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ABSTRACT

Excessive consumption of acetaminophen (APAP) has emerged as the primary culprit behind drug-induced liver 
injury (DILI), with N-acetylcysteine serving as the principal antidote. However, use of N-acetylcysteine is limited to 
the early stages of APAP-induced DILI and may cause adverse side effects. Consequently, it is imperative to explore 
alternative therapeutic approaches to alleviate APAP-induced liver toxicity. In this study the mechanisms underlying 
the protective role of epigallocatechin gallate (EGCG) in DILI were determined. Our findings revealed that EGCG 
inhibited NEDD8, thus stabilizing HUWE1, a crucial E3 ubiquitin ligase involved in protein degradation. HUWE1 
binds and degrades TFR1, a protein essential for cellular iron uptake and inhibits ferroptosis. By stabilizing HUWE1 
and degrading TFR1, EGCG suppressed ferroptosis and ameliorated APAP-induced liver injury. Our results highlight 
the therapeutic potential of EGCG in mitigating DILI through regulation of HUWE1 and ferroptosis, which offers a 
promising approach for the treatment of DILI.
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1. INTRODUCTION

Drug-induced liver injury (DILI) refers to a type of dam-
age to the liver or biliary system caused by the ingestion 
of hepatotoxic drugs, such as acetaminophen (APAP), 
and is a frequent cause of acute liver failure [1,  2]. 
APAP is metabolically cleared by forming N-acetyl-p-
benzoquinone imine (NAPQI) [3]. However, when APAP 
is ingested in excessive amounts, NAPQI accumulates 
in the liver, which leads to hepatotoxicity. Currently, 
the clinical treatment for DILI involves administration 
N-acetylcysteine (NAC). However, the therapeutic win-
dow for NAC is limited to the early stages of APAP inges-
tion, emphasizing the urgent need for novel treatment 
strategies [4].

Ferroptosis is a newly recognized form of regulated 
cell death that is characterized by iron-dependent lipid 

peroxidation [5]. This process has a pivotal role in a 
variety of physiologic conditions, including cancers, 
neurodegenerative diseases, and tissue damage [6]. 
Epigallocatechin gallate (EGCG), a primary constituent 
of tea polyphenols, has been reported to exhibit ben-
eficial properties in a variety of diseases, including liver 
injury and fibrosis [7, 8]. However, the mechanism by 
which EGCG improves drug-induced liver injury remains 
unclear. This study aimed to determine the potential 
protective effects of EGCG and the underlying mecha-
nisms in a mouse model of APAP-induced liver injury.

2. MATERIALS AND METHODS

2.1 Animals
Male C57BL/6 mice (7 weeks old) were purchased from 
Jiangsu Jichui Pharmaceutical Biotechnology Co., Ltd. 
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(Jiangsu, China). The mice were housed at 22 ± 3°C 
with 12-h light and dark cycles. Mice in the EGCG group 
were administered 60 or 120 mg/kg of EGCG orally once 
daily for 7 d. The APAP and EGCG treatment groups 
were injected with 300 mg/kg of APAP intraperitone-
ally to establish an acute liver injury model. The mice 
were euthanized 6 h later. The animal procedures 
were approved by the Animal Ethical Committee of 
Shenzhen Polytechnic University [Shenzhen, China] 
(AEC-20241105-0001).

2.2 Cell lines and cell cultures
L02 cells were obtained from FuHeng BioLogy (city, 
China). L02 cells were cultured in RPMI-1640 medium 
(VivaCell, city, China) containing 10% fetal bovine 
serum at 37°C in 5% CO2. Cells were challenged with 5 
mM APAP and 20 or 40 μM EGCG for 24 h.

2.3 DIA proteomics
The proteins were digested enzymatically after protein 
extraction from the samples. The resulting peptides 

were then enriched and separated before analysis 
with LC-MS/MS, which generated mass spectrometry 
data. Identification and analysis were performed using 
DIA-NN software.

