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ABSTRACT 

 Long-term peritoneal dialysis causes peritoneal fibrosis, and previous reports 

suggest that inflammation plays a critical role in peritoneal fibrosis. Chondroitin sulfate 

(CS) suppresses the inflammatory response by preventing activation of nuclear factor 

(NF)-B. We examined the effect of CS on the peritoneal fibrosis induced by 

chlorhexidine gluconate (CG) in mice. CS or water was administered daily. We divided 

mice into four groups: administered vehicle and water (control); administered vehicle 

and CS (CS); administered CG and water (CG); and administered CG and CS (CG + 

CS). Morphologic changes were assessed by Masson’s trichrome staining. 

Inflammation- and fibrosis-associated factors were assessed by immunohistochemistry. 

Activation of NF-B was examined by southwestern histochemistry (SWH). CS 

administration suppressed the progression of submesothelial thickening. The numbers 

of inflammation- and fibrosis-associated factors -positive cells were significantly 

decreased in the CG + CS group, compared to the CG group. Based on SWH, the CG + 

CS group contained significantly fewer NF-B-activated cells than the CG group. Our 

results indicate that CS suppresses peritoneal fibrosis via suppression of NF-B 

activation. These results suggest that CS has therapeutic potential for peritoneal fibrosis. 
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INTRODUCTION 

Peritoneal dialysis (PD) is a beneficial therapy for end-stage renal disease. 

However, long-term PD therapy leads to histopathological changes in the peritoneum, 

such as peritoneal fibrosis, increased submesothelial collagen deposition, and loss of 

mesothelial cells [1, 2]. In particular, submesothelial collagen deposition was reported 

to be correlated with reduced ultrafiltration capacity, which accounted for about 20% of 

patient withdrawals from PD [3, 4]. Moreover, some patients with peritoneal fibrosis 

developed encapsulating peritoneal sclerosis (EPS), which is one of the most critical 

complications of PD and is associated with high mortality. However, the mechanism of 

peritoneal fibrosis in PD patients remains poorly understood and no effective therapy is 

available. Previous reports suggest that inflammation plays a crucial role in peritoneal 

fibrosis [2, 5]. Therefore, an unexplored avenue for successful peritoneal fibrosis 

treatment is attenuating peritoneal inflammation.  

Nuclear factor (NF)-B is a transcription factor that controls the transcription 

of several genes involved in immune and inflammatory responses, cell growth, and 

adhesion, and is ubiquitously expressed in most cell types [6, 7]. NF-B mediates the 

production of chemokines and cytokines, such as monocyte chemoattractant protein-1 

(MCP-1) or interleukin-1 (IL-1) [8, 9]. MCP-1 plays an important role in the 
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initiation and progression of inflammatory processes that involve macrophage 

infiltration in peritoneal fibrosis [10]. Increased NF-B expression was observed in 

infiltrating cells of the submesothelial compact zone and increased NF-B activation 

was also observed in the peritoneum of PD-treated patients [10]. In fact, inhibition of 

NF-B activation suppressed peritoneal fibrosis [11, 12].  

Chondroitin sulfate (CS) is an unbranched, polydisperse, complex 

glycosaminoglycan (GAG). It is present in the extracellular matrix surrounding cells, 

especially in the cartilage, skin, blood vessels, ligaments, and tendons. Previous reports 

suggest that CS has anti-inflammatory activity via suppression of NF-B activation [13, 

14]. CS suppresses NF-B activation by inhibiting the phosphorylation of extracellular 

signal-regulated kinase 1/2 (ERK1/2) and p38 mitogen-activated protein kinase 

(p38MAPK), which both induce the nuclear translocation of NF-B via Ikappa B (IB) 

degradation [13, 14, 15]. Studies using a mouse type II collagen-induced arthritis model 

[16], a rat dextran sulfate sodium-induced colitis model [17], and a rabbit 

atherosclerotic model [18] have demonstrated that CS attenuates the state of each 

disease via suppression of inflammation. In this regard, CS may ameliorate peritoneal 

fibrosis via suppression of peritoneal inflammation. Therefore, we examined the effect 

of CS on peritoneal fibrosis in a mouse chlorhexidine gluconate (CG)-induced 
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peritoneal fibrosis model.   

