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Understanding of spatiotemporal profiling of inflammatory mediators and their associations with MΦ accumulation is crucial to
elucidate the complex immune properties. Here, we used murine thioglycollate elicited peritonitis to determine concentrations of
23 inflammatory mediators in peritoneal exudates and plasma before (day 0) and after (days 1 and 3) thioglycollate administration
to peritoneal cavities; these mediators included TNF-𝛼, FGF-9, IFN-𝛾, IP-10, RANTES, IL-1𝛼, IL-6, IL-7, IL-10, IL-11, IL-12p70, IL17A, lymphotactin, OSM, KC/GRO, SCF, MIP-1𝛽, MIP-2, TIMP-1, VEGF-A, MCP-1, MCP-3, and MCP-5. Our results showed that
concentrations of most mediators in exudates and plasma reached peak levels on day 1 and were significantly reduced on day 3.
Conversely, MΦ numbers started to increase on day 1 and reached peak levels on day 3. Moreover, LPS treatment in vitro significantly
induced mediator productions in cell culture media and lysates from MΦ isolated on day 3. Our results also showed that on day 0,
concentrations of many mediators in plasma were higher than those in exudates, whereas on day 1, the trend was reversed. Overall,
the findings from thioglycollate elicited peritonitis reveal that reversible chemotactic gradients between peritoneal exudates and
blood exist in basal and inflamed conditions and the inflammatory mediator production in vivo is disassociated with macrophage
accumulation during inflammation resolution.

1. Introduction
During the early stage of inflammatory diseases, the gradients
of some of the inflammatory mediators play important
roles in the recruitment of leukocytes to inflamed areas.
In this stage, monocytes and macrophages (MΦ) are the
secondary line of inflammatory cells after neutrophils. In
contrast to the recruited neutrophils with short life spans
due to apoptosis [1], MΦ have longer life spans and play
a more important role in the clearance of neutrophils via
phagocytosis. In addition to leukocyte recruitment, another
primary response to inflammation is the secretion of the
inflammatory mediators, including both proinflammatory
mediators such as interleukin (IL)-1, IL-6, and tumor necrosis
factor (TNF)-𝛼, and anti-inflammatory mediators such as
IL-10. These mediators are produced mainly by leukocytes

within the inflamed areas and they elicit particular immune
responses to target cells or tissues via specific receptors
and signaling pathways. Thus, it is important to understand
the spatiotemporal association between the inflammatory
mediator profiling and leukocyte accumulation.
Murine thioglycollate elicited peritonitis is an appropriate
model with which to study inflammatory events that are
accompanied by inflammatory mediator production and
leukocyte accumulation. In this model, neutrophil numbers
start to increase and reach peak levels between 4 and 24
hours after treatment, while MΦ numbers start to increase
at 24 hours and reach peak levels at 3 to 4 days. We
reported that copper is accumulated in the peritoneal MΦ
lack of ATP7A [2]. The peritoneal cavity is colonized with
leukocytes. Under steady conditions, the resident peritoneal
cells include MΦ, T cells, B cells, NK cells, mast cells, and
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dendritic cells [3, 4]. Resident MΦ and dendritic cells provide
a basal immune surveillance. Notably, a newly described
population in adipose tissue, associated lymphoid clusters,
has been observed in the murine peritoneal cavity [5]. In
addition to these immune cells, mesothelial cells that line the
peritoneum also serve as a source of inflammatory mediators
within the peritoneal cavity [6, 7]. Although controversy
exists on the subject, the role of resident peritoneal MΦ
in thioglycollate elicited murine peritonitis appears to be
minimal. For example, following the selective depletion of
resident MΦ (86% reduction) by pretreatment of mice with
liposomes containing Cl2 MDP (clodronate), thioglycollate
administration did not alter neutrophil accumulation into
peritoneal cavities [8]. A similar finding also occurred when
mast cells were selectively depleted (95% reduction) by the
pretreatment of mice with compound 48/80 [8]. Interestingly, resident MΦ depletion inhibited neutrophil influx in
lipopolysaccharide (LPS) induced peritonitis, whereas MΦ
depletion increased neutrophil influx in zymosan induced
peritonitis [8]. Previously, studies also showed that thioglycollate treatment ousted nearly all of the resident peritoneal MΦ in the draining lymph nodes within 4 hours
[9, 10]. Although large-scale studies have been performed
to investigate the association between thioglycollate induced
inflammatory mediator production and peritoneal leukocyte
accumulation in vivo, these studies were usually designed
to elucidate elegant mechanisms that were related to the
functions of specific proteins in these events. Therefore, a
global view is needed of the inflammatory mediator profiling
and its association with leukocyte accumulation. Thus, we
recently investigated the concentrations of multiple inflammatory mediators in peritoneal exudates and plasma before
(day 0) and after (day 1 and 3) thioglycollate administration
to murine peritoneal cavities. This study reveals important
immune properties that are related to chemotactic gradients
and the inhibition of MΦ mediator production in vivo.

