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1. INTRODUCTION

Metabolic syndrome comprising the unique constelfatof insulin resistance,
obesity, dyslipidemia and hypertension, can beidensd as the most relevant public
healthcare problem in the 2&entury. According to the recent surveys, apprataty
20-25% of the global population is suffering fronetatbolic syndrome, which provide
a leading position to the disorder in the rankihgan-communicable diseas@$CD).
The prevalence of metabolic syndrome is considgratigh in the highly-
industrialized countries but the developing one®,amoreover the incidence of the
disease is increasing permanently and rapidly. &kalosive incidence of insulin
resistance has contributed significantly to becometabolic syndrome as an
.epidemic”, currently. On the basis of some estiore, 371 millions of people (8,3%
of the global population) are affected déhigbetes mellitu¢DM). Sincetype 2 diabetes
mellitus (T2DM) is responsible for 90% of all the diabetic cashs,rapidly growing
incidence of insulin resistance contributes paldidy to the significant burst of the
number of patients suffering from metabolic syndeom

Patients with metabolic syndrome exhibit elevatacdiovascular risk, since the
incidence of cardiovascular diseasé3VD) in those is more than doubled as
compared to the healthy population. Similar tenglemas observed at diabetics also,
because approximately 80% of the mortalityDdfl is caused by the direct or indirect
consequences of€VD. The studies investigating the possible link bemvethe
abovementioned metabolic abnormalities &uD has taken particularly into account
the cases of ischemic heart diseaéD) and peripheral artery diseasBAQD).
Limited number of research is available examinimg potential influence of diseases
based on insulin resistance on cardiac arrhythmegienConsequently, it has not been
entirely clarified yet, in what extent the arrhytlasiare responsible for the elevated
cardiac morbidity and mortality associated with thetabolic disorders resulted from

insulin resistance. Obviously, this scientific gapeven the main cause of the total
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lack of antiarrhythmic drugs in the abundant phamtagical treatment options of the
metabolic diseases caused by insulin resistance.
2. PURPOSES
Taking rigorously into account the principal praatal and clinical manifestations

of the main phases of insulin resistance (compengdtiperinsulinemia, obvious
insulin resistance), the main goals of the presesgarch were as follows:
To investigate the

« arrhythmia inducibility,

 and the underlying mechanisms of arrhythmia devekgt
associated with hiperinsulinemia and metabolic symel on preclinical animal models
exhibiting reliably the essential signs and symahthe abovementioned metabolic
disorders.
Moreover to test

 drugs that can mitigate effectively the arrhythiniducibility,

« and to determine those potential cardioprotectieelmanisms of action.

3. METHODS
3.1. General aspects

Experiments of the present research were dividedrding to the progression of
insulin resistance as a preclinical and clinicdlitgr{ie. ,Hyperinsulinemia protocol
and ,Metabolic syndrome protoc)l The applied experimental protocol has been
approved by the local ethical boards of the Unitersf Debrecen (licence numbers:
6/2007 DE MAB, 13/2007 DE MAB



3.1.1.Experimental animals
The experiments were carried out on mblew Zealand WhitgNZW) rabbits

(Charles-Rivers LaboratorigdsaszegHungary) weighing from 3 to 3,5 kilogramms
(kg).

3.1.2.Surgical procedure

Implantation of pacemaker electrode cathetBledyn 2/F4 8 B. Braun
Melsungen AG Melsungen Germany into the animals was prerequisite for the
electrophysiological measurements apibgrammed electrical stimulatiofPES

performed in the subsequent part of the experiments

3.1.3.Electrophysiological and hemodynamic measurements

Detection, recording, evaluation

A digitally-recorded, 12-lead body surface ECEXP-ECG-R Experimetria Kft,
BudapestHungary) was obtained by using bipolar limb- and unipalhest leads in
each rabbits. The electrodes (ie. precordial armhdstrd leads) were placed
analoguous as those applied in humans. The elégsapogical and hemodynamic
variables were detected and recorded continuousingl the set of experiments. The
subsequent analysis of the recordings was perforimgdemploying Haemosys
software (Experimetria Kft. Budapest Hungary. To determine the
electrophysiological parameters, a signal-averdg€& for 30-cycle periods devoid
of extrasystoles was computed. Recordings obtafred the lead Y and \4 were

considered with the highest priority in the procesevaluation.

