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Role of naringenin in the prevention and treatment of autoimmune hepatitis and its molecular mechanism
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Abstract: Autoimmune hepatitis (ATH) is a chronic inflammatory liver disease mediated by T lymphocytes, and it can progress to
liver cirrhosis or even liver failure without timely intervention. As a natural flavonoid compound, naringenin (NAR) shows a
potential value in the prevention and treatment of AIH through multiple mechanisms such as remodeling immune homeostasis,
targeted inhibition of inflammatory pathways, antioxidation, regulating hepatocyte metabolism and apoptosis, improving
mitochondrial function, and regulating intestinal flora. However, the clinical translation and application of NAR is limited by issues
such as low bioavailability and insufficient efficiency of liver-targeted delivery. This article systematically reviews the mechanism of
action of NAR in the prevention and treatment of AIH, explores the potential signaling pathways involved in this process, and
analyzes existing challenges in its translation and application and future research directions, so as to provide a reference for further

research on NAR and its application in the prevention and treatment of ATH.
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P U8 ATH KR AE AP 1L-6 TN F-oc (15 B 43005 , [R] s
SSRHT AN VE , ET 25 A ATH SO R g
KR AL AT NAR B ify ATH R 7201254l
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protein 1,Keapl )/Nrf2/ARE 18 5 « 38 33 25 f4) I 55 Keapl {4}
Kelch Z5F4 34 2E Nef2 #2556 007, 18 12T 28 0 SeUmk- 1 R 4R
PRI G 1 5 hT R, ST LR (A S I L
L 2 F GSH T B LR . e sE 32 W], NAR
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R B SR TR, I ILE N 2 R 2 L R il R A
P 2 i i B WK T AR 52% ~ 589, ik 288 bl
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Figure 1 Mechanism of Naringenin in preventing and treating AIH

FIZEMERER : ARG LA B R,

EETTEAAERR: £/ AF 2 A T 5SS, 155
BEXTHREGEMR;ARIBA TR ELIER,BF
I ARG FREE B o Uk R R R R
By R MR T R ALE B R B AT R L 4
b A5,

SE 3k

[1] DALEKOS G, GATSELIS N, DRENTH JP, et al. EASL Clinical Prac-
tice Guidelines on the management of autoimmune hepatitis[J]. J
Hepatol, 2025, 83(2): 453-501. DOI: 10.1016/j.jhep.2025.03.017.

[2] Chinese Society of Hepatology, Chinese Medical Association.
Guidelines on the diagnosis and management of autoimmune hepa-
titis (2021) [J]. J Clin Hepatol, 2022, 38(1): 42-49. DOI: 10.3969/].
issn.1001-5256.2022.01.008.

PHEEATARENS . B HRRMEFALUFE/TIER (2021) [J].
I FRATABAR 575, 2022, 38(1): 42-49. DOI: 10.3969/j.issn.1001-5256.
2022.01.008.

[3] KUMAR M, YIP L, WANG FY, et al. Autoimmune disease: Genetic
susceptibility, environmental triggers, and immune dysregulation.
Where can we develop therapies? [J]. Front Immunol, 2025, 16:
1626082. DOI: 10.3389/fimmu.2025.1626082.

[4] YU YY, SUN TT, YANG RM, et al. Exploration of molecular mecha-

[5]

[6]

[7]

[8]

9]

[10]

nism of Jianpi Yanggan Decoction in treating autoimmune hepatitis
based on Th17/Treg axis[J]. J Changchun Univ Chin Med, 2024, 40
(12): 1330-1334. DOI: 10.13463/j.cnki.cczyy.2024.12.008.

TRE, INEE, %A, % . £TF Th17/Treg MRS B 3=AT75677 B
SRBEERALNSFNGII]. KEPEHRFEZIR, 2024, 40(12):
1330-1334. DOI: 10.13463/j.cnki.cczyy.2024.12.008.

CAl J, WEN HL, ZHOU H, et al. Naringenin: A flavanone with anti-
inflammatory and anti-infective properties[J]. Biomed Pharmaco-
ther, 2023, 164: 114990. DOI: 10.1016/j.biopha.2023.114990.

UCAR K, GOKTAS Z. Biological activities of naringenin: A narrative
review based on in vitro and in vivo studies[J]. Nutr Res, 2023,
119: 43-55. DOI: 10.1016/j.nutres.2023.08.006.

