Copue-6s1 1po6, 19, 2013, 3-4, 39-42
MenunuHcku yauBepeureT - Bapna

Heart-Lung (Varna), 19, 2013, 3-4, 39-42
Medical University of Varna

BbH3MOXKHOCTHU 3A TPUJIOKEHUE
HA MOJICUJOMUH B KNIMHUYHATA
IMPAKTUKA

Antonns Knmesa', Horo Hotos!,
Casa Orusinos?, ITosimna Hunuesa’®

'Bmopa kapouono2uuna KIuHuKa - HeuHea3usHd,
YMPBAJI ,,Cs. Mapuna “ - Bapna,

YHC no kapouonoeusi, Kameopa no evmpewnu
bonecmu, @axynimem no meouyuna, Meouyuncrku
yuusepcumem ,,I[Ipog. 0-p I1. Cmosnos”™ - Bapna

2Coghuticku ynusepcumem
,, Ce. Knumenm Oxpuocku ™, Coghust
SVHCC, Cogus

PE3IOME

JedunuTsT Ha eHporenen azoren okuc (NO), Bomerr 10
eHJIO0TeHA JUC(YHKIMSA ¢ BKIFOUCH B MMAroreHesara u
CBOJIIOIMSATA HA PEAUIA ChPIACYHO-CHIOBU 3a00JIIBAHUSL.
OCHOBHHTE MEIMKAMEHTH, KOUTO CE M3II0JI3BAT 3a JJOCTABKa
Ha NO ca opraHnvHuTe HUTpaTh. Te MpUTEekKaBaT BHCOKA
AHTHAHTUHO3HA U aHTUMCXEMUYHA €(DEKTUBHOCT, HO UMaT 1
penuiia HeOnaronpusTHU eekTH. Boen HeqoCTaThK pu
MPUIOKEHUETO UM € Pa3BUTUETO Ha TosiepaHc. Toil Moxke
JIia ce m30erHe KaTo ce Ha3HAYaBaT METUKAMEHTH C HUTPaToO-
1o00HO JISHCTBUE, YUUTO MPEICTABUTEI € MOJICHOMHUH -
mqupekteH noHop Ha NO. EdexTrBHOCTTa HA MOJICHIOMUH
€ M3CiIe/IBaHa U JI0Ka3aHa B pe/Inlia KIIMHUYHH TPOYYBaHuUs,
Half-4ecTo NpHU MNAUEHTH ChC CTAOMIHA CXEeMUYHA OonecT
Ha CBHPILETO U Clie]] IepKyTaHHA KOPOHApHA MHTEPBEHIIUSL.
KIvHUYHMAT OMUT OT NPHUIIOKEHUETO MY TTOKa3Ba OTIIMYHH
pEe3yJITaTH ¥ MHOTO J100pa MOHOCHMOCT.

Kmiouoeu Oymu: moncuoomun, ucxemuuna 6onecm Ha
CopYeno, AHMUUCXeMUYHY JTeKapCmea

BBBEJIEHUE

EnnotennaTa mucyHKIHS BOAM 10 U3SBaTa HA PEIU-
1[a ChpJCYHO-CHJIOBH 3a0oisiBanus. Ts € cBbp3aHa ¢
KOJIMYECTBEH WK (DYHKIIMOHAJICH Ne(DUIUT Ha a30TeH
okuc (NO), KoifTo yBpexla HOpManHaTa KJIEThbYHA
(byHKIws, Kato orpannyaBa NO-3aBHCUMHUTE CHTHAJI-
uu merrina. (1). B opraamszma NO ce oOpasyBsa ¢ 1o-
MOII[Ta Ha €HJIOTEJIHATA a30TeH OKUC cuHTa3a (eNOS)
WK Ype3 HE3aBUCHMH OT TO3M CH3MM MEXaHH3MHU.
B ycnoBusta Ha ucxemust ce motucka eNOS-cBbp-
3aHOTO oThensiHe Ha NO, Thi KaTo MpoIechT € KHc-
Jopozo3aBucuM. 3arybata Ha enjoreneH NO Boju
JI0 HEOJArONPHUATHH TOCTEMIH, KATO Ba30KOHCTPHU-
KIIHsI, aKTUBAIMS HA TPOMOOIIMTHUTE ¥ aKyMYyJIallvs Ha
KJIETKH Ha BBH3NAJICHUETO Ha MSCTOTO Ha €HIOTEITHA
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ABSTRACT

