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Abstract

Nonalcoholic fatty liver disease (NAFLD), a condition caused by a buildup of fat in liver cells because of wrong 
choices and nutrition intake patterns over time, is a common chronic metabolic disorder among individuals 
today. Narciclasine (Nar), a compound present in Haemanthus coccineus L., has been noted for its strong anti-
inflammatory effects. However, its impact on regulating metabolic imbalances associated with NAFLD requires 
further investigation. In this research investigation using mice with NAFLD induced by a high-fat diet (HFD) and 
a cell model stimulated with fatty acids (FFAs), the aim was to examine the impact of Nar on liver health out-
comes. The findings indicated that Nar helped improve the changes in metabolic parameters caused by the HFD, 
such as metabolism and inflammatory markers. Moreover, the buildup of liver fat triggered by the HFD was less-
ened after Nar treatment. Similarly, the inflammatory reaction in liver tissues exacerbated by the HFD was notably 
reduced with the involvement of Nar. The results of lab tests showed that Nar stopped FFA, which effectively trig-
gered production and cell death in liver cells. It was shown that Nar blocked the activation of the NF-κB signaling 
pathway, which plays a role in inflammation and metabolic imbalances. These discoveries indicate a potential for 
Nar as a supplement or treatment for handling NAFLD. It provides a method to cure patients by adjusting import-
ant metabolic and inflammatory routes.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a prevalent 
liver condition, characterized by significant inflammation 
and lipid accumulation within hepatic tissues (Maurice 
and Manousou, 2018; Pouwels et al., 2022). From a 
food science perspective, the progression of NAFLD 
can be influenced by dietary compositions, which may 
exacerbate or mitigate pathological transformations 
within liver tissues. These transformations range from 

simple hepatic steatosis to more severe conditions such 
as steatohepatitis, cirrhosis, and, eventually, liver cancer. 
Technological advancements in food processing and for-
mulation are crucial in developing dietary interventions 
that target these pathological stages (Kang et al., 2022; 
Powell et al., 2021). While the complete pathogenesis of 
NAFLD remains to be fully elucidated, it is widely recog-
nized in food science that its development is intricately 
linked with dietary patterns contributing to obesity and 
metabolic syndrome. Nutritional interventions and 
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technological innovations in food processing aim to 
address these underlying metabolic disorders by promot-
ing healthier dietary choices and enhancing food qual-
ity to mitigate the risk factors associated with NAFLD 
(Dietrich and Hellerbrand, 2014). Therefore, identifying 
effective therapeutic agents and exploring their mecha-
nisms of action is crucial in the management of NAFLD. 
In food science, numerous herbal extracts have demon-
strated the potential to regulate NAFLD. For instance, 
berberine, a compound found in several plants, has been 
shown to modulate the AMPK-SREBP-1c-SCD1 path-
way, effectively slowing the progression of NAFLD. This 
underscores the importance of phytochemical research 
and the development of functional foods in combating 
liver disease (Zhu et al., 2019). Furthermore, baicalin, a 
flavonoid derived from the roots of Scutellaria baical-
ensis commonly used in functional foods, has shown 
efficacy in reducing reactive oxygen species to alleviate 
oxidative stress in NAFLD. This highlights the potential 
of incorporating targeted phytonutrients into dietary 
strategies to manage liver health and prevent disease 
progression through food-based interventions (Gao 
et al., 2022). Shikonin regulates the PPARγ and MMP-9/
TIMP-1 axis to attenuate hepatic lipid dysregulation and 
fibrosis in NAFLD (Yang et al., 2020). Besides, gypeno-
sides affect lipid metabolism to improve the progression 
of NAFLD (Zhou et al., 2023). Narciclasine (Nar), a nat-
ural compound of Haemanthus coccineus L, was previ-
ously known for its anticancer properties (Fürst, 2016). 
Recent studies have revealed that naringenin (Nar), a 
flavonoid predominantly found in citrus fruits, exhibits 
potent anti-inflammatory properties, contributing to its 
role in ameliorating various diseases. For example, nar-
ingenin has been shown to mitigate inflammation and 
oxidative stress, thereby improving outcomes in lipopoly-
saccharide (LPS)-triggered acute lung injury. This under-
scores the importance of dietary flavonoids in functional 
food formulations to enhance human health and prevent 
inflammatory conditions (Duan et al., 2020). Naringenin 
(Nar), a bioactive flavonoid commonly found in citrus 
fruits, modulates phospholipid metabolism, effectively 
reducing psoriatic skin inflammation. This mechanism 
showcases the therapeutic potential of dietary flavonoids 
in functional food development aimed at managing skin 
conditions such as psoriasis through dietary interven-
tions. Incorporating Nar-rich foods into daily diets could 
serve as a preventative strategy for individuals prone to 
inflammatory skin diseases (Kong et al., 2022). It can 
inhibit LPS-stimulated inflammatory cytokines, exhib-
iting cardiac function (Tang et al., 2021). Furthermore, 
Nar induces the adenosine 5ʹ-monophosphate (AMP)-
activated protein kinase‌ (AMPK) pathway to alleviate 
acute liver injury (Tian et al., 2022). In addition, previ-
ous research indicates that naringenin (Nar), extracted 
from citrus fruits, reduces the generation of reactive 
oxygen species in obese mice. This finding highlights 

