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Abstract

Introduction: Alpha-mangostin (MAN) possesses a wide variety of pharmacological effects. In this study, we investigated
its effect on cholinergic anti-inflammatory pathway (CAP), and tested if CAP regulation was involved in the therapeutic
action on acute lung injury (ALI).

Methods: Male Sprague Dawley rats were pre-treated with MAN (40 mg/kg) for 3 days and ALl was induced with an
intraperitoneal injection of lipopolysaccharide (LPS). Certain rats received monolateral vagotomy or sham surgery.
The effects on inflammatory reactions and relevant pathways in ALl rats or LPS pre-treated RAW 264.7 cells were
investigated by histological, immunohistochemical, immunoblotting, RT-qPCR, and immunofluorescence assays, while
levels of proinflammatory cytokines, acetylcholine (Ach) and the enzymatic activity of acetylcholinesterase (AchE) were
determined by corresponding quantitative kits.

Results: Oral administration of MAN reduced the severity of ALI, while vagotomy surgery antagonized this effect.
MAN restored the decline in a7 nicotinic acetylcholine receptor (a7nAchR) in the lungs of ALl rats, and promoted
the expression of a7nAchR and choline acetyltransferase (CHAT) in RAW 264.7 cells. Although AchE expression was
barely affected by MAN at 5 pig/ml, its catalytic activity was reduced by almost 95%. Extracellular rather than intracellular
Ach was notably raised shortly after MAN treatment. Furthermore, MAN at 5 ng/ml effectively inhibited LPS-induced
increase in phosphorylation and nucleus translocation of p65 subunit, and secretion of TNF-a and IL-1§3, which was then
offset by methyllycaconitine citrate hydrate.

Conclusion: MAN activated CAP by increasing peripheral Ach and up-regulating a7nAchR expression, which eventually
led to NF-kB inhibition and remission of acute inflammations.
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Introduction

a-Mangostin (MAN) is a bioactive xanthone iso-
lated from the pericarp of mangosteen (Garcinia
mangostana Linn.).! It possesses various bioactivi-
ties and exhibits promising therapeutic potentials
against infections, inflammations, tumors, malaria
and allergies.!” Among these properties, its anti-
inflammatory effect has been well investigated and
documented.!? Our previous studies also demon-
strated that MAN was effective in controlling both
acute and chronic inflammations in vivo.>?
However, the mechanism underlying its anti-
inflammatory actions is still not fully understood.

The recently conceptualized cholinergic anti-
inflammatory pathway (CAP) reflects the sophisti-
cated interplay between the nerve system and
inflammatory reactions.® Sustained activation of
CAP triggers rapid and systematic remission of
inflammatory symptoms, which eventually reshapes
the cytokines profile. As such, this signaling path-
way has profound implication in anti-inflammatory
therapeutics and numerous studies have solidly
proven that CAP is a promising target for the treat-
ment of inflammatory diseases, including sepsis,
hemorrhagic shock, colitis, and arthritis.%” The
molecular foundation of CAP is based on the inter-
action between acetylcholine (Ach) and alpha7 nic-
otinic acetylcholine receptor (o7nAchR) [7-8].%7
o7nAchR is a member of the superfamily of cys-
loop cationic ligand-gated channel. a7nAchR is
highly expressed on immune cells, such as mac-
rophages and lymphocytes.” This is consistent to
the vital role it plays in immune regulation.®”
Accordingly, stimulation of a7nAChR has been
confirmed to be beneficial for the alleviation of sev-
eral inflammation and immune-related diseases.

Based on the current understanding of CAP, elec-
tric stimulation of vagi could be a direct and effective
tactic to achieve rapid alleviation of inflammations.
In spite of numerous evidences regarding the success-
ful tests on animal models, the application of this
method is difficult in clinical practice, as it usually
requires the inconvenient surgical implantation of
nerve cuff electrode, whose long-term safety con-
cerns has not been fully addressed.® Upon compari-
son, pharmacological manipulation of either
biosynthesis/release of Ach or a7nAchR expression
becomes a more pragmatic option.

