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ABSTRACT: The genus Mangifera belongs to the family Anacardiaceae; Mangifera indica (mango) is the best-known species. 
However, our understanding of the anti-inflammatory effects of M. indica var. teloor extract (MIE) remains limited. There-
fore, this study evaluated the anti-inflammatory and antioxidant activities of teloor extracts in murine macrophage RAW 
264.7 cells. The MIE significantly suppressed lipopolysaccharide (LPS)-induced nitric oxide (NO) production and induci-
ble NO synthase (iNOS) expression, in a dose-dependent manner without causing cytotoxicity. Moreover, MIE inhibited 
LPS-induced p65 phosphorylation. Cytosol and nucleus fractionation, and Western blots showed that the MIEs suppressed 
LPS-induced cytosol-nucleus translocation of p65. Furthermore, MIE attenuated LPS-induced abnormal reactive oxygen 
species production and expression of genes encoding pro-inflammatory cytokines, including interleukin-6 (IL-6) and tu-
mor necrosis factor- (TNF-). These findings suggest that MIE can serve as a functional food ingredient that modulates 
the NF-kappa B signaling pathway to exert anti-inflammatory and antioxidant activities.
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INTRODUCTION

The primary function of inflammation is to eliminate 
harmful stimuli, such as pathogens, or damaged cells and 
initiate the repair of injured tissues. In contrast, when 
acute inflammation fails to resolve properly and becomes 
chronic, it promotes the onset of various chronic inflam-
matory diseases, including chronic obstructive pulmonary 
disease and inflammatory bowel disease (Kim and Lee, 
2024). These conditions play a prominent role in global 
mortality, as more than 50% of deaths may be associated 
with inflammation-driven diseases (Noren Hooten et al., 
2023). Therefore, appropriate regulation of these proc-
esses and attenuation of excessive inflammation are cru-
cial strategies for preventing disease progression and 
maintaining physiological homeostasis. 

Intracellular signaling pathways regulate the production 
of inflammatory mediators during immune responses. 
Among them, the NF-kappa B (NF-B) pathway is a well- 
characterized pro-inflammatory cascade activated by pro- 
inflammatory signals, Toll-like receptors, and lymphocyte 
receptors (Barnabei et al., 2021). NF-B exists as a het-

erodimer composed of p65 and p50, which, in its in-
active state, is retained within the cytoplasm (Jang et al., 
2024). Upon lipopolysaccharide (LPS) stimulation, the 
NF-B complex is released, allowing p65 to translocate 
into the nucleus and binds to promoter regions of in-
flammation-related genes, including inducible nitric ox-
ide synthase (iNOS) (Magnani et al., 2000), to regulate 
their transcription. Thus, the NF-B signaling pathway 
plays a central role in regulating inflammation and mod-
ulating immune responses, thereby representing a major 
therapeutic target. 

Reactive oxygen species (ROS) are highly active mole-
cules involved in essential cellular processes, including 
autophagy, immune responses, and receptor-mediated sig-
naling (Martinvalet and Walch, 2021). Nitric oxide (NO) 
functions as a key signaling molecule and participates in 
various physiological responses, including inflammation 
and immune regulation (Coleman, 2001). However, ex-
cessive ROS and NO production induce oxidative stress, 
exaggerated inflammatory responses, and the expression 
of inflammation-related mediators, such as iNOS (Mittal 
et al., 2014). Pro-inflammatory cytokines are rapidly in-
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duced by stimuli such as LPS (Page et al., 2022). Tumor 
necrosis factor- (TNF-) is a potent pro-inflammatory 
mediator that plays an essential role in immune regu-
lation during inflammation; it induces severe cytotox-
icity, leading to tumor necrosis following immune acti-
vation (Zelová and Hošek, 2013). Interleukin-6 (IL-6) is 
a critical mediator of immune responses crucial for host 
defense; however, excessive or persistent IL-6 expression 
promotes the progression of various inflammatory dis-
eases and cancers (Tanaka et al., 2016).

