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ABSTRACT

Charles University in Prague, Faculty of Pharmaciiiadec Kralové
Department of Biochemical Sciences

Universitat de Valencia, Facultat de Farmacia

Departament de Fisiologia

Candidate: Kristyn& anova

Supervisor: Doc. Ing. Barbora Szotakova, Ph.D.

Supervisor specialist: Dr. José M. Centeno Guil

Title of diploma thesisvVasclular reactivity of carotid and renal arteriesto

natriuretic peptides: alterations due to diabetes

Diabetes is associated with increased prevalendeypértension, cardiovascular and
renal disease. Atrial natriuretic peptide (ANP) ddype natriuretic peptide (BNP)
play an important task in cardiovascular pathopilggly and are considered to have

cardioprotective and renoprotective effect in pasewith diabetes.

The aim of this work was to study the responseabbit carotid and renal arteries to

atrial and brain natriuretic peptides and whether tesponse is altered in diabetes.

Six weeks after diabetes induction by alloxan, theal and carotid arteries were
isolated from the body and each segment was téstadometric tension in an organ
bath. All segments were preconcentrated with pleghyine and then with the
cumulative addition of doses of ANP and BNE0'%10" M) to the organ baththe

concentration-response curves to ANP and BNP wesared.

In all cases, natriurtic peptides produced a reiaraof the carotid and renal arteries
and showed a hyporreactivity in carotid and remedrees of diabetic rabbits. Although
this hypoactivity was not present in all casesiatild be clearly observed in the case of

an increase in sample size.



ABSTRAKT

Univerzita Karlova v Praze, Farmaceuticka fakultdradci Kralové
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Kandidat: KristynaCaiovéa
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Nazev diplomové praceReaktivita karotid a rendlnich arterii na natriuret ické

peptidy: zmény v disledku diabetu

Diabetes souvisi se zvysujici se prevalenci hypeetekardiovaskulnich a renalnich
onemocgni. Atrialni natriureticky peptid (ANP) a B-typ matretického peptidu (BNP)
hraji vyznamnou roli v kardiovaskularni patofyzigio a predpokladd se, Ze maji

ochranny vliv na srdce a ledviny u paciestdiabetem.

Cilem této prace bylo studovat vliv atrialniho azkavého natriuretického peptidu na
krélici karotidy a rendlni arterie a zjistit, jestli pga reakce z#ména u diabetu.

Sest tydd po navozeni diabetu alloxanem, byly renalni ated karotidy
vypreparovany zéta a kazdy segment byl vioZzen do l&zpro izolované organy, kde
bylo mefeno izometrické nagi. VSechny segmenty byly nejprve kontrahovany
fenylefinem a do laznh byly piidavany davky ANP a BNP (13107 M),
z nangiénych dat byly vytvéeny Kivky zavistlosti relaxace na koncentragidanych

NP (natriuretickych peptid.

Ve vSech pipadech, natriuretické peptidyimbuji relaxaci karotid a renalnich arterii a
ukazuji hyporeaktivitu u karotid a renalnich aiteridiabetickych kralik. Ackoliv tato
hyporeaktivita nebyla pozorovana u vSediipadi, byla by pravépodobr zjiStna

v pripadt vétSiho p@tu vzorki.
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1 INTRODUCTION

Diabetes mellitus, or simply diabetes, is a chral$ease that occurs when the pancreas
is no longer able to make insulin, or when the boaynot utilize the insulin produced
by pancreas. Insulin is a hormone produced by jgaticrbeta cells, that reduce amount
of sugar in the blood. Diabetes is divided to thtgees: when the pancreas doesn’t
make insulin it's type 1 diabetes, when the pamemoesn’t make enough insulin, or
the insulin cannot be utilized it's called dialseteellitus type 2 and when the insulin is
less effective during pregnancy it's Gestationabeites (web International Diabetes

Federation).

Patients with diabetes suffer from a lot of vari@mesnplications. The most serious are
chronic vascular complications like macroangiopatiiyd microangiopathy. The
macroangiopathy affects the heart and blood vesseld may result in fatal
complications such as coronary heart disease aokestin microangiopathy we can
find for example diabetic nephropathy, retinopa#img neuropathy which can lead to
dialysis or kidney transplant (nephropathy), bliesls (retinopathy) or amputation of the

feet and lower limbs (neuropathy).

Diabetes mellitus is very serious disease, precalai diabetes is increasing, mostly

due to increases in overweight and obesity, uniwediiet and physical inactivity.

The diabetic state in rabbits we experimentallyucet with chemical diabetogen called
alloxan. Six weeks after diabetes induction, reaval carotid arteries were isolated and
each segment was prepared for isometric tensiaordigy in an organs bath. With a

cumulative dose of atrial natriuretic peptide (AN brain natriuretic peptide (BNP)

added to organs bath we made the concentratiommespcurves and determined, how
is the diference in relaxation between carotid aedal arteries from control and

diabetis rabbit.



2 THEORETICAL PART
2.1 Diabetes mellitus

The World Health Organization (WHO) defines diakeds a chronic disease, caused by
a deficit, whether inherited or acquired of prodmetof pancreatic insulin or due to a
lack of response to this hormone. Insulin is a lmrenthat regulates the concentration
of glucose in the blood, so diabetes is charaadrizy a chronic hyperglycemia, which

eventually damages many organs and systems ineaeseray.

Among others, it can damage heart, blood vessgts, &kidneys and nerves. It also
affects the quality of life and the economic wethig of the patient, and of course
affects the health system by the increased useediaqal services and labor casualties

caused by this disease.

Symptoms of this disease are polydipsia, polyphaméyuria, blurred vision and loss
of weight. Severe forms can develop ketoacidosia apn ketoacidotic hyperosmolar
state that may lead the individual to a state @gb@t and coma, leading to the death of
the patient if adequate treatment is not providedny case, the symptoms described
may not appear or may not be severe. In that chds established a state of
hyperglycemia which may cause functional and patfiobl changes long before they

are diagnosed.

There are about 60 million people with diabetegshe European Region, or about
10.3% of men and 9.6 % of women aged 25 yeatser. Prevalence of diabetes is
increasing among all ages in the European Regioostlyn due to increases in

overweight and obesity, unhealthy diet and physicadtivity.

Worldwide, high blood glucose kills about 3.4 nati people annually. Almost 80 % of
these deaths occur in low- and middle-income cesjtrand almost half are people
aged under 70 years. WHO projects diabetes dealihdowble between 2005 and 2030
(web WHO).

10



2.1.1 Types of diabetes

The diabetes includes a set of heterogeneous éisorout with common elements like
hyperglycemia and intolerance to the glucose, @uthé shortcoming of insulin, the
alteration of the effectiveness in the action of thsulin or both. According to its
etiology, the Atlas of the Diabetes of the Interoaél Federation of Diabetes (2009)
includes 3 types of diabetes mellitus, based oetitdogy and clinical presentation of

the disorder: diabetes type 1, diabetes type Zyasthtional diabetes mellitus.

2.1.1.1Type 1 diabetes

It is called Insulin-dependent diabetes. It is eaudy the destruction of insulin-
producing beta-pancreatic cells, usually due tawtnimmune reaction, producing these
little or no insulin. The reason why this happensat fully understood.

The disease usually triggered in children or yowdylts, being more frequent in
childhood. Patients with type 1 diabetes need tdrobtheir glucose levels in blood by
daily injections of insulin, and could not surviwgthout it. Its appearance is usually
sudden and abrupt. Symptoms may include abnormiat tand dryness of mouth,
frequent urination, extreme tiredness or lack argy, constant appetite, sudden weight
loss, slow healing of wounds, recurrent infectiansl blurred vision. The incidence of
type 1 diabetes is increasing, likely and mainle da changes of environmental risk
factors. The factors of environmental risk, incregsthe height and weight
development, increased maternal age at the tindelofery and, possibly, some aspects
of the diet and exposure to some viral infectioosld@ start autoimmunity or accelerate

destruction of the beta cells.

