
0360-3997/19/0600-2246/0 # 2019 Springer Science+Business Media, LLC, part of Springer Nature

Inflammation, Vol. 42, No. 6, December 2019 (# 2019)

2246

ORIGINAL ARTICLE

Damage and Phenotype Change in PC12 Cells Induced
by Lipopolysaccharide Can Be Inhibited
by Antioxidants Through Reduced Cytoskeleton
Protein Synthesis

Chun Zhang ,1,3 Ping Yu,2 Jing Ma,1 Liang Zhu,2 Ajing Xu,1 and Jian Zhang1,3

Abstract— The present study investigated changes in cellular phenotype and oxidative stress
during the inflammatory response in PC12 cells stimulated by lipopolysaccharide (LPS) and
assessed the effects of minocycline, astragalus (AST), and baicalin on inflammation. PC12
cells were exposed to LPS with or without minocycline, AST, or baicalin. Cell viability was
measured by a thiazolyl blue tetrazolium bromide (MTT) assay. Contrast and laser confocal
microscopy were used to analyze changes in cellular phenotype and cytoskeleton synthesis.
Western blotting tested the expression of α7nAChR and vimentin. Inhibitory ratio of
superoxide dismutase (SOD) activity and leakage of lactate dehydrogenase (LDH) were
detected to evaluate cellular oxidative stress. Results showed that LPS could attenuate
PC12 cell viability in a time- and dose-dependent manner, which could be rescued by
minocycline. In addition, minocycline could reverse PC12 cell phenotypic change and the
synthesis of the mesenchymal cytoskeleton protein vimentin, both induced by LPS. During
LPS-initiated inflammation, α7nAChR and vimentin expression were obviously inhibited by
minocycline, AST, or baicalin. The inhibitory rate of SOD activity and LDH leakage in PC12
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cells were increased by LPS and attenuated significantly when exposed to minocycline, AST,
or baicalin. These findings suggest phenotype change, altered cytoskeleton protein synthesis,
and oxidative stress are all involved in the inflammatory response in PC12 cells during which
α7 nicotinic acetylcholine receptor (α7nAChR) is induced by LPS stimulation. Minocycline,
AST, and baicalin have a protective effect against PC12 cell injury, acting as antioxidants and
inhibitors of mesenchymal proteins.
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INTRODUCTION

Inflammation leads to tissue damage, which is part of
the basic pathology of various diseases, including neuro-
degenerative and allergic diseases such as diabetic neurop-
athy or asthma [1, 2]. Lipopolysaccharide (LPS) is a major
membrane component and toxin in Gram-negative bacte-
ria, able to trigger inflammatory responses and increase
cellular oxidative stress and superoxide [3–5]. LPS in the
microenvironment can cause cellular inflammation; thus,
it can be used to generate a useful model to investigate this
process. LPS-induced injury of PC12 cells is a model
widely used to study inflammation-related diseases [6, 7].

Cells in tumor tissues under persistent inflammation
may undergo a phenotype switch, described as the
epithelial-to-mesenchymal transition (EMT), and then ac-
quire enhanced invasion and migration ability, leading to
further deterioration. Inflammation and EMT can not only
stimulate each other but also synergistically promote me-
tastasis in malignant tissues. However, whether PC12 cells
under inflammatory stimulation can undergo EMT remains
unknown. In the present study, the possible occurrence of
EMT in PC12 cells stimulated by LPS, and the potential as
a therapeutic target intended to rescue cells from damage
during this process, was investigated.

Increased oxidative stress is a major feature of the
inflammatory response; it results in the excessive produc-
tion of reactive oxygen species (ROS), causing damage to
cellular structure and function. The possible association
between oxidative stress, inflammation, and EMTwas also
explored in this study.

Numerous natural compounds have various biological
activities, including antioxidant and cytoprotection properties.
In the present study, a wide spectrum antibiotic, minocycline,
and two traditional Chinese medicines, baicalin and astraga-
lus, were used to treat PC12 cells injured by LPS in order to
detect the inhibitory effect on EMTand assess the antioxidant
properties. Additionally, we investigated these pathological
processes to determine whether there are any possible targets
for these agents to aim at.

