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LABORATORY STUDY

The effects of Panax notoginseng saponins on the cytokines and
peritoneal function in rats with peritoneal fibrosis

Weiping Hu, Yanlin Zhang, and Keshav Raj Sigdel

Department of Nephrology, First Affiliated Hospital of Xiamen University, Xiamen, People’s Republic of China

Abstract

Background: Due to the long-term and chronic exposure to the peritoneal dialysis fluid, patients
could develop peritoneal fibrosis and ultrafiltration failure which compromises treatment
efficacy and outcome, and fibrosis is the major cause of peritoneal dialysis (PD) withdraw
among patients. Methods: Twenty-one male WISTAR rats were randomly assigned to three
groups, namely saline group, standard peritoneal dialysis fluid (PDF) group, and panax
notoginseng saponins (PNS) group. Peritoneal fibrosis was induced by daily injection of PDF for
4 weeks. After execution, multiple histological techniques including HE and Masson’s trichrome
staining and transmission electron microscopy (TEM) were applied to observe the pathological
changes and concentrations of multiple cytokines may involve in the process of fibrosis were
determined by enzyme-linked immune sorbent assay (ELISA). Biochemistry parameters were
determined by automated chemistry analyzer. Results: PNS can significantly inhibit the
expression of transforming growth factor beta (TGF-b1), connective tissue growth factor (CTGF),
and monocyte chemoattractant protein (MCP-1) in the peritoneum of rats. Furthermore,
pathological damages, including extracellular matrix deposition, vascularization, and fibroblast,
were ameliorated in PNS group when being compared with standard PDF group. Peritoneal
functions were improved by regular PNS treatment with significantly elevated ultrafiltration.
Conclusion: PNS is capable of improving peritoneal function in subjects with PDF exposure and
can possibly applied in patients with PD after further verification.
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Introduction

Peritoneal dialysis (PD) is an effective self-care treatment for

patients with server chronic kidney disease (CKD), it has

several advantages, including better life quality, improved

survival rate, stabilized cardiovascular function and can be

easily performed by patient at home. A study performed

among New Zealand end-stage renal disease (ERSD) patients

commencing dialysis between 1997 and 2011 showed an

overall equivalent survival when comparing PD and facility

hemodialysis (HD); however, the reduction of approximately

20% mortality risk was associated with PD during the first 3

years of dialysis.1 Furthermore, PD also maintains lower cost

when comparing with HD, according to the data reported by

United States, the annual cost for dialysis care is $24,293

higher for patients treated with facility HD compared to PD;2

therefore, PD has great economic advantage when comparing

with HD. Despite of the advantages mentioned previously, the

usage of PD varies significantly between regions, in United

Kingdom, South Korea, and Mexico, the usage of PD was

greater than world average level, and the proportion of

dialysis patients on PD reached as high as 79% in Hong

Kong;3 on the other hand, Japan and Germany had rates lower

than global average level. Among all the complications

caused by PD, peritoneal fibrosis is the major cause of PD

withdraw among patients with long-term PD. Due to the long-

term and chronic exposure to the peritoneal dialysis fluid,

patients could develop peritoneal fibrosis and ultrafiltration

failure which compromises treatment efficacy and outcome.4

Therefore, study on the mechanism of PD-related peritoneal

fibrosis and the treatment against it has great clinical

significance to the improvement of PD efficacy and

prognosis.

Transforming growth factor-b1 (TGF-b1) is a multifunc-

tional cytokine which critically involved in the process of

fibrosis through its potential effects on fibroblast differenti-

ation, extracellular matrix formation,5,6 and epithelial-to-

mesenchymal transition (EMT).7 In chronic renal diseases,

TGF-b1 has been identified as the most potent mediator and

convergent pathway in inducing EMT and renal fibrosis,

mainly via the TGF-b/Smads signal transduction pathway.8

Among the procedure of PD, TGF-b1 has been considered as

the master factor in the development of peritoneal dysfunction

due to its over-expression has been associated with poor PD

outcome.9 Animal experiment conducted in a rodent model
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with intraperitoneal administration of adenoviral vector

