7

Experimentalis Kardioldgia
Experimental Cardiology

antiarrhythmic effect in anaesthetized dogs. The objective of the present
study was to examine, whether this delayed cardioprotective effect of
nitrite can be associated with changes in mitochondrial morphology and
in calcium content. Three groups of chloralose/urethane anaesthetized
dogs were used. Five dogs served as sham-operated controls (SC), wher-
eas in 10-10 dogs myocardial ischaemia was induced by a 25 min occlu-
sion of the anterior descending branch of the left coronary artery (LAD),
24h after the intravenous infusion of either saline (ischaemic control [IC])
or sodium nitrite (NaNO,, 0.2 umol/kg/min; over 20 min). Myocardial tis-
sue samples were taken 2 min after the rapid reperfusion of the LAD, and
after preparation, the structural changes (mitochondrial area, perimeter,
Feret diameter and roundness), as well as the number of calcium deposits
were examined using transmission electronmicroscopy. Compared to the
SC group, a 25 min I/R resulted in significant changes in the morphology
of the mitochondria; i.e. the mitochondrial area, perimeter and Feret di-
ameter were reduced and the roundness increased. The administration
of sodium nitrite significantly attenuated these morphological alterations.
I/R also significantly increased both the total and the mitochondrial cal-
cium deposits, which were reduced by the administration of NaNO,. We
conclude that the infusion of NaNO,, 24h before an I/R insult, is able
to modify mitochondrial morphology, by preserving the structure of the
mitochondria and by reducing calcium overload that resulted from I/R.
These effects can certainly be contributed to the delayed antiarrhythmic
effect of nitrite.
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Hattér: Az Andersen—Tawil-szindréma (ATS) egy ritka genetikai rendel-
lenesség, amelyben a periodikus paralizis, fejlédési rendellenességek,
valamint kamrai aritmiak egyuttesen fordulnak eld. A betegséget az ese-
tek tobbségében a KCNJ2 génben bekdvetkezé funkcidvesztéses muta-
ciok okozzak. A KCNJ2 a Kir2.1 befelé egyenrianyité kalium ioncsatorna
alegységet kodolja, amely a szivben a repolarizacioban és a szivizomsej-
tek nyugalmi potencidljanak fenntartasaban szerepet jatszé IK1-csator-
nak fontos alegysége.

Célok: Tanulmanyunkban harom ATS-betegbdl izolalt KCNJ2 mutacio,
az R218Q, M3071 és E293K funkciondlis analizisét végezziik heterolég
expresszios rendszerben. Mindharom mutéacio a Kir2.1 fehérje citoplaz-
taciok, a funkcionalis vizsgalatok tekintetében azonban az irodalmi ada-
tok hianyosak. Az E293K mutaciot még nem irtak le ATS-ben.
Modszerek: A vad tipusu (WT) Kir2.1-et kddol6 KCNJ2 gén cDNS-ében
reprodukaltuk az R218Q, M3071 és E293K aminosavcserét okozd mutéaci-
o6kat. A WT és mutans variansokat kédold expresszids vektorokat Chine-
se Hamster Ovary (CHO) sejtekbe transzfektaltuk. A kifejez6d6 ioncsa-
tornakat patch clamp technikaval karakterizaltuk a transzfekciot kdvet6d
36-48. 6raban.

