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Abstract
Introduction: There is a bulk of literature data on the physiological roles of nitric oxide (NO) and endothe-
lin-1 (ET-1), but many facts remain unknown, especially in certain diseases such as peripheral arterial disease.
Material and methods: This is an observational cross-sectional study. The subjects were patients diagnosed 
with PAD. Serum levels of NO and ET-1 were determined for all patients, and statistical data processing was 
performed according to the set goals. 
Results: The study included 64 patients with mean age 60.2 ± 12.7 years, mostly in stage II PAD according 
to Fontain (46.9%). Statistical analysis failed to determine a significant difference in serum NO or ET-1 values 
with respect to disease stage, sex, and body mass index (BMI). Certain oscillations were found in the mean 
values of NO related to smoking and diabetes but without statistical significance. There were also oscillations 
in the values of ET-1, with higher levels found in women, smokers and non-diabetics in whom this difference 
reached statistical significance (p = 0.041).
Conclusion: Serum levels of NO and ET-1 in this study show some causal relationship with certain risk factors for 
PAD such as diabetes and smoking, but additional research is needed to fully understand their effects and interactions.
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Introduction

The endothelium of blood vessels synthesizes a lot of 
different mediators that are involved in vasodilatation, 
vasoconstriction, adhesion, growth, differentiation, 
proliferation and other aspects of endothelial function 

that are responsible for cardiovascular homeostasis and 
health [1–3]. Endothelial dysfunction is characterized 
by imbalanced vasodilatation and vasoconstriction, 
elevated levels of reactive oxygen species and proin-
flammatory factors, as well as deficiency of nitric oxide 
bioavailability [3]. Endothelium dysfunction may result 
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in the loss of important homeostatic functions, which, 
in turn, leads to various pathologies. For example, 
endothelial dysfunction is the initial stage in the patho-
genesis of peripheral artery disease, cardiovascular 
disease, chronic venous disease, chronic kidney failure, 
cancer, infectious diseases, and obesity [4]. 

Endothelial cell in the walls of arterioles and small 
arteries synthetize a number of vasoactive substances, 
some of which are potent vasodilators, such as nitric 
oxide (NO), or potent vasoconstrictors, such as en-
dothelin-1 (ET-1) [5].

Nitric oxide is also considered to be responsible for 
platelet aggregation, non-adrenergic-non-cholinergic 
neurotransmission and cytotoxic reactions [6], while 
ET-1 has a 100 times more potent vasoconstrictor effect 
than adrenaline, and can also have effects on muscle 
contractility, secretory activity, cell transport manage-
ment, growth and proliferation as well as modulation 
of the immune response [7–10].

ET-1 is inextricably linked to a number of vascular 
mediators, primarily NO, to which it acts as a natural 
counterpart. However, there is evidence that they 
do not have a simple opposite effect on the vascular 
system, but rather there is a complex system of coor-
dinated cascade of reactions [11, 12].

The dominant vasoconstrictor effect of ET-1 is man-
ifested through ET-A receptors, while the initial short-
term vasodilatating effect is explained by the autocrine 
feedback of ET-1 through ET-B receptors on endothelial 
cell membranes, which promotes transient production 
of prostacyclin and NO which cause vasodilatation 
[13, 14]. In pathophysiological conditions where the 
availability of NO is compromised, vasoconstrictor and 
other effects of ET-1 such as proliferation and migration 
become disinhibited. This can lead to the development 
of a certain pathological process or worsening of the 
existing one. All the evidence suggests that balance 
among these mediators is crucial for preserving vascular 
function and that loss of balance between them leads 
to disruption or exacerbation of pre-existing vascular 
disease [1].

Homeostasis of endothelial vasoactive substances 
is disturbed in many diseases, and one of them is pe-
ripheral arterial disease (PAD). Most patients with PAD 
have impaired vascular function and vascular regulation, 
and the studies of homeostatic mechanisms involving 
these substances and their receptors are very actual.

Material and methods

Study design and location
The study was designed as an observational cross-sec-
tional study and it was conducted in the period from 
January to July 2016, during multimodal hospital treat-

ment of patients diagnosed with PAD at the Department 
of Physical Medicine and Rehabilitation “Dr Miroslav 
Zotovic” Banja Luka — at the Center for Hyperbaric 
Medicine and Rehabilitation and Treatment of Chronic 
Wounds.

