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As heterogeneous and versatile cells, macrophage

Mao et al.: Gallic acid Inhibits M1 Macrophage Polarization

To investigate the role of gallic acid in lipopolysaccharide/interferon-gamma induced macrophage
polarization toward M1. Macrophages were isolated from peritoneal wash fluid and exposed to gallic acid
prepared at the concentrations of control, 6.25, 12.5, 25 and 37.5 pg/ml, in presence of lipopolysaccharide and
interferon-gamma, for establishment of M1 polarization. Adenosine 5’-monophosphate-activated protein
kinase inhibitor compound C was used to pre-treat the macrophages; cell viability was determined by flow
cytometry with Annexin V-PE/7-amino actinomycin D staining, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide and trypan blue assays; flow cytometry was applied to evaluate the expression of F4/80*
inducible nitric oxide synthase” M1 macrophages; real-time polymerase chain reaction was used to assess the
messenger ribonucleic acid expression level of inducible nitric oxide synthase, tumor necrosis factor-alpha
and interleukin-1beta. Protein expression levels of cyclooxygenase-2, adenosine 5°-monophosphate-activated
protein kinase, signal transducers and activators of transcription 1 and phosphorylation levels of adenosine
5’-monophosphate-activated protein kinase and signal transducers and activators of transcription 1 were
evaluated by Western blotting. Gallic acid at the concentrations of 6.25-37.5 pg/ml showed no noticeable
effects on macrophages viability, but significantly decreased F4/80" inducible nitric oxide synthase® M1
macrophages polarization and the expression levels of inducible nitric oxide synthase, tumor necrosis factor-
alpha, interleukin-1 beta, cyclooxygenase-2 and phospho-signal transducers and activators of transcription
1, meanwhile increased the expression levels of p-adenosine 5’-monophosphate-activated protein kinase
contents in a concentration-dependent manner. Adenosine 5’-monophosphate-activated protein kinase
inhibitor compound C pre-treatment can reverse the effects of gallic acid on M1 macrophage polarization.
Gallic acid may inhibit macrophage polarization toward M1 via adenosine 5’-monophosphate-activated
protein kinase/signal transducers and activators of transcription 1 signaling pathway.
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into Ml-type macrophages.

These macrophages

can acquire distinct morphological and functional
properties, which contributes to inflammatory
responsel’, autoimmunity and damage repair®?!.
The polarization of macrophages plays a crucial role
in eliminating the pathogens or maintaining tissue
homeostasis. Nowadays, it is generally believed that
the development of various immune-related diseases is
influenced by the polarization of macrophages!*>.

Under the complex and changeable microenvironment,
macrophages can be transformed into different
phenotypes. In general, macrophages have at least two
different polarizations, namely M1-type macrophages
and M2-type macrophages!®. Macrophages were

produce inducible Nitric Oxide Synthase (iNOS),
Interleukin-1 Beta (IL-1B), Tumor Necrosis Factor-
Alpha (TNF-a), which responses to participate in
the promotion of inflammation response. On the
other hand, under the stimulation of IL-4 and other
substances, macrophages can be transformed into
M2-type macrophages that highly express Arginase-1
(Arg-1), thus Transforming Growth Factor-f (TGF-p)
and so on. These macrophages promote inflammatory
breakdown and wound repair. However, the mechanism
of macrophage polarization is still uncleart’*!.