Eredmények: A WT-Kir2.1-et kifejez6 sejtekben az IK1-re jellemzé fe-
szlltség-aram karakterisztikat mutatd, Ba?*-szenzitiv aramot figyeltiink
meg, a =120 mV tesztpulzus potencidlon mért atlagos aramdenzitas
—67 pA/pF (n=5) volt. A Kir2.1 mutans variansait kifejezé sejtekben mért
aramdenzitasok jelentdés mértékben csokkentek a WT-Kir2.1-hez képest.
A —120 mV-on mért atlagos aramdenzitas az R218Q varians esetében
—7,6 pA/pF (n=8, p <0,01), az M3071 esetében —6 pA/pF (n=11, p <0,001),
az E293K mutans varians esetében pedig —9,7 pA/pF (n=5, p <0,01) volt.
Kovetkeztetés: Mindezek alapjan megallapithaté, hogy az R218Q,
M3071 és az E293K egyarant funkciovesztést okoznak a Kir2.1 ioncsa-
tornak mikédésében a K+ konduktancia nagymértékl csokkentésével.
Eredményeink alatamasztjak a vizsgalt mutaciok kéroki szerepét ATS be-
tegekben.
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Background: Andersen—Tawil syndrome (ATS) is a rare genetic disorder
characterized by periodic paralysis, ventricular arrhytmias and dismor-
phic features. ATS is caused by loss-of-function mutations in the KCNJ2
gene in the majority of the cases. KCNJ2 encodes for Kir2.1, the main
subunit of the IK1 an inwardly-rectifying potassium channel, which plays
an important role in the repolarisation and contributes to the maintenance
of the resting membrane potential in cardiomyocytes.

Aims: In this study, we carry out the functional characterisation of three
mutations R218Q, M307/ and E293K, isolated from ATS patients, using
a heterologous expression system. All three mutations result in an amino
acid substitution in the cytoplasmic domain of Kir2.1. The R218Q and
M307] mutations have already been identified in ATS, however, only a
limited amount of data is available with respect to their molecular function
in the literature. The E293K mutation has not been previously described
in ATS.

Methods: The R218Q, M307] and E293K mutations were reproduced
in the KCNJ2 gene encoding for the wild type (WT) Kir2.1 subunit. The
expression vectors encoding for the WT and mutant Kir2.1 variants were
transfected into Chinese Hamster Ovary (CHO) cells. The over-expres-
sed ion channels were characterised by the patch clamp technique in 36-
48 hours post-transfection.

Results: In the cells expressing the WT-Kir2.1 variant, a Ba?*-sensitive
current, showing current-voltage relationship characteristic to IK1 was ob-
served, the mean current density elicited by a -120 mV test pulse was -67
pA/pF (n=5). The cells that were transfected with the mutant variants of
Kir2.1 presented a significantly lower current densities compared to WT-
Kir2.1. The average current densities measured at —120 mV were —7.6
pA/pF (n=8, p <0,01) in case of the R218Q, —6 pA/pF (n=11, p <0,001)
in case of the M3071 and —=9.7 pA/pF (n=5, p <0,01) in case the E293K
mutant variant.

Conclusion: Based on this data we conclude the R218Q, M307! and
E293K mutations cause loss of function in the Kir2.1 ion channel by
greatly decreasing K+ conductance. These results confirm the causative
role of these mutations in the development of ATS.
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Az angiotenzin konvertalé enzim (ACE) gatlasa jelentés tamadaspont
a kardiovaszkularis betegségek kezelése szempontjabdl, ACE-gatlo
gyogyszerek hasznalataval akar 40%-kal cs6kkenthetd ezen betegségek
mortalitasa. Az elmult években bemutattuk, hogy az ACE jelentés endo-
gén gatlas alatt all, amelynek hatterében a human szérum albumint (HSA)
azonositottuk endogén inhibitorként. Feltételezésiink szerint az endogén
ACE-gatlas kisiklasa jelentésen hozzajarulhat a kardiovaszkularis beteg-
ségek kialakulasahoz és progressziéjahoz.

Jelen tanulmanyunk célja a HSA-medialt endogén ACE-gatlast befolya-
solo kérilmények azonositasa, jellemzése volt.

Vizsgalatainkhoz 68 kardiovaszkularis betegségben szenvedd beteg min-
tajat hasznaltuk fel. Rutin laboratériumi paramétereken tul meghataro-
zasra kerilt az endogén ACE-gatlas mértéke, a szabad zsirsav-koncent-
racié. Koncentracié hatas-gorbék elkészitéséhez rekombinans ACE-t
hasznaltunk.

