
Peritoneal fibrosis (PF) is the most critical complication 
of long-term continuous ambulatory peritoneal dialysis 
(CAPD) (1). The prevalence of PF ranges from 0 to 4.4% in 
some studies and from 0.7 to 2.8% in registries. The preva-

lence exceeds 19% in patients treated for more than eight 
years (2, 3).

Degeneration of peritoneal membrane function remains 
a cardinal factor causing a modality change in a significant 

Background: Continuous ambulatory peritoneal dialy-
sis is a successful treatment modality for patients with 
end-stage renal disease. Peritoneal fibrosis (PF) is the 
most critical complication of long-term peritoneal di-
alysis (PD).
Aims: In our study, we aimed to compare the effects of 
colchicine and sirolimus on PF induced by hypertonic 
peritoneal dialysis solutions in rats.
Study Design: Animal experiment.
Methods: Twenty-four rats were randomly divided 
into three groups. The control group received an intra-
peritoneal injection (ip) of saline. The sirolimus group 
received the PD solution, plus 1.0 mg/kg/day Rapa-
mune®. The colchicine group received the PD solu-
tion ip plus 1.0 mg/kg/day of colchicine. Blood sam-
ples were taken to measure the serum levels of VEGF, 
TGF-β,	 and	 TNF-α.	 Peritoneal	 tissue	 samples	 were	
taken for histopathological evaluation.
Results: TGF-β	and	TNF-α	values	in	the	sirolimus	group	
were found to be statistically significantly lower than in 

the control and colchicine groups, but the differences be-
tween the control and colchicine groups were not statis-
tically significant. No statistically significant differences 
were found between the groups regarding the VEGF val-
ues. Vascular neogenesis and peritoneal thickness were 
compared; the values in the sirolimus group were statisti-
cally reduced compared to the values in the control group. 
Mild fibrosis developed in 75% of all animals in the si-
rolimus group; there was no moderate or severe fibrosis 
observed. Fibrosis developed to varying degrees in 100% 
of the animals in the control and colchicine groups.
Conclusion: The present study demonstrates that siro-
limus might be beneficial for preventing or delaying 
the progression of PF and neoangiogenesis. These al-
terations in the peritoneal membrane may be connected 
with	reduced	TNF-α	and	TGF-β	levels.
Keywords: Colchicine, peritoneal dialysis, peritoneal 
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number of patients on CAPD. In long-term patients undergo-
ing CAPD, many changes to the peritoneum occur, including 
interstitial fibrosis, denudation of mesothelial cells, vascular 
alterations that mimic diabetic microangiopathy, vasodilata-
tion, and neovascularization (1).

A limited number of in vivo studies has analyzed the effects 
of different glucose concentrations on transforming growth 
factor	 β	 (TGF-β)	 and	 tumor	 necrosis	 factor-alpha	 (TNF-α)	
release from peritoneal or peripheral blood macrophages, 
monocytes,	and	mesothelial	cells	(4).	TGF-β,	which	is	a	well-
known growth factor in human disease, has been found to 
increase fibrotic injury during peritonitis (5). Increasing evi-
dence	has	shown	that	TGF-β	is	a	key	mediator	of	experimental	
and human PF associated with CAPD (6). Douvdevani et al. 
(7) studied the in vitro effect of dialysis fluid on the release of 
TNF-α	by	peritoneal	macrophages,	 human	peritoneal	meso-
thelial cells (HPMC) and peripheral blood mononuclear cells 
(PBMC).

A number of clinicians do not know how the development of 
PF in CAPD patients can be prevented. In recent years, some 
drugs have been used to restrict the propagation of HPMC or 
matrix formation, which may be beneficial in preventing or 
delaying the progression of PF (1). 

Colchicine is an effective anti-inflammatory agent. It has 
been shown to interfere with the interaction of neutrophils and 
the vascular endothelium by abrogating their binding to adhe-
sion	molecules.	Colchicine	decreases	the	generation	of	TNF-α	
by macrophages and its receptors on endothelial cells (1). 