Gallic Acid (GA) is a polyphenolic compound with
a wide range of bioactive properties, including

stimulated by Lipopolysaccharide (LPS), Interferon- antioxidant activity, protecting from infections,
Gamma (IFN-y) and other substances to be transformed  exerting immunological effects and inducing
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metabolic changes®!'”. Numerous recent studies
have demonstrated the anti-inflammatory effects of
GA through the regulation of macrophage-related
functions. Huang ef al. have proved that GA can reduce
the overexpression of TNF-a, IL-6, IL-1 and other
inflammatory cytokines by down-regulating the Toll-
Like Receptor 4 (TLR4)/Nuclear Transcription Factor
Kappa B (NF-kP) signaling pathway, thereby protecting
against tissue damage caused by LPS!'!, Moreover, Ahn
et al. have discovered that GA can down-regulate the
TLR4 pathway in LPS-stimulated macrophages via 67
Laminin Receptor (67LR) signaling, thus leading to the
Mitogen-Activated Protein Kinase (MAPK) inhibition
and reduced the production of pro-inflammatory
cytokines!'?. These results indicated that GA had
potential anti-inflammatory activity.

In this study, we investigate the role of GA in LPS/IFN-y
induced M1 polarization and its related mechanism.
The results from this study would not only expand our
knowledge of mechanisms underlying the effects of GA
on macrophage polarization, but also provide new clues
for gene-targeted therapies at M1 macrophage-related
inflammatory disease in the future.

MATERIALS AND METHODS
Reagents and antibodies:

GA (cat: TO877, TargetMol, United States of America
(USA)); LPS (cat: L2880, Sigma, USA)!*!4l; TFN-y
(cat: 315-05, Peprotech, USA); anti-mouse F4/80
(cat: 123108, BioLegend, USA); anti-mouse iNOS
(cat: 61-5920-82, Invitrogen, USA); Compound C
(cat: 1219168-18-9, AbMole, USA); penicillin and
streptomycin (cat: 15140-122), Roswell Park Memorial
Institute (RPMI) 1640 medium (cat: 31800-022) and
Fetal Bovine Serum (FBS) (cat: 16000-044) were
purchased from Gibco (USA).

Peritoneal macrophage isolation:

The mouse peritoneal macrophages were prepared as
stationary phenotype according to the protocol described
previously!®!. Briefly, 8 w old female C57BL/6 mice
(Specific Pathogen-Free (SPF), Animal Experimental
Center, Jinzhou Medical University) received 3 ml
peritoneal injection of 2 ml, 3 % thioglycollate medium
(Solarbio). Mice were sacrificed by Carbon dioxide
(CO,) suffocation 3 d and further received peritoneal
injection of 3 ml 0.05 % ethylenediaminetetraacetic
acid which was dissolved in Phosphate-Buffered
Saline (PBS). Then thioglycollate-elicited peritoneal
macrophages were harvested. Cell pellet were collected
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after centrifugation at 1200 g for 5 min at 4° and then
washed by PBS. Then the resulted cells were cultured
with RPMI-1640 medium supplemented with 10 %
FBS at 37° for 2 h. Then the unattached cells were
removed after washed by PBS three times. All animal
experimental protocol were reviewed and approved
by Institutional Animal Care and Use Committee of
Jinzhou Medical University.

Cell treatments:

For GA exposure, the cultured macrophages were
respectively treated with serially diluted GA at final
concentrations of 6.25, 12.5, 25 and 37.5 pg/ml for 24
h. For LPS and IFN-y stimulation, macrophages were
treated with LPS and IFN-y at final concentration of
100 and 20 ng/ml for 24 hi'l, Several macrophages were
pre-treated with specific Adenosine 5°-Monophosphate-
Activated Protein Kinase (AMPK) inhibitor compound
C at final concentration of 5 pm 1 h prior to GA
administration.