driving the active form of TGF-b1 observed the thickening

of peritoneum, along with cellular proliferation and increased

vascularization.10 Another animal experiment applied the

blocking peptides of TGF-b1 revealed that blocking peptides

can lead to significant ameliorated fibrosis and angiogenesis,

improved peritoneal function, and reduced the number of

FSP-1+cells, especially in the Cyto+/FSP-1+subpopula-

tion.11 Connective tissue growth factor (CTGF) is a kind of

matricellular protein of the CCN family, it has important roles

in many biological processes, including cell adhesion,

migration, proliferation, angiogenesis, skeletal development,

and tissue wound repair, and also is critically involved in

fibrotic disease and several forms of cancers. A cell assay

observed significantly elevated CTGF expression in human

peritoneal mesothelial cells (HPMC) after cultured in human

peritoneal fibroblasts conditioned medium, and the synthesis

of CTGF can be partly suppressed by blocking TGF-b1.12 In

addition, a study performed among patients receiving PD

indicated that CTGF expression was positively correlated with

peritoneal fibrosis and ultrafiltration failure.13 Monocyte

chemotactic protein-1 (MCP-1) currently has been recognized

as an angiogenic chemokine. Animal study showed that MCP-

1 activation can be inhibited by astragalus treatment, and

consequently, the TGF-b1 protein concentration has signifi-

cantly decreased.14 A prospective study showed that elevated

MCP-1 in dialysate was associated with higher all-cause and

cardiovascular mortality in PD patients, indicating that MCP-

1 may contribute to poor clinical outcomes.15

Panax notoginseng saponins (PNS) consist of major

therapeutically active gradients of panax notoginseng, in

detail, PNS have been proved to possess remarkable effects of

improving blood circulation and removing blood stasis,16 and

reversing multidrug resistance of cancer.17 In an animal

experiment, researchers observed that PNS demonstrated the

protective effect against cisplatin-induced nephrotoxicity,

with the reduction in blood urea nitrogen and serum

creatinine, also PNS can reduce the rate of cellular apoptosis

by inhibiting the expression of Bax and caspase 9, while

elevating the expression of Bcl-2.18 In the aspect of inhibiting

fibrosis, it has been reported that PNS is capable of reducing

the pulmonary fibrosis by downregulating the expression of

TGF-b1 in rats.19 However, currently, there were only few

studies regarding the PNS and peritoneal fibrosis conducted.

In our present study, we aimed to investigate the relation-

ship between PNS application and peritoneal fibrosis in rat

model that peritoneal fibrosis was induced by daily

intraperitoneal injection of peritoneal dialysis fluid (PDF).

We attempted to observer the changes in peritoneal fibrosis

and TGF-b1 expression and other cytokines related with

TGF-b1 by applying PNS in PDF. Weight, peritoneal

function, biochemistry parameters, and pathological changes

were compared between three groups of rats in our study.

Materials and methods

Laboratory animals

Twenty-one male WISTAR rat of specific pathogen free

(SPF) level with weight ranging from 160 g to �190 g were

provided by Shanghai SLAC Laboratory Animal Company

(Shanghai, China). Each rat was house in an individual cage

under air-conditioned animal facility. All rats were subjected

to 12-h dark/Light cycle at a temperature of 24 �C ± 2 �C and

a relative humidity of 45% ± 10%. Before the commencement

of experiment, rats were allowed 1 week of acclimatization

with standard rat diet and free access to tap water. The rats

were handled by qualified personnel with the certification of

laboratory animal care. The animal experiments were

approved by the Ethic Committee of the First Affiliated

Hospital of Xiamen University.

Animal treatments

All 21 male WISTAR rats were randomly assigned to the

following three groups and the treatment in total lasted for 4

weeks:

(1) Saline group: Seven rats received 100 mL/kg bodyweight

of sterile saline via daily intraperitoneal injection.

