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Protective effects of total flavonoids from Loranthus tanakae on thioacetamide-
induced acute liver injury in zebrafish
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Abstract: Objective To investigate the protective effect of total flavonoids from Loranthus tanakae (LTF) on thioacetamide (TAA)-
induced acute liver injury (ALI) in zebrafish. Methods TAA was used to induce ALI model in zebrafish of AB and transgenic strains.
Whether LTF had hepatoprotective activity was assessed by examining the growth and development, liver morphology, liver function
enzyme activities, lipid accumulation and oxidative stress indexes of zebrafish. Results 25, 50 pg/mL LTF significantly inhibited
TAA-induced developmental toxicity in zebrafish, promoted growth and slowed down the absorption lag of the yolk sac (P < 0.05,
0.01). Compared with model group, LTF could significantly increase the liver area and improve the fluorescence intensity of the liver
in zebrafish larvae (P <0.05, 0.01). The results of hematoxylin eosin staining showed that the liver pathology of zebrafish was alleviated
and vacuolization was significantly reduced after LTF treatment. LTF significantly reduced the activities of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) induced by TAA in zebrafish (P <0.05, 0.01). The oil red O staining results showed that
LTF significantly reduced the degree of lipid accumulation in liver region of larvae (P < 0.05, 0.01). The measurement results of

oxidative stress indicators showed that after LTF treatment, the levels of reactive oxygen species (ROS) and malondialdehyde (MDA)

IASEHER: 2024-04-10
ESWA : W ARATELEBERAA G BUH ; Jrrg i “Bmit 20 & 75 h5 H (202333018); 117544 HARFEE4 T EIUH (202303021221125)
TEEEN: P, &, Wiy, 5 e RARTEEYF it . E-mail: ab1340739@163.com
*BIEEE: HEWR, o MRS, #d%, WFERK=WE RN B HERM B AR AP F . E-mail: yangguane@aliyun.com
WA, 5B, WS, BIFRTCS, AWZRBET AU R AR A A g K b 25 BB 5. E-mail: hanliwen08@126.com



FED 2024478 $55% B 138 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13

- 4435

in zebrafish larvae were significantly reduced (P < 0.05, 0.01), while the levels of superoxide dismutase (SOD), catalase (CAT) and

reduced glutathione (GSH) were significantly increased (P < 0.05, 0.01). Conclusion LTF has great potential in the prevention and

treatment of ALI, and its liver protective activity may be related to antioxidant effects.
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Fig. 1 Effect of LTF on survival of 3 dpf zebrafish larvae
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A-schematic representation of body length and yolk sac of zebrafish (x 10), blue box indicates location of liver and yolk sac, L-liver, Y-yolk sac; B-results

of zebrafish body length quantification; C-quantitative results on area of delayed absorption in zebrafish yolk sac; #P < 0.01 vs control group; "P < 0.05

P <0.01 vs model group, same as below figures.

E 2 LTF 5 TAA SIS a KN TSINRERKERMENMm (X+s,n=15)
Fig. 2 Effect of LTF on TAA-induced changes in body length and delayed yolk sac absorption in zebrafish (X + s, n =15)
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A-green fluorescently labeled livers from transgenic larvae (% 40); B-green fluorescent liver area statistics in transgenic larvae; C-green fluorescent

intensity statistics of transgenic larvae liver.

3 LTF X TAA FSMNNSEFELENEM (X£s,n=15)
Fig. 3 Effect of LTF on TAA-induced liver growth in zebrafish (X £+ s, n =15)
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Fig.5 Effect of LTF on TAA-induced liver function in zebrafish (X £ s, n=3)
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Fig. 6 Oil red O staining of zebrafish (X £ s, n =10)
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Fig. 7 ROS level in zebrafish larvae (X £ s, n = 15)
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Fig. 8 Levels of enzyme in oxidative and antioxidant system in zebrafish larvae (X £ s, n=23)
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Fig. 9 Effect of LTF on TAA-induced neutrophil migration (X + s, n =15)
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SRR () 373334, Fitzhugh Z5B5H] TAA ALFE K
B, KL TAA BE5I RS KRR R . FFZhRE T % &
AYALILR, EIEY] T TAA WIFEEER. £
TSR I 0.06% TAA AbFE 48 hpf BELh 1, %)
i LA R AR AR /N PG R XL R LR
Rk, AW TAA B i ALL iR, &5
RN, TAA W LR SR FFIT 2498 5 1 DhRe i
5 R JENE DA 5| R S8 A BB 5, 5 SCikdRIE —
B3, BT LTF AR ST 5T

