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Hepatotoxicity evaluation of Euodiae Fructus extract based on zebrafish model
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Gai-mei, ZHAO Chong-jun
Key Laboratory of Pharmaceutical Quality Evaluation, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective Based on the zebrafish model, the hepatotoxicity of extract of Wuzhuyu (Euodiae Fructus) was comprehensively
evaluated by biochemical index evaluation, histopathological evaluation, cell apoptosis in vivo, and integrated evaluation model of
molecular biology techniques. Methods The sublethal dose (< LCio) of Euodiae Fructus extract was administered for 24 h, the activity
indexes of alanine aminotransferase (ALT) and aspartic aminotransaminase (AST) were determined, the liver pathological tissues of
zebrafish were observed, and the apoptosis status of liver cells was observed by aeridine orange (AO) staining. Western blotting (WB),
real-time quantitative polymerase chain reaction (RT-qPCR) and metabolomics were combined to preliminarily explore the toxicity
mechanism of Euodiae Fructus, and comprehensively evaluate the liver injury zebrafish model induced by Euodiae Fructus extract.
Results The transaminase level of zebrafish was significantly increased, HE staining and AO staining observation of liver pathological
tissue showed that zebrafish liver was damaged, cell apoptosis was increased, and the expression levels of related apoptotic genes and
proteins were significantly increased. The results of untargeted metabolomics technique showed that the extract of Euodiae Fructus affected

amino acid metabolism of zebrafish. Conclusion Zebrafish model integrated evaluation method was used to achieve comprehensive
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evaluation of liver toxicity induced by Euodiae Fructus from multiple levels, multiple perspectives and multiple indicators, providing

support for the applicability of zebrafish in liver toxicity evaluation of traditional Chinese medicine.

Key words: Euodiae Fructus; hepatotoxicity; integrated evaluation method; zebrafish; metabolomics
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(Juss.) Benth.. A% E. rutaecarpa (Juss.) Benth. var.
officinalis (Dode) Huang EX#iERZEH E. rutaecarpa
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TGL-16M B! il & A R B OHL CRIDHHACES Ol
A IRATD; GTR10-2 BURIEA B OHL (db5T
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BEALIZE 4 dpf B -5 fh &)y 1 5% 55 E U0k L
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R RIR IR 25, PRE I 5 pg/mL AO 2 mL,
BEGHE 20 min J5, BURRESMFEAR, [HE, fER
JERAEL T MEEAHAIE, VPO SR B B -4
HO T 2
2.5 RT-qPCR & NZRAETE FRIXKFE

BEALIEEL 4 dpf B fh 4] % F2 72 W BU0IR
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PCR JX R, K 2728 it B m ok A R
Fl#§-3 (Caspase-3)~ Caspase-8 F1 Caspase-9 [
HesoKP. SIMIFAINEE 1.

x1 WMOATETFSIHFT

Table 1 Primer sequence of apoptosis factor

£ Hrsl (5°-3) Ja5l (5°—3)
P-actin GGCTGTGCTGTCCCTGTAT GGGCGTAACCCTCGTAGAT
Caspase-3 TCAGGCTTGTCGAGGAAC CTGCCATACTTTGTCATCATTT
Caspase-8 AAGACCTGATTCTGCGACTG TAGGCTGAGACACCTTTACG
Caspase-9 TTCATCGCCCTCCTGTC CTGGCATCCATCTTGTAGC

2.6 Western blotting JUEFT-EH Caspase-3 &
BRI
74 RIPA £ BT, I N ) 550,

B AMPEIF AR INNIE & 0.1 mol/L PMSF BE PA{R
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55 20 min J&, 4 C. 3000 r/min 25> 20 min, Bk
o %M BCA AT E, @il RIPA HHEE
FIRRE, ZHAME 5 min. H 20 ug M A EREHET
B, IRIEELIE, 3% BSA-TBST % 4] 30 min.

