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Abstract: Objective To investigate the mechanism of raw and vinegar-processed Curcuma phaeocaulis on improving thioacetamide
(TAA)-induced acute liver injury in zebrafish based on nuclear factor-erythroid 2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1)
and transforming growth factor-f (TGF-f)/Smad3 signaling pathway. Methods The raw and vinegar-processed C. phaeocaulis were
studied and the TAA-induced acute liver injury model of zebrafish was established. High-, medium- and low-doses (8, 4, 2 mg/mL) of
raw and vinegar-processed C. phaeocaulis water decoction were set. Magnesium isoglycyrrhizinate was used as positive control group,
and zebrafish culture water was used as normal control group. The liver morphology of zebrafish larvae was observed 72 h after
administration, and the pathological changes of liver tissue were observed by hematoxylin-eosin (HE) staining. Alanine
aminotransferase (ALT), aspartate aminotransferase (AST) activities and glutathione (GSH), malondialdehyde (MDA) levels in
zebrafish larvae were detected by kit; qRT-PCR was used to detect Nrf2, interleukin-10 (/L-10), Smad3 and Smad?7 gene expressions
in zebrafish larvae; Western blotting was used to determine the expressions of Nrf2/HO-1 and TGF-B/Smad3 signaling pathway related
proteins in zebrafish larvac. Results Raw and vinegar-processed C. phaeocaulis water decoction had protective effect on the
morphological injury of liver cells caused by TAA. Biochemical results showed that compared with model group, ALT, AST activities
and GSH level in raw and vinegar-processed C. phaeocaulis water decoction group were significantly increased (P <0.05, 0.01, 0.001),
MDA level was significantly decreased (P < 0.001). The results of qRT-PCR showed that compared with model group, the mRNA
expression levels of Nrf2, IL-10 and Smad7 in raw and vinegar-processed C. phaeocaulis group water decoction were significantly
increased (P < 0.05, 0.01, 0.001), while the mRNA expression levels of Smad3 in vinegar-processed C. phaeocaulis group were
significantly decreased (P < 0.001). Compared with the same dose of C. phaeocaulis group, vinegar-processed C. phaeocaulis high-
dose group significantly inhibited the mRNA expression of Nrf2 and Smad3 (P <0.05, 0.001), and the vinegar-processed C. phaeocaulis
showed a tendency to promote /L-10 and Smad7 mRNA expression, but there was no significant difference. Western blotting results
showed that compared with model group, the expression level of Nrf2 protein in the high-dose and medium-dose groups of C.
phaeocaulis and the dosage groups of vinegar-processed C. phaeocaulis were significantly increased (P < 0.001). The expression level
of Smad3 protein in high-dose C. phaeocaulis and the dosage groups of vinegar-processed C. phaeocaulis was significantly decreased
(P <0.05,0.01,0.001). The expression level of TGF- protein in high-dose C. phaeocaulis and high-, medium-dose groups of vinegar-
processed C. phaeocaulis was significantly decreased (P < 0.05, 0.01, 0.001). Among them, the Nrf2 protein level of the dosage groups
of vinegar-processed C. phaeocaulis was significantly higher than that of the same dose of C. phaeocaulis group (P < 0.001), and
vinegar-processed C. phaeocaulis showed a tendency to inhibit the expression of Smad3 and TGF-f, but there was no significant
difference. Conclusion The raw and vinegar-processed C. phaeocaulis can improve TAA-induced acute liver injury to varying
degrees, and the mechanism of action may be related to the regulation of Nrf2/HO-1 and TGF-p/Smad3 signaling pathways.
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Table1 Primer sequences
5 1E [ FF1 S JF) P 3
Nrf2 5’-TGCCCCTGTGGTCAAAGTG-3’ 5’-GGTTCGGTTACCGTCCTGC-3’
IL-10 5’-CCGAACAGCCAACGAATCC-3’ 5’-ACATCCTTCCATCCTTCACAGA-3’

Smad3 5’-TGGACGACTACAGCCATTC-3’
Smad7 5’-CAGATTCCCAACTTCTTCTG-3’
p-actin 5’-ATAGCACAGCCTGGATAGCAACGTAC-3’

5’-CGTCCATGCTGTGGTTCATC-3’
5’-GTTGAAGATGACCTCCAGCC-3’
5’-CACCTTCTACAATGAGCTGCGTGTG-3’

2.7 Western blotting U ER D &4 F Nrf2.
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p— = e
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ik G S @S
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BEl1 MDEAFREREE (X100)
Fig. 1 Representative photograph of liver phenotype in

zebrafish (x 100)
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FIONT TAA SE TR0 i 2530005 B (R
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33 EFEAREFIRIEX TAA FSHNRD L& G
ALT. AST &M% GSH. MDA 7KEHIS0m

