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ABSTRACT

The occurrence of such pathological conditions as hypertension and obesity are closely re-
lated to the metabolic, neurohormonal and hemodynamic disturbances affecting the state of en-
dothelium. The influence of hyperuricemia on endothelial function in these patients is understud-
ied, particularly in combination with other metabolic changes.

The aim of the study was to investigate endothelial function and metabolic abnormalities in
patients with hypertension associated with obesity in the presence of hyperuricemia.

Totally 108 patients (52 (40%) males, 78 (60%) females) with hypertension of I and Il stage,
1-3 degree of blood pressure increase and with obesity of I-1I degree were examined during the
study. The mean age of the examined patients was 58.0+0.6 years. All patients were divided into
two groups depending on the level of hyperuricemia: patients with normouricemia (n=46) and
patients with asymptomatic hyperuricemia (n=62). Control group was consisted of 12 practically
healthy normotensive patients matched by sex and age with patients of the main group.

Endothelium-dependent vasodilatation was significantly reduced in patients with normourice-
mia and asymptomatic hyperuricemia in comparison with control group, the level of nitric oxide
metabolites (NO,+NO,) was increased in the main group compared to the control group. The study
of microalbuminuria and asymmetric dimethylarginine indicated the increase of these indices in
hypertensive patients with obesity, particularly they were the highest in patients with asymptomatic
hyperuricemia. Development of combined dyslipidemia and hyperinsulinism was identified in hy-
pertensive patients with obesity, more pronounced in patients with high levels of uric acid in blood.
Deterioration of purine metabolism, lipids and carbohydrates causes an adverse effect on the state
of endothelium. Taking into account the correlation between endothelium-dependent vasodilatation
and uric acid it can be assumed, that uric acid has a damaging effect on endothelium.

Endothelial dysfunction was noted in patients with essential hypertension associated with obesity,
resulting in the decrease of endothelium-dependent vasodilatation, increase of the level of nitric oxide
metabolites, asymmetric dimethylarginine and microalbuminuria. The deterioration of endothelial func-
tion was more expressed in patients with asymptomatic hyperuricemia. In multiple regression analysis it
was revealed that changes of endothelium-dependent vasodilatation largely depend on such factors as
uric acid, low-density lipoproteins, high-density lipoproteins, glucose, body mass index

KEeyworps: endothelial dysfunction, hypertension, obesity, hyperuricemia.

INTRODUCTION

Multiple studies conducted over the last few
decades showed that vascular endothelium is ac-
tively involved in the regulation of vascular
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tone and vascular hemostasis and is a paracrine,
endocrine and autocrine organ. Studies of endo-
thelium condition suggest that the occurrence of
endothelial dysfunction is the first important
step in the development of atherosclerosis and
formation of atherosclerotic lesions [Anderson T
et al.,, 1995; Kinlay S, Ganz P, 1997; Hadi H et
al., 2005]. In case of endothelial dysfunction de-
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velopment the synthesis and bioavailability of
vasodilators, particularly, nitric oxide (NO) de-
creases. Together with the reduction of endothe-
lial nitric oxide production may be more sensi-
tive to vasopressors or increase their synthesis
[Lerman A, Burnett J Jr, 1992]. With the damage
to the endothelium all of its functions change,
the activity of the synthesis of pro-inflammatory
factors, proliferation and coagulation factors in-
crease, which is an important link in the forma-
tion of vascular disease [Anderson T, 1999;
Miinzel T et al., 2005; Esper R et al., 2006].
Among the diseases that lead to the develop-
ment of endothelial dysfunction, the essential hy-
pertension and obesity should be indicated [Sato
Y, 2001, Barton M, 2010; Shimbo D et al., 2010].
The occurrence of these pathological conditions
is associated with the formation of metabolic, he-
modynamic and neurohormonal disorders affect-
ing the condition of the endothelium [Sturm W et
al., 2009; Kobayasi R et al., 2010, Lobato N et
al., 2012]. In arterial hypertension the increase in
blood pressure causes development of endothe-
lium zone affection that eventually leads to its
damage [Rossoni L et al., 2002; Jurva J et al.,
2006]. Furthermore, different kinds of metabolic
disorders are often identified in hypertensive pa-
tients, such as disorders of lipid, carbohydrate
metabolism, and hyperuricemia are the most
characteristic [Heinig M, Johnson R, 2006, Grassi
D et al., 2013]. It was revealed, that adipocytes
increase the production of pro-inflammatory fac-
tors that cause endothelial damage in case of obe-
sity, especially its abdominal variant. Along with
this, the activity of renin-angiotensin-aldosterone
system is increased, and dyslipidemia, hyperinsu-
linemia and insulin resistance are developed
[Barbato J, Tzeng E, 2004, Spieker L et al., 2006,
Batalova A et al., 2008]. The role of such factor
as hyperuricemia should be detailed. It is known
that increased levels of uric acid in blood can lead
to the development of such diseases as gout and
urolithiasis. In addition, hyperuricemia is often
detected in patients with metabolic disorders (so-
called metabolic syndrome) [Patterson R et al.,
1998, Rossoni L et al., 2002; Mangge H et al.,
2013]. A series of studies showed the negative ef-
fect of the increase of uric acid indices on prog-
nosis of patients with somatic diseases [4nker S