2. Materials and Methods
2.1. Mice. C57BL/6 males (The Jackson Laboratory, Bar
Harbor, ME, USA) were used for this study at 10–14 weeks old.
The animal protocol was approved by Institutional Animal
Care and Use Committee of the University of Texas Health
Science Center at San Antonio.
2.2. Thioglycollate Induced Peritonitis. Peritoneal cavities
were lavaged with 3% Brewer thioglycollate broth (SigmaAldrich, St. Louis, MO) to establish acute sterile peritonitis.
During the peritoneal exudate collection, mice were excluded
from further studies if obvious adhesions were observed
between the peritoneum and skin and/or if marked increases
were observed in peritoneal thickness of peritoneum.
2.3. Collection of Blood and Peritoneal Exudates. Mice were
euthanized at indicated times, and heparinized blood was
collected from the hearts. Blood samples were centrifuged
at 250 ×g for 5 minutes for plasma isolation. Subsequently,
in order to collect peritoneal exudates, one milliliter of
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1x phosphate buffered saline (PBS) was administered via
intraperitoneal (i.p.) injection. Peritoneal exudates were harvested following 60 seconds of peritoneal massage. After
centrifugation at 250 ×g for 5 minutes, the supernatant exudates were collected. Both the plasma and exudate samples
were stored at −80∘ C before further studies. After the first
administration of 1 mL of PBS, mice were administered a
second dose of 3 mL of 1xPBS. The cell pellets from these
two administrations were combined and resuspended in 1 mL
of red blood cell lysis buffer (Hybri-Max, Sigma-Aldrich)
at room temperature for 1 min. Next, the mixtures were
washed with RPMI 1640 medium (Hyclone, Logan, UT)
that was supplemented with 10% fetal bovine serum (FBS),
100 units/mL of penicillin, and 100 mg/L of streptomycin.
Cells were then pelleted and resuspended in the same growth
medium at room temperature for further studies.
2.4. Flow Cytometry. Peritoneal exudate cells were first incubated with Fc block (anti-CD16/CD32) (BD Biosciences, San
Jose, CA) for 20 min and stained for surface expression using
anti-Ly6G-PE (BD Biosciences) and/or anti-F4/80-AF647
(Serotec, Oxford, UK) for 30 min. All washing and staining
were performed with 2% FBS in PBS. At least 22,000 cells
were analyzed for each sample. The numbers of neutrophils
and macrophages were calculated by multiplying the total
cell number by the percentage of positive cells for each
immunostain.
2.5. Peritoneal MΦ Isolation and Treatment with Lipopolysaccharide (LPS). Peritoneal exudate cells were placed on
polystyrene Petri dishes (95 mm × 15 mm) at 1–0.5 ×
106 cells/mL for two hours at 37∘ C in a humidified 95% air5% CO2 atmosphere. Then these cells were washed twice to
remove nonadherent cells. The MΦ purity was confirmed by
F4/80 staining and morphology.
LPS (Sigma-Aldrich) is extracted from Escherichia coli
serotype O55:B5 and purified by gel filtration chromatography. LPS stock solution was prepared in double distilled
water at a concentration of 5 mg/mL. During the experiment,
murine peritoneal MΦ at 0.5 × 106 cells/mL were first placed
into a 24-well plate with growth area at 2 cm2 for 4 h. Cells
were then treated 24 h with LPS. After collection of cell
culture media, the cell pellets were lysed with 50 mM TrisHCl with 2 mM EDTA, pH 7.4. Both cell culture media and
lysates were stored at −80∘ C before further studies.
2.6. Detection of Inflammatory Mediators. Twenty-three
inflammatory mediators were analyzed in plasma, peritoneal
exudates, cell culture media, and lysates using a bead-based
multiplexing immunoassay (Myriad RBM, Austin, TX) [11,
12]. These mediators included TNF-𝛼, fibroblast growth
factor (FGF) 9, interferon (IFN) 𝛾, IFN-𝛾-inducible protein
(IP) 10, RANTES, IL-17A, IL-12p70, IL-11, IL-10, IL-7, IL-6,
IL-1𝛼, lymphotactin, oncostatin-M (OSM), growth-regulated
𝛼 protein (KC/GRO), stem cell factor (SCF), macrophage
inflammatory protein (MIP)-1𝛽, MIP-2, tissue inhibitor of
metalloproteinase (TIMP)-1, vascular endothelial growth
factor (VEGF)-A, monocyte chemotactic protein (MCP)-1,
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2.7. Statistics. For each inflammatory mediator, the mean ±
standard error (SE) was calculated for each experimental
group. Data were compared by Student’s t-test (two tails).
Significant differences were defined as having P values <
0.05. For inflammatory mediator detection in plasma and
exudates, if more than 50% of the samples from an experimental group were below the detection limit, the group
was marked as undetectable. If fewer than (or equal to)
50% of samples from an experimental group were below the
detection limit, the least detectable dose was used as the
concentration of these samples for further statistics. For the
fold increase determination in the LPS treatment studies,
if the pretreatment sample values were below the detection
limit, the least detectable dose was used to estimate the fold
increase.