LTF 7EPE S ey b BoR T HRPER . 7EA
WEFL A, LTF 7] DL R TAA S S aEK
KEIBG. GPERBNAE, £ EREWRE T
WS BRZE L), B I0 T FFAR TR B e g, o8 T
FFTheBEEYE . LTF (25.0 pg/mL) 4R EL e i
&, UFIERINE 50.0 pg/mL B, MHlFEFR Cndl
SUREL, FFIEDOESRE) HAR BRI EEEER,
AR T 50.0 pg/mL Bk &, 518 THY
fRBEMRE, XWIRRTERSENT AT, RN
PRIT LTF MRS R LB TE R . AT B X
#8578 T LTF X ALI BB SEEH, NEsaRAN
WAL T A mR R

LTF 7] 38 3o ok 20 S8 A0 B 0K T 98 B 45 43 7
FEo TAA B IE, & —RIMEH, BRE
BMBLAIY) TASO,, fEBHAAL R 40 255,
SR D ReIs i B8, i RAUARF= MR . RGitE
CLBEARIE . HF 98 S 0400, S Ak B4 TT 5 )
JHF R ) g S A,k — 20 5]k IR ot o S A 141421,
PRSI LRI, /N ip TAA (100 mg/kg) & »
/NERAFHZ NGB H IS A iE S GSH FKF
N, Mg ALY MDA 1%, Nif2 £isE/D,
M Kelch # ECH X H 1 (Kelch-like ECH-
associated protein 1, Keapl) FKiA/K>F Eif. ABFF
SRR, TAA R EEES AIRN ROS i EM &,
PLEAMT SOD. CAT 5 GSH S &% N%, fRR
ALY MDA 7K. 25.04 50.0 pg/mL LTF
T 15 A% &5 35 Jk /> ROS A1 MDA 7K T, #4 i SOD.
CAT 5 GSH midtk, &7 TPt AL RE
AT TAA i S0 BE 5 JF 21 .

LTF 383 FAR o MR 20 P PR S 78 0 5 B A AT 453
i o BUARHFFE R TAA 755 R A BB N 5, it
— AR S E A R IR FE R F--a. (tumor necrosis
factor-a, TNF-a). H4IES%-6 (interleukin-6, IL-
6) SRR, WO ARAES), TEAREFLH, TAA Ab#E

Al J , 2t BR T FE R BB B R i SR A,
PRI R AER A . 25.00 50.0 ug/mL LTF -
Je, PRI MIE BB Gk . B S S0
W LTF W] G838 k2> b 40 it ) SR AR R 5 ok i
TAA 5| EEBE £ 11 R 8 JO0E -

g b, ARWFFE R LTF X TAA 511
BHEAFMEER, FELgEFELSIE RS
(TR ek IR %7, R SRR AR I A ML
il B4 E T LA

RBAR FHEHHFRRAEF BT R

Sk

[1] Bai P, Ye HF, Xie M Q, et al. A synthetic biology-based
device prevents liver injury in mice [J]. J Hepatol, 2016,
65(1): 84-94.

[2] ZhangY, Wang C, Yu B, et al. Gastrodin protects against
ethanol-induced liver injury and apoptosis in HepG2 cells
and animal models of alcoholic liver disease [J]. Biol
Pharm Bull, 2018, 41(5): 670-679.

[81 RITFH, RifJ, R, & NS0 HEM CClik
SRR S ERF BT H T 4% PIBK/AKUNF-«B {55
WE [J]. MTERIREER, 2024, 44(2): 244-251.

[4] FASLEE. S RUEHE Nrf2/GPX4 kA0 1o BeE £ oK
IREE IR S IR K BLEIAT 7T [D]. K& HHR
5, 2023.

[6] KEZE, FRK, R, & Pa R et
MIAVE LS S R [J]. HEE 2515 B, 2023, 40(12):
70-74.

[6] Hrynkiewicz R, Niedzwiedzka-Rystwej P. Etiology of viral
induced acute liver failure and defensins as potential
therapeutic agents in ALF treatment [J]. Front Immunol,
2023, 14: 1153528.