Nonsteroidal anti-inflammatory drugs, corticosteroids, 
and disease-modifying antirheumatic drugs are commonly 
used to treat inflammatory disorders. Nevertheless, these 
conventional therapies exhibit several limitations, includ-
ing adverse effects, organ toxicity, and drug resistance 
(Narayanan, 2025). Consequently, identifying safe, natu-
rally derived anti-inflammatory agents has become im-
perative. Mangifera indica var. teloor, a variant of mango 
native to Malaysia, is one such candidate; however, elu-
cidation of its anti-inflammatory and antioxidant proper-
ties remains limited, warranting further investigation.

Therefore, this study aimed to evaluate the anti-in-
flammatory and antioxidant activities of M. indica var. te-
loor extract (MIE) in LPS-stimulated RAW 264.7 murine 
macrophages. Specifically, we assessed the ability of MIE 
to suppress iNOS expression, NO production, oxidative 
stress, NF-B-associated transcriptional activity, and in-
flammatory cytokine production, to determine its poten-
tial as a functional health-promoting bioactive ingre-
dient.

MATERIALS AND METHODS 

Materials and reagents
Dulbecco’s modified Eagle’s medium (DMEM), 1% anti-
biotic (penicillin/streptomycin solution), and 10% fetal 
bovine serum (FBS) were purchased from Thermo Fisher 
Scientific. LPS derived from Escherichia coli O111:B4 
(LPS25) and thiazolyl blue tetrazolium bromide were 
bought from Sigma-Aldrich. For Western blots, the pri-
mary antibodies against iNOS, cyclooxygenase-2 (COX-2), 
phospho-p65 (Ser536), p65, /-tubulin, and PCNA 
were obtained from Cell Signaling Technology, whereas 
anti--actin was purchased from Santa Cruz Biotech. 
Antibodies were diluted 1:1,000 in 1x Tris-buffered sal-
ine (TBS) containing 0.1% TweenⓇ 20 Detergent (TBS-T) 
according to the protocols provided. Horseradish perox-
idase-conjugated secondary antibodies, Pierce Goat Anti- 
Mouse IgG (H+L), and Pierce Goat Anti-Rabbit IgG 
(H+L), were purchased from Thermo Fisher Scientific. 
NE-PERTM Nuclear and Cytoplasmic Extraction Reagents 
were purchased from Thermo Fisher Scientific.

Sample preparation and extraction 
The MIE (FBM287-075) used in this study was collected 
from Serdang, Selangor, Malaysia, and provided by the 
Korea Research Institute of Bioscience and Biotechnolo-
gy (KRIBB), Daejeon, South Korea. The plant samples 
were collected and identified by Prof. Rusea Go from the 
Department of Biology, Universiti Putra Malaysia, Seri 
Kembangan, Malaysia. A voucher specimen “MK319” 
was deposited in the KRIBB herbarium. The leaves and 
stems of M. indica var. teloor were collected, ground, 
shade-dried, and powdered. Then, 70 g of the material 
was mixed with 1 L of 99.9% methanol (HPLC grade). 
Subsequently, the samples were extracted at room tem-
perature (RT) with an ultrasonic extractor (SDN-900H, 
SD-Ultrasonic Co., Ltd.) for 30 cycles: 40 kHz, 1,500 W, 
15 min ultrasonication, 120 min standing/cycle. The ex-
tract was filtered (Qualitative Filter No. 100, Hyundai 
Micro Co., Ltd.) and vacuum-dried. Thus, 70 g of plant 
material yielded 2 g of extract, with a final yield of 2.86%. 
This extract was dissolved in dimethyl sulfoxide (DMSO, 
Sigma-Aldrich) to obtain a concentration of 100 mg/mL.

Cell culture
The murine macrophage cell line RAW 264.7 was pur-
chased from the Korean Cell Line Research Foundation, 
Seoul, South Korea. The cells were cultured in DMEM or 
high-glucose medium supplemented with 10% FBS and 
1% antibiotics at 37°C in an incubator with 5% CO2.