Annexin V-PE/7-Amino Actinomycin D (7-AAD)
flow cytometry analysis:

Cell apoptosis was measured using an Annexin V-PE/7-
AAD apoptosis detection kit (cat: A213-02, Vazyme,
China). Briefly, cells were collected and re-suspended
in 1x binding buffer. Then, the solution (suspension
containing 1x10° cells) was supplemented with 5 pl of
PE Annexin V and 7-AAD and incubated in the dark
for 15 min at room temperature. Apoptotic cells were
identified by flow cytometry. All the experiments were
performed in triplicate.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay:

Peritoneal macrophages in the exponential growth
phase were seeded in 96-well plates at a density of
5x10? cells/well. GA was added at control, 6.25, 12.5,
25 and 37.5 pg/ml and the cells were incubated at 37°
for 24 h. Cell viability was determined using the MTT
reduction assay (CellTiter 96® Aqueous One Solution
Cell Proliferation Assay kit; cat: G3582, Promega,
USA), which measures mitochondrial respiration in
living cells. Reduction of MTT to formazan within the
cells was quantified by measuring absorbance at 490 nm
using a molecular device microplate reader (Sunnyvale,
CA, USA). Results are expressed as mean percent
viability=Standard Deviation (SD) of 3 independent
experiments.
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Trypan blue exclusion assay:

Peritoneal macrophages were cultured at a density
of 50 000 cells per well in 96-well culture plates
and contaminated culture media contained different
concentrations of GA were added to the respective
wells. After 24 h, the cells were washed with PBS and
using trypsin/Ethylenediaminetetraacetic Acid (EDTA)
and the cells were detached from culture plates and
subsequently collected by centrifugation at 1700 rpm
for 5 min. Following centrifugation, the cells were re-
suspended in fresh culture media and 50 pl of the cell
suspension was mixed with an equal volume of trypan
blue (cat: T8154, Sigma, USA) and incubated for 2 min
at 37°. Using hemocytometer, the percentage of viable
and dead cells was determined. Trypan blue is a dye
that enters the cell when the cell membrane is damaged
cell appears to be blue in color.

Flow cytometry analysis of cell markers in vitro:

The following fluorochrome-conjugated antibodies
were used, Fluorescein Isothiocyanate (FITC)-labeled
rat F4/80 isotype control and Phycoerythrin (PE)-
labeled mouse iNOS isotype control. The stained cells
were analyzed by flow cytometer (Becton Dickinson
(BD) Biosciences) using specialized software (FlowJo
7.6.1 Software; tree star Inc., Ashland, OR, USA).

Total Ribonucleic Acid (RNA) extraction and
quantitative Reverse Transcriptase-Polymerase
Chain Reaction (QRT-PCR):

Cells in each group were collected for messenger RNA
(mRNA) analysis. Total RNA was extracted using
RNAiso reagent (TaKaRa Biotechnology Co. Ltd.,
Dalian, China) and complementary Deoxyribonucleic
Acid (cDNA) synthesized by Reverse Transcription (RT)
using PrimeScript RT system (TaKaRa Biotechnology
Co. Ltd.), according to the manufacturer's instructions.
The expression levels of iNOS, TNF-a and IL-1B
transcripts were quantified using qRT-PCR with
SYBR Premix Ex Taq II (TaKaRa Biotechnology Co.
Ltd.) and a LightCycler® system (Roche molecular
bio chemicals, Mannheim, Germany), in accordance
with the manufacturers protocol. Primers for iNOS,
TNF-a, IL-1pB and B-actin were used. Primer sequences
(TaKaRa Biotechnology Co. Ltd.), predicted amplicon
sizes and annealing temperature are shown in Table
1. Relative target gene quantification was carried out
using the 2724t method, as described previously.
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Western blotting analysis:

Peritoneal macrophages total proteins were extracted
using Radio Immunoprecipitation Assay (RIPA) with
phosphatase inhibitor and Phenylmethylsulfonyl
Fluoride (PMSF). Protein concentrations were measured
using a Bicinchoninic Acid (BCA) protein assay kit
(cat: PO012S, Beytime, China), total proteins were
separated by Sodium Dodecyl Sulphate-Polyacrylamide
Gel  Electrophoresis  (SDS-PAGE).  Following
electrophoresis, blotted onto Polyvinylidene Difluoride
(PVDF) (cat: IPVHO00010, Millipore, USA) membranes
and blocked with Tris Buffered Saline with Tween-20
(TBST) and 5 % milk for 2 h. The membranes were
then incubated with primary antibodies against AMPK
(1:1000, cat: A17290, ABclonal, China), phospho-
AMPK (1:1000, cat: AP1171, ABclonal, China), Signal
Transducer and Activator of Transcription 1 (STAT1)
(1:1000, cat: A0027, ABclonal, China), phospho-
STAT1 (1:1000, cat: AP0054, ABclonal, China) and
Cyclooxygenase-2 (COX-2) (1:1000, cat: A12796,
ABclonal, China) at 4° overnight. B-actin (1:50 000, cat:
ACO026, ABclonal, China) expression was used as an
internal control. After washed with TBST, membranes
were incubated with Horse Radish Peroxidase (HRP)
goat anti-rabbit Immunoglobulin G (IgG) (1:2000, cat:
AS014, ABclonal, China) for 1 h at room temperature.
The protein samples were visualized using the Enhanced
Chemiluminescence (ECL) kit (cat: E412-01, Vazyme,
China) and analyze by ImagelJ software (NIH, USA).

Statistical analysis:

All data were presented in a (mean+SD) manner in
this study which was then analyzed by using Statistical
Package for the Social Sciences (SPSS) (version 23.0)
software. One-way Analysis of Variance (ANOVA)
was used to analyze the differences between groups.
Difference were considered statistically significant
when p<0.05.

RESULTS AND DISCUSSION

Morphological changes of macrophages were examined
under an inverted microscope (100X magnification)
as shown in fig. 1. Cells in the macrophages group
appear circular or elliptical in shape, with clear cell
boundaries and full cytosol. Addition of IFNy/LPS
caused apparent changes in morphology including
the emergence of elongated and spindle-shaped cells,
pseudopodia formation and increased cell scattering.
Treatment of cells with GA caused decreased cell
volume, changes in cell shape from the original spindle
gradient shape to a round shape and increases in cell gap
when compared with the IFNy/LPS group.
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TABLE 1: PRIMER SEQUENCES USED IN REAL-TIME RT-PCR

Target genes

Forward primer (5’-3')

Reverse primer (5’-3')

iNOS GGGTCACAACTTTACAGGGAGT GAGTGAACAAGACCCAAGCG
TNF-a GATCGGTCCCCAAAGGGATG TTGCTACGACGTGGGCTACA
IL-18 TGCCACCTTTTGACAGTGATG TGTGCTGCGAGATTTGA
B-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT

Mo IFN-y/LPS

IFN-y/LPS+12.5nug/mL GA

Gy

- Q’"

Fig. 1: Morphological manifestations of cells in each group (100x)

Apoptosis of cells in each group was assessed by flow
cytometry as shown in fig. 2. There were no significant
differences in the rates of apoptosis in either the IFNy/
LPS group or the GA-treated group when compared
with the macrophage controls. There was also no
significant difference between rates of apoptosis in the
IFNy/LPS group compared with the GA-treated.

We examined the effect of GA on viability of peritoneal
macrophages in vitro by incubating cells with control,
6.25, 12.5, 25 and 37.5 pg/ml of GA for 24 h. The
results of the MTT assay showed that GA was not
cytotoxic to primary macrophages at concentrations up
to 37.5 pg/ml as shown in fig. 3. Therefore, we selected
concentrations of 6.25, 12.5, 25 and 37.5 pg/ml for
further study.

The results of cellular viability are shown in fig. 4. The
mean cellular viability was >97 % in all the macrophage
cultures, regardless of exposure to GA. There was
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IFN-y/LPS+25ug/mL GA

IFN-y/LPS+6.25pug/mL GA

no difference in the percentages of live cells between
groups.

