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Abstract

There are some reports which indicate that severdtiazole derivatives have inotropic activ-
ity; however, the cellular site and mechanism of don at cardiovascular level is very con-
fusing. In order, to have a clear understanding othese phenomena, a triazole derivative was
synthesized to evaluate its biological activity ofeft ventricular pressure and characterize
the molecular mechanism. The Langendorff techniquavas used to measure changes on per-
fusion pressure and coronary resistance in an isdled rat heart model in absence or pres-
ence of the triazole derivative. Additionally, themolecular mechanism involved in the ino-
tropic activity induced by the triazole derivative was evaluated by measuring left ventricu-
lar pressure in absence or presence of the follongncompounds; prazosin, metoprolol,
nifedipine, indomethacin and the compound BM-531. fie results showed that the triazole
derivative significantly increased the perfusion pessure and coronary resistance in com-
parison with the control conditions. Other data indcate that the triazole derivative increase
left ventricular pressure in a dose-dependent manmg(0.001 to 100 nM); nevertheless, this
phenomenon was significantly inhibited only by indmethacin and BM-531 at a dose of 1
nM. Therefore, experimental results suggest that mitive inotropic activity induced by the
triazole derivative is via activation of TXA,. This phenomenon is particularly interesting be-
cause the inotropic activity induced by the triazad derivative involves a molecular mecha-
nism different in comparison with other positive irotropic drugs.
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Introduction pared, such as 1-(benzylamino)-3-(4,5-di-hydrof,2,
Several drugs have been developed to treatmenprof ¢ trizaolo[4,3-a]quinolin-7-yloxy)propan-2-ol and &Libs-
gestive heart failure (CHF); for example, the sgsth of titutedN-(4,5-dihydro-1-methyl-[1,2,4]triazolo[4,8} qui
strophanthidin which increases the force of cotimacy ~ nolin-7-yl)piperidine-4-carboxamides). ~ Other stdie
changes in the calcium levels [1]. In another sti@gly show that the compoundsi-(4,5-dihydro-[1,2,4] tria-
showed the synthesis of F90927, which exerts aipesi z0l0[4,3a]quinolin-7-yl)-2-(piperazin-1-yl)acetamide de-
inotropic activity in cardiac muscle via activatiof the  rivatives exert positive inotropic activity in an vitro
L-type C&* channel. In addition, a series of triazole de-model [5]. In addition, other triazole derivatives(4-(4-
rivatives [3, 4] with positive inotropic activityave pre- substituted benzyloxy)-3-methoxybenzyl)-1,4-diazepa

Biomed Res- India 2014 Volume 25 Issue 2 183



Lauro/Francisco/Elodia/Eduardo/Maria/Marcela/LenBetty/Betty

1-yl)-N-(4,5-dihydro-1-methyl[1,2,4]triazolo[4,8} qui-
nolin-7-yl)acetamides) were synthesized and thesi-p
tive inotropic activity was evaluated by measurieft
atrium stroke volume on isolated rabbit-heart prafens
[6]. One study nevertheless, showed that the tieade-
rivative (1,2,4-Triazolo[l,5-a]pyrimidines) exertetkega-
tive inotropic activity in the isolated guinea pigart
model [7]. All these experimental data indicatet thew-
eral triazole derivatives induce inotropic effects the
cardiovascular system; nevertheless, the cellitarasd
molecular mechanism involved in its inotropic aityivare

not very clear. This phenomenon may be due to redhe

difference in the chemical structure of the tri@zdériva-
tives or to the different pharmacological approachsed.

was evaporated to dryness under reduced pressuitben
residue washed 3 times with water. The precipiveas
separated and dried at room temperature

Biological method

All experimental procedures and protocols usedhis t
investigation were reviewed and approved by thariahi
care and use Committee of University Autonomous of
Campeche (No. P1-420/12) and were in accordande wit
the guide for the care and use of laboratory arsrfis].
Male Wistar rats (n =70); weighing 200-250 g wele o
tained from University Autonomous of Campeche.
Reagents

All drugs were dissolved in methanol and differditti-

Therefore, more pharmacological data are requiced ttions were obtained using Krebs-Henseleit solution

characterize the activity induced by the triazo&rivch-
tives at the cardiovascular level. To provide thferma-
tion, the present study was designed to investigfate
effects of a triazole derivative on perfusion pueesand
coronary resistance in isolated rat hearts usieglL#m-
gendorff technique. In addition, to evaluate thdetolar
mechanism involved in the inotropic activity inddcky
the triazole derivative on left ventricular pressiuhe

(£0.01%, VIv).

