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Abstract. Mulberry leaves have antioxidant activity 
and anti‑inflammatory effects in several types of cells. 
However, the efficacy of mulberry leaves fermented with 
Cordyceps militaris remains unknown. Therefore, the present 
study aimed to investigate whether the ethanol extracts of 
mulberry leaves fermented with C.  militaris  (EMfC) can 
prevent lipopolysaccharide  (LPS)‑induced inflammation 
and autophagy in macrophages. To achieve this, RAW264.7 
cells pretreated with three different dose of EMfCs were 
subsequently stimulated with LPS, and examined for altera-
tions in the regulatory factors of inflammatory responses 
and key parameters of the autophagy signaling pathway. 
EMfC treatment inhibited the generation of reactive oxida-
tive species; however, significant activity was observed for 
2,2‑diphenyl‑1‑picrylhydrazyl  (DPPH) radical scavenging 
(IC50=579.6703 mg/ml). Most regulatory factors in inflam-
matory responses were significantly inhibited following 
treatment with EMfC, without any significant cellular toxicity. 
EMfC‑treated groups exhibited marked suppression of nitrogen 

oxide (NO) levels, mRNA expression levels of iNOS/COX‑2, 
levels of all inflammatory cytokines (TNF‑α, IL‑1β and IL‑6) 
and phosphorylation of MAPK members, as well as recovery 
of cell cycle progression. Furthermore, similar effects were 
observed in the LPS‑induced autophagy signaling pathway of 
RAW264.7 cells. The expression levels of microtubule‑associ-
ated protein 1A/1B‑light chain 3 (LC3) and Beclin exhibited 
a dose‑dependent decrease in the EMfC+LPS‑treated groups 
compared with in the Vehicle+LPS‑treated group, whereas 
the phosphorylation of PI3K and mTOR were enhanced in 
a dose‑dependent manner in the same groups. Overall, the 
results of the present study provide evidence that exposure 
to EMfC protects against LPS‑induced inflammation and 
autophagy in RAW264.7 cells. These results indicated that 
EMfC is a potential candidate for treatment of inflammatory 
diseases.

Introduction

The immune system is the body's natural defense mechanism 
against pathogens such as viruses, bacteria, and other inter-
mediates (1). Inflammation occurs when a variety of harmful 
substances, ranging from infectious microorganisms (such as 
bacteria, viruses or fungi) to transgenic cells (such as cancer 
cells), reside in a specific tissue of the host or circulate in 
the blood (2‑6). In response to reactions from these immune 
cells participating in inflammation are the inflammatory 
mediators, such as IL‑1β and TNF‑α, which are synthesized 
and secreted during an inflammatory response. Therefore, 
understanding the role of these inflammatory intermediaries 
and their associated mechanisms is one of the major goals 
for controlling the inflammatory response (5,6). Regulating 
the inflammatory response is critical in the treatment of 
inflammatory‑related diseases such as systemic inflammatory 
response syndrome (SIRS), severe tissue damage, and septic 
shock. These inflammatory regulating agents include steroids, 
non‑steroids and biological agents. However, development of 
new drugs are required to overcome certain drawbacks of 
the existing anti‑inflammatory drugs, such as adverse side 
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effects and high prices (7). Recently, natural substances such 
as medicinal plants have drawn attention as resources for 
acquiring anti‑inflammatory drugs that are easy to procure in 
large quantities at low cost, and are expected to have fewer side 
effects (8,9).

Morus alba, commonly known as mulberry in Korea, 
grows very well in a variety of climatic conditions, ranging 
from temperate areas to tropical areas, and is found in 
northern China, India, the Middle East, Southern Europe, 
and more recently in North America (10). Mulberry leaves 
are generally used to feed silkworms, and they contain 
numerous active compounds that possess various pharma-
cological activities  (11). Many studies have reported the 
anti‑bacterial, anti‑oxidant, anti‑hypoglycemic, anti‑cancer, 
anti‑obesity, anti‑ER stress, and anti‑inflammatory activi-
ties of the roots and shells  (9,12‑16). Especially, extracts 
of mulberry leaves fermented with C.  militaris (EMfC) 
treatment is reported to inhibit fat accumulation in the 
HFD‑induced obese C57BL/6 mice through regulation of 
lipogenesis and lipolysis (17). These effects of EMfC are 
tightly correlated with the suppression of ER stress and ER 
stress‑induced apoptosis (18).

C. militaris, an insect pathogen belonging to Ascomycota, 
is traditionally used for elevating the immune response, and 
as an anti‑cancer and anti‑aging agent in Chinese and East 
Asian medicine (19). Several studies report that the cordycepin 
isolated from C. militaris has pharmacological activity as 
an anti‑cancer (20), anti‑bacterial (21), and anti‑oxidant (22) 
agent. Similar effects have been reported for mixtures of 
C. militaris and secondary metabolite products secreted from 
mushrooms  (23). We therefore hypothesized that certain 
products of mulberry leaves fermented with C. militaris would 
exert protection against an lipopolysaccharide (LPS)‑induced 
inflammatory response and the autophagy pathway.