Using flow cytometry, we detected the proportion of M 1
macrophages expressing F4/80 and iNOS in each group
as shown in fig. 5. The proportion of F4/80" iNOS* M1
macrophages in the IFNy/LPS group was significantly
higher (p<0.05) than in the macrophages control group.
The proportion of F4/80" iNOS* M1 macrophages was
significantly decreased in a concentration-dependent
manner by GA treatment (p<0.05).

We used qRT-PCR to investigate the expression of
M1-related cytokines (fig. 6A-fig. 6C). iNOS, TNF-a
and IL-1pB, biomarkers of M1-activated macrophages,
were significantly up regulated in the IFNy/LPS group
compared with the macrophages control group (5.71,
-6.35 and -7.16) fold, respectively, p<0.01, as shown in
fig. 6A-fig. 6C. Moreover, treatment with GA reduced
expression of the proinflammatory cytokines, iNOS,
Special Issue 3, 2022
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TNF-aand IL-1f, in a concentration-dependent manner.  decreased expression of p-AMPK (p<0.05) compared

In order to further detect the expression of signaling with the macropha.lges‘control group. GA up-regulated
pathway-related factors, we used Western blot analysis p-AMPK cxpression 1n a dose-dependent manner at
as shown in fig. 7. The IFNy/LPS group showed concentrations ranging from 6.25 to 37.5 pg/ml, p<0.05

increased expression of p-STATI and COX-2 and and down regulated p-STAT1 and COX-2 expression
(p<0.05).

Mo TFN-yLPS IFN-y/LPS+6.25pg/mL GA

%Cell Viability

R O ) T
Canpses

IFN-y/LPS+12.5ug/mL GA IFN-y/LPS+25pg/mL GA IFN-Y/LPS+37.5ug/mL GA

—> 7-AAD

Fig. 2: Effect of GA on viability of peritoneal macrophages
Note: Compared with macrophages group, *p<0.05; **p<0.01 and ***p<0.01
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Fig. 3: Effect of GA on viability of peritoneal macrophages
Note: Compared with macrophages group, *p<0.05; **p<0.01 and ***p<0.01
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Fig. 4: Trypan blue exclusion assay
Note: Compared with macrophages group, *p<0.05; **p<0.01 and ***p<0.01
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Fig. 6: The mRNA expression of M1 macrophage-related factors, (A): iNOS mRNA expression in each group; (B): TNF-a
mRNA expression in each group and (C): IL-1p mRNA expression in each group
Note: Compared with macrophages group, *p<0.05; **p<0.01 and ***p<0.01
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To further explore whether AMPK is responsible for the
GA induced inhibition of M1 macrophage polarization,
AMPK channel was blocked with compound C (an
AMPK inhibitor) in GA treatment cells. As shown
in fig. 8, GA significantly reduced M1 macrophage
polarization, but the pretreatment with compound C
significantly inhibited the decrease in M1 macrophage
polarization by GA. Morphological changes of
macrophages were examined under an inverted
microscope, cells in the GA group appear circular or
elliptical in shape, with clear cell boundaries and full
cytosol, pretreatment with compound C caused apparent
changes in morphology including the emergence of
elongated and spindle-shaped cells, pseudopodia
formation and increased cell scattering; compared with
GA group, pretreatment with compound C significantly
increased F4/80" iNOS* M1 macrophages polarization
and the expression levels of iNOS, TNF-a, IL-1p,
COX-2 and p-STAT1, while decreased the expression
levels of p-AMPK contents. These results revealed
that AMPK activation accounts for the GA-induced
inhibition of M1 macrophage polarization.

The mouse peritoneal macrophage is widely used in
medical research, especially as an inflammatory model.
Although many previous studies have used the cell-
line, RAW264.7, such research has been hampered
by frequent mutations after multiple passages during
culture which lead to changes in the genotype and
phenotype of the cell-line. By contrast, primary cells
retain many more of the characteristics of cells in
vivo. In current study we used primary extracts of
mouse peritoneal macrophages in order to induce M1
macrophage polarization in vitro.