Cytotoxicity assessment 
RAW 264.7 cells were seeded into 96-well plates at 
2×105 cells/mL, 100 L per well, and incubated under 
5% CO2 at 37°C for 24 h. After draining the medium, 
the cells were treated with MIE at 25, 50, and 100 
g/mL－100 L per well－and incubated for another 24 
h. Subsequently, 10 L of MTT was added to each well, 
and the plates were incubated for 2 h. Finally, 80 L of 
the supernatant from each well was collected, 100 L of 
DMSO was added, the plate was wrapped with alumi-
num foil (to avoid light exposure), and shaken at 100 
rpm for 30 min. The absorbance at 595 nm of each well 
was then measured using a microplate reader (Molecular 
Devices) to evaluate cytotoxicity.

Quantification of NO
RAW 264.7 cells were seeded into 96-well plates at 
3×105 cells/mL, 200 L per well, and incubated under 
5% CO2 at 37°C for 24 h. After draining the medium, 
the cells were pre-treated with MIE at 25, 50, and 100 
g/mL－200 L per well－for 1 h. Subsequently, 25, 50, 
or 100 g/mL MIE dissolved in a medium containing 1 
g/mL LPS was added－200 L per well－and incubated 
for 24 h. Finally, 100 L of each cell culture supernatant 
was transferred to a fresh 96-well plate. Sodium nitrite 
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(Sigma-Aldrich Co.) served as a standard. It was diluted 
to a concentration range of 0－100 M and added at 100 
L per well. Equal volumes of Griess A [0.2% N-(1- 
naphthyl)-ethylenediamine dihydrochloride] and Griess 
B (1% sulfanilamide in 5% phosphoric acid) were then 
added to all wells. The plate was shaken for 15 min, and 
the absorbance at 550 nm was measured using a micro-
plate reader. The absorbance values of different concen-
trations of sodium nitrite were used to generate a stand-
ard curve for NO. 

Western blots 
RAW 264.7 cells were seeded into Petri dishes at 2×105 
cells/mL and incubated under 5% CO2 at 37°C for 24 h. 
Then, the dishes were placed on ice, the medium was re-
moved, and the cells were washed twice with phosphate- 
buffered saline (PBS). Cell lysis buffer (Cell Signaling 
Technologies) was added, and the cell lysates were col-
lected in 1.5 mL tubes. The tubes were kept on ice and 
vortexed 3 times for >30 min. They were then centri-
fuged at 13,572 g and 4°C for 15 min. The supernatant 
was collected, and its protein concentration was deter-
mined employing a DC Protein Assay kit (Bio-Rad 
Laboratories, Inc.). The cell lysates were diluted with 
sterile distilled water and 5X SDS sample buffer and 
loaded onto a 10% acrylamide gel. Proteins were sepa-
rated via electrophoresis and then transferred to a poly-
vinylidene difluoride membrane (Immobilon-P transfer 
membrane, Millipore) at 4°C for 1 h. To prevent non- 
specific binding, the membrane was blocked with TBS-T 
containing 5% skim milk at RT for 1 h and then in-
cubated with primary antibodies at 4°C overnight. Then, 
the membrane was washed 3 times with TBS-T and in-
cubated with the appropriate secondary antibody at RT 
for 1 h. Finally, the membrane was rewashed 3 times 
with TBS-T and treated with the Lumi Plus reagent. Pro-
teins were visualized and quantified with GeneGnome 
XRQ NPC system (Syngene). Cytosolic and nuclear frac-
tions were isolated using NE-PERTM Nuclear and Cyto-
plasmic Extraction Reagents according to the manu-
facturer’s instructions. The extracted proteins were 
quantified using a DC Protein Assay kit and subjected to 
Western blot analysis.