The examined elecrophysiological parameters
QT interval is a surrogate marker to indicate therdamsed myocardial
susceptibility for threatening arrhythmias anddiégermination is paramount regarding

the assessment of the individual risk for cardraghm disturbance®)T interval was
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considered as time interval from the initial padfithe Q-wave to the end point of the
T-wave. The end of the T-wave was established bgguthe tangential method.
Respecting the strict frequency dependence oftfheterval, the heart rate-corrected
value QT,) of that was calculated according to Bezett-formula.

Recent evidence suggest that the principal substiat the development of
ventricular arrhythmias is better reflected on E€igns oftransmural dispersion of
repolarization (TDR) than those ofT prolongation (ieQT, QT.). Amplification of
TDR is considerably associated with numerous famaiad acquired proarrhythmic
states, whereas the incidence of cardiac rhythtarthances is significantly elevated.
Since TDR correlates closely with the time interval measubetiveen the peak and
the end of the T-waveT{eacTena /Tp-Td/), therefore we determined also that. The
maximal amplitude of the T-wavd L. /Ty/) was indicated by the peak of that. The
end of the T-waveTg,q /TJ/) was even determined by the tangential methods EC
recordings obtained from the precordial leads, V5, V,) were used for assessing
Toear Teng iNterval, since these electrodes provide lookofteart in coronal section.

QTyeakinterval QT,) was considered the time interval starting fromittitial point
of the Q-wave and lasting to the peak of the T-wave

At the determiantion of th&entricular Effective Refractory PerioERP we
applied PES Briefly, electrical square impulses JSof 1,5 ms duration at twice
diastolic threshold were delivered via the previgiisiplanted pacemaker electrode
by means of a programmable stimulat®T{02 Experimetria Kft. Budapest
Hungary). A single programmed extrastimulus)®/as introduced late in the diastole
following 12 basic driven beats {Sof 200-ms cycle length. The coupling interval of
S, was then gradually shortened in 2-ms steps ungil disappearence of signs of
ventricular activation on the surface ECG. The &signterval that failed to produce
activation of the ventricules was referred to aslPE

RR intervalwas measured by using the time interval between twceoutive R-

wave.Heart rate(HR) was calculated from tHeR interval

6



Mean Arterial Blood PressurgMABP) was continuously measured via a
percutaneous cannul¥gsofix Brauniil® G22, B. Braun Melsungen AGGermany
inserted into the the ear artery of the experimeataimal and attached to an

electromanometer devicEXP-D2 Experimetria Kft, BudapestHungary).

Arrhythmia induction

In order to evoke cardiac arrhythmias in the précdil experimental model, we
carried outPES The setup of the stimulation was nearly analogumsiempolyed at
the determinetion of théERP In brief, two consecutive programmed extrastingji
& S3) were applied late in the diastole subsequently2tbasic driven beats (jSat
200-ms cycle length. The coupling interval betwdenlast driven beat (Fand the
first extrastimulus (8 was 110-120% of the previously-determindgRE while the
coupling interval of the Sand 3 was further lengthened by 10%WERRP The
stimulation train (ST) (ie. 12 basic driven bedtsss and S extrastimuli) was
repeated 10 times, and the quality of the evokediaa arrhythmias were defined on
the basis of their ECG morphology and time duratigimplementing the guidelines
of Lambeth Conventions.
To determine the quantity of cardiac arrhythmidispfahem were counted in the
interpacing period lasting 40 seconds (sec) sulesgtyuto each train. The probability
to generate cardiac arrhythmias was determineldeasatio (%) of train(s) followed
by cardiac arrhythmia(s) and the total number giiegd trains (n=10) and expressed

in a percentage form. This latter value was teragetArrhythmia incidence”.