MATERIALS AND METHODS

Cell Culture and Treatment

PC12 cells were purchased from the Chinese Acade-
my of Sciences Cell Bank of Type Culture Collection
(Shanghai, China). PC12 cells were cultured in 10% fetal
bovine serum (FBS)-containing RPMI-1640 (Invitrogen,
Carlsbad, CA, USA) in 37 °C with 5% CO2. LPS (Sigma,
USA) was added to induce an inflammatory reaction in
PC12 cells. Minocycline, baicalin, or astragalus (all pur-
chased from Sigma, USA) was added to the cell medium
30 min before LPS for the treatment groups.

Cell Viability Assay

A 100-μl PC12 cell suspension was seeded onto 96-
well plates (Costar, USA) at a density of 3000 cells/well.
After treatment, cell viability was detected by thiazolyl
blue tetrazolium bromide staining (MTT; Sigma, USA).
Briefly, 20 μl of 0.5 mg/ml MTT was added to each well.
Then the plate was cultured at 37 °C with 5% CO2 in the
atmosphere for 4 h, after which the medium containing
MTTwas discarded and 100 μl DMSO (Sigma, USA) was
added to the wells. After 10 min, the absorbance at OD560

was detected.

Immunofluorescence, Confocal Microscopy, and
Contrast Microscopy Analysis

A detached cell suspension was seeded onto multiple
glass-bottom tissue culture plates (10 mm, Shengyou Bio-
technology, China) and cultured for 24 h with complete
medium containing 10% FBS. Then, the cells were ex-
posed to different kinds of treatments for 48 h. Sub-
confluent cells were rinsed with PBS rapidly at room
temperature (RT). Four percent of paraformaldehyde was
then used to fix cells, followed by washing with cold PBS
and then blocking in 1% BSA for 30 min, after which cells
were washed again and then stained overnight at 4 °C with
a primary antibody (anti-vimentin 1:1000). Next, cells
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were washed and stained with FITC-conjugated secondary
antibodies (1:100) at 37 °C for 1 h, then washed with PBS.
The samples were mounted in 1:2000 DAPI and analyzed
using a Zeiss LSM 710 confocal laser-scanning micro-
scope (Zeiss, Thornwood, NY, USA).

Adherent cells were seeded into a 24-well plate
(Costar, USA) after treatment, observed with a Leica
DMI 3000B microscope 2005 (Leica, Wetzlar, Germa-
ny), and then scanned at a magnification of × 20.
Representative images were generated using Image-
Pro Plus software version 6.0 (Media Cybernetics,
Inc., Rockville, MD, USA).

Western-Blot Analysis

Cultured cells were first rinsed with ice-cold PBS,
then lysed in 150 μl RIPA buffer containing 1 mM PMSF
(Beyotime, China) on ice. Then cells were scratched and
the lysates were collected after centrifugation at
14,000 rpm for 20 min at 4 °C. Supernatants were collect-
ed, and protein concentrations were determined using a
BCA protein assay kit (Pierce Chemical, Rockford, IL,
USA). The lysates were solubilized with 5X SDS-PAGE
sample loading buffer (Beyotime, China) and boiled to
denature the protein. Equal amounts of lysates were sepa-
rated via 10% SDS-PAGE and subsequently transferred to
polyvinylidene difluoride (PVDF) membranes (EMD
Millipore, Billerica, MA, USA) by electroblotting. Mem-
branes were blocked with 5% non-fat dry milk in Tris-
buffered saline and 0.1% Tween 20 (TBST) at room tem-
perature, washed with 1X TBST buffer, and incubated
overnight at 4 °C with primary antibodies (anti-vimentin,
1:2000; anti-GAPDH, 1:2000; anti-α7AChR, 1:500).
Membranes were then washed with TBST several times,
incubated with secondary antibodies (1:1000) for 1 h at
room temperature, and finally washed again with TBST to
develop with an ECL reagent (Pierce, Rockford, IL, USA).
GAPDH was used as the internal loading control. Immu-
noblots were visualized and scanned using an Odyssey FC
Imaging System (LI-COR Biosciences, NE, USA).

