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Abstract. Excessive inflammation can lead to chronic diseases, necessitating the development of effective anti-
inflammatory therapies. This study investigates the anti-inflammatory effects of gold nanoparticles (AuNps) 
synthesized using Lactobacillus kimchicus DCY51T, a probiotic strain from Korean kimchi. The objective is to 
explore the potential of DCY51T-AuNps in modulating inflammatory responses in RAW264.7 macrophage cells. 
Methods: AuNps were synthesized through a meticulous procedure involving the probiotic Lactobacillus 
kimchicus DCY51T. The isolation and subsequent cultivation of the RAW264.7 macrophage cell line in the DMEM 
medium formed the basis for the research methodology. Results: Following the establishment of the cellular 
platform, the cells were treated with DCY51T-AuNps, revealing a noteworthy reduction in the expression of key 
inflammatory mediators such as nitric oxide (NO), prostaglandin E2 (PGE2), interleukin-6 (IL-6), and tumor 
necrosis factor-α (TNF-α). A pivotal aspect of the study focused on the inhibitory effects of DCY51T-AuNps on 
the lipopolysaccharide (LPS)-induced activation of the NF-κB/mitogen-activated protein kinase (MAPK) pathway 
within RAW264.7 cells. Conclusion: This inhibition was instrumental in modulating the inflammatory response, 
showcasing the potential therapeutic relevance of DCY51T-AuNps in combating inflammation. The novelty lies 
in using a probiotic-derived synthesis method, offering a sustainable and biocompatible approach to nanoparticle 
production. The benefit of this research not only underscores the anti-inflammatory prowess of DCY51T-AuNps 
on RAW264.7 macrophages but also contributes to the broader scientific discourse on the biomedical applications 
of gold nanoparticles synthesized from probiotic sources, potentially benefiting the development of new anti-
inflammatory therapies and advancing nanomedicine. 
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INTRODUCTION 

Inflammation is an evolutionarily conserved 
host response to stress, tissue injury, and infection. 
This process involves modifications in tissue 
homeostasis and blood flow, as well as the 
activation and migration of immune cells, and the 
coordinated spatio-temporal release of cytokines 
and other mediators (Agarwal et al., 2019). 
Inflammation may serve as a beneficial response 
initiated by harmful stimuli and situations, 
including infection and tissue damage (Smale, 

2010). Nevertheless, the conventional perception 
of inflammation solely as a response to injury or 
infection may need to widen to include 
inflammatory processes generated by several 
additional unfavorable situations (Medzhitov, 
2008). Overstimulated macrophages might 
aggravate the symptoms of the inflammatory 
process (Ahn et al., 2015). 

Numerous inflammatory signaling pathways 
are powerfully triggered by lipopolysaccharide 
(LPS) and it prompts macrophages to generate 
numerous inflammatory mediators (Su et al., 
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2011). The transcription factor NF-κB has 
garnered attention in the context of inflammatory 
responses, primarily due to the way that different 
mediators and cytokines activate this transcription 
factor (Beinke & Ley, 2004). The primary 
subunits comprising the activated form of NF-κB 
are p50 and p65 (Hart et al., 1998). In inactive 
cells, NF-κB exists as a heterodimer in the cytosol, 
bound to an inhibitory protein called inhibitor-κB 
(Iκ-B). Upon stimulation by various inflammatory 
triggers like lipopolysaccharide (LPS), cytokines, 
oxidants, and viruses, the NF-κB heterodimer 
swiftly relocates to the nucleus. Once in the 
nucleus, it initiates the transcription of specific 
genes, including those responsible for pro-
inflammatory cytokines, adhesion molecules, 
chemokines, and inducible enzymes such as 
inducible NO synthase (iNOS;Ahn et al., 2016; 
Gasparini & Feldmann, 2012; Rius-Pérez et al., 
2020). Apart from NF-κB, the regulation of 
inflammatory mediator production relies on 
mitogen-activated protein kinases (MAPKs), 
which include extracellular signal-regulated 
kinase (ERK), c-Jun NH2-terminal kinase (JNK), 
and p38 (Ahn et al., 2016; Feng et al., 2011; 
Kyriakis & Avruch, 2012). The MAPKs form a 
group of protein-serine/threonine kinases that 
connect external signals to the mechanisms 
governing fundamental cellular processes, 
including cell proliferation, survival, death, and 
differentiation (Yang et al., 2013). Given the 
crucial involvement of NF-κB and MAPK in the 
reinforcing cycle of the inflammatory response, 
they have emerged as plausible targets for novel 
anti-inflammatory therapies (Liu et al., 2013; Wu 
et al., 2020).  

