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Objective: The objective of this study was to investigate the impact of electro-
acupuncture (EA) on sepsis-related intestinal injury and its relationship with
macrophage polarization.

Methods: A sepsis model was established using cecal ligation and puncture (CLP)
to assess the effectiveness of EA. The extent of pathological injury was evaluated
using Chiu's score, the expression of ZO-1 and Ocludin, and the impact on
macrophage polarization was examined through flow cytometry and
immunofluorescence staining. The expression of spermidine, one type of
polyamine, and ornithine decarboxylase (ODC) was measured using ELISA and
PCR. Once the efficacy was determined, a polyamine depletion model was
created, and the role of polyamines was reassessed by evaluating efficacy and
observing macrophage polarization.

Results: EA treatment reduced the Chiu’s score and increased the expression of
Z0O-1 and Ocludin in the intestinal tissue of septic mice. It inhibited the secretion
of IL-1B and TNF-a, promoted the polarization of M2-type macrophages,
increased the secretion of IL-10, and upregulated the expression of Arg-1,
spermidine, and ODC. However, after depleting polyamines, the beneficial
effects of EA on alleviating intestinal tissue damage and modulating
macrophage polarization disappeared.

Conclusion: The mechanism underlying the alleviation of intestinal injury
associated with CLP-induced sepsis by EA involves with the promotion of M2-
type macrophage polarization mediated by spermidine expression.
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1 Introduction

Sepsis is a critical medical condition characterized by severe
infection, which can lead to organ damage and an imbalanced
immune response (1, 2). It is a leading cause of ICU admissions and
mortality. The dysregulation of immune responses and multiple
organ dysfunction associated with sepsis pose a significant risk and
challenge to patient outcomes (3, 4). According to a global survey
conducted in 2017, there are approximately 49 million cases of
sepsis worldwide, resulting in about 11 million deaths (5). The
incidence of sepsis continues to rise, posing a serious threat to
human life and well-being.

The gastrointestinal tract plays a central role in the
progression of sepsis and multiple organ dysfunction syndrome
(MODS) (6, 7). Severe inflammation in the gastrointestinal tract
affects the prognosis of septic patients. During severe infection,
the body’s metabolic rate and oxygen consumption increase
significantly (8, 9). As a result, blood flow is often redirected to
vital organs such as the brain, lungs, and heart, which can cause
ischemia, hypoxia, and reperfusion injury in the intestinal
mucosa. During this process, a large amount of oxygen free
radicals are produced, which can disrupt the formation and
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distribution of tight junctions between cells and cause damage
to the intestinal epithelium (10-12).
compromised intestinal microenvironment, weakened intestinal

Simultaneously, the

motility, and inadequate intestinal nutrition result in intestinal
barrier dysfunction and increased permeability (13, 14). This
allows pathogenic microorganisms and endotoxins to enter the
circulatory and lymphatic systems, ultimately reaching distant
organs and causing gut-origin sepsis (GOS) and MODS. These
pathological processes create a vicious cycle characterized by
imbalances in microbial, inflammatory, endotoxin, and
intestinal homeostasis, contributing to the progression of sepsis
(2,7, 15).

Acupuncture is indeed a prominent and widely used modality
in traditional Chinese medicine. It involves the insertion of thin
needles into specific points on the body known as acupoints. By
carefully diagnosing the patient’s condition and selecting
appropriate acupoints, acupuncture offers several advantages,
including safety, convenience, and remarkable efficacy (16, 17).
In recent years, acupuncture has been widely applied in the
treatment of gastrointestinal dysfunction caused by sepsis and
has shown positive outcomes. Studies have demonstrated that
acupuncture at specific acupoints can significantly improve
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gastrointestinal symptoms, enhance gastrointestinal motility, and
reduce intra-abdominal pressure, intestinal rumbling frequency,
and gastrointestinal dysfunction scores in patients (18-20).
Additionally, acupuncture can decrease the levels of serum
inflammatory markers such as C-reactive protein (CRP),
procalcitonin (PCT), tumor necrosis factor-alpha (TNF-a),
interleukin (IL)-6, IL-8, and IL-1f3, while promoting the release
of anti-inflammatory factors like IL-10 (16, 21, 22). However, the
underlying mechanisms of acupuncture for the treatment of
gastrointestinal dysfunction in sepsis are not yet fully understood.

Macrophages play critical roles in both innate and adaptive
immunity. They effectively combat pathogen invasion and tissue
damage through pattern recognition mechanisms. Macrophages
exhibit plasticity, recruiting other immune cells to the infection
site via the secretion of chemokines and inflammatory factors
during pathogen invasion, thereby inducing a robust
inflammatory response to eliminate the source of infection.
Furthermore, macrophages contribute to tissue repair by secreting
anti-inflammatory factors and growth factors during the later stages
of injury. Thus, their primary function can be understood as
maintaining immune homeostasis (23-25).

The plasticity of macrophages in infectious diseases underscores
their significant role in intestinal inflammation and mucosal repair
(26). Recent studies indicated that polyamines, important regulatory
substances involved in cell proliferation and differentiation, play a
crucial role in macrophage polarization and function (27, 28).
Therefore, this study aims to explore the therapeutic effects of
electro-acupuncture (EA) on mice with CLP-induced sepsis,
focusing on spermidine expression and macrophage polarization.
Furthermore, difluoromethylornithine (DFMO) will be employed to
conduct further investigations into the correlation between
polyamines and macrophage polarization in the context of EA
therapy for sepsis-related gastrointestinal dysfunction.

2 Materials and methods
2.1 Ethics statement

All experiments and surgical procedures conducted in this
study were approved by the Animal Care and Use Committee of
the First Teaching Hospital of Tianjin University of Traditional
Chinese Medicine.

