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Abstract 
Background: Sepsis-induced acute kidney injury (AKI) is one of the most common complications 
of sepsis, characterized by extensive renal inflammation and progressive tissue damage, and 
poses a serious threat to human health. Lonicerin, a flavonoid glycoside derived from Lonicera 
japonica Thunb., is reported to exert beneficial effects in various inflammatory diseases. 
However, its potential regulatory role in sepsis-induced AKI has not been elucidated completely.
Objective: To investigate the regulatory impacts of lonicerin in sepsis-induced AKI.
Material and Methods: The cell viability was evaluated through CCK-8 assay. The LDH lev-
els were examined through the LDH assay kit. The mRNA expression levels were analyzed 
through RT-qPCR. The levels of TNF-α, IL-6, and IL-1β were determined through ELISA. The 
ROS levels were detected through the DCF staining. Apoptosis rates were determined by flow 
cytometry. Protein expression levels were analyzed by western blot.
Results: In this study, we demonstrated that lonicerin enhanced the viability of HK2 cells 
following lipopolysaccharide (LPS) stimulation. LPS significantly increased the inflammatory 
response, whereas this effect was attenuated after treatment with lonicerin. Furthermore, 
lonicerin effectively suppressed LPS-induced oxidative stress. In addition, although LPS stim-
ulation promoted apoptosis in HK2 cells, this pro-apoptotic effect was largely counteracted 
by administration of lonicerin. Mechanistically, we found that activation of the nuclear factor 
kappa-B signaling pathway by LPS was inhibited in the presence of lonicerin. 
Conclusion: our findings provide that lonicerin can mitigate LPS-induced inflammation, oxida-
tive stress, and apoptosis in HK2 cells. These results suggest that lonicerin may represent a 
promising therapeutic candidate for treating sepsis-induced AKI.
© 2025 Codon Publications. Published by Codon Publications.
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Materials and Methods

Cell culture

Human Kidney-2 cells were purchased from Procell Life 
Science & Technology Co. Ltd. (Wuhan, China) and cultured 
in Dulbecco’s Modified Eagle’s Medium (DMEM; Invitrogen, 
Carlsbad, CA, USA) under standard conditions (37°C, 5% 
CO2, humidified incubator). The cells were stimulated with 
LPS at concentrations of 5, 10, 20, 40, 80, and 160 μM.

Cell counting kit-8 (CCK-8) assay

Human Kidney-2 cells were seeded in 96-well plates at a 
density of 1000 cells/well. After treatment, 10 μL of CCK-8 
solution (Dojindo Laboratories, Kumamoto, Japan) was 
added to each well, and incubation continued for 4 h. Cell 
viability was then measured using a microplate reader (Bio-
Rad, CA, USA).

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

Total RNA was extracted from HK2 cells using TRIzol 
reagent (Invitrogen, USA). cDNA was synthesized using 
the SuperScript™ II reverse transcriptase kit (Invitrogen). 
RT-qPCR was performed with SYBR Premix Ex Taq™ kit 
(Takara, Shanghai, China). Relative messenger RNA (mRNA) 
expression levels were calculated using the 2∆∆Ct method, 
with glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
as an internal control. Primer sequences were as follows:

TNF-α:
F: 5′-CCACGCTCTTCTGTCTACTGAACTTC-3′;
R: 5′-TGGGCTACGGGCTTGTCACTC-3′.

Interleukin 6 (IL-6):
F: 5′-AGTTGCCTTCTTGGGACTGATGTTG-3′;
R: 5′-GGTATCCTCTGTGAAGTCTCCTCTCC-3′.

IL-1β:
F: 5′-AATCTCACAGCAGCATCTCGACAAG-3′;
R: 5′-TCCACGGGCAAGACATAGGTAGC-3′.

GAPDH:
F: 5′-AGGTCGGTGTGAACGGATTTG-3′;
R: 5′-GGGGTCGTTGATGGCAACA-3′.

Enzyme-linked immunosorbent serologic assay 
(ELISA)

Commercial ELISA kits were used to measure cytokine 
levels in cell supernatants, including TNF-α (ab181421; 
Abcam, Shanghai, China), IL-6 (ab178013; Abcam), and IL-1β 
(ab214025; Abcam).