2.4 Biochemical indicators
The alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and lactic dehydrogenase (LDH) 
levels were measured to assess liver injury. Assay kits 
were used to determine the contents in the serum. Cell 
contents of lactoperoxidase (LPO), malondialdehyde 
(MDA), glutathione (GSH), and superoxide dismutase 
(SOD) were measured to assess ferroptosis. Assay kits 
were purchased from Nanjing Jiancheng Bioengineering 
Institute (http://www.njjcbio.com/). All steps were car-
ried out according to the manufacturer’s instructions.

2.5 Immunocytochemistry and immuno
fluorescence staining
The sections were antibody-retrieved in sodium citrate 
buffer for 5 min, followed by incubation with goat serum. 

Figure 1  |  EGCG protects mice from APAP-induced liver injury.
(a) The structure of EGCG. (b) Schematic overview of mouse model design. (c) Representative macrophotographs and H&E staining of liver 
tissues from mice. Scale bar = 100 μm. (d-f) AST, ALT. and LDH in serum from mice (n = 10). P values are determined by two-tailed Student’s t 
test. *P < 0.05, **P < 0.01.

http://www.njjcbio.com/
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Primary antibodies were then incubated overnight at 
4°C, succeeded by incubation with streptavidin-HRP or 
lexa Fluor secondary antibody for 2 h. Subsequently, the 
tissues were stained with diaminobenzidine and hema-
toxylin or DAPI.

2.6 FerroOrange detection
L02 cells were treated with APAP or EGCG, FerroOrange 
(Dojindo, city, China) was added and incubated for 0.5 
h. Finally, the cells were observed under a fluorescence 
microscope or quantified using flow cytometry.

2.7 Data analysis and statistics
Statistical differences were assessed using one-way 
analysis of variance (ANOVA) followed by Tukey’s 

multiple comparison test. Differences were consid-
ered statistically significant as follows: *P < 0.05; and 
**P < 0.01.

3. RESULTS

3.1 EGCG attenuates APAP-induced DILI in mice
The structure of EGCG is depicted in Figure 1a. An 
APAP-induced DILI murine model was established to 
determine the effect of EGCG on DILI (Figure 1b). EGCG 
effectively alleviated APAP-induced hepatotoxicity in 
mice (Figure  1c). Furthermore, EGCG reduced the ele-
vated ALT, AST, and LDH levels following APAP ingestion 
(Figure 1d-f). Therefore, EGCG protects against APAP-
induced DILI by mitigating liver toxicity.

Figure 2  |  EGCG-mediated upregulation of HUWE1.
(a) The PCA analysis of proteomic. (b) KEGG enrichment analysis of the proteins about APAP-induced DILI. (c) Venn diagram showing the 
numbers of various proteins in different groups treated as indicated. (d) Volcano plot showing protein expression in different groups. (e-f) 
Immunostaining for HUWE1 (e) and the statistics of HUWE1-positive cells (f) in different groups. Scale bars = 50 μm. P values are determined 
by two-tailed Student’s t test. *P < 0.05, **P < 0.01.
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3.2 Proteomics reveals EGCG-induced 
upregulation of HUWE1
Data-independent acquisition proteomic analysis was 
performed to investigate the impact of EGCG treat-
ment in mice. Principal component analysis revealed 
significant differences in the protein level between 
the normal and APAP groups, which were reversed 
with EGCG treatment (Figure 2a). Kyoto Encyclopedia 
of Genes and Genomes analysis indicated that path-
ways related to peroxisomes, PPAR signaling pathway, 
glutathione metabolism, and ferroptosis underscores 

the well-known antioxidant properties of EGCG and 
its potential, yet unexplored ability to protect against 
ferroptosis (Figure 2b). APAP-treated mice had 30 
downregulated proteins compared to normal mice. 
Further analysis showed that 14 proteins were upreg-
ulated by EGCG treatment (Figure 2c). Notably, EGCG 
upregulated HUWE1, a protective factor against liver 
issues and ferroptosis [9] (Figure 2c, d). EGCG treat-
ment significantly upregulated the expression of 
HUWE1, which is consistent with the proteomic results 
(Figure 2e, f).