The study was approved by the Ethics Committee 
of the Institute for the Physical Medicine and Rehabil-
itation “Dr Miroslav Zotovic” Banja Luka (the number 
of agreement: 6947/13). The informed consent was 
signed by the patient or authorized representative of 
the patient. Measurements were performed at two 
separate certified laboratories. 

Patients
Inclusion criteria for this study were age over 20 years, 
signed consent to participate in the study (informed 
consent), documented findings with a diagnosis of PAD, 
and data on the stage of Fontaine’s disease. In relation 
to the classification of PAD according to Fontaine, the 
study included patients with stages II (intermittent 
claudication as the dominant symptom), III (pain at 
rest as the dominant symptom) and IV (the dominant 
finding is irreversible ischemia with necrosis and gan-
grene). Exclusion criteria were age less than 20 years, 
pregnancy and patients without established diagnosis 
of PAD. Patients were interviewed, and after signing 
informed consent, demographic data (gender and age), 
anthropometric data (height and weight from which 
BMI was calculated), and data on smoking status and 
a history of diabetes were recorded for each patient. 

Blood sampling 
Blood for analysis was obtained by venipuncture of 
the cubital vein. A total sample of 2 milliliters of blood 
was taken before initiating any therapeutic measures 
prescribed by hospital treatment at the same time each 
day (between 8 and 10 AM) before the start of any 
therapeutic procedures.

Serum NO level measurement
NO levels were determined by spectrophotometry 
using the Griess reagent (Griess method). Immediately 
after sampling, the samples were treated with 30% 
ZnSO4 to deproteinize the blood and release hemo-
globin-bounded NO32-. It was then centrifuged for  
10 minutes, and separated supernatants were stored in 
the freezer at –80°C. NO concentration was measured 
using the classical colorimetric Griess reaction, the con-
version of NO32- to no22- by elemental zinc followed 
by measuring NO22- concentration. The concentration 
of NO (in mmol/L) was determined from a standard 
curve with known concentrations of NaNO2 (from 
1.56–100 mmol/L). Purified water with Griess reagent 
was used as a blank probe. The mean value of three 
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consecutive measurement performed on the same 
sample was taken as the definitive level of NO. Intra 
and inter assay CV were 6.3 and 5.9%, respectively.

Serum ET-1 level measurement
Serum was separated from the whole blood using 
water bath at 37°C, after which it was frozen at –80°C 
until analysis. Determination of serum ET-1 levels was 
performed with EIA methodology based on an immuno-
metric assay, the so-called “Sandwich technique” using 
the Endothelin-1 ELISA kit, IBL Hamburg, Germany. 
The concentration of ET-1 is determined measuring 
the change in color intensity. This measurement was 
performed electronically using an ELISA reader (Elx 
800 Universal Microplate Reader Biotek Instruments, 
INC) at a wavelength of 405 nm. An automatic ELISA 
washer from the same manufacturer was used to rinse 
the plate. The standard curve was obtained from known 
ET-1 activities within the kit. The values   obtained are 
expressed in pg/ml. Since 8 standard probes were 
used to obtain the standard curve, with decreasing 
concentrations in the S1–S8 standards, the S1 sample 
chamber contained a concentration of about 250 pg/ 
/mL, the next one 125 pg/mL, and further 62.5 pg/mL, 
26.3 pg/mL and in each of the following two times less 
than in the previous one, while the S8 sample contained 
only diluted human plasma from the kit itself, with the 
manufacturer’s guarantee that the concentration of 
ET-1 was less than 1.5 pg/mL. Thus, for the adsorbents 
obtained below the absorbance values   for standard S8, 
we interpreted the serum ET-1 levels of subjects below 
1.5 pg/mL as expected (normal) values   in potentially 
healthy subjects. For these adsorption findings, level 
of 1.5 pg/mL was noted in the table. The mean value 
of three consecutive measurement performed on 
the same sample was taken as the definitive level of 
ET-1. Intra- and inter-assay CVs were 5.9 and 6.2 %, 
respectively.