Reactive oxygen species (ROS)

Intracellular ROS were assessed using the oxidative-
sensitive fluorescent probe 2′,7′-dichlorodihydrofluorescein 

Introduction

Sepsis occurs from a dysregulatedhost response to infec-
tion and represents a leading cause of acute kidney injury 
(AKI).1,2 Sepsis-associated AKI increases the risk of mortal-
ity by approximately 6–8 fold among affected patients.3 
Although several innovative therapeutic strategies, such 
as hemoadsorption and drotrecogin alfa, have been intro-
duced for sepsis management,4,5 their clinical benefits have 
remained limited. The pathogenesis of sepsis-induced AKI 
involves complex and multifactorial mechanisms that are 
not elucidated fully yet. Consequently, the identification 
of novel and effective therapeutic agents is of great impor-
tance for improving clinical outcomes in patients with 
sepsis-induced AKI.

Natural compounds derived from medicinal herbs have 
attracted increasing attention as potential therapeutic 
options for sepsis-associated AKI.6,7 Lonicerin, a flavo-
noid glycoside extracted from Lonicera japonica Thunb., 
exhibits well-documented anti-inflammatory and immuno-
modulatory properties.8,9 A growing body of evidence has 
demonstrated that lonicerin can modulate diverse inflam-
matory conditions. For instance, lonicerin has been shown 
to inactivate the NLRP3 inflammasome via interaction with 
enhancer ofzeste homolog 2 (EZH2), thereby alleviating 
ulcerative colitis.10 It also regulates the c-Src kinase–epider-
mal growth factor receptor (Src/EGFR) signaling pathway to 
reduce eosinophilic asthma induced by house dust mites.11 
Moreover, by suppressing the nuclear factor kappa-B (NF-
κB) pathway, lonicerin inhibits M1 macrophage polariza-
tion and slows the progression of experimental rheumatoid 
arthritis.12 In pancreatic acinar cells, lonicerin activates 
the deacetylase sirtuin 1–glutathione peroxidase 4 (SIRT1/
GPX4) pathway to attenuate apoptosis, inflammation, and 
ferroptosis induced by caerulein.13 Additionally, it mitigates 
ovalbumin-induced asthma by blocking the EZH2/NF-κB sig-
naling axis.14 Despite these promising findings, the poten-
tial role of lonicerin in sepsis-induced AKI remains poorly 
understood.

The NF-κB transcription factor is a key regulator of 
inflammation, oxidative stress, and apoptosis,15 and its 
sustained activation has been consistently reported in 
sepsis-induced AKI.16 Inhibition of NF-κB signaling not only 
reduces renal inflammation and oxidative injury but also 
contributes to the preservation of kidney function, making 
it an attractive therapeutic target. Given that lonicerin has 
been shown to modulate NF-κB signaling in other inflam-
matory conditions, it is reasonable to hypothesize that its 
protective effects in sepsis-induced AKI may also involve 
regulation of this pathway.

To experimentally address this hypothesis, we employed 
human kidney-2 (HK2) cells, which are widely used as an 
in vitro model for AKI research.17,18 Lipopolysaccharide 
(LPS) stimulation was applied to establish a sepsis-related 
AKI model in HK2 cells. Within this framework, the pres-
ent study aimed to investigate whether lonicerin could 
attenuate LPS-induced inflammation, oxidative stress, and 
apoptosis in HK2 cells; it further explored the potential 
involvement of the NF-κB signaling pathway in mediating 
these effects.
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(FITC) Annexin V (BD Biosciences, Franklin Lakes, USA) 
and 5-μL propidium iodide (PI) in the dark. Apoptotic 
cells were detected using FACS Caliburflow cytometer (BD 
Biosciences). The apoptosis rate (%) was calculated as the 
sum of early apoptosis (FITC+/PI−) and late apoptosis/necro-
sis (FITC+/PI−).

Western blot analysis

Proteins were extracted from HK2 cells using radioimmu-
noprecipitation assay (RIPA) buffer (Thermo Fisher). Equal 
amounts of protein were separated by 10% sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to polyvinylidene fluoride (PVDF) membranes 
(Beyotime, Shanghai, China). Membranes were blocked and 
incubated overnight at 4°C with primary antibodies against 
Bax (1:1000; ab32503; Abcam), Bcl-2 (1:2000; ab182858; 
Abcam), p-p65 (1:1000; ab76302; Abcam), p65 (1:1000; 
ab32536; Abcam), p-IκBα (1 µg/mL; ab92700; Abcam), IκBα 
(1:1000; ab32518, Abcam), and β-actin (1 µg/mL; ab8226, 
Abcam). After washing, membranes were incubated with 

diacetate (DCF-DA). The cells were washed twice with 
phosphate-buffered saline solution (PBS), incubated with 
5-µM DCF-DA for 30 min in the dark, and imaged using a flu-
orescence microscope (BX51, Olympus Corporation, Tokyo, 
Japan).

