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Confirmation study of hepatotoxic quality marker in Euodiae Fructus decoction
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Abstract: Objective To confirm the hepatotoxic Q-marker of Fuodiae Fructus decoction. Methods The hepatotoxicity of target
compounds was studied by hepatotoxicity index and flow cytometry. The targets and target organs were predicted by network
pharmacology. The qualitative absorption analysis of 3-O-trans-caffeoylgluconic acid (1), 4-O-trans-caffeoylgluconic acid (2),
2-O-trans-caffeoylgluconic acid (3) was performed by LC-MS. Through the systematic study of Q-marker properties, the confirmation
study of hepatotoxicity Q-marker in Euodiae Fructus decoction was performed. Results Compounds 1, 2, and 3 inhibited the growth
of LO2 cells in Go/G1 phase and had direct toxicity to L02 cells, which led to hepatotoxicity. The target organ may be the liver by the
network pharmacology analysis. After drug administration, compounds 1, 2, and 3 could be absorbed into the blood by prototype.
Compounds 1, 2, and 3 had properties of structural confirmation, toxicity confirmation, measurability, and transmissibility. Conclusion
Compounds 1, 2, and 3 could be confirmed as hepatotoxic Q-marker of Fuodiae Fructus decoction.
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1, AR 2y A AR b 2 R AR S
(Q-marker) BMEE. AL LRGN FE (250 L,
PEH VT “R-EE” MR Q-marker SIS EL
RIS, I AR AL G AN,
X H I Q-marker 34T T IRZ MW 5T
RKBNZEHERMEY R A Euodia rutaecarpa
(Juss.) Benth.. fi[g E. rutaecarpa (Juss.) Benth. var.
officinalis (Dode) Huang BXii & #2586 E. rutaecarpa
(Juss.) Benth. var. bodinieri (Dode) Huang )i
RS, M. M. B 8BS, HAHCERE.
Beigi (MK . BIRH VS B Th P, RZRBEARET (b
RAFLZY, F v, W 5, M. BBk
RIS O A /N, FERTHEN, AN T
BRI AR RER IV . R T R stE g vk 1)
AT, AR EA AT HIT & T RO BEI G2 AH SCHIE 5%
23t SR SR P Pt 4 2 W TR T A Dy SR 2R B K IR P
BEPEV R EEAET . B S H AR RS HEAT T E ) E AR
MIGYES, BEAT T S5KIRNT, 3 4 N 3-0- [ -
MESER ETHEER (1D, 4-O- e 2\-WmHEmE & FE R (2).
2-0-pa-UmHEsE T AT ARG (30, BTk aw 1. 2.
3 FARLFAER AR e A 22 , MO VRS ZH 42 R HLAE 2%
FOUKSERH RIS, X HIREY) (MIX1-3, 325 nm
WK T B THAR LA 1.00 & 1.45 ©2.59) #E4T T AT
JIE LO2 4 A A SRR R A SR e
R 2%, e R 2 e E v R R
ABEN MG A RERFERNVER o BRI, AHIEF
X MIX1-3 LI TV E,  HUCRA
IR 2 2t FLVE I BE AL ZHEUE AT U 43 #)r
SRIEITCEY) 1. 20 3 BRSNS L, 5 o
AT B IEAE IS Q-marker 1@ VEIE
RGN, LI RAHIHTE Q-marker HIHZAHIN.
1 UFESHR
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1200 RO G R 48, 6320 25 1Bk

AW A% (3B A AT D 2695 15 RORAH
ik R4 (£E Waters AH]); LC-20AT & JGEAH
ik Rg (HASHEAF); BP21ID BETF K
P (EEEZ LR B oN (R
ERPEEE) ) KDM HIN#HE (il RIS
D Simplicity #AiK RS (€ E % HIH A
H]), Rotavapor R-300 Je#% 28 KA (i LD HL A
7)), XH-D BRI 8% Lo g E7 A
B F]D: HF90 CO, 55548 ( Lilg 7y Hp L2 AL 2%
HIRARD; XSZ-D 55 BBt (H A B E
N G GEEFEER KR A ] D Multiskan
Go AR CGF2HEMA D BARRKFE
EE/RERD; 96 LR TR, 6 FLEEFRIR (EE
T AT
1.2 A