Statistical analysis
The obtained results were stored in table (MS Excel 
2013), and the SPSS software (IBM Corp. Released 
2012. IBM SPSS Statistics for Windows, Version 21.0. 
Armonk, NY: IBM Corp.) was used for all statistical 
analysis. Data were processed by standard statistical 
methods, both from the domain of descriptive statis-
tics (basic descriptive measures: mean, mode, median, 
standard deviation) and from the area of statistical in-
ference (Student’s t test for small independent samples, 
Student’s t test for small dependent samples, c2 test, 
ANOVA test). Values of p < 0.05 were considered 
statistically significant.

Results 

During the study period, a total of 64 patients (36 men 
and 28 women) treated at the Center for Hyperbaric 
Medicine and Rehabilitation and Treatment of Chronic 
Wounds were included using previously defined criteria. 
Patients’ characteristics are shown in Table 1.

Table 2 presents comparison of NO (mean values 
± SD) (mmol/L) and ET-1 (mean values ± SD) (pg/ 
/mL) serum levels between different groups of studied 
patients. Patients were divided in groups according to 
presence of risk factors (stage of PAD, gender, smoking 
and diabetes). 

Significantly higher NO concentrations were found 
in the age group 20–29 years compared to almost all 
other age groups using post hoc Tukey analysis [group 
20–29 (mean ± SD) 41.45 ± 16.7 vs. group 30–39 (mean ± SD) 16 ± 3.3 
(p = 0.01); group 20–29 (mean ± SD) 41.45 ± 16.7 vs. group 
50–59 (mean ± SD) 19.07 ± 7.82 (p = 0.09); group 20–29 (mean ± 

sD) 41.45 ± 16.7 vs. group 60–69 (mean ± SD) 23.58 ± 9.52  
(p = 0.05); group 20–29 (mean ± SD) 41.45 ± 16.7 vs. group 
>70 (mean ± SD) 19.19 ± 6.74 (p = 0.01)].

The highest ET-1 concentrations were detected in 
the age group 50–59 years but the difference between 
different age groups did not reach statistical significance. 

Discussion

We showed in this study that patients with PAD have 
impaired homeostasis of the observed vasoactive sub-
stances. In addition to PAD, levels of vasoactives were 
also affected by smoking status and presence of diabetes.

Table 1. Descriptive parameters of studied patients

n (%)

Males 36 (56.3)

Age 20–29 years 2 (3.1)

Age 30–39 years 4 (6.3)

Age 40–49 years 3 (4.7)

Age 50–59 years 19 (29.7)

Age 60–69 years 25 (39.0)

Age > 70 years 11 (17.2)

Stage II PAD 30 (46.9)

Stage III PAD 21 (32.8)

Stage IV PAD 13 (28.3)

smokers 15 (23)

Diabetes 52 (81)

Body mass index > 24.9 44 (68.7)
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NO levels differed between patients in different 
stages of PAD but without statistical significance. The 
fact that PAD is basically an inflammatory process and 
that stimulation of endothelial procoagulant tissue fac-
tors, leukocyte adhesion molecules and chemotactic 
substances as well as endothelial NO synthase inhibitors 
leads to a decrease in NO production, our finding was 
contradictory [15].

We showed higher oscillations of ET-1 concentra-
tions between patients in different stages of PAD but 
without statistical significance. The predominance of 
ET-1vasoconstrictor effects was expected, but lower 
values were detected in more severe stages of the dis-
ease. The reason for this may be found in the chronic 
nature of the condition, as well as the involvement of 
other mechanisms and mediators [16–18].

When looking at demographic data we haven’t found 
significant difference in NO levels between patients’ 
groups, while ET-1 levels were lower in male patients 
but without statistical significance. Data from the works 
of other authors on impact of gender on ET-1 levels 
are very scarce. 