3. Results
In our studies, we first determined the total cell numbers
and numbers of neutrophils and MΦ in the peritoneal
exudates before and after thioglycollate treatment. As shown
in Figure 1, the total numbers of cells in the peritoneal
exudates increased nearly 10-fold on day 1 (10.74 ± 0.54 × 106
neutrophils and 5.48 ± 0.28 × 106 MΦ; 𝑛 = 3) compared to
day 0 (0.87±0.06 × 104 neutrophils and 1.07±0.07 × 106 MΦ;
𝑛 = 4), and reached peak levels on day 3 (1.94 ± 0.09 × 106
neutrophils and 40.19 ± 1.87 × 106 MΦ; 𝑛 = 4).
3.1. Inflammatory Mediator Concentrations in Peritoneal Exudates Reached the Peak on Day 1 Following Thioglycollate
Treatment In Vivo. We analyzed the concentrations of 23
inflammatory mediators at three timepoints in peritoneal
exudates following thioglycollate treatment. As shown in
Figure 2, the concentrations of all mediators reached peak
levels on day 1. Based on the concentration levels in the
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MCP-3, and MCP-5. For the analyses, samples were first
thawed, vortexed, and centrifuged before being loaded into
a 96-well microtiter plate. Next, the microtiter plate was
placed onto a liquid handler machine in which the samples
were automatically added to reaction wells that contained
capture beads. The beads were incubated with the samples for
1 hour at room temperature to allow the antigens of interest
to bind to their targets. Multiplexed cocktails of biotinylated,
reporter antibodies for each multiplex were added to the bead
mixtures, and were incubated for 1 hour at room temperature.
Multiplexes were developed using an excess of streptavidinphycoerythrin solution that was thoroughly mixed into each
multiplex and incubated for 1 hour at room temperature. The
plates were washed to remove unbound detection reagents
and were read on a Luminex 100 instrument, in which the
excitation beams detected the fluorescent signals of each
bead. A minimum of 50 beads were detected per protein,
per sample. All values were reported as the means. For each
multiplex, both calibrators and controls were included on
each microtiter plate. This assay was validated by ELISA
[13, 14] and has been widely used to determine murine
inflammatory mediator profiling at the protein levels [15].
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Figure 1: Fold increases of total cell numbers in peritoneal exudate
during thioglycollate treatment in vivo. C57BL/6 mice (males)
were treated with thioglycollate as described in Section 2. At three
timepoints, before (day 0) and after (day 1 and 3) the treatment,
peritoneal exudate cells were isolated and counted as described in
Section 2. Fold increases were calculated as the cell number at a
timepoint divided by the cell number on day 0 (defined as 1). Values
are presented as the means ± SE. 𝑛 = 3-4 per timepoint. ∗𝑃 < 0.001
versus day 0.

