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Melatonin induces anti-inflammatory effects via
endoplasmic reticulum stress in RAW264.7 macrophages
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Abstract. Melatonin, which is predominantly secreted by the
pineal gland and is released into the blood, appears to have
anti-inflammatory properties. Several studies have shown that
melatonin can relieve lipopolysaccharide-induced inflamma-
tory responses of RAW264.7 cells. However, the mechanisms
underlying this anti-inflammatory effect remain to be fully
elucidated, particularly the association between melatonin
and endoplasmic reticulum (ER) stress (ERS). Therefore,
the present study examined the anti-inflammatory activity
of melatonin in RAW?264.7 cells and analyzed its molecular
mechanisms in ERS. The RAW264.7 cells were stimulated by
lipopolysaccharide and treated with melatonin. A Cell Counting
Kit-8 assay was used to assess the toxicity of melatonin. The
degree of inflammation was evaluated using ELISA. The
expression levels of ERS-associated protein molecules were
examined using reverse transcription-quantitative polymerase
chain reaction and western blot analyses. The results revealed
that melatonin had no toxic effect on the RAW264.7 cells at
the range of concentrations used in the experiment. Lipo-
polysaccharide stimulated the cells to produce inflammatory
molecules; in the early stage, proteins associated with ERS
increased, and then apoptosis occurred. The cells treated
with melatonin exhibited attenuated inflammation, decreased
expression of ERS-associated proteins and inhibition of apop-
tosis. Taken together, the results of the present study showed
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that melatonin may attenuate the inflammatory response by
inhibiting the activation of ERS in RAW264.7 macrophages.

Introduction

The endoplasmic reticulum (ER) is one of the most important
organelles in a cell; ER regulates calcium storage, lipid synthesis
and protein folding. A physiological imbalance between the
cellular demand for protein folding and the capacity of the
ER to promote protein maturation leads to the accumulation
of unfolded proteins in the ER lumen (1,2). This can cause
ER stress (ERS), which includes three aspects: i) Increase in
the transcription and expression of ER proteins; ii) reduction
in the speed of unfolded protein (UP) translation, preventing
too many UPs from entering the ER; and iii) degradation of
UPs by ER-associated degradation (3). This process is termed
the unfolded protein response (UPR). The UPR is initiated
by three ER transmembrane proteins: Basic leucine-zipper
transcription factor activation of transcription factor 6 (ATF6),
PKR-like ER-associated kinase (PERK) and endonuclease
inositol-requiring enzyme 1 (IRE1) (4-6). When unfolded
proteins aggregate in the ER lumen, they activate the ER
membrane proteins and initiate the UPR. A moderate level of
ERS is protective, however, when ERS becomes irreversible and
normal functions cannot be restored, an apoptotic signal is initi-
ated; in this way, the cells ultimately induce programmed cell
death, or apoptosis. ERS-induced apoptosis includes the expres-
sion/activation of ERS-associated pro-apoptotic molecules,
including C/EBP homologous protein (CHOP) and caspase 12.
These can activate apoptotic proteins downstream of ERS,
including B-cell lymphoma 2 (Bcl-2)-associated X protein (Bax)
and caspase 3 (7). Inflammation is one of the most common
reactions in several diseases, and is a major factor leading to
local environmental changes and the regulation of ERS in cells.

Melatonin (C;H,;,N,O,; MLT) is predominantly secreted
by the pineal gland; however, the retina, tear ducts and skin
can also produce low levels of melatonin in mammals (8-10).
Melatonin is considered a compound with numerous potential
applications due to its several biological functions, including
improvement of sleep, combating aging, regulating immunity
and suppressing tumors (11,12). In addition, MLT can exhibit
anti-oxidant and anti-inflammatory activities. Several studies
have indicated that the nuclear factor (NF)-kB pathway is
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important in inflammatory diseases. The administration of
exogenous MLT causes anti-inflammatory effects via the
NF-«B pathway (13), and studies have found that MLT can
interfere with the NF-kB pathway in the lung tissues of
an asthma rat model (14). This effect also occurs in stress
ulcers (15) and inflammatory bowel disease (16).

However, whether MLT exerts its anti-inflammatory effect
via ERS remains to be elucidated. The present study examined
the potential role of MLT in controlling the ERS-associated
signaling pathway to reduce inflammation in macrophages.