MATERIALS AND METHODS 

ANIMAL MODELS 

The animals used in this study were male ICR mice (10 weeks of age, weighing 

approximately 40 g; Japan SLC Inc., Shizuoka, Japan). The animals had free access to 

laboratory chow and tap water and were housed in a light- and temperature-controlled 

room at the Laboratory Animal Center of Nagasaki University School. The experimental 

protocol was inspected by the Animal Care and Use Committee of Nagasaki University 

School and approved by the President of Nagasaki University School (approval number: 

1004050846). 

EXPERIMENTAL PROCEDURES 

Peritoneal fibrosis was induced by intraperitoneal injection of 0.1% CG in 15% 

ethanol dissolved in saline, as described previously [19]. Mice received injections of 

0.1% CG in 15% ethanol dissolved in saline or 15% ethanol dissolved in saline only, at 

a dose of 0.2 mL/body into the peritoneal cavity, on alternate days for 3 weeks. CS 

(chondroitin-4-sulfate sodium salt from bovine trachea; C 9819; Sigma, St. Louis, USA) 

dissolved in water was administered daily via an oral gastric tube at a dose of 500 

mg/kg. Mice were assigned to one of four groups: (1) the control group, which included 
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mice administered 15% ethanol dissolved in saline intraperitoneally and water orally (n 

= 10); (2) the CS group, which included mice administered 15% ethanol dissolved in 

saline intraperitoneally and CS orally (n = 10); (3) the CG group, which included mice 

administered CG intraperitoneally and water orally (n = 10); and (4) the CG + CS group, 

which included mice administered CG intraperitoneally and CS orally (n = 10). 

Mice were sacrificed at day 21 after the first CG injection, and peritoneal 

tissues were carefully dissected. To avoid direct damage to the peritoneum due to 

repeated injections, CG was injected into the lower part of the peritoneum, preserving 

the upper portion of the parietal peritoneum for examination. Immediately after 

sampling, the tissues were fixed with 4% paraformaldehyde in phosphate-buffered 

saline (PBS; pH 7.4) and then embedded in paraffin. For morphological examination of 

the peritoneum, 4-m thick, paraffin-embedded tissues were stained with Masson’s 

trichrome staining.  

IMMUNOHISTOCHEMISTRY 

Paraffin-embedded tissue sections were stained immunohistochemically using 

an indirect method. The following antibodies were used for immunohistochemistry: (1) 

rabbit anti-phosphorylated p38MAPK monoclonal antibody diluted 1:10 (4631: Cell 

Signaling Technology, Massachusetts, USA); (2) mouse anti-phosphorylated ERK1/2 
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monoclonal antibody diluted 1:10 (M 8159; Sigma); (3) goat anti-mouse MCP-1 

antibody diluted 1:100 (sc-1784; Santa Cruz Biotechnology, Santa Cruz, CA, USA); (4) 

rat anti-F4/80 antibody, diluted 1:50 (MCA497; Serotec, Oxford, UK), used as a marker 

of mouse macrophages; (5) rabbit anti-human phosphorylated Smad2/3 antibody diluted 

1:50 (sc-11769-R; Santa Cruz Biotechnology); (6) rabbit anti-IL-1 antibody, diluted 

1:50 (sc-7884; Santa Cruz Biotechnology); (7) rabbit anti- IB antibody, diluted 1:50 

(ab32518; Abcam, Cambridge, UK); and (8) Rat anti-CD86 antibody, diluted 1:50 

(558703, BD Pharmingen, NJ, USA), used as a marker of M1 macrophage. After 

deparaffinization, the sections were treated with 0.3% H2O2 in methanol for 20 min to 

inactivate endogenous peroxidase. For the immunohistochemical analysis of 

phosphorylated Smad2/3, IL-1, IB, and CD86, the sections were treated in a 

microwave oven (MI-77; Azumaya, Tokyo, Japan) at 95°C in 10 mM citrate buffer (pH 

6.0), 5 min for phosphorylated Smad2/3, 15 min for others before H2O2 treatment for 

antigen retrieval. For the immunohistochemical analysis of phosphorylated p38MAPK, 

phosphorylated ERK1/2, F4/80 and MCP-1, the sections were treated with proteinase K 

(P2308; Sigma) for 15 min at 37°C before H2O2 treatment for antigen retrieval. The 

sections were incubated for 30 min with a blocking solution (5% normal goat serum, 