Gold nanoparticles have garnered significant 
scientific and technological attention due to their 
straightforward synthesis, chemical stability, and 
distinctive optical characteristics (Alkilany & 
Murphy, 2010; Bansal et al., 2020; Fatimah et al., 
2020; Pan et al., 2007). Green synthesis, mainly 
facilitated by plant extracts, is not only cost-
effective but also advantageous (Huq et al., 2022; 
Sukweenadhi et al., 2021). Moreover, this 
approach is emerging as a pathway for creating a 
new category of probiotics-mediated and non-
toxic carriers for targeted drug delivery systems, 
cancer diagnostics, photothermal therapy, 
biosensing, and medical imaging (Markus et al., 
2016). Additionally, some studies suggest that 
gold nanoparticles (AuNps) exhibit anti-
inflammatory effects by modulating inflammatory 
mediators and suppressing the MAPK and NF-κB 
signaling pathways in LPS-stimulated RAW264.7 

cells (Ahn et al., 2018; Rehman et al., 2012). 
In this current investigation, we explored the 

anti-inflammatory properties of aqueous 
suspensions containing DCY51T-AuNps in 
RAW264.7 macrophages and unraveled the 
mechanism behind the anti-inflammatory effects 
induced by these suspensions. The decision to 
utilize this specific probiotic strain, derived from 
Korean kimchi, was strategic due to its distinctive 
attributes. The introduction of Lactobacillus 
kimchicus DCY51T in the green synthesis of 
AuNps marks a novel and innovative approach. 
The selection of Lactobacillus kimchicus DCY51T 
is grounded in its inherent capability to facilitate 
the bioreduction of HAuCl4 into AuNps through 
an intracellular membrane-bound mechanism. 
This unique characteristic of the bacteria ensures 
the creation of AuNps with favorable features, 
such as spherical shapes ranging from 5 to 30 nm. 
Furthermore, the resulting AuNps maintain an 
average crystallite size of 13 nm and exhibit 
sustained stability in both physiological buffer and 
biological media (Markus et al., 2016). 

The research purposes extend beyond the 
mere synthesis of nanoparticles; they delve into 
the exploration of the anti-inflammatory effects of 
DCY51T-AuNps by utilizing RAW264.7 
macrophages. Beyond the simple manufacturing 
of nanoparticles, the purpose of this research is to 
further our knowledge of these gold nanoparticles' 
potential as a treatment for inflammation. We aim 
to gain a new understanding of DCY51T-AuNps' 
potential as anti-inflammatory medicines by 
examining the basic mechanisms by which they 
alter inflammatory responses. Given the 
increasing need for efficient treatments for chronic 
inflammatory illnesses, which represent huge 
global health burdens, this finding is especially 
important. By utilizing Lactobacillus kimchicus 
DCY51T unique characteristics for AuNp 
production, we hope to further the fields of 
biotechnology and nanotechnology. Probiotic 
bacteria's creative application in nanoparticle 
synthesis not only improves our comprehension of 
biological processes but also creates new avenues 
for the ecologically responsible and sustainable 
manufacturing of nanomaterials. This strategy fits 
nicely with the growing need for environmentally 
friendly synthesis techniques that support 
sustainability. 