Materials and methods

Cell culture. The RAW264.7 macrophage cell line, purchased
from the American Type Culture Collection (ATCC; Manassas,
VA, USA), was cultured in DMEM/high glucose with 10%
fetal bovine serum (FBS; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany). The cells were incubated at 37°C under
a humidified atmosphere of 5% CO,. The nutrient solution
was refreshed approximately every 48 h, and the cells were
passaged every 3-4 days.

Cell Counting Kit-8 (CCK-8) assay. Drug toxicity was assayed
using a CCK-8 assay (Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan) assay. A RAW264.7 cell suspension was
seeded into 96-well plates (100 pl/well; 1x10* cells/well).
Following culture for 24 h, the plating medium was replaced.
The MLT was dissolved in fresh medium at different concentra-
tions (125, 250 and 500 gmol/l). A control was supplemented
in the culture medium. Each group consisted of three parallel
wells. Following incubation for 24 h, the CCK-8 was added
to the culture media, and a plate reader (Infinite® 200 PRO
NanoQuant; Tecan Austria GmbH, Grodig, Austria) was used to
measure the supernatant in each well at a wavelength of 450 nm.
Each experiment was performed in triplicate. Cell viability in
each group was calculated from the absorbance measured.

Cell treatment. A RAW264.7 cell suspension was seeded into
6-well plates (2 ml/well; 5x10° cells/well). Following culture
for 24 h, the plating medium was replaced with DMEM without
10% FBS. After 24 h, MLT (Sigma-Aldrich; Merck KGaA)
was dissolved in fresh medium at different concentrations
(125, 250 and 500 pgmol/l), whereas the cells in the control
and lipopolysaccharide (LPS) group were incubated in culture
medium. After 1 h, LPS (Sigma-Aldrich; Merck KGaA) was
added at a concentration of 1 yg/ml to the cells in the LPS and
MLT (125,250 and 500 pmol/l) groups for 6 h. To investigate
the effects of LPS on the ERS pathway for different durations
of functional treatment, the cells were treated with 1 pg/ml
LPS for 0, 3, 6, 12 and 24 h.

ELISA. Following treatment, the culture supernatants of the
cells were collected with the centrifugation (2,500 x g for
10 min at 4°C). The concentrations of tumor necrosis factor
(TNF)-a, interleukin (IL)-1 and IL-6 in the culture super-
natants were assessed using ELISA (R&D Systems, Inc.,
Minneapolis, MN, USA) according to the manufacturer's
instructions. The analyses were performed in triplicate in
96-well plates (Nunc; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), which had been coated with 100 pl
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aliquots of either anti-mouse TNF-a (cat. no. MAB4101),
IL-1 (cat. no. MAB401) or IL-6 (cat. no. MAB406) (all from
R&D Systems, Inc.) monoclonal antibodies (dilutions for all
1:500) in phosphate-buffered saline (PBS) overnight at 4°C.
The plates were washed in PBS containing 0.05% Tween-20
and blocked with PBS containing 10% FBS for 2 h. Following
washing, the standards and the serum were added into the
plates and incubated at room temperature for 3 h. Following
incubation, the wells were washed and 0.2 yg/ml the biotinyl-
ated anti-mouse TNF-a, IL-1 or IL-6 was added to each well.
Incubation was continued at room temperature for 1 h. The
wells were washed, avidin-peroxidase was added, and the
plates were incubated for 30 min at room temperature. The
3,5,3',5'-tetramethyl benzidine substrate was added following
washing. To each well, sulfuric acid (2 mol/l) was added to
terminate the reaction. The optical density of each well was
read at a wavelength of 450 nm.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR) analysis. Following treatment with different
concentrations of MLT and LPS for different durations, total
RNA of the cells was isolated using TRIzol™ reagent, and
synthesized to cDNA using a reverse transcription kit (both
from Invitrogen; Thermo Fisher Scientific, Inc.). The primers
were synthesized by Sangon Biotech Co., Ltd. (Shanghai,
China) and the oligonucleotide sequences were as follows:
Glucose-regulated protein 78 (GRP78) forward, 5'-AGCGAC
AAGCAACCAAAGAT-3"and reverse, 5'-CCCAGGTCAAAC
ACAAGGAT-3"; CHOP forward, 5'-ACAGAGGTCACACGC
ACATC-3' and reverse, 5'-CTCCTGCTCCTTCTCCTTCA-3"
caspase 12 forward, 5'-CAATCTACAAGATCAAAGGTT
TGGC-3' and reverse, 5-CAAACTTTTTGTTGCAGATGA
TGAG-3'; TNF-a forward, 5-"ACGGCATGGATCTCAAAG
AC-3' and reverse, 5-GTGGGTGAGGAGCACGTAGT-3";
B-actin forward, 5'-GTGCTATGTTGCTCTAGACTTCG-3'
and reverse, 5'-"ATGCCACAGGATTCCATACC-3'. The qPCR
procedure (10 min at 95°C followed by 40 cycles of 95°C for
15 sec and 60°C for 1 min) was performed using a qPCR system
(ABI 7500 system with SDS software 1.4; Applied Biosystems;
Thermo Fisher Scientific, Inc.) and ABI Power SYBR-Green
PCR Master mix (cat. no.4367659). All reactions were repeated
a minimum of three times. The mRNA expression levels were
normalized against the housekeeping gene ([3-actin) using the
ABI 7500 system with SDS 1.4 software and fold changes
were calculated using the 2244 normalization method (17).

