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Introduction

Abstract

Pathophysiological disturbances of vasoactive substances (nitric oxide - NO
and endothelin- 1 - ET-1) are often found in uremic patients. End stage renal
disease (ESRD) and its treatment modules affect almost all organs and organ
systems including vascular endothelium. There is a small number of studies
which investigated serum levels of NO and ET-1 in ESRD patients treated with
hemodialysis (HD) and continuous ambulatory peritoneal dialysis (CAPD).
Therefore our study aimed to measure serum levels of NO and ET-1 in this
population.

This study included 51 ESRD patients (28 treated with HD) and (23 treated
with CAPD). Mean duration of HD treatment was 4.14+12.9 years and CAPD
treatment was 3.4+14.7 years. Besides this groups of patients (HD and CAPD),
we included a third group which consisted of 30 healthy controls (14 males, 16
females).

Our results show significantly higher serum levels of NO in HD (x+SD =
19,0946,4) and CAPD patients (xxSD = 19,0946,9) in comparison to the control
group (x£SD = 9,5£1,9) (p < 0,05). There was significant difference in serum
levels of ET-1 between HD patients (x+SD = 10,345,3) and the control group
(x+SD =6,6%4,2), (p < 0,05), but no significant difference in serum levels of ET-1
between CAPD patients (xxSD = 7,3+5,6) and the control group, (p > 0,05).

We concluded that imbalance in production of vasoactive substances
is present in CAPD patients. This imbalance can be one of the reasons for
disturbance in local blood flow control. These pathophysiological mechanism can
cause significant hemodynamic disturbance (hypertension) and atherosclerosis.
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(HD) and continuous ambulatory peritoneal dialysis (CAPD).
Therefore our study aimed to measure serum levels of NO and ET-1

End Stage Renal Disease (ESRD) requires treatment with one of
dialysis models. Physiological and pathophysiological mechanisms
in these patients very often can cause damage of endothelium or
blood vessel in whole. All these disorders in blood vessels can cause
endothelial dysfunction [1-3]. Vascular endothelium is not just
a mechanical barrier in blood vessel, but endocrine organ as well
which produces many substances out of which some have vasoactive
effects. Two most potent vasoactive substances with opposite effects
are nitric oxide (NO) vasodilatator nad endothelin-1 (ET-1) one of
the most powerful known vasoconstrictor [4,5]. Besides its vasoactive
effects these substances (NO and Et-1) express many others metabolic
and biochemical effects [6,7]. It is well known that cardiovascular
diseases (e.g. hypertension) are leading cause of death in ESRD
patients. Endothelial damaging as well as imbalance in production
of vasoactive substances can be connected with these facts [8-11].
Moreover all dialysis modules attribute to this cardiovascular and
endothelial damaging.

There are a small number of studies which investigated serum
levels of NO and ET-1 in ESRD patients treated with haemodialysis

in this population [2,12].
Material and Methods

We performed a prospective study which included ESRD patients
treated with HD and CAPD. The HD group included 28 patients
(15 males, 13 females, mean age 55, 9£16, 2 years) who were treated
with HD at the Institute for nephrology of University hospital in Nis.
The mean duration of haemodialysis was from 180 to 240 minutes
(individual approach), three times a week. The dialysers used were
produced by Gambro and Fresenius companies with controlled
ultrafiltration, and bicarbonate module were applied. Haemodialysis
was performed on the following dialysers: E4H, F6, F60, F60s.
Heparinisation was continuous with 4000-5000 iu. of heparin
per patient. No patients had primary pulmonary disease nor had
haemodynamic instability during haemodialysis. The average period
of haemodialysis duration in these patients was 4, 14+12,9year.

The CAPD group included 23 patients (10 males, 13 females, mean
age 55,8 £15,8 years) who were treated with CAPD at the Institute
for nephrology of University hospital in Nis. Dialysis solution was
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changed three times per day and patients were trained to do it by
themselves or it was done at the Institute under the supervision of
the medical staff.

Beside HD and CAPD groups of patients, we included a third
group which consisted of 30 healthy subjects (14 males, 16 females,
mean age 51,8 £15,6 years) to serve as a control group. We measured
the levels of nitric oxide and endothelin-1 in the control group
and its mean level (+/- SD) served as a referent value. All studied
subjects where non smokers. Table 1 represents basic demographic
characteristics of patients and control group. Table 2 shows HD and
CAPD patients regarding primary diseases which caused ESRD.