Previously, we observed that treatment of colla-
gen-induced arthritis (CIA) with MAN rich mango-
steen extract induced heavy sweating in rats shortly

after the administration and increased the expression
of a7nAchR.* As well known, eccrine sweat gland
mainly function in response to Ach stimulus.!”
Inspired by these clues, we speculated that this
extract could exert anti-inflammatory effects through
the activation of CAP in vivo. However, the exact
influence of the MAN on CAP is yet to be clarified.
In this study, we attempted to identify the involve-
ment of CAP regulation in the anti-inflammatory
properties of MAN.

Materials and methods
Chemicals and reagents

MAN (purity > 98%) was purchased from SanHerb
Bioscience Inc. (Chengdu, Sichuan, China).
Lipopolysaccharide (LPS, from gram-negative
bacteria E. coli 055:B5), nicotine (Nic) and methyl
lycaconitine citrate hydrate (MLA) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Fetal
bovine serum (FBS), RMPI-1640 medium, phos-
phate buffered saline (PBS), penicillin-streptomy-
cin together with enhanced chemiluminescence
(ECL) detection kit were supplied by Thermo
Scientific (Rockford, IL, USA). Antibodies and
BCA protein quantitative kit were purchased from
Cell Signaling Technology (Beverly, MA, USA)
and Keygen Biotech (Nanjing, Jiangsu, China),
respectively. Ultra-pure water was prepared by
using a Milli-Q purification system (Millipore,
Bedford, MA, USA).

LPS challenge in rats and treatments

Thirty-six male Sprague Dawley rats (7 weeks old)
were supplied by Qinglongshan Laboratory Animal
Company (Nanjing, Jiangsu, China). The animals
were housed under standard conditions (with tem-
perature and relative humidity at 24°C and 50%,
respectively and a 12h light and dark cycle). All
the animal experimental procedures were approved
by the Ethical Committee of Yijishan Hospital
(Ethics approval number: YJS 2019-3-008), and
strictly in accordance with the guideline for the
care and use of laboratory animals (United States
National Research Council, 2011). After 7days of
acclimatization, rats were randomly allocated to
six groups (six rats per group).
The groupings are as follows:

Group 1: Healthy normal control
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Group 2: Healthy rats receiving vagotomy
(surgery)

Group 3; Healthy rats receiving sham operation
(sham surgery)

Group 4: Acute lung injury (ALI) models (model
control)

Group 5: MAN treated ALI rats
treatment)

(MAN

Group 6: ALI rats receiving MAN treatment
together with vagotomy surgery (MAN +

surgery).

Rats in groups 5 and 6 were given MAN at
40 mg/kg in the form of suspension by oral gavage
for three consecutive days prior to the surgery and
ALI induction. ALI (rats in groups 4-6) was
induced by the administration of an intraperitoneal
injection of LPS (5mg/kg). Prior to the induction
of ALI, monolateral vagi was deliberately cut to
block the cholinergic nerve conduction in some
rats (groups 2 and 6). At the same time, rats in
group 3 received the same surgical procedures but
without the vagotomy to rule out negative effects
brought by operation injuries.

Sampling and histological/immunohistochemical
examinations

Twelve hours after the induction of ALI, all the rats
were anesthetized with chloral hydrate and blood
samples were collected though the abdominal
aorta. The blood samples were centrifuged at
3000 rpm for 5min to obtain the serum. Levels of
IL-1B, TNF-a, and Ach in the serum were meas-
ured by using commercially available ELISA or
colorimetric assay kits (Multisciences Biotech,
Hangzhou, China) according to the manufacturer’s
protocols.

After the sacrifice, the lungs were quickly excised
from the rats, washed in cold PBS and fixed in neutral
buffered formalin. The specimens were subsequently
cut into two parts, which were used for histological
and immunohistochemical examinations respec-
tively. Briefly, lungs embedded in paraffin were sec-
tioned, mounted on glass slides and stained with
hematoxylin/eosin (H&E) for the general histological
examination. Main pathological characteristics
related to ALI including alveolar wall incrassation,
inflammatory infiltration, alveolar hemorrhage were

observed and evaluated under a light microscope
(Olympus BH-2, Tokyo, Japan). Some other dewaxed
sections were subjected to rehydration, epitope
retrieval and serum blocking procedures. Afterwards,
the processed slides were incubated with anti-
a/nAchR primary antibody, and followed by HRP-
conjugated secondary antibody incubation. a’7nAchR
was visualized by 3,3-diaminobenzidine staining, and
the counterstaining with hematoxylin was carried out
finally.