(2) Standard PDF group: Same amount of rats received

4.25% PDF (Baxter Healthcare, Guangzhou, China) at a

dose of 100 mL/kg bodyweight via daily intraperitoneal

injection. In addition, about 0.6 mg/kg bodyweight of

lipopolysaccharide (LPS, Sigma, St. Louis MO, USA)

were added into PDF for intraperitoneal injection in a 2-

day interval over the first week of experiment.

(3) PNS group: Also seven rats received 4.25% PDF at a dose

of 100 mL/kg bodyweight mixed with PNS (Wuzhou

Pharmaceutical, Guangxi, China) via daily intraperito-

neal administration. LPS at a dose of 0.6 mg/kg body-

weight was given in a 2-day interval over the first week

of experiment. Furthermore, PNS and LPS were injected

into PDF with separated sterilized syringes of 1 mL.

Sample collection and preparation

After 4 weeks of preparation and daily intraperitoneal

injection, peritoneal function test was performed followed 2

days of cessation of dialysis. Briefly, 20 mL of 4.25% PDF

was administered intraperitoneally to the rats before being

euthanized. After injection, rats have free access to tap water

and movement inside cage for 1 h. About 10% of chloral

hydrate was applied to anesthetize all rats, and tube was

placed through a section of the abdomen carefully. All

procedures have practiced with caution and no PDF was

leaked during the placement of tube. Net ultrafiltration was

the volume of fluid removed after 4 h minus the volume of

fluid administered. Ascites samples were collected by using

sterilized syringe and then subjected to white cell count

analysis and biochemistry test. Blood sample was collected by

cardiac puncture directly. Peritoneal fluid samples were also

collected and centrifuged at 1500 rpm for 5 min. Peritoneal

fluid urea nitrogen (Durea), plasma urea nitrogen (Purea),

PDF glucose (Do), and peritoneal fluid glucose (Di) were

measure by end-point assay on a 7180 Hitachi automated

chemistry analyzer (Hitachi, Tokyo, Japan).

Peritoneum tissue was obtained from the section in

abdomen and then fixed with 10% formalin for 16 to 18

hours. Tissue was subjected to dehydration by graded ethanol

treatment, and then, paraffin wax infiltration was performed.

Finally, the tissue was cut into section of 4 lm and was

stained with hematoxylin and eosin (H&E) reagent for
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pathological histological examination. In addition, Masson’s

trichrome stain was also performed.

General status & biochemistry analysis

The weight of rats included in our study was carefully

recorded weekly, and the initial weight and the weight before

execution were compared between groups. The blood glucose,

triglyceride, total cholesterol, low-density lipoprotein, plasma

urea nitrogen, and albumin were measure in the blood sample

obtained by cardiac puncture by using 7180 Hitachi auto-

mated chemistry analyzer. As for peritoneal fluid samples,

urea nitrogen and glucose concentration were determined.

White blood cell count was calculated by using SF-300

hematology analyzer (Sysmex, Kobe, Japan). All performed

laboratory procedures were strictly in accordance with the

manufactures’ instruction.

Enzyme-linked immunosorbent assay (ELISA) for the
TGF-b1, CTGF, and MCP-1 protein concentration

Mouse TGF-b1, CTGF, and MCP-1 ELISA kits (Boster,

Wuhan, China) were used to determine the corresponding

cytokines concentration in peritoneal fluid samples.

Following procedure is for the determination of TGF-b1

level: (1) Firstly, pipette 100 mL of the standard diluent buffer

to the well reserved for the standard blanks. (2) Then, pipette

100mL of standards and diluted samples to the appropriate

microtiter wells and incubated for 90 min in 37 �C. (3) Pipette

100mL of biotin-conjugated detection antibody solution into

each well and tap gently on the side of the plate to mix,

followed with an incubation for 60 min in 37 �C. (4) Wash

wells with 0.01 M tris buffer solution for three times. (5)

Pipette 100 mL of avidin-biotin complex in to each well and

incubate for 30 min in 37 �C. (6) Wash wells with 0.01 M tris

buffer solution for five times. (7) Pipette tetramethylbenzidine

(TMB) into each well and cover the wells with plate cover and

incubate for 30 min at room temperature. (8) Add stop

solution into each well. (9) Read the absorbance of each well

at 450 nm having blanked the plate reader against a chromo-

gen blank composed of 100 mL each of stabilized chromogen

and stop solution. Plot the absorbance of the standards against

the standard concentration. Draw the best smooth curve

through these points to construct the standard curve and read

the TGF-b1 protein concentrations for all samples and

controls from the standard curve plotted.