3.2. The ,Hyperinsulinemia protocol”(Study desigh

Thirty (N=30) NZWrabbits were used throughout the experimentsr Afene-
week long rehabilitation period following pacemakézctrode implantation,
hyperinsulinemic state was induced in the expertalemimals by the method of

Hyperinsulinemic Euglycemic Glucose Clamp{riEGC). Animals were randomly



assigned into three groups (n=10 animals/graumgthe basis of the concentration of
continuous insulin infusiarOne group was subjected to low rate of insulfasion

(5 mlU/kg/min), while the other was subjected tghrate of that (10 mlU/kg/min).
As a control to these series, another group of alsinvas giverplacebo(isotonic
saline) in the same volume and rate via the venouig as insulin and glucose
infusion were applied during HEGC. The presenceugflycemic hyperinsulinemia
was verified by the determination of glucose- amiilin concentration of the blood
samples obtained during the experimental periodo@lglucose level was determined
by glucose oxidase methoddcu-Chek ActiveRoche DiagnosticBudadrs

Hungary). Plasma insulin concentration was determined bgms of
radioimmunoassafRIA) with commercially availabl&IA kit (RK-400CT Institute of
IsotopesBudapestHungary).

The alterations of electrophysiological and hemauigitc parameters and the
arrhythmia inducibility associated with the statdgperinsulinemia were examined
in thesteady statg@eriod ofHEGC.To investigate the potential mechanisms
underlying arrhythmia development in euglycemicémpsulinemiacatecholamine
(epinephrine and norepinephrine) levels were detethbyHPLC (Abl&E-Jasco
HPLC, JASCO CorporationTokyq Japar) using p-catecolamines kit (Bio-

Rad Laboratories GmbH, Minchen, Germany) and plgstessium levels were
assessed by direct ion-selective electrd8&)(method using Cobas Integra 800
analyzer Roche GmbHMannheim Germany.

Animals received high-ratgd.0 mlU/kg/min)of insulin infusion were administered
a selectivgg-adrenoceptor blocking agembetoprololat an intravenous dose of 1
mg/kg during the state state periodHEGC. The main goal of drug delivery was to
test preclinically a pharmacological approach ibhatpable to mitigate the elevated
incidence of cardiac arrhythmias associated witehynsulinemia. The efficiency of
the drug was examined via the alterations of edpttysiologic and hemodynamic

parameters and arrhythmia inducibility.



3.3. The ,Metabolic syndrome protocol{Study desigh

Fiftyfour (N=54) NZWrabbits were used throughout the experiments.riigse
symptoms of metabolic syndrome were induced iratiienals by an 8-week-long
cholesterol-enriched (1,5%) diet (Bioplan Ltd, &g Hungary). The development of
metabolic syndrome was verified by the alteratibmetabolic and hemodynamic
parameters.

Animals were randomly assigned into three expertaleggroups according to the
applied drug therapy. The first group of animaks24) were referred to as control and
receivedplacebo(empty gelatine capsule). The alterations of hgmathic and
electrophysiological parameters and arrhythmia éitallity associated with metabolic
syndrome were determined on the controls by peifigra comparison with the
corresponding parameters obtained from the coatrivhals in Hyperinsulinemia
protocol’ (healthy animals)Furthermore, the former values served even asea of
comparison to evaluate the efficiency of the apptleug therapies. Rabbits assigned
to the second group (n = 24) were treated with §kgricletanine(Beaufour Ipsen
Pharma France twice a day. The delivery aicletaninewas established according
to antihypertensive and insulin-sensitizing dosthaf observed in the human clinical
practice. Animals belonging to the third group (h=&re administered with racemic,
d,I-sotalol (Sotalex MiteBristol-Myers Squibb LtdHungary) twice a day at the dose
of 25 mg/kg. The exact dose siitalolwas calculated on the basis of its
antiarrhythmic property observed in the human clihpractice. All the drug
treatment procedures were perfornped orally and lasted for 5 days. The main
purpose of drug delivery was to test preclinicéitlg pharmacological approaches
capable to mitigate the elevated incidence of eardrrhythmias associated with
metabolic syndrome. The efficiency of the drugs @e@mined via the alterations of
electrophysiological and hemodynamic parametersaarythmia inducibility.

