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Abstract : During peritoneal dialysis, the peritoneum is exposed to waste products
including urea. Urea is Converted to spontaneously cyanate at physiological body
temperature and pH, and cyanate carbamylates amino acids, peptides, and proteins. Our
previous experiment, showed that cyanate from urea can induce chronic inflammation in
the peritoneum. This experiment was under taken to find out whether cyanate can
stimulate transforming growth factor (TGF) -8, thus resulting in the biosynthesis of
collagen in the peritoneum. Experiments were performed on two groups of sever rats
each. In cyanate—trected group, each rats intraperitoneally received 1 mL of 1.5 M
potassium cyanate dissolved in 40 mM sodium bicarbonate solution everyday. In control
group, each rats received 1 mL of 1.5 #M potassium bicarbonate instead of potassium
cyanate. All the rats were sacrificed on the 85th day after the 1st injection. The tissue
samples were stained with Masson’s trichome, and also stained for TGF -4 In the
control group, a single layer of flattening mesothelial cells and thin layer of collagen with
a few fibroblasts were seen, and there were positive reactions for TGF =8 in the
mesothelial cells and a few submesothelial fibrocytes. In the cyanate—trected group,
partly sloughing off mesothelial cells, increased submesothelial collagen layers, many
fibroblasts in the submesothelial space, and many TGF—§ positive fibroblasts among the
submesothelial collagen layers were shown. These results indicate that cyanate can
induce fibrosis via stimulation of TGF -8 in the peritoneum.
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Introduction continuous ambulatory peritoneal dialysis

patients [1,2]. Long—term exposure of the

Peritoneal fibrosis is one of the most peritoneum to several factors including dialysis
common morphological changes observed in solutions containing high concentration of
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glucose contributes to peritoneal injury[3—5].
The peritoneum is also exposed to the waste
products including urea during peritoneal
dialysis.

In aqueous solution, there is partial and
spontaneous decomposition of urea to ammonia,
carbonate, and cyanatel[6]. Cyanate then
subsequently reacts irreversibly with the N
—terminal groups of amino acids, peptides, and
many proteins by a process known as
carbamylation [7 —9]. Under physiological pH and
body temperature conditions, 0.8% of the molar
concentration of urea is spontaneously
converted to cyanate at equilibrium[10]. In
chronic renal failure and end stage renal
diseases, proteins are known to be easily
carbamylated as a result of reactions with urea
—derive high levels of cyanate concentration [8
—-13].

Peritoneum is always exposed to the urea
which forms cyanate spontaneously [6] during
peritoneal dialysis. And according to our
previous experiment[14], cyanate from urea can
induce chronic inflammation in the peritoneum.
This experiment was done to know whether
cyanate can stimulate transforming growth
factor (TGF)—§, and thus results in the

biosynthesis of collagen in the peritoneum.

Materials & Methods

1. Reagents

Potassium cyanate with 97% purity, was
purchased from Acros Organics (Fair Lawn, NJ,
USA). Sodium bicarbonate and potassium
bicarbonate were purchased from Sigma (St
Louis, MO, USA). Formalin was purchased from
Yakuri Pure Chemicals (Osaka, Japan). The
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other chemicals were of the highest purity

commercially available.

2. Animals

Fourteen male rats of the Sprague—Dawley
strain, weighing between 280 and 320 g were
used in this experiment. All animals were fed on
a standard rat chow and water ad libitum and
kept in a temperature controlled environm ent
(20 to 22°C) with an alternating cycle of 12 hour
light and dark. All animals were maintained on
commercial pellets purchased from Sam Yang
Food Co. (Wonju, Korea). The care of the
animals is consistent with the NIH Guides for the
Care and Use of Laboratory Animals.

Experiments were performed on two groups.
In cyanate—treated group with seven rats, each
rats received 1 mL of 1.5 M potassium cyanate
dissolved in 40 mM sodium bicarbonate solution
everyday intraperitoneally for 12 weeks. In
control group with seven rats, each rats
received 1 mL of 1.5 #M potassium bicarbonate
dissolved in 40 mM sodium bicarbonate solution
intraperitoneally everyday. To avoid accidental
infection during injection, shaving area of the
abdomen was wiped with 70% ethanol and dried
with sterile gauze before intraperitoneal
injection. Rats were anesthetized with ether and
sacrificed at 85th day after the first injection.

3. Histopathological preparation

After formalin fixation, the tissue samples
from abdominal walls and livers were sliced,
embedded in a standard manner and stained with
hematoxylin and eosin.

All peritoneum were fixed in 10% neutral
formalin for 72 hr and processed routinely for
Masson’s trichome stain. The immunohisto
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—chemistry was performed using avidin—biotin
—peroxidase complex method. Formalin—fixed,
paraffin—embedded sections were rehydrated
and incubated overnight at 4 'C with the diluted
anti—TGF -4 antibody, And then biotinylated
anti—mouse and rabbit IgG (DAKO Corporation,
Carpinteria, CA, USA), and a complex of
peroxidase conjugated streptoavidin (DAKO
Corporation, Carpinteria, CA, USA) were added
(ABC method). They were reacted with 3,3’
—diaminobenzidine tetrahydrochloride—H:0. and
then counterstained with hematoxylin.

Results

In control group, a single layer of flattening
mesothelial cells and thin layer of collagen with a
few fibroblasts were shown (Fig. 1), and there
were positive reactions for TGF—§ in the
mesothelial cells and a few submesothelial
fibroblasts (Fig. 2).