2.2 Animal

C57BL/6 male mice (6-8 weeks old, weighing 20-25g) were
obtained from SpePharm (Beijing) Biotechnology Co., Ltd (Beijing,
China) with the Animal license number: SCXK (Jing) 2019-0010.
The mice were housed individually in a standard animal care room
under controlled conditions, including a 12-hour light-dark cycle, a
temperature of 24 + 2°C, daily cleaning, and ad libitum access to
food and water. Prior to the formal experimental study, the mice
were acclimated to the housing environment for one week.
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2.3 CLP surgery

The mice were subjected to cecal ligation and puncture (CLP)
surgery, which is the gold standard model for studying sepsis, or
sham surgery as a control group (the CON group). After a 12-hour
fasting period, the mice were anesthetized with 3% isoflurane and
underwent a 2-cm midline laparotomy to expose the cecum and
adjacent intestine. In the CLP group, the cecum was tightly ligated
with a 3.0 silk suture at 50% below the ileocecal valve and a 0.8-
1.0cm point from the cecal tip and punctured once with an 18-
gauge needle to induce mid-grade sepsis. A small amount of feces
was extruded through the puncture site by squeezing the cecum.
The cecum was then returned to the peritoneal cavity, and the
laparotomy was closed with 3.0 silk sutures. In the control group, all
surgical procedures were performed except for the ligation and
puncture of the cecum. Both groups received necessary support
(Iml of NaCl 0.9%, subcutaneously) shortly after the CLP and sham
surgery procedures.

2.4 Electro-acupuncture intervention

Prior to the EA stimulation intervention, the mice were
anesthetized with isoflurane and placed on a warming pad to
maintain their body temperature. According to the T/CAAM
0002-2020 document titled “Name and Location of commonly
used acupoints in experimental animals - Part 3: Mice”, the
acupoints of Neiguan (PC6), Zusanli (ST36), Zhongwan (CV12),
and Taichong (LR3) were chosen for EA in our study. PC6 is located
bilaterally on the medial side of the forearm, between the radial and
ulnar bones, at approximately 2 mm from the wrist joint.
Acupuncture needles are typically inserted to a depth of 2 mm at
this point. ST36 is located bilaterally posterolateral to the knee,
approximately 2 mm below the fibula head, with acupuncture
needles inserted to a depth of 3 mm. CV12 is located at the
midpoint of the line between the umbilicus and the tip of the
xiphoid process, with acupuncture needles inserted to a depth of
2 mm. LR3 is located in the depression between the first and second
metatarsals of the dorsum of the hind limb, with acupuncture
needles inserted to a depth of 1 mm (Figure 1A). Electrical
stimulation was performed using an EA instrument (Huatuo-
SDZ-II, Suzhou, China) with a current intensity of 2 mA, a
frequency of 5/20 Hz, and a stimulation time of 30 minutes. At
the same time, we selected non-meridian points electrical
stimulation (the NEA group) as the comparison object of EA.
The electrical stimulation of acupoints and non-meridian points
was applied immediately after CLP.

2.5 Polyamine depletion

DEMO is a specific, irreversible inhibitor of the enzyme
ornithine decarboxylase (ODC). According to published
literature, mice were administered DFMO (MedChemExpress;
Cat# 103461) to induce polyamine depletion by providing it in
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EA alleviates intestinal injury and regulates polyamine metabolism. (A) Flow chart of the experiment. (B) Immunohistochemical staining of intestine.
(Black arrow: mucosal epithelial injury; Yellow arrow: Goblet cell; Blue arrow: Paneth cell; Red arrow: Inflammatory cell) (C) Chiu’s score of intestinal
injury. (D) Western blotting of ZO-1 and Ocludin in intestine. (E, F) Relative expression of ZO-1 and Ocludin. All results presented as mean + SD.
Compared with the CLP group, ** means p < 0.01. Compared with the CON group, ## means p < 0.01.

their drinking water for a duration of 7 days (29). Subsequently, a
subset of the polyamine-depleted mice was randomly selected to
establish a model of CLP-induced sepsis (the DFMO group),
followed by electro-acupuncture intervention (the DEA group).
Twelve hours after CLP surgery, all groups of mice were sampled
for further testing.

2.6 Histopathological analysis

Mice’s intestinal tissue samples were collected and rinsed with
PBS buffer (Solarbio; Cat# P1022). The samples were then processed
for routine paraffin embedding and slicing them in 3 um.
Hematoxylin and eosin (H&E) staining was performed on those
tissue slices. Chiu’s histological grading system, also known as
Chiu’s score, was used to assess the severity of intestinal
mucosal injury.

2.7 Western blot

The proteins from small intestinal tissue samples were extracted
using tissue lysate and quantified using the BCA method.
Subsequently, 20 ug of each sample was loaded into the SDS-
PAGE gel for electrophoresis separation. After transfer to the
membrane, the membrane was incubated with blocking antibody,
primary antibodies for ZO-1 and Ocludin (Abcam; ab221547 and
ab216327), and secondary antibody for development. Finally, the
software of ImageJ 1.53t was used for analysis.
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2.8 Flow cytometry analysis

After collecting the small intestine tissue, it is processed by
grinding and filtering to obtain a single-cell suspension. Similarly,
whole blood samples were incubated with red cell lysate for 20
minutes and then suspended followed by washing. Cell pellets from
both the small intestine tissue and whole blood are suspended in
100uL of PBS, and 2L of TruStain FcX' (Biolegend; Cat# 101319) is
added to block the Fc receptor. Next, an antibody cocktail consisting
of PE anti-mouse F4/80 (Biolegend; Cat# 111704), FITC anti-mouse
CD11b(Biolegend; Cat# 101205), and PerCP anti-mouse CD86
(Biolegend; Cat# 105025) was prepared. The antibody cocktail with
100uL PBS is added to the cell pellets, and the tubes are incubated at 4°
C for 30 minutes in the dark. Subsequently, the cells were washed with
PBS and a Fixation/Permeabilization buffer (eBioscience; Cat# 88-
8824-00) was used to fix and permeate the cells. APC anti-mouse
CD206 antibody (Biolegend; Cat# 141707) is then added to the cells
and incubated at 4°C for 30 minutes in the dark. Finally, the cells were
washed again and subjected to Flow cytometry (BD FACSCanto II)
and analysis to determine the number and percentage of different
subtypes of blood macrophages (Figure 2A).