[71  #A¥, FhSRAE, sk, 55, MR NIRRSS & A e = m
AUV A v R A R TP A TRINAN A [J/OL]. Ik R BT AE
Jp5 24 &, (2024-03-21) [2024-05-30]. http://kns.cnki.net/
kems/detail/22.1108.r.20240319.0928.002.html.

[8] Crismale J F, Friedman S L. Acute liver injury and
decompensated cirrhosis [J]. Med Clin North Am, 2020,
104(4): 647-662.

[9] Coccolini F, Coimbra R, Ordonez C, et al. Liver trauma:
WSES 2020 guidelines [J]. World J Emerg Surg, 2020,
15(1): 24.

[10] Li H X, Hao K, Wu J Y, et al. A facile theragnostic nano-
platform for the effective treatment and real-time imaging
of acute liver injury [J]. Biomater Sci, 2023, 11(13): 4664-
4674.

[11] Sanjay S, Girish C, Toi P C, et al. Quercetin modulates



FED 2024478 $55% B 138 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13

* 4443 -

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

NRF2 and NF-«kB/TLR-4 pathways to protect against
isoniazid- and rifampicin-induced hepatotoxicity in vivo
[J]. Can J Physiol Pharmacol, 2021, 99(9): 952-963.
Yuan R S, Tao X, Liang S, ef al. Protective effect of acidic
polysaccharide from Schisandra chinensis on acute
ethanol-induced liver injury through reducing CYP2E1-
dependent oxidative stress [J]. Biomed Pharmacother,
2018, 99: 537-542.

IR, RET1, RI7H, & EXAT S 2 M
Nrf2-ARE {5 51 % % DY S0 A Bk 50K B S 4245 10
PUEALRIAE (0], 2, 2023, 54(15): 4866-
4873.

LuoJY, Liao J B, Wang Y M, ef al. Advances in traditional
Chinese medicine for liver disease therapy in 2021 [J].
Tradit Med Res, 2022, 7(6): 58.

MR, SkigFs, oAb, & JT Rz Nef2 5 53
I HepG2 A SRR MEIF 10 [J]. Frg ol
R, 2024, 45(3): 43-49.

Xu S X, ChenY E, Miao J D, et al. Esculin inhibits hepatic
stellate cell activation and CCls-induced liver fibrosis by
Nrf2/GPX4 signaling pathway [J].
Phytomedicine, 2024, 128: 155465.

MR, BB, Wi, % JLREFE7 WA LR
I3 R PR AN BT VE VR (0], TR E
%, 2022, 49(9): 3798-3812.

RRFHSAE, 32, Fhte. BRI TR X b R 3 425
FERBEA T ARG R [J]. BRAY SN,
2018, 37(5): 2090-2095.

T, Boik, R, & LRFEUERIS RE
sLss (7], REZY SRR, 2012, 12(6): 762-763.
PG, B, B, & LREFAENERR
Penicillium sp. ZS108 JEA: AR & 58 4MEL [J].
FD 2R, 2024, 43(1): 70-81.

Zhou J T, Ren K D, Hou J, et al. o-Rhamnrtin-3-o-
rhamnoside
lipopolysaccharide-stimulated RAW264.7
abrogating NF-kB and activating the Nrf2 signaling
pathway [J]. Mol Med Rep, 2021, 24(5): 799.

SRS, WS, K, . ALREFA LIRS
etk 0], P EEZER, 2019, 17(11): 1-2.

MR, T2, 2, %5 WAL R & R4 T
SMRA B RENE . R T A (9], Hh Rk,
2023, 45(9): 2815-2821.

Liu Y, Guo J, Zhang J E, et al. Chlorogenic acid

alleviates thioacetamide-induced toxicity and promotes

activating the

exerts anti-inflammatory  effects on

cells by

liver development in zebrafish (Danio rerio) through the
Wnt signaling pathway [J]. Aquat Toxicol, 2022, 242:
106039.

[25]

[26]

[27]

[28]

[29]

(30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Hussein R M, Sawy D M, Kandeil M A, et al. Chlorogenic
acid, quercetin, coenzyme Q10 and silymarin modulate
Keap1-Nrf2/heme
thioacetamide-induced acute liver toxicity [J]. Life Sci,
2021, 277: 119460.