In the current study, we examined the basic mechanisms 
involved in the anti‑inflammatory and anti‑autophagic activity 
of EMfC in LPS‑stimulated RAW264.7 macrophage cells. Our 
results provide new data indicating that EMfC is associated 
with the prevention of inflammation and autophagy‑related 
diseases via the regulation of iNOS‑mediated COX‑2 induced 
pathway, MAPK signaling pathways, and PI3K/mTOR 
pathway.

Materials and methods

Cell culture. RAW264.7 cells (ATCC) were cultured in 
Dulbecco Modified Eagle's Medium (DMEM; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine serum 
(FBS; Welgene), L‑glutamine, penicillin, and streptomycin 
(Thermo Fisher Scientific, Inc.), in a humidified incubator at 
37˚C under 5% CO2 and 95% air.

Preparation of EMfCs. EMfC samples were prepared in accor-
dance with a previous papers (17). The samples of mulberry 
leaves were collected in October 2015 from plantations in 
the Sangju district of Korea, and characterized by Professor 
Young Whan Choi at the Department of Horticultural 
Bioscience, Pusan National University. Voucher specimens of 
mulberry leaves were deposited in the herbarium (accession 
no. Mul‑PDRL‑1) of the Pusan National University (Miryang, 

Korea). The C. militaris used for fermentation was kindly 
provided by Professor Sang Mong Lee of the Department 
of Life Science and Environmental Biochemistry, Pusan 
National University. The Jeongeup Agriculture Cooperative 
Federations for Silkworm Farming (Jeongeup, Korea) supplied 
the silkworm pupae powder.

Briefly, fresh mulberry leaves were first completely dried 
in a hot‑air drying machine (JSR) for 24 h at 60˚C, and subse-
quently powdered using an electric blender. The powdered 
dried mulberry leaves were sterilized by autoclaving at 121˚C 
for 60 min, and mixed with 50% silkworm powder (SWP). 
This mixture was inoculated with 10% C. militaris (v/w) and 
incubated in a shaking incubator (#SI‑600R; Lab Companion) 
maintained at 150 rpm and 25˚C, and fermented for 4 weeks. 
Subsequently, the pellet of fermented mixture was harvested by 
centrifuging the flask at 3,000 rpm for 10 min. To prepare the 
extracts of fermented mulberry powder, the harvested pellet 
was mixed with the solvent (95% EtOH) in a fixed liquid ratio 
(mulberry powder:solvent, ratio 1:10), and sonicated for 1 h 
using a JAC ultrasonic device (KODO). This sonicated pellet 
was collected using centrifugation at 3,000 rpm for 10 min. 
The resultant pellet was resuspended in 9 ml of the solvent, 
and further sonicated using the same conditions. This proce-
dure was repeated once more, and the resultant supernatant 
was collected, filtered through a 0.4 µm filter (#HAWP04700, 
Millex‑LH; Merck Millipore), and evaporated using a vacuum 
evaporator (#R‑300; BUCHI Corporation). Finally, lyophiliza-
tion of the EMfC was achieved using a circulating extraction 
equipment (IKA Labortechnik). The extracts were dissolved 
in DMSO (#D2660; Sigma‑Aldrich; Merck KGaA) at a 
concentration of 50 mg/ml before use.

Scavenging activity of free radical. The scavenging capa-
bility of the 2,2‑diphenyl‑1‑picrylhydrazyl (DPPH) radical 
was measured at eight different concentrations of EMfC 
(0‑1,000  µg/ml), according to the method described in a 
previous study (24). Briefly, each sample of EMfC (100 µl) 
was mixed with 100 µl of 0.1 mM DPPH (Sigma‑Aldrich; 
Merck KGaA) prepared in 50% DMSO solution. After 30 min 
of incubation at room temperature, absorbance of the reac-
tion mixture was recorded using a Versa‑max plate reader 
(Molecular Devices) at a wavelength of 517 nm. The percent 
drop in the absorbance, relative to that of the control, deter-
mined the DPPH radical scavenging activity of the EMfC. 
The concentration of EMfC resulting in a 50% loss in DPPH 
activity was determined to be the IC50.

Cell viability assay. Cell viability was determined using the 
tetrazolium compound 3‑[4,5‑dimethylthiazol‑2‑yl]‑2,5‑di-
phenyltetrazolium bromide (MTT) (Sigma‑Aldrich; 
Merck KGaA) assay. Briefly, RAW264.7 cells were seeded at a 
density of 2x104 cells/0.2 ml medium per well, and incubated 
for 24 h in a humidified CO2 incubator at 37˚C. On attaining 
70‑80% confluency, each well was assigned to one of the five 
experimental groups: Untreated group, Vehicle+LPS treated 
group, EMfCLo+LPS (low concentration of EMfC, 100 µg/ml) 
treated group, EMfCMid+LPS (medium concentration of 
EMfC, 200 µg/ml) treated group, and EMfCHi+LPS (high 
concentration of EMfC, 400 µg/ml) treated group. The cells 
were exposed to either DMSO (Vehicle+LPS treated group) or 
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the assigned concentration of EMfC for 2 h, and subsequently 
stimulated with 1 µg/ml LPS (Sigma‑Aldrich; Merck KGaA) 
for 24 h in a 37˚C incubator. The supernatants were subse-
quently discarded, and 0.2 ml of fresh DMEM was added 
to each well, followed by addition of 50 µl of MTT solution 
(2 mg/ml in 1X PBS). The cells were incubated at 37˚C for 
4 h, after which the MTT was removed and cells were lysed by 
adding 150 µl DMSO/well. The optical density was measured 
at 570  nm using a microplate reader (Molecular Devices 
VERSA max Plate reader). The morphological features of 
RAW264.7 cells in each treated group were also observed 
using a light microscope (Leica Microsystems).