Prior to the electrophysiological and hemodynamigasurements, subgroups of

the animals (n=12) participated iplacebo and cicletanine treatment were
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administered methylene-blue(MB) at the dose of 10 mg/kg, intravenously to
determine the potential mechanisms responsibleh®rdevelopment of arrhythmias
associated with metabolic syndrome and to exantiaepivotal mechanism of action
of the applied drug therapyci€letaning. Cyclic guanosine-3',5-monophosphate
(cGMP), cyclic adenosine-3',5’-monophosphat@AMP), andnitric-oxide (NO) levels
were measured on the myocardial samples taken fhenanimals receiveglacebo
and cicletanine treatment in the last phase of the experiment.détermine the
myocardialcAMP and cGMP concentration the method addioimmunoassayRIA)
was implemented. The cardiac NO content was medswyr@mployingelectronspin-

resonance spectroscofgSH.

3.4. Statistical analysis

All values shown are mean + SEM of the number frgbservations with
exception of the “Arrhythmia incidence” which isprrssed as percentage.
Hemodynamic, metabolic and electrophysiologicabp@ters, blood glucose, plasma
insulin, catecholamine, and potassium levels weedyaed statistically bpne-way
analysis of variancANOVA followed byBonferroni's post hotestfor multiple
comparisons. The incidence of arrhythmias was aedlpy usind-isher’'s exact test
Kruskal-Wallis teswith theDunn post hoc tegbr multiple comparisons were used
for statistical analysis of cardiagclic nucleotideandNO values Differences were

considered statistically significant whpr0.05.

4. RESULTS
4.1. Results of the ,Hyperinsulinemia protocol”

Blood glucose levels of each treatment groups neeaaconstantly euglycemic in
the steady statperiod of HEGCPlasma insulin levels were increased significabyly
both 5 and 10 mIU/kg/min insulin infusion ratescasnpared to those measured in the
control group(35 + 4,3; 103 + 7,5 vs. 18,1 + 4)/ml). Animals received high-rate
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insulin infusion exhibited significantly higher giaa insulin levels than those
participated in the low rate of théit03 + 7,5 vs. 35 + 4,g8U/ml).

QTinterval(187 £5; 195+ 6,1 vs. 174 + 7 me)dQT, (349 £ 14; 377 £ 15 vs.
308 = 13)showed significant prolongation in response td&oand 10 miU/kg/min
insulin infusion rate as compared to the valuessuesl in the control group.
Assessingl,—T. interval, we found a significant lengtheni(@p + 12; 81 + 11 vs. 49
+ 9 ms)of this measure of dispersion of repolarizatiobath insulin regimen groups
comperd to the control value®T, interval(118 + 4,3; 114 £ 2,3 vs. 125,5 £ 4 ms)
and VERP(104,8 £ 2,9; 101,4 £ 1,7 vs. 110 + 3,7 makpwed significant shortening
from the control values in response to euglycergiehinsulinemia evoked by either
5 or 10 mlU/kg/min insulin infusion rate, respeeliy. HEGC procedure induced
elevation orHR as compared to control values, which reachedethe bf
significance, when 10 mlU/kg/min insulin rate wapbked (247 + 33 vs. 227,5 + 37,5
Hgmm). Euglycemic hyperinsulinemia (regardless 5 or1Q#fkg/min insulin infusion
rate) failed to evoke significant changes on MARIMpared to values obtained from
control animals.

