
Abstract : Cyanate is known to contribute to peritoneal injury with morphological changes in
the peritoneum. Against carbamylation by cyanate, some proteins including albumin are known to
play a protective role by self-carbamylation. Although many studies about cyanate and
carbamylated proteins, there are no reports about the detection of the cyanate and carbamylated
protein in peritoneal dilaysate. In this study, the cyanate, nitrate, and the carbamylated protein
levels in peritoneal dialysate were measure to determine the existence of the uremic toxins in
peritoneal dialysate. Cyanate was determined using by the isocratic size exclusion
chromatography. Proteins such as albumin, globulin, and hemoglobin were carbamylated with
sodium cynate. For the determination of the carbamylated protein in peritoneal dialysate, we
performed HPLC system. Nitrite  concentration was also assessed in the peritoneal dialysate. In
this study, cyanate and nitrate were detected in the peritoneal dialysate. However, carbamylated
proteins are not detected in the peritoneal dialysate. According to this study, peritoneal damage
during PD may caused by continuous contact with uremic toxins including cyanate and nitrate
without proper protection such as proteins.
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Introduction

Peritoneal dialysis (PD) is now an

established and acceptable mode of treatment

for end-stage renal failure (ESRD). During

PD, the peritoneal tissues are exposed to

numerous harmful agents including urea,

cyanate and nitrate. Urea forms cyanate

spontaneously at body temperature and pH,

and cyanate carbamylates amino acids,

peptides, and proteins [1,2]. Generally,

cyanate-induced carbamylation leads to

changes in protein properties, enzyme

activities and lipoprotein modifications [3].

Therefore, cyanate may contribute to

peritoneal injury with morphological changes

in the peritoneum. Against carbamylation by

cyanate, some proteins including albumin are

known to play a protective role by self-

carbamylation [4].

Although many studies about cyanate and

carbamylated proteins have reported [1-3,

5-10], there are no reports about the

detection of the cyanate and carbamylated

protein in peritoneal dilaysate. In this study,

the cyanate, nitrate which are known to

contribute the alteration of peritoneum during

PD [11], and the carbamylated protein levels

in peritoneal dialysate were measured to

determine the existence of the uremic toxins

in peritoneal dialysate. 

Materials and Methods

1. Collection of peritoneal dialysate

Peritoneal dialysate was collected from PD

patients (Dong San Hospital, Daegu, Korea).

After collection samples were immediately

aliquoted and stored at -20℃.

2. Determination of cyanate by high-

performance liquid chromatography

(HPLC)

Cyanate was determined using the

isocratic size exclusion chromatography with

the elute buffer, pH 7.4, made with 1.5 mM

potassium dihydrogen phosphate, 8.1 mM

disodium hydrogen phosphate and 0.4 M

sodium chloride. A TSK-GELG3000SWXL (7.8

× 30 cm) column was used and sodium

cyanate was used as a standard. The

chromatographic separation was isocratic at

1.0 flow rate with a 20 min run time. 

3. Carbamylation of protein

Proteins such as albumin, globulin, and

hemoglobin were carbamylated with sodium

cyanate according to Horkko et al. [10].

Albumin (10 mg/mL) was incubated at of 37℃

with 1 mmol/L sodium cyanate in 0.2 mol/L

phosphate buffer, pH 6.5. The reaction will be

allowed to proceed for 6 hours. After

incubation of the samples, excess sodium

cyanate and buffer were removed by dialyzing

(membrane cutoff = 12,000 to 14,000

daltones) the carbamylated protein in 10 liters

of normal saline solution. The control was

incubated under identical conditions except

for the omission of sodium cyanate. 

4. Determination of carbamylated protein by

spectrophotometer

Proteins were used for the reaction with

2,4,6-trinitrobenzenesulfonic acid (TNBS).

The extent of carbamylation was monitored
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by following the loss of free amino groups

using TNBS. Fifty microliters of 0.1% TNBS

was added to 1 mL of protein solutions and 1

mL of 4% sodium hydrogen carbonate (pH

8.4), and this was incubated for 1 h at 37℃.

Absorbance was then measured at 340 nm

against a sample blank, and the TNBS

reactivity was expressed as a percentage of

the absorbance obtained for the

noncarbamylated proteins.