WK 3 Fros, Sy, AP ML)
farf ALT. AST 35 /&% GSH /KTEERE (P<
0.001), MDA 7K-F- 23 5 (P<0.001); SR
POAL, TS 3R KB ALT AST i1t &
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GSH /K P& T+ (P<0.05. 0.01. 0.001), MDA
KPR EREK (P<0.001). Hr, 558 %EHA
IKFIRAAAR L, B EFAK B =R B 40 ALT 35
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34 EFRAREEFEIEX TAA FENND&L&EG
Nrf2. IL-10 Smad3. Smad7 mRNA FiEHISM0
WK 4 s, SOHEA L, BRI BT %)
2 BEDERFEL HE £EER (X400) R Nrf2y IL-10 Smad7 mRNA ik 7K - 3 35 P&
Fig. 2 HE staining result of liver tissue of zebrafish (x 400) (P<<0.001), Smad3 mRNA F£iL/KFEZF T (P<

10 20
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fididid ™
¥ 15 i
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5 4- i it 4 2
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2 | ﬂ
0

1 T T
W R BT 8 4 2 8 4 2 MU R BHYE 8 4 2 8 4 2
HEFHA/(mgmL™") A/ (mg-mL™) HEFHA/(mg-mL™") Bz A/ (mg-mL™)
159 0.6 7 sk
i AAA e =il
TPD 10 g HitH Tﬁ“ 0.4 - AA AAA
° ] HitH H#Hit
£ =
) £ #ih
E Hksk 2
8 5 H g 0.2
0 T T T 0.0 T T T
SHE R PHME 8 4 2 8 4 2 MR P 8 4 2 8 4 2
HEFHA/(mgmL™) BEEFIA/(mgmL™) EHA/(mgmL™) FEZEFEA/(mgmL™)

BEE- S H R R e, SR LR ""P<<0.001; SRR #*P<0.05 #P<0.01 **P<<0.001; HZEHEAMEFEHLHLK: *P<0.05

44p<0.01 ***p<0.001, FHEME.
Positive-magnesium isoglycyrrhizinate; ***P < 0.001 vs control group; #P < 0.05 #*P<0.01 ##P<0.001 vs model group; *P<0.05 **P<0.01

A44P <0.001 vs C. phaeocaulis group with same dose, same as below figures.
3 EBRARBFIFIEN TAA BSOS @GS ALT. AST jEHK GSH. MDA KFMFNE (X+s,n=3)
Fig. 3 Effects of raw and vinegar-processed C. phaeocaulis on ALT, AST activities and GSH, MDA levels in TAA-induced

zebrafish larvae (X +s,n=3)

0.001); SRR EbAE, BEHIRT R ERAKEORE . AR A B4 B E M N2y Smad3 1)
PRI N2y IL-10 mRNA FRikKFHEZET S mRNA FiE (P<0.05. 0.001), HEGZEIRAKBIR
(P<<0.05. 0.01. 0.001), EHFHAKEME. THE  BA(LHE IL-10 1 Smad7 mRNA KIL[EH, HE
HAEEEIAKBOREFIELL Smad7 mRNA £k HREEER.

AKPEZETHE (P<0.05. 0.01. 0.001), EEZEIHA 3.5 ZFEHEAREEHBIGES TAA FSHHD&LEF
KRR AL Smad3 mRNA RKIAKFRZEFIKC  Nrf2, Smad3. TGF-p EBFRIAHFNT
(P<<0.001). M, 5EFEEFRALMLL, B%E mE 5 fis, SR, AR B Dt 4))
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4 EFZAREEFIRTEX TAA TSRS ELET Nef2. IL-10. Smad3. Smad7 mRNA FiERFNE (X+s,n=3)
Fig. 4 Effects of raw and vinegar-processed C. phaeocaulis on Nrf2, IL-10, Smad3 and Smad7 mRNA expressions in TAA-

induced zebrafish larvae (X £ s, n=3)
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Fig. 5 Effects of raw and vinegar-processed C. phaeocaulis on Nrf2, Smad3 and TGF-§ protein expressions in TAA-induced
zebrafish larvae (X £ s, n=23)
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O HEU R ARG F B 1 0 2 PE R AT A i, R B
A=K TSR 0T 254 1 I A7 AL 453495 1A DR/ F &
IO A T Yk B SR AR SRR S B
FEFEFRT S 02000 o AL SR B 5 M Ay R AR R L PR
RS R RE T A 12, 25 R S RIS - 5
FR-FR VR G 25K 35 A TR B 1A U7 IV 4
FEEAE B 53 R 1 o Bt 10 S5 O3 I A
WM ERR B BT S A, 45 1R
LRI S A . PrE LA R AU AH
R, EB TR EH . R T
K HH fIk1-EGFP % 3 R B 5 0 57 32 B il 5 26 &
IVERST, PR, A SR A 18 AU T 1 £ 4R
FE LA 1) 77 I %o 45493 ) SR AR A P