TR BERE S E L AR R R 2O AR A
"], fb5 20150625, 21l 4R R 25001 58 Bk A
WEFC IR S8 N EE/EFRHEY AR Evodia rutaecarpa
(Juss.) Benth. var. officinalis (Dode) Huang [ F-J5iT
AR, 0 (Baal, 18 Fisher AF]), B
FH R A5 LAt B 45 FH A3 A il ORI R 7 1E
WA ); DMEM K:7edt (dit'5 AD18376282) H
JEZE IS (S 42F7674K) T35 H Gibeo A ;
CCK-8 ¥ (HE5 091918181104 ) A1 fig g v 4k i (it
5 052518180803) 14T = KA AW FLHT; T
fR Ml (LDHD Hit&E (ks 20180711). K&
AL (AST) MHiA&E (5 20180908) Ay
AL (ALT) WHiA&E (5 20180916) T
B Y TR 5T PU/Rnase 4R (5
8019561) MF3E[E BD A Frakla Bt s (it
5 CHB170828, Jii & /4L 98%) 1T hii &R = ke
YR H R A
1.3 ¥

SPF 2% Wistar K iR, HEM:, A& 160~200 g,
TR R, WHE ILARRFELEEY L, STE
A[IES SYXK (£) 20140001. SZEGEYIRECA 1Ak}
(B, A= AMHES SCXK (8 20140014,
1.4 ZHpR

L02 #fif CHp [ Rl 22 B b it 41 i A P 2= 1 5T
D), Bt T8 10%062F MIER 1% E HRAEER
(1) DMEM 532+, 35 7846 21 5 5% C0O2.37 C,
YA E A 85% N IR AR 1 B LV AL I RAE AR,
SEI6 I E A AR K AT .
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2.1 &1, 2. 3 % L02 MAAREYE MRS E F1
by W | RS

RHARF ORI, MIX1-3 B ] 102 4 fbsE
PR, ARSI MIX1-3 FFEEHEMLEEH TSRS .
2.1 A BTHEY 1L 2. 3 BEAR
€, HIREEEARE, BIEW 1. 2. 3 T
PEIGUE D256 R FH HAE 2 2% B /K S H [F] LL 9 iR R &
Y MIX1-3 3HT, MIX1-3 b &9 1. 2. 3 ()%
TR 53 0 4 B AE SR 2% B /KSR 1 B g AT TR &
JEWRARGFT RN, MR —E T, RS
VI EY 1. 2. 3 RTES N 94.2%.
2.1.2 X L02 4Hffd B LDH. ALT. AST 7K*FH)
M ALEY) 1. 24 3 AT RSN 358, )
P TAIG 25 RAAT F b B b SRt i, kA
£ MIX1-326.85. 53.70. 107.4mg/L (75, 150, 300
pmol/L) AbFE LO2 4HfY 12 h; #%H8 LDH. ALT. AST
AR E DR TA. SEI0EE 3R, SR ILA
1. HHP 1 A%, MIX1-3 (26.85+ 53.7. 107.40 mg/L)
AR L02 4H/ 12 h f5 R I4EM BV H LDH. ALT
FAST /KPRlSE 2 SR EE s i A, 5if=

EPEAZE, HHr, LDH 7K FAER MIX1-3 53.70 mg/L
ISR L ZE R R (P<0.001), ALT /KPAE
MIX1-3 N 53.70 mg/L i 5 xf B84 bhds 2 77 B 2%
(P<<0.01), AST /KF{E MIX1-3 4 26.85 mg/L i 5
SHBH L E R R (P<0.001). Z5REH, (e
1. 2. 3 Al EEE ks 102 4MMufig 7.