5. Determination of carbamylated protein by

HPLC

For the determination of the carbamylated

protein in peritoneal dialysate, we performed

HPLC. Gilson 506B HPLC system equipped

with 321 pump, 170 UV-vis detector and

231XL autosampling injector. The system was

controlled using Gilson Unipoint 3.0 software.

HPLC was carried out using a TSK-

GELG3000SWXL (7.8 × 30 cm) column

(Tosoh Biosep GmbH, Germany) which is

specifically designed to provide size-based

separations. The elution was performed at 25

℃ and at a flow rate of 1.0 mL/min, and with

the mobile phase (1.5 mM potassium

dihydrogen phosphate, 8.1 mM disodium

hydrogen phosphate, 0.4 M sodium chloride,

pH 7.4). UV detection was performed at 214

nm with 20 min run. All samples and solutions

were filtered before use over a 0.45 ㎛ filter.

6. Measurement of nitrite production in

peritoneal dialysate

For measuring nitrite accumulation, nitrite

concentration was assessed in the peritoneal

dialysate described by Green et al [12].

Briefly, peritoneal dialysate (100 μL) were

incubated with an 150 μL of Griess reagent

(1% sulfanilamide in 5% phosphoric acid

solution, 0.1% N-(1-naphthyl)-

ethylenediamine dihydrochloride in water) at

room temperature for 10 min in 96-well

microplate, followed by spectrophotometric

measurement at 550 nm. Standard calibration

curves were prepared using sodium nitrite as

standard. 

Results 

1.  Determination of cyanate by HPLC

Cyanate was measured by HPLC with size

exclusion column. Cyanate was eluted at

11.48 min (Fig. 1).

2. Determination of carbamylated proteins

with TNBS

The absorbances of the reaction products

of TNBS with proteins was measured.

Absorbances of the mixture which suggests
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Fig. 1. Chromatogram of cyanate. Column, TSK-
GELG3000SWXL (7.8 × 30 cm); eluent, 1.5
mM potassium dihydrogen phosphate, 8.1
mM disodium hydrogen phosphate, and 0.4
M sodium chloride, pH 7.4; flow rate, 1
ml/min; UV detection, 214 nm. 



the loss of free amino groups in proteins,

albumin, globulin, and hemoglobin, were 0.16,

0.14, and 0.20, respectively. These

absorbance values are decreased by

carbamylation.

3. Determination of carbamylated proteins

in the standard solution

Figure 2 shows a chromatograms of

proteins before and after carbamylation.

Albumin was carbamylated with sodium

cyanate, and the resultant carbamylated

albumin was detected. Albumin and

carbamylated albumin were eluted at 8.29 min

and 8.00 min, respectively (A). The retention

time of the carbamylated albumin peak

appeared to shorter than that of the albumin

peak. As shown in Fig. 2, the retention time of

protein became decreased after carbamylation

by cyanate (Fig. 2B, 2C`, and D). 

4. Determination of carbamylated protein in

peritoneal dialysate

Figure 3 shows a chromatogram of the

peritoneal dialysate in patient with ESRD. The

retention time of the peak A is 7.66 min and

that of the peak B is 8.29 min. Two peaks

were detected at the retention time of globulin

and albumin, respectively. The peak C was

detected at the retention time of sodium

cyanate (11.47 min). 

5. Measurement of nitrite in peritoneal

dialysate

As shown in Table 1, the concentration of

nitrite in peritoneal dialysate were ranged

from 6.8 μM to 49.4 μM. 
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Fig. 2. Chromatogram of carbamylated albumin
(A), carbamylated globulin (B),
carbamylated hemoglobin (C), and
carbamylated FBS (D). HPLC profiles of the
albumin before (dotted line) and after (solid
line) carbamylation. Column, TSK-
GELG3000SWXL (7.8 × 30 cm); eluent, 1.5
mM potassium dihydrogen phosphate, 8.1
mM disodium hydrogen phosphate, and 0.4
M sodium chloride, pH 7.4; flow rate, 1
ml/min; UV detection, 214 nm. 