Obesity as one of the risk factors for the develop-
ment of metabolic syndrome was expressed through 
BMI and patients with BMI > 24.9 were classified as 
obese. The effect of hyperglycemia on blocking the 
function of endothelial NO synthetase and increasing 
the production of free radicals that interfere with 

vasodilatatory homeostasis has been known for some 
time [19], and in the light of these findings lower NO 
levels could be attributed to higher BMI. Elevated ET-1 
values were initially observed in obese patients, which 
was confirmed in experimental studies where higher 
expression of ET-A was demonstrated relative to ET-B 
receptors in adipose tissue [20, 21]. Our findings related 
to ET-1 do not support these findings.

A very significant finding of this study is that ET-1 
levels are higher and NO levels are lower in smokers, 
which is unequivocal evidence of the predominance of 
vasoconstrictor effects in smokers. Other authors state 
that cigarette smoking is a risk factor for vascular diseas-
es, such as hypertension, atherosclerosis and aneurysm 
[22, 23]. A crucial feature of smoking-induced vascular 
injury is endothelial dysfunction, defined as decreased 
nitric oxide bioavailability in the vascular wall [24].  
Among studies that tested the effect of nicotine on 
NO-dependent endothelial relaxation, one stands out 
[25] which showed that cigarettes containing nicotine 
extract more severely damage the integrity of the en-
dothelium compared to those that are nicotine free. 
Subsequent analyzes have shown that other compo-
nents of tobacco smoke also damage NO homeostasis, 
although to a much greater extent if combined with 
nicotine [26–28].

A strong relationship between ET-1 levels and smok-
ing status (current smoker) was demonstrated in one 

Table 2. Serum levels of NO and ET-1 (mean value ± SD) in regards to presence of risk factors

NO (mean value ± SD) (mmol/L) p 

Stage II/III/IV PAD 21.9 ± 9.6/20.0 ± 6.9/23.5 ± 11.5 0.554*

Males/Females 22.3 ± 8.9/21.1 ± 9.5 0.604#

BMi ≤ 24.9/BMI > 24.9 23.9 ± 12.4/20.6 ± 7.3 0.182#

Smoker/Non-smoker 19.6 ± 7.1/22.3 ± 9.8 0.341#

Diabetes/No diabetes 20.9 ± 8.0/24.8 ± 13.2 0.182#

ET-1 (mean value ± SD) (pg/mL) p

Stage II/III/IV PAD 6.3 ± 15.9/1.5 ± 0.000/3.8 ± 8.2 0.343*

Males/Females 1.50 ± 0.000/6.48 ± 15.37 0.080#

BMi ≤ 24.9/BMI > 24.9 4.2 ± 8.4/4.2 ± 12.8 0.998#

Smoker/Non-smoker 8.9 ± 21.7/2.8 ± 5.4 0.075#

Diabetes/No diabetes 2.8 ± 5.6/10.3 ± 23.8 0.041#

*ANOVA; #Student’s t test
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large cohort study that monitored ET-1 levels in healthy 
young adults where a link with global cardiovascular 
risks including smoking, blood pressure, and inflam-
mation was demonstrated [29]. Additionally, smoking 
is thought to affect vascular tone via the endothelin 
system, moreover it is activated via ET-receptor pivotal 
protein kinases, such as mitogen-activated (MAP) ki-
nases involved in important cell cycle and inflammatory 
cascades [30, 31]. 

There is evidence that diabetes leads to the activa-
tion of alternative signaling pathways that stimulate cell 
growth and proliferation, thus stimulating the release 
of ET-1 [32]. This has been confirmed by observations 
in animal models [33].

Limitations of this study are the inability to accu-
rately determine the serum concentration of ET-1 for 
serum values less than 1.5 pg/mL due to the limitations 
of the kit that was used. Also, one of the shortcomings 
is the lack of classification of smokers into categories 
according to the smoking pack years, and classification 
of diabetes according to the present complications. We 
also did not use ankle brachial index for determination 
of correlation between PAD and CAD like certain 
studies [34–36]. Additionally, we did not have control 
group of healthy subject.

Conclusions

Finally, the results of this study showed that NO and 
ET-1 represent important factors in modeling the patho-
logical process in PAD. The fact that the basic values of 
the examined vasoactive substances show oscillations 
depending on the presence of certain risk factors and 
comorbidities, gives us the right to consider them in 
one context as an etiological cause, and in another as  
a driver of the pathophysiological path for PAD.
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