the potential of naringenin as a key component in func-
tional foods aimed at combating oxidative stress asso-
ciated with obesity. Integrating Nar-rich ingredients 
into dietary formulations could help develop effective 
nutritional strategies for oxidative stress management in 
metabolic disorders (Julien et al., 2017). However, Nar’s 
regulatory effects and mechanisms in NAFLD progres-
sion remain indistinct.

This study uncovered that naringenin (Nar), a flavonoid 
abundant in citrus fruits, reduces inflammation and lipid 
accumulation in NAFLD by modulating the NF-κB path-
way. These findings may provide novel insights into using 
Nar in NAFLD therapy, emphasizing the potential for 
incorporating Nar-rich foods into dietary regimens as a 
preventative or therapeutic measure against liver disease. 
This approach underscores the role of functional foods in 
managing chronic conditions through dietary innovations.

Materials and Methods

Animal model

Male C57BL/6J mice (8-week-old) were acquired from 
Vital River Laboratory Animal Technology Co., Ltd., 
Beijing, China. To develop the NAFLD mouse model, the 
mice were fed a high-fat diet (HFD, consisting of 60% calo-
ries from fat, 20% from carbohydrates, and 20% from pro-
tein) for 9 weeks. The mice were divided into four groups: 
the Control group (n=6) received a standard diet; the Nar 
group (n=6) received a standard diet supplemented with 
naringenin (1 mg/kg) administered via gavage for 7 weeks 
(Julien et al., 2017); the HFD group received the HFD diet 
for 9 weeks; and the HFD+Nar group (n=6) received the 
HFD plus naringenin (1 mg/kg) gavage. After the treat-
ment period, the mice were euthanized with pentobarbital 
sodium; body weight was recorded, and their epididymal 
fat and liver tissues were collected for histopathological 
analysis and further experiments.

All animal trials were carried out following the National 
Institutes of Health guidelines for treating and han-
dling lab animals. The Animal Care and Use Committee 
approved the study plan at the Affiliated Hospital of 
Changchun, University of Traditional Chinese Medicine, 
with Approval Number 2020242. 

Hematoxylin and eosin staining

The liver and fat tissues near the testicles were preserved 
by fixing them and then treating them to remove mois-
ture before encasing them in paraffin wax for preservation 
purposes. Following this step came the cutting of sec-
tions measuring 4 µm from the samples embedded within 
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paraffin. This was followed by the staining of these sec-
tions with hematoxylin and eosin (H&E), a technique used 
to emphasize the structure of tissues when viewed under a 
microscope. Finally, images were captured using a Nikon 
microscope from Tokyo, Japan, to document the tissue 
morphology for further analysis and study purposes. 

Intraperitoneal glucose tolerance test (IPGTT)

After fasting for 12 h, the mice received a glucose injec-
tion of 1.5 g per kilogram into their cavities. Blood sugar 
levels were then checked using an ACC. CHE glucometer 
from Roche, Mannheim, Germany, at intervals of 0, 30, 
60, 90, and 120 minutes post-injection.

Detection of TG, TC, AST, and ALT

Triglycerides (TG), serum cholesterol (TC), aspartate 
aminotransferase (AST), and alanine aminotransferase 
(ALT) were examined using an automated biochemical 
analyzer (Hitachi High-Tech, Tokyo, Japan).

Enzyme-linked immunosorbent assay (ELISA)

The levels of IL-1β, IL-6, and TNF-α were evaluated 
through TNF-α (ab208348), IL-6 (ab222503), and IL-1β 
(ab197742) ELISA kits (Abcam, Shanghai, China).

Real-time quantitative polymerase chain reaction 
(RT-qPCR)

TRIzol reagent (Invitrogen) was used to obtain mouse 
liver tissue RNAs. RNAs were reversed using the 
PrimeScript® RT reagent kit (Takara, Dalian, China). 
Next, qPCR was made using the SYBR® Premix Ex Taq™ 
II kit (Takara, Dalian, China). The relative mRNA expres-
sion was determined using the 2−ΔΔCt method. 