A vizsgalatba bevont betegeknél az endogén ACE-gatlas mértéke jelen-
t6s szorast mutatott (62%-83%, n=68), amely nem fliggott ssze a min-
ta albumin koncentracidjaval (r,=0,149). Feltételezhetd, hogy az albumin
mellett egyéb faktorok is befolyasoljak az endogén ACE-gatlas mérté-
két. A hidroféb molekulak eltavolitasa az albumin felszinérél aktiv szenes
kezeléssel jelentdsen csokkentette az albumin ACE-gatlo képességét
(kezelés el6tt: IC50= 5,61 g/l, n=3; kezelés utan: IC50= 31,79 g/I, n=3,
p<0,001). Meghatarozva a mintak szabad zsirsav tartalmat, nem talaltunk
Osszefliggést a szabad zsirsav-koncentracio és az endogén ACE-gatlas
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kozott (r,=0,089). Arra a kdvetkeztetésre jutottunk, hogy a kiildonb6zé zsir-
savak eltéré mértékben modosithatjak az albumin endogén ACE-gatlo
képességét. Ennek bizonyitasara zsirsavmentesitett albumint kezeltink
kiilénb6z6 zsirsavakkal, melyek ACE-gatld hatékonysaganak mérése fo-
lyamatban van.

Eddigi eredményeink arra utalnak, hogy a szabad zsirsavak kétédése az
albuminhoz elengedhetetleniil sziikséges a megfelel6 endogén ACE-gat-
las kialakitasahoz.
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Angiotensin converting enzyme (ACE) inhibition reveals a relevant target
mechanism in the treatment of cardiovascular diseases (CDs). ACE in-
hibitors have the potential to reduce cardiovascular mortality up to 40%.
In the recent years, we have reported that ACE endures a significantly
strong endogenous inhibition, which is attributable to the human serum
albumin (HSA), which acts as an endogenous inhibitor of ACE. We sup-
pose that decreased endogenous ACE inhibition may be related to the
development and progression of CDs.

Our aim was to identify and characterize factors influencing HSA-media-
ted endogenous ACE inhibition.

We evaluated samples of 68 patients suffering from CDs. Beside routine
laboratory parameters, the extent of endogenous ACE inhibition and free
fatty acid concentration were also measured. To evaluate dose—response
relationship, recombinant ACE was used.

The extent of endogenous ACE inhibition varied significantly between
patients (62-83%, n=68), but it had no relationship with the HSA con-
centration in the samples (r2=0.149). It is therefore presumed that, by
albumin, other factors should also influence the extent of endogenous
ACE inhibition. Removal of hidrophobic molecules from the surface of
albumin by activated charcoal significantly decreased the capacity of al-
bumin to inhibit ACE activity (before treatment: IC50=5.61 g/L, n=3, after
treatment: IC50=31.79 g/L, n=3, p<0.001). Free fatty acid concentrations
were measured from the samples and we found no relationship between
free fatty acid concentration and the extent of endogenous ACE inhi-
bition (r2=0.089). We concluded that different types of fatty acids may
modify the endogenous ACE-inhibiting capacity of albumin to different
degrees. To provide evidence of this concept, we treated fatty acid free
albumin with different types of fatty acids and measurements of its ACE
inhibiting capacity is under progress.

Our results show that free fatty acids binding to albumin are essential for
the adequate endogenous ACE inhibition.
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Bevezetés: Szivizomsejtekben a Na/Ca-cserearam (NCX), a Ca?*-ho-
meosztazis egyik f6 szabalyoz6 transzportere, ugyanakkor fontos sze-
repe lehet a Ca?*-kiaramlas alatt fellép6 triggerelt aritmiak kialakitasaban
is. Ezért felvetédik annak a gondolata, hogy a szelektiv NCX-gatlok ha-
tékony antiaritmids szerek lehetnének, de sajnos szelektiv NCX-gatlok
hianyaban ennek a hipotézisnek a kozvetlen ellenérzése eddig nem volt
lehetséges.