The deficit of endogenous nitric oxide (NO) which
leads to endothelial dysfunction is the cornerstone of the
pathogenesis and plays an important role in the evolution
of cardiovascular diseases. The basic medications used
for NO supplementation are the organic nitrates. They
have high anti-anginal and anti-ischemic effectiveness but
possess various adverse effects. A major disadvantage of
their application is the development of drug tolerance. It
may be overcome by prescribing medications with a nitrate-
like effect, among which is molsidomine - a direct donor of
NO. The effectiveness of molsidomine is tested and proven
in various clinical trials, mostly in patients with stable
ischemic heart disease and after percutaneous coronary
interventions. The clinical experience after its application
shows excellent results and very good tolerability.

Keywords: molsidomine, ischemic heart disease, anti-
ischemic drugs

INTRODUCTION

Endothelial dysfunction leads to a number of cardio-
vascular diseases. It is linked to quantitative and qual-
itative functional deficit of nitric oxide (NO), which
impairs the normal cell function by inhibiting the NO-
dependent signaling pathways (1). NO is formed in
the body with the help of the endothelial nitric oxide
synthase (eNOS) or via mechanisms independent of
this enzyme. In the presence of ischemia, the eNOS-
mediated production of NO is suppressed because the
process is oxygen-dependent. The loss of endogenous
NO leads to unfavorable consequences such as vaso-
constriction, platelet activation, and inflammatory cell
accumulation at the location of endothelial damage.
The supply of low concentrations of exogenous NO
is an attractive therapeutic option. The main medica-
ments used when following this route are nitrates (2).
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yBpeaa. JlocraBkata Ha HUCKH KOHIICHTPAIIUH €K30-
reieH NO e npuBieKaTeliHa TepareBTUYHA Bb3MOXK-
HOCT. OCHOBHUTE MEJUKAMEHTH, KOUTO C€ U3I0JI3BaT
B Ta3W HAcOKa, ca HUTparure. (2)