Analysis of intracellular reactive oxygen species (ROS) level. 
ROS levels were measured by staining with 2',7'‑dichlorofluo-
rescein diacetate (DCFH‑DA) (Sigma‑Aldrich; Merck KGaA). 
Briefly, RAW264.7 cells were seeded at a density of 1x105 cells/ml 
in 24‑well plates for 24 h, and exposed to three different concen-
trations of EMfC (100, 200 or 400 µg/ml) or DMSO for 2 h in 
a 37˚C incubator. The cells were subsequently stimulated with 
1 µg/ml LPS for further 24 h. Cells were then incubated with 
25 µM DCFH‑DA for 30 min at 37˚C, washed twice with PBS, 
and observed for green fluorescence at x200 magnification using 
a fluorescent microscope (Eclipse TX100; Nikon).

Nitrogen oxide (NO) concentration analysis. NO concentration 
in the culture supernatant was measured using Griess reagent 
(1% sulfanilamide, 5% phosphoric acid, 0.1% N‑(1‑naphthyl) 
ethylenediamine dihydrochlor ide;  Sigma‑Aldr ich; 
Merck  KGaA), as described previously  (25,26). Briefly, 
RAW264.7 cells were treated with vehicle or EMfC (100, 200 
or 400 µg/ml) for 2 h, followed by LPS stimulation (1 µg/ml) 
and incubation for 24 h. After harvesting the culture superna-
tant, each sample (100 µl) was mixed with the same volume 
of Griess reagent, and incubated at room temperature for 
10 min. Absorbance was read at 540 nm using a VersaMax 
microplate reader (Molecular Devices). The concentration of 
NO in the cell culture fluid was calculated by comparing with 
a standard curve of sodium nitrite (NaNO2).

Reverse transcription‑quantitative (RT‑q)PCR analysis for 
cytokine gene expression. Total RNA was isolated by cell 
lysis using RNAzol CS104 (Tel‑Test Inc.), followed by cell 
reverse transcription and PCR. Next, 10 pmol of the sense 
and antisense primers were added, and the reaction mixture 
was subjected to 28‑32 cycles of amplification, conducted in 
a Perkin‑Elmer Thermal Cycler, using the following cycle: 
30 sec at 94˚C, 30 sec at 62˚C, and 45 sec at 72˚C. The primer 
sequences used for target gene expression identification were 
as follows: iNOS, sense, 5'‑CAC​TTG​GAG​TTC​ACC​CAG​T‑3' 
and antisense primer, 5'‑ACC​ACT​CGT​ACT​TGG​GAT​GC‑3'; 
COX‑2, sense, 5'‑GAG​GTG​TAT​C‑3', antisense primer, 5'‑CCA​
GGA​GGA​TGG​AGT​TGT​TGT​AGA​G‑3'; TNF‑α, sense, 
5'‑CCT​GTA​GCC​CAC​GTC​GTA​GC‑3' and antisense primer, 
5'‑TTG​ACC​TCA​GCG​CTG​ACT​TG‑3'; IL‑1β, sense, 5'‑GCA​
CAT​CAA​CAA​GAG​CTT​CAG​GCA​G‑3' and antisense primer, 
5'‑GCT​GCT​TGT​GAG​GTG​CTG​ATG​TAC‑3'; IL‑6, sense, 
5'‑TTG​GGA​CTG​ATG​TTG​TTG​ACA‑3' and antisense primer, 
5'‑TCA​TCG​CTG​TTG​ATA​CAA​TCA​GA‑3'. The experiment 
was repeated three times, and all samples were analyzed in 

triplicate. The final PCR products were separated on 1‑2% 
agarose gel and visualized by ethidium bromide staining. 
The density of specific bands was quantified using a Kodak 
Electrophoresis Documentation and Analysis System  120 
(Eastman Kodak).

RT‑qPCR analysis for cytokine gene expression. RAW264.7 
cells were homogenized with Polytron PT‑MR 3100 D  
Homogenizer (Kinematica AG) in TRIzol (Invitrogen; 
Thermo Fisher Scientific, Inc.), as per the manufacture's 
protocol. After ethanol precipitation, total RNAs were 
harvested by centrifugation at 10,000 x g for 15 min, and 
their concentration was subsequently determined using the 
Nano‑300 Micro‑Spectrophotometer (Allsheng Instruments 
Co., Ltd.). Total complementary DNA (cDNA) against mRNA 
was synthesized using 200 units of SuperScript II  reverse 
transcriptase (Thermo Fisher Scientific, Inc.). RT‑qPCR was 
conducted with the cDNA template (1 µl), 2X Power SYBR 
Green (6 µl; Toyobo Life Science), and specific primers used in 
the RT‑PCR analysis in appropriate buffer solution. The cycle 
quantification value (Cq) was determined as described in the 
Livak and Schmittgen's method (27).