Cell culture and cytokines secretion evaluation

Murine macrophage derived RAW264.7 cells were
used for the in vitro experiments to validate the
impacts of MAN on CAP. The cells were grown in
RPMI-1640 medium supplemented with 10% FBS
and 1% penicillin-streptomycin under the normal
culture conditions (37°C, humidified atmosphere
with 5% CO,). The medium was replaced once a
day and the passage was carried out every 2 days.
The in vitro experiments were performed in
triplicate.

To simulate inflammatory conditions, cells
except for normal control were pre-treated with
LPS (1ug/ml) for 1h. Afterwards, half of the
supernatant in the wells was replaced with the test
compounds containing fresh medium and further
incubated for 24 h. The treatment arrangement was
as follows: normal control, LPS stimulation, LPS
stimulation plus MAN treatment (5 pg/ml), LPS
stimulation plus Nic treatment (5 uM), LPS stimu-
lation plus MAN+MLA co-treatment (5uM for
MLA). After the treatments, the supernatant was
collected for the determination of IL-13 and TNF-
o in the medium by using ELIS A kits (Multisciences
Biotech, Hangzhou, China).

Evaluation of Ach extracellular release and the
enzymatic activity

Cells at the exponential growth stage were seeded
in a 6-well plate at a density of 1 X 10° cells per
well and allowed to attach overnight. Then, the
cells were treated with MAN (5 pg/ml) at various
time (0.5, 1, 2, 4, and 6h) and untreated cells at
each time interval were taken as normal control.
After the treatment, the supernatant and cells were
collected. The cells were subjected to three rounds
of freeze-thaw cycle in PBS and the supernatant
was obtained after centrifuging at 12000rpm for
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10min at 4°C. Ach contents in the medium and
cells were analyzed using a colorimetric assay kit
supplied by Keygen Biotech (Nanjing, Jiangsu,
China) according to the manufacturer’s instruction.

For the enzymatic activity assessment of acetyl-
cholinesterase (AchE), attached cells were treated
with MAN at various concentrations (0, 2.5, 5, and
10 pg/ml) for 4 h. The cells were then harvested by
trypsinization and subjected to supersonic treat-
ments in ice-water bath. The lysate obtained after
centrifugation (8000rpm for 10min at 4°C) was
subjected to quantitative analysis using a colori-
metric assay kit (Solarbio, Beijing, China).

RT-qPCR, immunoblotting and
immunofluorescence assays

In order to investigate the possible effects of MAN
on CAP related signaling, we carried out RT-qPCR
and western-blot analysis. Details about the exper-
imental procedures were as reported previously.!!
Primers were synthesized by Sangon Biological
Engineering Technology and Service Company
(Shanghai, China), and the oligonucleotide
sequences were as follows: CHRNA7, F:
5’-GCGAGTTCCAGAGGAAGCTTTAC-3’, R:
5’-ACGGTGAGTGGTTGCGAGTC-3’; AchE, F:
5’-AATGACACAGAGCTGGTAGCCT-3’, R:
5’-CACGAAGGAGAACCGGAAGA-3’; CHAT
(choline acetyltransferase), F: 5’-TGCCGCCTA
CTGAGAGCAAG-3’, R: 5’-GGGTCTGGCTG
TTCTAGAGGCT-3’; GAPDH, F: 5-GGCCTT
‘CCGTGTTCCTACC-3’,R: 5’-TGCCTGCTTCA
CCACCTTC-3".