Diabetes mellitus has a high impact economic fer likalth system and society. This
disease develops during its evolution numerous doatpns and supposes medical
consultation, hospitalization, disability and dep#nsions. It is estimated that the total
health expenditure arising from the prevention,ticdrand treatment of diabetes is 5 to
10 % of the global health budget. In 2010, the <adtrived from the concepts

mentioned above and the complications arising ftieendisease, amounted to a total of

11



about 418 billion international dollars (dollar wal corrected according to purchas
power parity). Towards 2030 is expected this figtwmeexceed the 561 billions
international dollarginternational diabetes feddion, 2009).

In Czech Republic, there is an increasing concéoutdiabetes. In the last years
number of diabetic patients has been increasingimemusly, as well as associat
alterations, as retinopal (Pelikanova, 2013).

Prevalence of diabetes mellitus
in Czech Republic
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Figure 1 - Prevalence of diabetes mellit - increasing number of patiens with diabetes mellitu
Czech Republibetween years 20-2010 (UZIS, Czech Republic)

And although it has been observed that childhoqgoke tyt diabetes incidencis
intermediate when compared to other European desntand is very unlike to rea
dramatically high figures, a continuous rise mayekpecte.

Diabetes in Spain, however, is situated after Rydsaly and Turkey, in the four
place from countryn Europe with the largest nunr of diabetics (approximately 7
million). It is expected that by 2030 the figure péople affected will increase in
million. In 2002, spending associated to diabetssillated between 2400 ar2675
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million euros, i.e. 6.3 - 7.4 % of the total expgak of the national health system
(Oliva et al., 2004). Approximately 60 % of the toare due to hospitalization, being

mostly due to cardiovascular complications (Harlet1997).

2.1.1.2Type 2 diabetes

Diabetes mellitus type 2, is called non-insulin eegent diabetes or adult-onset
diabetes, and accounts for at least 90 % of aicatdiabetes. It is characterized by the
resistance to insulin and a relative shortcominghefabove mentioned hormone. The
diagnosis usually takes place around 40 yearsowth everyday is more frequent in
children. Diabetes type 2 can remain asymptomatiarfany years and the diagnosis

usually is a consequence of associate complicatipby means of a blood test or urine.

There is an association between diabetes type dlesity, since the obesity for itself
can cause resistance to insulin and increase ¥loaghia. It is hereditary, although the
main susceptibility genes have not been identifjed. There are several factors
involved in the development of diabetes type 2e like obesity, inadequate diet and
lacking of physical activity, advanced age, resisgato insulin, and presence of

diabetes in relatives.

Patients with diabetes type 2 do not depend onenags insulin, but they might need it
to control the hyperglycemia if they do not obtainby means of diet and oral

glycaemia decreasing drugs.

The increase of the predominance in diabetes type @sociated with cultural and
social changes, with the aging of the populatioith diet changes, with the decrease of

the physical activity and with slightly healthy fgahs of life style and behavior.

Both type 1 and type 2 diabetes are serious. Tikaere such thing as mild diabetes.

13



2.1.1.3 Gestational diabetes

It is the intolerance to glucose (in different geajlthat begins or is detected for the first
time during the pregnancy. The definition is applieinsulin is used in its treatment

and also if the problem persists after the pregnanc

It is important to maintain under control the glgoaa levels, which reduces the risk for
the fetus (big size, trauma during the childbeagrimgpoglycemia and jaundice). The
women with gestational diabetes have a major rislkdaveloping diabetes type 2.
The gestational diabetes is associated with are@ser on the risk of obesity and
abnormal metabolism of the glucose in the infanay adult life of the children.

Other specific types of diabetes also exist (Iragamal diabetes federation, 2009).

In 2010 in Czech Republic, there were 92 % peoptk type 2 diabetes mellitus and
only 7 % with diabetes mellitus type 1 ( Figure 2)

Diabetes mellitus in Czech Republic (2010)

@ DM 1. type

@ DM2. tvpe
Specific types of
diabetes

Figure 2 - Percentage of types of diabetes mellitia Czech Republic in year 201qUZIS, Czech
Republic, http://www.aidia.cz/4319/statistika-ditlge
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2.1.2 Complications of diabetes

Today, the largest chronic complications producgddimbetes affect many organ
systems. In virtually all developed countries, éi@s is one of the major causes of
blindness, kidney failure, and amputation of thevdo limbs. It is also one of the
leading causes of death, in part due to a marke@ase in the risk of cardiovascular

disease. In addition, the disease involves large@uic costs.

The sustained blood glucose, even without sympttmas alert the individual, will
damage the tissues, often causing severe diséldsegidneys, eyes, peripheral nerves
and the vascular tree are the organs in which lysdalbetic complications are more

severe (Figure 4).

In Czech Republic in 2010, the rethinopathy andhngpathy were the most common

chronic complications in diabetic population (Figu).

100000

75000

retinopatie

""-'
slepota 2513 R
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Figure 3 - Chronic complications of diabetes mellits, Czech Republic, 201QUZIS, Czech Republic,
http://www.aidia.cz/4319/statistika-diabétu
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Brain and cerebral cinculation

Eyes (retinopathy) [cerebrovascular disease)
Heart and coronary circulation
(coronary hieart disease)
Kidney
(nephropathy)
Peripheral nervous system
(neuropathy)
Lower limbs.
(peripheral vascular disease]
Diabetic foot
{ubceration and amputation)

Figure 4 -Main complications of diabetes(International Diabetes Federation Atlas, edition, 2009).
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2.1.2.1Vascular complications associated with diabetes mellitus

The vascular complications can be of two types déipg on the caliber of the blood
vessels that are affected (Plutzky and Orasanu9)20f@acroangiopathy (stroke,
ischemic heart disease, myocardial infarction) androangiopathy (retinopathy,
nephropathy, neuropathy, ischemia of the lower §infdhere is a clear relationship
between the chronic complications and the magnitamt® duration of hyperglycemia,
which affects both the endothelium and vascularammuscle (Plutzky and Orasanu,
2009). Half of the diabetic patients die of cardiseular disease (primarily heart disease
and stroke) (Roger et al., 2012). The macroangngstfundamentally affect the big
vessels (coronary, carotid arteries of the lowabB) that show abnormalities similar to
those of the arteriosclerosis. Macroangiopathies the main cause of myocardial
infarction, ischemia and cerebral infarction, aschemic gangrene of the lower limbs,
in subjects with diabetes. But the main diabetianplications appear in the
microcirculation (microangiopathy). One of the molsaracteristic manifestations is the
thickening of the basal vascular membrane. Thisgesl the delivery of nutrients to the
tissues and the elimination of waste products, wkeads to irreparable damage to the
tissues. This fact is one of the most frequent &aed non-traumatic amputations of the
lower limbs. Diabetic retinopathy and nephropathg the main manifestations of

microangiopathy, with blindness and kidney failagefinal consequences.

2.1.2.2Diabetes and renal impairment

Diabetic nephropathy is one of the main causesdofdy failure in developed countries.
In patients with type 1 diabetes, nephropathy dmeelfrom the first 10 years of the
disease. However, as the start of the type 2 diabist uncertain, since it is often
diagnosed late, it is not uncommon to find patievith abnormal kidney function at the
time of diagnosis. It is considered a progressigeate characterized in a first phase of
the microalbuminuria (urinary excretion of albunb@tween 30 to 299 mg/dl), followed
by progression to macroalbuminuria (> 300 mg/24 ihgrease in serum creatinine
concentration, hypertension and, finally, renaluf@ (Seaquist and lbrahim, 2010;

Figure 5).
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Figure 5 - Typical progression of kidney disease dhe patient diabetic(Seaquist and Ibrahim, 2010)

2.1.3 Diabetes risk factors

There is nothing that you can do to prevent typhabetes. Type 2 diabetes is a little

more complex — it's a combination of our genes amdlifestyle.