Immunofluorescence assays
RAW 264.7 cells were seeded into an 8-well chamber 
(ibidi) at 1×105 cells/mL, 200 L per well, and incu-
bated under 5% CO2 at 37°C for 24 h. After removing 
the medium, the cells were pre-treated with MIE at 25, 
50, or 100 g/mL－200 L per well－for 1 h. Subse-
quently, they were treated with MIE at 25, 50, or 100 
g/mL dissolved in a medium containing 1 g/mL LPS－ 
200 L per well－for 24 h. Next, 4% formaldehyde was 
added to the plates at 200 L/well and incubated for 15 

min. After fixation, the cells were permeabilized with 
cold 100% methanol. The samples were blocked at RT 
for 1 h and then incubated overnight with the primary 
anti-p65 antibody at 4°C. Afterward, the samples were 
incubated with the secondary antibody: Alexa FluorⓇ 488- 
conjugated goat anti-rabbit IgG H&L (Abcam) for 1 h, 
followed by nuclear staining with DAPI (VECTASHIELD, 
Vector Laboratories). The translocation of p65 was vi-
sualized using fluorescence microscopy (Leica Microsys-
tems).

Evaluation of ROS scavenging activity
RAW 264.7 cells were seeded into 96-well plates at 
3×105 cells/mL, 100 L per well, and incubated under 
5% CO2 at 37°C for 24 h. After removing the medium, 
the cells were pre-treated with MIE at 25, 50, or 100 
g/mL－100 L per well－for 1 h. Subsequently, they 
were treated with MIE at 25, 50, or 100 g/mL dissolved 
in a medium containing 1 g/mL LPS－200 L per 
well－and incubated for 24 h. Next, each well was wash-
ed twice with 200 L of PBS and 200 L of serum-free 
medium containing 2’,7’-dichlorofluorescein diacetate 
(DCF-DA; 20 mM) and incubated for 30 min. After 
staining, the wells were washed twice with 200 L PBS. 
The intensity of ROS-induced fluorescence was meas-
ured at 485－535 nm with a microplate fluorometer 
(Molecular Devices). ROS generation was visualized us-
ing fluorescence microscopy and analyzed by employing 
the LAS X microscope software (Leica Microsystems).

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR)
RAW 264.7 cells were seeded into Petri dishes at 2×105 
cells/mL and incubated under 5% CO2 at 37°C for 24 h. 
The cells were then pre-treated with MIE at 25, 50, or 
100 g/mL for 1 h, and stimulated with 1 g/mL LPS for 
24 h. Next, the Petri dishes were placed on ice, the me-
dium was removed, and the cells were washed twice 
with PBS. Total RNA was extracted using RNA isolation 
buffer (Takara Bio), and cDNA was synthesized using 
ReverTra AceTM qPCR RT Master Mix (TOYOBO) and 
DEPC-treated water. qRT-PCR was performed on the 
CFX Connect real-time PCR detection system (Bio-Rad 
Laboratories) to amplify specific genes. The expression 
levels of pro-inflammatory cytokine-encoding genes were 
normalized to those of the housekeeping gene GAPDH 
using the Cq method. The primer nucleotide se-
quences for TNF- and IL-6 are presented in Table 1.

Statistical analysis
All results are presented as the mean±standard devia-
tion. The data were analyzed using GraphPad Prism 9 
software. Differences between the control and MIE-treat-
ed groups were analyzed using a t-test and one-way 
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Fig. 1. Effect of Mangifera indica var. teloor extract (MIE) on lipopolysaccharide (LPS)-induced nitric oxide (NO) production and 
viability in RAW 264.7 cells. (A) MIE inhibited LPS-induced NO production in a dose-dependent manner. (B) MIE at any concentration 
did not affect cell viability. The cells were treated with MIE at 25, 50, or 100 g/mL for 24 h. #P<0.05 indicates a statistically 
significant difference between the control and LPS-treated groups, while **P<0.01 and ***P<0.001 represent statistically significant 
variations between the LPS+MIE-treated and LPS-exposed groups. Data are presented as the mean±standard deviation of three 
independent experiments.

Table 1. Primer sequences of the target-gene-specific primers

Target gene Sense strand (5’→3’) Antisense strand (3’→5’)

Mouse GAPDH TCA ACG GCA CAG TCA AGG ACT CCA CGA CAT ACT CAG C
Mouse TNF- TGG AAC TGG CAG AAG AGG CAC T AGA GGC TGA GAC ATA GGC ACC G
Mouse IL-6 TGG GAC TGA TGC TGG TGA CAA C AGC CTC CGA CTT GTG AAG TGG T

TNF- , tumor necrosis factor-; IL-6, interleukin-6.

analysis of variance. Statistical significance was deter-
mined at P<0.05 compared with the control group.