2.9 ELISA

To begin with, we isolated the serum and extracted the intestinal
protein. These samples were processed in accordance with the ELISA
instructions. The procedure can be summarized as follows: Initially,
we added the aforementioned samples to the enzyme-labeled plate of

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1373876
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Xu et al.

Analytic process
CLP

10.3389/fimmu.2024.1373876

Macrophage in blood

DFMO DEA

250K ] Cells " .
89.6°7%

enkocyte W Jor o

111

107401 a2 Wi
034 1.08

——————> CDS86
R

250K 7]

200 7]

———————> CD86

(o]

T T T T T

3 a3 a 5

10 0 10 10 10
Comp-F\TC~AjCD1 b

CLP

CD206 DAPI

Comp-PerCP-Cy5-5-A : CD8E

CD86 DAPI

o

Comp-APC-A: CD206

2
£y

n

:

o
: x
Comp-PE-A::F4_80

M1/M2 ratio
s =
n o

e
>

CLP

FIGURE 2

Macrophage in blood

DFMO DEA

Macrophage in intestine
DFMO

m

MFI(CD86/CD206)

CLP DFMO NEA

(A) Gate setting strategy of flow cytometry. (B) Flow cytometry of macrophages in blood. (C) Immunofluorescence staining of intestine. (D) M1/M2 ratio of
macrophage in blood. (E) M1/M2 ratio of macrophage in intestine. All results presented as mean + SD. Compared with the CON group, * means p < 0.05

spermidine (MEIMIAN; Cat# MM-46605M1), inducible nitric oxide
synthase (iNOS, MEIMIAN; Cat# MM-0454M1), arginase-1 (Arg-1,
MEIMIAN; Cat# MM-0120M1), IL-13(MEIMIAN; Cat# MM-
0040M1) or IL-10(MEIMIAN; Cat# MM-0176M1), which induced
an enzyme immunoreaction. Once the reaction concluded, we
introduced TMB Solution and a termination solution.
Subsequently, we employed an enzyme-label instrument to measure
the optical density (OD) values of each sample.

2.10 Immunofluorescence detection

After dewaxing the small intestine sections, the antigen repair
process was carried out to ensure optimal staining. Subsequently, a
permeating membrane of Triton X-100 (Bioss; Cat# P0096) was

Frontiers in Immunology

05

applied in a sequential manner. To seal the small intestine sections
effectively, a 1% BSA (Bioss; Cat# bs-0292P) solution was utilized.
Next, the specific antibodies, namely anti-mouse CD206(Affinity;
Cat# DF449) and anti-mouse CD86(Affinity; Cat# DF6332), along
with their corresponding secondary antibodies, anti-rabbit IgG
(Alexa Fluor® 488 Conjugate; CST; Cat# 4412) and anti-rabbit
IgG (CY3 Conjugate; Affinity; Cat# S0011) respectively, were
carefully added to the sections. This incubation step was
performed in a light-protected environment to prevent any
potential light-induced degradation. After the incubation period,
the sections were thoroughly cleansed to remove any unbound
antibodies. To visualize the nuclei, the sections were counterstained
with DAPI, a fluorescent dye that selectively binds to DNA. Finally,
the immunofluorescence intensity of CD86 and CD206 was
quantitatively analyzed for all images obtained.
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2.11 RT-PCR

Total RNA was extracted from small intestinal tissues using the
TRIzol RNA extraction protocol (Life Technologies Inc.). 1 pg of
RNA was extracted and reverse transcribed to obtain the cDNA
template. The real-time fluorescent quantitative PCR reaction
system was set up, and 40 cycles of real-time detection were
performed on the computer to obtain CT values. Subsequently,
the relative expression levels were calculated. The primers for the
target gene ODC and the internal reference (B-actin) are listed
in Table 1.

2.12 Statistical analysis

The collected data were subjected to statistical analysis using
appropriate methods. If the data were normally distributed, a one-
way analysis of variance (ANOVA) was employed. However, if the
data did not meet the assumptions of normality, a Kruskal-Wallis
analysis of variance was utilized instead. For further analysis and
comparison between groups, post hoc analysis was conducted using
the Dunn’s test. The significance level was set at p<0.05, indicating
statistical significance. All statistical analyses were performed using
GraphPad Prism 9.0.

3 Results

3.1 Electro-acupuncture improves
intestinal injury in mice with sepsis

To evaluate the effect of EA on gastrointestinal injury in mice
with sepsis, we constructed a mouse model of CLP-induced sepsis.
Consistent with the existing studies, the intestinal mucosal layer of
septic mice appeared abnormal, with disordered gland
arrangement, mucous membrane erosion and shedding, shorten
intestinal villi, and a significant infiltration of inflammatory cells
in the submucosa (Figure 1B). Notably, NEA intervention did not
improve intestinal injury, whereas EA treatment effectively
reduced mucosal erosion and tissue abscission, decreased the
spaces in the submucosal and lamina propria regions, and

TABLE 1 Primer information.