Western blot analysis. The cultured cells were homogenized in
ice-cold RIPA buffer and phenylmethane sulfonyl fluoride (both
from Beyotime Institute of Biotechnology, Shanghai, China)
for 30 min on ice. The cells were scraped off the plate, and the
extracts were transferred to a microcentrifuge tube and centri-
fuged at 1.2x10* x g at 4°C for 20 min. The protein concentration
was determined using the BCA assay (Beyotime Institute of
Biotechnology). Equal quantities of total protein (40 ug) were
subjected to 12% SDS-PAGE and then transferred onto poly-
vinylidene difluoride membranes (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) at 170 mA for 1-2 h. The membranes were
blocked at room temperature for 2 h in blocking buffer (TBS with
0.1% Tween-20 and 5% non-fat milk) and then immunoblotted
overnight at 4°C with primary antibodies targeted against the
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Figure 1. Toxicity of MLT towards RAW?264.7 cells and its effects on attenuating the inflammatory reaction. (A) RAW264.7 cells were treated with various
concentrations of MLT (0, 125, 250 and 500 gmol/l). The Cell Counting Kit-8 assay results indicated that MLT at these concentrations was not toxic towards
RAW264.7 cells with no statistically significant differences between groups (P>0.05). Cells were pre-treated with MLT at concentrations of 125, 250 and
500 gmol/1 for 1 h in the M125, M250, and M500 groups, respectively. The LPS, M125, M250 and M500 groups were then incubated with 1 pzg/ml LPS for
6 h. Culture supernatants were collected and analyzed for (B) TNF-a, (C) IL-1 and (D) IL-6 using ELISA. *P<0.05 vs. control group; "P<0.05 vs. LPS group.
MLT, melatonin; LPS, lipopolysaccharide; TNF-a, tumor necrosis factor-a; IL, interleukin.

following: GRP78 (cat. no. ab108615), CHOP (cat. no. ab179823),
caspase 12 (cat. no. ab10455), TNF-a (cat. no. ab6671) (all
from Abcam, Cambridge, MA, USA), rabbit monoclonal Bcl-2
(D55GS; cat. no. 4223; Cell Signaling Technology, Inc., Beverly,
MA, USA), Bax (Santa Cruz Biotechnology, Inc., Dallas, TX,
USA), caspase 3 (cat. no. 9662; Cell Signaling Technology,
Inc.), GAPDH (Santa Cruz Biotechnology, Inc.) and f-actin
(Abcam) at dilutions of 1:1,000. Following washing three times
with TBST for 10 min, the membranes were incubated for 1 h
at room temperature with goat anti-rabbit or goat anti-mouse
secondary IgG conjugated to horseradish peroxidase (1:5,000;
Bioworld Technology, Inc., St. Louis Park, MN, USA) and then
washed with TBST as previously. Finally, a Western Bright ECL
detection kit (Advansta, Inc., Menlo Park, CA, USA) was used
and the bands were detected. The density of specific bands was
quantified using Image Lab software 4.1 (Bio-Rad Laboratories,
Inc.) with an imaging densitometer (Bio-Rad ChemiDoc MP;
Bio-Rad Laboratories, Inc.). The blots were subjected to densi-
tometry using GAPDH or -actin as internal controls.

