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Abstract
Background. Nitric oxide (NO) is an important mediator involved in vascular homeostasis. Changes in NO 
level are considered to be associated with obesity and its clinical consequences. Previous studies on NO levels 
in obese children provided inconclusive results, so this issue requires clarification.

Objectives. One of the main goals of this study was to assess whether childhood excessive body weight 
(EBW) is associated with changes in serum NO level and whether features like age and gender are linked 
to NO levels in selected groups.

Material and methods. In the present study, the serum NO levels were compared in 43 children with EBW 
and 37 age- and gender-matched children with normal weight. Moreover, in both groups, body measure-
ments and various clinical parameters, including the serum concentrations of arginine (Arg), a precursor 
of NO, were determined.

Results. The mean serum NO level in EBW group (8.7 ±3.1 μmol/L) was significantly lower than in normal 
weight group (22.2 ±11.5 μmol/L). However, the serum Arg concentrations were higher in EBW children 
than in controls. Serum asymmetric dimethylarginine (ADMA) levels were higher in EBW group and inversely 
correlated with serum NO. The EBW female subgroup was characterized by slightly lower level of NO than  
the EBW male subgroup. There were no significant changes in serum NO level among different age subgroups 
in both groups.

Conclusions. Our results revealed that EBW in children is associated with significantly decreased level 
of serum NO. The decreased serum NO level in EBW children is not a result of depleted Arg in the blood. 
Asymmetric dimethylarginine may at least partially contribute to decreased NO levels in children with EBW. 
A decreased level of NO could be a potential early marker of the risk of cardiovascular disorders developing 
in children with EBW.
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Introduction

Obesity is a clinical condition defined as an abnormal and 
excessive accumulation of body fat and it is connected with 
a wide range of health consequences.1 For example, obesity 
(especially central body fatness) is a cardiovascular disease 
(CVD), diabetes and hypertension risk factor.2,3 Nowa-
days, obesity among children and juveniles is recognized 
as a worldwide epidemic.4,5 Excessive body weight (EBW)  
in young age can promote the premature development 
of CVD. Given the increasing concern for this fact in pe-
diatrics, data on factors related to childhood obesity and 
early markers of pathological consequences of this com-
plicated disorder is especially needed.

The nitric oxide (NO) is a free radical and a gaseous 
molecule with a  short half-life time. In  humans, NO 
is involved in a variety of physiological and pathological 
mechanisms. Nitric oxide is critically important in vas-
cular homeostasis and vasomotor tone regulation. This 
molecule regulates endothelium-dependent vasodilation 
by the relaxation of smooth muscle cells. Due to this mech-
anism, NO level plays a role in the regulation of blood 
flow and blood pressure. Moreover, studies confirmed that 
NO can modulate cell interaction by decreasing platelet 
adhesion and aggregation. It is also associated with the 
suppression of smooth muscle cell proliferation.1,6 Nitric 
oxide is produced by NO synthase (NOS) during the trans-
formation of l-arginine into citrulline. Isoforms of this 
enzyme include: endothelial synthase (eNOS), neuronal 
synthase (nNOS) and inducible synthase (iNOS).1 Two 
of them (eNOS and nNOS) are constitutively expressed and 
calcium-dependent, and produce stable, low level of NO. 
In contrast, the 3rd one (iNOS) is calcium-independent 
and is able to produce huge amounts of NO after induc-
tion. The eNOS is expressed primarily in endothelial cells 
whereas nNOS is expressed primarily in neurons.7 How-
ever, it has been confirmed that all 3 isoforms of NOS 
are also present in cardiomyocytes.8 NOS are competi-
tively inhibited by natural methylated metabolite of ar-
ginine (Arg) – asymmetric dimethylarginine (ADMA).9 
Changes in NO level have been considered to be associ-
ated with juvenile obesity and its clinical consequences 
like CVD, diabetes and hypertension.10 However, previous 
studies on NO levels in obese children provided incon-
clusive and contradictory results. Codoner-Franch et al.  
reported increased NO production in obese children, Gru-
ber et al. described the reduction in bioavailability of NO 
in obese juveniles, whereas Belo et al. found no differences 
in NO level between obese and eutrophic children.11–13 
Thus, this issue requires clarification.