3% BSA-TBST 43 %5 Caspase-3+ B-actin HitkLL 1 :
50 LUl TARE, 4 CIE B IR 5% MYk -TBST
Fike —HuilEHif 1gG (H+L) HRP (1 :10000),
FIRWEE 40 min, I ECL J5 )M 3~5min, KX
2.7 HUEIER O

SKH SPSS 20.0 ittt Gt b, dls
PAx+s®am. RAMBERTTZESHT, P<0.05 Bk
NEA G
2.8 GC-TOF/MS fRiHBZ1FM
2.8.1 FRANACEE  BENLIEEL 4 dpf BE 5 1 4)) i FE R AE
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WEACIHREE (840 pg/mL) 1) 528 BE HE B rh
24h fERSEIOH, WENIRAH BEL a0,
KR TR, FERIFRR 25 mg AP R,
WFEEIR AT G NN 80 uL FA ) 50% FREAW, BT
2 HEBHLSIRIEEAT IR . SKE 4 T 13 500
r/min &0 20 min, % _LIER. TERKREATIEY)
HORS & NN 200 pL Fi7A I -0 (3 0 1) IREWH
WFRIRAIH . A2 55> FiEWL, FHRGE O 20 min.
B 200 L FIERE T 52 8O0
ZWR, BEEFEMGET MEERE, R
FEEARY, BEHRAE: @ inFeE gaiinA
20 mg/mL FEUIEIRE IR 50 uL, 30 ‘Co&fF N
H 2h; A 50 uL MSTFA F 37.5 CI¥E 1 h.
2.8.2 GC-TOF/MS talliz&ft XM GC-TOF-MS
BEAT AR AR U A I . Rxi-SMS SAH (i A%
(30 mX250 um, 0.25 um); FHEFERF (80 CLRFF
2 min 5 LA 12 C/min 74 300 ‘C, f£#F 4.5 min,
JG L 40 C/min FFE 320 CHARFF 1 min); FIHERE
MR 270 °C; #EFE&E 1.0 uLs ML DR E
270 C; BSFURIRSE 220 C; HEHE-70 C;
RN 25 WA EHE; TR IEH m/z 50~550.
283 MGt B GC-TOF/MS 7= (15
IHE R IE T Chroma-TOF #4: H shk i R #E A4t
WHZH 2230 F XploreMET H,  dEAT 328 145 Fr IE
ZE R SIS S IR U 55 CREE TR EOR
1B ARG E . AR TIAREE . R IEAS e/ —
e 7% H 7l 73 #r - Corthogonal partial least squares-
discriminant analysis, OPLS-DA) i1t 7% [X 43 % &
RS0 2H 20 T AR 22 57
2.84 =Rk LACEER E R0 R
H hypergeometric LK AR 1E 47 5 R 2 [A] 15
R4 EH 44 (Kyoto encyclopedia of genes and
genomes, KEGG) fRUHIE S &4, DA B EE
P:F845 (variable importance in projection, VIP) >
1, P<<0.05 MIARE1E 22 e AR A kAT 1 5 ' 4
AT, IISRARE A B TTER, RO AR 2 .
3 &
31 “E-F7 #HiZ%iTm

IS SPSS 17.0 #AF2 1| 2% Ba 2 U0 Bt 5y
faff “E-17 sk, WE 1R, SUE, RAEKR
FEH) LC1o A 846.12 pg/mL.
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Fig. 1 “Mortality-dose” curve of Euodiae Fructus extract
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ALT M1 AST P4 2 AR Go PO T 25 15 ) b 2
Y, H ALT A0 O R 45343 Wi PR A= A 4G 1) o
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iﬁ_gﬁ[ﬂo
3.5 RT-qPCRNEH S & ATHXERFERKF

RS2 A A AR 6 B Caspase-3
Caspase-8 Fll Caspase-9 W% /K LA 42 R HH2
By 5 R B T2/ 15 5 Caspase B 42H K.
i 3-A PR, ZRKEIRBWALIE, Caspase-
3. Caspase-8 Fl Caspase-9 FERFKIEKT-15 LI &
% botas (P<0.01).
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A-activities of ALT and AST in zebrafish (*"P < 0.01 vs control group, n = 80) B-histopathology of zebrafish liver in both control group and Euodiae

Fructus extract-treated group (a and ¢ represented 840 pg-mL™' Euodiae Fructus extract-treated group, b and d represented control group) C-in vivo cell

death and apoptosis results (e represented 840 pug-mL™" Euodiae Fructus extract-treated group, f represented control group)
2 REERDYIXMNBED & RS TN