These AuNps are used in a wide range of 
fields, including photothermal therapy, 
biosensing, targeted drug delivery systems, cancer 
diagnostics, and medical imaging. The produced 
nanoparticles' low cost and non-toxicity make 



439 

Johan Sukweenadhi, et al. / Biosaintifika 16 (3) (2024): 437-448 

 

them useful instruments for tackling urgent issues 
in technology and healthcare. These nanoparticles 
could, for example, increase the accuracy and 
effectiveness of therapies in targeted medication 
delivery, lowering adverse effects and improving 
patient outcomes. The distinct characteristics of 
AuNps may result in more precise cancer 
diagnosis and efficient treatment alternatives. Our 
research efforts therefore aim to both broaden the 
boundaries of scientific understanding and convert 
these discoveries into workable solutions that have 
a constructive influence on society. Our goal is to 
enhance the quality of life for those with chronic 
inflammatory diseases by creating novel anti-
inflammatory treatments. Additionally, DCY51T-
AuNps wider uses in a range of biomedical 
domains demonstrate their potential to transform 
established procedures and aid in the creation of 
novel healthcare solutions. 

METHODS 

Reagents and materials 
Gibco-BRL provided Dulbecco with its 

modified Eagle's medium (DMEM) (Grand Island, 
NY, USA). Lipopolysaccharides (LPS), sodium 
nitrite (NaNO2) solution, Dexamethasone, and 
Griess reagent were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA). Anti-rabbit 
antibodies coupled with horseradish peroxidase 
(HRP) were obtained from R&D Systems 
(Minneapolis, MN, USA). Fetal bovine serum 
(FBS), phosphate-buffered saline (PBS), and 
penicillin-streptomycin (P/S) were acquired from 
WelGENE Inc. (Daegu, Korea). Santa Cruz 
Biotechnology provided the primary antibodies 
that were used to target NF-κB, JNK, ERK, 
phospho-JNK, phospho-ERK1/2, and β-actin 
(Santa Cruz, CA, USA). The DCY51T-AuNps 
were obtained from a previous study, synthesized 
by Lactobacillus kimchicus DCY51T, exhibiting a 
spherical shape with sizes ranging from 5 to 30 nm 
(Markus et al., 2016). 

Cell culture 
The RAW264.7 murine macrophage cell line 

was procured from the American Type Culture 
Collection and the Korean Cell Line Bank in 
Seoul, South Korea. 10% heat-inactivated fetal 
bovine serum (FBS) and 1% 
penicillin/streptomycin (P/S) were added to the 
DMEM medium (GIBCO-BRL, Rockville, MD) 
in order to support the cell culture (WelGENE 
Inc., Daegu, Korea). Incubation was carried out at 
37°C in a humidified atmosphere containing 5% 

CO2 (Ahn et al., 2018). 

Cytotoxicity assay 
The cytotoxicity assay involved the use of 3-

(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H 
tetrazolium bromide (MTT), following the 
previous method (Ahn et al., 2015). RAW264.7 
cells were exposed to varying concentrations (0 to 
100 μg mL-1) of DCY51T-AuNps aqueous 
suspensions for 24 hours. Afterward, each well 
received 20 μL of MTT assay solution (5 mg mL-

1) and was left to incubate for 3 hours. Following 
incubation, by using a multi-mode plate reader 
(BioTek Instrument, Winooski, VT) at a test 
wavelength of 570 nm and a reference wavelength 
of 630 nm, the media was replaced with 100 μL of 
dimethyl sulfoxide (DMSO), and the formazan 
produced by live cells was quantified after 30 
minutes of incubation. The cell viability was 
expressed as a percentage relative to the control 
(untreated cells). 

Measurement of NO, TNF-α, PGE2 and IL-6 
RAW264.7 cells underwent co-treatment 

with 1 μg mL-1 LPS and DCY51T-AuNps aqueous 
suspensions, followed by a 24-hour incubation 
period. After incubation, the supernatant was 
collected for subsequent assays. Nitrite levels in 
the medium were determined using the Griess 
reagent. After mixing 100 μL of the culture 
supernatant with the same amount of Griess 
reagent, a microplate reader was used to measure 
the absorbance at 540 nm (Bio-Tek Instruments, 
Winooski, Inc.). Each experimental setup 
contained a typical sodium nitrite curve. Using 
enzyme-linked immunosorbent assay (ELISA) 
kits obtained from R&D Systems (Minneapolis, 
MN, USA), the levels of TNF-α, PGE2, and IL-6 
were measured in accordance with the 
manufacturer's instructions (Wang et al., 2014). 