Enzyme‑linked immunosorbent assay (ELISA) for IL‑6 
cytokine. Cells were pretreated with either Vehicle (DMSO) or 
different concentrations of EMfC (100, 200 or 400 µg/ml) for 
1 h, prior to stimulation with 1 µg/ml LPS for 24 h. The culture 
supernatant of RAW264.7 cells was assayed for IL‑6 using an 
IL‑6 ELISA kit (Biolegend), according to the manufacturer's 
instructions.

Western blot analysis. RAW264.7 cells were treated with 
Vehicle (DMSO) or EMfC (100, 200 or 400 µg/ml) for 2 h, 
followed by 1 µg/ml LPS stimulation for 15 min. The treated 
cells were lysed using the Pro‑Prep Protein Extraction Solution 
(iNtRON Biotechnology). The cell lysate was centrifuged 
at 13,000 rpm for 5 min, and concentration of total protein 
was quantified using the SMARTTM BCA Protein Assay Kit 
(Thermo Fisher Scientific, Inc.). The proteins were separated 
by 4‑20% sodium dodecyl sulfate‑polyacrylamide gel elec-
trophoresis (SDS‑PAGE) for 2 h. The gels were transferred 
to nitrocellulose membranes for 2 h at 40 V. The membranes 
were subsequently blocked by incubating with 3% skim milk 
for 1 h at room temperature. Each membrane was then incu-
bated separately, overnight at 4˚C, with the following primary 
antibodies: Anti‑SAPK/JNK (Cell Signaling Technology), 
anti‑p‑SAPK/JNK (Thr183/Tyr185) (Cell Signaling 
Technology), anti‑ERK (K‑23) (Santa Cruz Biotechnology), 
anti‑p‑ERK (E‑4) (Santa Cruz Biotechnology), anti‑p38 
MAPK (Cell Signaling Technology), anti‑p‑p38 MAP Kinase 
(Thr180/Tyr182) (Cell Signaling Technology), anti‑PI3K 
(Cell Signaling Technology), anti‑p‑PI3K (Cell Signaling 
Technology), anti‑mTOR (Cell Signaling Technology), 
anti‑p‑mTOR (Cell Signaling Technology), anti‑LC3 (Cell 
Signaling Technology), anti‑Beclin (Cell Signaling Technology), 
and anti‑β actin (Sigma‑Aldrich; Merck KGaA). The probed 
membranes were then washed with washing buffer (137 mM 
NaCl, 2.7 mM KCl, 10 mM Na2HPO4, and 0.05% Tween‑20) 
and subsequently incubated with 1:1,000 diluted horseradish 
peroxidase (HRP)‑conjugated goat anti‑rabbit IgG secondary 
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antibody (Invitrogen; Thermo Fisher Scientific, Inc.), at room 
temperature for 1 h. Finally, membrane blots were developed 
using the Amersham ECL Select Western Blotting detection 
reagent (GE  Healthcare). The chemiluminescence signals 
that originated from the specific bands were detected using 
FluorChemi®FC2 (Alpha Innotech Co.).

Autophagic vacuole analyses. For analyzing autophagic vacu-
oles, the cells were treated similar to previous experiments, 
and subsequently washed and stained using the Autophagy 
LC3‑antibody‑based kit (Millipore), according to the manufac-
turer's instructions. The cells were incubated with Autophagy 
Reagent A in Earle's balanced salt solution (EBSS) for 5 h at 
37˚C, followed by washing with ice cold HBSS. The cells were 
then stained with anti‑LC3 Alexa Fluor® 555 in 1X Autophagy 
Reagent B on ice for 30 min in the dark, and washed with ice 
cold 1X Assay Buffer. The stained samples were quantified 
by flow cytometry using a Muse Cell Analyzer (Millipore) in 
duplicates. Based on manufacture's instruction, at least 1,000 
events for each sample should be acquired to assure statisti-
cally significant determination of stained cells number. These 
quantified results were presented as autophagy induction ratio 
(test sample fluorescence relative to control) after analysis 
using the MuseSoft 1.4.0.0. software.

Statistical analysis. One‑way ANOVA (SPSS for Windows, 
Release  10.10; Standard Version; SPSS Inc.) followed by 
Tukey's post hoc test, was used to identify significant differ-
ences between the Vehicle and the EMfC treated groups. All 
values are reported as the means ± SD, and P<0.05 is consid-
ered to indicate a statistically significant difference.

Results

Antioxidant ability of EMfC. To evaluate the antioxidant 
ability of EMfC, we measured the DPPH scavenging activity 
and ability to suppress ROS production at varying concentra-
tions of EMfC and LPS‑stimulated RAW264.7 cells. As shown 
in Fig. 1A, the inhibitory activity against DPPH radicals gradu-
ally increases dose‑dependently from 1‑1,000 µg/ml EMfC, 
with an IC50 value of 579.6703 µg/ml. Also, treatment of EMfC 
shows strong antioxidant activity at serial concentrations 
that reduce the level of ROS production during the inflam-
matory response of macrophages induced by LPS (Fig. 1B). 
These results indicate that subsequent to LPS stimulation, the 
therapeutic function of EMfC in RAW264.7 cells is probably 
associated with antioxidant activity.