By using GAPDH as a reference, the relative
expression of target genes was normalized through
the 2-DeltaDeltaCt calculation. To perform the
immunoblotting analysis, cells were lysed in RIPA
buffer to obtain whole protein samples, while the
nucleus protein was extracted through fractional
centrifugations using an extraction kit provided by
Solarbio (Beijing, China). GAPDH and histone
were adopted as the internal references in the two
experiments, respectively. The separation of pro-
teins was achieved through SDS-PAGE and signals
were developed using the ECL approach after the
immunoreactions.

The evaluation of NF-kB p65 subunit intracel-
lular distribution was mainly achieved by immuno-
fluorescence method. Briefly, cells in 6-wells plate
were treated with LPS, MAN, or together with

MLA for 6 h and then fixed with 0.5% Triton-X to
allow antibodies/probes permeation. After exten-
sive washing with cold PBS, the cells were blocked
with normal goat serum, and incubated with pri-
mary antibodies overnight at 4°C. To observe
p-p65, a further incubation with FITC tagged sec-
ondary antibodies was carried out, while a cy3
conjugated secondary antibody was used to visual-
ize p65. Counterstaining with Hoechst was used to
dye the nucleus and identify the location of p65
subunit with the aid of a BX53 fluorescence micro-
scope (Olympus, Tokyo, Japan) or a LSM800 laser
confocal microscope (Cal Zeiss, Goettingen,
Germany).

Statistical analysis

The sample size was calculated based on the post-
hoc power analyses by using the G*power 3.1 soft-
ware (http://www.gpower.hhu.de/). The threshold
of statistical power was set at 0.8. Statistical analy-
ses were performed using SPSS statistical analysis
software (SPSS, Chicago, IL, version 14.0). The
differences among different groups were evaluated
based on one-way analysis of variance coupled
with Tukey post hoc test. Statistically significant
was determined at *P <<0.05 and ** P<<0.01.

Results

CAP regulation was involved in therapeutic
actions of MAN on ALl

Treatment with MAN attenuated the pathological
changes observed in the lungs of ALI rats. Alveolar
wall thickening was greatly alleviated, while
inflammatory cells infiltration and alveolar hemor-
rhage were also reduced to certain extent. All these
therapeutic effects displayed by MAN treatments
were totally antagonized by vagotomy, suggesting
that the therapeutic actions of MAN on ALI could
be mediated through vagi excitement and CAP
activation. At the same time, we observed that both
vagotomy and sham operation had little effects on
the histological structure of the lungs (mainly
internal hemorrhage). This observation basically
ruled out the possibility that aggravated severity of
ALI in rats receiving both MAN treatments and
vagotomy was caused by surgical injuries or nerve
disorders (Figure 1(a)).

Cytokines network disturbance plays a major
role in initiating, amplifying, and perpetuating
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Figure |. Therapeutic effects of MAN on ALl rats and its regulatory effects on CAP in vitro. (a) Histological examination of rat
lungs (H&E staining); (b) quantitative analyses of serological biomarkers in rats, assessed by the ELISA or colorimetric methods (n =
6); (c) a7nAchR expression in rat lungs, investigated by the immunohistochemical method; (d) quantification of experiment C (n =
3). For a and c: a-f represented healthy controls, healthy rats receiving vagotomy, healthy rats receiving sham surgery, ALl models,
MAN treated ALl rats, and ALl rats receiving MAN treatment together with vagotomy surgery, respectively. Statistical significance:
*P < 0.05 and **P < 0.0] compared with ALI models in b; *P < 0.05 and **P < 0.0] compared with normal healthy controls in d.

ALI and the resulting cytokines storm character-
ized by the accumulation of IL-3, TNF-a and other
pro-inflammatory cytokines has been identified as
the critical event accounting for the deterioration
of ALL'? MAN significantly reduced IL-B and

TNF-a levels in the serum of ALI rats, which was
then completely offset by vagotomy. Both vagot-
omy and sham operation exerted no effects on
these cytokines. These clues together could serve
as solid evidences supporting the involvement of
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Figure 2. MAN up-regulated a7nAchR/CHRNA7 expression in RAW 267.4 cells in vitro. (a) Levels of gene CHRNA7 expression,
investigated by RT-qPCR (n=3); (b) levels of protein a.7nAchR expression, investigated by immunoblotting assay (n=3). Statistical
significance: “P<0.01 compared with untreated cells; #P<0.05 and ##P <0.0| compared with cells treated by MAN at 5 pig/ml.