Blood samples from all observed patients were taken from cubital
vein.

From the patients in HD group (patients treated with
hemodialysis) blood samples were collected immediately before of
the following hemodialysis since we wanted to exclude the impact of
ultrafiltration on instantaneous change in No and ET-1 production
through blood pressure dynamics.

From the patients in CAPD group (patients treated with
continuous ambulatory peritoneal dialysis) blood samples were
collected immediately before emptying of peritoneal cavity so
that these patients would have the most similar volume and toxins
overload to HD patients in previous group. From the control group
blood were collected in basal conditions.

Measurement of NO serum levels

The NO level in whole blood is determined by measuring nitrite
and nitrate (NO,> u NO,*) production using clasical colorimetric
reaction (Griess). Blood samples for the determination of NO
concentration were diluted 1:1 (vol/vol) with 0.9% saline, protein-
precipitated using 30% ZnSO4, 0.05 ml per ml of blood and
centrifuged at 700 g for 10 minutes and frozen at -20°C. Conversion
of NO,* into NO,* was done with nitrate reductase elementary zinc.
NO,*concentration in serum was determined by classic colorimetric
Griess reaction. Briefly, equal volumes of samples and Griess reagent
(sulfanilamide and naphthalene-ethylene diamine dihydrochloride)
were mixed at room temperature. After 5 min, the absorbance was
measured at 546 nm using spectrophotometer. The concentration of
nitrite was determined by a standard curve prepared with sodium
nitrite.

Table 1: Basic demographic characteristics of patients.

Length of dialysis
n males females | age (x+SD) years (x+SD)
HD 28 15 13 55,9+16,2 4,14£12,9
CAPD 23 10 13 55,8+15,8 3,4+14,7
Control 1 4 14 16 51,8£156 -
group
Table 2: ESRD patients regarding primary disease.
Primary | Diabetic | Hypertensive Polycystlc Chronic
disease nephropathy | nephropath kidney pyelone- Unknown
phropathy phropathy disease phritis
HD 12 3 3 2 8
% 43 11 11 7 28
CAPD 8 6 2 1 6
% 35 26 9 4 26

Measurement of ET-1 serum levels

From the whole blood specimen serum was separated in heated
bath on 37 °C. Activity of serum ET-1 was measured with EIA
methodology which is based on immunometric assay so called
sandwich technique. Measurement was performed using computer
based ELISA reader (EL_800 Universal Microplate Reader Biotek
Instruments, INC) with wavelength 405 nm. We used prepared enzyme
kit (Endothelin - 1; EIA kit - IBL Hamburg, Germany). Endothelin
test kit used in this study was an enzyme radioimmunoassay designed
for direct determination of endothelin-1 in biological fluids.

Statistical analysis

The results were processed using standard statistical method
(Student’s t-test) for small independent samples (modification by
Cochran & Cox) shown as mean +standard mean error (X 85 ). We
tested significance of the difference in mean values between studied
groups with an aim to monitor changes in serum NO levels. We
considered the value of p <0, 05 statistically significant.

Results

Study included 28 HD patients, 23 CAPD patients and 30 healthy
volunteers in the control group. Demographic characteristics of
all 81 patients are shown in Table 1. Table 2 shows HD and CAPD
patients regarding primary diseases which caused ESRD. Figure
1 presents comparison of mean serum levels of NO in HD group
of patients (19,09+6,4), CAPD group of patients (19,09+6,9) and
control group (9,5+1,9). Statistical analysis with Student’s t-test for
small independent samples (Cochran and Cox modification) showed
significantly higher serum levels of NO in HD and CAPD patients in
comparison to control group (p < 0,05). Figure 2 presents comparison
of mean serum levels of NO in HD group of patients (19,09+6,4) and
CAPD group of patients (19,09+6,9). Statistical analysis with Student’s
t-test for small independent samples (Cochran and Cox modification)
demonstrated similar serum levels of NO in HD and in CAPD groups
of patients (p > 0,05). Figure 3 presents comparison of mean serum
levels of ET-1 in HD group of patients (10,3+5,3), CAPD group of
patients (7,3£5,6) and control group (6,6+4,2). Statistical analysis
with Student’s t-test for small independent samples (Cochran and Cox
modification) showed significantly higher serum levels of ET-1 in HD
group of patients in comparison to control group (p < 0,05), while the
serum levels of ET-1 in CAPD patients were higher than the levels in
control group but without statistical significance (p > 0,05). Figure 4
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Figure 1: Mean serum levels of NO in all studied subjects (1- Healthy
subjects; 2-HD patients; 3-CAPD patients).
*p <0,05.
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Figure 2: Mean serum levels of NO in 1-HD patients and 2-CAPD patients.