IpuiiokeHue HAa HUTPATH

HacrosmuTe vHAMKAIMU 3a MPUIOKEHUETO MM ca
NOBJIMSBAHE HAa AHTMHO3HATa CHUMIITOMATHKa IPH
ucxemuyHa Oorect Ha cppuero (3). OpraHmdHUTE
HUTPaTH UMAT BHCOKA JIMIHIOPa3TBOPUMOCT, JISCHO
T yHIUPAT B CHJOBUTE MHUOLIMTH U CE CBBP3BAT ChC
SH-rpynurte Ha LMCTeMHAa U MeTHOHMHA. [Ipu TO3M
nporiec ce 00pazyBa S-HUTPo30THOI U ce otaens NO,
aKTHBHUpAIIl €H3MMa TyaHWJIaTIMKIa3a. [loBumasa ce
KOHLIEHTpAIMATa Ha LUKIMYEH T'yaHO3MIMOHO(OC-
that (cGMP), koiito nmoTrucka HaBim3aHero Ha Cat+-
JOHM B I'JIaJIKOMYCKYJHHUTE KJIECTKH. [10 TO3n HaumH
HaMaJisiBa KOHICHTpanusaTa Ha cBoOoHuTe Cat+-io-
HH B CHJOBUTE MHOLUTH U C€ MOCTUTA Ba30MJIaTA-
nusl. [JIaBHUAT HEOCTaThK HA HUTPATUTE € OBbP30TO
pa3BHTHE Ha TOJIEPAHC KbM JICUCTBUETO UM, TIPH KOe-
TO Ha TIpaKTHKa Te cTaBaT Hee(heKTUBHU. Tol MOXxe
Jla ce HabJroaBa Mpu Beska eaHa (GopMa Ha IpUIio-
JKEHHE TOraBa, Koraro IUIa3MEHUTE HUBA Ha MeJHKa-
MEHTa Ce MOJIbPKaT MOCTOSHHU. ToBa € 0T 0cOOeHO
3HAUEHHUE 32 MAIMEHTHTE ChC CTA0MITHA CTEHOKAPIHMS,
KOraTo HUTPATHTE ce MpUJIaraT exeJHEeBHO U 3a Ipo-
JIbIDKUTENIEH TIepuo] oT BpeMme. Pa3ButueTo Ha Hu-
TpaTeH TOJIEpaHC Ce CBbP3Ba ¢ u3uepnsaHeTo Ha SH-
rpymu. Toli ce pa3BuBa OBp30 - B pamKkute Ha 12-24
yaca, ePEeKTUBHOCTTA U CHOTBETHO aHTUAHTMHOZHUAT
edeKT Ha BCsKa clie/iBallia TabJIeTKa IIpyU paBHOMEPEH
NpUeM MPOTPECHBHO HaMmalsBaT. M3deprnBaHeTo Ha
SH-rpynute HamansiBa 3HAYMMO €(EKTUBHOCTTA Ha
€HJIOTeJTHUTE AaHTUOKCUIAaHTHHU CUCTEMH, TOPAIH KOe-
TO HapacTBa PUCKBT 3a IPOIPECHsl Ha aTEPOCKIIEPO3a-
Ta (4). 3a mpeaoTBpaTsABaHE HA HUTPATHHS TOJEPAHC
JICYEHUETO Ce MPOBEXkKAa ChbC CBOOOJEH MHTEPBAI OT
neuenne - 10-12 u/neHoHoME, HAW-YECTO Mpe3 HO-
mra. Cepruo3HO CTpaHUYHO JACHCTBHE TIPU MpHEeMa Ha
HUTpaTH MOXe Jla Obae raBodosmero. To mpencra-
BJIIBa HAal-4eCTO CpellaHus CTpaHU4YeH eeKT — Ha-
Omonasa ce B okosto 50% ot ciayuaure. pyru yecto
CpeIIaHy HeKeNTaHu e(heKTH ca 3aTOIUITHETO U 3a4ep-
BSBAHETO HA KO)KaTa, M35Ba Ha XUIIOTOHUS, CHHKOIL,
pedraekropHa TaxukKapaus, METXEMOTIOOMHEMHUSL.
AOGCOIIOTHO TIPOTHBOINOKA3aHO € KOMOWHHPAHETO
Ha HATpATH C (ocdoarecTepasH HHXHONTOPH (Me-
JMKAMEHTH 3a JICYeHHEe Ha epeKTHIIHA TUC(YHKIHS),
Harp. cuieHaduI, Thi KaTo Ta3u KOMOMHALMS MOXKe
Jla 10BEJE 10 U3pa3eHa, NPOAbIDKUTENHA, TPYIHO MO-
BJIMSIBAIIA CE M TIOTEHIIMAIHO JKMBOTO3acTpaIiaBamia
apTepHaiHa XUIIOTOHHSL.

JupexTnu nonopu Ha NO
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Nitrate Application

The current indications for nitrate application are in-
fluencing the anginal symptoms in ischemic heart
disease (3). Organic nitrates have high lipid solubil-
ity, are easily diffused in the vascular myocytes and
bind to the SH groups of cysteine and methionine.
During this process S-nitrosothiol is formed and NO
is released. The latter activates the enzyme guanylate
cyclase. The concentration of cyclic guanosine mono-
phosphate (cGMP) is elevated, which suppresses the
introduction of Ca++ ions in the smooth muscle cells.
This leads to a decrease of the concentration of free
Ca++ ions in the vascular myocytes and the result is
vasodilation. The main disadvantage of nitrates is the
quick development of tolerance to their action, which
practically makes them ineffective. It can be observed
in each form of application when the plasma levels of
the drug are maintained constant. This is of particular
importance in patients with stable stenocardia when
the nitrates are applied daily for a long period of time.
The development of nitrate tolerance is linked to the
depletion of SH groups. It progresses quickly — in the
span of 12-24 hours, the efficiency and, respectively,
the anti-anginal effect of each subsequent tablet in a
regular intake decrease progressively. The depletion
of SH groups reduces significantly the efficiency of
the endothelial antioxidant systems, which results in
an increased risk for atherosclerosis progression (4).
In order to prevent nitrate tolerance, the therapy is
conducted with a treatment-free interval — 10-12h/d,
usually at night. Headache might be a serious adverse
effect from the nitrate intake. It is the most common
side effect — observed in about 50% of the cases. Other
frequently seen adverse effects are warming and red-
dening of the skin, manifestation of hypotonia, syn-
cope, reflex tachycardia, and methemoglobinemia.
The combining of nitrates with phosphodiesterase
inhibitors (medicaments for treatment of erectile dys-
function), e.g. sildenafil, is absolutely contraindicated
because this combination may lead to manifested, pro-
longed, hard-to-treat and potentially life-threatening
arterial hypotension.