You are more at risk of developing type 2 diabdtes

* You are over 40, however, type 2 diabetes is imtngain all age classes and
now it occus also at children and young people.

* You have someone with diabetes in family history.

« You are overweight with BMI over 25 kgfmOverweight and obesity have been
estimated to account for about 65-80% of new cakBgpe 2 diabetes.

* You dorit have enough physical activity. Studies have shahat just 30
minutes of moderate exercise a day, five days &\wgeenough to promote good

health and reduce the chance of developing typalites.

* You have ever had high blood pressure, a headkattaa stroke.

18



» If you're a woman and you've had gestational diabefThese women have an
increased risk of developing type 2 diabetes iarlgears (web Diabetes; web
WHO).

2.1.4 Prevention

Increasing body weight cause a lot of health cocagibns and first appear in children
and young people. To help prevent type 2 diabatdsita complications, people of all
ages should do sports and be physically activeadagalthy food, watch their body
weight and avoid smoking cigarette, because iteimees the risk of cardiovascular

diseases.

Individuals with impaired glucose tolerance (IGT)impaired fasting glycaemia (IFG)
are in the intermediate stage between normality diadetes and are at high risk of
developing type 2 diabetes. This risk can be redlune change of the lifestyle and

pharmacological treatment.

2.1.5 Diagnosis and treatment

Type 2 diabetes can be diagnosed at an early Stemegh relatively inexpensive blood
testing. However, 50 % of people with diabetes m@ayndiagnosed.

Diabetes is treated by lowering blood glucose amskoving the levels of other known
risk factors that damage blood vessels. Patients type 1 diabetes need insulin;
people with type 2 diabetes can be treated with mexication, but may also require
insulin. Other important measures include controblmod pressure and cholesterol
level, foot care, and regular screening for retatbp and early signs of diabetes-related
kidney disease. Treatment should be supported Imeadthy diet, regular physical

activity, maintaining a healthy body weight and igag tobacco use.

Training for self-management strategies in peopkd wype 2 diabetes is effective in

improving fasting blood glucose levels, glycate@raglobin and diabetes knowledge
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and in reducing systolic blood pressure levels,ybagight and the requirement for
diabetes medication (web WHO).

2.2 Experimental models of diabetes

The experimental models of diabetes mellitus shamyrfeatures of clinical diabetes,
such as hyperglycemia. For this reason they haga bsed to understand the etiology
of the disease and also to investigate the meadhanimvolved in the diabetes
complications. These models use animals that speatsly suffer a syndrome similar
to diabetes, or animals in which the diabetic siateexperimentally induced with
chemicals, viruses or excising the pancreas. Ndrntb@ese models, however, is fully
equal to the human disease.

Intact organisms are highly complex and does ntmwala detailed study of the
molecular mechanisms and the interaction or ag@/aistagonists of their receptors. To
overcome these limitations vitro models are used. In these models the contribation
each component of the blood is removed and the d@satyre of the tissue, the
extracellular medium and even the bioavailabilitynatrients and ions are controlled.
The species used are determined by different factorgeneral, the size of the animal is
proportional to the experimental cost, and greaiee also makes it less manageable.
One of the fundamental principles is to use theefwiumber of animals as possible,
avoiding procedures that produce pain, sufferinggrolonged unnecessary injury.

Among the different models the most commonly usechemical diabetes. Diabetogens
widely used and very effective are alloxan andpst®otocin. In 1943 it was discovered
the ability of the alloxan to destroy the insuliregucing beta cells of the pancreas of
the rabbit, and since then has been used commofdporatory (Lenzen, 2008).

Alloxan is an oxygenated pyrimidine derivative (fiig 6).It is a hydrophilic
compound that neutral pH drops quickly to dialwaad (Figure 7), which is the toxic
form of the compound. This compound generates ikgaokygen species and seems to
be that these latter are involved in the beginrohghe changes that are toxic to the

pancreatic beta cells.
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Figure 7 - Conversion of Alloxan tc Dialuric Acid (web Alloxan)

After intravenous injection, the animals show insient hypoglycemia that rev back
to hyperglycemia after :-48 hours. The alloxamjected animals suffer a total lack
insulin from their pancreatic beta cells and walqjuire theadministration of insulin t
live. However, despite their insignificant levelsemdogenous insulin, they can surv
for months without treatment. The administratiorswéptozotocin or alloxan to i

adult animal cause in the animal a state similéghat seen in patients with type
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diabetes: hyperglycemia, polydipsia, polyphagidyyma, as well as most of the
complications associated with diabetes (cardiomiopaneuropathies, coronary

dysfunction, liver abnormalities, etc.).

2.3 Regulatory mechanism of vascular reactivity

The interaction between various vasoconstrictor\ambdilator substances released by
the endothelium and smooth muscle of the vasculali, ihe perivascular nerve
endings, and blood cells, is responsible for esthinlg the vasomotor response. The
alteration of the release of different vasoactivgerds can cause endothelial
dysfunction, vascular remodeling and vascular mftaation, and may be a key in the
pathophysiology of cardiovascular diseases su@rtagosclerosis, high blood pressure

or diabetic vasculopathy (Grover-Paez and Zavalamé&z, 2009).

Blood vessels are formed by an outer layer or ati@s and a middle layer formed by
smooth muscle cells. In addition, at the innermuestt is located the intimate layer,
formed by the endothelium and a basal membraneothalial cells form a continuous
layer that lines the luminal face of the arteriesins, capillaries, the lymph vessels and
the heart of the mammals. In the endothelial celloan find two zones, the apical or
luminal, and the basal, that interacts with extitatas matrix proteins of the basal

lamina which is attached at, setting the cell$h®dubendothelial layer.

Initially it was thought that the endothelium wasimple barrier between the blood and
the vascular wall. From the decade of the 80s,etidothelium is seen as a genuine
organ that consumes a large amount of energy, aits intense metabolism, and that
plays an important role. The endothelium is a ctegulator of vascular contraction, of

the leukocyte adhesion, growth of vascular smoaikate cells and platelet aggregation
through the production of a series of biologicabttive molecules (Amezcua, Palmer et
al., 1989). It also maintains a balance betweeondikgor and vasoconstrictor (Félétou

and Vanhoutte 2009; Figure 8), among other funstion
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Figure 8 - Relaxations and contractions dependent the endothelium(Félétou and Vanhoutte, 2009)

The membrane of the endothelial cells has a graaety of receptors to numerous
vasoactive substances, which makes them partakereiumerous physiological

activities. Therefore, the endothelial dysfunctisimvolved in numerous pathologies.

Endothelial cells produce three main substancels wasodilating action: nitric oxide
(NO), endothelium-derived hyperpolarizing factorDgF) and prostanoids such as
prostacyclin (prostaglandin 12). But the tone ahdidure of the vascular system are
also controlled through endothelial vasoconstricobstances, maintaining a delicate
balance with the vasodilating substances. The nmistesting representatives are
endothelin, angiotensin 1l and vasoconstrictor faosids (thromboxane A2,
prostaglandin F2 etc.). NO and prostanoids are involved in a rude of
pathophysiological processes, including inflammati@and atherosclerosis. NO
modulates the activity of the cyclooxygenase (CGaXd alters the production of

prostanoids (Upmacis et al., 2006).
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2.4 Endothelial dysfunction in diabetes

As explained, the endothelium plays an importate no regulating the tone and blood
flow through the release of vasoconstrictor sulzstan(endothelin, angiotensin I,

thromboxane A2, etc.), in balance with vasodilatsgostances (prostacyclin, NO,
EDHF, etc.). The loss of the ability of the endditiva to maintain vascular homeostasis
is called endothelial dysfunction (Grover-Paez @avalza-Gomez, 2009; Ding and
Triggle, 2010; Tabit et al., 2010). This term iseof used as a lower bioavailability of
NO, but endothelial dysfunction also includes awmreéase in the production of
vasoconstrictor and an alteration in the regulatibmflammation, thrombosis, and cell
growth in the vascular wall that may end up in eikelerosis, characterized by
a thickening of the tunica intima with plates camitag macrophages filled with lipids

and fats, especially cholesterol. In endotheliadfdgction there is loss of vasodilators,
with the consequent increase in vascular tone.hésd conditions there is usually
an increase in the production of endothelin-1 atméroendothelial vasoconstrictor, and

occurs vasospasm and increased arterial stiffness.