exudates on day 1 (Table 1), these mediators were divided
into three groups. The concentrations of the first group,
which included MCP-1, MCP-3, FGF-9, MIP-1𝛽, and TIMP1, reached nanogram levels. Considering that these mediator
concentrations were higher than those of other groups, these
are likely the most important candidates to affect the induction of the MΦ accumulation on day 3. The concentrations
of the mediators in the second group were determined
to be in the picogram range, including IL-17A, KC/GRO,
IFN-𝛾, IL-6, IL-11, MIP-2, IL-12p70, lymphotactin, TNF-𝛼,
MCP-5, IL-7, IP-10, IL-10, IL-1𝛼, OSM, SCF, and VEGF-A.
The concentrations of the third group were lower, in the
femtogram range, including RANTES. Notably, in order to
collect the peritoneal exudates, one milliliter of PBS was
administered to the peritoneal cavities. Although we cannot
accurately evaluate the volumes of original peritoneal fluid
prior to PBS administration so far, our observation indicates
that the volumes were lower than 0.5 mL. Thus, a 3-fold
dilution before and after PBS administration was assumed in
the evaluation of the original concentrations of the mediators
in peritoneal exudates.
3.2. Concentrations of Inflammatory Mediators In Vivo Were
Generally Lower in Plasma than Those in Peritoneal Exudates
on Day 1 after Thioglycollate Treatment. As shown in Figure 2
and similar to that observed in the exudates, the production
of most mediators, except lymphotactin, reached peak levels
in plasma on day 1. IL-7, IL-10, IL-11, and IL-12p70 were
not detected in the plasma samples. Because comparisons
of mediator concentrations between exudates and plasma
would allow the source of the increased concentrations of
mediators on day 1 to be identified, we calculated the ratios
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Figure 2: Concentration changes of 23 inflammatory mediators in peritoneal exudates and blood during thioglycollate treatment in vivo.
C57BL/6 mice (males) were treated with thioglycollate as described in Section 2. At three timepoints, before (day 0) and after (day 1 and 3)
the treatment, peritoneal exudates and plasma were isolated as described in Section 2. The concentrations of 23 inflammatory mediators were
determined by a bead-based multiplexing immunoassay as described in Section 2. Values are represented as the means ± SE. 𝑛 = 3–8 per
timepoint. Data are from two independent experiments. ∗ Denotes that the mediator was undetectable at the indicated timepoint.