Macrophages are vital for the immune response and
switch between two phenotypes in order to fulfill their
role!'” 8. M1 macrophages secrete high levels of pro-
inflammatory cytokines (TNF-a, IL-6, IL-1p) and
produce reactive oxygen species through activation
of iINOS. An experimental model of LPS induced
inflammationis mostcommonly used. Cells mustexpress
the cell-surface protein, Cluster of Differentiation
14 (CD14), in order to respond to LPS and stimulate
the following sequence of events!'®. CD14 interacts
with TLR4 to activate TNF Receptor-Associated
Factor 6 (TRAF6) which stimulates TGF p-Activated
Kinase 1 (TAK1) leading to phosphorylation of IxB
Kinase (IKK). These events promote kB degradation
and activation of the Nuclear Factor Kappa B (NF-
kB) signaling pathway, contributing to the release of
inflammatory factors, NO production by iNOS and M1

Special Issue 3, 2022

macrophage polarization. Interferon gamma (IFN-y),
a cytokine primarily produced by NK cells, increases
the sensitivity of macrophages to LPS activation by
triggering the cells’ inflammatory potential, thereby
promoting polarization!".

GA is a polyphenolic organic compound found in a
number of newly-identified medicinal plants which
has a range of clinical applications®. For example,
GA inhibits tumorigenesis and induces apoptosis in
tumor cells. Moreover, GA has a protective effect
on cartilaginous joints which ameliorates chronic
osteoarthritis and has a potentially beneficial effect
for the prevention and treatment of neurodegenerative
diseases?!). Numerous recent studies have demonstrated
an anti-inflammatory effect of GA via the regulation
of macrophage-related functions. Huang et al. have
shown that GA can reduce overexpression of TNF-a,
IL-6 and IL-1 and other inflammatory cytokines by
down-regulating the TLR4/NF-«f3 signaling pathway,
thereby protecting against tissue damage caused by
LPS!. Moreover, Ahn et al. have found that GA can
down-regulate the TLR4 pathway in LPS-stimulated
macrophages via 67LR signaling, leading to MAPK
inhibition and reduced production of pro-inflammatory
cytokines!'?. Furthermore, GA alone, may inhibit
production of pro-inflammatory cytokines, IL-1p,
TNKa and iNOS by macrophages via an effect on
AMPK??, Thus, indications are that GA can exert
its regulatory effect on macrophages via multiple
signaling pathways. Currently, the studies on GA and
macrophages are mostly limited to the effect of GA on
the expression of LPS-induced macrophage-related
inflammatory factors, while the targeted research of GA
on M1 macrophage polarization has not been carried
out. In this study, mouse peritoneal macrophages were
used as the research object and the polarization model
of M1 macrophages was established to observe the
proportion of M1 macrophages and the expression of
related inflammatory cytokines and protein in each
group. The study showed that during the polarization
of M1 macrophages, macrophages gradually changed
from round or elliptical to spindle-shaped. Meanwhile,
there are protruding pseudopodia. After GA treatment,
the microscopic morphology of macrophages changed
again, spindle cells and irregular cells decreased, the
increase of round cells and the decrease of protruding
pseudopodia indicated that GA could affect the
polarization process of M1 macrophages. The results
of apoptosis rate in this study showed that the apoptosis
rate of M1 macrophages induced differentiation system
had no significant change after adding 37.5 mg/l GA.
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Fig. 8: (A): Morphological manifestations of cells in each group (100x); (B): Expression of M1 Macrophages; (C): The mRNA ex-
pression of M1 macrophage-related factors and (D): Expression of signaling pathway-related proteins
Note: Compared with macrophages group, *p<0.05; **p<0.01 and ***p<0.01