YU CY, HAN D, YU JF, et al. Exploration of potential targets and
mechanisms of naringenin in the treatment of nonalcoholic fatty liver
disease through network pharmacology[J]. Medicine, 2023, 102
(42): e35460. DOI: 10.1097/MD.0000000000035460.

AHMEDY OA, SALEM HH, SAYED NH, et al. Naringenin affords pro-
tection against lipopolysaccharide/D-galactosamine-induced acute
liver failure: Role of autophagy[J]. Arch Biochem Biophys, 2022,
717:109121. DOI: 10.1016/j.abb.2022.109121.

ZHANG LL, YU ZJ, HE BZ. Protective effect of naringenin on a
mouse model of autoimmune hepatitis by the regulation of TRAF6/
JNK signaling[J]. Zhejiang J Integr Tradit Chin West Med, 2021, 31
(9): 792-797. DOI: 10.3969/j.issn.1005-4561.2021.09.002.

KEZ REE, AE%F. MEEXN B 5 2R MEFAEENRRPER
T TRAF6/INK E S BRI F 0 [J]. DT h EEL S % &, 2021, 31
(9):792-797. DOI: 10.3969/j.issn.1005-4561.2021.09.002.
VUERICH M, WANG N, KALBASI A, et al. Dysfunctional immune



1424

IGRFFREfR L EE 4255 681202646 A J Clin Hepatol, Vol. 42 No. 6, Jun. 2026

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

regulation in autoimmune hepatitis: From pathogenesis to novel
therapies[J]. Front Immunol, 2021, 12: 746436. DOI: 10.3389/
fimmu.2021.746436.

ZHU QZ, JIANG YZ, LIN WY, et al. Naringin as a natural candidate
for anti-autoimmune hepatitis: Inhibitory potency and hepatoprotec-
tive mechanism[J]. Phytomedicine, 2024, 129: 155722. DOI:
10.1016/j.phymed.2024.155722.

WANG SH, HUANG Z, LEI Y, et al. Celastrol alleviates autoimmune
hepatitis through the PISK/AKT signaling pathway based on network
pharmacology and experiments[J]. Front Pharmacol, 2022, 13:
816350. DOI: 10.3389/fphar.2022.816350.

HOU YW, CHEN C, LI ZR, et al. Protective effect of quercetin against
macrophage-mediated hepatocyte injury via anti-inflammation, anti-
apoptosis and inhibition of ferroptosis[J]. Autoimmunity, 2024, 57(1):
2350202. DOI: 10.1080/08916934.2024.2350202.

CHEN HR, HAN ZY, FAN YY, et al. CD4" T-cell subsets in autoim-
mune hepatitis: A review[J]. Hepatol Commun, 2023, 7(10):
€0269. DOI: 10.1097/HC9.0000000000000269.

GUO D, LI X, WEI SY, et al. Prescription regularity and pharmacody-
namics mechanism of traditional Chinese medicine in autoimmune
hepatitis: A data mining and network pharmacology study[J]. Medi-
cine, 2024, 103(52): e41146. DOI: 10.1097/MD.0000000000041146.
WANG JP, NIU XL, WU CF, et al. Naringenin modifies the develop-
ment of lineage-specific effector CD4" T cells[J]. Front Immunol,
2018, 9: 2267. DOI: 10.3389/fimmu.2018.02267.

ABREGO-PEREDO A, ROMERO-RAMIREZ H, ESPINOSA E, et al.
Naringenin mitigates autoimmune features in lupus-prone mice by
modulation of T-cell subsets and cytokines profile[J]. PLoS One,
2020, 15(5): e0233138. DOI: 10.1371/journal.pone.0233138.
SHAPOURI-MOGHADDAM A, MOHAMMADIAN S, VAZINI H, et al.
Macrophage plasticity, polarization, and function in health and dis-
ease[J]. J Cell Physiol, 2018, 233(9): 6425-6440. DOI: 10.1002/
jcp.26429.

CHI G, PEI JH, LI XQ. The imbalance of liver resident macrophages
polarization promotes chronic autoimmune hepatitis development in
micel[J]. Peerd, 2023, 11: e14871. DOI: 10.7717/peer|.14871.