14

12

10

8 T
6
4
2
0
1 2 3

Figure 3: Mean serum levels of ET-1 in all studied subjects (1- Healthy
subjects; 2-HD patients; 3-CAPD patients).
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Figure 4: Mean serum levels of ET-1in 1-HD patients and 2-CAPD patients.
*p<0,05

presents comparison of mean serum levels of ET-1 in HD group of
patients (10,3+5,3) and CAPD group of patients (7,3+5,6). Statistical
analysis with Student’s t-test for small independent samples (Cochran
and Cox modification) showed significantly higher serum levels of
ET-1 in HD patients in comparison to CAPD group of patients (p
<0,05).

Discussion and Conclusion

Our study showes significantly higher serum levels of NO in
patients treated with HD and CAPD compared to control group
(figure 1). Some other authors and literature data regarding
physiology and pathophyisiology of NO in ESRD patients treated
with one of dialysis modes are contradictory [6]. One group of data
suggests that serum levels of NO in ESRD patients treated with some

mode of dialysis are significantly lower in comparison to healthy
subjects, while other state there no statistically significant difference
in NO serum levels between these observed groups [13-15]. One
possible explanation for lower serum levels of NO in uremic patients
could be decreased concentration of L -arginine due to reduction of
renal parenchyma. Besides this some authors found increased levels
of endogenous inhibitors of NO synthase (NOS) such as asymmetric
dimethylarginine (ADMA). This overload of ADMA is presented in
dialyzed patients as well [16-18]. Reduction in renal mass leads to
increase in secretion of proinflamatory mediators platelet derived
growth factor (PDGF) and transforming growth factor (TGF). Both of
these mediators are very potent inhibitors of NOS.

Recent in vitro and in vivo data on rats have shown that a
decreased renal mass leads to an increased synthesis of a potent
vasoconstrictor, endothelin-1, which decreases the production of NO
[19-21]. In our study serum levels of NO were significantly higher
in HD and CAPD patients compared to healthy population (p<0,05)
figure 1. Serum levels of NO in two dialyzed group of patients (HD
and CAPD) were similar (figure 2). Explanation for these results
can be found in increase production of NO from mesothelial
cell. Devenport et al. state that mesothelial and endothelial cell
originate from the same germ layers [22,23]. Besides this way of NO
production tissue macrophages which are involved in inflamatory
processes in peritonitis represent significant source of NO [24].
This is likely because CAPD patients develop bacterial peritonitis
frequently [25]. By investigating physiology and pathophysiology
of these changes in CAPD patients Imai et al. found that patients
with chronic hypotension compared to normotensive patients have
similar stroke volumes and heart rates, but lower levels of peripheral
vascular resistance. There is an assumption that some ESRD patients
during progression of their disease start to produce vasodilators
intensively, primarily NO and adrenomedulin. Noris et al. suggest
that thrombocytes can also significantly contribute to NO production
[24]. We also found serum levels of ET-1 to be statistically higher in
HD patients compared to CAPD patients and control group (figure 3
and 4). The literature regarding physiology and pathophyisiology of
ET-1 in ESRD patients treated with one of dialysis modes provides
conflicting data, although most authors state that ET-1 serum levels
are higher in these patients compared to healthy subjects [12].

In the glomeruli affected by sclerosis, endothelial injury
leads to the increased secretion of endothelin-1 and consequent
vasoconstriction, increased intraglomerular pressure, and decreased
glomerular filtration for which it is suspected to be one of main
reasons for elevated serum ET-1 levels [21,26,27]. On the other hand
slight increase ET-1 in peritoneal cavity and application of human
recombinant erythropoietin can contribute to increase serum levels
of ET-1. Besides increased production of ET-1, Lebel et al. found
lower elimination of ET-1 via peritoneal membrane [28-32].

From our results we concluded that imbalance in production of
vasoactive substances (NO and ET-1) is present in HD and CAPD
patients. This imbalance can lead to disturbance in local blood flow
control. These pathophysiological mechanism can cause significant
hemodynamic disturbance that may lead to hypertension and
atherosclerosis.
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