Measurement of intracellular reactive oxygen 
species 

To assess intracellular reactive oxygen 
species (ROS) levels following the previous 
method (Ahn, et al., 2016), 5 × 103 RAW264.7 
cells were seeded in 24-well plates. After 24 
hours, the cells were exposed to 1 μg mL-1 LPS 
with or without varying concentrations of 
DCY51T-AuNps aqueous suspensions and were 
subsequently incubated for an additional 24 hours 
at 37°C in a 5% CO2 incubator. Following the 
incubation period, the medium was removed, and 
the cells underwent three washes with PBS. After 
that, 10 μM 2',7'-Dichlorodihydrofluorescein 
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Diacetate (DCFH-DA) was applied to the cells and 
left them in the dark for 30 minutes. Next, a 
microplate reader (BioTek Instrument, Winooski, 
VT) with an excitation wavelength of 485 nm and 
an emission wavelength of 535 nm was used to 
measure the fluorescence generated by DCFH. 

Reverse transcription polymerase chain 
reaction 

In a six-well plate, RAW264.7 cells were 
plated at a density of 106 cells per well for the 
purpose of reverse transcription polymerase chain 
reaction (RT-PCR). Following a 24-hour 
incubation period, cells were subjected to a further 
24-hour treatment, either in the presence or 
absence of LPS stimulation and with or without 
various concentrations of DCY51T-AuNps 
aqueous suspensions. TRIzol reagent was used to 
isolate RNA (Sigma, St. Louis, MO). Using a 
cDNA synthesis kit (Thermo Scientific, EU, 
Lithuania) and the manufacturer's instructions, 
first-strand cDNA synthesis was performed. 
Quantitative real-time polymerase chain reaction 
(qRT-PCR) amplification was performed using an 
SYBR Green qPCR Super Mix UDG kit and an R-
Corbett Rotor-Gene Model 6000 (Corbett 
Research, Sidney, Australia) with a total of 1 μL 
of the cDNA product as the template (Livak & 
Schmittgen, 2001). 
 
Western blot analysis  

Whole cell lysates were first subjected to 
separation using 10% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS–PAGE) 
and then transferred to a PVDF membrane for 
Western blot analysis. After blocking with 5% 
skim milk (w/v), the membranes were left to 
incubate overnight at 4°C with primary antibodies. 
Subsequently, following five washes with Tris-
buffered saline-Tween (TBS-T) (1×), the 
membranes underwent exposure to goat anti-
mouse or anti-rabbit IgG conjugated with 

horseradish peroxidase (HRP) for a duration of 2 
hours at room temperature. The detection of 
immunolabeling was accomplished using 
enhanced chemiluminescence (Millipore 
Corporation, Billerica, MA), and the densitometry 
of bands was quantified using ImageJ software 
(Ahn et al., 2017).  

Immunofluorescence staining 
For immunofluorescence staining, 

RAW264.7 cells were cultured on 8-well culture 
slides (SPL Life Sciences Co., Ltd., Korea) 
overnight. The cells were pre-treated with 
DCY51T-AuNps aqueous suspensions for 2 hours, 
followed by LPS (1 μg mL-1) stimulation for an 
additional 2 hours. After washing thoroughly with 
PBS, the cells underwent fixation in 3.7% 
formaldehyde and permeabilization with 0.5% 
Triton X-100 for 10 minutes. After that, rabbit 
monoclonal anti-NF-κB p65 antibodies were 
added, and the cells were incubated for the entire 
night at 4°C (1:200, Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). Once the slides were 
cleaned, they were left in the dark for one hour and 
exposed to Alexa Fluor1488 goat anti-rabbit IgG 
(1:200; Cell Signaling Technology, Beverly, MA, 
USA). 4'-6-diamidino-2-phenylindole (DAPI, 10 
mg mL-1) was used to stain nuclei for ten to 
fifteen minutes. An inverted research fluorescence 
microscope was used to take pictures of the cells 
(Ahn et al., 2017). 