CAl TC, XU LM, XIA DC, et al. Polyguanine alleviated autoimmune
hepatitis through regulation of macrophage receptor with collag-
enous structure and TLR4-TRIF-NF-kB signalling[J]. J Cell Mol
Med, 2022, 26(22): 5690-5701. DOI: 10.1111/jcmm.17599.

CHO SC, SHAW SY. Comparison of the inhibition effects of narin-
genin and its glycosides on LPS-induced inflammation in RAW
264.7 macrophages[J]. Mol Biol Rep, 2024, 51(1): 56. DOI:
10.1007/s11033-023-09147-0.

JI MT, DENG Z, RONG XY, et al. Naringenin prevents oxidative
stress and inflammation in LPS-induced liver injury through the regu-
lation of LncRNA-mRNA in male mice[J]. Molecules, 2022, 28(1):
198. DOI: 10.3390/molecules28010198.

YANG YQ, JIA XT, QU MY, et al. Exploring the potential of treating
chronic liver disease targeting the PI3K/Akt pathway and polariza-
tion mechanism of macrophages[J]. Heliyon, 2023, 9(6): e17116.
DOI: 10.1016/j.heliyon.2023.e17116.

LAMOTHE B, BESSE A, CAMPOS AD, et al. Site-specific Lys-63-
linked tumor necrosis factor receptor-associated factor 6 auto-
ubiquitination is a critical determinant of | kappa B kinase activation
[J]. J Biol Chem, 2007, 282(6): 4102-4112. DOI: 10.1074/jbc.
M609503200.

ZHANG Y, ZHU ZR, CAO Y, et al. Rnd3 suppresses endothelial cell
pyroptosis in atherosclerosis through regulation of ubiquitination of
TRAF6[J]. Clin Transl Med, 2023, 13(9): e1406. DOI: 10.1002/
ctm2.1406.

CHEN WS, ZHU JJ, LI SL. c-Jun N-terminal kinase signaling path-
way in acetaminophen-induced liver injury[J]. Chin Crit Care Med,
2023, 35(11): 1223-1228. DOI: 10.3760/cma.j.cn121430-20221205-

[27]1

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

01060.

BRXE, R4k, =R W ZBEREBSMATRG P B c-Jun TEK
mRESBEJ] PEBERIKES, 2023 35(11): 1223-
1228. DOI: 10.3760/cma.j.cn121430-20221205-01060.

MIN JL, LI Q, LIU SS, et al. TRAF6 suppresses the development of pul-
monary fibrosis by attenuating the activation of fibroblasts[J]. Front
Pharmacol, 2022, 13: 911945. DOI: 10.3389/fphar.2022.911945.
WANG Y, LI ZZ, WANG B, et al. Naringenin attenuates inflammation
and apoptosis of osteoarthritic chondrocytes via the TLR4/TRAF6/NF-
kB pathway[J]. Peerd, 2023, 11: e16307. DOI: 10.7717/peerj.16307.
ALLAMEH A, NIAYESH-MEHR R, ALIARAB A, et al. Oxidative stress
in liver pathophysiology and disease[J]. Antioxidants, 2023, 12
(9): 1653. DOI: 10.3390/antiox12091653.

WU Q, YU PF, BI YZ, et al. Naringin regulates mitochondrial dynam-
ics to protect against acetaminophen-induced hepatotoxicity by acti-
vating the AMPK/Nrf2 signaling pathway in vitro[J]. Braz J Med Biol
Res, 2022, 55: €12040. DOI: 10.1590/1414-431X2022e12040.
LEI'YC, LEI X, ZHU AQ, et al. Ethanol extract of Rosa rugosa amelio-
rates acetaminophen-induced liver injury via upregulating Sirt1 and
subsequent potentiation of LKB1/AMPK/Nrf2 cascade in hepato-
cytes[J]. Molecules, 2023, 28(21): 7307. DOI: 10.3390/mol-
ecules28217307.

MAO HM, ZHAO XC, SUN SC. NF-kB in inflammation and cancer
[J]. Cell Mol Immunol, 2025, 22(8): 811-839. DOI: 10.1038/s41423-
025-01310-w.

LIU N, ZHANG HM, DENG QJ. Impact of inhibition of TRAF6 gene
expression on hepatic NF-kB-related protein expression in rats with
autoimmune hepatitis[J]. J Pract Hepatol, 2021, 24(4): 468-471.
DOI: 10.3969/j.issn.1672-5069.2021.04.004.