Sirolimus, the newest of the antifungal macrolide antibiot-
ics, has documented potent immunosuppressive activity in the 
mouse heart and kidney (8). Everolimus, a derivative of siro-
limus, has beneficial effects in renal failure, inflammation and 
fibrosis. Everolimus may have curative value in the manage-
ment of PF (9).

There has been no study in the literature comparing the ef-
fects of sirolimus and colchicine on the development of peri-
toneal fibrosis. In the present study, we aimed to compare the 
effects of colchicine and sirolimus on peritoneal alterations 
induced by a hypertonic peritoneal dialysis solution in rats.

MATERIALS AND METHODS

Approval was provided for all the procedures and protocols 
used in this experimental study from the Animal Ethics Com-
mittee. 

Animals
Twenty-four adult male Sprague Dawley rats, weighing 

280±20 g and averaging 24 weeks old, were included in our 
study. Rats having the same physiological and biological prop-

erties were provided by the Experimental Research Center of 
the Medical Faculty. All animals were kept in stainless steel 
cages and standardized laboratory conditions of temperature 
(22±2°C), relative humidity (55-60%), and a 12-h dark/light 
cycle. They were fed with standard rat chow and tap water ad 
libitum. All animals were treated humanely according to the 
criteria outlined in the “Guide for the Care and Use of Labora-
tory Animals” prepared by the National Academy of Sciences 
and published by the National Institutes of Health.

Experimental groups
The 234 rats were randomly divided into three groups and 

eight rats were included in each of the following groups (n=8). 
The control group received an intraperitoneal (ip) injection of 
saline (20 ml/kg BW). The sirolimus group received 20 ml/
kg BW of a 3.86% PD solution ip plus Rapamune® (Wyeth-
Ayerst Research Laboratories, Philadelphia, PA) at a dose of 
1.0 mg/kg/day (10). The colchicine group received 20 ml/kg 
BW of a 3.86% PD solution ip plus 1.0 mg/kg/day BW of 
colchicine (Sigma) in saline (1).

Experimental procedures
All procedures were performed under a heat lamp and the 

body temperature of the rats was kept at 35-36°C constantly. 
Food withdrawn 12 hours before anesthesia, but rats were 
released for water two hours before anesthesia to apply the 
catheter. The animals were anesthetized with 90 mg/kg body 
weight ketamine hydrochloride (Ketalar flk; Pfizer Ltd. Com-
pany,	İstanbul,	Turkey)	plus	10	mg/kg	body	weight	xylazine	
(Rompun; Bayer, Turkish Chemistry Industry and Limited 
Company,	 İstanbul,	 Turkey)	 intramuscularly.	 The	 abdomen	
and neck were shaved and disinfected with 10% povidone 
iodine solution before the surgical intervention. A peritoneal 
dialysis catheter made from titanium/silicone device (Rat-o-
Port, MTINC, 7IS; Access Technologies, Norfolk Medical, 
Skokie, Illinois, USA) was inserted into the intraabdominal 
cavity through a 3 cm midline abdominal incision in animals 
fixed in a supine position. Another part of the catheter was im-
planted subcutaneously in the neck through a 2 cm incision to 
prevent catheter gnawing by the rats under sterile conditions 
(11). The operation was finished by closing the midline inci-
sion, fascia and skin separately using continuous absorbable 
4/0 polyglactin sutures (Vicryl; Ethicon, Johnson & Johnson 
Company USA) and 3/0 atraumatic silk sutures (Sterisilk®; 
SSM,	İstanbul,	Turkey).	

Following surgery, all the rats were separated into groups 
and placed in different special cages to prevent catheter gnaw-
ing by other rats under controlled temperature, wetness, and 
lighting conditions. After the experimental period started, 
peritoneal healing was allowed for 1 week after catheter in-
sertion by a daily infusion of 1 mL heparinized saline (5 IU/
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mL NaCl 0.9%). All rats received a daily infusion of 60 ml/kg 
body weight (BW) of 3.86% glucose-containing dialysis solu-
tion (Baxter SA, Castlebar, Ireland) via the Rat-o-Port (11).