Superoxide Dismutase Activity and Lactate
Dehydrogenase Assay

Following treatments, PC12 cells were harvested
from a 6-well plate and homogenized in PBS on ice. After
centrifugation at 10,000×g for 15 min, the supernatant was
removed and the total protein concentration was measured.
The inhibitory ratio of superoxide dismutase (SOD) activ-
ity was detected using an SOD assay kit (Dojindo labora-
tory, Japan). One unit of SOD activity was defined as the

amount causing 50% inhibition of the initial rate of reduc-
tion ofWST-1 (2-(4-iodophenyI)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium, monosodium salt) dis-
solved in water. The absorbance at 450 nm of samples
and blanks were detected. Inhibitory ratio of SOD activity
was calculated according to the instruction of SOD kit,
which was 100% - (absorbance of sample - absorbance of
blank2)/(absorbance of blank1-absorbance of blank3) ×
100%. (Blank1: blank control without inhibitor; blank2:
sample blank; blank3: reagent blank). A 100-μL cell sus-
pension was seeded onto a 96-well plate (5 × 104 cells/ml)
followed by cell adherence and different treatments.
Lactate dehydrogenase (LDH) was measured using an
LDH assay kit according to the instructions (Dojindo,
Japan).

Statistical Analysis

All experiments were repeated a minimum of three
times. Data are presented as the means ± SEM. The images
presented are representative of the experiments. Statistical
analysis was conducted using GraphPad Prism 6.0 soft-
ware (La Jolla, CA, USA). The Student’s t test was used to
examine the differences between two groups. Differences
were considered significant if P< 0.05.

RESULTS

LPS-Induced PC12 Cell Damage in a Dose- and Time-
Dependent Manner, which Could Be Reversed by
Minocycline

Following stimulation with LPS for different times,
PC12 cell viability was decreased at 24 and 48 h with a
dose of 125 ng/ml and 1 μg/ml, compared with the
control (Fig. 1a). PC12 cell viability was tested after
48 h of LPS stimulation with a series of increasing
concentrations ranging from 62.5 ng/ml to 1 μg/ml. With
an increased dose of LPS, PC12 cell viability decreased
and showed obvious attenuation at 125 ng/ml. At the
dose of 1 μg/ml, we observed the most damage we saw
in PC12 cells according to the dose range (Fig. 1b).
Minocycline, a broad-spectrum antibiotic, was then used
to test the effect on PC12 cell viability together with
125 ng/ml LPS for 48 h. As can be seen in Fig. 1c, with
the increased dose of minocycline, cell viability attenu-
ated by LPS was reversed, recovering to the normal level
when the dose of minocycline increased to 50 μM, in
comparison with the control group, suggesting a protec-
tive effect of minocycline against LPS damage to cells.
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Fig. 1. Protective effect of minocycline on PC12 cells stimulated by LPS. a LPS-induced cell damage in a time-dependent manner. PC12 cell viability
decreased obviously at 24 and 48 h at a LPS dose of 125 ng/ml and 1μg/ml, compared with that of the control. bViability of PC12 cells culturedwith LPS for
48 h decreased in a dose-dependent manner at the dose of 125 ng/ml. c Minocycline exerted a protective effect on PC12 cell viability in a dose-dependent
manner following stimulation with LPS (125 ng/ml); 50 μM gave the most obvious protective effect. (*, compared with the control group, P< 0.05,
**P< 0.01; #, compared with the group treated with LPS alone, P< 0.05, ##P< 0.01).
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Minocycline Abolishes LPS-Induced Phenotypic
Switch and Cytoskeleton Changes in PC12 Cells

In addition to cell viability, we investigated changes
to PC12 cell phenotype and cytoplasmic structure. PC12
cell morphology under LPS stimulation alone or together
with minocycline was observed using a phase-contrast
microscope, as shown in Fig. 2a. The control group exhib-
ited completed cell outlines with strong refractivity, and the
space among cells was clear. However, cells exposed to
LPS alone showed darker cell bodies with black granules
in the cytoplasm and there was almost no refractivity,
suggesting weak viability and that the space among cells
was not as clear as that of the control, thus revealing
damage among the cells. When treated together with
minocycline at a concentration of 50 μM, cell morphology
was healthy, as was that of the control group. This
cytoprotective dose of minocycline is the same as that used
to test cell viability, suggesting that LPS-induced inflam-
mation in PC12 cells could be abolished by minocycline.

It has recently been reported that inflammation and
EMT shows a synergistic relationship. EMT plays a key
role in the control of inflammatory responses, steering the
inflammation towards deterioration and resulting in a cell
phenotype switch [8, 9]. Therefore, the synthesis of
vimentin, which is a cytoskeleton protein known as a
marker of EMT development, was detected by using con-
focal microscopy. As shown in Fig. 2b, LPS-induced
vimentin expression in PC12 cells, which was inhibited
by 50 μM minocycline. However, when minocycline was
used alone, the new vimentin synthesis was undetectable.
These results suggest the damage induced by LPS is partly
due to an inflammatory response during which PC12 cells
underwent a phenotype switch, including morphological
changes and increase vimentin expression that indicates the
degree of EMT. This could all be reversed by minocycline
used together with LPS.