As shown in Figure 9, the risk factors as smokmgertension, hypercholesterolemia,
hyperglycemia and family history of some aterosatierdiseases are connected with the
loss of the ability of the endothelium. Newly digeced risk factors as infection,
physical inactivity and obesity are connected witie endothelial dysfunction too
(Widlansky et al. 2003).

Endothelial dysfunction has been described in warimetabolic and cardiovascular
abnormalities (hypertension, coronary heart disedgslipidemia and diabetes type 1
and 2), therefore it is logical that, taking intccaunt that diabetes is a very important
cardiovascular risk factor, numerous clinical stsdhave established a relationship
between diabetes and endothelial dysfunction (GrBéez and Zavalza-Gomez, 2009;
Tabit et al., 2010).
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Classical Risk Factors Novel/Emerging Risk Factors

Diabetes mellitus Infection/Inflammation
Dyslipidemia Physical inactivity
Smoking Post-prandial state
Hypertension / Homaocysteine
Apging \ Obesity

) e aa=) =) =)

Intrinsic susceptibility — Genetic and environmental factors

Endothelial Dysfunction

~ + + T~
Impaired vasomotion/tone Prothrombotic state  Pro-Inflammatory State  Proliferation in arterial wall

Atherosclerotic Lesion Formation and Progression
Plaque Activation/Rupture
Decreased Blood Flow due to Thrombosis and Vasospasm

Cardiovascular Disease Events

Figure 9 - The role of endothelial dysfunction in e pathogenesis of cardiovascular disease events,

(Widlansky et al. 2003)

2.5 Natriuretic peptides

Natriuretic peptides are a family of structurakyated but genetically distinct hormones
that regulate blood volume, blood pressure, veutic hypertrophy, pulmonary
hypertension, fat metabolism, inhibition of theiaty of sympathetic and relaxation of

the smooth muscle (Figure 10).

25



Antifibrotic

Lusitropic

Aldasterone
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% Matriurstic

Antiproliferative Renin inhibifing

Figure 10 - Function of natriuretic peptides.ET= endothelin, ANP= atrial natriuretic peptide, BNB-
type natriuretic peptide (Bhalla et al. 2004).

In mammals, there are generally three natriuretqtides (NP): ANP, BNP, and CNP,
although CNP does not stimulate “natriuresis” atguplogical concentrations. All three
main NP share common 17-amino-acid ring structbrgufe 11). These peptides were
given a number of different names such as atridtiuratic factor, cardionatrin,
cardiodilatin, atriopeptin, and atrial natriurepeptide (ANP); the latter description is
most often used today. B-type natriuretic peptiBBIR), which was originally called
brain natriuretic peptide, and C-type natriuretiepipde (CNP) were subsequently
purified from porcine brain extracts based on tradility to relax smooth muscle
(Potter et al., 2006).
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Figure 11 - The common structure of natriuretic pepides, (Bhalla et al. 2004).

The increased plasma levels of ANP in various oaaBcular diseases is a fact (Potter
et al., 2006). This increase would have a protecéffect in these patients, because
would help to reduce the cardiac overload. The e&sgion of ANP also is increased in
hypertensive patients with myocardial hypertrophg aeart failure, but it is not known

the meaning of this data (Pandey, 2008).

Very high plasma levels of BNP are associated witheased mortality and an increase
in the need of hospitalization in serious cardicuéex complications (heart failure,
stroke, atrial fibrillation), although the prediati value of myocardial infarction is less.
It has also been suggested that increased plasmais lef ANP and BNP in the acute
phase of stroke are associated with an increaseodflity in the years following the
ischemic episode (Makikallio et al., 2005; Jensesl.¢ 2009; Shibazaki et al., 2009).

A study shows that diabetic patients with heartufai have higher plasma values of
NTproBNP than nondiabetics, while other neurohoresorhave similar values,
constituting a good prognostic marker in the abanstioned diabetic patients (Van
der Horst et al., 2010).
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It has been shown that the ANP prevents endothdyisfiunction induced by diabetes,
which could be usefulness in the prevention of uesccomplications of diabetes
(Woodman et al., 2008).

Previous studies from laboratory of Physiology, \é#nsity of Valencia, have shown

that diabetes modifies the mechanisms that regthatesactivity of the carotid artery of

rabbit to vasoconstrictors such as 5-hydroxytryptem(Miranda et al.,, 2000a) and

endothelin-1 (Llorens et al., 2004) and vasodiktuch as the acetylcholine (Miranda
et al., 2000b) and testosterone (Marrachelli eal10).
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3 AIMS

The general aim of this preliminary study is toedstine the response of rabbit carotid
and renal arteries to atrial and brain natriurpgptides (ANP, BNP) and whether this
response is altered in diabetes, as well as comgadeobserve differences in the

vascular reactivity to the peptides as a resuthefdisease.
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4 MATERIALS AND METHODS

Fourteen male New Zealand white rabbits were useld present study. Animals were
randomly divided into two experimental groups: 8tlwe control group and 6 destined
for induction of diabetes. Housing conditions angbeximental procedures were in
accordance with the European Union regulationshenuse of animals for scientific
purposes (86/609/EEC, Article 5, Appendix IlI) and promulgated by Spanish
legislation (RD 1201/2005).

4.1 Induction of diabetes

Rabbits weighing 2.64 + 0.05 kg were sedated witramuscular injection of ketamine
(40 mg/kg; Ketolar) after fasting 24 h. Diabetessviuaduced by injecting i.v. alloxan
(100 mg/kg) into the lateral ear vein. To prevewpdglycemia, 10 ml of glucose 5%
was injected intravenously after alloxan, and drigkwater was supplemented with
10% glucose for the first 24 h after the alloxajedtion. Thereafter, the animals were
maintained on tap water, regular faad libitum and no insulin treatment for 6 weeks.
Control rabbits (2.63 £ 0.06 kg) did not get anjeation and were maintained under the
same conditions for the same time period. Contral diabetic animals were well
compared with no significant differences at baselior body weight and glycaemia
measures. Plasma glucose concentrations were wexgdgured by the glucose oxidase

method with a glucose analyser (Glucometer Eliteyes).

4.2 Isometric tension recording

Six weeks after diabetes induction, rabbits weraeathetized and killed with 2% i.v.
sodium pentothal (150 mg/kg of sodium thiopentabbarbital Braun) in the marginal

ear vein. Death occurs by intoxication as a resulhe excess of anesthesia.

To isolate the renal arteries the animal is sitiatesupine position and a longitudinal
incision is practiced in the abdominal region meditter the visceral package is moved
apart, both kidneys are isolated and both renatiag are extracted by blunt dissection
(Figure 12).
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To isolate the carotid arteries a longitudinal $mmn is practised in the middle region of
the neck and both carotids are isolated by blusgetition (Figure 13).

Immediately the renal and carotid arteries are ®rged in a physiological saline
solution cold (4°C) and then with the aid of a etenicroscope (Wild M3B clicking)
and using a cold light source (Euromex EK-1) ineordot to damage the tissue, the
traces of blood on the inside are removed. Bothrsomcarotid and renal arteries were
dissected free and cut into cylindrical segmentg&sueng 3-4 mm in length. Each
segment was prepared for isometric tension recgridimn organ bath.

