=10)
3.3 FAEF PCA o#h
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RIS R B 7 B ds, R 3 HZ [AMFAEREK
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T e B b R O B Con A ELWLE T H HEa )
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Fig. 3 Hierarchical clustering heatmap (A) and principal component analysis score plot (B) of Con, Pro, Raw, and QC group
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Fig. 4 OPLS-DA score map (A-C), S map (D-F) and spot map (G-1) of Con, Pro, Raw group

# 1 Con4AF1 Raw 4H. Raw 47 Pro 4z [EHIE SR B
Table 1 Different metabolites among Con and Raw groups, Raw, and Pro groups

Con #H vs Raw 2H.

Raw 2 vs Pro 41

tr/min L) VIP _ Fold P VIP Fold P
35.21 P IE AT AR PN e 1.57 1.65 0.003 1.16 0.82 0.008
35.41 TR 1.59 0.45 0.015 2.97 0.39 0.002
38.49 L-(-)-o- H iR B 3.14 3.06 <0.001 1.78 0.51 0.005
25.04 HimBg 311 9.79 0.001 1.49 2.18 0.033
39.35 G NEER 1.97 9.80 0.001 1.03 1.83 0.006
31.09 SR 1.39 2.76 <0.001 1.10 0.95 0.002
30.71 KRR R 1.18 3.06 0.006 1.28 1.52 0.023
32.15 FEAEER £ B 1.13 3.29 0.004 1.53 1.86 0.045
24.84 JHR 2.16 0.13 0.001 1.50 9.71 0.002
37.36 YR g 1.33 0.68 0.012 1.26 2.18 0.021
39.95 SRS 4 1.39 0.40 <0.001 1.24 0.54 0.002
3665 kil 168 298 0.002 1.46 172 0.003
%2 HET HPLC-MSIMS NESKEMKE
Table 2 Identification of differential compounds based on HPLC-MS/MS
tr/min wEY M FHRE  mZE(X1079 LS MS/IMS # F & F(mlz2)
3521 FRILERNARE M R 254.408 2 12.32 CisH3002  255.242 1 [M—+H], 237.251 2 [M+H—H20]",
193.204 1 [M+H—CzHs07] ", 155.192 1 [M+
H—CsH702]", 85.024 8 [M+H—Ca2Hzs]*
3541 AR 700.975 2 10.62 CaoH730sP  701.625 4 [M+H]", 683.521 4 [M+H—H.0],
603.548 2 [M+H—H204P] ", 419.263 2 [M
+H—CusHzs02]"
3849  L-(—)-a-HimAEAER 330.642 1 8.42 CioH3s0s  331.725 4 [M+H]", 313.658 7 [M+H—H20]",

A

229.542 1 [M+H—CsH1002]"
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tr/min EY X FRE WZE(X10°9) (A5 MS/MS & F 25 T-(m/2)

25.04  Hihbg 324.3152 -5.36 C13H2507P 325.124 2 [M+H]", 307.155 6 [M+H—
H20]", 152.983 2 [M-+H—CioH2002]",
113.145 4 [M+H—CsHsO7P]*

39.35 GRS LENERR 392.568 2 8.76 C24H1004 291.452 [M—H]", 264.028 3 [M—H—
C2H3], 246.157 [M—H—CHO2]"

31.09  JRiMER 282.465 0 -11.22 CisH340: 281.641 3 [M—H], 265.457 [M—H—
H20]-, 184.431 2 [M —H — CsHsO2],
119.254 1 [M—H—C10H1002]~

3071  AFAHER 256.428 7 —-8.42 Ci6H3202 255.436 [M —H], 237.404 9 [M—H—
H20]~

3215  IFAEE 4T 284.4820 7.62 C1sH3s02 283.512 4 [M—H]", 265.415 0 [M—H—
H20]", 197.423 4 [M—H—CsH10]"

24.84  JHER 408.577 4 14.73 C24H4005 407.652 1 [M—H]", 489.254 7 [M—H—
H20]"

37.36  SEMEE 758.051 0 10.62 CaoHgoNOgP  757.021 4 [M—H], 739.124 7 [M—H—
H20]", 575279 6 [M — H — CsH1007]",
503.330 1 [M—H—Cu12H30s]", 190217 2
[M—H—CasHs50s]

39.95 AR A 407.2851 8.86 C19H2NO7S  406.254 7 [M—H], 388.254 1 [M—H—
H20]", 204.037 2 [M—H—C12H1003]"

36.65 kil 326.254 0 —17.68 C21H4202 325.294 2 [M—H]", 307.187 1 [M—H—

H20]", 244.180 6 [M — H — CsHsOJ,
98.211 3[M—H—CisH1502]
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Fig.5 Changes of metabolite trends in serum of mice in each group
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RLEPE LR, sk 3 far, AR R A AN
REWTRR I AR RERIR E G s H i BEAE A
W M ERACHS . TEAE DU RRACH . AR RR AT
JEOR MBI BR A& s . &l 6 s, Shadd

FH RN S5 55 ) 52 i R AU 6 o s A A2 P JFE B
Yo g B ORI, TR I T IR A AT A AT I
W AR PR B R IR TR R P, T E S
PVRTE AR DT 1) & R 5 57608 o T2 32 B IOR A 1

*3 KRS

Table 3 Summary information of metabolic pathway analysis

AT 2% U P —lgP Holm P FDR B}
biosynthesis of unsaturated fatty acids 3/42 0.004 5.3100 0.40 0.20 0
fatty acid biosynthesis 2/43 0.005 5.260 0 0.42 0.21 0
linoleic acid metabolism 1/ 6 0.016 4.0835 1 0.46 0
a-linolenic acid metabolism 1/ 9 0.025 3.6813 1 0.51 0
fatty acid elongation in mitochondria 1/27 0.074 2.6018 1 1 0
glycerophospholipid metabolism 1/30 0.082 2.499 6 1 1 0.14
arachidonic acid metabolism 1/36 0.097 2.3237 1 1 0
fatty acid metabolism 1/39 0.105 2.246 8 1 1 0
primary bile acid biosynthesis 1/46 0.123 2.0889 1 1 0
¢ JHEFIE . PRGEZE FIT AR 70 A 30 ER A 7 22 1 A K
50 - AL SR R B BEARAC . R
PR A IR AR A ORI, 5 N AR AR 9T 3R B R A R
7 ) SR VR F LA T SRR A . B ARG
4wI A R AR A B2 A 0T DA LA P2 AR AR 2,
5 .10 SO 33 e R 0 S A B OB S TR
H AR B TR A B 1 B AL
301 JHEREAE AU A S ZL ) e AR 28 B, b
25 ) HZ 5 R ACUTE F R R FOCEE . T ATR
XF JHF I PR 40 47 I B8 08 5| S ML A P ) Ml o A 2=
2.0

O.iOO 0.02 0.04 006 008 010 0.12 0.14
R FER )

El6 RigH@ESH
Fig. 6 Metabolic pathway analysis
W B R TR BB P 2R A AL T
WS NRIIR, HARCH M =R8. BENE. IHE RN .
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