Direct NO Donors

A way to avoid tolerance as well as a large part of the
described side effects is by using medicaments with
nitrate-like action, to which no tolerance is developed.
The most commonly studied representative of the
group of direct NO donors is molsidomine.

In the body, molsidomine is metabolized in the liv-
er and then transformed into an active metabolite
— SIN-1. It enters the blood, then it is activated and
NO separates from it, which impacts the activation of
guanylate cyclase. As a result of this GTP (guanosine



Opportunities for Molsidomine Application in the Clinical Practice

HaumH na ce m30erHe TonepaHca, KakTo M roysMa
YacT OT ONUCAHUTE CTPaHHYHU e(PEeKTH, € Ja Ce U3-
MOJI3BAaT MEANKAMEHTH C HUTPAaTONOA00HO JieiicTBHE,
KbM KOMTO HE ce pa3BuBa TojiepaHc. Haif-uecto us-
CIICZIBAHUSAT TPEICTABUTEI HA TPyIaTa Ha AUPEKTHU-
Te NO 1oHOpH € MOJICHIOMHUHBT.

B opranusma MOJCHIOMHHBT c€ MeTabonu3upa B
yepHUs Ipo0 U ce TIPEBPhINA B AKTUBEH METa0OIUT —
SIN-1. Toit monaga B KpbBTa, aKTUBHUPA CE U OT HETO
ce otuenBa NO, KOHTO IOBIMSBA aKTUBALUATA Ha
ryaHwiar nukiasara. B pesynrar Ha toBa GTP (ry-
aro3uHTpUdOCchar) ce npepwina B cGMP, HacTpBa
penakcalus Ha TJIaJKO-MYCKYJTHHUTE ChIOBU KIIETKU
U BazoawiaTalysA. AKTUBALUATA Ha pPa3TBOpUMATa
ryaHWIaT LMK/Ia3a OT MOJICUJIOMHUH € He3aBUCHMaA OT
MIPUCHCTBUETO Ha THONH. [lo Ta3w mpuumMHA MOJICH-
JIOMUH HE BOJIM JI0 TOJIEpAHC M HE J1aBa KPHCTOCAH
ToJiepaHC KbM oprannuHute HUTpatu (5). Toit HaIMa
JUPEKTEH MO3UTUBEH MHOTPOIEH WM XPOHOTPOIIEH
edekr, Ho SIN-1 HamansBa CHUCTOJIHOTO W TEJE/H-
ACTOJIHOTO HAaJISITaHE B JIsIBA Kamepa, yAapHUs o0eM,
CPEeIHOTO apTepHaIHO HAJISTaHe, CACTEMHOTO ChIOBO
CBIIPOTUBIICHUE U [TOBUILIABA JUACTOIHUSA KOPOHAPEH
KpBBOTOK (6). In vitro, SIN-1 mHXHOUpa HHTpPaKOPO-
HapHaTa arperanus Ha TpomOouutute (7).
EdextuBHOCTTa Ha MOJCHAOMHMHA NPU HCXEMHUYHA
GoJiecT Ha CHPLETO € OLIEHEHAa B PeAula KIMHUYHU
npoyusanus. IIpe3 1997 r. 6sxa myOnuKyBaHH pe-
synrarute oT ACCORD — npocneKkTMBHO MHOTOLIEH-
TPOBO, paHAOMHU3UpaHO NpoyusaHe. [Ipocnenenu ca
700 cTabWIHA NCXEMUYHO OOJIHM, HACOYEHH 3a aHTH-
OTIJIACTHKA, KOUTO Ca MOJIyYaBaIy MepopasieH TUITH-
azem win joHopH Ha NO — uH(y31s Ha TMHCHIOMHH,
MOCJIe/IBaHa OT IepopalieH MOJICUAoOMUH. Tepanusra
C M3CJEBaHUTE MEAWKAMEHTH € BKJIFOUBaHA TMPEIH
mpoleAypara u € mpoabbkaBana 12-24 gaca mpenu
KOHTpoJHaTa aHruorpadus crex 6 mecena. Ilpuo-
JKEHHEeTO Ha MOJICMJJOMMH IO BpeMe Ha u 6 mecela
cien PTCA ce acoumupa ¢ mo-HHCKa CTereH Ha pec-
TEHO3a MPH IMOBTOPHA KOPOHApOrpadus CrpsiMo KOH-
TponuTte, 6e3 ToBa Ja BiIWsie BbPXY MPOrHO3aTa Ha
nareHTure. (8)