Inhibitory effects of EMfC on the LPS‑induced inflammatory 
response in RAW264.7 cells. To investigate whether exposure 
to EMfC prevents the LPS‑induced inflammatory response, 
alterations in the NO concentration, the mRNA expressions 
of iNOS/COX‑2 and inflammatory cytokines (TNF‑α, IL‑6 
and IL‑1β), phosphorylation of MAPK pathway members, and 
cell numbers at each stage of the cell cycle, were measured 
in RAW264.7 cells pretreated with three different doses of 
EMfCs and subsequently stimulated with LPS. Until now, 
it is well known that the NO produced by iNOS (especially 
the active oxygen species produced during inflammatory 
responses in LPS‑stimulated macrophages) plays an important 

role as a mediator in the inflammatory response. As shown 
in Fig. 2B, exposure to EMfC dramatically reduces the level of 
NO in the inflammatory response of LPS‑stimulated macro-
phages, without any significant cell toxicity (Fig. 2A). Also, 
treatment with EMfC significantly increases the concentra-
tion of NO in LPS‑induced macrophages in the Vehicle+LPS 
group, as compared to that of the Untreated group. However, 
as compared to the Vehicle+LPS group, the NO concentra-
tion of cells pretreated with EMfCMi and EMfCHi show 
significantly reduced NO levels, whereas the EMfCLo treated 
group shows similar NO levels  (Fig.  2B). Furthermore, 
RT‑PCR and RT‑qPCR were applied to examine alterations 
in the iNOS‑mediated COX‑2 induced pathway in EMfC+LPS 
treated cells. Enhanced levels of iNOS and COX‑2 mRNA 
were detected in the Vehicle+LPS group as compared to the 
Untreated groups. Especially, these increased expression 
levels of iNOS and COX‑2 mRNA were strongly reduced 
after exposure to EMfC, as compared to the Vehicle+LPS 
group (Fig. 2C and D).

Moreover, RT‑PCR analysis for inflammatory cytokine 
mRNA revealed that LPS stimulation induces a significant 
increase in the generation of TNF‑α, IL‑6 and IL‑1β mRNA 
in RAW264.7 cells treated with Vehicle+LPS, as compared 
to controls (Untreated group). However, compared to the 
Vehicle+LPS treated group, the mRNA levels of these cyto-
kines in the EMfC+LPS treated groups were significantly 
reduced in a dose‑dependent manner (Fig. 3A). A dose‑depen-
dent reduction of IL‑6 was also observed in protein production 
in the IL‑6 ELISA assay (Fig. 3B). Similar results of inflam-
matory cytokine expressions were obtained by RT‑qPCR 
analysis (Fig. 3C).

A typical signal transduction involved in inflammation is 
the MAPK pathway. This pathway is reportedly involved in 
inflammatory cytokine expression, control of cell response 
to stress, cell growth, and differentiation. In an inflammatory 
response, the MAPK signaling pathway plays a crucial role 
in regulating the inflammatory cytokines. To investigate the 
relationship between EMfC function and MAPK pathways, 
the phosphorylation levels of ERK, JNK and p38 were evalu-
ated in macrophages exposed to EMfC and stimulated with 
LPS. As presented in Fig. 4, phosphorylation levels of ERK, 
JNK and p38 increase significantly after LPS treatment 
in the Vehicle+LPS group, as compared to the Untreated 
group. However, administration of EMfC to LPS‑stimulated 
RAW264.7 cells significantly inhibits the phosphorylation of 
ERK, JNK and p38, as compared to the Vehicle+LPS group.

We further examined whether the suppression effect of 
EMfC reflects on the cell cycle arrest in RAW264.7 cells, 
pretreated at each concentration followed by induction of an 
inflammatory response with LPS. As shown in Fig. 5, the S 
phase of the LPS‑treated inflammation in the Vehicle+LPS 
group decreases from 16.8 to 7.2%, the G1 phase increases 
from 46.1  to  70.3%, and the G2/M  phase decreases from 
37.1 to 22.5%. These results suggest that a G1 arrest is caused 
by the LPS‑stimulated inflammatory reaction. Contrarily, the 
G1 cycles in cells exposed from low to high EMfC concentra-
tions were 59.6, 53.6 and 51.7% respectively, compared to the 
Vehicle+LPS group, and show minimal changes in the S phase.

Taken together, our results suggest that EMfC prevents 
the LPS‑induced inflammatory response through regulation 
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of the iNOS‑mediated COX‑2 induced pathway, inflammatory 
cytokine transcription, MAPK signaling pathway, and cell 
cycle arrest.

Suppression effects of EMfC on the LPS‑induced autophagy 
pathway in RAW264.7 cells. Several studies have reported 
the involvement of autophagy in LPS‑induced inflammation. 
Therefore, to determine whether EMfC affects the autophagy 
pathway, we measured the surface and total cellular expres-
sion of LC3 using the anti‑LC3 antibody, in LPS‑stimulated 
RAW264.7 macrophages exposed to different concentrations 
of EMfC. As shown in Fig. 6A, the LC3 level on the cell 
surface is remarkably enhanced by LPS stimulation in the 
Vehicle+LPS group, as compared to the Untreated group. 
However, a dose‑dependent inhibition was observed after 
exposure to EMfC. Also, Western blot analysis revealed 
similar inhibition patterns for the total cellular expression of 
LC3 (Fig. 6B). These results indicate that EMfC inhibits the 
LPS‑induced autophagy.