2.1.3 A0S IAseEs AT MIX1-3 3301 Lo2
A M A AT ) 7T HL R R Al A o3 B 4
LA SRS AT G O O R A 02 4a i, $EFh T
6 FLBRH, AL 1X10° NIAR. FraifaihiEfE, Xt
ML TR MG R TR 5, LI H % T 107.40 mg/L
MIX1-3 FCMLigE IR, #9712 he W4,
FHTRYA ) PBS JE VL, I 70% B2 27 ; LA 1000
r/min &0 10 min, 4HILL PBS JE¥E 2 X, 37 Clk
Y6454 F PI/RNase 4t 30 min, FHR SRR
A . SRIGE AR 3 K. WA 2, 107.40 mg/L
MIX1-3 A5 L02 4iH Go/Gy BARHA . SXTHEZ L
%, 107.40 mg/L ff] MIX1-3 {40 EEAE Go/Gy AR
BIMKTIRALH (56.817+0.833) %IEHNE (79.087+
4.166) % (P<<0.001), MIX1-3 fJi#id Go/G; #AKY
BEL¥HEE FH B2 00 102 41 B 4856 -
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XPEE 2685 53.70 107.40 XTI 26.85 5370 107.40 XHE 26.85 5370  107.40
MIX1-3/(mg-L) MIX1-3/(mg-L) MIX1-3/(mg-L™")
Hx At “P<0.01 **P<0.001, K2
"P<0.01 *P<0.001 vs control group, same as figure 2
1 MIX1-3 % L02 4R _E3E% LDH. ALT #1 AST KEHIFM (X 5, n=6)
Fig. 1 Effects of MIX1-3 on activities of LDH, ALT, and AST in supernatant of L02 cells (X %5, n = 6)
450 400
;“S)g’ X i 35071 MIX1-3 o 100 il
3001 ;(5)8: = Ly @2 MIX1-3 (107.40 mg'L ")
I8 2501 B 500] §§;
ﬁ ?(S)g: GO/GI S GZ/M 3 1501 Go/G1 S Gz/M % 504
1001 ‘ 100 | ! =
e — ol — | 0 .
1.0X10° 2.0X10° 1.0X10° 2.0X10° S G,/M

PE-Texas Red-A

PE-Texas Red-A

Go/Gy
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Fig. 2 Effects of MIX1-3 on cell cycle of L02 cells by flow cytometry (X s, n =3)
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22 HEY1. 2. 3 ML HBEZFN

AP ST R R &P 1. 2. 3 AL,
I8 Jim 3 T 9 45 24 B0 LA P A 2 B R AT T
il High-Throughput Docking Chttps://www.cbligand.
org/, HT-Docking) #4771 X142, X HIrL &Y
VE R BE fUEAT TR0 U2 B Ak S W 119 45 7 S
(mol2) b A% L T W, BEATHE S T . AR
P Docking score ¥R /NI Tl () #E & T HEST « I8

i UniProt Chttp://uniprot.org) Z i FE 5 $E 55 1 44
FR¥EHNFEIN 4 . K F BioGPS Chttp://biogps.org/)
FEERER TR, REHLEY 1. 2. 3 1
HT-Docking H U 1) $E £ 11 5= RIAE A [R] 4H 24 o 1)
RKiLE, SHEH SRR E € AT HER 5,
# 1. KR Cytoscape # Xt Tl 25 Rk 47 vl ¥4k,
Iy A& Y- 58 AL G -2 20E o PPIR I
W 3. 4.