Modszerek: A jelen tanulmanyban egy sorozat karbociklusos nukleo-
zid analdégokat (GYKB kodjell vegyliletek) terveztiink, szintetizaltunk és,
mint lehetséges Uj NCX-gatldszerként vizsgaltuk meg 6ket. A GYKB-ve-
gylletek hatasait 6sszehasonlitottuk két Uj Orion (ORM kaédjelli) NCX-gat-
16 vegylletnek az NCX-aramra kifejtett hatasaval. Ezen kivil megvizsgal-

tuk, a GYKB- és ORM-vegyiiletek szelektivitasanak a hatasait az L-tipusu
kalcium (ICaL) és a fébb repolarizalé transzmembran K*-aramokra a pat-
ch-clamp technika segitségével izolalt nyul kamrai szivizomsejteken. Ha-
rom ,lead” GYKB-vegylilet lehetséges antiaritmias hatasat ouabain indu-
kalta tengerimalac aritmia modellben vizsgaltuk meg.

Eredmények: Egy molekulakdnyvtar adatainak segitségével legalabb 60
karbociklusos nukleozid analég vegytuletet szintetizaltunk. Ezekb6l harom
vegyllet (GYKB-6635, GYKB-6704, GYKB-6707) a mikromolaris kon-
centracié tartomanyban rendelkezett jelentés NCX gatlé hatassal, mig a
két vizsgalt ORM (ORM-11372 és ORM-11803) vegytulet, pedig szubmik-
romolaris koncentracié tartomanyban bizonyult NCX-aram inhibitor tulaj-
donsagunak. Sem a GYKB-, sem az ORM-vegyiiletek nem valtoztattak
meg szignifikdnsan az ICalL és fébb repolarizaldé K*-aramok tulajdonsa-
gait. A GYKB-vegylletekkel torténd elékezelés szignifikansan késleltette
az ouabain indukalta DAD (kés6i utédepolarizacio) tipusu kamrafibrillacio
kifejlédését Langendorff perfundalt tengerimalacszivekben.
Kovetkeztetések: Kisérleteink alapjan arra kdvetkeztethetlink, hogy
a vizsgalt GYKB- és ORM-vegylletek hatékony és szelektiv gatloi az
NCX-aramnak, és lehetséges gydgyszerjeldltek a DAD-tipusu kamrai
aritmiak megelézése céljabol.
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Introduction: The sodium-calcium exchanger (NCX) has crucial function
in the cardiac intracellular Ca?* homeostasis as well as may have impor-
tant role in development of triggered arrhythmias during Ca?* overload.
Therefore specific blockers of NCX could be potentially antiarrhythmic
however the direct analysis was seriously hampered by the lack of selec-
tive inhibitors.

Methods: In this study we have designed, synthesized and investigated
a series of carbocyclic nucleoside analogues (CNA) as novel selective
NCX inhibitors. We compared their effects with ORM-11372 and ORM-
11838 on the NCX current. The selectivity of effective CNA analogue
(GYKB6635) and ORM compounds were investigated on the L-type cal-
cium current and the selectivity of GYKB6635 was analyzed on the main
repolarizing potassium currents by using patch clamp techniques in iso-
lated rabbit ventricular myocytes. The possible antiarrhythmic effects of
CNA analogues (GYKB6635, GYKB6704, GYKB6707) were investigated
in guinea pig oubain-induced arrhythmia models.

Results: At least 60 CNA molecules were synthesized based on ava-
ilable molecule libraries. Three compounds (GYKB6635, GYKBG6704,
GYKB6707) at micromolar concentration, and ORM-11372 and ORM-
11803 in submicromolar range exerted strong inhibitory effects on NCX
current. The GYKB6635 and ORM compounds did not affect the L-type
calcium current. GYKB6635 also did not influence the main repolarizing
potassium currents. Pre-treatment with CNA compounds (GYKB6635,
GYKB6704, GYKBG6707) significantly delayed the development time of
ouabain induced DAD related ventricular fibrillation in Langendorff per-
fused guinea pig hearts.

Conclusion: It is concluded that several CNA analogues and ORM com-
pounds are potent and selective inhibitors of the cardiac NCX current, and
could be possible drug candidates to prevent DAD related arrhythmias.
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