Experimental design

Each male rat (200 - 250 g) was anesthetized legting

with pentobarbital at a dose of 50 mg/Kg body weigh
The chest was opened, and a loose ligature passed
through the ascending aorta. The heart was thadlyap
removed and immersed in ice cold physiologic saline
solution. The heart was trimmed of non-cardiaaigsand

following compounds were used as pharmacologicaletrograde perfused via a circulating perfusioriesypsat a

tools; prazosin o, adrenoreceptor

antagonist) [8], constant flow rate. The perfusion medium was thebisr

metoprolol (selective; receptor blocker) [9], nifedipine Henseleit solution (pH = 7.4, 37°C) composed of (in

[antagonist of calcium-channel) [10], indomethadan
nonselective inhibitor of cyclooxygenase) [11], E3d1

mmol); 117.8, NaCl; 6, KCI; 1.75, Call.2, NaHPO;
1.2, MgSQ; 24.2, NaHC@ 5, glucose; and 5, sodium

(thromboxane receptor antagonist and thromboxane sypyruvate. The solution was actively bubbled witmix-

thase inhibitor) [12].

Material and Methods

Chemical synthesis

ture of Q/CO, (95:5/5 %). The coronary flow was ad-
justed with a variable speed peristaltic pump. Abtial
perfusion rate of 15 ml/min for 5 min was followby a
15 min equilibration period at a perfusion rate if
ml/min. All experimental measurements were doneraft
this equilibration period.

The compounds used in this study were purchased froperfusion pressure

Sigma-Aldrich Co., Ltd. The melting point for thiakzole

Evaluation of measurements of perfusion pressure

derivative was determined on an EIectrothermaI (90@hanges induced by drugs administration in thisiystu
model). Infrared spectra (IR) were recorded usirf K \vere assessed using a pressure transducer conrected

pellets on a Perkin Elmer Lambda 40 spectrométér.

the chamber where the hearts were mounted andethe r

andC NMR (nuclear magnetic resonance) spectra wergy|ts entered into a computerized data captureemsyst
recorded on a Varian VXR-300/5 FT NMR spectrometefgijopac).

at 300 and 75.4 MHz (megahertz) in CQ@leuterated
chloform) using TMS (tetramethylsilane) as intersian-
dard. EIMS (electronmpact mass spectroscopspectra

I notropic activity
Contractile function was assessed by measuring/éaft

were obta?ned with a Finnigan Trace Gas Chrom_atogrqricu|ar developed pressure (LV/dP), using a sdiifed
phy Polaris Q Spectrometer. Elementary analysi® dajatex balloon (0.01 mm, diameter) inserted into ki
were acquired from a Perkin Elmer Ser. Il CHNS/O®4 ventricle via the left atrium. The latex balloonsmaound

elemental analyzer.

Synthesis of 4-butyl-1-(4-nitrobenzoyl)-2,3-dihydre
1H-1,2,3-triazole(compound 3)

A solution of p-nitrobenzoyl azide (100 mg, 0.52 mmol),
1-hexyne (83 pl, 0.73 mmol) and cupric chloride yanh
drous (100 mg, 0.74 mmol) in 10 mL of methanol wa

stirred for 48 h at room temperature. The reaatiixture

184

to cannula which was linked to pressure transdticar
was connected with the MP100 data acquisition ayste

Biological evaluation

First stage

Effect induced by the triazole derivative and the com-
ound p-nitrobenzoyl azide on perfusion pressure:
hanges in perfusion pressure as a consequenag of i

crease in time (3 to 18 min) in the absence (cHnamd
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presence of the triazole derivativemnitrobenzoyl azide Bonferroni correction factor [14] using the SPSS012
at a concentration of 0.001 nM were determined. Therogram. The differences were considered significan
effects were obtained in isolated hearts perfusedcan- whenp was equal or smaller than 0.05.

stant-flow rate of 10 ml/min.