Figure 3  |  EGCG suppressed ferroptosis in APAP-induced DILI mice.
(a-b) The content levels of LPO and MDA in different groups. (c-d) IF analysis for PPARα in liver tissues (c) and proportion of PPARα-positive cells 
(d) in different groups. Scale bars = 50 μm. P values are determined by two-tailed Student’s t test. *P < 0.05, **P < 0.01.
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Figure 4  |  EGCG suppressed APAP-induced ferroptosis.
L02 cells were challenged with indicated concentration of EGCG and APAP (5 μM) for 24 h. (a) The cell proliferation levels were measured 
by CCK-8. (b, d) HUWE1,GPX4 and ACSL4 mRNA levels in L02 cells. (c) IF analysis for TFR1 in L02 cells. (e) The intracellular levels of GSH and 
SOD in L02 cells. (f-g) The intracellular Fe2+ were detected by fluorescence imaging (f) and flow cytometry (g). (h) L02 cells were challenged 
with indicated concentration of EGCG and Erastin (10 μM). Cell proliferation levels were measured by CCK-8. Scale bars = 25 μm. P values are 
determined by two-tailed Student’s t test. *P < 0.05, **P < 0.01.



Acta  
Materia  
MedicaShort Communication

Acta Materia Medica 2025, Volume 4, Issue 2 p. 207-215      213 
© 2025 The Authors. Creative Commons Attribution 4.0 International License

3.3 EGCG restrains ferroptosis in mice with  
APAP-induced DILI
We hypothesized that ferroptosis may engage the 
mechanism by which EGCG exerts its effects. The results 
indicated that the LPO and MDA contents were signif-
icantly reduced with treated with 60 and 120 mg/kg 
of EGCG (Figure 3a-b). EGCG administration increased 
PPARα expression, a nuclear receptor crucial for lipid 
metabolism and antioxidant processes (Figure 3c-d).

3.4 EGCG rescues APAP-induced ferroptosis in L02 
cells
L02 cells were processed with EGCG during APAP chal-
lenge to evaluate the role of ferroptosis in EGCG treat-
ment. (40 μM) effectively reduced the death of L02 

cells (Figure 4a). Consistent with previous results, EGCG 
increased HUWE1 expression (Figure 4b), which was 
consistent with previous results. Inhibition of HUWE1 
reduces ubiquitination and stabilization of TFR1, which 
leads to dysregulation of iron metabolism [9]. EGCG 
(40 μM) effectively reduced the expression of TFR1 
(Figure  4c), which suggested that EGCG may promote 
degradation of TFR1 by upregulating HUWE1, thereby 
providing a mechanism to resist ferroptosis. GPX4 and 
ACSL4, two key regulatory genes involved in ferropto-
sis, had reversed expression following EGCG treatment 
(Figure 4d). Furthermore, the intracellular GSH and SOD 
levels increased after EGCG treatment. APAP treatment 
led to increased Fe2+ production and this effect was 
restored by EGCG treatment (Figure 4e-g). Furthermore, 

Figure 5  |  EGCG binds to NEDD8 to rescue HUWE1 degradation.
(a) Schematic overview of proteomic thermal stability analysis in vitro. (b) KEGG enrichment analysis and (c) domain structures analysis of the 
identification proteins in Figure 5a. (d) The expression of NEDD8 were detected by Western blot. (e) Sirius red staining of liver tissues. (f) CETSA 
analyzed the thermal stabilization of NEDD8 at indicated temperatures. (g) Coimmunoprecipitation verified that the binding of NEDD8 and 
HUWE1 in L02 cells.
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EGCG mitigated cell death induced by erastin (Figure 4h). 
Taken together, these studies showed that EGCG rescues 
APAP-induced ferroptosis in L02 cells.