Statistical analysis 
A statistical analysis was performed utilizing 

the software GraphPad 6.04. (La Jolla, CA). The 
findings are shown as mean ± SEM. The two-way 
analysis of variance (ANOVA) and student's t-test 
were used to assess the statistical significance of 
the variations in values between the treated and 
untreated groups. When p < 0.05, differences were 
deemed significant. 

 
Table 1. The list of primer sequence 

Primer Name Primer Sequence 

COX-2 F: 5'- GGATGCGCTGAAACGTGGA -3' 
R: 5'- CAGGAATGAGTACACGAAGCC -3' 

IL-6 F: 5'- CCGGAGAGGAGACTTCACAG -3' 
R: 5'- GGAAATTGGGGTAGG AAG GA -3' 

TNF-α F: 5'- AGTCCGGGCAGGTCTACTTT -3' 
R: 5'- GCACCTCAGGGAAGAGTCTG -3' 

iNOS F: 5'- GTGGTGACAACGACATTTGG -3' 
R: 5'- GGCTGGACTTTTCACTCTGC -3' 

GAPDH F: 5'- CAAGGTCATCCATGACAACTTTG -3' 
R: 5'- GTCCACCACCCTGTTGCTGTAG -3' 
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RESULTS AND DISCUSSION 

Effects of DCY51T-AuNps aqueous 
suspensions on the viability of RAW264.7 cells 
and intracellular ROS production 

The impact of DCY51T-AuNps aqueous 
suspensions on the viability of RAW264.7 cells 
was assessed through a cell viability assay. As 
depicted in Figure 1A, the concentrations of 
DCY51T-AuNps aqueous suspensions ranged 
from 0.1 to 100 μg mL-1. The intracellular reactive 
oxygen species (ROS) levels in response to 
lipopolysaccharide (LPS) were markedly elevated 
compared to unstimulated cells. Additionally, 
concentrations of DCY51T-AuNps aqueous 
suspensions exceeding 10 μg mL-1 demonstrated 
significant inhibition of intracellular ROS 
production (Figure 1B). Past research has 
indicated a correlation between 
lipopolysaccharide (LPS)-induced intracellular 
reactive oxygen species (ROS) production and the 
activation of NF-κB. Additionally, redox-sensitive 
mitogen-activated protein kinases (MAPKs) like 
JNK have been identified in these processes 
(Parker et al., 2018). To investigate the potential 
involvement of intracellular redox states in the 
inhibition of NF-κB signaling by DCY51T-AuNps 
aqueous suspensions, the levels of intracellular 
ROS production were examined. Following 
treatment with 10 μg mL-1 DCY51T-AuNps 
aqueous suspensions, the intracellular ROS level 
was found to be even lower than in untreated cells. 
This outcome suggests that the suppressive effects 

of DCY51T-AuNps aqueous suspensions on 
MAPK and NF-κB signaling are, at least in part, 
associated with a reduction in intracellular ROS 
(Li et al., 2023). 

Impact of DCY51T-AuNps Aqueous 
Suspensions on NO and PGE2 Production in 
RAW264.7 Cells 

The introduction of LPS (1 μg mL-1) resulted 
in an elevation in nitrite production compared to 
RAW264.7 cells not treated with LPS, as 
illustrated in Figure 2A. The assessment of nitrite 
production through Griess reagent assay revealed 
that DCY51T-AuNps aqueous suspensions led to a 
reduction in NO production when compared to 
cells treated with LPS. Cells treated with 
DCY51T-AuNps aqueous suspensions at a 
concentration of 10 μg mL-1 exhibited a similar 
level to the positive control (1 μM 
Dexamethasone). Additionally, qRT-PCR and 
western blot analyses (Figure 2E and F) 
demonstrated a decrease in the expression of 
inducible nitric oxide synthase (iNOS) in LPS-
induced RAW264.7 cells treated with DCY51T-
AuNps aqueous suspensions. Various 
concentrations of DCY51T-AuNps aqueous 
suspensions were observed to reduce LPS-induced 
PGE2 release (Figure 2B). Furthermore, DCY51T-
AuNps aqueous suspensions exhibited a notable 
impact on the mRNA and protein levels of 
cyclooxygenase-2 (COX-2) in LPS-stimulated 
RAW264.7 cells (Figure 2C and D). 