Detection of lactate dehydrogenase (LDH), 
malondialdehyde (MDA), superoxide 
dismutase (SOD), and glutathione 
peroxidase (GSH-Px)

Commercial kits were used to evaluate the levels of LDH 
(ab118970, Abcam), MDA (ab118970; Abcam), SOD (ab65354, 
Abcam), and GSH-Px (ab65322, Abcam) according to manu-
facturers’ instructions.

Flow cytometry

For apoptosis analysis, HK2 cells were resuspended in bind-
ing buffer and stained with 5-μL fluorescein isothiocyanate 
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Figure 1  Lonicerin affected the cell viability of HK2 cells. (A) Chemical structure of lonicerin. (B) Cell viability was assessed 
after treatment with different concentrations of lonicerin (0, 5, 10, 20, 40, 80, and 160 μM) using the CCK-8 assay. (C) Cell viability 
was evaluated in the control, LPS, LPS+Lon (5 μM), LPS+Lon (10 μM), and LPS+Lon (20 μM) groups using the CCK-8 assay. (D) LDH 
levels were measured in the same groups using an LDH assay kit. ***P < 0.001 vs. control; ^P < 0.05, ^^^P < 0.001 vs. LPS group.
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160 μM; P < 0.001), whereas lower concentrations (5, 10, 
and 20 μM) did not alter viability (Figure 1B; P < 0.001). 
Therefore, concentrations of 5, 10, and 20 μM were 
selected for subsequent experiments. As expected, LPS 
stimulation markedly decreased cell viability from 97.90% 
to 47.45% (P < 0.001). This reduction, however, was sub-
stantially reversed by treatment with 20-μM lonicerin, 
which restored viability from 47.45% to 89.58% (P < 0.001) 
(Figure 1C). Similarly, LPS significantly elevated LDH 
release (136.84 to 520.14; P < 0.001), while lonicerin treat-
ment attenuated this effect in a dose-dependent manner 
(10 μM: 520.14 to 394.21, P < 0.05; 20 μM: 520.14 to 287.58, 
P < 0.001) (Figure 1D). Collectively, these findings indicate 
that lonicerin improved LPS-induced cytotoxicity and pre-
served cell viability in HK2 cells.

Lonicerin alleviated LPS-induced inflammation

qRT-PCR analysis revealed that LPS stimulation signifi-
cantly increased the mRNA expression of TNF-α, IL-6, and 
IL-1β, whereas lonicerin treatment effectively reduced 
these levels (P < 0.001; Figure 2A). Consistently, ELISA 
results demonstrated a parallel decrease in the secretion 
of these cytokines following lonicerin treatment (P < 0.05; 

secondary antibody (1:1000; ab7090; Abcam) for 2 h at 
room temperature. The protein bands were visualized using 
an enhanced chemiluminescence detection kit (Thermo 
Fisher).

Statistical analysis

All experiments were performed in triplicate (n = 3). 
Data were presented as mean ± standard deviation (SD). 
Statistical analyses were performed using GraphPad Prism 
9.0 (GraphPad, La Jolla, USA). Normal distribution of data 
was confirmed prior to analysis. Group comparisons were 
conducted using one-way analysis of variance (ANOVA), fol-
lowed by Tukey’s post hoc test; P < 0.05 was considered 
statistically significant.