Evaluation of effects exerted by the triazole derivative  Resylts

and the compound p-nitrobenzoyl azide on coronary

resistance: Coronary resistance in the absence (ContrOIbhemi cal synthesis

and presence of the triazole derivativepamitrobenzoyl 1o (eaction product (triazole derivative, Figurg 1

azide at a concentration .Of 0.001 nM was evalualed. gy, 04 5 yield of 64%vith melting point of 278-280 °C.
effects were obtained in isolated hearts perfusedcan- In addition, the spectroscopic analyses show sigfu
stant flow rate of 10 ml/min. Since a constant floxas IR (Vi C’ml) at 1720, 1560 and 1324. In addition, the
_used, changes_ In coronary pressure reflected tegels chemical shifts of the spectroscopic analysefHoNMR

In coronary resistance. and™*C NMR for the triazole derivative is showed in the
table 1 and 2Finally, the result of mass spectroscopy (70
Second_stage . _— electrovolts) was m/z 342.02. Additionally, the reém-
Effects induced by the triazole derivative on left ven- tary analysis data for the triazole derivativestGsN4Os)

tricular pressure through adrenergic receptors. Intra- . . }
coronary boluses (50l) of the triazole derivativg0.001 \;vr(]e(;efocija:]lgu(lgte%(gd_?_lG.gléZI;, 5.84; N, 20.28; O31Iy

to 100 nM) were administered and the corresponding
effect on the left ventricular pressure was denae_ltdu The Biological activity
dose-response curve (control) was repeated in ribg- p First stage

ence of prazosin or metoprolol at a concentratioh oM The activity induced by the triazole derivative ate

(durs;tlorioof _prelnc_?gatlt(_)n W'th grazosm or metdpko compoundp-aminobenzoyl azide on perfusion pressure
\IIEv?fzctor fthmlp_eqL:Hdra_lo?_ perlolé.ft tricul and coronary resistance in the isolated rat heads
s Of (e triazole derivative on 1€t Ventricuiar pres- oy a1 ated. The results obtained from changes ifugien

sure tgr?UQh thg C?C'?Th(:h?md Iactollva.tlort\.: Irgrggcl)r?— pressure as a consequence of increase in the 3inoel@
nary boluses (5Qu) of the triazole derivativdO. 0 min) in the absence (control) or in presence otiiazole

100 nM] were administered and the correspondingCeff e\ ative (Figure 2), showed that triazole deiixat
on the left ventricular pressure was eva_Iuated. Otpere- [0.001 nM] significantly increases the perfusiorgsure
response curve (control) was repeated in Fhe peesen (p = 0.05) in comparison with the control conditiomgla
nifedipine at a concentration of 1 nM (duratioritoé pre- p-aminobenzoyl [0.001 nM]. Other results (Figure 3)

incubation with nifedipine was 10 min). showed that coronary resistance, calculated asatfeeof

Effect exerted by the triazole derivative on left ventricu- : .
) : perfusion pressure at coronary flow assayed (1Qmim)/
lar pressure through synthesis of prostanglandins. The was significantly higherp( = 0.06) in presence of the

boluses (50ul) of the triazole derivativg0.001 to 100 triazole derivative at a concentration of 0.001 mMom-

nM] were administered and the corresponding eftect . . . ;
the]left ventricular pressure was evaluatrt)ad Thgsbtvas Farlson With the control conditions apeaminobenzoyl
' 0.001 nM].

injected at the point of cannulation. The dose aasp
curve (control) was repeated in the presence ob-ind
methacin at a concentration of 1 nM (duration &f pine-
incubation with indomethacin was for 10 min).

Effects induced by triazole derivative on left ventricular
pressure through thromboxane receptor or thromboxane
synthase inhibitor activation. Intracoronary boluses (50
ul) of the triazole derivativé0.001 to 100 nM) were ad-
ministered and the corresponding effect on the Jefi-

Second stage.

Other experimental data showed that activity exkelg
the triazole derivative in a dose range of 0.001G0 nM
increased the left ventricular pressure (Figuramy this
effect was not inhibited in presence of prazosin,
metoprolol or nifedipine drugs (Figure 5 and 6paton-
centration of 1 nM. Finally, other data obtainedy(ife 7)
indicate that the triazole derivative induces arease in

curve (control) was repeated in the presence otome- [0.001 to 100 nM] and this effect was significaritiyib-

pound BM-531 at a concentration of 1 nM (duratidn o ; P _ _
preincubation with BM-531was for 10 min). gfg %;gdoc;nlwer;[&acmp( 0.05) and BM-531 {(= 0.05)