In the present study, serum NO levels were compared 
in children with normal body weight and EBW in order 
to assess whether EBW in children influences NO lev-
el. It was also investigated whether features like age and 
gender are associated with NO levels in selected groups. 
In addition, we ascertained several other anthropometric 

and biochemical characteristics of patients in EBW and 
the normal weight group. Since Arg is a precursor of NO, 
its concentration in serum was also measured to check 
if it influences serum NO levels.

Material and methods

Subjects

Forty-three EBW and 37 normal weight age- and 
gender-matched children were included in  this study. 
The mean age of the subjects was similar in EBW and 
normal weight group (11.64 ±3.46 and 11.20 ±3.98 years, 
respectively). The patients were divided into subgroups 
according to their age (for EBW group: aged 5–9 n = 15, 
aged 10–14 n = 13 and aged 15–18 n = 15; for normal 
weight group: aged 5–9 n = 15, aged 10–14 n = 10 and 
aged 15–18 n  =  12) and gender (EBW group: female/
male (F/M) = 19/24; normal weight group: F/M = 17/20). 
The participants of the study were recruited from the 
patients admitted to  the Emergency Department, Or-
thopedic Ward and Department of Pediatrics, Pediatric 
Gastroenterology, Hepatology and Nutrition (Medical 
University of Gdańsk, Poland), with no clinical evidence 
of chronic diseases and acute infections in 2 weeks pre-
ceding blood collection. Children were admitted to the 
Emergency Department with the suspicion of foreign bod-
ies present in the gastrointestinal tract. Patients from 
Orthopedic Ward were qualified to corrective surgery 
of  bone alterations. The  subjects were also recruited 
from children participating in a health program funded 
by Gdańsk City Council (6-10-14 Dla Zdrowia program). 
None of the children were receiving anti-inflammatory  
or hypotensive drugs. Basic information about the patients, 
such as age, gender, body weight, body height, and blood 
pressure, were recorded. Weight was measured to  the 
nearest 100 g (patients were without shoes and minimally 
clothed). Body mass index (BMI) was calculated as weight 
in kilograms divided by height in square meters. Systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
were measured after 10–15 min resting. The subjects were 
qualified to EBW or normal weight group based on the 
BMI percentile and in accordance with International Obe-
sity Task Force (IOTF) criteria.14 The EBW was defined 
as a BMI greater than the 85th percentile. All protocols 
of this study were carried out according to tenets of the 
Declaration of Helsinki of the World Medical Association.

Blood collection

Blood was collected after informed written consent 
was given by the patient’s parent or legal guardian. Blood 
samples were obtained from all patients in the morning, 
after an overnight fast. Blood samples were obtained by ve-
nous puncture and centrifuged within 30–45 min. Serum 
samples were stored at −80°C until analysis.
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Analytical procedures

For the purpose of this study, we have assessed NO level 
in serum samples by an indirect method. Nitric oxide con-
centration was determined through its stable end products, 
nitrate and nitrite, by colorimetric detection of the Griess 
reaction product.15 Commercial assay Parameter™ Total 
Nitric Oxide and Nitrate/Nitrite from R&D Systems was 
used (R&D Systems Inc., Minneapolis, USA). The analysis 
was performed according to the manufacturer’s instruc-
tion. Each sample was measured in duplicate.

Serum concentrations of Arg and other amino acids 
as well as ornithine and ADMA were determined using 
ion-pair high-performance liquid chromatography and 
mass spectrometry with electrospray ion source Thermo-
Finnigan LCQ Advantage (Thermo Scientific, Waltham, 
USA), as described previously.16

Selected biochemical parameters, i.e., glucose, insulin, 
total cholesterol, triglycerides (TG), creatinine, C-reac-
tive protein (CPR), aspartate aminotransferase (ASAT) 
and alanine aminotransferase (ALAT), were measured 
by the Central Clinic Laboratory of the Medical University 
of Gdańsk, Poland. The homeostasis model assessment 
(HOMA) index was calculated as follows: (fasting glucose 
[mmol/L] × fasting insulin [UE/mL])/22.5.17

Statistical analysis

Results are presented as a mean ± standard deviation (SD)  
or are shown as box plots and the median. The adjust-
ment to normality was verified by using the Kolmogorov- 
-Smirnov test with Lilliefors correction. The significance 
of the differences between variables was tested by un-
paired two-tailed t-test in case of normally distributed 
variables. The Mann-Whitney U test was used to compare 
non-normally distributed variables. For the comparison 
of multiple variables, analysis of variance (ANOVA) test 
was performed. The p-values less than 0.05 were consid-
ered statistically significant. It should be added that the 
power of unpaired two-tailed t-test was above 0.8. Cor-
relations between selected parameters were determined 
by linear regression analysis (Pearson’s method). All sta-
tistical analyses were performed with STATISTICA v. 10 
(StatSoft Inc., Tulsa, USA).