Gene Primer Sequence Size
Name (bp)
B-actin Forward AGGTCATCACT
ATTGGCAACGAG
167
Reverse TTGGCATAGAG
GTCTTTACGGAT
ODC Forward AGAGACCCAAG
CCAGACGAGAAG
151
Reverse GAAAGTAGAAGCA
GCAGCAACAGTG
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restored glandular arrangement to some extent. Chiu’s score
(Figure 1C), which evaluates intestinal injury, showed an
increase in mice with CLP compared to the control group, while
EA intervention decreased the score. Mechanical injury is one of
the primary forms of intestinal damage. Consequently, we
investigated the marker proteins ZO-1 and Ocludin associated
with mechanical injury. The results revealed a significant
reduction in the expressions of ZO-1 and Ocludin in the CLP
group (Figure 1D-F). However, EA (presumably a treatment or
intervention) effectively increased their expressions. Therefore,
EA can alleviate sepsis-related intestinal damage.

3.2 Electro-acupuncture regulates
macrophage polarization in blood and the
expression of macrophage-

related cytokines

Sepsis is often associated with polarization of M1 macrophages.
Therefore, we observed the polarization of macrophages in the
circulatory system. After sampling whole blood, blood cells were
labeled with specific antibodies, and the macrophage population
labeled with CD11b+F4/80+ was obtained using flow cytometry
(Figure 3A). We then observed the proportion of CD86-positive
cells (M1) and CD206-positive cells (M2) among these macrophages
and calculated the M1/M2 macrophage ratio to analyze macrophage
polarization characteristics. The results demonstrated that CLP
increased the M1/M2 ratio (Figures 3A, B) and the expression of
M1-related proteins IL-1f and iNOS (Figures 3C, D). However, after
EA treatment, the M1/M2 ratio significantly decreased, along with a
decrease in IL-1B and iNOS expression and an increase in the
expression of M2-related proteins IL-10 and Arg-1 (Figures 3E, F).
These findings indicate that EA promotes the transition of
macrophages from the M1 phenotype to the M2 phenotype,
reducing inflammation and tissue damage, and facilitating body
recovery. We then questioned whether EA regulates macrophage
polarization in intestinal tissue.

3.3 Electro-acupuncture regulates
macrophage polarization in the intestine
and the expression of macrophage-
related cytokines

To address this question, we collected small intestinal tissue
samples from mice and performed immunofluorescence staining.
In the small intestine tissue slices of each group, M2 macrophages
were labeled with an anti-CD86 antibody, and M2 macrophages
were labeled with an anti-CD206 antibody (Figure 4A). By
detecting the mean fluorescence intensity of CD86 and CD206,
we calculated the M1/M2 ratio to determine the polarization of
intestinal macrophages (Figure 4B). The results showed that CLP
had the ability to promote the transformation of macrophages into
the M1 phenotype and increase the expression of Ml-related
molecules IL-1B and iNOS (Figures 4C, D). However, after EA
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of ODC and the secretion of spermidine. As mentioned earlier,
spermidine, a polyamine, is produced by spermidine synthase
(SPDS) catalyzing putrescine, which is generated by ODC from
ornithine. The experimental results showed that CLP could
promote the mRNA expression of ODC in intestinal tissues and
increase the expression of spermidine (Figures 5A-C). Although EA
inhibited the mRNA expression of ODC, it increased the expression
of spermidine in blood and intestinal tissues. This sparked our
interest in further clarifying the role of polyamines in the
improvement of septic intestinal injury through EA.

3.5 Electro-acupuncture has no effect on
sepsis in mice with depleted polyamines

To investigate this, polyamine depletion was induced by
administering DFMO water for 7 days prior to the CLP operation,
and the relevant indicators of sepsis in mice after 12 hours of EA
treatment were observed (Figure 6A, B, F). First, by detecting
spermidine levels in blood and the small intestine, we found that
DFMO caused a decrease of spermidine expression (Figures 6C-E).
Pathological results showed that DFMO exacerbated intestinal tissue
injury to some extent compared to the CLP-induced sepsis group, while
EA did not alleviate intestinal injury in polyamine-depleted mice
(Figures 6B, F). Therefore, we further examined the polarization of
macrophages in the circulatory system and intestinal tissues (Figures 2B,
C). It was found that polyamine depletion increased the expression of
IL-1B and the M1/M2 macrophage ratio in the intestine of mice
(Figures 2B-E, 6G-N), indicating the importance of spermine in
septic mice. However, EA intervention did not improve macrophage
polarization (Figures 2B-E). In summary, the experimental results
indicate that spermine plays a key role in alleviating sepsis in mice,
including improving intestinal injury, modulating macrophage
polarization, inhibiting the expression of M1-related molecules, and
promoting the expression of M2-related molecules.

4 Discussion

Macrophages are innate immune cells present in every tissue and
critical for innate immunity, normal tissue development, homeostasis,
and repair of damaged tissue. Based on the types and functions of
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cytokines, macrophages can be categorized into two main activation
types: classical activation (M1) and alternative activation (M2) (30). In
the classical activation pathway, macrophages are stimulated by
cytokines such as interferon gamma (IFN-y) and TNF-o, which
activate several signaling pathways such as NF-kB, mitogen-activated
protein kinase (MAPK), and signal transducer and activator of
transcription 1 (STATI), leading to their differentiation into M1
macrophages (31, 32). M1 macrophages produce various pro-
inflammatory mediators, including TNF-o, IL-1, IL-6, active
nitrogen and oxygen intermediates, which exhibit potent bactericidal
and tumor-killing activities, give aid to infection clearance and trigger
inflammation (33, 34). On the other hand, M2 macrophages are
activated by cytokines such as IFN-0/f, IL-4, and IL-13 through the
STAT6 pathway (35, 36). M2 macrophages secrete anti-inflammatory
mediators (such as IL-10 and TGF-f}) and cell growth factors, such as
epidermal growth factor (EGF) and vascular endothelial growth factor
(VEGF), promoting the suppression of inflammatory responses and
facilitating tissue repair (35, 37). The balance between M1 and M2
macrophages reflects the pathological stage of a disease to some extent.