S8, SKEEET, ABITIE . HHI TRAF6 H ERIAX B 5 2 & AT £ KEAT
HLNF-«BESBEEXEARANZWJ]. EHAMRERBERE, 2021,
24(4): 468-471. DOI: 10.3969/j.issn.1672-5069.2021.04.004.

JIN LT, ZENG WF, ZHANG FY, et al. Naringenin ameliorates acute in-
flammation by regulating intracellular cytokine degradation[J]. J Im-
munol, 2017, 199(10): 3466-3477. DOI: 10.4049/jimmunol.1602016.
DOU W, ZHANG JJ, SUN AN, et al. Protective effect of naringenin
against experimental colitis via suppression of Toll-like receptor 4/
NF-kB signalling[J]. Br J Nutr, 2013, 110(4): 599-608. DOI:
10.1017/S0007114512005594.

CHEN L, XIA SW, WANG SQ, et al. Naringenin is a potential immu-
nomodulator for inhibiting liver fibrosis by inhibiting the cGAS-
STING pathway[J]. J Clin Transl Hepatol, 2023, 11(1): 26-37. DOI:
10.14218/JCTH.2022.00120.

AKKIZ H, GIESELER RK, CANBAY A. Liver fibrosis: From basic sci-
ence towards clinical progress, focusing on the central role of he-
patic stellate cells[J]. Int J Mol Sci, 2024, 25(14): 7873. DOLI:
10.3390/ijms25147873.

ZHANG M, LAI UM, WU QL, et al. Naringenin induces HepG2 cell
apoptosis via ROS-mediated JAK-2/STAT-3 signaling pathways[J].
Molecules, 2023, 28(11): 4506. DOI: 10.3390/molecules28114506.
KHALED SS, SOLIMAN HA, ABDEL-GABBAR M, et al. Naringin and
naringenin counteract taxol-induced liver injury in Wistar rats via
suppression of oxidative stress, apoptosis and inflammation[J]. En-
viron Sci Pollut Res Int, 2023, 30(39): 90892-90905. DOI: 10.1007/
511356-023-28454-4.

LIN HY, ZHOU ZT, ZHONG WC, et al. Naringenin inhibits alcoholic
injury by improving lipid metabolism and reducing apoptosis in ze-
brafish larvae[J]. Oncol Rep, 2017, 38(5): 2877-2884. DOI:
10.3892/0r.2017.5965.

HERNANDEZ-AQUINO E, MURIEL P. Beneficial effects of narin-
genin in liver diseases: Molecular mechanisms[J]. World J Gastro-
enterol, 2018, 24(16): 1679-1707. DOI: 10.3748/wjg.v24.i16.1679.
YU T, LU XJ, LIANG Y, et al. Naringenin alleviates liver fibrosis by
triggering autophagy-dependent ferroptosis in hepatic stellate cells



B, MR E S e A1 A RS T 1425

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[J]1. Heliyon, 2024, 10(7): e28865. DOI: 10.1016/j. heliyon. 2024.
28865.

CHEN P, YAO LC, YUAN MQ, et al. Mitochondrial dysfunction: A
promising therapeutic target for liver diseases[J]. Genes Dis, 2023,
11(3): 101115. DOI: 10.1016/j.gendis.2023.101115.

LV CY, LI YQ, LIANG R, et al. Characterization of tangeretin as an
activator of nuclear factor erythroid 2-related factor 2/antioxidant re-
sponse element pathway in HEK293T cells[J]. Curr Res Food Sci,
2023, 6: 100459. DOI: 10.1016/j.crfs.2023.100459.

WALI AF, RASHID S, RASHID SM, et al. Naringenin regulates
doxorubicin-induced liver dysfunction: Impact on oxidative stress
and inflammation[J]. Plants, 2020, 9(4): 550. DOI: 10.3390/
plants9040550.

DAYARATHNE LA, RANAWEERA SS, NATRAJ P, et al. The effects
of naringenin and naringin on the glucose uptake and AMPK phos-
phorylation in high glucose treated HepG2 cells[J]. J Vet Sci, 2021,
22(6):e92. DOI: 10.4142/jvs.2021.22.€92.

ZHANG W, ZHANG Y, ZHANG JG, et al. Naringenin ameliorates
collagen-induced arthritis through activating AMPK-mediated au-
tophagy in macrophages[J]. Immun Inflamm Dis, 2023, 11(10):
€983. DOI: 10.1002/iid3.983.