  

 
Figure 1. Effect of DCY51T-AuNps aqueous suspensions on cell viability (A) and intracellular ROS (B) 
of RAW264.7 cells at different concentrations. The presented values represent the mean ± standard 
deviation from three separate experiments. The notation ### signifies a significance level of p < 0.001 
compared to control cells, while * denotes p < 0.05, ** denotes p < 0.01, and *** denotes p < 0.001 in 
comparison to LPS-treated cells, respectively. 
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Figure 2. Nitrite production (A) and PGE2 production (B) were assessed in the culture medium of 
RAW264.7 cells subjected to either LPS stimulation (1 μg mL-1) or left untreated, followed by treatment 
with varying concentrations of DCY51T-AuNps aqueous suspensions (0.1, 1, and 10 μg mL-1) for 24 
hours. Dexamethasone (1 μM) served as a positive control. The evaluation included iNOS mRNA 
expression (C), iNOS protein levels (E), COX-2 mRNA expression (D), and protein levels (F). Both the 
mRNA expression data and Western blot data were normalized to β-actin expression. The presented 
values represent the mean ± SD from three independent experiments. The notation ### denotes a 
significance level of p < 0.001 compared to control cells; * indicates p < 0.05, ** indicates p < 0.01, and 
*** indicates p < 0.001 compared to LPS-treated cells, respectively. 

 
The production of nitric oxide (NO) and 

prostaglandin E2 (PGE2) plays a crucial role in 
inflammation and immunity (Nussler & Billiar, 
1993; Tomita et al., 2011). DCY51T-AuNps 
aqueous suspension demonstrated a dose-
dependent inhibition of LPS-induced NO 
production. In the presence of LPS (1 μg mL-1), 
there was an elevation in nitrite production 
compared to RAW264.7 cells not treated with 
LPS. The Griess reagent assay revealed a 
reduction in NO production when cells were 
treated with DCY51T-AuNps aqueous suspensions 
compared to LPS-treated cells. At a concentration 
of 10 μg mL-1, the cells treated with DCY51T-
AuNps aqueous suspensions exhibited a level 
similar to the positive control, indicating a 
modulation of LPS-induced iNOS expression in 
RAW264.7 cells, consistent with a prior report 
(Abdul et al., 2018). Furthermore, the 
investigation of PGE2 activity in LPS-induced 

RAW264.7 cells treated with varying 
concentrations of DCY51T-AuNps aqueous 
suspensions showed a dose-dependent decrease in 
LPS-induced PGE2 release. Additionally, the 
treatment of DCY51T-AuNps aqueous 
suspensions to LPS-stimulated RAW264.7 cells 
had a notable impact on both mRNA and protein 
levels of COX-2 (cyclooxygenase) (Huang et al., 
2022; Jeong & Jeong, 2010). The results 
unequivocally demonstrated that DCY51T-AuNps 
aqueous suspensions strongly inhibited the 
activities of iNOS and COX-2. 

Effects of DCY51T-AuNps aqueous 
suspensions on the LPS-induced pro-
inflammatory cytokines in RAW264.7 cells  

As depicted in Figure 3A, the presence of 
DCY51T-AuNps aqueous suspensions resulted in 
a significant, dose-dependent inhibition of TNF-α. 
A similar trend was observed in the production of 
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IL-6 at various concentrations of DCY51T-AuNps 
aqueous suspensions (Figure 3B). Our findings 
unequivocally demonstrate that DCY51T-AuNps 
aqueous suspensions effectively suppressed the 
LPS-induced pro-inflammatory cytokines in 
RAW264.7 cells. The qRT-PCR analysis (Figure 
3C and D) further confirmed the downregulation 
of TNF-α and IL-6 expressions in LPS-induced 
RAW264.7 cells. To assess the ability of DCY51T-
AuNps aqueous suspensions to inhibit 
inflammatory mediators, we measured the 
concentrations of TNF-α and IL-6 in the culture 
medium of RAW264.7 cells using ELISA. The 
dose-dependent inhibition of TNF-α by DCY51T-
AuNps aqueous suspensions was significant, 
confirming their suppressive effect on LPS-
induced pro-inflammatory cytokines in 
RAW264.7 cells (Wang et al., 2020). The qRT-
PCR analysis demonstrated a reduction in the 
expressions of TNF-α and IL-6 in LPS-induced 
RAW264.7 cells, consistent with a prior study (de 
Araújo Júnior et al., 2016). 