In our current set of experiments, the animalsardpd to the PES protocol
exclusively with ventricular premature beats (VPBS) non-sustained ventricular
tachycardia (NSVT). The category of VPBs consistesoliter and coupled
monomorphic ectopic beats. Neither bigeminy ngretminy could be observed. The
category of NSVT comprised ventricular tachycaldi@re than four ventricular
premature beats persisting not more than 15 seidpasade de pointegentricular
tachycardia (terminating spontaneously within 1&) s€he incidence of VPBs and
NSVT generated by PES was significantly higheruglgcemic hyperinsulinemic
state obtained by either 5 or 10 mlU/kg/min insuifusion rate as compared to those
observed at the control animals. Sustained vetdri¢achycardia (VT and TdP
lasting for more than 15 sec) and ventricular fistion could not be noticed in

response to PES in either treatment groups. Theéence of ventricular arrhythmias
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induced by PES exhibited concentration-dependdatioaship to plasma insulin
levels.

Metoprolol at an intravenous dose of 1 mg/kg cawssguificant shortening on the
previously prolonge®@T (168,5 + 14,1 vs. 195 + 6,1 m$§)Tc(309,7 + 23,5 vs. 377
15), andTp-Te(59,5 + 8,9 vs. 81 + 11 m@)tervals attained by euglycemic
hyperinsulinemia at 10 mlU/kg/min insulin infusicete.HR responded with decrease
to metoprolol treatment; however, this alteratigshrbt reach the statistically-
significant level.

The intravenous dose of 1 mg/kg metoprolol decikagmificantly the incidence
of VPBs and NSVT induced by PES in rabbits subptteHEGC performed by 10
mlU/kg/min insulin infusion rate.

There were no significant changes on plasma lefetither epinephrine or
norepinephrine in response to euglycemic hyperinemiia. Although
hyperinsulinemia induced by either 5 or 10 mlU/kip'imsulin infusion caused a
slight decrease on plasma potassium level comparém® control values, however,

the evoked changes did not reach the statistisaiyificant level.

4.2. Results of the ,Metabolic syndrome protocol”

QT interval (140,4 + 10,1 vs. 174 = 7 m<)T, (288,4 + 23,22 vs. 308 = 13QT,
(100,8 £ 7 vs. 125,5 + 4 ms) andERP (100,2 = 1,24 vs. 110 = 3,7 mshowed
significant reduction in the control group of thi¥lgetabolic syndrome protocgls
compared to the values measured in the controlpgmfuthe Hyperinsulinemia
protocol’ (healthy animals)T,—T. interval was even found to be shortened, however
this change did not reach the statistically-sigaifit level.

The state of metabolic syndrome induced elevatioHR, but the changes failed
to be statistically significant as opposedt&BP, which elevation became
considerably higher in response to metabolic syméroompared to that observed in
healthy animal¢105,1 + 3,6 vs. 76,9 + 10,8 Hgmm).
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The animals with metabolic syndrome respondedddPBS protocol with VPBS,
NSVT and SVT. The incidence of VPBs and NSVT geteetdy PES was
significantly higher in the state of metabolic sgmmie as compared to that observed
in healthy condition. The category of VPBs consistésoliter and coupled
monomorphic ectopic beats, while the category o¥/N8omprised ventricular
tachycardia (more than four ventricular prematwgatb persisting not more than 15
sec) andorsade de pointegentricular tachycardia (terminating spontaneoustiin
15 sec). SVT category was compiled of ventricudaht/cardia antbrsade de pointes
ventricular tachycardia (both persisting more th&rsec) and ventricular fibrillation.

Animals responded with significant lengthening dRP tocicletaninetreatment
as compared with the control group (108,2 + 10,1199€,2 + 1,2 ms)QT, QT QT,
and T—T interval exhibited prolongation taicletanine therapy, however these
changes did not reach the statistically-signifidamel. A considerable reduction could
be observed in terms &fR (212 + 13,1 vs. 253 + 17,1 mihandMABP (72,4 + 4,3
vs. 105,1 £+ 3,6 Hgmm) in theicletaninetreated group as compared to those
measured in the control group.