Jia Z L, Cen J, Wang J B, et al. Mechanism of isoniazid-

oxygenase-1 signaling in

induced hepatotoxicity in zebrafish larvae: Activation of
ROS-mediated ERS, apoptosis and the Nrf2 pathway [J].
Chemosphere, 2019, 227: 541-550.

PROCHL, EAy, SR BRI AT T g
T 1y 175 5 /0 BRSO A5 405 1) A R R L ) F 5
U] 25525 5ImR 25 5L, 2023, 34(12): 1729-1735.
Wang HY, Sun 'Y, Xie Y H, ef al. Identification of key anti-
inflammatory components of green prickly ash fruit based
on zebrafish model and activity tracking strategy [J]. J
Funct Foods, 2023, 107: 105656.

White R M, Sessa A, Burke C, et al. Transparent adult
zebrafish as a tool for in vivo transplantation analysis [J].
Cell Stem Cell, 2008, 2(2): 183-189.

Goessling W, Sadler K C. Zebrafish: An important tool for
liver disease research [J]. Gastroenterology, 2015, 149(6):
1361-1377.

Fazio M, Ablain J, Chuan'Y, et al. Zebrafish patient avatars
in cancer biology and precision cancer therapy [J]. Nat Rev
Cancer, 2020, 20(5): 263-273.

Wikaity, s5pk, # @k, 2. FIH CRISPR/Cas9 R4
PO cbsb mEFRREAL [J]. HRVLEE 2, 2024, 46(4):
377-383.

Ezhilarasan D. Molecular mechanisms in thioacetamide-
induced acute and chronic liver injury models [J]. Environ
Toxicol Pharmacol, 2023, 99: 104093.

TKIEAR, kg, VriE AR OB IZ 2 R T AT sk R
[J]. #BE2EAE, 2023, 37(3): 269-274.

Fitzhugh O G, Nelson A A. Liver tumors in rats fed
thiourea or thioacetamide [J]. Science, 1948, 108(2814):
626-628.

. TAA %0 PPAR/RXR {3 #5421 7 B8 1) fh JFF A
LRAEALIIRT T [D]. @I S IR, 2023,
Zhang J E, Deng Y'Y, Cheng B, et al. Protective effects and
molecular mechanisms of baicalein on thioacetamide-
induced toxicity in zebrafish larvae [J]. Chemosphere,
2020, 256: 127038.

Ghosh S, Sarkar A, Bhattacharyya S, et al. Silymarin
protects mouse liver and kidney from thioacetamide
induced toxicity by scavenging reactive oxygen species
and activating PI3K-Akt pathway [J]. Front Pharmacol,
2016, 7: 481.

Ganesan K, Sukalingam K, Xu B J. Solanum trilobatum L.



= 4444 -

FED 2024478 $55% B 138 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13

[40]

[41]

[42]

ameliorate thioacetamide-induced oxidative stress and
hepatic damage in albino rats [J]. Antioxidants, 2017, 6(3):
68.

XEH, #EE. ZHENREEAHIVE /DR AN
N2 R R S FL ORGP T (D). IR A RER R, 2022,
39(11): 764-766.

Zhang Q Q, Chen Q, Cao P, et al. AGK2 pre-treatment
protects against thioacetamide-induced acute liver failure
via regulating the MFN2-PERK axis and ferroptosis
signaling pathway [J]. Hepatobiliary Pancreat Dis Int,
2024, 23(1): 43-51.

WA, 25T, BOHRH, 25 RIS SR o Ui S I

[43]

[44]

[45]

25 5 1) HepG2 JIg 7 A2 11 4 Ao As 284 11 fig A 2 Ak

R [T, ThEZ, 2024, 55(6): 2002-2012.

PERR, B, EFETE, & EESM T KRR L

B M 75 /N SR SR IR A R PE RS (0], eh e

22k, 2020, 45(6): 1399-1405.

Forrester S J, Kikuchi D S, Hernandes M S, et al. Reactive

oxygen species in metabolic and inflammatory signaling

[J]. Circ Res, 2018, 122(6): 877-902.

ElBaset M A, Salem R S, Ayman F, et al. Effect of

empagliflozin on thioacetamide-induced liver injury in

rats: role of AMPK/SIRT-1/HIF-1a pathway in halting

liver fibrosis [J]. Antioxidants, 2022, 11(11): 2152.
[FriEit FI4#]