et al., 2003; Poudel B et al., 2012]. There are a
number of studies that indicate the important
physiological significance of uric acid. It is es-
tablished, that uric acid is a powerful antioxidant,
moderate neurostimulator and neuroprotectant
[Waring W, 2002, Rudichenko V, 2010].

Summarizing the facts, it can be assumed that
the development of such diseases as essential hy-
pertension and obesity is accompanied by the for-
mation of endothelial dysfunction and metabolic
disorders [Montero D et al., 2012]. The effect of
dyslipidemia and disorders of carbohydrate me-
tabolism on endothelial function is described
[Saad M et al., 2004, Jonk A et al., 2007]. How-
ever, the role of uric acid and its effect on the en-
dothelium are less studied, especially in combina-
tion with other metabolic disorders. Considering
the abovementioned, a study of endothelial func-
tion and metabolic disorders was performed in
patients with hypertension combined with obesity
and hyperuricemia.

MATERIAL AND METHODS

The study was performed on 108 patients with
hypertension of I and Il stage, 1-3 degree of blood
pressure increase with accompanying obesity of
I-11 degree. Mean age of the examined patients was
58.0+0.6 years, among which the number of males
was 52 (40%), females — 78 (60%). All patients
were divided into two groups according to the
level of hyperuricemia: | group included patients
with normouricemia (n=46), Il group — patients
with asymptomatic hyperuricemia (n=62). Control
group was consisted of 12 almost healthy normo-
tensive patients matched by sex and age with pa-
tients of the main group. The study was performed
in the hospital and clinics of SI “National Institute
of Therapy named after L.T. Malaya of NAMS of
Ukraine”, which is the base of the Department of
Internal Medicine No 1 of KNMU.

Selection of patients was conducted according
to the modified criteria of Adult Treatment Panel
111 (2005) approved in European Guidelines in the
treatment of hypertension (2007) and recom-
mended by Ukrainian Association of Cardiologists
of prevention and treatment of hypertension
(2008). Indicators of normal levels of uric acid
were established in accordance with the recom-
mendations of European Antirheumatic League in
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diagnosis and treatment of gout (2006). The upper
limit of normal levels of uric acid had gender dif-
ferences; its value in men was 420 mcmol/l, in
women — 360 mcmol/I.

Patients with symptomatic hypertension, diabe-
tes, inflammatory activity, coronary heart disease,
heart failure of high functional class (IlI-1V ac-
cording to New York Heart Association), gout, dis-
eases of kidneys, liver, blood, alcohol abusers and
mental diseases weren’t included in the study dur-
ing patient selection.\

Patients underwent common clinical, labora-
tory and instrumental examinations. Blood pres-
sure level was determined as the average of three
measurements conducted with intervals of 5 min-
utes in a sitting position. The assessment of an-
thropometric indices was carried out: height,
weight, waist circumference. The body mass index
was measured using the formula:

BMI= BW

where BMI — body mass index, BW — body weight
(kg), H — height (m?). Obesity was diagnosed when
body mass index was >30.0 kg/m?. The waist cir-
cumference was measured for verification of ab-
dominal obesity, the rate was considered high if it
was greater than 94 cm in men and 80 cm in women.