Results

General anthropometric and biochemical data of normal 
weight and EBW children are presented in Table 1. As ex-
pected, significant differences were found between groups 
in terms of anthropometric measurements. Body mass 
index, centile BMI and weight were higher in EBW group  
than in  normal weight group. Furthermore, the EBW 
children showed a significant increase in SBP and DBP 
in comparison to normal weight juveniles. The significant 

elevations in the levels of ALAT, creatinine, CPR, and ly-
sine (Lys) were also shown. The lipid status of EBW chil-
dren revealed an insignificant trend to increase in total 

Table 1. Anthropometric and biochemical characteristics of studied 
subjects

Characteristic Normal 
weight 

Excessive body 
weight p-value

Age [years] 11.2 ±3.98 11.6 ±3.46 0.817

Gender (F/M) 17/20 19/24 −

BMI [kg/m2]  17.6 ±2.83 25.1 ±3.16 0.000*

Centile BMI 42.1 ±24.7 95.8 ±3.05 0.000*

Weight [kg] 41.0 ±18.2 59.5 ±19.3 0.000*

CRP [mg/L] 0.38 ±0.49 1.37 ±1.03 0.000*

Glucose [mg/dL] 88.8 ±17.3 91.0 ±7.48 0.458 

Insulin [μIU/mL] 9.86 ±7.32 11.3 ±8.14 0.432 

HOMA index 2.24 ±1.73 2.60 ±2.01 0.424 

Cholesterol [mg/dL]  154 ±29.6 163 ±24.4 0.169 

TG [mg/dL]  75.9 ±28.2 88.4 ±44.1 0.152 

Creatinine [mg/dL] 0.58 ±0.16 0.65 ±0.09 0.005*

ASAT [U/L] 21.7 ±7.79 21.1 ±6.79 0.706 

ALAT [U/L] 8.85 ±2.89 15.9 ±6.08 0.000*

SBP [mm Hg] 98.9 ±16.2 117 ±15.4 0.000*

DBP [mm Hg] 66.0 ±11.2 73.3 ±11.5 0.008*

Lys [μmol/L]  87.5 ±26.7  106 ±24.7 0.007*

Total aa [μmol/L]  2,148 ±454 2,360 ±375 0.282

Ornithine [μmol/L]  71.5 ±23.5 61.2 ±19.8 0.065

Arg/ADMA ratio  67.6 ±25.1 73.9 ±30.6 0.406

BMI – body mass index; CRP – C-reactive protein; HOMA – homeostasis 
model assessment; TG – triglycerides; ASAT – aspartate aminotransferase; 
ALAT – alanine aminotransferase; SBP – systolic blood pressure; 
DBP – diastolic blood pressure; Lys – lysine; Arg – arginine; ADMA 
– asymmetric dimethylarginine; * significant difference between groups.

Fig. 1. Box and whiskers plot of serum nitric oxide (NO) levels in normal 
weight and excessive body weight (EBW) children. The boxes extend from 
the 25th percentile to the 75th percentile

□ – median, ○ – outliners, * p < 0.05.
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cholesterol and TG. Moreover, no differences in the levels 
of glucose and insulin, HOMA index, ASAT, ornithine, 
Arg/ADMA ratio and total amino acids were observed 
between 2 analyzed groups.

The mean NO level in EBW group was equal to 8.7 ±3.1 
μmol/L, whereas in normal weight group the NO level was 
22.2 ±11.5 μmol/L. The observed difference was statisti-
cally significant (Fig. 1).