In the human and murine intestinal tissues, there is a significant
population of local resident macrophages (38). Sepsis often coincides
with gastrointestinal infections, during which the locally stationed
macrophages act as the first line to eliminate pathogens of which
damage the gastrointestinal tract. Simultaneously, bone marrow-
derived monocytes are rapidly recruited from the circulatory system
to the intestinal tissues, where they play a more robust role in
combating infections (39-41). However, excessive inflammatory
stimulation is detrimental to intestinal function recovery. It is well-
established that sepsis often leads to an imbalance in the polarization of
M1 and M2 macrophages in the intestinal tissue (41). One of the
factors contributing to this imbalance is the gastrointestinal ischemia
and hypoxia caused by sepsis. In the early stages of sepsis, macrophages
become overactivated, resulting in an increase of pro-inflammatory M1
macrophages and the release of a large number of inflammatory
cytokines (such as IL-1, IL-6, TNF-0, and iNOS). Uncontrolled
inflammation and endotoxin attack can even trigger systemic
inflammatory response syndrome (SIRS) and multiple organ
dysfunction syndrome (MODS) (15). Therefore, effectively blocking
the polarization of macrophages towards the M1 type is beneficial for
tissue repair (26, 41). This study conducted on mice with CLP-induced
sepsis suggests that gastrointestinal injury is accompanied by an
abundance of M1 macrophages in the circulatory system and
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intestinal tissues, along with significantly increased levels of related
inflammatory factors. Although the levels of M2-related proteins, such
as IL-10 and Arg-1, were higher in the model mice compared to the
control group, the mice in the model group still exhibited
characteristics of intestinal tissue inflammation damage.

In this study, EA was chosen as an intervention method, targeting
acupoints of PC6, ST36, CV12, and LR3. This intervention method
demonstrated a certain degree of alleviation of intestinal injury. EA
inhibited the expression of pro-inflammatory mediators, promoted
the expression of IL-10 and Arg-1, and resulted in a dominance of
M2 macrophages. Therefore, it can be concluded that EA’s effect on
alleviating gastrointestinal damage related to sepsis is associated with
macrophage polarization.

Existing research indicates that polyamines play a role in
promoting intestinal mucosal integrity and barrier function.
Moreover, polyamines have been shown to enhance the
proliferation of intestinal epithelial cells and facilitate epithelial
repair following injury (28). Polyamines are cationic aliphatic
polymers found in living organisms, including various types such
as putrescine, spermidine, spermine, and agmatine. Putrescine,
spermidine, and spermine can be directly synthesized by
mammalian cells, while agmatine is either ingested from food or
produced by intestinal flora (42, 43). Polyamines are closely related

Frontiers in Immunology

09

to the life activities of mammals and participate in many
fundamental cellular processes, including cell differentiation,
apoptosis, and protein and DNA synthesis (27).

Arginine is one of the precursor substances for polyamine
biosynthesis. Arginine is converted to ornithine through the
action of Arg-1, which is further catalyzed to produce putrescine
by ODC. Putrescine, as a base substance, is then converted to
spermidine by SPDS, and spermidine is further converted to
spermine by spermine synthase (SMS) (44). Studies have shown
that spermidine can inhibit fatal sepsis and has beneficial effects on
cardiac protection, anti-aging, and immune regulation (27, 45). In
this study, the expression of Arg-1, ODC, and spermidine in
polyamine metabolism were observed. It was confirmed that EA
inhibited ODC mRNA levels but promoted Arg-1 expression,
ultimately leading to increased spermidine levels. To further
investigate the relationship between polyamines and macrophage
polarization, a polyamine depletion model was created by
using DFMO in mice. It was determined that after polyamine
depletion, EA lost its protective effect against intestinal damage
and failed to induce M2 macrophage differentiation. Similarly,
in vitro experiments the relationship between spermidine and
macrophage polarization were also confirmed. Spermidine
reduced the secretion of TNF-o and IL-1B in LPS-stimulated
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RAW 264.7 macrophages and MCP-1 secretion in THP-1
macrophages treated with IFN-y (46, 47).

In summary, this study established a polyamine depletion
model and confirmed that the mechanism by which EA alleviates
intestinal injury associated with CLP-induced sepsis is through
promoting M2 macrophage polarization mediated by spermidine
expression. This polarization inhibits the expression of
inflammatory factors and promotes intestinal repair. However,
polyamines, as guardians of the gastrointestinal tract, are
derived from both endogenous intracellular amino acid
metabolism and exogenous intestinal microbial metabolism. In
future studies, further clarification of the endogenous and
exogenous mechanisms by which acupuncture regulates
polyamine metabolism and its relationship with intestinal
immunity will be explored.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The animal study was approved by The Animal Ethics
Committee of Tianjin University of Traditional Chinese
Medicine. The study was conducted in accordance with the local
legislation and institutional requirements.

Author contributions

XX: Funding acquisition, Writing - review & editing, Writing -
original draft, Methodology, Conceptualization. JW: Writing -
review & editing, Writing - original draft, Methodology. LX:
Funding acquisition, Writing - review & editing, Writing -
original draft, Supervision, Data curation. XH: Writing — review
& editing, Investigation. XY: Writing - review & editing, Funding
acquisition. YW: Writing — review & editing, Formal Analysis.