Statistical analysis

The obtained values are expressed as average usBig,

each heart (n = 10) as its own control. The dataioéd

were put under Analysis of Variance (ANOVA) witheth
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Figure 1. Synthesis of 4-butyl-1-(4-nitrobenzoyl)-2,3-dihydi$-1,2,3-triazole §). Reaction of p-nitrobenzoyl azide
(2) with 1-hexyne3) to form the compoungl i = cupric chloride anhydrous
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Figure 2. Effect induced by the triazole derivative and patienzoyl azide on perfusion pressure. The reshlisv that
the triazole derivative significantly increase pesibn pressurep(= 0.05) through time in comparison with the control
conditions and the compound p-nitrobenzoyl azidehbbar represents the mean £ S.E. of 10 expergnent
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Figure 3. Activity exerted by the triazole derivative andifpobenzoyl azide on coronary resistance. Thellisshow
that coronary resistance was highgr< 0.06) in the presence of the triazole derivaiiveomparison with the control
conditions and the compound p-nitrobenzoyl aideh bar represents the mean +S.E. of 10 expaitsne
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Figure 4. Effects induced by the triazole derivative om Vehtricular pressure. In the graph is showing thelogical
activity exerted by the triazole derivative in do$®.001 to 100 nM on the left ventricular pressyrVP).
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Figure 5. Activity exerted by the triazole derivative onAL¥hrough of adrenergic receptors. Triazole derivat{0.001
to 100 nM] was administered (intracoronary bolus&8ul) and the corresponding effect on the LVP wasueatall in
the absence and presence of prazosin or metoprbha.results showed that activity induced by treztle derivative
on LVP was not inhibited in the presence of prazasimetoprolol. Each bar represents the mean £ $fEL0 experi-

ments. LVP = left ventricular pressure.
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Figure 6. Effects induced by the triazole derivative on LYiFbigh calcium channel activation. Intracoronaryllmes
(50 ul) of the triazole derivative [0.001 to 100 nM] veeadministered and the corresponding effect onL¥E was
determined in the absence and presence of nifegephme results showed that the triazole derivatieeease the LVP
in a dependent dose manner and this effect wamhibtited in the presence of nifedipine. Each bgpresents the mean
+S.E. of 10 experiments. LVP = left ventriculaepsure.
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Figure 7. Effects induced by the triazole derivative on LYiPuaigh prostaglandins synthesis or thromboxaneptxe
Intracoronary boluses (5@l) of the triazole derivative [0.001 to 100 nM] veeadministered and the corresponding
effect on the LVP was determined in the absencegeagince of indomethacin or BM-531. The resultsveld that the
triazole derivative increase the LVP in a dependiyge manner and this effect was significantlylitéd (p = 0.05) in
the presence of indomethacin or BM-531. Each bpragents the mean +S.E. of 10 experiments. L\V@ftvéntricular
pressure; BM-531 = thromboxane receptor antagoaigt thromboxane synthase inhibitor.

Table 1. '"H NMR (300 MHz, CDG) data for the triazole derivative

0.90 (s, 3H), 1.38 (t, 2H] = 6.74 Hz), 1.86 (t, 2H] = 6.72 Hz), 2.46 (t, 2H] = 6.74 Hz), 580 (d, 1H, J = 1.70 Hz),
8.03-8.20 (m, 3H), 9.10 (broad, 2H) ppm

Table 2.2%C NMR (300 MHz, CDG) data for the triazole derivative

14.30 C-9), 24.10 C-8), 26.12 C-6), 27.04 C-7), 113.42 C-4), 122.76C-14, C-16), 128.80C-13,C-17), 139.70C-
12), 140.76 C-3), 147.70 C-15), 167.10C-10) ppm.

Discussion theless, despite its wide scope, the former prigcsmaffer
from several drawbacks because some reagentsinave |

Chemical Synthesis ited stability [15-18].In our experiment, the synthesis of

In this study we report a straightforward route foe the triazole derivativevas developed by the reactionpsf

preparation of a triazole derivative. lingoortant to  nitrobenzoyl azide with 1-hexyne using chloride yanh

mention that there are several procedures forythinesis ~ drous as catalyst. The structure of the triazolevetve

of triazole derivatives described in the literaturever was confirmed using IR and NMR spectroscopy (Tdble
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and 2). The IR spectra contained characteristicatitnms  derivative was not inhibited in presence of thesenc
at 1720 for ketone group; at 1560 for ring triazaled pounds. These data indicate that the mechanisniviero
1324 for nitro group. TheH NMR spectrum of the tria- in the effects of this triazole-derivative on leéntricular
zole derivative shows signals at 0.90 ppm for mgthr pressure was not through adrenergic activity.