The animals were put down with a high-dose injection of 
thiopental sodium on the twenty-eight day. After opening the 
abdominal cavity, samples from the peritoneal tissue were ex-
amined for the presence of fibrosis and the number of vessels. 
Blood samples (5-7 mL) were taken by cardiac puncture from 
all rats using sterile instruments under aseptic conditions to 
measure	serum	levels	of	VEGF,	TGF-β,	and	TNF-α.	The	same	
surgeon conducted all operations with the same technique.

Histopathology
All of the peritoneal tissue samples were fixed in 10% neutral 

buffered formalin solution for histopathological evaluation af-
ter sacrificing the animals. Later, they were embedded in par-
affin, and sections at a thickness of 5 µm were prepared and 
stained with hematoxylin-eosin (HE) and Masson’s trichrome 
stains. Immunohistochemical stains were used to detect the 
expression of VEGF (VEGF-Ab-1, polyclonal, Neomarkers, 
Fremont, USA) and CD31 (mouse monoclonal, Neomarkers, 
Fremont, USA). For each sample, the peritoneal membrane 
thickness (in mm) was measured at 10 randomly chosen sites 
using computer aided histomorphometry device in HE-stained 
sections (12). The amount of fibrosis was graded as 0=normal 
presence of fibrous tissue, 1=mild excess, 2=moderate, and 
3=severe in Masson’s trichrome stained sections (3). For each 
peritoneal tissue section, the number of vessels was counted 
in ten random fields at 100x magnification in CD31 stained 

sections (13). For each sample, the number of VEGF-positive 
cells was counted in 10 random field at 100x magnification 
in VEGF stained sections (14). Then, the specimens were ex-
amined under a light microscope. Histopathological examina-
tions were performed by a pathologist who was blinded to the 
study	design,	and	photographs	were	taken	with	a	Zeiss	Axio-
plan 2 microscope and a Nikon E600 camera.

Statistical analyses
Univariate statistical analyses were performed using 

Fisher’s exact test (c2) for categorical variables. Numerical 
values were expressed as mean±standard deviation (SD). 
Whether the measured values correspond to the normal 
distribution was investigated using the one-sample Kol-
mogorov-Smirnov test. Parametric variables among groups 
were compared using one-way analysis of variance (ANO-
VA) and post hoc analysis was done with the Scheffe test. 
Statistical significance was set at p<0.05. All analyses were 
performed with the Statistical Package for Social Sciences 
version 15.0 (SPSS, Chicago, IL).

RESULTS

The values measured during serum parameter analysis and 
the histopathological results were compared between the three 
independent groups in our study.
TGF-β	values	in	the	sirolimus	group	were	found	to	be	sta-

tistically significantly lower than in the control and colchicine 
groups (p<0.001), but the difference between the control and 
colchicine groups was not statistically significant (p=0.705) 
(Table 1) (Figure 1a).
TNF-α	values	in	the	sirolimus	group	were	found	to	be	sta-

tistically significantly lower than in the control and colchicine 
groups (p<0.001), but the difference between the control and 
colchicine groups was not statistically significant (p=0.503) 
(Table 1) (Figure 1b).

FIG. 1. a-c. Serum TGF-β (a), TNF-α (b), VEGF (c) measurement values in experimental groups.

a b c

  Sirolimus Control Colchicine 
 group group group pa

TGF-β	 0.125±0.002	 	0.140±0.007b 0.143±0.007b <0.001

TNF-α	 0.0367±0.001	 	0.046±0.005b 0.048±0.003b <0.001

VEGF 0.0457±0.002  0.046±0.003 0.047±0.002 0.601
aANOVA, bpost hoc analysis with Scheffe test

TABLE 1. Serum levels of  biochemical parameter
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No statistically significant differences were found between 
the groups regarding the VEGF values (p=0.601) (Table 1) 
(Figure 1c). Serum values are presented in Table 1, according 
to the groups, in detail. 