The determination of endothelium-dependent
vasodilatation, metabolites of nitric oxide
(NO2+NQO3), microalbuminuria and the inhibitor
of nitric oxide synthase substrate — asymmetric di-
methylarginine was conducted to study the func-
tion of the endothelium [Boger R, 2006].

Endothelium-dependent vasodilatation was as-
sessed by cuff test with reactive hyperemia [Cel-
ermajer D et al., 1992]. The study was conducted
by Vivid 3 ultrasonic diagnostic complex (General
Electric, USA); the sensor with a frequency of 7.5
MHz was used for scanning of the brachial artery.
Evidence of endothelial dysfunction was the de-
crease of endothelium-dependent vasodilatation
after decompression of the brachial artery. Vasodi-
latation of less than 10% was considered diagnos-
tically significant.

The determination of glucose, uric acid and
lipid profile of blood was performed by immuno-
enzymometric method on a photometer analyzer
“Humareader No 2106” (Human GmbH, Ger-
many). The levels of total cholesterol, triglyceride,

cholesterol of low-density lipoprotein and high-
density lipoprotein were studied. Atherogenic co-
efficient was calculated by the following formula:

TC-HDL

A=

where AC - atherogenic coefficient, TC — total
cholesterol, HDL — high-density lipoprotein. Fast-
ing insulin levels were determined in serum by
ELISA using a kit “DRG” (Germany). Increase of
insulin level (>12.5 mU/ml) indicated the hyperin-
sulinemia. Homeostasis model assessment of insu-
lin resistance was used to determine insulin resis-
tance, which was calculated by the formula:

FG x FI

22.5
where HOMA — homeostasis model assessment of
insulin resistance, FG — fasting glucose, FI — fast-
ing insulin. The index value >2.77 indicated the
insulin resistance.

Research of asymmetric dimethylarginine lev-
els was done using kit of “Immunodiagnostika”
firm (Germany); microalbuminuria was done using
kit of “Granum” (Ukraine). Amount of stable me-
tabolites of nitric oxide (NO2 and NO3) in the
serum was investigated by spectrophotometrical
method using the Griess reagent (Austria) [Kiselik
Letal, 2001, Orlova E, 2002].

Statistical processing of the results was per-
formed using the IBM SPSS Statistics software
package, version 20.0. Quantitative characteristics
are presented as M £ m (M - arithmetic mean, m -
mean error of the arithmetic mean). In the vast ma-
jority of cases the obtained results did not obey the
laws of normal distribution; therefore, non-para-
metric methods were used to assess the signifi-
cance of differences in the results (Mann-Whitney
U test to check the hypothesis about the equality of
two mean independent samples). Spearman rank
correlation coefficient was calculated to evaluate
the correlations. Differences were considered sta-
tistically significant at p<0.05.

HOMA=

RESULTS AND DISCUSSION

Obtained study results showed that patients of
main and control groups were matched by sex and
age. While comparing the values of body mass
index and blood pressure levels it was found that
in hypertensive patients with obesity (both with
normouricemia and asymptomatic hyperurice-
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mia), these indices are higher than in the control
group (p<0.05). Whereby, the numbers of systolic
blood pressure was significantly higher in pa-
tients of 1l group compared to patients of | group
(p<0.05) (Table 1).

The assessment of endothelial function showed
that endothelial function is reduced in patients of
the main group with normal and increased uric
acid levels, as evidenced by the reduction of endo-
thelium-dependent vasodilatation, increase of me-
tabolites of nitric oxide, microalbuminuria and
asymmetric dimethylarginine (Table 2).

Thus, in patients of control group endothelium-
dependent vasodilatation was 12.0+1.03%, in |
group of patients — 5.43+1.19%, and in Il group —
1.92+1.05%, the differences between groups were
significant (p<0.05). The level of nitric oxide me-
tabolites (NO2+NO3) in the control group was
21.59+£5.86 mcmol/l, in | group — 31.755.16
memol/l, and in 11 group — 42.11£14.98 (p<0.05).