Results

Lonicerin affected the viability of HK2 cells

The chemical structure of lonicerin is shown in Figure 1A. 
Cell viability was significantly reduced following treat-
ment with higher concentrations of lonicerin (40, 80, and 
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Figure 2  Lonicerin alleviated LPS-triggered inflammation. HK2 cells were divided into the control, LPS, LPS+Lon (5 μM), LPS+Lon 
(10 μM), and LPS+Lon (20 μM) groups. (A) mRNA expression levels of TNF-α, IL-6, and IL-1β were analyzed by RT-qPCR. (B) Protein 
levels of TNF-α, IL-6, and IL-1β were determined by ELISA. ***P < 0.001 vs. control; ^P < 0.05, ^^P < 0.01, ^^^P < 0.001 vs. LPS group.
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treatment significantly reduced this pro-apoptotic effect 
in a concentration-dependent manner (5 μM: 29.48–26.15%, 
P  < 0.05; 10 μM: 29.48–20.53%, P < 0.001; 20 μM: 29.48–
18.01%, P < 0.001; Figure 4A). Consistently, Western blot 
analysis revealed that LPS stimulation upregulated Bax 
expression while downregulating Bcl-2 expression. These 
alterations were counteracted by lonicerin treatment 
(P < 0.05; Figure 4B). Thus, lonicerin significantly attenu-
ated LPS-induced apoptosis in HK2 cells.

Lonicerin inhibited activation of NF-κB pathway

Western blot analysis further demonstrated that LPS stim-
ulation increased phosphorylation of p65 (p-p65/p65 ratio) 
and IκBα while simultaneously reducing IκBα levels, and 
these effects were counteracted with lonicerin treatment 
(P < 0.05; Figure 5). These results indicate that lonicerin 
exerted its protective effects, at least in part, by inhibiting 
activation of the NF-κB signaling pathway.

Figure 2B). These data confirmed that lonicerin attenuated 
the inflammatory response induced by LPS in HK2 cells.

Lonicerin suppressed LPS-induced oxidative stress

Intracellular ROS levels were markedly elevated after LPS 
stimulation but were significantly reduced upon lonicerin 
treatment (Figure 3A). In addition, LPS increased MDA 
levels and reduced the activities of antioxidant enzymes 
SOD and GSH-Px, while lonicerin treatment reversed these 
effects (P < 0.05; Figure 3B). Together, these findings 
demonstrated that lonicerin effectively suppressed LPS-
induced oxidative stress in HK2 cells.

Lonicerin attenuated LPS-induced apoptosis

Flow cytometry analysis showed that LPS increased apop-
tosis rate from 8.39% to 29.48% (P < 0.001), while lonicerin 
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Figure 3  Lonicerin suppressed LPS-induced oxidative stress. Cells were divided into the control, LPS, LPS+Lon (5 μM), LPS+Lon 
(10 μM), and LPS+Lon (20 μM) groups. (A) Intracellular ROS levels were detected using DCF staining. (B) The levels of MDA, SOD, 
and GSH-Px were measured using commercial kits. ***P < 0.001 vs. control; ^P < 0.05, ^^P < 0.01, ^^^P < 0.001 vs. LPS group.
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For example, liensinine ameliorates sepsis-mediated AKI by 
inhibiting inflammation, autophagy, and oxidative stress,20 
while anemonin relieves inflammatory and oxidative 
responses to improve kidney function.21 Similarly, suppres-
sion of PHLDA1 modulates the c-jun n-terminal kinase–
extracellular signal-regulated kinase (JNK/ERK) pathway 
to reduce inflammation and oxidative stress,22 and NDUFS3 
influences the adenosine monophosphate-activated pro-
tein kinase (AMPK) pathway to attenuate ferroptosis and 
oxidative damage.23 Furthermore, eupatilin is reported to 
inhibit inflammation and oxidative stress, thereby improv-
ing LPS-induced AKI in mice.24 In line with these findings, 
the present study demonstrated that lonicerin significantly 
attenuated LPS-induced inflammation and oxidative stress. 
Furthermore, LPS stimulation markedly enhanced cell 
apoptosis, whereas this effect was significantly counter-
acted by lonicerin treatment. 

Discussion

Lonicerin is reported to regulate a wide range of inflam-
matory diseases.10–14 However, its role in sepsis-induced 
AKI is rarely investigated, and the underlying mechanisms 
remained poorly defined. In the present study, we estab-
lished an in vitro model of sepsis-induced AKI by stimulat-
ing HK2 cells with LPS. Our initial observations revealed 
that high concentrations of lonicerin (≥40 μM) significantly 
reduced cell viability, suggesting a relatively narrow thera-
peutic window. Within a range of lower concentration, how-
ever, lonicerin effectively improved cell viability, following 
LPS stimulation, indicating a potential protective effect.

Inflammation and oxidative stress are the hallmarks of 
pathogenesis of sepsis-induced AKI.19 Several natural com-
pounds are shown to exert protective effects against sep-
sis-associated kidney injury by targeting these processes. 