of mean values between exudates versus plasma for each
mediator concentration. Based on our previous assumption
that the exudates were likely diluted 3-fold, we chose 0.33
as an arbitrary threshold: if the ratio was higher than 0.33,
the concentration of the mediator was likely higher in the
exudates than in the plasma, and the source of the increased
concentrations of the mediators was likely to be in the
exudates. If the ratio was lower than 0.33, the concentration

of the mediator was likely higher in the plasma than in the
exudates, and the source of the increased concentrations of
the mediators was likely to be in the plasma. There were
19 mediators with detectable concentration levels in both
exudates and plasma (Table 1). Among these, 5 mediators
exhibited ratios higher than 0.33 in addition to significant
differences between the exudate and plasma concentrations
(𝑃 < 0.05); these included lymphotactin, MIP-1𝛽, RANTES,
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Table 1: Concentrations and ratios of inflammatory mediators in
exudates and plasma on day 1 after thioglycollate treatment in vivo∗ .
Exudates
(A, 𝑛 = 3)

Plasma
(B, 𝑛 = 4)

Ratio of
mean value
between A
and B

FGF-9

2.60 ± 0.26

2.23 ± 0.51

1.17

KC/GRO

11.33 ± 2.33

335.00 ± 127.05

0.03

IFN-𝛾

14.00 ± 1.53

10.90 ± 3.52

1.28

IP-10

114.00 ± 16.70

117.50 ± 5.72

0.97

IL-1𝛼

170.33 ± 3.53

282.00 ± 71.17

0.60

IL-6

18.67 ± 0.67

14.65 ± 4.24

1.27

IL-17A

6.23 ± 0.92

2.81 ± 1.62

2.22

38.70 ± 1.45

98.00 ± 5.28

0.40

Lymphotactin∗∗
MIP-1𝛽

∗∗

3373.33 ± 274.73 610.25 ± 105.45
26.70 ± 0.67

5.53

35.75 ± 10.38

9.75

MCP-1

1069.33 ± 341.10 364.25 ± 65.35

2.94

MCP-3

2193.33 ± 579.55 970.50 ± 64.64

2.26

MIP-2

MCP-5

89.00 ± 21.50

69.25 ± 1.65

OSM

260.00 ± 17.32

231.25 ± 79.01

SCF

707.00 ± 21.55 1084.50 ± 198.52

RANTES∗∗∗
TIMP-1
TNF-𝛼

∗∗

∗∗

VEGF-A

∗

1.29
1.12
0.65

0.09 ± 0.01

0.04 ± 0.00

2.17

38.67 ± 3.18

7.40 ± 0.85

5.23

71.67 ± 2.96

35.75 ± 2.93

2.01

820.33 ± 18.44

943.00 ± 109.18

0.87

The unit for all concentrations is pg/mL, except FGF-9 and TIMP-1 as
ng/mL.
∗∗
𝑃 < 0.001.
∗∗∗
𝑃 < 0.05.
All other samples 𝑃 > 0.05.

TIMP-1, and TNF-𝛼, indicating their origins from exudates.
Thirteen mediators exhibited ratios higher than 0.33 and
had no significant differences between exudate and plasma
concentrations (𝑃 > 0.05); these included MCP-1, MCP3, FGF-9, IL-6, MIP-2, IFN-𝛾, MCP-5, IP-10, IL-1𝛼, IL17A, OSM, SCF, and VEGF-A. However, a clear trend was
observed in which the concentrations in exudates were higher
than those in plasma, indicating that these mediators were
highly likely to originate in the exudates. Only one mediator,
KC/GRO, had a ratio lower than 0.33 and an insignificant
difference between exudate and plasma concentrations (𝑃 >
0.05). These findings indicate that, for most of inflammatory
mediators, the increases in mediator concentrations on day 1
likely originate from the exudates.
3.3. Inflammatory Mediator Concentrations In Vivo Were
Generally Significantly Reduced in Peritoneal Exudates on Day
3 versus Day 1 after Thioglycollate Treatment. As shown in