5% fetal calf serum, 5% bovine serum albumin (BSA), and 20% normal swine serum in 
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PBS) at room temperature. The sections were then exposed to the primary antibody, 

which was diluted in blocking buffer. For phosphorylated p38MAPK, MCP-1, IL-1, 

IB, CD86, and phosphorylated Smad2/3 staining, sections were stained with an 

avidin–biotin complex using a Vectastain Elite ABC kit (Vector Laboratories, 

Burlingame, CA, USA) after reaction with the primary antibody. For phosphorylated 

ERK1/2, the sections were exposed to a complex of anti-phosphorylated ERK1/2 

antibody and horseradish peroxidase (HRP)-conjugated rabbit anti-mouse 

immunoglobulin antibody (P0161; Dako, Glostrup, Denmark) diluted 1:10 for 30 min at 

room temperature. Then, sections were incubated with EnVision+ System-HRP 

Labelled Polymer Anti-Rabbit (K4002, Dako) for 30 min at room temperature. For 

F4/80, after incubation with primary antibodies overnight at 4°C, the sections were 

incubated with HRP-conjugated rabbit anti-rat immunoglobulin antibody (P0450; Dako) 

and HRP-conjugated swine anti-rabbit immunoglobulin antibody (P0399; Dako), 

diluted 1:50, for 30 min at room temperature. The reaction sites were visualized by 

treating the sections with H2O2 and 3,3-diaminobenzidine tetrahydrochloride (DAB). 

Finally, the sections were counterstained with methyl green and mounted. For all 

specimens, negative controls were prepared using normal IgG instead of the primary 

antibody. 
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IMMUNOFLUORESCENCE STAINING 

Mouse anti--smooth muscle actin (-SMA) antibody, diluted 1:100 (A2547; 

Sigma), was used an immunofluorescent marker for myofibroblasts. After 

deparaffinization, the sections were autoclaved at 120°C for 10 min in 10 mM citrate 

buffer (pH 6.0). The sections were incubated for 1 h with a blocking solution consisting 

of 500 g/mL normal goat IgG and 1% BSA in PBS at room temperature. The sections 

were then incubated with the primary antibodies, which were diluted in the same 

blocking solution. The sections were incubated with Alexa Fluor
 
488-labeled goat 

anti-mouse IgG (A11078; Invitrogen, Paisley, UK) for 1 h, stained with 

4,6-diamidino-2-phenylindole (DAPI) for 1 min, and then mounted. Images of the 

sections were acquired using a confocal laser scanning microscope (LSM 5 PASCAL; 

Carl Zeiss Co., Ltd., Obekochen, Germany). Normal goat IgG was used as a negative 

control. 

QUANTIFICATION OF PROTEINS BY ELISA 

Protein concentration in PD effluent was evaluated using an enzyme-linked 

immunosorbent assay (ELISA) for MCP-1 (MJE00; R＆D Systems, Minneapolis MN, 

USA). PD effluent was collected with following method; after anesthesia with mixed 

anesthetic agent (0.75 mg/kg of medetomidine, 4.0 mg/kg of midazolam, and 5.0 mg/kg 
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of butorphano), a silicon catheter was inserted into the peritoneal cavity and 10.0 ml of 

a standard dialysate (Dianeal; Baxter International Inc., Deerfield, IL, USA) containing 

2.5% glucose was instilled, and dialysate samples were obtained at 60 min after 

administration of dialysate. Optical density was measured using a microplate reader 

(MULTISKAN FC; Thermo Scientific, Kanagawa, Japan).  

SOUTHWESTERN HISTOCHEMISTRY FOR NF-B 

The single-stranded (ss) oligo-DNAs 

5´-GATCGAGGGGGACTTTCCCTAGC-3´ and 

5´-GCTAGGGAAAGTCCCCCTCGATC-3´ were synthesized to recognize the NF-B 

binding site consensus sequence [20]. Double-stranded (ds) oligo-DNA was 3´-labeled 

with digoxigenin (DIG). The synthesized ss oligo-DNAs were purchased from BEX 

(Tokyo, Japan). For annealing of complementary ss oligo-DNAs to ds oligo-DNA, the 

ss oligo-DNAs were dissolved in 10 mM of Tris-HCl buffer (pH 7.4), denatured for 10 

min at 100°C, and gradually cooled to room temperature. 