The primer sequences were as follows:

TNF-α:
F: 5ʹ-CATCTTCTCAAAATTCGAGTGACAA-3ʹ,
R: 5ʹ-TGGGAGTAGACAAGGTACAACCC-3ʹ;
IL-6:
F: 5ʹ-GAAACCGCTATGAAGTTCCTCTCTG-3ʹ,
R: 5ʹ-TGTTGGGAGTGGTATCCTCTGTGA-3ʹ;
IL-1β:
F: 5ʹ-CGACAAAATACCTGTGGCCT-3ʹ,
R: 5ʹ-TTCTTTGGGTATTGCTTGGG-3ʹ;
GADPH:
F: 5ʹ-AGGTCGGTGTGAACGGATTTG-3ʹ,
R: 5ʹ-GGGGTCGTTGATGGCAACA-3ʹ.

Cell culture and treatment

The HepG cells were sourced from the American Type 
Culture Collection in Manassas. They were grown in 
Dulbeccos Modified Eagle Medium with 10% fetal bovine 
serum from Gibco Laboratories in the USA. The cells 
were kept in a humid incubator with 5% CO₂ main-
tained at 37°C. To create a free fatty acids (FFAs) model 
(fat-overloading induction), HepG2 cells were incubated 
with 1 mM FFAs mixture consisting of oleic acid and 
palmitic acid in a 2 to 1 molar ratio (oleic acid : palmitic 
acid=0.66 mM : 0.33 mM) for 24 h. 

Cell counting kit-8 assay

HepG cells (1000 cells/well) were put into the 96-well 
plate. At 48 h, the cell counting kit-8 (CCK-8; Dojindo 
Laboratories, Kumamoto, Japan) solution (10 μL) was 
supplemented into each well for 2 h. Eventually, cell via-
bility was confirmed through the spectrophotometer 
(Thermo Fisher Scientific, MA, USA).

Oil red O staining

The HepG2 cells were stained with an Oil Red O dye kit 
(C0158M, Beyotime Biotechnology, Shanghai, China). 
The images were observed under a microscope (Nikon, 
Tokyo, Japan).

Flow cytometry

The Annexin V-fluorescein isothiocyanate (FITC) 
Apoptosis Detection Kit (Beyotime, Shanghai, China) 
was utilized. After washing in the dark, HepG2 cells 
were mixed with Annexin V-FITC and PI. Thereafter, cell 
apoptosis was determined under the flow cytometer (BD 
Biosciences, San Jose, USA).

Western blot

Proteins extracted from liver and CC tissues were sepa-
rated using a 10% SDS PAGE method and later transferred 
onto PVDF membranes from Beyotime in Shanghai, 
China. After blocking the membranes and incubating with 
antibodies overnight at 4°C, secondary antibodies (ab7090 
from Abcam in Shanghai, China) were applied at 1:2000 
dilution for 2 h at room temperature for effective binding. 
The protein bands were then detected using a chemilumi-
nescence detection kit from Thermo Fisher Scientific Inc. 

The primary antibodies were p-P65 (1:2000; ab76302, 
Abcam, Shanghai, China), P65 (0.5 µg/mL; ab16502), 
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hematoxylin and eosin (known as H&E staining), it 
was observed that fat buildup and inflammatory cells in 
the liver worsened when the subjects were fed a HFD. 
However, these negative changes improved after intro-
ducing naringenin (Nar), as illustrated in Figure 1B. 
Furthermore, the levels of TG, total cholesterol (TC), AST, 
and ALT in the bloodstream rose in the HFD mice. But, 
they were decreased after Nar treatment (Figure 1C). The 
combined results suggest that Nar helps reduce fat buildup 
caused by a HFD and its related biochemical disruptions.

Narciclasine improved HFD-mediated changes in 
metabolic parameters

In Figure 2A–C, it is clear that the size and weight of the 
fat deposit in the epididymis were aggrandized after HFD 
treatment; however, when treated with naringenin (Nar), 
this effect was reversed successfully. Moreover, the level of 
blood glucose had increased after being exposed to HFD, 
whereas it was decreased after Nar was administered, as 
depicted in Figure 2D. In addition, the protein expressions 
of FAS, ACC, and SCD1 were elevated after HFD treat-
ment, but these influences were offset after Nar treatment 

p-IκBα (1:10,000; ab133462), IκBα (1:2000; ab32518), 
FAS (1:1000; ab133619), ACC (1:1000; ab45174), SCD1 
(1:1000; ab236868), and β-actin (1 µg/mL; ab8226, the 
loading reference).