Figure 2, there were ten mediators for which the concentrations in the exudates were below the detection limits at both
day 0 and day 3; these included KC/GRO, IL-17A, IFN-𝛾,
IL-6, IL-11, IL-12p70, TNF-𝛼, IL-7, IL-10, and OSM. There
were 3 mediators, RANTES, MCP-1, and IL-1𝛼, for which
the concentrations in exudates were detectable on day 3,
but not day 0; the concentrations of these mediators were
significantly reduced on day 3 when compared to those on
day 1 (𝑃 < 0.01). Another group of 10 mediators were
detected at all three timepoints; except for VEGF-A, the
concentrations of these mediators were significantly reduced
on day 3 compared to day 1 (𝑃 < 0.005). Among these
10 mediators, the day 3 concentrations of FGF-9 and MIP2 reduced to the levels of those on day 0 (𝑃 > 0.05).
Thus, the concentrations of the mediators (except VEGF-A)
in peritoneal exudates on day 3 were significantly reduced
compared to those on day 1.
3.4. Basal Concentrations of Inflammatory Mediators In Vivo
Are Higher in Plasma than in Exudates. As shown in Figure 2,
there were eight inflammatory mediators that were detected
in both plasma and exudates on day 0: IP-10, lymphotactin,
MIP-2, MCP-3, MCP-5, SCF, TIMP-1, and VEGF-A. Table 2
compared the concentrations of these detectable mediators
and calculated the ratios of mean values between plasma
and exudate concentrations. Using an estimated threshold
of 0.33 as previously described, the concentrations of these
eight mediators were significantly higher in plasma than in
exudates at basal conditions (𝑃 < 0.001).
3.5. LPS Induces the Production of Inflammatory Mediators
In Vitro in Peritoneal MΦ That Were Isolated from Mice
Treated with Thioglycollate for Three Days. In contrast to the
maximum numbers of peritoneal MΦ that were observed
on day 3 after thioglycollate treatment (Figure 1), the general
production of inflammatory mediators was reduced significantly at this timepoint in both peritoneal exudates and
blood (Figure 2). Thus, an intriguing question is whether
the peritoneal MΦ switch to a subset with an irreversibly
low capacity to produce these mediators between days 1
and 3. To address this issue, peritoneal MΦ were isolated
on day 3, purified, and treated with LPS for 24 hours. As
shown in Table 3, after the treatment, inflammatory mediator
productions were markedly increased in both cell culture
media and lysates. There were eleven mediators with greater
than 10-fold production increases in culture media; these
included IL-1𝛼, MIP-2, MCP-1, MCP-3, IFN-𝛾, TIMP-1, TNF𝛼, IP-10, MCP-5, IL-6, and MIP-1𝛽. Notably, the fold increases
in mediator concentrations between culture media and cell
lysates were generally consistent (𝑃 > 0.05), except for IL6, MCP-3, RANTES, and TIMP-1, hinting the participation
of posttranslational mechanisms in the regulation of the
production of these mediators.

4. Discussion
In this study, we investigated the spatiotemporal profiling
of multiple inflammatory mediators at different times (days
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Table 2: Concentrations of inflammatory mediators in exudates and plasma at basal condition in vivo.
Exudates (A, 𝑛 = 6)

Plasma (B, 𝑛 = 8)

Ratio of mean value
between A and B on day 0

Ratio on day 1

IP-10

3.05 ± 0.12

44.00 ± 4.88

0.07

0.97

lymphotactin

7.57 ± 0.68

89.50 ± 15.23

0.09

0.40

MIP-2

3.63 ± 0.26

12.59 ± 1.61

0.29

9.75

MCP-3

3.42 ± 0.16

59.50 ± 2.66

0.06

2.26

MCP-5

0.73 ± 0.10

7.83 ± 1.32

0.09

1.29

119.00 ± 6.88

472.00 ± 39.11

0.25

0.65

TIMP-1

0.20 ± 0.02

0.61 ± 0.05

0.32

5.23

VEGF-A

50.62 ± 12.06

403.50 ± 43.57

0.13

0.87

SCF

(1) 𝑃 < 0.001 between A and B for all groups.
(2) The unit for all concentrations is pg/mL, except TIMP-1 as ng/mL.
(3) The ratio on day 1 is derived from Table 1.