F1 LAY, 2. 3HTUNLER
Table 1 Prediction of compounds 1, 2 and 3

T HH EY =30 HEGESRL
1 glutamate receptor 2 1. 2. 3 GRIA2 2NN
2 adenosylhomocysteinase 1. 2. 3 AHCY B HUIRAR. FFIE
3 GTPase HRas 3 HRAS RN T O Y
4  amine oxidase [flavin-containing] B 1. 2. 3 MAOB FE. N FFRE
5 c¢GMP-specific 3',5'-cyclic phosphodiesterase 1. 2. 3 PDESA JHRE . ol
6  leucine carboxyl methyltransferase 1 1. 2. 3 LCMTI ] N NN 7N N 51
7  matrix metalloproteinase-9 1. 2. 3 MMP9 Bk, L. 4
8  macrophage metalloelastase 3 MMP12 JEBkiR. BRR. AR, RFRE. OMF
9  mast/stem cell growth factor receptor 1. 2. 3 KIT FROPR
10 adenosine kinase 3 ADK JH A
11 glutathione S-transferase A2 2.3 GSTA2 TR EH LR
12 pyruvate kinase isozymes M1/M2 1. 2. 3 PKM P, RIE B
13 estrogen sulfotransferase 2.3 SULTIE1  GJULARRE. JHAE
14 aldo-keto reductase family 1 member C2 2.3 AKRI1C2 Re o gmpe . FFE
15  sex hormone-binding globulin 3 SHBG JERE R
16  androgen receptor 3 AR JHNE 0ol
17  protein kinase C gamma type 3 PRKCG JERE O
18  NAD-dependent deacetylase sirtuin-3, mitochondrial 1. 3 SIRT3 JHAE 0ol
19 tryptophan 5-hydroxylase 1 1. 3 TPH1 TR H LR
20  cathepsin S 3 CTSS il M
21  D-amino-acid oxidase 2 DAO JHNE B
22 matrix metalloproteinase-16 1. 2 MMP16 L L4
23 histone deacetylase 4 2 HDAC4 il N R i FERE
24 insulin receptor 2 INSR BV FERE. Gk
25  collagenase 3 2 MMP13 OfES R
26  stromelysin-1 1. 2 MMP3 OE AR
27  aldose reductase 2 AKRI1BI o e 4H R
28  nicotinamide phosphoribosyltransferase 2 NAMPT TR EH LR
29  ADAM 17 1 ADAMI17  BFRE. OfiE
30  tankyrase-2 1 TNKS2 =k
31  thymidine phosphorylase 1 TYMP fitie FFAE
32 c¢GMP-inhibited 3',5'-cyclic phosphodiesterase B 1 PDE3B FEAE OopE
33  xanthine dehydrogenase/oxidase 1 XDH JHNE 0ol
34  protein farnesyltransferase/geranyl-geranyltransferase 1 FNTA ToRsE H LR
type-1 subunit alpha
35  Adisintegrin and metalloproteinase with 1 ADAMTS1 B
thrombospondin motifs 1
36  arylamine N-acetyltransferase 1 1 NAT1 170N,
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MI-fLE 1 M2-feEd 2 M3-AL&EY 3, K4 TH
MI-compound 1 M2-compound 2 M3-compound 3, same as figure 4

B3 %&¥1. 2. 3 HLE- S MEE

Fig. 3 Compound-target network of compounds 1, 2, and 3

WA RIT RRIER SR E A, BT N AR S fir

below compounds: liver-related localization, above: the other organs

localization

B4 &AW1 2. 3 LAY-ELERRE
Fig. 4 Compound-organ network of compounds 1, 2, and 3

Bl 3 JLA 39 N L 60 Zkil. 3 AN TR
RARERLAD 1. 2. 3, 36 MRTEDRRE T SRR
3 AMEEYERIREE S, Bt SEME Ot sy
MRESHEY 1. 20 3EHMEE, Hhs 34
WEYIILRERKA 8 MER, SHA 2 Mea?
SEFEEA R 8 ML, HR 20 MER A S5 1
MEEWTER

B4 R0, WEY 1. 2. 3 /EHM 36 AN
T 22 RS (BT E T 5 ISR 1D £ERT

A BRI, Hd 4 M AN 3 N L
PEFSE AT, 4 ANEESA 2 AN 36 [E 4R R 5
14 ANEE RUN 1A BT AR FEAE o 10 BRI T e A
a1, 2. 3IEHMEERBEEZ —.
23 A1, 2. 3SR