Statistical analysis

All data were displayed as mean ± standard deviation 
(SD). Statistical analysis was done through GraphPad 
Prism Software 9 (GraphPad Software, USA). The dif-
ferences were performed under the one-way analysis 
of variance (ANOVA) in multiple groups. p<0.05 was 
deemed as statistically significant.

Results

Narciclasine relieved HFD-induced hepatic lipid 
accumulation

In Figure 1A, the body weight of mouse was enhanced 
after HFD treatment, but this impact was reversed after 
Nar treatment. After examining tissue samples with 
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Figure 1.  Narciclasine relieved HFD-induced hepatic lipid accumulation. Groups were divided into the Control, Nar, HFD, 
and HFD+Nar groups. (A) The body weight of mice was confirmed. (B) The pathological changes of liver tissues were mea-
sured through HE staining. (C) The levels of TG, TC, AST, and ALT in serum were assessed through the automated biochemical 
analyzer. ***p<0.001.
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Narciclasine inhibited FFA-stimulated lipogenesis and 
apoptosis in vitro

Cell viability was cut down with the increased Nar (0.1, 
0.2 and 0.4 μM) treatment; cell viability was not changed 
after Nar (0.05 μM) treatment (Figure 4A). Therefore, Nar 
(0.05 μM) treatment was utilized for further experiments. 
Lipid accumulation was increased in FFA-mediated 
HepG2 cells, but this change was attenuated after Nar 
treatment (Figure 4B). Next, through flow cytometry, 
it was uncovered that cell apoptosis was strengthened 
in FFA-mediated HepG2 cells, but this effect was neu-
tralized after Nar treatment (Figure 4C and D). These 
findings indicated that Nar inhibited FFA-stimulated 
lipogenesis and apoptosis in vitro.

(Figure 2E). These results indicate that Nar is effective in 
improving metabolic parameters affected by a HFD.

Narciclasine attenuated HFD-triggered liver inflammation

The study measured markers such as TNF-α, IL-6, and 
IL-1β in the liver tissue samples. The ELISA analysis 
revealed an increase in TNF-α, IL-6, and IL-1β concen-
trations following the administration of a HFD. The rise 
in levels was successfully mitigated by using naringin 
(Nar), as illustrated in Figure 3A. Additional data from 
the RT-qPCR supported these results. They are shown in 
Figure 3B. Overall findings indicate that Nar effectively 
reduces liver inflammation induced by a HFD. 
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Figure 2.  Narciclasine improved HFD-mediated changes in metabolic parameters. Groups were divided into the Control, Nar, 
HFD, and HFD+Nar groups. (A) The images of epididymal fat. (B) The weight of epididymal fat was confirmed. (C) The patholog-
ical changes of epididymal adipose tissues were verified through HE staining. (D) The blood glucose was determined. (E) The 
protein expressions of FAS, ACC, and SCD1 were tested through western blot. ***p<0.001.
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Figure 3.  Narciclasine attenuated HFD-triggered liver inflammation. Groups were divided into the Control, Nar, HFD, and 
HFD+Nar group. (A) The levels of TNF-α, IL-6, and IL-1β were evaluated through ELISA. (B) The mRNA expressions of TNF-α,
IL-6, and IL-1β were confirmed through RT-qPCR. *p<0.05, **p<0.01, ***p<0.001.

Narciclasine retarded the NF-κB pathway in vivo and
in vitro

The analysis of protein expression showed that phos-
phorylated p65 (p-p65) relative to total p65 and phos-
phorylated IκBα (p-IκBα) was upregulated. At the same 
time, IκBα was downregulated following treatment with 
FFA or a HFD. These alterations were reversed following 
treatment with naringenin (Nar), as evidenced in Figure 
5A and B. In summary, Nar effectively modulated the 
NF-κB signaling pathway both in vivo and in vitro.

Discussion

Naringenin (Nar) has been extensively studied for its thera-
peutic potential in ameliorating various diseases. Research 
has shown that Nar plays a significant role in modulating 
metabolic disorders, reducing inflammation, and mitigat-
ing oxidative stress, which are key factors in diabetes, car-
diovascular diseases, and NAFLD (Duan et al., 2020; Julien 
et al., 2017; Kong et al., 2022; Tang et al., 2021; Tian et al., 
2022). However, Nar’s regulatory effects and mechanisms 
in NAFLD are still unknown. In this work, the HFD mouse 
model and FFA cell model were constructed for further 

investigations. It was discovered that Nar improved HFD-
mediated changes in metabolic parameters.