It was also investigated whether gender is associated 
with NO levels. The EBW male subgroup was character-
ized by higher level of NO than EBW female subgroup 
(9.9 ±4.2 and 7.2 ±3.0, respectively) (Fig. 2B). The observed 
difference was statistically significant. However, there was 
no significant difference in NO levels between normal 
weight male and female subgroups (Fig. 2A). Moreover, 

there was no significant difference in NO levels between 
genders in the total population included in the study (all 
80 patients) (Fig. 3). Subsequently, NO levels were analyzed 
with gender as a main grouping factor (Fig. 4). The normal 
weight female subgroup was characterized by a higher 
level of NO than EBW female subgroup (22.4 ±13.2 and 
9.8 ±4.2, respectively). The observed difference was sta-
tistically significant. Similar statistically significant dif-
ference was observed between normal weight male sub-
group and EBW male subgroup (22.0 ±9.1 and 7.2 ±3.0, 
respectively).

Levels of NO in serum among age subgroups were also 
investigated. There were no significant differences in NO 
level among age subcategories in both groups, as well as 
in the total population of the study (Fig. 5).

The Arg (a precursor of NO) and other amino acids 
levels in EBW and normal weight group were also mea-
sured. The Arg level in serum was significantly higher 

Fig. 4. Box and whiskers plot of serum nitric oxide (NO) levels in females 
(A) and males (B) subgroup divided by weight category (excessive body 
weight (EBW), normal weight)
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Fig. 2. Box and whiskers plot of serum nitric oxide (NO) levels in normal 
weight (A) and excessive body weight (EBW) (B) children divided 
by gender (males – m, and females – f). The boxes extend from the 25th 
percentile to the 75th percentile

□ – median, ○ – outliners, * p < 0.05.

Fig. 3. Box and whiskers plot of serum NO levels in total population of the 
study divided by gender (males – m, and females – f). The boxes extend 
from the 25th percentile to the 75th percentile

□ – median, ○ – outliners, * – p < 0.05.

f m f m
(a) (b)

60

50

40

30

20

10

0

60

50

40

30

20

10

0

N
O

 [µ
m

ol
/L

]

N
O

 [µ
m

ol
/L

]

f m
gender

60

50

40

30

20

10

0

N
O

 [µ
m

ol
/L

]



Adv Clin Exp Med. 2019;28(4):439–446 443

in EBW group that in normal weight group (82.4 ±17.9 and 
62.8 ±14.8, respectively) (Fig. 6). Moreover, levels of as-
partic acid, glutamine, alanine, valine, tyrosine, Lys, and 
leucine were significantly higher in EBW children than 
in normal weight group (data not shown).

We also measured the serum level of ADMA – a com-
petitive inhibitor of NOS. We found significantly higher 
levels of ADMA in the EBW group than in controls (Fig. 7). 
However, the Arg/ADMA ratio did not differ between 
groups (Table 1).

Correlations between NO level or Arg and other bio-
chemical characteristics in the total population of the 

study were tested (Table 2). The NO level was signifi-
cantly and negatively correlated with BMI, CRP and SBP. 
The  same biochemical characteristics were positively 
correlated with Arg level. Furthermore, the significant 
negative correlation was found between NO level and 
ADMA as well as Arg.

Table 2. Pearson’s analysis of correlation between nitric oxide (NO) or 
arginine (Arg) and selected parameters in studied subjects

Characteristic NO [μmol/L] Arg [μmol/L]

BMI [kg/m2]  −0.501*     0.441*

Centile BMI  −0.319*     0.393*

Weight [kg]  −0.263*     0.298*

CRP [mg/L]  −0.312*     0.339*

Glucose [mg/dL] −0.134    0.230

Insulin [μIU/mL] −0.068    0.202

HOMA index −0.072    0.188

Cholesterol [mg/dL] −0.221 −0.049

TG [mg/dL] −0.001    0.029

Creatinine [mg/dL] −0.059     0.268*

ASAT [U/L]    0.032 −0.151

ALAT [U/L]   −0.264*    0.144

SBP [mm Hg]   −0.343*     0.439*

DBP [mm Hg] −0.193     0.457*

Lys [μmol/L] −0.197     0.631* 

ADMA [μmol/L]   −0.269*    0.100

NO [μmol/L]  −   −0.434*

BMI – body mass index; CRP – C-reactive protein; HOMA – homeostasis 
model assessment; TG – triglycerides; ASAT – aspartate aminotransferase; 
ALAT – alanine aminotransferase; SBP – systolic blood pressure; DBP – dia-
stolic blood pressure; Lys – lysine, Arg – arginine; ADMA – asymmetric 
dimethylarginine; * statistically significant correlation (p < 0.05).