Figure 12 -Removal of the renal artery in the rabhi (web Bioterio)

Glandula adrenal derecha -Right adrenal gland
Glandula adrenal izquierda - Left adrenal gland
Rifidén derecho -Right kidney
Rifi6n izquierdo - Left kidney

Uréter derecho- Right ureter
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Figure 13 - Removal of the cariotid arteries in theabbit

For the registration of the isometric tension depel by the arterial segments, the fine
ends of two rigid stainless steel wires (207 pndiameter) are introduced through the
vessel lumen. One of the wire is attached to adfigepport, in such a way that the
artery is in horizontal position. The other is ceated to a transducer of isometric
tension, that can be towed vertically, in a dir@ctperpendicular to the major axis of
the arterial segment, in response to voltage clsatigg occur in the vessel wall. The
isometric tension is conveniently amplified, dig#d, recorded and stored for later

analysis.

Each vascular segment, with the wires in the iatedf his lumen, it is housed in
an organ bath containing 5 ml of a solution thatudates the physiological conditions
(Ringer-Locke solution). This solution is continstu bubbled with carbogen gas
(95% @ and 5% CQ), which gives it a pH of 7,3 -7,4. A hot wateratiit, which

surrounds the glasses of the baths, allows to aiaithe solutions with the vascular
tissues at a constant temperature of 37 °C. Tlera reserve of the solution, in
conditions identical to those described above, Wwhscused to renew the solution in

which are immersed the arterial segments (Figuje 14
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Figure 14 - Organ bath for isometric tension recoréhg

The system of measuring and recording for eachobtiee arterial segments consists on
a transducer of isometric tension (Panlab Mod. UEetica TRI 201), a micrometric
screw adapted to the transducer, capable of mothegtransducer assembly-wire,
a voltage amplifier (Amplifier Panlab 40154/Letid&80 506), and a computerized
system for digitalizing and recording (PowerLab 8spd software Chart 5,

ADInstruments).

Changes in isometric tension produced by differgimhuli applied on the arterial
segments are quantified by measuring, from the ilndkécating the active tone, the

displacement occurred up to the maximum effect ldgesl by each dose.

Once the arterial segments are placed in the olgdhs, after calibration of the
appliance, a basal tension of 2 g. is applied émthy rotation of the screw micrometer.
The arterial segments tend immediate to relax, o teénsion has to be adjusted
periodically until they stabilize at the basal iens During this period the nutritive fluid
is renewed every 20 minutes. Once a stable baskirston is reached, the functional
integrity of endothelium was checked by examining telaxant action of acetylcholine
(107 M) in arteries precontracted with phenylephrin@ ().
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Finally, after several washings of the arteriehwiite nutrient solution over a period of
45-60 minutes, the concentration-response curvéiN® and BNP are done. Each dose
is added when the immediately preceding has degdldg maximum effect, being the
concentration of the drug in the bath when you ypptiose, the sum of the latter with
the doses administered prior to it. In each aftsegment was obtained a single curve
concentration-response to the ANP and BNP. Eacltergration—-response curve to

ANP and BNP was expressed as a percentage oftikie tane.

4.3 Drugs and solutions

Alloxan, phenylephrine, acetylcholine, ANP and BN®re purchased from RBI-
Sigma-Aldrich Quimica (Madrid, Spain). Alloxan apthenylephrine were dissolved
and diluted in saline solution. ANP and BNP werssdlved in 0,5% aqueous acetic
acid and diluted in a mixture of phosphate-buffesaline solution. The composition of
the Ringer—Locke solution was (mM): NaCl, 120; K&l4; CaCj, 2.2; MgC}, 1.0;
NaHCG;, 25; and glucose, 5.6.

4.4 Statistical analysis

In the concentration-response curves, relaxatidmegaare expressed as a percentage of
the active tone. Statistical comparisons were peréd using either two-way ANOVA
with Bonferroni's multiple comparisons post hocttet determine significant
differences among the means of the data groupsnpaired Student's t-test. P < 0.05

was considered significantly different.
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5 RESULTS

In arteries isolated from control and diabetic iits, precontractedith phenylephrine
(107 M), the addition to theorgan bathof cumulative doses of ANP (%107 M)

induced a relaxatioresponse depending on the concentration t

In carotid artery, the relaxation producey the ANP wadglifferent betwen control and

diabetic rabbits (Fige 1%).

Relaxation (%)
& & o

-.4
ik

—0— Carotid CTL ANP
1004 —e— Carotid Diabetic ANF

M1 10 9 8 -7
ANP (log M)

Figure 15 — Concentration-response curves for ANP in phenylephrineprecontracted carotid
arteries from control (carotid control: n=12) and diabetic (carotid diabetic n=10) rabbits. Values
are expressed as a percentage of the active tonedarepresent means + SEM of “n” arterial

segments from at least 4 animals***P< 0.001 significantly different from corresponding catrol

value.
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While in the renal artery, the addition of cumulatidoses of ANP produced

a relaxation that was significantly lower in diabetnimals (Figure 16).

Relaxation (%)
2

|
T

—0— Renal CTL ANP

100~ —s— Renal Diabetic ANP
41 10 -9 -8 7
ANP (log M)

Figure 16 - Concentration—response curves for ANFhiphenylephrine precontracted renal arteries
from control (renal control: n=13) and diabetic (renal diabetic: n=9) rabbits. Values are expressed
as a percentage of the active tone and represent ams + SEM of “n” arterial segments from at

least 4 animals. ***P<0.001 significantly differentfrom corresponding control value.
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In carotid artery, the addition to the organs haftbumulative doses of BNP (18107
M) also produced a relaxing response of magnitugigeddent on the concentration

used. This relaxation was significantly lower iteaies of diabetic animals (Figure 17).

T

)
i

-]
T

Relaxation (%)
¢

—0— Carotid CTL BENP

100-—e— Carotid Diabetic BNP
M1 -0 -9 -8 -7
BNP (log M)

Figure 17 — Concentration—response curves for BNP in phenyleplme precontracted carotid
arteries from control (carotid control: n=13) and diabetic (carotid diabetic: n=9) rabbits. Values
are expressed as a percentage of the active tonedarepresent means + SEM of “n” arterial

segments from at least 4 animals. *P<0.05 signifiotly different from corresponding control value.
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On the contrary, in renal arteries, the relaxaporduced by BNP resulted significantly
higher in arteries of diabetic animal than in ae®iof control animal (Figure 18).

Relaxation (%)
3 8

—0— Renal CTL BNP
100-4—e— Renal Diabetic BN

M 0 -9 -8 -7
BNP (log M)

Figure 18 - Concentration—response curves for BNFhiphenylephrine precontracted renal arteries
from control (renal control: n=12) and diabetic (renal diabetic: n=9) rabbits. Values are expressed
as a percentage of the active tone and represent ams + SEM of “n” arterial segments from at

least 4 animals. *P<0.05 significantly different fom corresponding control value.
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When we compare the effects of both natriuretictidep in each experimental
situation, it can be observed that, in carotidrgrte control animal, the BNP seems to

show a higher maximum effect (Figure 19).

T

b
1

Relaxation (%)
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-0— Carotid CTL ANP :
—e— Carotid CTL BNP

3

A1 40 9 8 7
NP (log M)

Figure 19 — Concentration-response curves for ANP and BNP iphenylephrine precontracted
carotid arteries from control (control ANP: n=12; control BNP: n=13) rabbits. Values are
expressed as a percentage of the active tone angmesent means + SEM of “n” arterial segments

from at least 4 animals. *P<0.05 significantly diférent from corresponding control value.
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In carotid artery taken from diabetic rabbit theme no differences in the relaxation
produced by both natriuretic peptides (Figure 20).