ELISA procedure for CTGF protein concentration

(1)Set a blank well without any solution. Add 50 mL of

standard or sample per well. (2) Add 50 mL of HRP-conjugate

to each well (not to blank). Incubate for 1 hour at 37 �C. (3)

Aspirate each well and wash, repeating the process three

times for a total of three washes. Wash by filling well with

ddH2O (200mL) using an auto washer. After the last wash,

remove any remaining solution by aspirating or decanting.

Invert the plate and blot it against clean paper towels. (4) Add

50 mL of substrate A and 50 mL substrate B to each well.

Incubate for 15 min at 37 �C. Keeping the plate away from

drafts and other temperature fluctuations in the dark. (5) Add

50 mL of stop solution to each well when the first four wells

containing the highest concentration of standards develop

obvious blue color. If color change does not appear uniform,

gently tap the plate to ensure thorough mixing. (6) Determine

the optical density of each well within 30 min, using a

microplate reader set to 450 nm. (7) Using the software

provided by manufacturer to make a standard curve and read

the CTGF protein concentrations for all samples.

ELISA procedure for MCP-1 protein concentration

(1) Add 100 mL of Standard, Blank, or Sample per well. Cover

with the adhesive strip. Incubate for 2 h at 37 �C. (2) Remove

the liquid of each well, do not wash. (3) Add 100 mL of biotin-

antibody working solution to each well. Incubate for 1 h at

37 �C. Biotin-antibody working solution may appear cloudy.

Warm up to room temperature and mix gently until solution

appears uniform. (4) Aspirate each well and wash, repeating

the process three times for a total of three washes. Wash: Fill

each well with 200 mL of wash buffer and let it stand for

2 min, then remove the liquid by flicking theplate over a sink.

The remaining drops are removed by patting the plate on a

paper towel. (5) Add 100 mL of HRP-avidin working solution

to each well. Cover the microtiter plate with a new adhesive

strip. Incubate for 1 h at 37 �C. (6) Repeat the aspiration and

wash three times as step 4. (7) Add 90 mL of TMB substrate to

each well. Incubate for 10 to 30 min at 37 �C. Keeping the

plate away from drafts and other temperature fluctuations in

the dark. (8) Add 50 mL of stop solution to each well when the

first four wells containing the highest concentration of

standards develop obvious blue color. If color change does

not appear uniform, gently tap the plate to ensure thorough

mixing. (9) Determine the optical density of each well within

30 min, using a microplate reader set to 450 nm.

Histological analysis and transmission electron
microscopy (TEM) examination

Roughly, the morphologic changes were observed by eyes as

soon as the peritoneum tissue removed from laboratory

animals. Peritoneum tissues were embedded in paraffin and

cut into slices (6 lm) and dehydrated by using dimethylben-

zene, followed the slices were stained with H&E and

Masson’s trichrome for light microscopic observation,

respectively. Measurement of the peritoneal thickness was

performed by image analysis at � 400 original magnification

in each slice, peritoneal thickness was measured at random 10

different points and average value was used to evaluate the

peritoneal thickness of each slice.

Peritoneum tissue blocks ranging from 0.5 to 1.0 mm3 were

cut and fixed in 2.5% glutaraldehyde in 1 min. After the

process of dehydration, embedding, sectioning, and staining,

ultrathin sections were observed under JEM2100HC electron

microscope (JEOL, Tokyo, Japan).