Con
tro

l
LP

S

LP
S+L

on
 (5

μm
)

LP
S+L

on
 (1

0μ
m)

LP
S+L

on
 (2

0μ
m)

40

***
^

^^^ ^^^

30

20

10

104102100

100

101

102

103

104102100

100

101

102

103

104102100

100

101

102

103

104102100

100

101

102

103

Control LPS

LPS+Lon (10μm)LPS+Lon (5μm) LPS+Lon (20μm)

104102100

100

101

102

103 0

Ap
op

to
si

s 
(%

)

Con
tro

l
LP

S

LP
S+L

on
 (5

μm
)

LP
S+L

on
 (1

0μ
m)

LP
S+L

on
 (2

0μ
m)

1.5

***
^

^^^
1.0

0.5

0.0
R

el
at

iv
e 

le
ve

l o
f

Bc
l-2

 p
ro

te
in

Con
tro

l
LP

S

LP
S+L

on
 (5

μm
)

LP
S+L

on
 (1

0μ
m)

LP
S+L

on
 (2

0μ
m)

Con
tro

l
LP

S

LP
S+L

on
 (5

μm
)

LP
S+L

on
 (1

0μ
m)

LP
S+L

on
 (2

0μ
m)

0.8 ***

^^^

^^^

^^^

0.6Bax

FITC

6.25

10.9

82.8

0.071

13.9

7.75

78.3

0.071

21.5

7.06

71.4

0.010

4.93

3.52

91.5

0.024

PI

(A)

(B)

18.2

7.92

73.8

0.091

Bcl-2

β-actin
0.2

0.4

0.0

R
el

at
iv

e 
le

ve
l o

f
Ba

x 
pr

ot
ei

n
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Nonetheless, this study has several limitations. First, 
the plasma pharmacokinetics and bioavailability of lon-
icerin in humans were not evaluated. Second, this study 
lacked in vivo validation, and clinical data regarding safety 
and efficacy of lonicerin in patients with sepsis-induced 
AKI remained unknown. Finally, the possibility of off-tar-
get effects couldn’t be excluded, indicating the need for 
further research.

Conclusion

This study provides the first evidence that lonicerin can 
alleviate LPS-induced inflammation, oxidative stress, and 
apoptosis in HK2 cells. These in vitro findings offer pre-
liminary support for the potential therapeutic role of 
lonicerin in sepsis-induced AKI; however, they cannot be 
directly extrapolated to clinical outcomes. To strengthen 
the translational significance of these results, the future 
studies must include in vivo experiments to validate the 
protective effects of lonicerin in animal models. If positive 

When NF-κB translocates into the nucleus, it activates 
downstream targets that promote the expression of inflam-
matory mediators and oxidative stress markers, thereby 
exacerbating renal injury in sepsis-induced AKI.25 Therefore, 
suppression of the NF-κB pathway is regarded as a critical 
strategy for alleviating sepsis-induced AKI. Several studies 
have demonstrated this therapeutic potential. For exam-
ple, miR-380-3p targets RAB1P to inhibit NF-κB signaling 
and thereby ameliorates sepsis-triggered AKI.26 In addition, 
knockdown of PSMB8 suppresses NF-κB activation and pro-
tects against sepsis-associated AKI.27 Isoliquiritigenin has 
also been shown to restrain NF-κB activity, alleviating LPS-
induced AKI,28 while fortunellin inhibits the TLR4/NF-κB 
pathway to reduce inflammation and ferroptosis, thereby 
mitigating sepsis-related kidney injury.29 Importantly, stud-
ies further clarified that lonicerin could suppress NF-κB 
activation in models of rheumatoid arthritis and asthma.12,14 
Similarly, our results demonstrated that lonicerin signifi-
cantly inhibited LPS-mediated NF-κB pathway activation in 
HK2 cells, suggesting that its renoprotective effects may 
be mediated through this mechanism.
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Figure 5 Lonicerin inhibited activation of NF-κB pathway. Cells were divided into the control, LPS, LPS+Lon (5 μM), LPS+Lon (10 
μM), and LPS+Lon (20 μM) groups. Protein expression levels of p-p65, p65, p-IκBα, and IκBα were determined by Western blotting 
analysis. ***P < 0.001 vs. control; ^P < 0.05, ^^P < 0.01, ^^^P < 0.001 vs. LPS group.
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