]
T

Relaxation (%)
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-—o— Carotid Diabetic ENP
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Figure 20 - Concentration-response curves for ANP ral BNP in phenylephrine precontracted
carotid arteries from diabetic (diabetic ANP: n=10; diabetic BNP: n=9) rabbits. Values are
expressed as a percentage of the active tone angmesent means + SEM of “n” arterial segments

from at least 4 animals. *P<0.05 significantly diférent from corresponding control value.
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If we study the effects of both natriuretic pepsidie renal artery it can be observed that

in control animals, BNP shows a lower potency tAalP (Figure 21).

h
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Relaxation (%)
¢ 2

—0— Renal CTL AN
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Figure 21 — Concentration-response curves for ANP and BNP in mnylephrine precontracted
renal arteries from control (control ANP: n=13; cortrol BNP: n=12) rabbits. Values are expressed
as a percentage of the active tone and represent ams + SEM of “n” arterial segments from at

least 4 animals. *P<0.05 and ***P<0.001 significély different from corresponding control value.
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However, in diabetic animals, BNP presents a higmaximum effect than ANP

(Figure 22).

=0= Renzl Diabetic ANP
—a— Fenzl Diabetic BMNP
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Figure 22 - Concentration-response curves for ANPrad BNP in phenylephrine precontracted renal

arteries from diabetic (diabetic ANP: n=9; diabeticBNP: n=9) rabbits. Values are expressed as a

percentage of the active tone and represent meansSEM of “n” arterial segments from at least 4

animals. *P<0.05 and ***P<0.001 significantly diferent from corresponding control value.
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6 DISCUSSION

The experimental model of diabetes which is useghimals, generates similar disorder
that occur in humans. This model uses the toxicmtagdloxan, which causes the
destruction of the pancreatic cells producing imsuthus generating in the animal
a situation of insulin-dependent diabetes (simitadiabetes type 1), in which appear
the characteristic signs of the desease (Wang,€2Gl0). The model used, in addition,
is appropriate taking into account the infrastruetuavailable in laboratory of
Physiology, University of Valencia, as we have agan bath system appropriate to the
diameter of rabbit arteries.

There is a clear relationship between diabetes raatduretic peptides. It has been
proven that in diabetic animals there is an alienabf the release of ANP, which is
increased in their plasma, as for example in ratir{€che et al., 2006) and rabbit
(Yegin et al., 1995).

In this preliminary study we determined the resgoofkthe carotid and kidney arteries
of rabbit to atrial and brain natriuretic peptidddNP and BNP), in two experimental

situations: control and diabetic animals.

In all cases, natriuretic peptides produced a egiaw of the renal and carotid arteries.
Similar results in different vascular beds in arlimad human models have been
observed in previous studies (Sabrane et al., 2B0§amori et al., 2002). Other studies
have shown a close relationship between natriupsttides and diabetes and insulin
resistance (McKenna et al., 2005; Pfister et &i1,12.

In previous studies in laboratory of Physiology, ivémsity of Valencia, we have
observed that diabetes causes an alteration otilaseactivity to ANP and BNP. In
both cases, the arteries of diabetic animals shgporeactivity to natriuretic peptides
(Marrachelli et al., 2012; Centeno et al., 2013).

In the present study, however, the results have badged. We have observed that in
renal artery of diabetic animals, ANP produces aamrelaxation when compared to
arteries of control animal, thus coinciding witludies in which there have been less
response to ANP in kidney of diabetic rats (Seclale 1995; Bryan et al., 2007). But

in carotid artery, although a minor relaxation da@m seen in diabetes, this is not
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significant. We think that an increase in the sargze could dispel doubts about this
point, and probably a less relaxation to ANP irbdias would be obtained.

As for BNP, in carotid artery we can see againsa lelaxation in arteries from diabetic
animals. However, in renal artery, this hyporeattidoes not exist and the arteries of
diabetic animals show even more relaxation to Bhdh the control animals. Again we
must indicate that it is a work of very short dioat In particular, the sample size in the
case of BNP is the smallest, which leads to thestemce of a considerable mean
standard error, which prevents statistics of hatiregadequate potenty. In general, the
entire study should extend in time in order to @ase all sample sizes and obtain more

homogeneous data allowing more conclusive results.

When we compare both natriuretic peptides in botpeemental situations we can
observe that there are no differences in the madaibf the relaxation produced by
ANP and BNP in diabetic rabbit carotid artery, wdes in control, BNP shows
a slightly higher relaxation than ANP. However, thenk that these differences could
be eliminated by increasing the sample size. lalrantery the situation observed is
very different and, with the objections that thealinsample size involved, shows that
the vascular bed has an influence in the reactshiywn by both natriuretic peptides.
Thus, we see that in arteries from control animBNP shows less relaxation to the

ANP, while BNP-induced relaxation in diabetic anisia higher.

It would be necessary to realize further invesiggato determine what is the exact
effect of the natriuretic peptides studied. Presioesults from laboratory of Physiology,
University of Valencia, show some of these aspastwell as the mechanisms involved
in the vascular response of both vascular bedshéset peptides in diabetes. The
implication of these peptides in the cardiovascaimtem and in the regulation of blood
pressure is very well known. An alteration in it®guction and release as a result of
diabetes could have serious consequences for htatmecessary to continue studying
the altered mechanisms in the release of the naticypeptides in diabetes to determine
the contribution of the natriuretic peptides systenthis disease and to the cardiorenal

dysfunction.
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7 CONCLUSION

1. The natriuretic peptides produce relaxation of t&@al and carotid arteries in
both control and diabetic rabbits.

2. The natriuretic peptides seem to show, as it has lmbserved in previous
studies, a hyporeactivity in carotid and renal regteof diabetic rabbits. This
hyporeactivity, which has not been markedly shovm this study of small
dimensions, would be observed in the case of arease in sample size, as
obtained in other works.

3. Vascular reactivity of the natriuretic peptidesdifferent in carotid and renal
artery, showing possible differences in their dfiadifferent vascular beds.

4. The understanding of the mechanisms by which desbebuses changes in
vascular reactivity in these arteries and the ggstelationship among the
different regulatory systems, as the natriuretiqtiges, could allow to
contribute to the knowledge of the pathophysiolofigiabetic vasculopathy. It
is clear as well that there is a need to expandsémeple size in our study to
clarify the results, as well as doing other expenis to determine the role of the

different mediators in the vascular response totiguretic peptides.
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8 ZAVER

1. Natriuretické peptidy zjsobuji relaxaci karotid a renalnich arterii u kohtich
i diabetickych krélik.

2. Stejre jak to bylo pozorovéano i vipdchozich studiich, natriuretické peptidy
zpisobuji hyporeaktivitu u karotid a renalnich arteriidiabetického kralika.
Tato hyporeaktivita, ktera nebyla az taktelré prokazana v této studii malého
rozsahu, by byla pra¥godobré prokazana vippack vétSino pdétu vzorka, jak
bylo zZ‘ejmé z ostatnichipdeslych studii.

3. Reaktivita natriuretickych pepfidv karotick a renéni arterii jetznd, ukazuje
mozné rozdily v &inku na fiznych mistech cévniheciste.

4. Pochopeni mechanismkterymi diabetes Zisobuje zmny v reaktivié téchto
arterii a porozurni vztahu mezi rozdilnymi reguwaimi systémy, jako jsou
natriuretické peptidy, by mohlofigpét k poznani patofyziologie diabetické
vaskulopatie. Jeigjme, Ze je pdeba zvysit pdet vzorki v této studii, abychom
meli vEétSi presnost nawtenych vysledi, a také dlat dalSi experimenty ki

uréeni role fiznych mediétar v cevni odpo¥di natriuretickymi peptidy.
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9 ABBREVIATIONS

ANP Atrial natriuretic peptide

BMI Body mass index

BNP B-type natriuretic peptide

CNP C-type natriuretic peptide

COX Cyclooxygenase

CTL Control

EDHF Endothelium-derived hyperpolarizing factor
NO Nitric oxide

NP Natriuretic peptides

NTproBNP  N-terminal fraction of BNP

SEM Standard error of the mean

47



10 REFERENCES

AMEZCUA, Jl., PALMER, R.m.j, et al.,, 1989. Nitricxale synthesized from L-
arginine regulates vascular tone in the coronaukition of the rabbitBritish Journal
of PharmacologyVol. 97, no. 4, p. 1119-1124. ISSN 1476-5381.