3.5 EGCG inhibits NEDD8 to stabilize HUWE1
To elucidate the molecular mechanism by which EGCG 
improves APAP-induced DILI, potential EGCG binding 
proteins were obtained by proteomic thermal stability 
analysis (Figure 5a). This resulted in the identification 
of 23 proteins that exhibited significantly improved 
stability after EGCG treatment. KEGG functional anal-
ysis of these proteins revealed enrichment in the 
ubiquitin-mediated proteolysis pathway (Figure 5b). 
Additionally, the domain structures of the differential 
protein sequences were predicted. The results indicated 
the presence of ubiquitin-like domains (Figure  5c). 
Among the 23 proteins identified, the NEDD8 protein 
exhibited a significant decrease in intensity. Neural cell 
expressed developmentally down-regulated protein 
8 (NEDD8) plays a crucial role in regulating protein 
degradation, including HUWE1 [10-12]. Therefore, we 
hypothesized that EGCG rescues HUWE1 degradation by 
targeting inhibition of NEDD8. We found EGCG could 
inhibit NEDD8 expression (Figure 5d). Given that ned-
dylation inhibition reduced liver fibrosis, EGCG was also 
shown to attenuate collagen deposition (Figure 5e). The 
engagement between EGCG and NEDD8 by CETSA was 
then confirmed (Figure 5f). Furthermore, NEDD8 was 
shown to bind to HUWE1 in L02 cells (Figure 5g). Taken 
together, these results suggested that EGCG binds to 
NEDD8 to rescue HUWE1 degradation.

4. DISCUSSION

Unraveling the mechanisms underlying APAP-induced 
liver toxicity and developing corresponding therapeu-
tic interventions is crucial. Herein EGCG was shown to 
protect HUWE1 from degradation by targeting and 
inhibiting NEDD8, thereby suppressing ferroptosis in 
hepatocytes and ultimately improving APAP-induced 
liver injury in mice.

Recent studies have revealed that abnormal expres-
sion or activity of HUWE1 is related to liver diseases, 
including acute liver injury, non-alcoholic fatty liver dis-
ease, and hepatic steatosis [13]. HUWE1 binds specific 
proteins, such as TFR1 and WIPI2, for ubiquitination 
and subsequent proteasomal degradation [14]. TFR1 
facilitates cellular iron uptake and initiates ferroptosis, 
a process crucial for maintaining hepatic homeosta-
sis [15]. While the current study suggested that EGCG 
inhibits TFR1 expression via the NEDD8/HUWE1 path-
way, the exact mechanism underlying TFR1 reduction 
(e.g., degradation) and the role of HUWE1 or NEDD8 in 
this process has not been established. Additional exper-
iments are needed to validate the role of TFR1 in EGCG-
mediated hepatoprotection. HUWE1 expression varies 
significantly across different tumor types, suggesting 
that HUWE1 may have cell-specific functions depending 

on the diverse targets. This finding highlights the impor-
tance of understanding the novel mechanisms involved 
in this process [16]. Recent research has shown that 
CUL4B is essential for the proteasomal degradation of 
HUWE1 in response to DNA damage. CUL4B is activated 
in an NEDD8-dependent manner and catalyzes HUWE1 
ubiquitination [12]. EGCG inhibits NEDD8 in L02 cells, 
suggesting a potential strategy for treating DILI by sta-
bilizing HUWE1.

In conclusion, the findings in the current study indi-
cated that EGCG inhibits NEDD8 in hepatocytes, stabi-
lize sHUWE1, and subsequently degraded TFR1, thereby 
inhibiting ferroptosis and improving APAP-induced liver 
injury. This approach provides a safe and effective strat-
egy for the clinical treatment and prevention of DILI. 
Additionally, the current study provides a novel man-
agement approach for the safe use or combined admin-
istration of APAP in clinical practice.
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