Table 3: Fold increases of inflammatory mediator productions in
cell culture media and lysates of murine peritoneal macrophages
following LPS treatment for 24 h in vitro.
Fold increase
Culture media (A, 𝑛 = 2) Cell lysates (B, 𝑛 = 4)
IL-11
OSM
IL-7
SCF
Lymphotactin
FGF-9
IL-10
IL-12p70
VEGF-A
KC/GRO
RANTES∗∗
IL-1𝛼
MIP-2
MCP-1
MCP-3∗∗
IFN-𝛾
TIMP-1∗∗
TNF-𝛼
IP-10
MCP-5
IL-6∗
MIP-1𝛽

∗

1.66 ± 0.03
1.78 ± 0.10
1.90 ± 0.16
1.94 ± 0.15
1.98 ± 0.22
2.22 ± 0.23
3.29 ± 0.08
4.36 ± 0.93
4.81 ± 1.36
6.21 ± 2.87
8.93 ± 3.00
10.44 ± 2.36
12.61 ± 6.43
14.17 ± 0.80
17.69 ± 1.20
17.94 ± 1.23
20.87 ± 3.31
20.93 ± 8.58
44.65 ± 14.11
47.69 ± 23.83
81.43 ± 11.59
127.89 ± 103.35

4.65 ± 1.30
11.91 ± 3.55
8.75 ± 2.82
11.86 ± 3.30
6.14 ± 1.61
2.48 ± 1.10
7.71 ± 2.33
2.20 ± 0.96
2.72 ± 0.53
17.28 ± 5.00
1.87 ± 0.55
225.12 ± 126.41
25.01 ± 11.05
12.95 ± 1.56
11.44 ± 0.98
29.28 ± 11.75
10.32 ± 0.97
42.44 ± 17.07
28.17 ± 7.03
3.72 ± 0.32
33.04 ± 4.43
20.52 ± 9.87

𝑃 < 0.01 A versus B.
𝑃 < 0.05 A versus B.
All other groups, 𝑃 > 0.05.

∗∗

0, 1, and 3) and in different locations (peritoneal cavity and
blood vessels) during thioglycollate treatment in vivo. Thus,
our discussion will focus on two immune properties that were