(A)

(B)

(C)

(D)



Discussion

PD is now an established and acceptable

mode of treatment for ESRD. However, long-

term PD leads to structural and functional

changes in the peritoneum [13,14]. Peritoneal

membrane fibrosis is one of the most serious

complications in chronic long term PD patients

[15]. There are a number of published studies

which attempt to address the relationship

between morphological changes and clinical

events [16,17]. However, the mechanisms are

poorly understood and studies of the

development of peritoneal fibrosis in PD

patients are relatively limited. 

In patients with long-term continuous

ambulatory peritoneal dialysis (CAPD),

peritoneal dysfunction is considered to be due

to the loss of peritoneal mesothelial cells and

due to subsequent peritoneal fibrosis. During

CAPD, various morphological changes take

place in the peritoneum including mesothelial

denudation, interstitial fibrosis, peritoneal

sclerosis, neovascularisation, and vascular

alterations. Various components of peritoneal

dialysate might play in the occurrence of

peritoneal dysfunction in CAPD patient.

Advanced glycation end products, growth

factors, nitric oxide and oxidant contribute to

alterations of the peritoneum during PD [11].

Nevertheless, very little information
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Fig. 3. Chromatogram of the peritoneal dialysate in
patient with end-stage renal disease.
Column, TSK-GELG3000SWXL (7.8 × 30
cm); eluent, 1.5 mM potassium dihydrogen
phosphate, 8.1 mM disodium hydrogen
phosphate, and 0.4 M sodium chloride, pH
7.4; flow rate, 1 ml/min; UV detection, 214
nm. 

(A)

(B)

(C)

Table 1. Concentration of nitrite in peritoneal dialysate

peritoneal dialysate 

1

6.846 ± 0.001

2

33.256 ± 0.002

3

49.410 ± 0.002Nitrite (μM)



concerning the uremic toxins is currently

available. 

Uremia is the clinical state or syndrome

that is reversed by dialysis therapy. Whether

or not urine output falls, all patients with

uremia accumulate solutes, collectively known

as uremic toxins [16]. It is this accumulation

of solute, the most abundant of which is urea,

that justified the application of dialysis as a

treatment for uremia. Most of the solutes

known to accumulate in uremia are low in

molecular weight and consequently are

dialyzable [18]. Although urea is a poor

marker of native renal function, it has special

significance in ESRD patients because it is the

most abundant solute to accumulate and

because its accumulation results from both

generation, as a result of protein catabolism,

and failure of renal excretion [18]. Because

urea generation is an index of protein

nutrition, monitoring urea levels is potentially

doubly important. Other substances proposed

as uremic toxins include carbamylated

proteins from post-translational modification

by high concentrations of urea and cyanate,

advanced glycation end products from the

Maillard reaction between 3-deoxyglucosone

and proteins, ß2-microglubulin, uric acid,  p-
cresol, parathyroid hormone, granulocyte-

inhibiting proteins, hydrogen ion and

metabolic acidosis, homocystein, and other

organic and phenolic acids [18]. 

During PD, the peritoneum is exposed to

waste products, including urea, cyanate, and

nitrate. Uremic toxicity is related in part to

the accumulation of toxic substances. Against

carbamylation by cyanate, some proteins

including albumin are known to play a

protective role by self-carbamylation [4]. In

this study, cyanate and nitrate were detected

in the peritoneal dialysate. However,

carbamylated proteins are not detected in the

peritoneal dialysate. 

According to this study, peritoneal damage

during PD may caused by continuous contact

with uremic toxins including cyanate and

nitrate without proper protection such as

proteins.

Summary

Cyanate is known to contribute to

peritoneal injury with morphological changes

in the peritoneum. Against carbamylation by

cyanate, some proteins are known to play a

protective role. In this study, the cyanate,

nitrate, and the carbamylated protein levels in

peritoneal dialysate were measure to

determine the existence of the uremic toxins

in peritoneal dialysate. Cyanate was

determined using by the isocratic size

exclusion chromatography. Proteins were

carbamylated with sodium cynate. For the

determination of the carbamylated protein in

peritoneal dialysate, we performed HPLC

system. Nitrite  concentration was also

assessed in the peritoneal dialysate. In this

study, cyanate and nitrate were detected in

the peritoneal dialysate. However,

carbamylated proteins are not detected in the

peritoneal dialysate. According to this study,

peritoneal damage during PD may caused by

continuous contact with uremic toxins

including cyanate and nitrate without proper

protection such as proteins.
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