Lipid accumulation is a fundamental characteristic of 
NAFLD and a key target for therapeutic interventions. 
Recent studies have concentrated on mechanisms that 
regulate lipid accumulation to prevent or reverse the pro-
gression of NAFLD. For instance, it has been found that 
Rubicon, a protein involved in cellular autophagy, exacer-
bates hepatocyte apoptosis and lipid accumulation, con-
tributing to the severity of NAFLD (Tanaka et al., 2016). 
Furthermore, it has been found that asperuloside affects 
the AMPK pathway, which helps reduce buildup and 
inflammation in NAFLD, as mentioned in Pouwels et al. 
(2022). On the other hand, the SEMA 7AR148W mutation 
has been linked with increased lipid accumulation, worsen-
ing the development of NAFLD. These results demonstrate 
the nature of molecular interactions in NAFLD and point 
out potential areas for treatment intervention (Zhao et al., 
2022). In addition, atorvastatin modulates the phosphory-
lation of perilipin 5 to relieve lipid accumulation in NAFLD 
(Gao et al., 2017). In addition, studies have demonstrated 
that asperuloside can impact the AMPK pathway, help-
ing reduce buildup and inflammation in individuals with 
NAFLD, as mentioned in Pouwels et al. (2022). Moreover, 



Italian Journal of Food Science, 2025; 37 (1) 447

Narciclasine relieves nonalcoholic fatty liver disease

within the liver was significantly enhanced following a 
HFD treatment. However, naringenin (Nar) treatment 
effectively counteracts this inflammatory response. 
In addition, it was discovered that Nar inhibited FFA-
stimulated lipogenesis and apoptosis in vitro. These find-
ings highlight Nar’s dual protective roles in modulating 
inflammation and lipid metabolism in NAFLD.

The NF-κB pathway is also activated in damaged hepato-
cytes, further upregulating the transcription of inflam-
matory cytokines (He and Karin, 2011). The enhanced 
inflammatory cytokines can activate NF-κB signaling 
pathway to form one positive feedback loop, thereby 
aggravating liver inflammation and lipid deposition 
(Lawrence, 2009). Importantly, it has been found that Nar 
retards the NF-κβ pathway to suppress proinflammatory 
cytokines, thereby protecting against sepsis (Kingsley 
et al., 2020). Furthermore, Nar negatively influences the 
Akt/IKK/NF-κB and JNK pathways to attenuate neuroin-
flammation (Zhao et al., 2021). However, the regulatory 
effects of Nar on the progression of NAFLD are unclear. 
In this study, it was illustrated that Nar retarded the 
NF-κB pathway in vivo and in vitro. 

it has been recognized that SEMA 74R148M mutation 
can result into lipid accumulation, thus aggravating the 
development of NAFLD. These discoveries emphasize the 
nature of molecular interactions in NAFLD and pinpoint 
possible areas for treatment intervention. 

It is generally accepted that chronic inflammation plays a 
crucial role in the occurrence and development of meta-
bolic diseases, including NAFLD (Cobbina and Akhlaghi, 
2017). The damaged hepatocytes can also secrete many 
proinflammatory cytokines, resulting in liver inflam-
mation (Farzanegi et al., 2019). Therefore, it is of vital 
importance to focus on the improvement of liver inflam-
mation in NAFLD. For example, irisin combines with 
MD2 to reduce inflammation in NAFLD (Zhu et  al., 
2021). ANGPTL8 modulates the LILRB2/ERK pathway 
and facilitates inflammatory activity and aggravates liver 
fibrosis in NAFLD (Zhang et al., 2023). In addition, in 
the NAFLD cell model, miR-122 suppression reduces 
lipid accumulation and inflammation (Hu et al., 2021). 
Besides, miR-149 targets ATF6 to alleviate endoplasmic 
reticulum stress-triggered inflammation and apoptosis in 
NAFLD (Chen et al., 2020). In this study, inflammation 
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Figure 5.  Narciclasine retarded the NF-κB pathway in vivo and in vitro. (A) The protein expressions of p-p65, p65, p-IκBα, and
IκBα were tested through western blot. Groups were divided into the Control, Nar, FFA, and FFA+Nar groups. (B) The protein
expressions of p-p65, p65, p-IκBα, and IκBα were examined through western blot. Groups were divided into the Control, Nar,
HFD, and HFD+Nar groups. *p<0.05, **p<0.01, ***p<0.001.
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