To determine the signal transduction mechanism that 
inhibits the autophagy generation in LPS‑stimulated macro-
phages by EMfC, we measured the phosphorylation of PI3K 
and mTOR, and production of Beclin protein using Western 
blot analysis. As seen in Fig. 6C, the phosphorylation levels 
of PI3K and mTOR in LPS‑stimulated RAW264.7 cells are 
significantly reduced in the Vehicle+LPS group, compared to 

controls (Untreated group). However, the phosphorylation of 
PI3K and mTOR are strongly upregulated in a dose‑dependent 
manner after EMfC treatment. The expression of Beclin, 
controlled by PI3K activation, is strongly increased in the 
Vehicle+LPS group, where phosphorylation of PI3K and 
mTOR is reduced after LPS exposure; as expected, Beclin 
levels decrease with increasing phosphorylation of PI3K 
and mTOR after EMfC exposure. These results indicate that 
EMfC inhibits the LPS‑induced autophagy via the regulation 
of PI3K/mTOR pathway in RAW264.7 cells.

Discussion

Fermentation is the process wherein microbes produce 
substances that are useful to humans (28). Traditionally, many 
foods have been developed by fermentation, and numerous 
studies have proved the beneficial effects of these fermented 
foods on health, by improving the absorption rate of food and 
physiological activity of food components. Recent studies have 
drawn attention of applying these fermentation techniques to 
natural products, for obtaining more useful and improved phys-
iological activities. For example, fermentation of red ginseng 
facilitates intraperitoneal absorption by converting saponin, 
the main component of red ginseng, into low‑molecular 
weight material (29). In addition to increasing the absorption 
rate, the study also found that fermentation enhances the 

Figure 1. Determination of DPPH radical scavenging activity and intracellular ROS production. (A) DPPH radical scavenging activity of EMfC was 
assayed in a mixture containing 0.1 mM DPPH and varying concentrations of EMfC (0‑1,000 µg/ml). For each dose, two to three wells were evaluated, 
and the optical density was measured in duplicate for each sample. (B) Determination of intracellular ROS production. Following DCFH‑DA treatment of 
EMfC+LPS‑treated RAW264.7 cells, green fluorescence was examined in the subset groups of cells using a fluorescence microscope. Magnification, x200. 
DPPH, 2,2‑diphenyl‑1‑picrylhydrazyl; EMfC, ethanol extracts of mulberry leaves fermented with C. militaris; LPS, lipopolysaccharide; ROS, reactive oxygen 
species; Lo, low; Mi, medium; Hi, high.
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anti‑inflammatory and antioxidant activity of red ginseng (30). 
In another example, fermented cultures using mushrooms 
such as Schizophyllum commune, are reported to augment 
the antioxidant and anti‑inflammatory effects as compared to 

unfermented mushrooms (31). A study on fermented C. mili‑
taris reported the beneficial effects for hypertension  (32). 
Choi  and  Hwang  (33) showed that the anti‑inflammatory 
activity of mulberry leaves is due to the reduction of NO 

Figure 2. Determination of cytotoxicity, NO production and iNOS/COX‑2 transcription. (A) Cytotoxicity of EMfC. LPS‑treated RAW264.7 cells were incubated 
in the absence or presence of EMfC (100, 200 and 400 µg/ml) for 24 h. Cell morphology was observed under a microscope. Magnification, x200. Cell viability 
was estimated using the MTT assay. For each group, two to three wells were used in the MTT assay, and optical density was measured in duplicate for each 
sample. (B) NO production. RAW264.7 cells (5x105 cells/ml) were treated with the Vehicle or the indicated concentrations of EMfC, in the absence or presence 
of LPS (1 µg/ml) for 24 h. The supernatants were subsequently isolated and analyzed for nitrite. NO production was determined by measuring nitrite accumula-
tion in the culture medium using the Griess reaction. For each group, two to three wells were used in the preparation of culture supernatant, and the Griess 
reaction was performed in duplicate for each sample. (C) Transcription levels of iNOS/COX‑2. Alterations in the levels of COX‑2 and iNOS were measured by 
RT‑PCR. After the intensity of each band was determined using an imaging densitometer, the relative levels of COX‑2 and iNOS mRNA were calculated based 
on the intensity of actin. (D) Quantification of iNOS/COX‑2 transcripts using RT‑qPCR. For each group, two to three wells were used in the preparation of total 
RNA, and RT‑PCR and RT‑qPCR analysis was performed in duplicate for each sample. Data are presented as the mean ± SD. *P<0.05 vs. Untreated group; 
#P<0.05 vs. Vehicle+LPS‑treated group. NO, nitrogen oxide; COX‑2, cyclooxygenase‑2; iNOS, nitric oxide synthase; EMfC, ethanol extracts of mulberry leaves 
fermented with C. militaris; LPS, lipopolysaccharide; RT‑qPCR, reverse transcription‑quantitative PCR; Lo, low; Mi, medium; Hi, high.
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and alteration in the levels of cytokines. In the current study, 
we evaluated the anti‑inflammatory and anti‑autophagy 
activities of mulberry leaves fermented by C. militaris, and 
determined the effects on NO production, iNOS‑mediated 
COX‑2 induced pathway, inflammatory cytokines transcrip-
tion, MAPK pathway, cell cycle arrest, autophagic vacuole, 
and PI3K/mTOR pathway in LPS‑stimulated RAW264.7 cells 
exposed to the fermented product.