Suppressive Effects of DCY51T-AuNps 
Aqueous Suspensions on LPS-Induced NF-
κB/MAPK Activation in RAW264.7 Cells 

As depicted in Figure 4, stimulation of 
RAW264.7 cells with LPS resulted in the 
activation of NF-κB, ERK, and JNK compared to 
untreated cells. However, DCY51T-AuNps 
aqueous suspensions distinctly restrained the 
expression of NF-κB and the phosphorylation of 
ERK and JNK in comparison to levels observed in 
LPS-treated RAW264.7 cells. 
Immunofluorescence staining in Figure 5 further 
illustrated that exposure to LPS significantly 
intensified the density of NF-κB (green 
fluorescence), but the co-treatment with DCY51T-
AuNps aqueous suspensions significantly 
impeded LPS-induced nuclear translocation. The 
quantities of nuclear NF-κB p50 increased 
following LPS exposure, and this LPS-induced 
nuclear translocation was significantly hindered 
by DCY51T-AuNps aqueous suspensions. 

 

 
Figure 3. An evaluation was carried out on the production of TNF-α (A), IL-6 (B), TNF-α mRNA 
expression (C), and IL-6 mRNA expression (D). A positive control was provided by 1 μM of 
dexamethasone. The levels of mRNA expression were calibrated against β-actin. The values displayed 
are the average ± standard deviation from three separate studies. *, **, and *** show p < 0.05, p < 0.01, 
and p < 0.001 compared to LPS-treated cells, respectively. The notation ### indicates a significance 
level of p < 0.001 compared to control cells. 
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Figure 4. Assessment of the impact of DCY51T-AuNps aqueous suspensions on NF-κB/MAPK 
activation. RAW264.7 cells were co-treated with various concentrations of DCY51T-AuNps aqueous 
suspensions, with and without LPS (1 μg mL-1). Western blot analysis of NF-κB protein expression (A) 
and the corresponding band density (B) are presented. The phosphorylated expression of the JNK protein 
level was visualized through Western blot (C), and the associated band density is depicted in (D). Protein 
expression levels of phospho-ERK and ERK were examined via Western blot (E). The results of Western 
blot band density analysis were conducted using Image J software (F). The presented values represent 
the mean ± SD from three independent experiments. The notation ### signifies p < 0.001 compared to 
control cells, while * indicates p < 0.05, ** indicates p < 0.01, and *** indicates p < 0.001 compared to 
LPS-treated cells, respectively. 

 
Earlier studies have indicated a connection 

between the gene expression of cytokines and NF-
κB through the MAPK pathway, which serves as 
a crucial signaling pathway in various 
inflammatory diseases (Feng et al., 2011; Jeong & 
Jeong, 2010; T. Wang et al., 2014). In light of this, 
we investigated the impact of DCY51T-AuNps 
aqueous suspensions on the NF-κB/MAPK 
pathway using Western blot analysis. When 
RAW264.7 cells were stimulated with LPS, there 
was an induction of NF-κB, ERK, and JNK 
activation compared to untreated cells. However, 
DCY51T-AuNps aqueous suspensions notably 
inhibited the expression of NF-κB, as well as the 
phosphorylation of ERK and JNK, in comparison 

to levels observed in LPS-treated RAW264.7 
cells, consistent with prior reports (Ahn et al., 
2016; Huang et al., 2022). Immunofluorescence 
staining in Figure 5 further revealed a distinctive 
enhancement in NF-κB density (green 
fluorescence) following LPS exposure. However, 
the co-treatment with DCY51T-AuNps aqueous 
suspensions significantly inhibited LPS-induced 
nuclear translocation. Following LPS exposure, 
there was an increase in the quantities of nuclear 
NF-κB p50, and this LPS-induced nuclear 
translocation was significantly hindered by 
DCY51T-AuNps aqueous suspensions (Sani et al., 
2021). 
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Figure 5. DCY51T-AuNps aqueous suspensions suppressed the nuclear translocation of NF-κB induced  

   by LPS in RAW 264.7 cells. 
 