Southwestern histochemistry (SWH) was performed as described previously 

[21-23]. Briefly, deparaffinized sections (4 m thick) were incubated in citrate buffer 

(pH 6.0) in a microwave oven at 95°C for 15 min. The sections were then washed in 

PBS and immersed in a pre-incubation buffer containing 5% nonfat milk dissolved in 
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500 mM NaCl, 1 mM EDTA, and 10 mM Tris-HCl (pH 7.4) for 1 h. The sections were 

then incubated with the DNA-oligo probes (2 g/mL) in pre-incubation buffer overnight. 

The sections were washed twice with pre-incubation buffer and four times with 0.075% 

Brij in PBS. Then, the sections were incubated in a blocking buffer containing 5% BSA, 

500 g/mL of normal sheep IgG, 100 g/mL of yeast transfer RNA, and 100 g/mL of 

salmon sperm DNA in PBS for 1 h. To visualize hybridized DNA-oligo probes, the 

sections were immunohistochemically stained with HRP-conjugated anti-DIG sheep 

antibody (1207733; Roche, Mannheim, Germany), diluted 1:100 in blocking buffer, for 

2 h. After four washes with 0.075% Brij in PBS, we visualized the HRP sites in a 

chromogen solution containing 0.5 mg/mL DAB, 0.01% H2O2, 0.02% Ni(NH4)2(SO4)2, 

and 0.025% COCl2. To evaluate the specificity of the probes for NF-B, we also used 

mutated probes 5´-GATCGAGGAAGACTTTCCCTAGC-3´ and 

5´-GCTAGGGAAAGRCTTCCTCGATC-3´ [19].  

MORPHOMETRIC ANALYSIS 

Digitized images and image analysis software were used to assess the extent of 

peritoneal thickening (Lumina vision; MITANI Corporation, Tokyo, Japan). The 

thicknesses of the submesothelial zone above the abdominal muscle in cross-sections of 
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the abdominal wall were measured. For each peritoneal sample, the number of 

phosphorylated p38MAPK-positive cells, phosphorylated ERK1/2-positive cells, 

-SMA-positive myofibroblasts, phosphorylated Smad2/3–positive cells, 

MCP-1-expressing cells, IL-1-positive cells, F4/80-positive macrophages, 

IB-positive cells, and NF-B-positive cells were counted at × 200 magnification for 

five fields, each with a diameter of 1 mm. In the case of NF-B detection by SWH, red 

color was given to the positive cells by an image analyzer (DAB System: Carl Zeiss, 

Gottingen, Germany). Positive cells were evaluated based on the staining density over 

the level of staining with the mutated probe. 

STATISTICAL ANALYSIS 

Data have been expressed as mean ± standard error mean (SEM). Differences 

among the four groups of mice (control, CG, CS, and CG + CS) were examined for 

statistical significance by using repeated measures analysis of variance (ANOVA) 

(Bonferroni/Dunn test). A p value of < 0.05 denoted statistical significance. All 

statistical analyses were performed using Stat View version 5.0 software (SAS Institute 

Inc., NC, USA). 
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RESULTS 

MORPHOLOGICAL EXAMINATION FOLLOWING MASSON’S TRICHROME 

STAINING 

In the control and CS groups, the peritoneal tissue consisted of a peritoneal 

mesothelial monolayer and sparse connective tissue below the layer (Fig. 1a, b and e). 

Compared to the control group, the peritoneal tissue of the CG group showed significant 

thickening of the submesothelial compact zone and the presence of numerous cells (Fig. 

1c and e). The thickness of the submesothelial compact zone in the CG + CS group was 

significantly lesser than that of the CG group (Fig. 1c, d and e).  

EXPRESSION OF PHOSPHORYLATED MAPK  

We performed immunohistochemistry in the peritoneal tissues to detect 

phosphorylated p38MAPK and phosphorylated ERK1/2, both of are essential in the 

nuclear translocation of NF-B. The CG group produced increased numbers of 

phosphorylated p38MAPK and phosphorylated ERK1/2-positive cells in the peritoneum 

(Fig. 2a, c, d and f) in comparison to the CG + CS group (Fig. 2b, c, e and f). In addition, 

we have performed immunohistochemistry for phosphorylated P38MAPK, 

phosphorylated ERK1/2, and F4/80 using continuous sections to investigate the 

involvement of macrophages in MAPK phosphorylation. The result suggested that 

almost all macrophages (Fig. 2h) were positive for phosphorylated P38MAPK (Fig. 2g) 
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and phosphorylated ERK1/2 (Fig. 2i), namely CS suppressed activation of ERK1/2 and 

P38MAPK in macrophages. 