Fig. 5. Box and whiskers plot of serum nitric oxide (NO) levels in normal 
weight (a) and excessive body weight (EBW) (b) children divided by age 
(5–9, 10–14 and 15–18). The boxes extend from the 25th percentile to the 
75th percentile

□ – median, ○ – outliners.
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Fig. 6. Box and whiskers plot of serum arginine (Arg) levels in normal 
weight and excessive body weight (EBW) children. The boxes extend from 
the 25th percentile to the 75th percentile

□ – median, ○ – outliners, * p < 0.05.
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Fig. 7. Box and whiskers plot of serum asymmetric dimethylarginine 
(ADMA) levels in normal weight and excessive body weight (EBW) 
children. The boxes extend from the 25th percentile to the 75th percentile

□ – median, ○ – outliners, *  p < 0.05.
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Discussion

In this study, serum NO level was assessed in normal 
weight and EBW children. The main findings are as fol-
lows: 1. compared with normal weight children, the EBW 
children had significantly lower serum NO concentration; 
2. in EBW children, females had slightly lower serum NO 
level than males; 3. serum Arg and ADMA levels were 
higher in EBW group. A significantly lower serum level 
of NO in EBW children found in our study is in line with 
studies which suggest a correlation between decreased 
bioavailability of NO and obesity, both in children and 
adults.12,18 However, in some publications, no changes or 
increase the bioavailability of NO in obese children were 
reported.11,19,20 According to Codoner-Franch et al., differ-
ences in NO level were caused by dissimilarities in subjects 
among studies, mainly regarding age.11 However, we ex-
amined children in the age comparable with the subjects 
studied by Codoner-Franch et al. and we obtained dif-
ferent results. In addition, the subjects included in our 
study were younger than children studied by Gruber et al.,  
but in both studies, higher levels of NO were observed 
in normal weight children.12 Furthermore, we observed no 
differences between NO levels among age subgroups in our 
study (no differences within normal weight group, EBW 
group and total population). In our opinion, these dis-
crepancies may be derived from analyzing obesity on dif-
ferent levels of progression (based on characteristics like 
BMI, TG, total cholesterol, high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol, and 
CRP). Changes in serum NO level can be a result of com-
plex interactions between factors that regulate NOS activ-
ity, NOS mRNA stability and NO degradation.7 All those 
factors could differ throughout the development of obesity. 
It is conceivable that in the initial state of obesity there 
is a decline of NO level, and, after that, NO level could 
increase in severe obesity. In obesity increased oxidative 
stress is observed. This systemic stress can increase along 
with fat accumulation.21 Reactive oxygen species (ROS) can 
diminish NO bioactivity. For instance, ROS can decline 
the effect of NO by inactivating it directly. It has been 
proven that superoxide reacts with NO, and peroxynitrite 
is produced. This reaction both reduces the level of NO 
and produces more damaging ROS. Moreover, ROS can 
also disturb NO actions by direct competition (oxidation 
of the sites of protein which NO reacts with) or allosteric 
modulation (influence on NO binding sites).8 The decrease 
in the NO concentration beneath critical value would fa-
cilitate the activation of the compensatory mechanisms 
and increase NO level. Enhanced NO production may 
occur through induction of iNOS expression. First of all, 
it has been shown that NO inhibits the transcription of the 
gene-encoding iNOS in several cell types, which is why 
a decrease in NO concentration removes the inhibitory 
effect.22–24 Secondly, obesity is considered an inflamma-
tory condition and overproduction of NO is a consequence 

of inflammatory condition, since iNOS requires INF-γ, 
IL-1β and TNF-α for induction.7,25,26

In the current study, a significant difference was found 
in NO concentration between genders in EBW group. 
In female EBW subgroup, NO level was lower than in the 
male EBW subgroup. However, EBW girls were slightly 
older compared to EBW boys (12.9 ±3.0 vs 10.7 ±3.5). What 
is surprising, despite the same age difference in the normal 
weight group, no differences in NO level between genders 
were observed in this group. There were also no differences 
in NO level among age subgroups in the general population 
of the study. Other authors also reported a lack of such dif-
ference between NO level and gender in the general popu-
lation of their studies.11,20 It has been proven that obesity 
may perturb pubertal development by advancing puberty 
in girls and delaying puberty in boys.27 Therefore, it is rea-
sonable to assume that puberty is somehow involved in the 
regulation of NO level. Since in the estimated group, the 
girls were slightly older than boys, puberty among girls 
may be more advanced and this may result in some gender-
related differences between both groups, including higher 
NO level in male EBW group than in female EBW group 
(Fig. 2B).