revealed by the investigation of multiple mediators, rather
than the biological significance of a specific mediator.
4.1. Chemotactic Gradient between Blood and Peritoneal
Exudates. Leukocyte accumulation in inflamed tissues is a
vital immune response to inflammation, which is guided
by chemotactic gradients of a goup of proinflammatory
mediators. Indeed, thioglycollate induced peritonitis has
been widely used as a model with which to investigate the
mechanisms behind the correlation between chemotactic
gradients and leukocyte accumulation. Using this model,
proteins that are newly identified in the process of leukocyte
accumulation include a heterotrimeric Gi -protein G𝛼i2 [16],
polypeptide N-acetylgalactosamine transferase-1 [17], SLP76 [18], ADAP [18], and sphingosine 1-phosphate receptor
2 [19]. Our current studies provided additional evidence to
demonstrate these concepts, in which at basal levels, the
mediator concentrations generally in the blood were higher
than those in exudates (Table 2). This finding indicates the
presence of a reversed chemotactic gradient at basal levels
between the blood vessels and peritoneal cavity, which likely
plays a critical role in the prevention of MΦ emigration
from circulating peripheral blood. Although only some of
the mediators show significant differences between exudates
and blood on day 1 following thioglycollate treatment, a trend
is obvious (Table 1): the mean value ratios of all detectable
mediator concentrations in the exudates versus blood were
below 0.33 (down to 0.07) on day 0, while all ratios were
above 0.33 (up to 9.75) on day 1. This finding indicates that
although inflammatory mediator concentrations in both exudates and blood were increased one day after thioglycollate
treatment, the increased concentrations of most mediators in
exudates were higher than in blood. These results elucidate
that overlapping chemoattractant gradients exist between the
blood and peritoneal exudates on day 1 after thioglycollate
treatment, which allows MΦ migration to reach maximum
levels on day 3.
Several models have been proposed previously to evaluate
chemotactic gradients, such as the in vitro agarose gel-filled
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tissue culture dish [20] and ex vivo cocultures with mouse
cremaster muscle in agarose gel [21]. Our studies provide
evidence that thioglycollate induced peritonitis is another
model with which to study chemotactic gradients in vivo,
such as genetically modified mice.
4.2. Inhibition of Inflammatory Mediator Production in MΦ.
We were surprised to discover initially that the productions of
nearly all inflammatory mediators in both exudates and blood
were reduced on day 3 following thioglycollate treatment,
because MΦ are believed to be major producers for inflammatory mediators and MΦ numbers reach peak levels on day
3. However, this result can be interpreted by the previous
finding that the phagocytosis of apoptotic neutrophils by
MΦ results in the inhibition of proinflammatory mediator
production [22]. Although this previous finding is based
on in vitro models, our result hints that this early finding
could be applied to in vivo models. Because increased cell
death, as characterized by early and late apoptotic cells,
can be detected as early as 4 hours after thioglycollate
treatment [23], it is highly likely that MΦ gradually lose the
ability to produce inflammatory mediators after taking up
apoptotic cells in vivo. However, there are some differences
between our in vivo study and the previous in vitro study.
For example, previous studies showed that treatment with
apoptotic cells during monocyte activation increased the
production of anti-inflammatory cytokine IL-10, whereas in
our model, IL-10 production was not increased on day 3,
hinting that regulation of IL-10 production in vivo is more
complicated.
Our studies also showed that the increased neutrophil
and MΦ accumulation promote inflammatory mediator productions within the first day after thioglycollate treatment,
indicating that the level of neutrophil and MΦ accumulation determines the intensity of inflammation in the early
stage of inflammation. The resolution stage of inflammation is defined as the interval from maximum neutrophilic
accumulation to the point at which neutrophils are fully
removed from the tissue [24]. During this stage, neutrophils
are undergoing apoptosis and are subsequently cleared by
MΦ and other phagocytic cells. Our studies also indicated
that in the resolution stage of inflammation, increased MΦ
accumulation is not associated with the mediator productions
and the level of MΦ accumulation likely determines the
persistence of inflammation.
Extensive evidence from both clinical studies and animal
models has implicated the dysregulation of inflammatory
mediators as a contributing factor in the pathophysiological
progression of cardiovascular disease, such as atherosclerosis
[25], abdominal aortic aneurysm, and cardiac infarction
[26]. In addition, peritoneal MΦ are a reasonable model for
mimicking cardiovascular MΦ responses [27, 28], including
foam cell formation [29, 30], MΦ recruitment [31, 32], MΦ
apoptosis [33], and cytokine production [34]. In this regard,
the regulation of MΦ accumulation has been proposed as
a therapeutic approach to regulate inflammatory mediator
production [35, 36]. Our results hint that the optimal period
of this therapeutic intervention is likely to be in the early stage
of inflammation.
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IFN:
IL:
i.p.:
IP-10:
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MCP:
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SE:
TIMP:
TNF:
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Fibroblast growth factor
Interferon
Interleukin
Intraperitoneal
IFN-𝛾-inducible protein 10
Growth-regulated 𝛼 protein
Least detectable dose
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Monocyte chemotactic protein
Macrophage inflammatory protein
Macrophages
Oncostatin-M
T-cell-specific protein
Stem cell factor
Standard error
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Tumor necrosis factor
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