The novelty of this research is underscored by 

its exploration of gold nanoparticles derived from 
a probiotic source for biomedical applications. 
Specifically, the use of Lactobacillus kimchicus 
DCY51T sets this study apart, emphasizing a 
unique approach to nanoparticle synthesis. The 
research reveals that these DCY51T-AuNps 
exhibit both significant antioxidant capabilities 
and a low irritant effect on RAW264.7 
macrophages. This novel synthesis method opens 
up possibilities for innovative therapeutic 
interventions, contributing to advancements in the 
field of nanomedicine. Beyond the laboratory 
setting, the findings of this research hold profound 
implications for society. The potential of 
DCY51T-AuNps as a novel therapeutic agent for 
inflammation signifies a step forward in 
developing more effective and targeted treatments 
for inflammatory conditions. The innovative use 
of probiotic-derived nanoparticles introduces a 
sustainable and biocompatible approach, aligning 
with the growing demand for environmentally 
friendly medical solutions. Furthermore, the anti-
inflammatory effects demonstrated by DCY51T-
AuNps present a promising avenue for addressing 
health challenges associated with inflammation, 
impacting the quality of life for individuals 
suffering from related conditions. The 
translational potential of this research suggests 
that, in the future, these nanoparticles could 

contribute to the development of advanced 
therapies with reduced side effects, thus 
enhancing overall healthcare outcomes for 
society. As such, the societal impact of this 
research extends to improved healthcare strategies 
and potential advancements in the broader field of 
nanomedicine. 

Addressing this limitation would involve 
considering additional cell lines or animal models 
to validate and extrapolate the observed effects. 
Additionally, in vivo studies involving animal 
models could bridge the gap between in vitro 
findings and potential clinical applications. While 
our study provides valuable insights into the anti-
inflammatory properties of DCY51T-AuNps, the 
specific mechanisms underlying their action 
remain incompletely understood.     

The novelty lies in using a probiotic-derived 
synthesis method, offering a sustainable and 
biocompatible approach to nanoparticle 
production. The benefit of this research not only 
underscores the anti-inflammatory prowess of 
DCY51T-AuNps on RAW264.7 macrophages but 
also contributes to the broader scientific discourse 
on the biomedical applications of gold 
nanoparticles synthesized from probiotic sources, 
potentially benefiting the development of new 
anti-inflammatory therapies and advancing 
nanomedicine. 
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CONCLUSION     

The conclusion is, that the treatment of 
RAW264.7 cells with DCY51T-AuNps aqueous 
suspensions inhibited LPS-induced inflammatory 
mediators by suppressing the protein and mRNA 
expression of iNOS and COX-2. DCY51T-AuNps 
aqueous suspensions also decreased the mRNA 
expression of IL-6 and TNF-α in LPS-stimulated 
RAW264.7 cells. These effects are revealed by the 
blockage of NF-κB activation and the 
phosphorylation of ERK and JNK. This study 
successfully explored the potential of DCY51T-
AuNps in modulating inflammatory responses in 
RAW264.7 macrophage cells, thereby achieving 
the research objective.  

In addition to highlighting the promising 
therapeutic potential of DCY51T-AuNps, it is 
imperative to acknowledge the current study's 
limitations, providing a more nuanced 
perspective. One potential limitation could be the 
focus on a specific cell line (RAW264.7) in vitro, 
which may not fully represent the complex in vivo 
environment. Future investigations could delve 
deeper into the intracellular pathways and 
signaling cascades affected by DCY51T-AuNps, 
offering a more detailed molecular understanding. 
Exploring the potential cytotoxic effects and long-
term impacts on different cell types could also 
provide a more comprehensive safety profile, 
crucial for future therapeutic applications. 
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