BHALLA, V., WILLIS, S.,MAISEL, A., 2004. B-type naiuretic peptide: the level and
the drug-partners in the diagnosis of congestiattailure.Congestive heart failure
(Greenwich, Conn.)Vol. 10, no. 1 Suppl 1, n. 3-27. ISSN 1527-5299.

BRYAN, PM., et al., 2007. Renal hyporesponsiveresarial natriuretic peptide in
congestive heart failure results from reduced latiariuretic peptide receptor
concentrationsAmerican Journal of Physiology - Renal Physiolpgyline]. Vol. 292,
no. 5, p. 1636-1644 [cited 2013, Dec 28].

CENTENO, JM,, et al., 2013. Involvement of prostdityand potassium channels in
the diabetes-induced hyporeactivity of the rabarbtd artery to B-type natriuretic
peptide European Journal of Pharmacolofgnline]. Vol. 701, no. 1-3, p. 159-167
[cited 2013, Dec 28]. ISSN 0014-2999.

CINEK, O., SUMNIK, Z., VAVRINEC, J. Childhood diakes in the Czech Republic: a
steady increase in incidenagasopis |ékai ceskych2005. Vol. 144, issue 4, p. 266-71.

DING, H., TRIGGLE, Ch., 2010. Endothelial dysfurtiin diabetes: multiple targets
for treatmentPfligers Archiv - European Journal of Physioloyyl. 459, no. 6, p.
977-994. ISSN 0031-6768, 1432-2013.

FELETOU, M., VANHOUTTE, PM., 2009. EDHF: an updatlinical Science Vol.
117, no. 4, p. 139-155. ISSN 0143-5221, 1470-8736.

GROVER-PAEZ, F., ZAVALZA-GOMEZ, AB., 2009. Endothal dysfunction and
cardiovascular risk factor®iabetes Research and Clinical Practidéol. 84, no. 1, p.
1-10 [cited 2013, Nov 21]. ISSN 0168-8227

HART, WM., ESPINOSA, C., ROVIRA, J. Costs of knowiabetes mellitus in Spain.
Medicina clinica 1997, vol. 109, issue 8, p. 289-293.

International Diabetes Federation, 200%e Economic Impacts of Diabetfmline]
[cited 2013, Nov 19]. Available from: http://wwwfidrg/diabetesatlas/economic-
impacts-diabetes

International Diabetes FederatidDF Diabetes Atlas, 4th edBrussels, Belgium:
International Diabetes Federation, 2009.
Available from: http://www.idf.org/diabetesatlas

JENSEN, JK., et al., 2009. Usefulness of Natriariéeptide Testing for Long-Term
Risk Assessment Following Acute Ischemic Strakee American Journal of
Cardiology. Vol. 104, no. 2, p. 287-291. ISSN 0002-9149.

48



LENZEN, S., 2008. The mechanisms of alloxan- amepsbzotocin-induced diabetes.
Diabetologig Vol. 51, no. 2, p. 216—-226. ISSN 0012-186X, 143238.

LLORENS, S., MIRANDA, FJ., ALABADI, JA., et al., ZBt. Different role of
endothelin ETA and ETB receptors and endotheliaduhators in diabetes-induced
hyperreactivity of the rabbit carotid artery to etitelin-1.European Journal of
PharmacologyVol. 486, no. 1, p. 43-51. ISSN 0014-2999.

MAKIKALLIO, AM., et. al., 2005. Natriuretic Pepticeand Mortality After Stroke
Vol. 36, no. 5, p. 1016-1020. ISSN 0039-2499, 18@28.

MARRACHELLI, VG., et al., 2012. Diabetes impairsethtrial natriuretic peptide
relaxant action mediated by potassium channelgavgtacyclin in the rabbit renal
artery.Pharmacological Researdbnline]. Vol. 66, no. 5, p. 392-400

[cited 2013, Dec 28]. ISSN 1043-6618.

MARRACHELLI, VG., MIRANDA, FJ., CENTENO, JM., et gl2010. Mechanisms
involved in the relaxant action of testosteronthmrenal artery from male
normoglycemic and diabetic rabbiBharmacological ResearcNol. 61, no. 2, p.
149-156. ISSN 1043-6618.

Mc KENNA, K., et al., 2005. Elevated plasma concatibns of atrial and brain
natriuretic peptide in type 1 diabetic subjettish Journal Of Medical Scienc&ol.
174, no. 3, p. 53-57. ISSN 0021-1265.

MIRANDA, FJ., ALABADI, JA., CENTENO, JM., 2000a. fluence of experimental
diabetes on regulatory mechanisms of vascular resspof rabbit carotid artery to
acetylcholineLife SciencesVol. 66, no. 21, p. 2071-2080. ISSN 0024-3205.

MIRANDA, FJ., ALABADI, JA.,,CENTENO, JM., et al.20®@0 Diabetes-induced
changes in endothelial mechanisms implicated ibitalarotid arterial response to
5-hydroxytryptamineEuropean Journal of Pharmacologyol. 401, no. 3, p. 397-402.
ISSN 0014-2999.

OBINECHE, E., et al., 2006. Alterations in AtriabNiuretic Peptide and Its Receptor
Levels in Long-Term, Streptozotocin-Induced, Digseh RatsAnnals of the New
York Academy of Sciencsiline]. Vol. 1084, no. 1, p. 223-234 [cited 2(08&c 28].
ISSN 1749-6632.

OLIVA, J., et al., 2004Estudio de los costes directos sanitarios de lasguaes con
diabetes mellitus en Espafianline]. Universidad Carlos Il de Madrid, WorkjriPaper
04-03. Economics Series 01. [cited 2013, Nov 20].

Available from: http://e-archivo.uc3m.es/handle/16(39

ORASANU, G., PLUTZKY, J., 2009. The Pathologic Gaoum of Diabetic Vascular

DiseaseJournal of the American College of Cardiolodgsue 53, no. 5, p. 35-42. ISSN
07351097.

49



PANDEY, KN., 2008. Emerging Roles of Natriureticdfides and their Receptors in
Pathophysiology of Hypertension and Cardiovasdiigulation.Journal of the
American Society of HypertensiodASH Vol. 2, no. 4, p. 210-226. ISSN 1933-1711.

PELIKANOVA, T., 2013. Diabeticka retinopatie v Namim diabetologickém
programu 2012-2022/nit"ni léka'stvi: organ Ceskoslovenské spetesti pro vnitni
lékarstvi, sekceCeskoslovenské Iékské spolénosti J. E. Purky# issue 59, no. 3, p.
214-217.

PFISTER, R., et al., 2011. Mendelian Randomiza8trdy of B-Type Natriuretic
Peptide and Type 2 Diabetes: Evidence of Causalddatson from Population Studies.
PLoS Medonline]. Vol. 8, no. 10, [cited 2013, Dec 28] 9N 1549-1676.

POTTER, LR., ABBEY-HOSCH, S. and DICKEY, DM., 200@atriuretic Peptides,
Their Receptors, and Cyclic Guanosine Monophospbafgendent Signaling
FunctionsEndocrine Reviewd/ol. 27, no. 1, p. 47-72. ISSN 0163-769X, 1945918

ROGER, V., et al., 2012. Heart Disease and Strdk#isBcs-2012 Update A Report
From the American Heart Associatio@irculation, Vol. 125, no. 1, p. 2-220. ISSN
0009-7322, 1524-4539.

SABRANE, K., et al., 2005. Vascular endotheliuncrigically involved in the
hypotensive and hypovolemic actions of atrial naétic peptideJournal of Clinical
Investigationonline]. Vol. 115, no. 6, p. 1666-1674 [citedl3(Dec 28]. ISSN 0021-
9738.

SEAQUIST, ER., IBRAHIM, HN., 2010. Approach to tRatient with Type 2 Diabetes
and Progressive Kidney Diseasmurnal of Clinical Endocrinology & Metabolism
Vol. 95, no. 7, p. 3103-3110. ISSN 0021-972X, 19497.