Statistical analysis

All data obtained from this study are expressed in the form of

mean ± SD. Statistical analysis was performed by SPSS

version 19.0 (Chicago, IL), using one-way analysis of

variance (ANOVA) to compare the weight, peritoneal func-

tion, biochemistry parameters, peritoneal thickness, and the
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concentration of TGF-b1 between three groups. A p-value

less than 0.05 was considered significant.

Results

General status

During 4 weeks of daily intraperitoneal injection and dialysis,

21 male WISTAR rats maintained normal activity and food

intake. With the consumption of diet and water, the rats

gained weight gradually. Induration in injection site was

presented in few rats and dissolved after the change of

injection site. One-way ANOVA was used to compare the

weight between groups, and no significant was observed

between groups both in initial weight and the weight before

execution. After execution, we observed no encapsulation

inside the abdomen in all rats. The data regarding weight of

rats in all group was presented in Table 1.

Changes on peritoneal function

As can be seen in Table 2, the ultrafiltration and Di/Do were

significantly decreased in both standard PDF and PNS groups,

when being compared with saline group, while dialysate-to-

plasma urea concentration ratio (D/Purea) was significantly

elevated in both standard PDF and PNS groups (p50.05). It is

noted that the ultrafiltration and Di/Do were higher in PNS

group when being compared with standard PDF group, and

significant reduction in D/Purea of PNS group was observed

when compared with standard PDF group (p50.05).

Changes on biochemistry parameters

After 4 weeks of experiment, the statistical analysis showed

no significant differences in all biochemistry parameters that

we tested between three groups, including blood glucose,

triglyceride, total cholesterol, low-density lipoprotein, and

albumin. The data were presented in Table 3.

Histology analysis

We attempted to observe morphologic changes by eyes as

soon as the peritoneum tissue removed from laboratory

animals. As demonstrated in the photographs in Figure 1,

the peritoneum tissue of saline group was normal and clear,

while the samples of standard PDF group was thicken and

unclear, also with extra vascularization. The structure and

morphologic changes in PNS group were considered worse

than saline group, but with improvement when compared with

standard PDF group.

H and E staining revealed that the structure of mesothelial

cells of saline group was intact and with little extracellular

matrix (ECM) deposition, the presence of inflammatory cell ,

vascularization and fibroblast were seldom observed. In the

rats of standard PDF group, we observed remarkable

shedding, inflation in mesothelial cells and increased ECM

thickness and deposition, also the presence of inflammatory

cell, vascularization, and fibroblast were significantly

increased. The pathological damages of peritoneum tissue in

PNS group were improved when compared with standard PDF

group (Figure 2).

According to the data from Masson’s trichrome staining,

the mean thickness of peritoneum tissue of saline group,

standard PDF group and PNS group were 15.4 lm, 55.3 lm,

and 33.6 lm, respectively. Statistical comparison showed

significant elevation on the thickness in standard PDF group

and PNS group when compared with saline group. However,

the reduction of thickness in PNS group when compared with

standard PDF group was also observed with significance. The

details of Masson’s trichrome analysis were presented in

Figure 3 and Table 4.

Transmission electron microscopy (TEM) analysis

We observed normal cell structure of tissue obtained from

saline group under TEM and rich in microvillus, no denuda-

tion in nucleus and no collagenous fiber synthesis were

observed. Obvious inflation and denudation observed in

standard PDF group with the loss of microvillus, also massive

collagenous fiber synthesis detected. The damages in PNS

group were improved when compared with standard PDF

group, while the reduction in both inflation in nucleus and in

the loss of microvillus was observed, and the synthesis of

collagenous fiber was less obvious.

Analysis on cytokines concentration

The results of statistical analysis on the cytokines concentra-

tion between groups were displayed in Table 5. The concen-

trations of all cytokines tested were significantly elevated in

both standard PDF and PNS group when being compared with

saline group. Significant reductions in the concentrations of

all cytokines were also found in PNS group when compared

with standard PDF group. The images obtained by using TEM

were presented in Figure 4.