References

1. Liu D, Huang SY, Sun JH, Zhang HC, Cai QL, Gao C, et al. Sepsis-induced
immunosuppression: mechanisms, diagnosis and current treatment options. Mil Med
Res. (2022) 9:56. doi: 10.1186/540779-022-00422-y

2. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M,
et al. The third international consensus definitions for sepsis and septic shock (Sepsis-
3). Jama. (2016) 315:801-10. doi: 10.1001/jama.2016.0287

3. Markwart R, Saito H, Harder T, Tomczyk S, Cassini A, Fleischmann-Struzek C,
et al. Epidemiology and burden of sepsis acquired in hospitals and intensive care units:
a systematic review and meta-analysis. Intensive Care Med. (2020) 46:1536-51.
doi: 10.1007/s00134-020-06106-2

4. Paoli CJ, Reynolds MA, Sinha M, Gitlin M, Crouser E. Epidemiology and costs of
sepsis in the United States-an analysis based on timing of diagnosis and severity level.
Crit Care Med. (2018) 46:1889-97. doi: 10.1097/CCM.0000000000003342

Frontiers in Immunology

10.3389/fimmu.2024.1373876

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by the Scientific Research Project of the Tianjin
Education Commission (project number: 2021K]J144), 2021
“Extension Project” of First Teaching Hospital of Tianjin
University of Traditional Chinese Medicine (project number:
Institute ZD202107), Tianjin Graduate Research Innovation
Project (project number: 2022BKY190) and TUTCM Graduate
Research Innovation Project (project number: YJSKC-20222001).

Acknowledgments

This is a short text to acknowledge the contributions of specific
colleagues, institutions, or agencies that aided the efforts of
the authors.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1373876/
full#supplementary-material

5. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al.
Global, regional, and national sepsis incidence and mortality, 1990-2017: analysis for
the Global Burden of Disease Study. Lancet. (2020) 395:200-11. doi: 10.1016/S0140-
6736(19)32989-7

6. Sun S, Wang D, Dong D, Xu L, Xie M, Wang Y, et al. Altered intestinal
microbiome and metabolome correspond to the clinical outcome of sepsis. Crit Care.
(2023) 27:127. doi: 10.1186/s13054-023-04412-x

7. Corriero A, Gadaleta RM, Puntillo F, Inchingolo F, Moschetta A, Brienza N. The
central role of the gut in intensive care. Crit Care. (2022) 26:379. doi: 10.1186/s13054-
022-04259-8

8. LiuJ, Zhou G, Wang X, Liu D. Metabolic reprogramming consequences of sepsis:
adaptations and contradictions. Cell Mol Life Sci. (2022) 79:456. doi: 10.1007/s00018-
022-04490-0

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1373876/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1373876/full#supplementary-material
https://doi.org/10.1186/s40779-022-00422-y
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1007/s00134-020-06106-2
https://doi.org/10.1097/CCM.0000000000003342
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1186/s13054-023-04412-x
https://doi.org/10.1186/s13054-022-04259-8
https://doi.org/10.1186/s13054-022-04259-8
https://doi.org/10.1007/s00018-022-04490-0
https://doi.org/10.1007/s00018-022-04490-0
https://doi.org/10.3389/fimmu.2024.1373876
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Xu et al.

9. Gattinoni L, Vasques F, Camporota L, Meessen J, Romitti F, Pasticci I, et al.
Understanding lactatemia in human sepsis. Potential impact for early
management. Am ] Respir Crit Care Med. (2019) 200:582-9. doi: 10.1164/
rccm.201812-23420C

10. Chen F, Chu C, Wang X, Yang C, Deng Y, Duan Z, et al. Hesperetin attenuates
sepsis-induced intestinal barrier injury by regulating neutrophil extracellular trap
formation via the ROS/autophagy signaling pathway. Food Funct. (2023) 14:4213-27.
doi: 10.1039/D2F002707K

11. Guo NK, She H, Tan L, Zhou YQ, Tang CQ, Peng XY, et al. Nano parthenolide
improves intestinal barrier function of sepsis by inhibiting apoptosis and ROS via 5-
HTR2A. Int ] nanomedicine. (2023) 18:693-709. doi: 10.2147/1JN.S394544

12. Zou Z, Liu B, Zeng L, Yang X, Huang R, Wu C, et al. Cx43 inhibition attenuates
sepsis-induced intestinal injury via downregulating ROS transfer and the activation of
the JNK1/sirtl/foxO3a signaling pathway. Mediators Inflamm. (2019) 2019:7854389.
doi: 10.1155/2019/7854389

13. Sun JK, Nie S, Chen YM, Zhou J, Wang X, Zhou SM, et al. Effects of permissive
hypocaloric vs standard enteral feeding on gastrointestinal function and outcomes in
sepsis. World ] gastroenterology. (2021) 27:4900-12. doi: 10.3748/wjg.v27.i29.4900

14. Miller WD, Keskey R, Alverdy JC. Sepsis and the microbiome: A vicious cycle. J
Infect Dis. (2021) 223:5264-S9. doi: 10.1093/infdis/jiaa682

15. Barichello T, Generoso JS, Singer M, Dal-Pizzol F. Biomarkers for sepsis: more
than just fever and leukocytosis-a narrative review. Crit Care. (2022) 26:14.
doi: 10.1186/s13054-021-03862-5

16. Ban L, Pu Y, Huang H, You B, Chen W, Wang Y. Acupuncture enhances
gastrointestinal motility and improves autonomic nervous function in patients with
septic gastrointestinal dysfunction. Comput Math Methods Med. (2022) 2022:1653290.
doi: 10.1155/2022/1653290

17. Liu B, Chen B, Guo Y, Tian L. Acupuncture - a national heritage of China to the
world: international clinical research advances from the past decade. Acupuncture
Herbal Med. (2021) 1:65-73. doi: 10.1097/HM?9.0000000000000017

18. Yaklai K, Pattanakuhar S, Chattipakorn N, Chattipakorn SC. The role of
acupuncture on the gut-brain-microbiota axis in irritable bowel syndrome. Am |
Chin Med. (2021) 49:285-314. doi: 10.1142/S0192415X21500154

19. Sun L, Yao J, Luo F, Chen S, Qin D, Hou Y, et al. The role of acupuncture on the
autonomic nervous system in irritable bowel syndrome. Acupuncture Herbal Med.
(2023) 3:76-82. doi: 10.1097/HM9.0000000000000063