CAP in the therapeutic actions of MAN on ALI In
addition, an increase in circulating Ach levels was
observed in rats treated with MAN, although this
change was not statistically significant (Figure
1(b)). Compared with the healthy control, a7nAchR
expression in the lungs of ALI rats was obviously
decreased, while MAN restored the expression of
a7nAchR in the treated rats (Figure 1(c)). 7nAchR
was significantly overexpressed in rats receiving
vagotomy, which may be associated with a possi-
ble compensation feedback (Figure 1(d)). That is,
the dissection of vagi caused an insufficient release
of Ach, leading to an up-regulation of a7nAchR as
a means of compensation.

MAN up-regulated a.7nAchR expression in
RAW 264.7 cells in vitro

As indicated above, MAN simultaneously increased
the circulating Ach and a7nAchR expression in the
lungs of ALI rats, which would lead to sustained
activation of CAP and consequently alleviate inflam-
mations. To further consolidate this hypothesis, we
carried out in vitro experiments. Firstly, we tested the
effect of MAN on a7nAchR expression in RAW
264.7 cells. Our previous study found that MAN
stimulus at concentrations below 10pg/ml had no
significant cytotoxicity on these cells within 24h.3
Meanwhile, it exerted significant anti-inflammatory
effects on LPS pre-treated RAW 264.7 cells at 3 pug/
ml.> As such, 2.5, 5, and 10 ug/ml were adopted as
low, medium, and high treatment concentrations in

the following experiments. As anticipated, the
expression of gene CHRNA7 was significantly up-
regulated upon treatment with MAN. The most
effective regulation was observed at 5pg/ml rather
than 10pug/ml (Figure 2(a)). Similar phenomenon
was also observed concerning the expression of pro-
tein a7nAchR in vitro. Initially, MAN increased
a7nAchR expression in a concentration dependent
manner. However, the regulatory effect was greatly
abrogated at 10 ug/ml (Figure 2(b)).

MAN increased intracellular Ach through
multiple approaches

Aside the expression of a7nAchR, circulating Ach
is another important factor determining CAP sta-
tus.%’ Therefore, we quantified Ach levels to assess
the effects of MAN on the biosynthesis and release
of Ach in RAW 264.7 cells. Upon comparison with
untreated cells, we found that MAN had no influ-
ence on intracellular Ach, but it caused significant
increase in extracellular Ach levels (Figure 3(a)).
Two plausible theories were raised to explain this
phenomenon: MAN promoted Ach biosynthesis
and subsequent secretion; MAN slowed down the
degradation velocity of Ach. Because CHAT and
AchE serve as rate-limiting enzymes in the biosyn-
thesis and degradation processes of Ach respec-
tively, we investigated the two using PCR and
immunoblotting methods. PCR analyses suggested
that MAN significantly promoted mRNA expres-
sion of CHAT but not AchE, suggesting that the
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Figure 3. Possible mechanism involved in the regulation of MAN on Ach levels. (a) Quantitative results of intracellular and
extracellular Ach levels in RAW 264.7 cells under MAN treatments at 5 pu/ml for varied time, determined by the colorimetric
method (n=3); (b) MRNA expression of gene CHAT and AchE, investigated by RT-qPCR (n=3); (c) protein expression of CHAT
and AchE, investigated by immunoblotting assay (n=3); (d) enzymatic activity of AchE in RAW 264.7 cells under MAN treatments
in vitro (n=3). Statistical significance: *P<<0.05 and **P<0.0] compared with untreated cells; #P < 0.05 compared with cells treated

by MAN at 2.5 ug/ml.

increase in production of Ach was theoretically
plausible during MAN treatment (Figure 3(b)).
Accordingly, MAN increased protein CHAT
expression in RAW 264.7 cells, and had no influ-
ence on the expression of AchE. This effect was
observed to be gradually weakened as the treat-
ment concentration increased (Figure 3(c)).
Although MAN had no effect on AchE expression,
it could be an efficient antagonist of AchE, as it

inhibited the catalytic activity of this enzyme with
high efficacy in vitro (Figure 3(d)).