As a result of the histopathological evaluations, when the 
obtained values for the newly formed blood vessels (vascular 
neogenesis) were compared, the values in the sirolimus group 
were statistically significantly reduced compared to the val-
ues in the control group (p=0.017), (Figure 2a, 2b). The dif-
ferences between the control group and colchicine group and 
between the colchicine group and the sirolimus group were 
not statistically significant. As a result of the histopathological 
measurements of peritoneal thickness, the values in the siro-
limus group were statistically significantly reduced compared 
to the values in the control group (p=0.001), (Figure 3a, b). 
The results of the histopathological evaluations according to 
the groups are presented in Table 2, in detail.

When the development of fibrosis between the groups was 
assessed, mild fibrosis was observed in 75% of the rats in the 
sirolimus group, with no moderate or severe fibrosis. Fibrosis 
developed to varying degrees in 100% of the rats in the control 
and colchicine groups. The development of fibrosis according 
to the groups is detailed in Table 3.

DISCUSSION

Continuous ambulatory peritoneal dialysis is an essential and 
is used by >100,000 patients with ESRD worldwide, account-
ing for approximately 10 to 15% of the dialysis population 
(15). A significant handicap to successful long-term CAPD is 

the harmful functional alterations that occur in the peritoneal 
membrane after exposure to dialysis solutions which include a 
high glucose load (16). These alterations, which occur primar-
ily in the visceral peritoneum, include progressive fibrosis, 
neoangiogenesis, an increase in the submesothelial thickness 
and blood vessel deformation (17). These pathological find-
ings are associated with a loss of ultrafiltration and increased 
mortality and morbidity (16). The cause of PF is unclear. 
A high concentration of blood glucose alone induces fibro-
genic growth factors in peritoneal mesothelial cells in culture 
(17).	TGF-β	is	widely	known	as	a	major	mediator	of	fibrosis.	
In addition, previous studies have shown that increased ex-
pression	of	TGF-β	is	related	to	the	extent	of	PF	(6).	In vitro 
studies	have	shown	the	production	of	TGF-β	induced	by	high	
glucose concentrations in human peritoneal mesothelial cells 
(18).

Many authors have attempted to prevent peritoneal fibrosis 
with of pharmacological interventions using in vivo experi-
mental rat models (16). A number of agents can reduce both 
angiogenesis and fibrosis. Colchicine is one of these agents. 
Colchicine is a tricyclic alkaloid agent, and its analgesic and 
anti-inflammatory effects have been linked to its ability to 
bind with tubulin, inhibiting neutrophil motility and activity, 
leading to a net anti-inflammatory effect. The essential anti-
inflammatory mechanism of colchicine is via the inhibition of 
granulocyte migration into the inflamed area, thereby inhibit-
ing proliferation and affecting cells with high turnover (19).

There have been many studies showing that colchicine 
prevents tissue fibrosis and sclerosis. Previous studies have 
shown that colchicine is effective in decreasing hepatic fibro-
sis in primary biliary cirrhosis (20, 21). Peters et al. (22) also 
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FIG. 2. a, b. The number of vessels in control group (a) and sirolimus 
group (b) in the sections stained immunohistochemically with CD 31

a b

FIG. 3. a, b. Peritoneal membrane thickness measured in control 
group (a) and sirolimus group (b) with hematoxylin-eosin dye

a b

 Sirolimus group Control group Colchicine group p

Blood vessels (n) 25.8750±14.21707 68.1250±26.68032 54.8750±36,56477 0.017

Peritoneal thickness (mm) 0.0827 ±0.036138 0.2120±0.8723 0.1382±0.3925 0.001

TABLE 2. Histopathological values

	 Nofibrozis		 Mild	 Modarate	 Severe	 Total

Sirolimus group 2 (25%) 6 (75%) - - 8 (100%)

Control group - 3 (37.5%) 2 (25%) 3 (37.5%) 8 (100%)

Colchicine group - 3 (37.5%) 5 (62.5%) - 8 (100%)