20. Zhang XW, Hou WB, Pu FL, Wang XF, Wang YR, Yang M, et al. Acupuncture
for cancer-related conditions: An overview of systematic reviews. Phytomedicine.
(2022) 106:154430. doi: 10.1016/j.phymed.2022.154430

21. Tingyu W, Jie M. Meta-analysis of therapeutic efficiency of acupuncture as
adjuvant treatment on sepsis gastrointestinal dysfunction. J Of Liaoning Univ Of
Traditional Chin Med. (2022) 24:165-70. doi: 10.13194/j.issn.1673-842x.2022.02.037

22. Ning W, Gao G, Zhou Y, Li WQ, Yang HH, Duan XB, et al. Calcitonin gene-
related peptide ameliorates sepsis-induced intestinal injury by suppressing NLRP3
inflammasome activation. Int Immunopharmacol. (2023) 116:109747. doi: 10.1016/
j.intimp.2023.109747

23. Locati M, Curtale G, Mantovani A. Diversity, mechanisms, and significance of
macrophage plasticity. Annu Rev Pathol. (2020) 15:123-47. doi: 10.1146/annurev-
pathmechdis-012418-012718

24. Zhou M, Aziz M, Yen HT, Ma G, Murao A, Wang P. Extracellular CIRP
dysregulates macrophage bacterial phagocytosis in sepsis. Cell Mol Immunol. (2023)
20:80-93. doi: 10.1038/s41423-022-00961-3

25. Jiao Y, Zhang T, Zhang C, Ji H, Tong X, Xia R, et al. Exosomal miR-30d-5p of
neutrophils induces M1 macrophage polarization and primes macrophage pyroptosis
in sepsis-related acute lung injury. Crit Care. (2021) 25:356. doi: 10.1186/s13054-021-
03775-3

26. Moreira Lopes TC, Mosser DM, Goncalves R. Macrophage polarization in
intestinal inflammation and gut homeostasis. Inflammation Res. (2020) 69:1163-72.
doi: 10.1007/s00011-020-01398-y

27. Madeo F, Eisenberg T, Pietrocola F, Kroemer G. Spermidine in health and
disease. Science. (2018) 359:6374. doi: 10.1126/science.aan2788

Frontiers in Immunology

11

10.3389/fimmu.2024.1373876

28. Fritsch SD, Sukhbaatar N, Gonzales K, Sahu A, Tran L, Vogel A, et al. Metabolic
support by macrophages sustains colonic epithelial homeostasis. Cell Metab. (2023)
35:1931-43 e8. doi: 10.1016/j.cmet.2023.09.010

29. Hsu HC, Thomas T, Sigal LH, Thomas TJ. Polyamine-fas interactions: inhibition of
polyamine biosynthesis in MRL-Ipr/lpr mice is associated with the up-regulation of fas
mRNA in thymocytes. Autoimmunity. (1999) 29:299-309. doi: 10.3109/08916939908994750

30. Orecchioni M, Ghosheh Y, Pramod AB, Ley K. Macrophage Polarization: Different
Gene Signatures in M1(LPS+) vs. Classically and M2(LPS-) vs. Alternatively Activated
Macrophages. Front Immunol. (2019) 10:1084. doi: 10.3389/fimmu.2019.01084

31. Huang Y, Tian C, Li Q, Xu Q. TET1 Knockdown Inhibits Porphyromonas
gingivalis LPS/IFN-gamma-Induced M1 Macrophage Polarization through the NF-
kappaB Pathway in THP-1 Cells. Int ] Mol Sci. (2019) 20:8. doi: 10.3390/ijms20082023

32. Liu Y, Liu Z, Tang H, Shen Y, Gong Z, Xie N, et al. The N(6)-methyladenosine
(m(6)A)-forming enzyme METTL3 facilitates M1 macrophage polarization through
the methylation of STAT1 mRNA. Am ] Physiol Cell Physiol. (2019) 317:C762-C75.
doi: 10.1152/ajpcell.00212.2019

33. Essandoh K, Li Y, Huo J, Fan GC. MiRNA-mediated macrophage polarization
and its potential role in the regulation of inflammatory response. Shock (Augusta Ga).
(2016) 46:122-31. doi: 10.1097/SHK.0000000000000604

34. Wang S, Liu G, Li Y, Pan Y. Metabolic reprogramming induces macrophage
polarization in the tumor microenvironment. Front Immunol. (2022) 13:840029.
doi: 10.3389/fimmu.2022.840029

35. YuT, Gan S, Zhu Q, Dai D, Li N, Wang H, et al. Modulation of M2 macrophage
polarization by the crosstalk between Stat6 and Trim24. Nat Commun. (2019) 10:4353.
doi: 10.1038/s41467-019-12384-2

36. CaoJ, DongR, Jiang L, Gong Y, Yuan M, You J, et al. LncRNA-MM2P identified
as a modulator of macrophage M2 polarization. Cancer Immunol Res. (2019) 7:292-305.
doi: 10.1158/2326-6066.CIR-18-0145

37. Cheng P, Li S, Chen H. Macrophages in lung injury, repair, and fibrosis. Cells.
(2021) 10:436. doi: 10.3390/cells10020436

38. Pan X, Zhu Q, Pan LL, Sun J. Macrophage immunometabolism in inflammatory
bowel diseases: From pathogenesis to therapy. Pharmacol Ther. (2022) 238:108176.
doi: 10.1016/j.pharmthera.2022.108176

39. LiB, ZhangL, Zhu L, Cao Y, Dou Z, Yu Q. HDACS5 promotes intestinal sepsis via the
Ghrelin/E2F1/NF-kappaB axis. FASEB J. (2021) 35:e21368. doi: 10.1096/1].202001584R