Discussion

As previously discovered, the long-term exposure to bioin-

compatible PDF with the properties of high glucose and low

pH and episodes of infections causes inflammation and injury

to peritoneum which progressively undergoes fibrosis and

angiogenesis,20 and the progress of fibrosis is positively

correlated with the duration of PD. Study conducted by

Williams et al.21 investigated 130 patients with PD and

increased thickness of the submesothelial compact collagenous

Table 1. The change of body weight of rats in three groups.

Group
Number
of rats

Initial
weight

(kg)

Weight
before

execution(kg)

Saline 7 169.1 ± 1.4 441.9 ± 5.1
Standard PDF 7 169.4 ± 2.7 444.9 ± 3.3
PNS 7 169.9 ± 1.3 446.9 ± 2.5

Table 2. The results of peritoneal function test of rats in three groups.

Group Ultrafiltration (mL) Di/Do D/Purea

Saline 12.7 ± 1.5 0.75 ± 0.03 0.57 ± 0.01
Standard PDF 6.6 ± 0.7* 0.55 ± 0.02* 0.74 ± 0.02*
PNS 9.3 ± 0.45*4 0.66 ± 0.02*4 0.65 ± 0.01*4
*p50.05 compared with saline group.
4p50.05 compared with standard PDF group.
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zone and higher prevalence of vascular changes were identified

when compared with healthy individuals and patients with HD,

also the loss of the mesothelial cell layer has been identified as

a major pathological change in the long-term PD patients. Both

renal failure and dialysis would render exposure to inflamma-

tory mediators on peritoneum,22 and this exposure will

possibly induce the expression of profibrotic cytokines such

as TGF-b1. Current knowledge on this issue indicated that

mesothelial cell may play a key role in this process, because the

expression of TGF-b1 can be induced in mesothelial cells by

high-concentration glucose solutions and spent dialysate.23

Therefore, the TGFb/Smad pathway plays a crucial role in the

development of peritoneal fibrosis, latest study attempted to

inhibit TGFb/Smad pathway and MCP-1 in a rat model by

administrating Astragalus membranaceus, the results indicated

that the reduced productions on TGF-b1 and MCP-1 can leaded

to improved pathological damages.14

PNS is the active gradients extracted from TCM herb panxa

notoginseng, it contains various of chemical components,

including notoginseng saponin R1 and ginseng saponin Rg1,

Rb1, Re, Rd, and so on. Although so far no report on the

relationship between fibrosis and PNS treatment published, a

cell assay demonstrated that PNS can significantly inhibit the

proliferation in vascular smooth muscle cells by inhibiting the

activation of extracellular regulated protein kinases (ERK)-

signaling pathway.24 In our study, we managed to induce

morphological and functional damages of peritoneal mem-

brane in rats similar to those observed in patients with long-

term PD by daily exposure of PDF. H and E and Masson’s

trichrome analysis showed typical peritoneal damages in

standard PDF group, including the presence of vascularization

and fibroblast, and increased thickness. Above-mentioned

facts indicated that the rat model that we established was solid

and can be employed to study the peritoneal fibrosis. The

pathological damages in standard PDF group also involved

ECM deposition and collagenous fiber synthesis. Combined

all damages together, that eventually lead to peritoneal fibrosis

and ultrafiltration failure. Although there was no study

reported regarding the protective effect against PD induced

by PDF, however, an animal experiment demonstrated that

PNS was capable of inhibiting the oral submucous fibrosis

induced by areca nut extract in mice. Moreover, this study also

observed the significant reduction in both TGF-b1 and CTGF

among the subjects that have been applied with PNS

Figure 2. Effects of PNS on the peritoneum tissue of rats examined by HE staining. (A) Saline group, (B) Standard PDF group, and (C) PNS group.
Original magnification 200x.

Figure 1. The morphologic changes of rat peritoneum on the effects of standard PDF and PNS. (A) Saline group, (B) Standard PDF group, and
(C) PNS group.

Table 3. The results of peritoneal function test of rats in three groups (mmol/L).