Increased Vimentin Synthesis in LPS-Stimulated PC12
Cells Is Alleviated by Minocycline, Astragalus, and
Baicalin, Partially Involving α7nAChR

Increased vimentin expression is a known marker of
phenotype switch, indicating EMT. In abnormal tissues or
cells, EMT and inflammation co-exist and are mutually
inducible [8]. Western blotting was performed to confirm
the expression of vimentin induced by LPS. In addition to
minocycline, many herbal formulations of traditional Chi-
nese medicine have anti-inflammatory effects; astragalus
(AST) and baicalin are commonly used [10, 11]. In the
present investigation, AST, baicalin, and minocycline were

used, with or without LPS, in PC12 cells to investigate
their anti-inflammatory effects. Figure 3a shows LPS-
induced vimentin expression, which was abolished by
combining LPS with minocycline, AST, or baicalin.
Figure 3b showed the quantitated expression of vimentin
increased significantly induced by LPS when compared
with that in control. When combined with minocycline or
astragalus or baicalin in PC12 cells stimulated with LPS,
the level of vimentin showed an obvious tendency of
attenuation especially in the group of astragalus suggesting
that EMT in LPS-stimulated PC12 cells is sensitive to these
agents.

As previously identified, increased vimentin expres-
sion could be mediated by α7nAChR in some tumor cells
[12, 13]. We aimed to discern whether vimentin expression
induced by LPS in PC12 cells was associated with
α7nAChR expression. Results showed that α7nAChR
expression could be induced by LPS, but attenuated by a
combination with minocycline, baicalin, or AST (Fig. 3c).
AST decreased the expression of α7nAChR after LPS
stimulation, though not as obviously as the other two
agents. In accordance with the change tendency of
vimentin, the quantitated expression of α7nAChR was
enhanced obviously by LPS stimulation in PC12 cells
when compared with control. There were obvious abate-
ments in the expression of this receptor when cells dam-
aged by LPS were treated together with minocycline or
astragalus or baicalin as Fig. 3d showed.

Antioxidative and Protective Effects of Minocycline,
AST, or Baicalin Against LPS Injury in PC12 Cells

As a well-known inflammatory stimulus, LPS can
induce acute neuroinflammation and reactive oxygen spe-
cies (ROS) generation, resulting in an imbalance in cell
oxidative stress [14, 15]. In different kinds of pathophysi-
ological processes, superoxide is widely known to cause
many types of cell damage. Superoxide dismutase (SOD)
catalyzes the dismutation of superoxide radicals into mo-
lecular oxygen or hydrogen peroxide in order to defend
tissues and cells against oxidant damage. Thus, SOD is
viewed as an antioxidant, and the level of SOD is usually
measured to evaluate the antioxidant ability of cells or
tissues [16]. In our experiments, the inhibitory rate of
SOD activity was examined. High or low doses of AST
or baicalin were applied. As shown in Fig. 4a, following
LPS stimulation, the inhibitory rate of SOD in PC12 cells
was clearly increased compared with the control group.
However, cells treated withminocycline or ASTor baicalin
alone, no matter the dose, showed no difference in the level
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of SOD when compared with the control group, indicating
that LPS induces a significant increase in oxidative stress
and contributes cellular damage of cells; however, AST,
baicalin, or minocycline do not have any notable negative
effects on cells when used alone.

Furthermore, treatment of PC12 cells with LPS to-
gether with AST or baicalin for 24 h (Fig. 4b) and 48 h
(Fig. 4c) could effectively attenuate inhibitory rate of SOD
compared with that in LPS alone. These results suggest the
protective and the antioxidative effects of AST, baicalin, or
minocycline against LPS damage in PC12 cells. However,
Fig. 4c shows that after 48 h of treatment with LPS together
with ASTor baicalin, the inhibitory rate of activity of SOD
was even lower than that of the control. These phenomena
should be contributed to the protective effects of AST or
baicalin along with the longer culture time when consider-
ing the result of Fig. 4a together.