Statistical analysis. All results were analyzed using SPSS
software 13.0 (SPSS, Inc., Chicago, IL, USA). The data are
reported as the mean + standard deviation. One-way analysis of
variance was used for data comparisons. The Newman-Keuls
post hoc test was used to compare the data in the presence of
a significant difference. P<0.05 was considered to indicate a
statistically significant difference.

Results
Toxicity of MLT towards RAW264.7 cells. The toxicity of

MLT was assayed using a CCK-8 assay. The RAW264.7 cells
were treated with MLT at different concentrations (125,
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Figure 2. Effects of various concentrations of MLT on the endoplasmic
reticulum stress pathway, determined using western blot analysis. Following
treatment for 6 h, cell lysates were subjected to SDS-PAGE followed
by western blot analysis with anti-GRP78, anti-CHOP, anti-caspasel2,
anti-TNF-a and anti-GAPDH antibodies. The expression levels of all the
above proteins were highest in the LPS group, and higher in the MLT groups,
compared with the control group. The expression levels decreased as the
concentration of MLT increased. LPS, lipopolysaccharide; MLT, melatonin;
MI125, 125 ymol/l MLT; M250, 250 ymol/l MLT; M500, 500 gmol/l MLT;
GRP78, glucose-regulated protein 78; CHOP, C/EBP homologous protein;
TNF-a, tumor necrosis factor-a.

250 and 500 umol/l). These concentrations were selected
according to previous experiments (18). The results indicated
that, at these concentrations, MLT was not toxic towards the
RAW264.7 cells (Fig. 1A). No significant differences were
observed between the groups (P>0.05).
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Figure 3. Effects of various concentrations of melatonin on the endoplasmic reticulum stress pathway, determined using RT-qPCR analysis. Total RNA from
cells was isolated for RT-qPCR analysis of (A) GRP78, (B) CHOP, (C) caspase 12 and (D) TNF-a.. *P<0.05 vs. control cells; °P<0.05 vs. LPS. LPS, lipopolysac-
charide; M125, 125 pgmol/l melatonin; M250, 250 gmol/l melatonin; M500, 500 gmol/l melatonin; RT-qPCR, reverse transcription-quantitative polymerase
chain reaction; GRP78, glucose-regulated protein 78; CHOP, C/EBP homologous protein; TNF-a, tumor necrosis factor-a.

Effects of MLT on attenuation of the inflammatory reaction.
ELISA was used to evaluate the inflammatory indices of the
differently treated groups. As shown in Fig. 1B-D, compared
with the control, LPS induced inflammation (P<0.05). The
inflammation in the MLT-treated groups was between that of
the control and the LPS-treated groups (P<0.05). However,
there were no statistically significant differences between the
concentrations of MLT (125, 250 and 500 gmol/1).

Effects of concentrations of MLT on the ERS pathway. Western
blot analysis and RT-qPCR analyses were used to determine
the effects of MLT on ERS for the period of 6 h. As shown
in Figs. 2 and 3A-D, LPS provoked inflammation and activated
ERS (P<0.05). Re-treatment with MLT relieved the inflamma-
tion and reduced the ERS (P<0.05). The extent of the inhibition
was likely to be dependent on the concentration of MLT.

Effects of LPS on the ERS pathway at different durations
of treatment. The expression levels of proteins associated
with ERS were examined using RT-qPCR and western blot
analyses of cells cultured with LPS for 0, 3, 6, 12 or 24 h. The
results showed that inflammation became more pronounced
as duration was extended. The expression of TNF-a increased
slowly as LPS was at a relatively low concentration, however,
the increased mRNA expression of TNF-a was apparent at
6 h. The expression levels of the ERS-associated molecules
were increased significantly in the early stage of inflam-
mation. Following an extended period of time, the levels
decreased (P<0.001; Figs. 4 and 5).