Group Glucose TG TC LDL Abl

Saline 11.24 ± 0.11 0.65 ± 0.01 1.62 ± 0.03 0.46 ± 0.02 26.09 ± 1.41
Standard PDF 11.70 ± 0.17 0.64 ± 0.02 1.65 ± 0.02 0.45 ± 0.01 25.47 ± 1.10
PNS 11.05 ± 0.29 0.71 ± 0.03 1.64 ± 0.02 0.44 ± 0.02 25.90 ± 1.36
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treatment.25 Previous cell assay has demonstrated that an

active ingredient in PNS, namely ginseng saponin Rg1, can

inhibit the expression of P-ERK1/2 in rat renal tubular

epithelial cells induced by TGF-b1,26 which is an important

signal pathway in cell proliferation. Similarly, investigators

also observed the antifibrotic effect of PNS in rat hepatic

fibrosis model induced by carbon tetrachloride, along with

reduction in TGF-b1 reduction among PNS treatment group.27

Unlike the specific and acute toxicity of carbon tetrachloride

rendered to liver cell, the fibrotic effect of PDF in peritoneum

tissue can be chronic. However, above-mentioned evidence

suggested that PNS can provide protective effect against

fibrosis in different tissues induced by different chemical toxin

and also can suppress the expression of TGF-b1.

In our study, TGF-b1 and other two cytokines were

induced by peritoneal damages and were significantly higher

when compared with saline group. Statistical analysis showed

that the ultrafiltration improvement and TFG-b1 and CTGF

reduction in PNS group when compared with standard PDF

group, along with reduction in tissue thickness. Those

findings suggested that PNS can inhibit the expression of

TFG-b1 and CTGF and consequently improve the peritoneal

function under the regular exposure of PDF in rat model.

MCP-1 is mainly involved in the pathogenesis of inflamma-

tion and fibrotic diseases, including renal fibrosis,28 cardiac

fibrosis29 and diabetic nephropathy30. MCP-1 has also been

revealed to have a functional role in the PD-related EMT and

ECM synthesis, and which is partly mediated by TGF-b1.

Similarly, our study also suggested that regular PNS treatment

can significantly downregulate the expression of MCP-1 in

rats, with the improved of ultrafiltration and ameliorated

pathological damages by histological and TEM analysis.

In summary, we conducted an animal study attempted to

investigate the relationship between PNS treatment and

Figure 4. Effects of PNS on the peritoneum tissue of rats examined by transmission electron microscope. (A) Saline group, (B) Standard PDF group,
and (C) PNS group.

Figure 3. Effects of PNS on the peritoneum tissue of rats examined by Masson’s trichrome staining. (A) Saline group, (B) Standard PDF group, and (C)
PNS group. Original magnification 200x.

Table 4. The thickness of peritoneum tissue in 3 groups.

Group Number of rats
Peritoneum

thickness (lm)

Saline 7 15.4 ± 0.91
Standard PDF 7 55.3 ± 1.20*
PNS 7 33.6 ± 2.11*4
*p50.05 compared with saline group.
4p50.05 compared with standard PDF group.

Table 5. The concentration of cytokines of rats in three groups (pg/mL).

Group TGF-b1 CTGF MCP-1

Saline 51.67 ± 22.52 36.29 ± 7.56 28.51 ± 5.72
Standard

PDF
599.59 ± 195.29* 323.14 ± 115.43* 261.74 ± 78.80*

PNS 133.22 ± 40.51*4 112.32 ± 39.15*4 89.62 ± 38.23*4
*p50.05 compared with saline group.
4p50.05 compared with standard PDF group.
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peritoneal fibrosis with a relatively large sample size.

Multiple histological techniques, including transmission

electron microscopy, were applied to observe the pathological

changes and concentrations of multiple cytokines may involve

in the process of fibrosis were determined by ELISA.

Evidence suggested that PNS can significantly inhibit the

expression of TGF-b1, CTGF, and MCP-1 in the peritoneum

of rats. Furthermore, pathological damages and peritoneal

function were ameliorated by the regular PNS treatment.

Therefore, PNS is capable of improving peritoneal function in

subjects with PDF exposure and can possibly applied in

patients with PD after further verification.
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