Oxidative stress is a condition in which the balance of 
oxidative stimulators and inhibitors in the body is disturbed 
by events such as inflammation. This ultimately causes oxida-
tive damage to cells and the human body. The active oxygen 
species involved in oxidative damage is ROS, especially NO, 
which is known to play a significant role in the inflammatory 
response (34). NO plays an important role in signal delivery 
and killing bacteria under normal conditions, but excessive NO 
production causes adverse side effects such as tissue damage 

and genetic mutations  (35). Thus, antioxidants that inhibit 
oxidative stress by eliminating the active oxygen species 
(including NO) are important candidates as anti‑inflammatory 
drugs. In this study, we observed a dose‑dependent degrada-
tion of free radicals and NO generation in LPS‑stimulated 
RAW264.7 cells after exposure to EMfC. No cell toxicity was 
observed at the EMfC concentrations exerting the antioxidant 
and NO production inhibitory effects. Moreover, EMfC also 
inhibited the expressions of iNOS and COX‑2 during activa-
tion of iNOS‑mediated COX‑2 induced pathway.

Macrophages that engage in adaptive immunity as antigen 
presenting cells and are involved in adaptive immunity by 
inducing an inflammatory response by monitoring external 
substances, are important cells in charge of the front line of the 
immune system. In particular, during inflammatory reactions, 
macrophages express toll‑like receptors (TLRs) on the surface 
to sensitize pathogens. TLR4 is responsible for the function 

Figure 3. Determination of inflammatory cytokine levels. (A) Transcription levels of inflammatory cytokines. LPS‑stimulated RAW264.7 cells were treated 
with either Vehicle or varying concentrations of EMfC for 3 h, and the mRNA expression levels of TNF‑α, IL‑1β and IL‑6 were determined by RT‑PCR. After 
the intensity of each band was determined using an imaging densitometer, the relative mRNA expression levels of TNF‑α, IL‑1β and IL‑6 were calculated 
based on the intensity of actin. (B) Secreted protein levels of IL‑6. Alterations in the levels of IL‑6 protein in culture supernatants of differently treated 
RAW264.7 cells were measured by ELISA. (C) Quantification of IL‑1β, TNF‑α and IL‑6 transcripts using RT‑qPCR. For each group, two to three wells were 
used in the preparation of total RNA and culture supernatant, and RT‑PCR, ELISA and RT‑qPCR analysis was performed in duplicate for each sample. Data 
are presented as the mean ± SD. *P<0.05 vs. Untreated group; #P<0.05 vs. Vehicle+LPS‑treated group. EMfC, ethanol extracts of mulberry leaves fermented 
with C. militaris; LPS, lipopolysaccharide; RT‑qPCR, reverse transcription‑quantitative PCR; Lo, low; Mi, medium; Hi, high.
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Figure 4. Detection of MAPK pathway. Alteration in the levels of p‑PI3K/PI3K, p‑mTOR/mTOR and β‑actin proteins were measured by western blotting. 
After the intensity of each band was determined using an imaging densitometer, the relative levels of the six proteins were calculated, based on the intensity of 
actin protein. For each group, two to three dishes were used in the preparation of the cell homogenates, and western blot analysis was performed in duplicate 
for each sample. Data are presented as the mean ± SD. *P<0.05 vs. Untreated group; #P<0.05 vs. Vehicle+LPS‑treated group. p‑, phosphorylated; EMfC, ethanol 
extracts of mulberry leaves fermented with C. militaris; LPS, lipopolysaccharide; Lo, low; Mi, medium; Hi, high.

Figure 5. Detection of cell cycle arrest. PI staining was performed to determine the cell cycle distribution, by flow cytometric analysis of the DNA content of 
nuclei of EMfC+LPS‑treated RAW264.7 cells. Following exposure to EMfC, the numbers of cells in the G0/G1, S and G2/M stage were determined. For each 
group, two to three wells were used for PI staining, and the cell number at each phase was counted in duplicates for each sample. Data are presented as the 
mean ± SD. *P<0.05 vs. Untreated group; #P<0.05 vs. Vehicle+LPS treated group. PI, propidium iodide; EMfC, ethanol extracts of mulberry leaves fermented 
with C. militaris; LPS, lipopolysaccharide; Lo, low; Mi, medium; Hi, high.
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of LPS and inflammatory factors such as NO and prosta-
glandin E2 (PGE2), and inflammatory cytokines such as TNF‑α, 
IL‑1β and IL‑6 (26,36). These inflammatory factors and inflam-
matory cytokines are the main markers of inflammation (37). 