The study of microalbuminuria and asymmetric di-
methylarginine testifies to the increase of the level
of these parameters in hypertensive patients with
obesity. Their level was higher in patients with as-
ymptomatic hyperuricemia. Thus, the value of mi-
croalbuminuria in the control group was 8.25+4.49
mg/day, asymmetric dimethylarginine — 0.34+£0.05
mcmol/l, microalbuminuria was 18.28+7.72 mg/
day in patients with normouricemia, asymmetric
dimethylarginine — 0.64+£0.08 mcmol/Il, and in pa-
tients with asymptomatic hyperuricemia, the value
of levels were 29.6+13.87 mg/day and 0.75+0.12
mcmol/l, respectively (p<0.05). Therefore, with
the growth of uric acid level the endothelial func-
tion was deteriorated.

Thus, in examined patients endothelium-depen-
dent vasodilatation was decreased and metabolites
of nitric oxide, asymmetric dimethylarginine and
microalbuminuria were increased. Apparently, this
dynamics of parameters was associated with the

TaBLE 1.

Anthropometric indicators, levels of blood pressure and blood uric acid in hypertensive patients
with obesity and in healthy individuals (M (m))

Main group

. Control group

Indicators | 1 -
(n=12)
(n=46) (n=62)

Sex (M/F) 20/26 24/38 5/7
Age, years 57.24+7.01 58.32+7.35 54.60+7.59
Systolic blood pressure (mmHg) 157.06+9.40* 166.53+6.78* ** 114.95+5.511
Diastolic blood pressure (mmHg) 99.56+6.39* 100.88+7.21* 75.00+6.48
Body mass index (kg/m?) 33.25+2.66* 36.64+3.76* 22.60+2.95
Uric acid (mcmol/l) 289.41+48.79* 481.32+66.97* ** 254.05+39.27

NortEs: * — significance of differences in comparison with the control group (p<0.05), ** — significance of
differences between patients of I and II groups (p<0.05).

TABLE 2.

Indicators of endothelial function in hypertensive patients with obesity
and in healthy individuals (M (m))

Main group
. Control group
Indicators | I -
(n=12)
(n=46) (n=62)
Endothelium-dependent vasodilatation (%) 5.43+1.19* 1.92+1.05*** 12.0+1.03
Metabolites of nitric oxide (mcmol/l) 31.7545.16* 42.11+14.98***  21.59+5.86
Microalbuminuria (mg/day) 18.28+7.72*  29.6+13.87*** 8.25+4.49
Asymmetric dimethylarginine (mcmol/l) 0.64+0.08* 0.75%0.12*** 0.34£0.05

NortEs: * — significance of differences in comparison with the control group (p<0.05), ** —
significance of differences between patients of I and Il groups (p<0.05).
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damage of endothelium and decrease of vasodila-
tor synthesis, particularly, nitric oxide production
by endothelial synthase [Doshi S et al., 2001].
Confirmation of decreased activity of endothelial
nitric oxide synthase is the fact that the levels of
competitive antagonist of nitric oxide synthase —
asymmetric dimethylarginine, were increased. The
increase of this factor is associated with a more
rapid development of the atherosclerotic process
and indicates an increase of the risk of vascular
events [Boger R et al., 1998; Miyazaki H et al.,
1999]. All these changes tend to occur on the base
of the “low-level inflammation” of vascular endo-
thelium. The results are the reduction in the activ-
ity of endothelial nitric oxide synthase and the in-
crease of the activity of inducible nitric oxide syn-
thase, accompanied by a significant increase of
nitric oxide metabolites [Vilchuk K, 2011].

While analyzing the state of endothelium, some
of integral indicators of its functions — endothe-
lium-dependent vasodilatation and microalbumin-
uria were studied. It allowed to study not only the
particular mechanisms of disruption of the endo-
thelium, but also to evaluate its function as a whole
[Tebbe U et al., 2010]. Dynamics of mentioned
two indicators allowed confirming that there are
obvious vascular lesions of systemic nature in pa-
tients with essential hypertension and obesity, and
especially with the asymptomatic hyperuricemia,
which testifies to an unfavorable course of the dis-
ease [Wang J et al., 2001]. It is proved by the fact
that the increase of the microalbuminuria is closely
linked not only with the function of the endothe-
lium, but also with the development of hypertro-
phy and myocardial ischemia, thickening of the

intima-media coefficient of carotid arteries, the
development of insulin resistance and dyslipid-
emia (particularly hypercholesterolemia) [Jensen J
et al., 1995; Redon J et al., 1996; Potremoli R et
al., 1998; Diercks G et al., 2000, Ivanov D, 2008].