SECHI, LA, et al., 1995. Receptors for atrial natetic peptide are decreased in the
kidney of rats with streptozotocin-induced diabetedlitus.Journal of Clinical
Investigationonline]. Vol. 95, no. 6, p. 2451-2457 [cited 20D&c 28]. ISSN 0021-
9738.

SHIBAZAKI, K., et al., 2009. Plasma Brain NatriurePeptide as an Independent
Predictor of In-Hospital Mortality after Acute Iseimic Strokelnternal Medicine Vol.
48, no. 18, p. 1601-1606.

SUGAMORI, T., et al., 2002. Nitric Oxide-Mediatea@sbdilatory Effect Of Atrial
Natriuretic Peptide In Forearm Vessels Of Healtlwrtdns Clinical & Experimental
Pharmacology & Physiologywol. 29, no. 1/2, p. 92-97. ISSN 03051870.

TABIT, CE., et al., 2010. Endothelial dysfunction diabetes mellitus: Molecular

mechanisms and clinical implicationReviews in endocrine & metabolic disorders
Vol. 11, no. 1, p. 61-74. ISSN 1389-9155.

50



UPMACIS, RK., DEEB, RS, et al., 2006, Oxidativéeghtions of cyclooxygenase
during atherogenesiBrostaglandins & Other Lipid Mediatorguly 2006. Vol. 80,
no. 1-2, p. 1-14. ISSN 1098-8823.

VAN DER HORST, I.C.C., et al., 2010. Neurohormopatifile of patients with heart
failure and diabetedletherlands Heart JournaVol. 18, no. 4, p. 190-196. ISSN 1568-
5888.

WANG, J., et al., 2010. Creating a Long-Term DiabBtabbit Model Experimental
Diabetes Researdonline]. Vol. 2010 [cited 2013, Dec 28]. ISSN 168214.

Web Aidia.cz, no date. Statistika diabdbuabetes 1. typfonline] [cited 2014, Jan 14].
Available from: http://www.aidia.cz/4319/statistikizabetu/

Web Alloxan, no dateAlloxan[online] [cited 2013, Dec 30].
Available from: http://www.alloxan.com/

Web Bioterio, 2009-Bioterio-: junio 2009online], [cited 2013, Nov 28 ].
Available from: http://mibioterio.blogspot.com.e8® 06 01 archive.html

Web Diabetes, no datBiabetes risk factors - Diabetes UKnline] [cited 2014, Jan
14].Available from: http://www.diabetes.org.uk/Gaitb-diabetes/What-is-
diabetes/Diabetes-risk-factors/

Web International Diabetes Federation, no dabmut diabetegonline] [cited 2014,
Jan 22]. Available from: http://www.idf.org/abouiatietes

Web Sigma Aldrich, no datélloxan monohydrate | Sigma-Aldri¢bnline] [cited
2013, Nov 25]. Available from:
http://www.sigmaaldrich.com/catalog/product/aldfe13?lang=es&region=ES

Web Ustav zdravotnickych informaci a statist&, http://www.uzis.cz/

Web WHO, no dateDiabetes - Data and statisti¢snline] [cited 2013, Dec 12].
Available from: http://www.euro.who.int/en/healtbgics/noncommunicable-
diseases/diabetes/data-and-statistics

WIDLANSKY, M.E.,GOKCE N., KEANEY J.F., et al., 2003 he clinical implications
of endothelial dysfunctiordlournal of the American College of Cardioldgnline].
Vol. 42, no. 7, p. 1149-1160 [cited 2014, Jan EBEN 0735-1097.

WOODMAN, OL., et al., 2008. Atrial natriuretic pég¢ prevents diabetes-induced
endothelial dysfunctioriife Sciencesvol. 82, no. 15-16, p. 847-854. ISSN 0024-
3205.

YEGIN, E., et al., 1995. Plasma Atrial Natriurefieptide Levels in Rabbits with

Alloxan Monohydrateinduced Diabetes Mellitdapanese Heart JournaV/ol. 36, no.
6, p. 789-795. ISSN 0021-4868.

51



11 LIST OF FIGURES

Figure 1 - Prevalence of diabetes mellitus - insirgganumber of patiens with diabetes
mellitus in Czech Republic between years 2001-301S, Czech Republic)........... 12

Figure 2 - Percentage of types of diabetes melitu€zech Republic in year 2010
(UZIS, Czech Republic, http://www.aidia.cz/4319%stzka-diabetur) ......................... 14

Figure 3 - Chronic complications of diabetes medljt Czech Republic, 2010 (UZIS,
Czech Republic, http://www.aidia.cz/4319/statistikabetu/) .........ccccceevviiiiieeeeeennnnn.. 15

Figure 4 - Main complications of diabetes (Inteioadl Diabetes Federation Atlas, 4th
EItION, 2009). ...uiiiii i aaaaaes 16

Figure 5 - Typical progression of kidney diseasehef patient diabetic (Seaquist and

IDrahnim, 2000) ...uuiiiiiieeee e e e e e e e e 18
Figure 6 - Structure of Alloxan (web Sigma Aldrich)................ccccviiiiicees 21
Figure 7 - Conversion of Alloxan to Dialuric Acid/éb Alloxan)............ccceevvvveviinnnnnne 21

Figure 8 - Relaxations and contractions dependénhe endothelium (Félétou and
Vanhoutte, 2009) .......cooiiiiiiiiiiiiii et e e e e e e e e e e e e e e enneeeeeeeaarrannnan 23

Figure 9 - The role of endothelial dysfunction iretpathogenesis of cardiovascular
disease events, (Widlansky et al. 2003) ... o eeeeeeeeeeiiiiiiieiiiiii e 25

Figure 10 - Function of natriuretic peptides. ETadethelin, ANP= atrial natriuretic

peptide, BNP= B-type natriuretic peptide (Bhallaket2004)...........cccevvvvvvvnceennnn. 26.
Figure 11 - The common structure of natriuretictjugs, (Bhalla et al. 2004). ........... 27
Figure 12 -Removal of the renal artery in the rableb Bioterio)...........ccccceeeeeeeennnn. 31
Figure 13 - Removal of the cariotid arteries intaebit..................cccoooveiiiinns, 32
Figure 14 - Organ bath for isometric tension ret@d................eeviiiiiiinieeeeeeenneennn. 33

Figure 15 — Concentration—response curves for ANPHenylephrine precontracted
carotid arteries from control (carotid control: 2¥hand diabetic (carotid diabetic: n=10)
=10 o1 7RSO UURP P PPPPPUPPPPRRRN 35



Figure 16 - Concentration—response curves for ANRhenylephrine precontracted
renal arteries from control (renal control: n=13)dadiabetic (renal diabetic: n=9)
1721 1 USSR 36

Figure 17 — Concentration—response curves for BiNPhenylephrine precontracted
carotid arteries from control (carotid control: 3¥Xnd diabetic (carotid diabetic: n=9)
17210 1 USSR 37

Figure 18 - Concentration—-response curves for BiPhenylephrine precontracted

renal arteries from control (renal control: n=12)dadiabetic (renal diabetic: n=9)

Figure 19 — Concentration—response curves for AMB BNP in phenylephrine
precontracted carotid arteries from control (cdn&blP: n=12; control BNP: n=13)
17210 1 USRS 39

Figure 20 - Concentration-response curves for ANl 8NP in phenylephrine
precontracted carotid arteries from diabetic (di@b&ANP: n=10; diabetic BNP: n=9)
(7= 1] 1 USSR 40

Figure 21 — Concentration—response curves for AMB BNP in phenylephrine

precontracted renal arteries from control (con#®P: n=13; control BNP: n=12)

Figure 22 - Concentration-response curves for ANl 8NP in phenylephrine
precontracted renal arteries from diabetic (di@b&NP: n=9; diabetic BNP: n=9)
(7210 o1 7RSO UUPPPPPPUPPPPRRRN 42

53