The results of cell phenotype, related cytokine mRNA
and protein expression of M1 macrophages showed
that, GA significantly decreased F4/80" iNOS™ M1
macrophages polarization and the expression levels
of iNOS, TNF-qa, IL-1B, COX-2 and p-STAT1, while
increased the expression levels of p-AMPK contents in
a concentration-dependent manner. F4/80" is the surface
marker of peritoneal macrophages in mouse!®! and the
expression levels of iNOS, TNF-a, IL-18, COX-2 and
291

Indian Journal of Pharmaceutical Sciences

p-STAT1 can reflect the polarization degree of M1
macrophages*%,

Production of IL-1B and TNF-a by macrophages is
crucial for regulating the inflammatory response?%27,
IL-1P is not only a hallmark of many human chronic
inflammatory states but it is also associated with the
acute-phase reaction!?*2?%!, TNF-a also plays significant
roles in inflammatory diseases?*. Indeed, high levels of
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IL-1B and TNF-o have been associated with increased
risk of cardiovascular disease. Therefore, identification
and investigation of natural products, such as GA, that
could reduce the secretion of these cytokines may have
significant consequences for treatment and prevention
of chronic inflammatory states. The current study found
that GA treatment reduced levels of IL-1p and TNF-a,
mRNA in a lysate of IFN-y/LPS-activated Murine
Peritoneal Macrophages (MPM). Our data demonstrated
that GA may suppress the inflammatory response in
IFN-y/LPS-activated MPM macrophages through down
regulation of expression of inflammatory genes at the
transcriptional level. This mode of action is consistent
with the effects of GA on iNOS expression previously
reported in activated RAW 264.7 macrophages!'?.
IFN-y/LPS-stimulated MPM macrophages display
increased COX-2 production which can be significantly
reduced by GA treatment. Phospho (p)-STAT1 is
acknowledged to be primarily responsible for COX-2
production in inflammatory processes!®. The present
study found that elevated p-STAT 1 expression following
from IFNy/LPS-stimulation of macrophages could be
significantly reduced by GA treatment, with consequent
reduction of COX-2 expression. Thus, the inhibition
of STAT1 activity and subsequent COX-2 production
may explain the anti-inflammatory effects of GA. LPS
is the best-studied M1 macrophage activation signal. It
is recognized by TLR4, resulting in decreased AMPK
activation via the MyD88 and MaL/Tirap (Toll-IL 1
receptor domain containing adaptor protein)-dependent
pathways. Inhibition of AMPK activation may account
for M1 macrophage polarization and subsequent
pro-inflammatory effects™®). It is well known that
phosphorylation of AMPK is an essential step in the
AMPK/STAT1 signaling cascade and is required for
nuclear translocation and subsequent transcriptional
activation. AMPK signaling pathway plays a role in the
process of macrophage polarization, but whether GA
plays a role in M1 macrophage polarization through
AMPK signaling pathway has not been reported.
Therefore, compound C (AMPK inhibitor) was used
to pretreat macrophages to observe whether GA can
inhibit the polarization of M1 macrophages after
blocking AMPK signaling pathway in this experiment,
we found that after being pretreated with compound
C, cells in the GA group exhibited obvious dendritic,
fusiform and radial changes in appearance and
compound C pretreatment significantly increased the
proportion of F4/807 iNOS* M1 macrophages and the
expression levels of M1 macrophage-related factors
such as iNOS, TNF-a and p-STAT1, and decreased the
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expression level of p-AMPK protein, suggesting that
GA may inhibit the polarization of M1 macrophages
through AMPK signaling pathway*". Previous studies
have shown that macrophages can activate IKK
through TLR4 or IL-1 signaling and thus regulate M1
macrophage activation through the key inflammation
signaling pathway, TLR2/NF-kBB!32, GA can prevent
IkB degradation through competitive antagonism,
thereby inhibiting NF-xB activation and blocking
expression of the TLR4/NF-«f signaling pathway!*3!.
GA, as a polyphenolic organic anti-inflammatory drug,
may also affect the polarization of M1 macrophages
through a variety of other mechanisms and further in-
depth studies are required.
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