RESULTS AND DISCUSSION

Effects of MIE on LPS-induced NO production and 
viability in RAW 264.7 cells
NO is a critical signaling molecule that regulates vas-
cular function, immune responses, and the activities of 
immune and inflammatory cells under normal physio-
logical conditions (Yin et al., 2019). However, excessive 
NO production can trigger abnormal inflammatory re-
sponses and contribute to the pathogenesis of chronic 
inflammatory diseases, including tissue damage (Wang 
et al., 2015). Thus, this study investigated the inhibitory 
influence of MIE on LPS-induced overproduction of NO 
in RAW 264.7 cells. Compared to the control group, 
treatment with 1 g/mL LPS significantly increased NO 
biosynthesis; in contrast, pre-treatment with MIE at 
concentrations of 25, 50, and 100 g/mL markedly sup-
pressed NO production in a dose-dependent manner 
(Fig. 1A). Notably, NO production was inhibited by 
75.7% with 100 g/mL treatment group. Jo et al. (2025) 
have previously reported that extracts of Urceola poly-
morpha (Pierre ex Spire) D.J. Middleton & Livsh. in-
hibited NO biosynthesis by 74.6%, and that of Pyrolae 
herba extract suppressed production by 42.9% (Lee et al., 
2007). While these comparisons provide a reference, 
such pronounced effects of MIE are likely attributable to 

its remarkable interference with LPS-induced inflamma-
tory signaling pathways that regulate iNOS expression 
and excessive NO production, rather than to a general-
ized cell-level suppression (Li et al., 2002). From this 
mechanistic perspective, the concentration-dependent 
reduction in NO production by MIE appears to reflect 
the stepwise inhibition of LPS-induced iNOS expression 
and its upstream components of inflammatory signaling 
cascades. Therefore, these findings suggest that MIE re-
markably attenuates LPS-induced inflammation by regu-
lating NO biosynthesis. Furthermore, MTT assay results 
showed that MIE was not cytotoxic at the test concen-
trations, indicating that it can safely inhibit inflamma-
tory responses in RAW 264.7 cells without affecting via-
bility (Fig. 1B).

Effects of MIE on LPS-induced iNOS and COX-2 
expression in RAW 264.7 cells
NO, synthesized by iNOS, is a vital inflammatory media-
tor iNOS (Choi et al., 2009). Meanwhile, excessive NO 
levels are closely linked to the pathogenesis of inflam-
matory diseases. Pre-treatment with MIE significantly 
reduced LPS-induced NO production in a dose-depend-
ent manner. We further evaluated the effects of MIE on 
the expression of iNOS and COX-2 using Western blots. 
Pre-treatment effectively suppressed iNOS expression in 
a dose-dependent manner but not that of COX-2 (Fig. 2). 
This selective inhibition iNOS may be attributed to var-
iations in the regulatory mechanisms governing these 
two inflammation-associated genes. Although iNOS and 
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Fig. 2. Effect of Mangifera indica var. teloor extract (MIE) on lipopolysaccharide (LPS)-induced inducible NO synthase (iNOS) and 
cyclooxygenase-2 (COX-2) expression in RAW 264.7 cells. (A) MIE inhibited the LPS-induced enhancement in the expression of 
iNOS in a dose-dependent manner but did not affect COX-2. The cells were treated with MIE at 25, 50, or 100 g/mL for 24 
h. (B) Quantitative analysis of the suppressive effects of MIE on LPS-induced iNOS protein expression. The protein contents of 
iNOS, COX-2, and -actin were determined by Western blots. #P<0.05 indicates a statistically significant difference between the 
control and LPS-treated groups, while ***P<0.001 represents statistically significant variations between LPS+MIE-treated and 
LPS-exposed groups. Data are presented as the mean±standard deviation of three independent experiments.