In cyanate—treated group, partly sloughing
off mesothelial cells, increased submesothelial

collagen layers, many fibroblasts in the
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submesothelial space (Fig. 1), and many TGF -8
positive fibroblasts among the submesothelial

collagen layers were shown (Fig. 2).

Discussion

In patients with long—term peritoneal
dialysis, various pathological changes such as
denudation of peritoneal mesothelial cells,
duplication of submesothelial and/or capillary
basement membranes, submesothelial fibrin
deposit, and peritoneal fibrosis have been
reported[5]. The precise etiology of these
changes remains unclear and may very well
prove to be multifactorial. Although long—term
exposure to any commercial PD fluid with
different components leads to mesothelial cell
damage, submesothelial fibrosis, and
neoangiogenesis [15], the alterations in the
peritoneal membrane are probably mainly
caused by the continuous exposure to dialysis
fluids which are acidic, hypertonic, and contain
high concentrations of glucose and lactate, and is

contaminated with bio—incompatible plastic

Fig. 1. Trichrome staining in the parietal peritoneum( x 100). A (control group): 1 mL of 1.5 M potassium
bicarbonate dissolved in 40 mM sodium bicarbonate solution was injected intraperitoneally. Note a single layer
of flattening mesothelial cells and thin layer of collagen (c) with a few fibroblasts in control group. B (cyanate
-treated group): 1 mL of 1.5 /M potassium cyanate dissolved in 40 mM sodium bicarbonate solution was
injected intraperitoneally. Note partly sloughing off mesothelial cells, increased submesothelial collagen (c)
layers and many fibroblasts (f) in the submesothelial space of the cyanate-treated group.
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Fig. 2. TGF- g expression in the parietal peritoneum. A (control group): 1 mL of 1.5 M potassium bicarbonate
dissolved in 40 mM sodium bicarbonate solution was injected intraperitoneally. Note positive immunoreactivity
for TGF-$ (t) in the mesothelial cells and a few submesothelial fibroblasts in the control group. B (cyanate
group); 1 mL of 1.5 ;M potassium cyanate dissolved in 40 mM sodium bicarbonate solution was injected. Note
many TGF- § positive fibroblasts (t) among the submesothelial collagen layers in the cyante-treated group. ABC

method, X 100.

degradation products, and contain oxidant
agents[3—5,16]. Among the several uremic
toxins, cyanate from urea can carbamylate
amino acids, peptides, and proteins [7—9].

Under physiological conditions, 0.8% of the
molar concentration of urea is converted to
cyanate at equilibrium in vivol[10]. Cyanate can
react with proteins and carbamylates proteins
including hemoglobin [8,11,12]. In chronic renal
failure or end stage renal failure, proteins are
carbamylated as a result of reactions with
cyanate[8—13]. Cyanate may also carbamylate
the proteins in the peritoneum. Because of this
alteration, cyanate is known to contribute to
peritoneal injury with morphological changes. In
our previous paper[14], injection of cyanate
showed early or mild advanced chronic
milammation in the peritoneum. This experiment
was done to know whether cyanate can
stimulate T'GF—§, and thus result in the
biosynthesis of collagen in the peritoneum.

Functional failure of the peritoneal membrane
1s the most serious problem in long—term
continuous ambulatory peritoneal dialysis[1,2].
TGF—f1is one of the key mediators of fibrosis in

some organs, and 1s thought to be involved in
peritoneal alterations[2]. Although the cellular
mechanisms explaining the stimulatory effects of
cyanate on TGF—4 in this study remain to be
elucidated, the injection of cyanate caused the
increased submesothelial collagen layers, the
increased numbers of fibroblasts in the
submesothelial space, and the increased
numbers of TGF—§ positive fibroblasts among
the submesothelial collagen layers.

The results in this experiment suggest that
cyanate may stimulate TGF—3, thus induces

collagen synthesis in the peritoneum.

Summary

The peritoneum is exposed to the waste
products including urea during peritoneal
dialysis. Urea forms cyanate spontaneously at
physiological body temperature and pH, and
cyanate carbamylates amino acids, peptides, and
proteins. According to our previous experiment,
cyanate from urea can induce chronic

milammation in the peritoneum. This experiment
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was done to know whether cyanate can
stimulate transforming growth factor (TGF)—§,
and thus result in the biosynthesis of collagen in
the peritoneum. Experiments were performed on
two groups. In cyanate—treated group, each rats
received 1 mL of 1.5 ¢M potassium cyanate
dissolved in 40 mM sodium bicarbonate solution
everyday intraperitoneally. In control group,
each rats received 1 mL of 1.5 #M potassium
bicarbonate instead of potassium cyanate. Each
group with seven rats was sacrificed at the 85th
day after the 1st injection. The tissue samples
were stained with Masson’s trichome, and
stained for TGF—4 In control group, a single
layer of flattening mesothelial cells and thin
layer of collagen with a few fibroblasts were
shown. And there were positive reactions for
TGF -8 in the mesothelial cells and a few
submesothelial fibrocytes in control group. In
cyanate group, partly sloughing off mesothelial
cells, increased submesothelial collagen layers,
many fibroblasts in the submesothelial space,
and many TGF -3 positive fibroblasts among the
submesothelial collagen layers were shown.
These results indicate that cyanate can induce
fibrosis via stimulation of TGF—4 in the

peritoneum.
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