Effects of melatonin on apoptosis in the inflammatory
response. The expression of proteins associated with apoptosis
was detected using western blot analysis with antibodies

Oh 3h 6h 12h 24h kDa

GRP78

ol

— 25

GAPDH €= 81

Figure 4. Effects of LPS on the ERS pathway at different durations of treat-
ment, determined using western blot analysis. The cells were treated with
1 pg/mlLPS for0, 3,6, 12 and 24 h. The cultured cells were collected to extract
proteins for western blot analysis. The expression levels of ERS-associated
molecules were increased in the early stage of inflammation. At a certain
time-point, expression levels declined. ERS, endoplasmic reticulum stress;
LPS, lipopolysaccharide; GRP78, glucose-regulated protein 78; CHOP,
C/EBP homologous protein; TNF-a, tumor necrosis factor-a.

against Bcl-2, Bax, pro-caspase 3 and cleaved-caspase 3. As
shown in Fig. 6, the levels of Bax and cleaved-caspase 3 were
increased significantly in the LPS-treated group, whereas the
levels of Bcl-2 and pro-caspase 3 were decreased, compared
with those in the control or MLT-treated groups. Therefore,
inflammation promoted apoptosis, whereas treatment with
MLT reduced apoptosis, compared with treatment with LPS.
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Figure 5. Effects of LPS on the endoplasmic reticulum stress pathway at different durations of treatment, determined using RT-qPCR analysis. RNA was collected
for RT-gPCR analysis of (A) GRP78, (B) CHOP, (C) caspase 12 and (D) TNF-a. ““P<0.001 vs. 0 h. LPS, lipopolysaccharide; RT-qPCR, reverse transcription-quan-
titative polymerase chain reaction; GRP78, glucose-regulated protein 78; CHOP, C/EBP homologous protein; TNF-a, tumor necrosis factor-o.

Discussion

In the present study, it was demonstrated that MLT had an
anti-inflammatory effect via ERS in RAW264.7 macrophages.
ERS was activated in the early stages of inflammation induced
by LPS. Treatment with MLT significantly inhibited the
expression of inflammatory cytokines and ERS-associated
molecules, and exerted a protective effect by suppressing
apoptosis of the cells.

Oztekin et al (19) found elevated levels of TNF-a following
resection of the pineal gland and MLT inhibited the expression
of TNF-a. However, in the present study, the trend was less
marked in the results of the western blot analysis, compared
with that using ELISA. Therefore, it was hypothesized that
MLT may have an effect on the release of TNF-a rather than
its expression levels. This may be a focus of direction in future
investigations.

Stimulation by external factors, including oxidative stress,
calcium ion imbalance and lecithin synthesis disorder, can
lead to numerous unfolded proteins within the ER, triggering
ERS, which is an early self-protection mechanism against
exogenous stress within cells. When the damage to the ER
becomes irreversible and the cell cannot return to its normal
function, the apoptotic signaling pathway is initiated, and the
cell eventually triggers programmed cell death, or apoptosis.
The apoptosis induced by ERS occurs through various events
involving ERS-associated molecules, including CHOP and
caspase 12, which promote apoptosis, and the expression of
survival molecules, including activation of growth arrest
and DNA damage protein 34 and binding immunoglobulin
protein. There are several mechanisms involved in the
interaction between inflammation and ERS. In pathological
conditions, activated macrophages can secrete various inflam-
matory molecules and stimulate the activation of other cells. In

mammals, however, the stress reaction, induced by the expres-
sion of stress proteins, is reversible and protects the cells from
the effects of the external environment (20).

A previous study found that UPR signaling pathways can
activate NF-xB. Kaneko et al (21) showed that the activation of
IREla in the cytoplasm was associated with TNF receptor-2,
and activated the inhibitor of NF-xB (IxB) kinase (IKK), which
phosphorylated IkB. The phosphorylation of IkB targeted it
for ubiquitination and protease degradation. This caused the
release of NF-«B, which relocated into the nucleus and initi-
ated the transcription of associated genes. When inflammation
and infection activate ERS, the PERK pathway is activated, the
transcription of IkB is reduced, and nuclear NF-xB increases
and regulates transcription (22). Similarly, ATF6 can also acti-
vate the NF-kB-IKK signaling pathways. Unfolded proteins
are transferred from the ER to the Golgi apparatus, where SP1
and SP2 divide ATF6 into ATF6a and ATF6b, resulting in the
activation of these nuclear transcription factors (23). Protein
kinase B (AKT) exists in the ER during ERS, and treatment
with ATF6 small interfering RNA inhibits the phosphoryla-
tion of AKT, which affects the expression of downstream
targets, including NF-xB. This shows that ATF6 can activate
the inflammatory response through the AKT-NF-«B signaling
pathway (24). There is also evidence that ER overload, rather
than Ca®* or reactive oxygen species (ROS) stress, can lead to
activation of NF-«xB in the classic UPR.