[penBu OaronpusSTHATE CH XeMOJHHAMUYHH e(ek-
TH, CUIHOHHMHUHHTE, IOZOOHO HA HUTPATUTE MOTaT
Ja ObJaT M3MOI3BaHU U IIPU JICUSHUETO HA ChpACYHA
HEJIOCTaTBhYHOCT. Spring A. M ChaBT. ca U3CIeIBAIH
neBokaMepHara (pakiust Ha u3tiackBane (OU) npu
30 mamueHTa CbC ChpAeuHa HemoctaThbyHOCT. [Ipn
nobaBsgHe Ha 6 MI/OH MOJICMIOMHH KbM OasucHara
Tepanus € yCTaHOBEHO 3HauYMMO NokauBane Ha ®U ot
33.8% Ha 44.8%.

IIpe3 1998 r. Lechman u chaBT. ca npoBesH JABOMHO
CJIANO TUIAe00-KOHTPOJIMPAHO MPOYYBaHe, MPU Koe-

triphosphate) is converted to cGMP, and relaxation of
the smooth muscle cells and vasodilation occur. The
activation of the soluble guanylate cyclase by mol-
sidomine is not dependent on the presence of thiols.
This is why molsidomine does not lead to tolerance
or cause cross-tolerance to organic nitrates (5). It does
not have a direct positive inotropic or chronotropic
effect but SIN-1 decreases systolic and telediastolic
pressure in the left ventricle, stroke volume, mean
arterial pressure, systemic vascular resistance and in-
creases the diastolic coronary blood flow (6). In vitro,
SIN-1 inhibits the intracoronary platelet aggregation
(7).

The molsidomine efficiency in ischemic heart disease
has been evaluated in a number of clinical trials. In
1997, the results from ACCORD, a prospective, mul-
ticenter, randomized trial, were published. The trial
followed 700 stable ischemic patients, indicated for
angioplasty, who were administered diltiazem per-
orally or NO donors — infusion of linsidomine, fol-
lowed by molsidomine perorally. The therapy with
the studied medicaments was conducted before the
procedure and lasted 12-24 hours prior to the control
angiography 6 months later. Molsidomine application
during and 6 months after percutaneous transluminal
coronary angioplasty (PTCA) is associated with a
lower degree of restenosis in a repeat coronarography
compared with the controls, without it influencing the
patients’ prognoses (8).

Because of their beneficial hemodynamic effects, syd-
nonimines, like nitrates can also be used in the treat-
ment of heart failure. Spring A. et al. have studied left
ventricular ejection fraction (EF) in 30 patients with
heart failure. When 6 mg/d of molsidomine were add-
ed to the basic therapy a considerable increase of EF
from 33.8% to 44.8% was observed.