Thus, the obtained results suggest that the de-
velopment of essential hypertension and obesity
is accompanied by the deterioration of endothe-
lial function. Moreover, the growth level of uric
acid makes a contribution to this process, be-
cause the worst indicators of the state of endo-
thelium were observed in patients with asymp-
tomatic hyperuricemia and were worse than in
patients with normal levels of uric acid and in
patients of the control group.

Furthermore, in accordance with the purpose of
the study, the status of lipid and carbohydrate me-
tabolism was also studied. As a result, it was found
that the development of combined dyslipidemia
and hyperinsulinemia takes place in the group with
essential hypertension and obesity, more obvious
in patients with elevated levels of uric acid in
blood (Table 3, 4).

While comparing the lipid metabolism in pa-
tients of I and 11 groups it was found that indicators
were deteriorated with increasing concentrations
of uric acid. Thus, in Il group the values of total
cholesterol, triglyceride, low-density lipoprotein
were higher and high-density lipoprotein were
lower. The differences in the values of triglyceride
and cholesterol of high-density lipoprotein were
statistically significant, which is a manifestation of
combined dyslipidemia (Table 3).

During the study of carbohydrate metabolism
an increase of insulin levels and HOMA index was

T4BLE 3

Indicators of lipid metabolism in hypertensive patients with obesity
and in healthy individuals (M (m))

Indicators Mani group Control group
| I (n=12)
(n=46) (n=62)

Atherogenic coefficient 3.46+0.69* 4.40+0.94*** 1.74+0.36

Total cholesterol (mmol/I) 5.27+0.49* 5.49+0.54* 3.89+0.22

Triglyceride (mmol/I) 1.52+0.23* 1.91+0.60*** 0.99+0.35

Lipoproteins Low-density (mmol/l) 3.38+0.43* 3.60£0.52* 1.99+0.16
High density (mmol/l) 1.1940.16* 1.03+0.11*** 1.44+0.24

Notes: * — significance of differences in comparison with the control group (p<0.05), ** —
significance of differences between patients of I and Il groups (p<0.05).
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T4BLE 4.

Indicators of carbohydrate metabolism in hypertensive patients with obesity
and in healthy individuals (M (m))

Main group
Indicators T E:nozni[gl grotp
(n=46) (n=62)
Glucose (mmol/l) 4.,78+0.42 4.73+0.59 4.71+0.35
Insulin (mclU/ml) 13.73£9.06* 18.74+6.78*** 1.95+1.80
Homeostasis assessment model (y.e))  2.94+2.02* 4.044£1.73*** 0.41+0.39

Notes: * — significance of differences in comparison with the control group (p<0.05), ** —
significance of differences between patients of I and Il groups (p<0.05).

noted in hypertensive patients with obesity. Differ-
ences between these parameters were statistically
significant comparing with hypertensive patients
and control subjects and in the comparison be-
tween I and II groups (p<0.05). Thus, in I group of
patients insulin level was 13.73+£9.06 mkIU/ml, the
level of HOMA - 2.94+£2.02 y.e., and in Il group of
patients — 18.74+6.78 mkIU/ml and 4.04+1.73 y.e.,
respectively (p<0.05). Such changes show the de-
velopment of insulin resistance, along with pro-
gressive increase of uric acid.