The action of heat shock proteins (HSPs) can also relieve
inflammation. In cells, HSPs are important in the process of
recovery to reduce irritation and damage. HSPs promote the
synthesis of proteins in the ER, and their folding and translo-
cation in the cell membrane (25). GRP78 and other GRPs are
important partners of ER proteins, and they belong to the HSP
protein family. GRPs, particularly GRP7S, are essential in the
condition of ERS (26).
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Figure 6. Effects of melatonin on apoptosis in the inflammatory response. Following treatment with or without melatonin and stimulation by LPS for 6 h, cell
proteins were extracted for (A) western blot analysis that was subsequently quantified with (B) anti-Bcl-2, anti-Bax, anti-caspase3 and anti-f-actin antibodies.
*P<0.05 vs. control group; °P<0.05 vs. LPS group. LPS, lipopolysaccharide; M125, 125 gmol/l melatonin; M250, 250 ymol/l melatonin; M500, 500 zmol/l

melatonin; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein.

The association between ERS and inflammation is not
unilateral, and inflammatory cytokines can also activate ERS.
The processing of TNF-a in fibrosarcoma cells from mice can
cause UPR activation, as indicated by the increased expression
of X-box binding protein 1, GRP78 and the phosphorylation
of eukaryotic initiation factor 2 (eIF2) (27). TNF-a, IL-1p
and IL-6 can also lead to ERS in liver cells and cause the
activation of cAMP-responsive element-binding protein H,
thus mediating the URP. This mechanism may be associated
with inflammatory factors promoting calcium ion release and
the accumulation of ROS in the ER, protein misfolding and

mitochondrial metabolism imbalance (28). By contrast, ERS is
also involved in the regulation of the inflammatory response.
The activation of CHOP, induced by the PERK/eIF-2olved in,
has been shown to have a negative regulatory role in inflamma-
tion (29). A study by Ho et al showed that LPS elicited inducible
nitric oxide synthase (iNOS) in murine RAW264.7 cells, and
tunicamycin and brefeldin A, two ER stressors, attenuated
it. This indicated that multiple mechanisms are involved in
the inhibition of LPS-induced gene expression of iNOS by
ER stressors (30). In the present study, MLT attenuated the
inflammatory response by inhibiting the activation of ERS in



RAW264.7 macrophages. Therefore, the two conclusions are
consistent and mutually supportive.

In conclusion, increasing the protein folding ability in
the ER can prevent the accumulation of misfolded and toxic
proteins. When the UPR cannot restore the protein folding
in the ER, the cells use the three branches of the UPR to
activate apoptosis. CHOP cannot directly induce apoptosis,
but the degradation of anti-apoptotic proteins, including
Bcl-2, and the increased expression of apoptosis-promoting
proteins, including Bax, activate the caspase cascade and
lead to apoptosis. In the present study, ERS was activated in
RAW264.7 macrophages under the condition of LPS-induced
inflammation. At the LPS concentration of 1 pg/ml, irrevers-
ible cell damage led to apoptosis through a reduction in the
levels of Bcl-2 and increases in the levels of Bax and caspase 3.
MLT decreases the expression of Toll-like receptor 3
(TLR3)-mediated inflammatory factor via inhibiting the acti-
vation of NF-kB, and modulates TLR4-mediated inflammatory
genes through the TIR-domain-containing adapter-inducing
interferon - and MyD88-dependent signaling pathways
in LPS-stimulated RAW?264.7 cells (31,32). However, the
mechanism of action underlying MLT and ERS remains to
be elucidated. In the present study, MLT reduced the inflam-
matory response, decreased the expression of ERS-associated
proteins and inhibited cell apoptosis. Therefore, it was
concluded that MLT attenuated the inflammatory response
by inhibiting the activation of ERS and suppressing apoptosis
of the RAW264.7 macrophages. These results provide a novel
line of investigation for the anti-inflammatory effect of MLT,
which uses the ERS pathway to reduce the effects of inflamma-
tion. Clinically, it is essential to intervene in the ERS pathway
to enhance the therapeutic effect of anti-inflammatory drugs.
However, the present study had limitations; it did not explain
whether ERS was a cause or an effect of inflammation, nor
did it identify the optimal concentration of MLT. Therefore,
subsequent investigations aim to focus on answering the above
questions.
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