The inflammatory factor PEG2 (active oxygen species induced 
by COX‑2) increases the permeability of blood vessels, resulting 
in fever, abscess and pain during the inflammatory process. In 
addition, inflammatory cytokines such as TNF‑α, IL‑1β and 

Figure 6. Detection of autophagic vacuole and PI3K/mTOR signaling pathway. (A) Autophagy induction profile and ratio. RAW264.7 cells were treated with 
EMfC+LPS for 24 h, washed and stained using the Autophagy LC3‑antibody‑based kit for FACS analysis. For each group, two to three dishes were used in 
the preparation of the LC3‑stained cells, and FACS analysis was performed in duplicate for each sample. The autophagy induction ratio was presented as 
test sample fluorescence relative to control. (B) Expression levels of LC3B. Alterations in the levels of LC3 and β‑actin proteins were measured by western 
blotting. (C) Expression levels of PI3K/mTOR signaling pathway members. Alterations in the levels of p‑PI3K/PI3K, p‑mTOR/mTOR, Beclin and β‑actin 
proteins were measured by western blotting. After the intensity of each band was determined using an imaging densitometer, relative levels of the five proteins 
were calculated based on the intensity of actin protein. For each group, two to three dishes were used in the preparation of cell homogenates, and western blot 
analysis was performed in duplicate for each sample. Data are presented as the mean ± SD. *P<0.05 vs. Untreated group; #P<0.05 vs. Vehicle+LPS‑treated 
group. EMfC, ethanol extracts of mulberry leaves fermented with C. militaris; LPS, lipopolysaccharide; p‑, phosphorylated; FACS, fluorescence‑activated cell 
sorting; Lo, low; Mi, medium; Hi, high.
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IL‑6 also cause fever, inflammation of endocardial cells, activa-
tion of neutrophils, increased breakdown of muscles and fats, 
and, in severe cases, septic shock (38). We therefore evaluated 
the inhibitory effect of EMfC on the production of inflamma-
tory cytokines (TNF‑α, IL‑1β and IL‑6) in LPS‑stimulated 
RAW264.7 cells. Our results indicate that EMfC effectively 
and dose‑dependently reduces the generation of inflammatory 
factors and inflammatory cytokines induced by LPS.

The MAPK pathway corresponds to the upstream region 
of the transcriptional factor NF‑κB signal transduction, and is 
involved in the LPS‑induced inflammatory response involving 
TLR4. It also regulates the growth and differentiation of 
cells, and controls the cell response to cytokines and stresses. 
Therefore, we investigated the MAPK pathway to determine 
the mechanism by which EMfC regulates the LPS‑induced 
inflammatory response. As presented in Fig. 4, EMfC inhibits 
phosphorylation of ERK1/2, p38 MAPK and JNK of the 
MAPK pathway. Thus, although studies on NF‑κB (the down-
stream signal transduction of MAPK) were not conducted, 
EMfC was observed to play a role in controlling MAPK, and 
it is assumed that EMFC also controls NF‑κB. Future research 
needs to examine the mechanism of EMFC that controls 
NF‑κB regulation. In addition, we examined LPS‑induced cell 
cycle changes, to determine whether regulation of the MAPK 
pathway by EMfC is involved in cell growth and differentia-
tion. Interestingly, we observed that the G1 arrest caused after 
exposure to LPS is restored by EMfC treatment.

Autophagy is the process that maintains cell homeostasis, 
and is an important catabolism for disassembling unnec-
essary or dysfunctional components of cells through the 
lysosome (39). It is a fundamental phenomenon in most tissues, 
and is also triggered by lack of sugars and amino acids in the 
cell, as well as by hypoxia, oxidative stress, and administration 
of chemotherapy agents (40). It has recently been reported that 
autophagy acts as an intermediary in diseases such as cancer 
and diabetes, as well as in inflammatory responses (40,41). 
In inflammation, autophagy helps to eliminate microbes in 
cells through phagocytosis, and the phagocytosis antigens are 
mainly involved in the presentation of major histocompatibility 
complex class II molecules. Autophagy is also reported to be 
involved in the inflammatory response, aiding the action of 
PAMP (cytosolic pathogen‑associated molecule pattern) and 
TLR7 (42,43). In our study, we observed that EMfC exposure 
inhibits the LPS‑induced autophagy. In addition, EMfC also 
inhibits phosphorylation of PI3K and mTOR, with a signal 
transduction that regulates autophagy and ultimately inhib-
iting the LPS‑induced autophagy.

Our study has limitations, in that we did not investigate 
the protective effects of EMfC with high or low concentra-
tions of LPS stimulation. In most previous studies, RAW264.7 
cells were stimulated by LPS at 1 mg/ml, although only a few 
studies applied different concentrations  (44‑47). Based on 
previous studies, our study also established 1 mg/ml as the 
optimal concentration to evaluate the protective effects of 
EMfC. Moreover, this LPS concentration successfully reduced 
the viability of RAW264.7 cells by ~30% in our pilot study, 
where we had screened the cell viability at various concen-
tration of LPS (data not shown). However, more studies are 
required to evaluate the protective effects of EMfC in cell 
models with higher or lower concentrations of LPS, although 

the protective effects of EMfC have been proven at optimum 
concentrations of LPS.

The results of this study reveal that EMfC prevents the 
inflammatory response and autophagy pathway in LPS‑induced 
macrophages. This anti‑inflammatory mechanism of EMfC 
is associated with the regulation of iNOS‑mediated COX‑2 
induced pathway, expression of inflammatory cytokines, MAPK 
signaling pathway, and cell cycle progression. Furthermore, 
EMfC exposure inhibits the LPS‑induced autophagy through 
activation of the PI3K/mTOR pathway. Taken together, our 
results indicate that EMfC has excellent anti‑inflammatory and 
anti‑autophagy capabilities, and is a competitive and potential 
drug candidate for inflammation‑related diseases.
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