EXPRESSION OF ACTIVATED NF-B 

To investigate the expression levels of activated NF-B in our model, we used 

SWH to detect activated transcription regulatory factors that bind to specific sequences 

of DNA [22, 23]. The number of NF-B-activated cells in the submesothelial compact 

zone of the CG group was significantly higher than that of the control group (Fig. 3a 

and c). Compared to the CG group, the CG + CS group contained significantly fewer 

NF-B-activated cells (Fig. 3a, b and c). To evaluate the specificity of our probes, we 

performed the same procedure using mutated probes. In this case, only weak nuclear 

staining for NF-B was detected (Fig. 3d and e). Moreover, we performed the 

immunohistochemistry for IB to verify the inhibitory effect of CS for activation of 

NF-B. As a result, the number of IB- positive cells in the CG+CS group was larger 

than that of the CG group (Fig. 3f and g). Thus, these findings suggested that CS 

suppressed the activation of NF-B.  

EXPRESSION OF MCP-1 and IL-1 

We investigated the effect of CS on MCP-1-expression, which strongly 

promotes macrophage infiltration. In the CG group, the number of MCP-1-expressing 
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cells was significantly higher than that of the control group (Fig. 4a and c). Compared to 

the CG group, the CG + CS group had significantly fewer MCP-1-expressing cells (Fig. 

4a, b and c). We also evaluated the concentration of MCP-1 in PD effluent using ELISA. 

The concentration of MCP-1 was higher in the CG group than in the control group, but 

a significant reduction was observed for the CG + CS group (Fig. 4d). In addition, we 

investigated the expression of IL-1 as one of target genes of NF-B by 

immunohistochemistry.  In the CG group, IL-1-positive cells were abundant in the 

thickened submesothelial compact zone (Fig. 4e and g), but the CG + CS group 

contained fewer IL-1-positive cells (Fig. 4f and g). 

INFILTRATION OF MACROPHAGE AND ITS PHENOTYPE 

We stained sections with anti-F4/80 antibody to test for the presence of 

macrophages. For the CG group, we observed numerous macrophages in the thickened 

peritoneal tissues (Fig. 5a and c), but not in the CG + CS group, which contained 

relatively few macrophages (Fig. 5b and c). Furtheremore, we have performed 

immunohistochemistry for CD86, which is known as a marker for M1 macrophage, and 

F4/80 using continuous sections. We observed that almost all macrophages were 

positive for CD86 (Fig. 5d and e). 

EXPRESSION OF PHOSPHORYLATED SMAD2/3 AND -SMA 
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We examined TGF- signaling by performing immunohistochemistry to detect 

phosphorylated Smad2/3, a mediator of TGF- signaling that regulates fibrotic response. 

CG injection significantly increased the number of phosphorylated Smad2/3–positive 

cells in the thickened submesothelial compact zone in comparison to the control group 

(Fig .6a and c). Compared to the CG group, the CG + CS group had a markedly reduced 

number of the positive cells (Fig. 6a, b and c).  

Next, we investigated -SMA expression, which is an indicator of 

myofibroblasts, the main collagen producing cells. In the CG group, -SMA-positive 

myofibroblasts were abundant in the thickened submesothelial compact zone (Fig. 6d 

and f), but the CG + CS group contained fewer -SMA-positive myofibroblasts (Fig. 6d, 

e and f). 

DISCUSSION 

Here, we have demonstrated that CS prevented peritoneal fibrosis via 

suppression of NF-B activation in mice. Moreover, treatment with CS reduced the 

number of MCP-1-positive cells, F4/80-positive macrophages which express mainly M1 

phenotype, and -SMA-positive myofibroblasts. These findings indicate that CS might 

be useful in preventing the progression of peritoneal fibrosis.  

 In the present study, we supposed that CS might suppress peritoneal fibrosis via 

inhibition of NF-B activation. In fact, we demonstrated that CS reduced the number of 
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activated MAPK-positive, IB-positive and activated NF-B-positive cells using 

immunohistochemistry and SWH, which are consistent with previous reports [16-18].  