PLEZERF, AW 1. 2. 3 FEARINELAGRT
B, HARPNEH P R B2 B TR AL . R,
W J %o RSN I 15 T 3R AT BT 55 o
231 k% A%k Thermo Syncronis Cig
(250 mm X 4.6 mm, 5 um), JEIH R ZHE (A)-0.3%
WERR /KA (B), FREEVESL: 0~25 min, 4%~6.5%
A; 25~32 min, 6.5% A; 32~37 min, 6.5%~8% A;
37~56 min, 8% A; 56~75 min, 8% ~17% A; 75~
90 min, 17%~20% A; 90~ 120 min, 20%~50% A;
120~135 min, 50% A, i 30 C, MK 325
nm, AFIE 1.0 mL/min.
232 HEAE R IRBAE T R B e [ FE
HR, Btk ESI B s FHaEMsE B
TIREE N S Py FAFEEE m/z 26 000/s; FalVE
m/z 50~1000; TJ&SAAFRE 9 L/min; Wi% & 7]
241.325 kPa (35 psi); BAIE HE 4000V, TS
T 350 °Cs itk 4 1.
233 REFKEIEMEIE  BURZEFERM 30 g,
I 1500 mL 7K, [BIRFEHC 1 h, 3T, JEREE:
ARAEZE 50 mL, B3R ig 258, 45257
TN E B KR 13.3 5 IV R ZE B FE 7 0.5
g, AN 25mL 7K, [BIVRFEE 1h, JEid, i 0.45 pm
TUFLUEIEE, BIASZ5REXT LUAE S
234 S EFGY) SR KRS N 2 AT,
FRAL, 22 S0k 7 iR, 45 25 H 4 R 10 mL/kg(6.0
g/kg) FE ig 4%, 2 /d, ES:2d, WHRA ig [
PRRRZE TR K
235 iR RIRG IS 2 h FRER
Ab%E, HUm, =RAE, 3500 r/min .0 10 min,
HY I« HX 200 uL Ifi7%, I 600 puL it 4l 2,0,
WIEIR AT 1 min, FIEWIL 0.45 um TLFLIENE, BN,
23.6 JUEHARAEEE  {HH DataAnalysis F1F
MG EERE R TR (TIC) BRI H ARL &
FHIEES T, WK 5. BIRar, &% 1. 2. 311
FHIE RS T30 m/z 4550 2R LURE L SR 2540 K
BRIV 6 BRZH KRR LIS 1) TIC B4 B H m/z 455
FRIE S IR R (EIC) B, HEAT XL 24T,
K 6. HE 6 AL, KRE ighdiia, REFK
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A
1 2 3
0 10 20 30 40 50
t/min
4552 4552 454.9
B 1 & 2
357.0 357.2
200 400 600 800 200 400 600 800 200 400 600 800
miz miz miz
El5 ZRZFEEE/KIETR TIC B (A) LS 1. 2. 3 WRIEE B)
Fig. 5 TIC of Euodiae Fructus decoction (A) and MS spectra of compounds 1, 2, and 3 (B)
min, FEALEY 1. 2. 3 MG, HIEm AT
J R RSD 4514 2.3%. 0.9%. 1.3%. Bl MIX1-3 17k
e ] R 24 h WELE.
| Qﬁ?@“ﬂﬂﬁ 243 RABEKERREN BUREKSERMS OF
I 2 S 025 g MREHGE, IR 2417 Hr
,..W'M N 3541 025 g WERRGE, %R “24 I E/P_?i/ﬂm
o2 BHFER HUREd, 2050F 04 24 44 6. 8. 124 24 h #E4T HPLC
bl Kol HEAAT 1. 2. 3. 4 GREERD g
O~~~“1~0~20 — e L, FLRSD 734 0.71%. 3.20%- 1.50%- 0.23%,
t/min VLA SRR SR A Y 1. 2. 3. 4 /£ 24 h WERE .

6 RFEKERFPUEY 1. 2. 3 NMSHFKRIE EIC
(m/z 455)
Fig. 6 Absorption analysis EIC (m/z 455) of compounds 1, 2,

and 3 in Euodiae Fructus decoction

FIRCH AL &4 1. 2. 3 Byar DU A RIS IfL,
S MG BIERIT G, BEv ELEBAE AT AL
24 &P, 2. 3 BEDNMSERR

2.4.1  SZEFKIRWAINT IR AR A BURSEH
Fedh (G 3 5 0%) 025, A 12.5mL /K, 35kHz
R HEEL 30 min, VAT 0.45 pm FFLIERE, EPFS
RGN IAT . B MIX1-3 A SR ot R ol
&, FH/KVEM, #7530 min, T 0.45 pm FLIEN,
BT 75 6F B VR