Fig. 3. Effect of Mangifera indica var. teloor extract (MIE) on lipopolysaccharide (LPS)-induced activation of the NF-B signaling 
pathway in RAW 264.7 cells. (A and B) MIE inhibited LPS-induced phosphorylation of p65 in a dose-dependent manner. The cells 
were treated with MIE at 25, 50, or 100 g/mL for 30 min. The p65 and -actin were quantified by Western blots. #P<0.05 indicates 
a statistically significant difference between the control and LPS-treated groups, while ***P<0.001 represents statistically significant 
variations between LPS+MIE-treated and LPS-exposed groups. Data are presented as the mean±standard deviation of three in-
dependent experiments.

COX-2 are downstream targets of NF-B signaling, iNOS 
expression is more strongly dependent on NF-B activa-
tion. In contrast, that of COX-2 is regulated by multiple 
transcription factors, including CRE and AP-1, which may 
render it less sensitive to a partial suppression of NF-B 
signaling (Lee et al., 2009). Post-transcriptional regulatory 
mechanisms may also contribute, as iNOS mRNA is less 
stable and more susceptible to degradation than COX-2 
transcripts (Lisi et al., 2011). Therefore, the preferential 
downregulation of iNOS by MIE suggests that it selec-
tively interferes with inflammatory pathways governing 
excessive NO biosynthesis rather than broadly suppress-
ing all pro-inflammatory enzymes. Collectively, these 
findings indicate that MIE exerts anti-inflammatory im-
pacts in RAW 264.7 cells mainly by inhibiting iNOS-me-
diated NO production rather than affecting COX-2 pro-
tein expression.

Effects of MIE on LPS-induced NF-B signaling in RAW 
264.7 cells
Activation of the NF-B pathway is commonly evaluated 

based on the phosphorylation status of p65, the major 
transcriptionally active subunit of NF-B. It provides a 
reliable indicator of NF-B activation without the need 
to assess additional pathway components (Hochrainer et 
al., 2013); thus, we employed this method to evaluate 
whether MIE affects NF-B pathway activation. The re-
sults revealed that MIE remarkably inhibited LPS-in-
duced p65 phosphorylation in RAW 264.7 cells (Fig. 3), 
suggesting that MIE may suppress NF-B activation by 
inhibiting p65 phosphorylation, thereby reducing iNOS 
expression and inflammatory responses.

Effects of MIE on LPS-induced nuclear translocation of 
p65 in RAW 264.7 cells
The cytoplasm-nucleus translocation of p65 is a key in-
dicator of NF-B activation (Florio et al., 2022). Paeonia 
lactiflora extracts exerted an anti-inflammatory influence 
by inhibiting translocation of p65 from the cytoplasm to 
the nucleus (Kim et al., 2021). Therefore, we evaluated 
the impacts of MIE on LPS-induced p65 translocation in 
RAW 264.7 cells. Subsequent immunofluorescence anal-
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Fig. 4. Effect of Mangifera indica var. teloor extract (MIE) on lipopolysaccharide (LPS)-induced translocation of p65 from the cyto-
plasm to the nucleus in RAW 264.7 cells. (A, B, and C) MIE suppressed this translocation in a dose-dependent manner. Cells 
were treated with MIE at 25, 50, or 100 g/mL for 24 h. Fluorescence intensities of five randomly selected cells per group were 
quantified. #P<0.05 indicates a statistically significant variation between the control and LPS-treated groups, while *P<0.05 and 
***P<0.001 represent statistically significant differences between the LPS+MIE-treated group and the LPS-exposed group. Data 
are presented as the mean±standard deviation of three independent experiments. Scale bar=20 m.

ysis revealed that LPS significantly enhanced p65 trans-
location; in contrast, MIE markedly attenuated this trans-
location in a concentration-dependent manner (Fig. 4). 
These findings indicate that MIE suppresses NF-B acti-
vation by inhibiting the nuclear translocation of p65, 
thereby contributing to the anti-inflammatory effect.