Sotaloltreatment caused significant prolongation@hinterval (180,4 + 10,6 vs.
140,4 + 10,1 ms)QT. (319 = 9,7 vs. 288,4 + 23,2) aMERP(124,8 £ 1,4 vs. 100,2 +
1,2 ms) compared to the values observed in theraogitoup. Significant reduction
was measured oHR (187 + 12,1 vs. 253 + 17,1 mthand MABP (79,6 + 6,1 vs.
105,1 £ 3,6 Hgmm) in responsedotalol treatment in the study animals compared to
the control values.

Animals in the Metabolic syndrome protocbtesponded to the PES protocol with
VPBs, NSVT and SVT.The incidence of arrhythmias generated by PES was
significantly decreased in animals treated withheasitcicletanine or sotalol as
compared to that measured in the control animal3. 8as impossible to be induced
by PES in rabbits treated witticletanine The incidence of VPBs and NSVT proved
to be significantly lower in theicletaninetreated animals than in those received

sotaloltreatment. In response kB treatment the inducibility of arrhythmias became
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slightly elevated in the control group. The inciderof arrhythmias was significantly
increased byMB administered to the group treated previously vdgitietanine as
compared to the values observed at animals recsilety/ cicletaninetreatment.

Cicletanineadministration elicited a significant increasecamndiac cGMP content
as compared with that obtained frehacebetreated animals (0,16 + 0,029 vs. 0,09 +
0,013 pmol/mg x ww)MB application to theicletaninetreated animals decreased
significantly the cardiac cGMP increase observeithé@ticletaninetreated group
(0,03 £ 0,011 vs. 0,16 + 0,029 pmol/mg x ww), whieliealed to be even significant
as compared to the values measured ipkheebotreated group (0,03 + 0,011 vs.
0,09 + 0,013 pmol/mg x ww). Conversely, cardiac dAMvel was significantly
decreased in responsecioletaninetreatment as compared to the values observed in
the control group (1,46 + 0,116 vs. 1,88 + 0,09%lpmg x ww). Myocardial CAMP
content was increased significantly in theletaninetreated group in response to the
application ofMB as compared to the values obtained in eitiedetaninetreated
group (2,27 + 0,233 vs. 1,46 £ 0,116 pmol/mg x vawvanimals participated in
placebo(2,27 + 0,233 vs. 1,88 + 0,099 pmol/mg x ww) adstiation. Application of
MB attained significant increase on cardiac cAMP ll@véhe control group (2,34 +
0,196 vs. 1,88 £ 0,099 pmol/mg x ww) also.

Cardiac NO content was found to be significantlyréased aftericletanine
treatment as comapred to the values measured oottieol group (0,51 £ 0,124 vs.
0,22 + 0,03 nmol/g x wwMB application decreased NO levels under the detectio

limit in both placebe andcicletaninetreated animals.

5. DISCUSSION
5.1. Experimental induction of hyperinsulinemia and metalic syndrome

Plasma insulin and blood glucose levels of the atsnparticipated in the
~Hyperinsulinemia protocdl verify the successful development of experimental
hyperinsulinemia. Several distinct methods (eglubansulin injection,Rapid Isulin

Sensitivity TestRIST) are suitable to induce experimental hyperingutiia, however
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HEGC seemed to be cuurently the most proper praeedihen respecting the exact
nature of the present research.

The induction of metabolic syndrome in rabbit aspecies can be fulfilled
succesfully by alimentaric way (ie. designed anttuated alteration of normal
animal diet). The most notable advantage —excepipiensivity- of preclinical animal
models created by alimentar way is the faithfulopatsiological resemblence to
human variants of the disease, since the main coems of the diet applied to induce
metabolic syndrome is particularly similardafeteria dietwhich has an essential role
in the high prevalence of the disease in the hupmpulation according to the most

relevant studies.

5.2. Impact of hyperinsulinemia on cardiac arrhythmogesis

In the current set of experiments we demonstrathdt tthe state of
hyperinsulinemia elevated considerably the incident arrhythmias generated by
PES, moreover the inducibility of arrhythmias ctated strictly with the plasma
insulin level.