Fig. 2 Hepatotoxicity evaluation of of Euodiae Fructus extract on zebrafish

3.6 Western blotting ¥ BT S Caspase-3 &H
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L AR R B, R FLAIIBE AR, B
A AR AR, ERFIE LS5 A Th g b 5
FLEN B A ARBLEE10), [R gt BT B AR S FL
HPIBEL 2 T 245 S A I AL . th4h,
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S5x AL "P<0.01 A-RT-qPCR P RZE SR BN XT Bt 1y £ 2y 1 %244 Caspase-3+ Caspase-8+ Caspase-9 FIEHIFM  B-Western blotting
PR SR 2T HEEU R B 0 %)) 0 B2 44 Caspase-3 RIA/K T RIS M-marker
**P<0.01 vs control group ~ A-gene expression of Caspase-3, Caspase-8, and Caspase-9 in zebrafish larvae treated with Euodiae Fructus extract were examined by

RT-gPCR  B-protein expression of Caspase-3 in zebrafish larvae treated with Euodiae Fructus extract was examined by Western blotting M-marker

3 HMATEFRFEIFKRFIFN (x+s5,n=80)

Fig. 3 Molecular biological evaluation of apoptosis factor (x +s ,n=80)
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A-effects of Euodiae Fructus extract on overall metabolic profile and differential metabolites of zebrafish [a-OPLS-DA analysis of sample from the treated

groups and control, b-permutation testing of OPLS-DA (n = 100), c-differential metabolism selection] B-metabolism pathway enrichment analysis

B4 RFERBIHD & FRRIGHRE

Fig. 4 Metabolic effects of Euodiae Fructus extract on zebrafish
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*2 EFNHERRAXNEFNIHEY (RAEREIA vs XHRA)

Table 2 Differential metabolic pathways and related differential metabolites between Euodiae Fructus extract group and

control group

ARV IE # 44 F PH

£ LTS Y
CHxHRAAH D

£ NS Y
(5 RAAHED

WEER . READRMBEALA U (alanine, aspartate
and glutamate metabolism)

519X107% ELR. L-HER

B}

FIEEIR « L- K &-Bk i . N-
LBE-L-RITAE R

ZERAGEEE a A S (pantothenate and CoA  6.83X 1072 B-NEMR. 2. JRENE. L-
biosynthesis ) PR

HER. 2% BMARRIRHE (glycine, serine and  0.010 7 IR W EH IR H il
threonine metabolism) R WMERE. L-FHER

FHRRAEY G (arginine biosynthesis) 0.018 5 BYR. L-ARR. RE

MY (galactose metabolism) 0.024 0 JiIN D-FEE. D--FLHE.

o- LB

LR A (glyoxylate and dicarboxylate 0.038 0 HWR. L-AER AR IR
metabolism)

R . B R /8 W (taurine and hypotaurine  0.041 3 LV R WA fik R
metabolism)

RS (purine metabolism) 0.058 0 Lyniing . BAF, IS JRE O JRER. EERA LT

R R A & B MR Carginine and proline  0.072 0 s BRI JEE L-E B2
metabolism)

ER RIBERMEKKERNAEY A R (neomycin,  0.082 0 D-7Hi %]

kanamycin andgentamicin biosynthesis)

TR, ERELA Y] AR AO JLth
WP|FIERA . GREY, RGN
JH I I s B S 43407, R AR IR #4014 . S XTI
HARLL, 28 RRFESEIY) R R AL T 5 (B 1 fa %))
JH I X 3801 58 Y nm P 1 5, $ 7 B 5 40y 8 ) I
HH I B AR T RERH S R R R
2R G AU 7 e A B B 0 AU B 1 R 4 2R
1, GRS GEINEL, AR Etk . R
T AST A1 ALT JH-DBEE 1, 45 RR I R B
Y Ab B RE S BE I £ B AR D BEE PR R . AR
FFEEVEVPAN (38 S hnifE, ALT A1 AST I8 75 AFAT
HER, MM KT RAR . ARSLEeH S 28 e
FEHUYD AL ERAT) 25 S 35 38 0 B 1 11 4 £ B AR 1) JH ) 1
W, B, BMEAEARAR TSN T, B
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