242 MIXI-3 ffgeEtE B MIX1-3 TR, k5
FERRE, FLR 418.2 ug/mL [KI/KER, #8710 min,
A RENE 25 C. L& 1. 2. 3 [
WiE Rz, NRAERER A HIR &) MIX1-3 (1)
FERE], KM T 24 h WIESERER 720, % 70

244 RWUNEESME  BUER—MREGERS G
350 025 g, “PAT 6 i, KEERRE, &M “24.17
HHOTVREURE S, 32E4T HPLC R, 54L& 1.
2. 3. 4 FIEEA, H RSD 2514 1.1%. 3.2%-
1.9%. 0.43%. UtEFE IR VL E R R AT,
245 UEEEE A R FEKIEIR, S
HERE 6 Wk, HHEAEY 1. 2. 3. 4 WETHAR, H RSD
AN 0.69%. 1.40%-. 0.65%- 0.10%, {4 a]
RSD 7 0.41%- 0.56%-. 0.49%. 0.34%, PiHI{ 3
5 BE R IF

2.4.6 ZRMEXRFREE  H “2.4.17 Tih MIXI-3 &
W, 4% “2.3.17 WU7EEHEAT HPLC A, 3 A
3. 64 9. 12, 15 uL, idsRUEmA . UED 1. 2.
3SR Z AT (YD) AR, MIX1-3 (& (XD A
TEALRR, THE BTN Y=940.68 X+15.42, 2%
PEVEH 1.25~6.27 pg, »=1.000,

2.4.7 MIXI1-3 IiFeECRIREE  BURZRBEAE G
3 57%)0.05 g, AT 6 4, IMAXT RS E &, $542.4.17
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W3 BURE . BE4T HPLC 204, id &R,
THRECE N 78.38% 81.36%- 76.39%-. 75.46%-
77.79%- 82.05%, “F-¥EA 78.57%, RSD N 3.4%.
EISCRBAR AT RE R H T IIALE 1. 2. 32 )5,
FIRB T FF S I8V 12 58 571 N v P ) 26 B R e A Ak 2
B SR A B AT, NI HARRL AT S8 AT
FEBEE BT AT R IR IX ML . IS R A
SOMA E B S AERR I, SRR ) BTV Tk
— IR .

2.4.8 MHXRENTE DAY 4 CHERER) A
WY (BT, AW 1. 2. 3 FIG T4t R IR (1)
FERHOR B I 8] W38 2.

A 2 4
1
4
3
B 4
/I\_JZ\_M\_
0 5 10 15 20 25 30
t/min

7 REBKRLR (A) FURAXRMIAR (B) B HPLC
(325 nm)

Fig. 7 HPLC chromatograms (325 nm) of Euodiae Fructus
decoction (A) and mixed standards (B)

F2 WEWIL. 2. 3 XFEREBRAEXT OR8]
Table 2 Relative retention time of compounds 1, 2, and 3

to neochlorogenic acid

HEX R B N 1)
a1 ka2 a3

ARG (EN7 Y

Agilent 1200 A 0.570 0.720 0.877
B 0.527 0.681 0.846
C 0.554 0.716 0.869
Waters €2695 A 0.561 0.710 0.874
B 0.521 0.671 0.841
C 0.546 0.707 0.868
Shimazu LC-20AT A 0.560 0.709 0.873
B 0.523 0.673 0.842
C 0.552 0.712 0.870
YA 0.546 0.700 0.862
RSD/% 33 2.7 1.7

A-Agilent ZORBAX SB-Cis (250 mm x 4.6 mm, 5 pm)
B-Scienhome Kromasil Cjs (250 mm x 4.6 mm, 5 pm) C-Agela
Venusil MP-C 5 (250 mm x 4.6 mm, 5 pm)

M 2 /UL, CUBISRIERR (4) NS, hE
1. 2+ 3 BUFEXTHER BT (] 35500 0.546+ 0.700.
0.862, HRHEFXT LR EFI [E A UV e R AT 54k &4
1. 2. 33 TE .

2.5 MIX1-3 5Bz

251 RABUKSEEHISTTE F “2.4.17 B,
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Fructus
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