MAN reduced inflammatory actions through
CAP activation in vitro

As a typical endotoxin, LPS greatly promoted the
secretion of pro-inflammatory cytokines IL-1p and
TNF-a in RAW 264.7 cells. This phenomenon was
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effectively reversed by MAN treatment. The well
characterized o7nAchR agonist Nic exhibited simi-
lar anti-inflammatory effects compared with MAN,
while the antagonist MLA completely restored the
cytokines decline elicited by MAN (Figure 4(a)). It
further confirmed that activation of a7nAchR is a
pragmatic approach to treat inflammations, and
manipulation of CAP was involved in the anti-
inflammatory actions of MAN. As the production of
many pro-inflammatory cytokines including IL-13
and TNF-a. is controlled by NF-xB, we further inves-
tigated this pathway. Consistent to their effects on
cytokines secretion, immunoblotting assay showed
that both MAN and Nic efficiently suppressed the
increased p-p65 expression induced by LPS, and the
potent anti-inflammatory potentials of MAN was
totally offset by MLA once again in this assay (Figure
4(b)). Results from immunofluorescence observa-
tion further consolidated this finding. As shown in
Supplementary S1, significant phosphorylation of
p65 occurred under LPS stimulus, which was then
abrogated by MAN. Co-treatment with MLA attenu-
ated the suppressive effects of MAN on p65 phos-
phorylation. Observation under the fluorescence
microscope also revealed the increased distribution
of p65 in nucleus (Supplementary S1). Subsequently,
we further characterize changes of p65 intracellular
distribution using a laser confocal microscope. It was
found that p65 subunit was extensively distributed in
cytoplasm but not nucleus in normal cells. LPS
caused visible aggregation of p65 in the nucleus,
which is essential for the transcriptional regulatory
activity of NF-kB, while MAN posed a negative
effect on this process. The effect elicited by MAN on
p65 nucleus translocation was completely antago-
nized by MLA (Figure 4(c)). The immunoblotting
assay obtained similar results, and further validated
the findings mentioned above (Figure 4(d)).

Discussion

Sufficient evidence has suggested that the anti-
inflammatory properties of MAN in vivo is closely
related to its effects on cytokines profiles and
macrophages seem to be its main target.!*!* This
notion was supported by our previous study, as
MAN exhibited promising therapeutic effects on
ALI, which is believed to be mainly mediated by
macrophages.’ Because macrophages do not only
sense and cope with infections directly, but also
initiate adaptive immune reactions by functioning

as antigen presenting cells. Thus, the influence of
MAN on macrophage inevitably affects lympho-
cytes, and thereby has profound impact on immu-
nity. In a recent report, we confirmed that MAN
suppressed the differentiation of Th17 cells and
restored the immune homeostasis in CIA rats
through its regulatory effect on macrophages.'
This study also shed additional insight on eluci-
dating the anti-inflammatory mechanism of MAN
from an novel perspective. Many researches
focused on traditional inflammatory pathways,
and NF-«xB was usually identified as an important
therapeutic target of MAN because of its undis-
puted role in cytokines production and inflamma-
tory reactions.!®!” Any changes leading to NF-xB
inhibition in macrophages will benefit the
improvement of immune milieu theoretically.
However, down-regulation of NF-kB in immune
cells is not always time efficient and sustainable,
due to the redundancy and complexity of upstream
signal cascades. As such, the mystery behind the
fast and effective anti-inflammatory actions of
MAN is still largely unknown. It has been demon-
strated that CAP activation significantly contrib-
uted to the anti-arthritic effect of MAN in CIA
rats.!> CAP responds rapidly to external stimulus.
Under this context, we speculated that CAP acti-
vation might be involved in the therapeutic actions
of MAN on NF-kB-controlled acute inflamma-
tion. Results obtained from this study basically
supported this hypothesis.