Effects of MIE on LPS-induced alterations in inflammatory 
cytokines in RAW 264.7 cells
Cytokines coordinate immune cell activity and regulate 
inflammation to combat infection. However, excessive 
cytokine production can lead to hyperinflammation, there-
by serving as a critical marker of dysregulation in the in-
flammatory response (Fajgenbaum and June, 2020). Con-
sequently, we investigated the regulatory effects of MIE 
on LPS-induced inflammatory responses in RAW 264.7 
cells by analyzing the transcription of inflammatory cy-
tokine-encoding genes using qRT-PCR. These results 
showed that LPS stimulation markedly increased TNF- 
and IL-6 mRNA levels compared with the control group. 
However, MIE pre-treatment markedly suppressed LPS-in-
duced upregulation of TNF- in a dose-dependent man-

ner (Fig. 5A). LPS-induced expression of IL-6 was sup-
pressed by MIE pre-treatment, although the reduction 
was statistically insignificant (Fig. 5B). These findings 
indicate that MIE possesses anti-inflammatory activity 
by downregulating critical inflammatory cytokines, such 
as TNF-, while reducing IL-6 expression. 

Effects of MIE on LPS-induced ROS production in RAW 
264.7 cells
Elevated ROS levels contribute to the initiation and pro-
gression of inflammation, linking oxidative stress to var-
ious inflammatory diseases (Mittal et al., 2014). Since 
the two are closely interconnected, we evaluated the im-
pacts of MIE on LPS-induced ROS production in RAW 
264.7 cells using DCF-DA. LPS significantly enhanced 
ROS generation, which was markedly attenuated by 100 
g/mL MIE, reducing ROS synthesis by 69.5% (Fig. 6). 
Fluorescence microscopy observations supported these 
results (Fig. 6B). Zanthoxylum myriacanthum Wall. ex 
Hook. f. extracts inhibited LPS-induced ROS produc-
tion by ∼51.4% (Seong et al., 2024). These findings 
suggest that MIE can attenuate LPS-induced ROS syn-
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Fig. 5. Effect of Mangifera indica var. teloor extract (MIE) on lipopolysaccharide (LPS)-induced alterations in inflammatory cytokine 
levels in RAW 264.7 cells. (A and B) MIE suppressed the LPS-induced upregulation of tumor necrosis factor- (TNF- ) and inter-
leukin-6 (IL-6). Cells were treated with MIE at 25, 50, or 100 g/mL for 24 h. #P<0.05 indicates a statistically significant variation 
between the control and LPS-treated groups, while *P<0.05 and **P<0.01 represent statistically significant differences between 
LPS+MIE-treated and LPS-exposed groups. Data are presented as the mean±standard deviation of three independent experiments.

Fig. 6. Effect of Mangifera indica var. teloor extract (MIE) on lipopolysaccharide (LPS)-induced reactive oxygen species (ROS) pro-
duction in RAW 264.7 cells. (A and B) MIE suppressed LPS-induced ROS generation in a dose-dependent manner. Cells were 
treated with MIE at 25, 50, or 100 g/mL for 24 h. #P<0.05 represents a statistically significant difference between the control 
and LPS-treated groups, while *P<0.05 and **P<0.01 indicate statistically significant variations between the LPS+MIE-treated and 
LPS-exposed groups. Data are presented as the mean±standard deviation of three independent experiments. Scale bar=50 m.

thesis in RAW 264.7 cells, demonstrating its potential 
as an antioxidant with free-radical-scavenging activity. 

We identified MIE as one of the most potent natural 
anti-inflammatory materials by screening the plants ob-
tained from the KRIBB for NO inhibition. MIE signifi-
cantly inhibited LPS-induced NO production and iNOS 
expression at non-cytotoxic concentrations. Moreover, 
MIE suppressed the phosphorylation of p65 and its sub-
sequent cytoplasm-nucleus translocation. MIE also re-
duced LPS-induced ROS production and the mRNA lev-
els of pro-inflammatory cytokines markedly. These find-
ings suggest that MIE may serve as an anti-inflammatory 
agent by regulating LPS-induced iNOS and NO produc-
tion, as well as NF-B signaling pathway activation.
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