In 1998, Lechman et al. conducted a double-blind,
placebo-controlled trial where they compared the im-
pact of a 24-hour molsidomine infusion with that of
isosorbide S-mononitrate (IS-5-MN) on the pulmo-
nary arterial pressure in 15 patients with NYHA class
[I-I1I. The results demonstrated the considerable ad-
vantage of molsidomine in pressure reduction (9).
Our Own Experience

A retrospective data analysis of molsidomine applica-
tion at our University Cardiology Clinic showed that
initially the medicament was applied predominantly
in patients with stable angina who did not tolerate ni-
trates. Currently, based on the acquired experience,
molsidomine is used as a medicament of choice in pa-
tients with stable angina as well as in those after per-
cutaneous coronary intervention. Very good therapy
compliance has been observed.
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TO Ca CPAaBHWIIM BIMSHUCTO Ha 24—JacoBa HHQY3Hs ¢
MOJICHJIOMHUH Cpelily u3zocopouy; S—mononutpar (IS—
5-MN) BBpXy HaJsiraHEeTO B OenoapoOHaTa aprepus
npu 15 manmenta ¢ NYHA kmac II-1I1. [Tomydenute
pE3yJNITaTH MMOKA3BaT 3HAYMMA T10J13a Ha MOJICHIOMUH
3a TIOHI>KaBaHe Ha HasiraHeTo (9).

Co0cTBeH onuT:

PerpocriekTiBeH aHaiM3 Ha JaHHHTE 3a TPHIIOXKE-
HHETO My B HalllaTa YHUBEPCUTETCKA KapAUOJIOTUIHA
KJIMHUKA TI0Ka3BarT, Y€ IIbPBOHAYAIHO MEAUKAMEHTBT
€ Mpuilarad MpeAnMHO IIPU MAlMeHTH CbC CTaOMIIHA
aHTMHA, KOUTO He Toliepupat Hutpat. [loHacTosiem,
Ha 0a3ata Ha MpPUAOOUTHS ONHUT, MOJICHIOMHH CE
BKJIIOYBA M KaTO MEAWKAMEHT Ha IbPBU M300D, KAKTO
[P MALUEHTH ChC cTaOWIIHA aHTMHA, TaKa YU [IpH 1a-
IMEHTH CJIeJT TIepPKyTaHHA KOPOHApHA MHTEPBEHIIHS.
HabmoaBa ce MHOTO J0OpO MPUIBbPKAHE KbM TEpa-
nHATA.

U3BOIU

EHIOTETBT € OCHOBEH peryiarop Ha ChAoBara XoO-
MeocTa3a, KOHTPOJHMpa CHIOBHA TOHYC, HMOAIbpIKA
OajaHca MeXIy Ba30KOHCTPHUKLHUS W Ba3oxuiiaTa-
s, ydacTBa B mpoiudeparusaTa ¥ MATpALusITa Ha
TIIAIKOMYCKYJTHUTE KIIETKH, TPOMOOOOpa3yBaHEeTO U
(ubpunonmzara. Exnporennara ¢yHkuust urpae pe-
IaBallia poJisi BbB BB3HUKBAHETO U IOIABPIKAHETO
Ha CBP/ICUHO-CHIOBUTE 3a00JsIBaHNs. MOJICHIOMUH,
kaTo joHop Ha NO, numa JjokazaHa epeKTUBHOCT TIPH
CTaOWJIHA CTEHOKApHs U ChpJEeYHA HEOCTaTHYHOCT.
Ilonacs ce no-go0pe OT HUTpAaTUTE U HE BOJM JI0 Pa3-
BUTHE HA TOJEPAHC NIPH MPOJIBIDKUTEIICH IPUEM.
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CONCLUSIONS

The endothelium is a basic regulator of the vascular
homeostasis. It controls the vascular tone, maintains
the balance between vasoconstriction and vasodila-
tion, participates in the proliferation and migration of
smooth muscle cells, platelet formation and fibrino-
lysis. The endothelial function plays a key role in the
emergence and treatment of cardiovascular diseases.
Molsidomine, as an NO donor, has a proven efficiency
in stable stenocardia and heart failure. It is tolerated
better than nitrates and does not lead to the develop-
ment of tolerance after prolonged intake.
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