Moreover, CS attenuated MCP-1 expression, which is widely known to be one of 

chemokines regulated by NF-B and important for infiltration of macrophages [9]. As a 

result, we observed that CS reduced the number of infiltrating macrophages in the 

submesothelial compact zone. Macrophages are a source of several fibrogenic genes, 

including TGF-, which is known to play a pivotal role in the development of peritoneal 

fibrosis [24, 25]. Moreover, we showed that almost all macrophages express M1 

phenotype.  Since M1 macrophage is known to promote inflammation (26), our 

findings are compatible with previous literature. Thus, our results suggest that CS 

attenuates peritoneal fibrosis by suppressing macrophage infiltration and TGF-/Smad 

signaling via suppression of NF-B activation.  

However, our approach has some limitations. First, there are some differences 

between CG-induced peritoneal fibrosis and human peritoneal fibrosis, although we 

used a murine CG-induced peritoneal fibrosis model in the present study. CG models 

induce a chemical irritant but the etiology of human EPS is more complicated. However, 

most of the histological changes in CG models are similar to peritoneal fibrosis in 

humans, namely, injection of CG results in progression of fibrosis and thickening of the 
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peritoneum similar to human peritoneal fibrosis. In addition, CG model is also reported 

to have elevated levels of proinflammatory cytokines, such as IL-1 and TNF- [27]. 

Previous research has indicated that the production of proinflammatory cytokines is 

associated with peritoneal fibrosis [28]Thus, we consider that CG model is a good 

model for peritoneal fibrosis in PD patients and useful to investigate the pathogenesis 

and therapy of peritoneal fibrosis. Second, the CS dose of 500 mg/kg per day used in 

this study, although consistent with previous work using animal models [16-18], is 

greater than the clinical dose used for humans with osteoarthritis, where CS is 

administered as SYSDOA (symptomatic slow acting drug for osteoarthritis) [29, 30]. 

The only reported side effects of CS administration in humans were abdominal pain and 

nausea [29, 30]. We observed no adverse events such as weight reduction, decreased 

liver or kidney function, or increased mortality on CS administration. Further studies 

are warranted to clarify whether, and at what dosage, CS can effectively reduce 

peritoneal fibrosis in PD patients.  

CONCLUSION 

We have shown that CS can suppress peritoneal fibrosis in a mouse CG-injected 

peritoneal fibrosis model via inhibition of NF-B activation. Our results suggest that CS 

is a viable candidate as a novel therapeutic agent for peritoneal fibrosis. 
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FIGURE LEGENDS 

Figure 1―The result of Masson’s trichrome staining of peritoneal tissues. (a) In the 

control group, injected with 15% ethanol dissolved in saline, the monolayer of 

mesothelial cells covered the entire surface of the peritoneum.  (b) In the chondroitin 

sulfate (CS) group, peritoneal tissues were similar to that of the control group. (c) The 

peritoneal tissues of the mice in the chrolhexidine gluconate (CG) group showed 

marked thickening of the submesothelial compact zone and presence of numerous cells. 

(d) CS significantly suppressed the submesothelial thickening. (a–d), magnification 

200×; bars indicate the thickness of the submesothelial compact zone. (e) Bar graph 

showing the thickness of the submesothelial compact zone. Data are expressed as mean 

±standard error mean; * represents p<0.05.  
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Figure2－Immunohistochemistry for phosphorylated mitogen-activated protein kinase  

(p38MAPK) and extracellular signal-regulated kinase 1/2 (ERK1/2). (a) In the 

chrolhexidine gluconate (CG) group, a large number of phosphorylated p38MAPK- 

positive cells were present in the submesothelial compact zone. (b) Fewer 

phosphorylated p38MAPK-positive cells were observed in the CG + chondroitin 

sulfate (CS) group. (c) Bar graph showing the number of phosphorylated 

p38MAPK-positive cells. (d) In the CG group, the number of phosphorylated 

ERK1/2-positive cells was increased. (e) The number of phosphorylated ERK1/2–

positive cells was reduced in the CG + CS group. (f) Bar graph showing the number of 

phosphorylated ERK1/2-positive cells. (a, b, d, and e), magnification 200×; bars 

indicate the thickness of the submesothelial compact zone. (c, and f) Bar graph 

showing the number of phosphorylated p38MAPK- and phosphorylated ERK1/2 

-positive cells. Data are expressed as mean ±standard error mean; * represents p<0.05. 