In our study, the serum level of Arg was significantly 
higher in the EBW group than in children with normal 
weight. This observation is in line with findings of other 
authors (e.g., Gruber et al.).12 Therefore, it seems that the 
lower level of NO cannot be explained by the lack of sub-
strate. Moreover, we have found a negative correlation 
between NO level and Arg concentration in serum. This 
relationship between Arg (substrate) and NO (product) 
may be explained by the phenomenon described in the 
literature as “arginine paradox”.28 Plasma concentration 
of Arg is a result of protein catabolism and synthesis from 
other amino acids. The majority of synthesized Arg is de-
rived from citrulline (by argininosuccinate synthase and 
argininosuccinate lyase). However, it seems that an extra-
cellular/exogenous Arg concentration (Arg transported 
into cells) is the major determinant of NO production.29–31 
Furthermore, it has been proven that the transport of ex-
tracellular Arg by the cationic amino acid transporter I   
(CAT-1) can be suppressed by l-lysine.32 In our EBW group, 
the concentration of serum Lys was increased in compari-
son with normal weight children. This fact may also ex-
plain why higher concentration of serum Arg does not 
translate directly into higher NO production; however, 
only weak, nonsignificant negative correlation between se-
rum NO and Lys was found in our subjects. Children with 
EBW had slightly, but significantly increased serum levels 
of natural NOS inhibitor – ADMA. Moreover, we found 
a significant inverse correlation between serum ADMA 
concentration and NO levels. Thus, ADMA may at least 
partially contribute to decreased NO levels in children 
with EBW. Also, other authors found a correlation between 
obesity and increased ADMA.33 Moreover, they found 
that ADMA may be implicated in the increase of blood 
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pressure. It should be noted that our EBW children had 
also increased both ADMA and SBP. Another factor that 
contributes to increased NO synthesis is serum adiponec-
tin concentration.13,34 Since decreased serum adiponectin 
level in children obesity is well-documented, it could be 
another reason for decreased serum NO levels in EBW 
children.35 The nutritional differences may also influence 
the serum levels of NO and Arg in different individuals. 
Unfortunately, the subjects from the control group did not 
fill a nutritional questionnaire, so we were unable to ver-
ify this, and this is a  limitation of the study. However,  
all participants of the study were recruited from the same 
population (residents of Gdańsk and its surroundings), so 
we suppose that diets in both groups were generally simi-
lar. Our findings may also be limited by a relatively small 
number of subjects enrolled in the present study.

We found significantly increased SBP and DBP in EBW 
children, and a statistically significant correlation between 
NO level and SBP. A similar observation was made by Co-
doner-Franch et al., and Ghasemi and Zahediasl.11,19 This 
may suggest that obesity-related NO reduction is involved 
in the development of hypertension in children and may 
contribute to CVD development in later age. Because of the 
complex nature of the interactions between serum NO 
level and obesity, at this point, NO concentration has no 
prognostic implications as an individual marker. Further 
studies on the molecular mechanism of changes in serum 
NO level during development of obesity may increase the 
clinical value of this marker. However, monitoring of se-
rum NO level in EBW and obese children together with 
well established CVD biomarkers (e.g., lipid profile, in-
flammation, arterial structural vulnerability) may be ben-
eficial in risk assessment process.36

Conclusions

In conclusion, we showed that EBW in children is associ-
ated with decreased serum level of NO. The decreased level 
of NO in this group is not a result of deficient accessibil-
ity of serum Arg, but may be associated with increased 
serum concentration of ADMA. Our results suggest that 
decreased level of NO could be involved in the develop-
ment of cardiovascular disorders among children with 
EBW. Future studies should apply analyses in a  larger 
group of patients to evaluate the generality of  the ob-
tained results.
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