Lactate dehydrogenase (LDH) is a valuable enzyme
and a sensitive indicator of cellular metabolic status [17].
LDH level in the culture medium shows not only the state
of a damaged cellular membrane but also the direction of
oxygen usage involved in aerobic or anaerobic metabolism

and even immune surveillance [18]. Therefore, LDH was
quantified when PC12 cells were treated with LPS alone or
together with minocycline or AST or baicalin (Fig. 4d).
After 24 h, the large amount of LDH released from cells
induced by LPS was obviously inhibited when cells were
treated together with AST, minocycline, or baicalin (Fig.
4e). When these same treatments were performed for 48 h,
similar results were observed. Combination of AST or
baicalin with LPS could obviously attenuate LDH release
compared with LPS alone (Fig. 4f).

DISCUSSION

Neuron damage is common in various neurodegener-
ative diseases [19] including diabetic neuropathy [7]. LPS
is a known component of the Gram-negative bacterial cell
wall, this can be recognized by the immune system, induc-
ing neuroinflammation [3]. The PC12 cell line is derived
from a rat pheochromocytoma of the adrenal medulla,
which possessed neuron-like characteristics. It provides a
cellular model for use in studying a series of neurological

Fig. 2. PC12 cells undergo a phenotypic switchwhen stimulated by LPS, which is abolished byminocycline. a PC12 cell morphologywhen damaged by LPS at
a concentration of 125 ng/ml for 48 h. PC12 cells in the control group showed a complete outline with strong refractivity and the space among the cells was clear.
Cells exposed to LPS alone showed darker cell bodies with black granules in the cytoplasm. When treated with LPS combined with 50 μMminocycline, the
injury caused by LPS could be reversed. Cells were scanned and representative areas were photographed at ×10 magnification. b No vimentin expressed in the
control group. Vimentin (red) was induced by 48 h of LPS in PC12 cells, which then underwent EMT. Increased vimentin stimulated by LPS in the PC12 cell
cytoplasm was abolished through the combined usage of minocycline at a concentration of 50 μM. Cells were scanned at a magnification of × 20.
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Fig. 2. (continued)
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diseases, including neurodegeneration, apoptosis, and cy-
totoxicity. In the present study, LPS-induced inflammation
in PC12 cells in a dose- and time-dependent manner.
Damage caused during the inflammatory response occurs
via ≥ 3 routes, including altered cell viability, morpholog-
ical transition, and cytoskeletal synthesis, leading to a
phenotypic switch and increased oxidative stress.

The protective effect of several agents on PC12 cells
during this process was observed and the underlying pos-
sible mechanisms were investigated. Minocycline is a wide
spectrum antibiotic. Minocycline, when used to treat PC12
cells stimulated with LPS, showed a protective effect on
cell viability at a dose range from 1 to 50 μM. At the
concentration of 50 μM, minocycline shows an obvious
protective effect on PC12 cell viability and the capacity to
reverse cellular morphology changes brought about during
inflammation, as determined by phase-contrast microsco-
py. Cellular morphology changes are usually accompanied

by alterations in cytoskeletal synthesis, especially under
certain detrimental micro-circumstances that lead to EMT
[8]. When PC12 cells were exposed to LPS together with
minocycline at the same dosage, the increased expression
of vimentin stimulated by LPS was attenuated, as detected
by confocal microscopy. These results suggest
minocycline has the ability to abolish EMT promoted in
PC12 cells by inflammation though inhibiting vimentin
synthesis. Simultaneously, both AST and baicalin showed
an ability to decrease vimentin expression, suggesting a
regulative effect on the cytoskeleton. Our previous study
verified the ability of α7nAChR to mediate vimentin ex-
pression, a marker of EMT [12, 13]. Our present results
show that α7nAChR expression could be induced in PC12
cells by LPS and be decreased by minocycline, baicalin, or
AST, suggesting α7nAChR is at least partly involved in
LPS-induced EMT mediation in PC12 cells and its sensi-
tivity to minocycline, baicalin, or AST.