ALT 1 AST 2 J B4 4 AR & 1§, ALT £
BT AT 4N, AST 7EAT4m B £k fAk ip 2
T T FERR 2 W04, AR, TAA

FIROR S agh@EitE, RMH ALT 1 AST
ETES R B LT XA /8 TAA 515, I
& R ALT A1 AST HIRE B0, EEA B
R R, S MmAfE) ALT Ml AST #FE
WERK T, RIS ALT 1 AST (235 E
A HEZX PRI, GSH /2P b 5 bt b h B Z 141
FAGEE, FTCLSERRAIM AN S A, RELATTA
1bHEJ): MDA ZJB g A i mE R =z —, 7]
PABRZR HLAR o & 77 A v PR R BE UL, A 5T
BRI AT S REFRARIGIT IS, GSH /K- AFRE
FE TR, MDA 7K 2AN [F R FE IR B AIG, 5277 A
KA o R SEUT N T R A I 1 T S R 2
0t g R IR R L —

A LR 9 i SLAE A T UM I 3 R AR
Mk RIS A B2 CE B MR, H0H]E A SEA
RIEIN A VR TT 0407 1 B ZL SR mE 07, Nrf2 2 —
Fh VR R, B s M S A AR S 2 Mo
FWOEE SN A, 5P E N R BT
(antioxident response element, ARE) #5&, #tiif
RN Z iSRRI RIS, KIEPUAL T RE . HO-
1 52 Nrf2 {55 [0 NS LR, BE08 I8 A 72k 1
LR A BT Y S 5 A B S i
AR, Nrf2/HO-1 38 B HLARHE ST S A S
i B BRI IE R AE A8, qRT-PCR 1 Western
blotting &5 R WIorx, HXTHAE, BIAA N2
mRNA FlEHRIEEHD AT B2 HT1E TAA 5%
AN TSI T, 40 R E R gt & 2 18 (1)
Nrf2 Z R0 SEAC NG, TR Nrf2 & H
A2, WTTHBL T Nrf2 mRNA FEE 4R IE 2950 1)
1H L o S5 AR 20 LU A, TE 1) 1 J5 3 3R /K BV 4H Nrf2
mRNA FEERIEET &, KBS G ERARK
RO T REIE (et Nrf2 fA ok 3 iy HL 3L At /K
V-, TR TAA F5 3 IR0, 28T B
BRI, R IR .

TGF-B HAFREE N B 2 WA 55 0 W E T, fedr
T AR N AOREA VR A . TR R BG B I
AT, 2 AT A S SE AIME B ) B A i R 0O
Smad3 J& PRS2 R IE 1) Smad, 25 TGF-B/if
WG TR F 2 FL CA&IESE, TGF-B/Smads 15
AL FIE L TGF-B KIEED A FH ) 3 EEHLH o
TGF-B 7 RIS AL e 4 M e 5 T #%
M HSHREEEA R DR v DL A ARG P 5
S5 2 PO % s AH OGO, qRT-PCR 1 Western
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blotting 45K o, SR LA, BEHIATEZEFHRA

IKHIfAE S N Smad3 mRNA Fik/KF, BRI

Smad3 I TGF-B M) FIFRIA &, HonBa il E 3k

ARIK B AT HIH] TGF-B Kik, FEKEGE R Smad (1)

Fik, MHIFFAE AN TGF-B/Smads 155 @ H, MIifi

RAYEXT ALL [PERFAE FH o
TR ZH AT R FH o i v i B AR IS 1 17 )5 11

FEERRSERETR. PIZER. AR, F&H

PRI, BFT I IR T N 45473 B R

YER, HALHI AT se 53 s e it ge 11 BRIRR

iE R F 7K k2, B BR R A MR RE S 0 Nrf2 411

AL S, ek Nrf2/Kelch #£ ECH S 1

(Kelch-like ECH-associated protein 1, Keapl) -ARE

PUEAMAS TIEER NPT AL B Rk, AT

RARY K R 52 AAPH 75 3 1A 545123 FEARRE

Al LA R TGF-p1 A1 Smad2/3 & (I AIFE R ik,

M FEIE TGF-B1/Smad 15 538 B (1135 3014 Z P

LA IR Y, AR R O TR 1 A 2 2 1 4

HIRCR,  IERE IR IS, RIS /N BRU PR A4

Jog A BE S (R AR P25, X e 2 S M IR R A3 ]

R AT TSRS 1) 11 5 24 280 A P o A, gtk —

SR T G AR i 0 %of B R 4 () ORI R
AW FLET Nrf2/HO-1 15 5@ 1 TGF-p/

Smad3 {5 5 18 B R 7 I ] 71 5 2% 38R /K B0

TAA %5 ALL 38 5 R 1E LS. 25K,

e 1] 717 J S FEAK BRI v B3 TAA 1551 ALL

B 5 £ 2 # ) — R AR BRSO AR RS, 4%

Nrf2/HO-1 15 ‘5 i@ Al TGF-p/Smad3 15 Zi@H, §

5 TN A8 R ORH 2 Ve S N R AR . B RIS

HEFRARALL, BEEFRAR T TGF-B/Smad3 15 =i %

K B A PRRH S, 3 FARES 5 Hr A 1)

ROR o AT B ERAR BRI 8

vl rAN: | P = N Z VA SRS M g e T

NI ARG ALL 4L T BB .
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