Neuro-immune feedback CAP evades the redun-
dancy of classic immunologic processes and rapidly
inhibits pro-inflammatory cytokines secretion under
some critical conditions such as sepsis.'® Hence,
manipulation of CAP has become a fascinating anti-
inflammatory option especially for acute inflamma-
tions considering its great clinical significance.
Treatments with Nic effectively reduced various
inflammations in vivo.'”?° However, such regimen
also raises concerns about addiction and other side
effects associated with unselective bonding with
other receptors subtypes in the nervous system.
Consequently, more emphases have been attached to
the synthesis and identification of selective o' 7nAchR
agonist in recent years. As expected, these com-
pounds exhibited encouraging anti-inflammatory
potentials in animal models.?'>> Unfortunately, even
the most investigated reagents cannot be used in clin-
ical practices in the near future unless the safety con-
cerns are fully addressed. Comparatively, exploration
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of bioactive compounds with good safety profile
such as MAN seems to be a more feasible approach.
Although molecular docking studies suggested that
MAN did not directly bind to a7nAchR (data not
provided), it substantially activated CAP through
several other mechanisms. Firstly, MAN could act as
an antagonist of AchE, and the accumulated Ach
would elicit sustained activation of CAP locally.
Secondly, it promoted the production and release of
Ach, which is also essential for the extracellular
increase of Ach. Furthermore, it promoted the
expression of a7nAchR at both mRNA and protein
levels. These evidences indicated that MAN as well
as certain compounds sharing similar structural
resemblance could be good candidates as novel anti-
inflammatory agents by targeting CAP.

Mounting reports solidly confirm xanthone deriv-
atives as effective AchE antagonists.?>** We further
demonstrated that MAN promoted CHAT expres-
sion in vitro. These results suggested that MAN
crippled the degradation and increased the biosyn-
thesis of Ach simultaneously. Because intracellular
Ach was barely affected by MAN, it is highly plau-
sible that Ach accumulation observed in this study
was mainly caused by the inhibition on AchE, while
the direct consequences from CHAT increase are
still needed to be investigated. It was also observed
that MAN treatment caused an increase in both cir-
culating Ach and a7nAchR expression at the same
time. These two factors reinforce the effects of
MAN on CAP without doubt. Inspired by the over-
expression of a7nAchR in rats receiving vagotomy
surgery, we assume that there exists a compensation
mechanism in CAP (Figure 1(c)). That is, reduced
circulating Ach will increase a7nAchR expression
through an unspecified feedback. Accordingly,
increased Ach under MAN treatments would pose a
negative effect on a7nAchR. As such, it is reasona-
ble to deduce that MAN directly promoted the
expression of a7nAchR, while the underlying
mechanism is totally unknown. Nonetheless, MAN
was effective in activating CAP, which will have
promising clinical applications in the treatments of
many diseases, including inflammations, metabolic
disorders, and cholinergic-dependent cognitive
deficits. >

The current study revealed a novel anti-inflam-
matory mechanism of MAN involving CAP regula-
tion. As the selective receptor of Ach accounting for
the anti-inflammatory properties, the change of
a7nAchR is essential for the clinical outcomes of

ALI rats upon MAN treatments. Unfortunately, this
study did not provide enough useful clues to clarify
the mechanism underling the regulation of MAN on
a7nAchR expression. Besides, RAW 264.7 cells
were adopted in experiments in vitro in this study
because of the convenience. However, their proper-
ties and immune functions are not exactly the same
with macrophages derived from disease models in
vivo, and thereby cannot perfectly mimic the inflam-
matory conditions in ALI rats. These issues should
be addressed in the researches in future.

Conclusion

In conclusion, this study further confirmed the ther-
apeutic effects of MAN on systematic acute inflam-
mations, and identified CAP as an important
therapeutic target in this process. Different from
a7nAchR agonist, MAN did not interact with this
receptor directly, but achieved sustained activation
of CAP by increasing peripheral Ach and a7nAchR
expression. These evidences partially elucidated the
anti-inflammatory mechanism of MAN and shed
light on the possible clinical application of MAN on
many other cholinergic system related diseases.
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