Monitoring the state of endothelium, carbohy-
drate and lipid metabolism suggests that studied
parameters in patients with essential hypertension
and obesity were worse than in patients with as-
ymptomatic hyperuricemia. A possible explanation
for this may be the work in which it was shown
that the development of hyperuricemia causes de-
crease of activity of nitric oxide synthase in endo-
thelium and the same worsens its state [Mazzali M
etal., 2001; Khosla U et al., 2005]. Decreased ac-
tivity of endothelial nitric oxide synthase may also
be one of the causes of more severe hypertension
and cause progression of metabolic disorders. In
one experimental study it was demonstrated that
hypertension, hypercholesterolemia, hypertriglyc-
eridemia were developed in mice deprived of nitric
oxide synthase, and also insulin resistance was
formed [Cook S et al., 2003]. In addition, in hyper-
uricemia, worsening of endothelial function could
be due to increased synthesis of pro-inflammatory
adipokines and decrease of activity of anti-inflam-
matory factors, which in turn enhances the inflam-
matory processes in the endothelium and can in-
duce the development of metabolic disorders of
carbohydrates and lipids [Baldwin W et al., 2011].

Analyzing changes in endothelial function, the
correlation and its strength was examined between
endothelium-dependent vasodilatation and the
level of uric acid, and also between carbohydrate
and lipid metabolism. It was found that the corre-
lation between the level of uric acid and endothe-
lium-dependent vasodilatation in hypertensive pa-
tients with obesity and asymptomatic hyperurice-
mia was r= -0.796; p<0.001, between endothe-
lium-dependent vasodilatation and HOMA index
- r=-0.506, p<0.001, with insulin level — r=
-0.501, p<0.001, with glucose - r = -0.155, p>0.05,
with the values of total cholesterol — r=-0.203,
p>0.05, triglyceride —r = -0.056, p>0.05, low-den-
sity lipoprotein — r = -0.231, p>0.05, high-density
lipoprotein —r = -0.056, p>0.05. By increasing the
level of uric acid (hypertensive patients with obe-
sity and asymptomatic hyperuricemia) its correla-
tion with indicators of endothelium-dependent va-
sodilatation becomes more expressed (r.= -0.860;
p<0.001). Also in these patients correlation of en-
dothelium-dependent vasodilatation with meta-
bolic factors increased, the correlation between
endothelium-dependent vasodilatation and HOMA
index was r.=-0.506, p<0.001, with insulin level
- r=-0.501, p<0.001, with glucose — r = -0.155,
p>0.05. Lipid metabolism indicators correlated
with endothelium-dependent vasodilatation in
such ways: total cholesterol — r.=-0.203, p>0.05,
triglyceride - r = -0.056, p>0.05, low-density lipo-
protein —r = -0.231, p>0.05, high-density lipopro-
tein —r = -0.056, p>0.05.

Obtained results indicate that the deterioration
of purine metabolism, lipids and carbohydrates in
patients with asymptomatic hyperuricemia causes
a more pronounced negative effect on the condi-
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tion of the endothelium, and according to correla-
tion between uric acid and endothelium-dependent
vasodilatation it can be assumed that uric acid has
a damaging effect on the endothelium. Linear mul-
tiple regression model was used to objectify the
extent of this influence. The analysis showed that
the indicators of uric acid, low-density lipoprotein,
high-density lipoprotein, glucose and body mass
index were the most “important” in patients with
hypertension associated with obesity and hyperuri-
cemia, the regression coefficient was set for each
of them. If the coefficient was positive its growth
led to the increase of endothelium-dependent vaso-
dilatation, if coefficient was negative, its increase
led to the decrease of vasodilatation. As the table
shows, all parameters included in the analysis were
highly statistically significant (p<0.05). The pat-
terns were identified; this allowed constructing a
regression equation, which has the following form:

EDVD = 11.547 - 0.015 UA - 1.528 LDL +
+2.330 HDL+ + 0.893 GI - 0.097 BMI,

where UA — uric acid, LDL - low-density lipopro-
tein, HDL - high-density lipoprotein, Gl - glu-
cose, BMI — body mass index.

It should be noted that in recent years there
have been many studies showing how non-invasive
study of endothelial function may provide impor-
tant information for the assessment of individual
risk, prognosis of the patient and the effectiveness
of therapy (in addition to the methods that are al-
ready known for their informative: Scale SCORE
and Framingham) [Flammer A et al., 2012]. The
use of noninvasive determination of endothelial
function is also important because it is safe for the
patient and highly informative. According to some
experts, the endothelium can be considered as a
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