(g; phosphorylated-p38MAPK, h; F4/80, and i; phosphorylated-ERK1/2) Almost all 

macrophages were positive for phosphorylated-P38MAPK and phosphorylated 

-ERK1/2. Arrow heads indicate positive cells. 
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Figure3－Detection of nuclear factor (NF)-B by southwestern histochemistry (SWH) 

and immunohistochemistry for Ikappa B alpha (IB. The panels of SWH for activated 

NF-B were evaluated using an image analyzer. The red color was assigned to positive 

cells. (a) In the chrolhexidine gluconate (CG) group, cells positive for activated NF-B 

were detected in the submesothelial compact zone. (b, e) The number of cells positive 

for activated NF-B was significantly lower in the CG + chondroitin sulfate (CS) group. 

(c, d) The sections were reacted with mutated NF-B double-stranded oligo-DNA probe 

as negative control. (e) Bar graph showing the number of NF-B-activated cells. Data 

are expressed as mean ± standard error mean; * represents p<0.05. (f) In the CG group, 

the number of IB-positive cells was small in the peritoneum. (g) Numerous 

IB-positive cells were observed in the CG+CS group. (a, b, c, d, f and g) 

magnification 200×; bars in the panels indicate the thickness of the submesothelial 

compact zone. (a, b, c, and d) Bars by the side of panels show that the same range of 

signal was colored in all panels. Arrow heads indicate positive cells. 

 

Figure 4―Immunohistochemistry for monocyte chemoattractant protein-1 (MCP-1) and 
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interleukin-1beta (IL-1), and enzyme-linked immunosorbent assay (ELISA) for 

MCP-1. (a) Cells expressing MCP-1 were present in thickened peritoneal tissues in the 

chrolhexidine gluconate (CG) group. (b) Compared with the CG group, the CG + 

chondroitin sulfate (CS) group showed a reduced number of MCP-1-positive cells. (c) 

Bar graph showing the number of MCP-1-positive cells. (d) Bar graph showing the 

concentration of MCP-1 in peritoneal effluent. The concentration of MCP-1 was 

significantly increased in the CG group compared with the control group. We observed 

significant reduction of the concentration of MCP-1 in the CG + CS group. (e) In the 

CG group, IL-1 positive cells were observed in the submesotherial compact zone. (f) 

Fewer IL-1-positive cells were present in the CG + CS group. (g) Bar graph showing 

the number of IL-1-positive cells (a, b, e, and f), magnification 200×; bars indicate the 

thickness of the submesothelial compact zone. (c, d, and g) Data are expressed as mean 

± standard error mean; * represents p<0.05. Arrow heads indicate positive cells. 

 

Figure 5―Immunohistochemistory for F4/80 and CD86. (a) In the chrolhexidine 

gluconate (CG) group, F4/80 positive macrophages were observed in the submesotherial 

compact zone. (b) Fewer macrophages were present the CG + chondroitin sulfate (CS) 
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group. (c) Bar graph showing the number of F4/80-positive macrophages. (d; CD86 and 

e; F4/80) almost all macrophages were positive for CD86 in the continuous sections of 

CG group. (a, b, d, and e), magnification 200×; bars indicate the thickness of the 

submesothelial compact zone. (c) Data are expressed as mean ± standard error mean; * 

represents p<0.05. Arrow heads indicate positive cells. 

 

Figure 6―Immunohistochemistory for phosphorylated Smad2/3 and -smooth muscle 

actin (-SMA). (a) In the chrolhexidine gluconate (CG) group, a large number of 

phosphorylated Smad2/3-positive cells were observed. (b) Treatment with chondroitin 

sulfate (CS) markedly decreased the number of phosphorylated Smad2/3-positive cells. 

(c) Bar graph showing the number of phosphorylated Smad2/3-positive cells. (d) In the 

CG group, -SMA expressing myofibroblasts were present in submesothelial compact 

zone. (e) In the CG + CS group, the numbers of -SMA expressing myofibroblast was 

reduced. (f) Bar graph showing the number of -SMA expressing myofibroblasts. (a, b, 

d, and e), magnification 200×; bars indicate the thickness of the submesothelial compact 

zone. (c, and f) Data are expressed as mean ± standard error mean; * represents p<0.05. 

Arrow heads indicate positive cells. 
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