SUN C, ZHU DZ, ZHU Q, et al. The significance of gut microbiota in the
etiology of autoimmune hepatitis: A narrative review[J]. Front Cell In-
fect Microbiol, 2024, 14: 1337223. DOI: 10.3389/fcimb.2024.1337223.
LIN HW, LIN J, PAN TT, et al. Polymeric immunoglobulin receptor
deficiency exacerbates autoimmune hepatitis by inducing intestinal
dysbiosis and barrier dysfunction[J]. Cell Death Dis, 2023, 14(1):
68. DOI: 10.1038/s41419-023-05589-3.

ZHAO P, SALTIEL AR. From overnutrition to liver injury: AMP-activated
protein kinase in nonalcoholic fatty liver diseases[J]. J Biol Chem,
2020, 295(34): 12279-12289. DOI: 10.1074/jbc.REV120.011356.

LI XP, YAO Z, QI XY, et al. Naringin ameliorates obesity via stimulat-
ing adipose thermogenesis and browning, and modulating gut mi-
crobiota in diet-induced obese mice[J]. Curr Res Food Sci, 2024,
8: 100683. DOI: 10.1016/j.crfs.2024.100683.

LI HH, ZHONG J, ZHOU QL, et al. Protective effect of naringenin on
novel in vitro model of intestinal epithelial barrier[J]. Chin J Vet
Med, 2023, 59(1): 130-135.

TR, HpE, BEIE, & ME E A AN LR REEE AR E

Al]. PEEEZARE, 2023,59(1): 130-135.

[53] XIE CY, XIE G, JI YZ. Naringenin inhibits NLRP3 inflammasome
through miR-22 and reduces intestinal barrier damage in a rat
model of ulcerative colitis[J]. Chin J Pathophysiol, 2021, 37(9):
1573-1581. DOI: 10.3969/j.issn.1000-4718.2021.09.005.

W&, WK, B . MR F BT miR-22 0% NLRP3 48 /M MA R
EHEMERARREEGRERGJ]. PERBEREE, 2021, 37
(9): 1573-1581. DOI: 10.3969/j.issn.1000-4718.2021.09.005.

[54] KUMAR VS, RAUIMANE AR, ADIL M, et al. Naringin ameliorates ace-
tic acid induced colitis through modulation of endogenous oxido-
nitrosative balance and DNA damage in rats[J]. J Biomed Res,
2014, 28(2): 132-145. DOI: 10.7555/JBR.27.20120082.

[55] YANG Y, WU Y, ZOU J, et al. Naringenin attenuates non-alcoholic
fatty liver disease by enhancing energy expenditure and regulating
autophagy via AMPK[J]. Front Pharmacol, 2021, 12: 687095. DOI:
10.3389/fphar.2021.687095.

[56] ELSORI D, PANDEY P, RAMNIWAS S, et al. Naringenin as potent an-
ticancer phytocompound in breast carcinoma: From mechanistic ap-
proach to nanoformulations based therapeutics[J]. Front Pharma-
col, 2024, 15: 1406619. DOI: 10.3389/fphar.2024.1406619.

[57]1 WANG YW, WANG SC, FIREMPONG CK, et al. Enhanced solubility
and bioavailability of naringenin via liposomal nanoformulation:
Preparation and in vitro and in vivo evaluations[J]. AAPS PharmSci-
Tech, 2017, 18(3): 586-594. DOI: 10.1208/s12249-016-0537-8.

[58] CUI WX, HE ZH, ZHANG YT, et al. Naringenin cocrystals prepared
by solution crystallization method for improving bioavailability and
anti-hyperlipidemia effects[J]. AAPS PharmSciTech, 2019, 20(3):
115. DOI: 10.1208/s12249-019-1324-0.

Wi BH: 2025-10-31; RABHA: 2025-12-12
AX4HE: TF

5l iE A& 3 : LIN CW, REN QY, ZHENG MJ, et al. Role of
naringenin in the prevention and treatment of autoimmune
hepatitis and its molecular mechanism[J]. J Clin Hepatol,
2026, 42(6): 1419-1425.

MER, ERKIE, MBS S MEENE I 2R EFLANBIEE
ARAFIHILI]. InRAFRER 2R, 2026, 42(6): 1419-1425.