Fig. 3. Effect of minocycline, astragalus or baicalin on vimentin and α7nAChR synthesis in LPS-treated PC12 cells. a Increased vimentin expression in
PC12 cells induced by LPS treatment for 48 h was inhibited by co-administration with minocycline, astragalus, or baicalin. b The quantitated expression of
vimentin in PC12 cells of figure3a. c Minocycline, baicalin, or astragalus decreased the expression of α7nAChR following LPS induction for 48 h. d The
quantitated expression of α7nAChR in PC12 cells of Fig. 3c.
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Fig. 4. Antioxidative and protective effects of minocycline, astragalus or baicalin on LPS injury of PC12 cells. a Inhibitory ratio of SOD in PC12 cells when
exposed to LPS, minocycline, astragalus, or baicalin alone for 24 h. Under stimulation with LPS, the inhibitory ratio of SOD in PC12 cells was increased
compared with the control group. However, cells treated with minocycline or ASTor baicalin alone, no matter the dose, showed no significant difference in
the SOD level relative to the control group. b Inhibitory ratio of SOD in PC12 cells was attenuated when exposed to LPS combined with minocycline,
astragalus, or baicalin for 24 h. c Inhibitory ratio of SOD in PC12 cells decreased significantly when treatment with LPS combined with baicalin or astragalus
for 48 h. d Leakage of LDH fromPC12 cells when exposed to LPS, minocycline, astragalus, or baicalin alone for 24 h. The leakage of LDHwas increased by
stimulation with LPS, whereas cells treated with minocycline, astragalus, or baicalin alone showed no difference compared with the control. e The leakage of
LDH in PC12 cells exposed to LPS together with minocycline, astragalus, or baicalin for 24 h was decreased compared with cells treated with LPS alone. f
The leakage of LDH in PC12 cells stimulated with LPS combined with baicalin or astragalus for 48 h was attenuated significantly when compared with the
control or cells treated with LPS alone. Minocycline: 50 μM; astragalus (L), astragalus low dose: 50 μM; astragalus (H), astragalus high dose: 100 μM;
baicalin (L), baicalin low dose: 0.2 mM;baicalin (H), baicalin high dose: 1.0 mM. (*, compared with the control group, P < 0.05, * P < 0.01; #, compared with
the group treated with LPS alone, P < 0.05, ##P < 0.01).
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AST has been reported to show various pharmaco-
logical effects, including anti-inflammatory, immune-stim-
ulant, antioxidative, and anti-diabetic activities [20].
Baicalin is also a widely used component in traditional
Chinese Medicine. It has been established to have anti-
inflammatory and neuroprotective properties [11, 21, 22].
However, the effects of both AST and baicalin on the
damage to PC12 cells have not been clearly demonstrated.
Therefore, the antioxidative effects of both were investi-
gated. Results revealed that AST and baicalin significantly
reduced the inhibitory rate of SOD, which was obviously
increased by LPS, showing an ability to balance oxidative
stress during inflammation. Even at high concentrations,
no obvious cellular toxicity occurred with AST and
baicalin treatment, indicating a good safety profile. The
basic structure of AST includes glucoside indican, the
oxygen-containing groups of which could replace the agly-
con of cycloartane-type saponins to balance increased ox-
idative stress [20, 23]. This antioxidant effect contributes to
offsetting the development of LPS-induced inflammation
and may inhibit the synthesis of vimentin. However, the
underlying mechanism needs to be further investigated.

We investigated the damage caused by LPS, which
occurs due to altered cell viability, phenotypic switch, and
oxidative stress. Minocycline, AST, and baicalin exert
protective effects on PC12 cells, mediated by inhibited cell
EMT and increased activity of SOD and attenuated LDH
leakage from cytoplasm following inflammatory stimula-
tion. The three agents not only have antioxidant character-
istics[24–26] but also have regulatory effects on the ex-
pression of α7nAChR, which is involved in decreased
vimentin synthesis. However, in the present investigation,
the specific antagonist of α7nAChR was not applied di-
rectly to PC12 cells following LPS stimulation to identify
the expression of vimentin due to present unavailability of
α-bungarotoxin in China (according to a revised policy).
α7nAChR only can be considered as a possible mecha-
nism for regulating vimentin in PC12 cells; further inves-
tigations should be performed.

In summary, the results showed that minocycline,
AST, and baicalin could decrease LPS-induced vimentin
expression, showing the ability to inhibit and reverse the
development of EMT inwhichα7nAChR is involved. This
receptor and the process of EMT during the inflammatory
response may be looked upon as potential treatment tar-
gets. Furthermore, we verified that oxidative stress contrib-
utes to cell damage in inflammation. Certain traditional
Chinese medicines possess both antioxidant characteristics
and the ability to inhibit changes to cytoskeletal proteins
under inflammatory conditions, hinting at a relationship

between oxidative stress and cell phenotype switch. The
process of switching, which includes α7nAChR, may be
considered as potential target for an adjuvant regimen,
although further research is required.
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