group; at 1.38-2.46 ppm for methylene groups inedlin ~ Some investigations have reported that severalateres
the arm that was bound to triaziole ring; at 5.@tngfor  induce their effects on blood pressure via theigalc
proton involved in triaziole ring; at 8.03-8.20 ppiar  channels activation [22]. In this study, the atyivin-
phenyl groups; at 9.10 ppm for amino groups. Ti@ duced by the triazole derivative on left ventricutees-
NMR spectra displays chemical shifts1a.30 ppm for sure was evaluated in the absence and presence of
methyl group; at 24.10-27.07 ppm for carbons ingdlin  nifedipine. The results showed that the effect exkby
the arm which was bound to triazole ring; at 1221880 the triazole derivative was not inhibited in thegence of
and 147.70 ppm for phenyl group; at 113.42 and 7840. nifedipine, which indicate that the triazole detiva does
ppm for triazole ring; at 167.10 for ketone grokpmally,  not act via activation calcium channel.

the presence of triazole derivative was furtherficmed

from mass spectrum; which showed a molecular ion &@n the other hand, while analyzing experimentaladat

m/z 276.10. obtained, we also considered validating the effediced
by some compounds on left ventricular pressureras-
Biological evaluation taglandins synthesis [2ZInd to evaluate the possibility

There are data, which indicate that several traderiva- that the activities exerted by the triazole derieatin-
tives exert effects on the cardiovascular systemlfy Volve stimulation and secretion of prostaglandifs.see
(Sato et al., 1980; Novinson et al., 1982); howetee this, the effect of triazole derivative on left wecular
cellular site and molecular mechanism involved tm i Pressure in the absence and presence of indomethasi
inotropic activity are very confusing. In our tisitudy, the  studied. The results showed that effect inducedhey
effect exerted by a new triazole derivative on Hlgessel triazole derivative on left ventricular pressure swa
capacity and coronary resistance; translated asgelsan blocked by indomethacin. These data indicate tbiatiey
perfusion pressure was evaluated, in isolated earth exerted by the triazole derivate on left ventricgeessure
model. The results obtained show that the triadeliva-  involve prostanoids synthesis and secretion. Thaght
tive significantly increases the perfusion pressaver be a possibility that the triazole derivative magitce its
time compared to the control conditiohese data sug- activity on left ventricular pressure via synthesefs
gest that the triazole derivative exerts effectperiusion thromboxane A (TXA,). To study this, the effect of the
pressure; which could subsequently modify vasculae  triazole derivative on left ventricular pressureaimsence
and coronary resistance of heart. and presence of BM-531 was evaluated. The expetahen
data showed that the effect of the triazole deixreabn
In order to assess this hypothesis, the activigrted by left ventricular pressure in presence of BM-531 was
the triazole derivative on coronary resistance exu-  hibited significantly However, it is important to mention
ated. The results indicate that coronary resistamas that the activity induced by the triazole derivativn dif-
increased in the presence of the triazole derigativ ferent doses in the presence of BM-531 was notlyota
Analyzing these data and chemical structure of th&locked. These data suggest that positive inotrapiiv-
triazole derivative, alternative experiment weraried ity induced by the triazole derivative is via aetion of
out using the compoung-benzoyl azide to evaluate TXAZ2.
whether this compound exerts any changes on perfusi
pressure and coronary resistance, since thereepm®ts  Conclusion

which indicate that some compounds with nitro geoup Triazole derivative is a particularly interestingug be-
can induce changes in blood pressure [20]. Theltsesu cause the positive inotropic activity induced big tbom-
indicated thaip-benzoyl azide does not exert changes omound involves the activation or release of throxatne
perfusion pressure and coronary resistance in casgpa A, This phenomenon may result in a decrease in selver
with the triazole derivate. These data suggestahigtthe  effects such as cardiac arrhythmia and ischaemdiacied

triazole ring in the triazole derivative may bepassible by several cardiotonic agents such as cardiac sjiges
for its pharmacological activity, which could resu the  gng sympathomimetic amines [24, 25].

release or activation of vasoactive substances sisch

catecholamines; which may induce a positive inatrop Conflicts of interest
effect. There are reports suggesting that someotga
derivatives can stimulates catecholamine produdgdfs

therefore, in this study the effect exerted by titezole

derivative on left ventricular pressure was evadah the
absence or presence of prazosin and metoprolol. The

results showed that, the effect induced by thezatea
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