TABLE 3. Development	of	fibrozis
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observed that idiopathic pulmonary fibrosis can be rescued by 
colchicine.
Sayarlıoglu	et	al.	(1)	investigated	the	effect	of	colchicine	on	

peritoneal alterations induced by hypertonic peritoneal dialy-
sis solutions in an experimental model. They found that blood 
TGF-β	 levels	were	 significantly	 lower	 in	 the	 control	 group	
compared with the colchicine group, but they could not find 
significant changes differences between groups in terms of 
characteristic findings of peritoneal fibrosis in the histological 
evaluation.	Sayarlıoglu	and	colleagues	concluded	that	colchi-
cine could not prevent peritoneal incompatibility. There were 
no meaningful differences between the control and colchicine 
groups regarding peritoneal thickness and neoangiogenesis, or 
TGF-β	and	TNF-α	values	in	our	study.

Peritoneal fibrosis occurs as a result of peritoneal damage 
after peritoneal dialysis. Mild, moderate and severe degrees 
of peritoneal fibrosis developed in the untreated group; mild 
and moderate degrees of peritoneal fibrosis developed in the 
colchicine group, while severe degrees of peritoneal fibrosis 
were prevented. It seems that the positive effect of colchicine 
was not literally in the prevention of peritoneal fibrosis. The 
peritoneal damage that occurred after peritoneal fibrosis in our 
study	has	 similar	 features	 to	 those	 shown	by	Sayarlıoglu	 et	
al. (1). We think that efficient new drugs as an alternative to 
colchicine should be investigated.  

Sirolimus is a potent advanced immunosuppressive drug 
that is approved for clinical use to prevent rejection in solid 
organ transplantation (23-26). In addition, new experimental 
studies have proposed that sirolimus may reduce peritoneal 
fibrosis and neoangiogenesis, attenuate disease progression, 
and may be used as an antiproliferative drug (25, 26). The an-
tifibrotic and antiproliferative effects of sirolimus have been 
recently reported in several animal models of chronic renal 
disease, including chronic glomerulosclerosis, diabetic ne-
phropathy, and tubulointerstitial fibrosis (25, 27, 28). 

Peker et al. (29) found that immunosuppressive drugs have 
a significant effect on histopathological findings of peritoneal 
adhesion. Also, fibrosis and vascular proliferation were sig-
nificantly decreased in all experimental groups.

In our study, peritoneal thickness and vessel counts were 
reduced in the sirolimus group compared to both the con-
trol and in colchicine groups. Similarly, as well as the histo-
pathological	examinations,	the	measurements	of	TGF-β	and	
TNF-α	in	the	control	and	in	colchicine	groups	were	signifi-
cantly decreased compared to the sirolimus group. Sirolimus 
coordinates the rate of cell growth, differentiation, prolif-
eration, migration, and protein synthesis in a number of cell 
types, including epithelial cells, vascular smooth muscle, 
and fibroblasts (28). In the same way, sirolimus prevents ex-
tracellular matrix deposition in chronic disease progression 
(25, 30).

When peritoneal injury was evaluated as an indicator of the 
development of peritoneal fibrosis, treatment with colchicine 
inhibited the development of peritoneal fibrosis, as moderate 
or severe peritoneal fibrosis did not develop in the sirolimus 
group. There was a superior effect of sirolimus over colchicine 
in the prevention of increased thickness of the peritoneum, in 
the number of vessels, and in the development of peritoneal 
fibrosis.

In conclusion, the present study demonstrates that sirolimus 
might be beneficial in preventing or delaying the progression 
of PF and neoangiogenesis. These alterations to the peritoneal 
membrane	may	be	connected	with	reduced	TNF-α	and	TGF-β	
levels. A number of studies providing further support are re-
quired to determine the role of sirolimus in the pathogenesis 
and treatment of peritoneal fibrosis induced by high glucose 
concentration dialysis solution.

In this study, serum urea, creatinine, K, Na, Cl values, D/P 
creatinine, D/P urea, D/P glucose, and the filtration levels 
were not examined or measured. We counted the numbers of 
new vessels instead of quantifying vasculopathy; for this rea-
son, the Williams score was not used.
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