40. Qiu D, Zhang W, Song Z, Xue M, Zhang Y, Yang Y, et al. Berberine suppresses
cecal ligation and puncture induced intestinal injury by enhancing Treg cell function.
Int Immunopharmacol. (2022) 106:108564. doi: 10.1016/j.intimp.2022.108564

41. Chen X, Liu Y, Gao Y, Shou S, Chai Y. The roles of macrophage polarization in
the host immune response to sepsis. Int Immunopharmacol. (2021) 96:107791.
doi: 10.1016/j.intimp.2021.107791

42. Madeo F, Hofer SJ, Pendl T, Bauer MA, Eisenberg T, Carmona-Gutierrez D,
et al. Nutritional aspects of spermidine. Annu Rev Nutr. (2020) 40:135-59. doi: 10.1146/
annurev-nutr-120419-015419

43. Zhao Q, Huang JF, Cheng Y, Dai MY, Zhu WF, Yang XW, et al. Polyamine
metabolism links gut microbiota and testicular dysfunction. Microbiome. (2021) 9:224.
doi: 10.1186/540168-021-01157-z

44. Morris SM Jr. Arginine metabolism revisited. J Nutr. (2016) 146:2579S-86S.
doi: 10.3945/jn.115.226621

45. LiX, Zhou X, Liu X, Li X, Jiang X, Shi B, et al. Spermidine protects against acute
kidney injury by modulating macrophage NLRP3 inflammasome activation and
mitochondrial respiration in an eIF5A hypusination-related pathway. Mol Med
(Cambridge Mass). (2022) 28:103. doi: 10.1186/s10020-022-00533-1

46. Moron B, Spalinger M, Kasper S, Atrott K, Frey-Wagner I, Fried M, et al.
Activation of protein tyrosine phosphatase non-receptor type 2 by spermidine exerts
anti-inflammatory effects in human THP-1 monocytes and in a mouse model of acute
colitis. PloS One. (2013) 8:¢73703. doi: 10.1371/journal.pone.0073703

47. Ma L, Ni L, Yang T, Mao P, Huang X, Luo Y, et al. Preventive and therapeutic
spermidine treatment attenuates acute colitis in mice. J Agric Food Chem. (2021)
69:1864-76. doi: 10.1021/acs.jafc.0c07095

frontiersin.org


https://doi.org/10.1164/rccm.201812-2342OC
https://doi.org/10.1164/rccm.201812-2342OC
https://doi.org/10.1039/D2FO02707K
https://doi.org/10.2147/IJN.S394544
https://doi.org/10.1155/2019/7854389
https://doi.org/10.3748/wjg.v27.i29.4900
https://doi.org/10.1093/infdis/jiaa682
https://doi.org/10.1186/s13054-021-03862-5
https://doi.org/10.1155/2022/1653290
https://doi.org/10.1097/HM9.0000000000000017
https://doi.org/10.1142/S0192415X21500154
https://doi.org/10.1097/HM9.0000000000000063
https://doi.org/10.1016/j.phymed.2022.154430
https://doi.org/10.13194/j.issn.1673-842x.2022.02.037
https://doi.org/10.1016/j.intimp.2023.109747
https://doi.org/10.1016/j.intimp.2023.109747
https://doi.org/10.1146/annurev-pathmechdis-012418-012718
https://doi.org/10.1146/annurev-pathmechdis-012418-012718
https://doi.org/10.1038/s41423-022-00961-3
https://doi.org/10.1186/s13054-021-03775-3
https://doi.org/10.1186/s13054-021-03775-3
https://doi.org/10.1007/s00011-020-01398-y
https://doi.org/10.1126/science.aan2788
https://doi.org/10.1016/j.cmet.2023.09.010
https://doi.org/10.3109/08916939908994750
https://doi.org/10.3389/fimmu.2019.01084
https://doi.org/10.3390/ijms20082023
https://doi.org/10.1152/ajpcell.00212.2019
https://doi.org/10.1097/SHK.0000000000000604
https://doi.org/10.3389/fimmu.2022.840029
https://doi.org/10.1038/s41467-019-12384-2
https://doi.org/10.1158/2326-6066.CIR-18-0145
https://doi.org/10.3390/cells10020436
https://doi.org/10.1016/j.pharmthera.2022.108176
https://doi.org/10.1096/fj.202001584R
https://doi.org/10.1016/j.intimp.2022.108564
https://doi.org/10.1016/j.intimp.2021.107791
https://doi.org/10.1146/annurev-nutr-120419-015419
https://doi.org/10.1146/annurev-nutr-120419-015419
https://doi.org/10.1186/s40168-021-01157-z
https://doi.org/10.3945/jn.115.226621
https://doi.org/10.1186/s10020-022-00533-1
https://doi.org/10.1371/journal.pone.0073703
https://doi.org/10.1021/acs.jafc.0c07095
https://doi.org/10.3389/fimmu.2024.1373876
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Mechanism of electro-acupuncture in alleviating intestinal injury in septic mice via polyamine-related M2-macrophage polarization
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Animal
	2.3 CLP surgery
	2.4 Electro-acupuncture intervention
	2.5 Polyamine depletion
	2.6 Histopathological analysis
	2.7 Western blot
	2.8 Flow cytometry analysis
	2.9 ELISA
	2.10 Immunofluorescence detection
	2.11 RT-PCR
	2.12 Statistical analysis

	3 Results
	3.1 Electro-acupuncture improves intestinal injury in mice with sepsis
	3.2 Electro-acupuncture regulates macrophage polarization in blood and the expression of macrophage-related cytokines
	3.3 Electro-acupuncture regulates macrophage polarization in the intestine and the expression of macrophage-related cytokines
	3.4 Electro-acupuncture regulates polyamine metabolism
	3.5 Electro-acupuncture has no effect on sepsis in mice with depleted polyamines

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