Based on the considerable prolongation of the mphysiologic parameter
interval, QT Ty-Te) induced by high plasma insulin level, we strongligpect that the
state of hyperinsulinemia can facilitate the intility of cardiac arrhytmias via the
inhomogenous prolongation of myocardial action pti& in a particular area of the
ventricular wall (ie. transmural dispersion of regpzation TDR/) observed
previously inLQTSalso.

We claim on the basis of the alteration of the tetgghysiological parameters, the
results of the biochemical measurements and theredd cardiac values in response
to metoprololtreatment that the state of hyperinsulinemia eaplidicate both directly
and indirectly the inhomogeneity of myocardial rigpization in the employed
preclinical animal model. Furthermore, we suggeat sympathetic activation may be
considerably involved in the prolongation of theattophysiologic parameters and

increased arrhythmia inducibility in euglycemic kyinsulinemia.
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5.3. Impact of metabolic syndrome on cardiac arrhythmaggsis

In the current set of experiments we demonstrated tmetabolic syndrome
increased significantly the incidence of ventriciderhythmias generated by PES.

We strongly suspect on the basis of our electraplogical measurements that
heterogenous abbreviation of the myocardial agtimential can play an essential role
in the development of cardiac arrhythmias assatiatéth preclinically-induced
metabolic syndrome.

The biochemical measurements prove that the deficihyocardial cGMP, NO
levels and increase on cAMP concentration is resiptnfor the elevated incidence of
ventricular arrhythmias induced by PES in metabsljiadrome. Our hypothesis is
even confirmed by the finding that reduced arrhythinducibility of the animals
receivedcicletanine treatment was associated with elevated myocanfeP and
NO content and reduced cAMP level. Furthermoreyaiese on cardiac cGMP and
NO content and increase on myocardial cCAMP conetiotr in responseViB
application in thecicletaninetreated group enhanced considerably the incidefce

ventricular arrhythmias in the preclinical model.

5.4. The therapeutical relevance of metoprolol in hypesulinemia

In the current set of experiments we demonstrated metorolol can exert
beneficial effect on the increased arrhytmogenem#sociated with hiperinsulinemia.
Based on the restoration of the elevated incidericarrhythmias in response to the
drug treatment we strongly suspect that effectsyafpathetic overactivity induced by
hyperinsulinemia develop via the activiation of swmilar pathways linked t@;-

adrenoceptors

5.5. The therapeutical relevance of cicletanine in metdlz syndrome
Results of the biochemical measurements along with reduced arrhythmia

incidence observed in theicletaninetreated group demonstrate clearly that
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cicletanine’santiarrhytmic efficacy is based on the elevatibmgocardial cGMP and
NO level and decrease on cardiac CAMP content. filnisng can be confirmed by
the application ofMB exhibiting both sGC and NOS inhibitor property, igbh
increased the arrhythmia inducibility via the difaf cardiac cGMP and NO content

and elevated myocardial cCAMP level.

6. NEW FINDINGS

The states of hyperinsulinemia and metabolic symérenhance considerably the
inducibility of ventricular arrhythmias.

Amplification of transmural dispersion of repolarizatigrlays essential role in the
development arrhythmias observed in hyperinsuliaeanid metabolic syndrome.

Systemic sympathetic overactivity is not involved the enhanced arrhytmia
inducibilty associated with hyperinsulinemia, nekietess activation of the adrenergic
system contributes considerably to the increaseddémce of arrhythmias in
hyperinsulinemia.

Deficit of myocardial cGMP and NO content and irae on cardiac cCAMP level
is particularly responsible for the enhanced atrimyd inducibility in metabolic
syndrome.

Metoprolol influences beneficially the increased incidence antricular
arrhytmias associated with hyperinsulinemia viagblective adrenergic blockade.

Cicletanine possessing antihypertensive, anti-ischemic andilimsensitizing
effects, is able to reduce significantly the eledatincidence of ventricular
arrhythmias in metabolic syndrome by increasing caydial cGMP, NO levels and

decreasing CAMP concentration.
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