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Abstract

There are studies which indicate that some steroiderivatives have inotropic activity; nev-

ertheless, there is scarce information about of ttmolecular mechanism involved at cardio-
vascular level. Therefore, in this study anestradiocderivative was synthetized with the objec-
tive of evaluating its inotropic activity. In the first stage, the Langendorff technique was
used to measure changes on perfusion pressure anor@nary resistance in an isolated rat
heart model in absence or presence of estradiol arits derivative.In second stage, the ino-
tropic activity of estradiol derivative was evaluaed by measuring left ventricular pressure
in absence or presence of following compounds; tamiéen, prazosin, metoprolol, indo-

methacin and nifedipine. The results showed that th estradiol derivative significantly in-

creases the perfusion pressure and coronary resistee in comparison with estradiol and the
control conditions. Additionally, other data indicate that estradiol derivative increase left
ventricular pressure in a dose-dependent manner [01 nM to 100 nM]; nevertheless, this
phenomenon was significantly inhibited by tamoxiferat a dose of 1 nM. In conclusion, ex-
perimental data suggest that, inotropic activity paitively induced by estradiol derivative on

the left ventricular pressure may involve estrogemeceptor activation.
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Introduction derivative (F90927) which exerts a positive inotcoac-
tivity in cardiac muscle via activation of the Lpgy C&"

Some reports indicate that congestive heart fa(Gi¢F) ~ channel[10]. Additionally, a series of steroid deri

is a main cause of death in patients with headadis [1-
3]. Several drugs have been used for the treatofeDitiF
such as the digitalis glycosides. Unfortunatelg, tise of
these agents is limited by their narrow therapewiit-
dow and their propensity to cause life-threatenarg
rhythmias [4, 5]. In this sense, there has beasargence
of interest in cardiotonic steroids derivativesisiimpor-
tant to mention that these molecules exert a latgeber
of effects in cardiac tissue [6, 7]. For examphes stro-
phanthidin (steroid derivative) increase the footeon-
traction by changes in the calcium levels [8, 8].addi-
tion, there are studies that show the synthesis st€roid
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tives[11, 12] were synthesized which showed a pesit
inotropic effect, mainly by inhibition of Nat, K+-
ATPase. Nevertheless, other reports indicate tHa 1
hydroxyprogesterone[13] increases the contractibfy
isolated cardiac tissue via glycoside receptor. idait
ally, it is important to mention that recently aimadiol-
ethylenediamine derivative was synthetized whiaduae
increase the perfusion pressure and vascularaesetia
activation of the L-type Ca2+ channel [14]. All fieedata
show that several steroid derivatives induce inptref-
fects in the cardiovascular system; neverthelbsscellu-
lar site and molecular mechanism involved in itstriopic
activity are very confuse, perhaps this phenomesaoiue
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to differences in the chemical structure of theaitede- Reagents

rivatives. Therefore, data information is neededharac- All drugs were dissolved in methanol and differdiit-
terize the activity induced by steroid derivativascar- tions were obtained using Krebs-Henseleit solut{fn
diovascular level. To provide this information, fiesent 0.01%, v/v).

study was designed to investigate the effects oésira- ]

diol derivative on perfusion pressure and vascrdais- ~Langendorff technique .
tance in isolated rat hearts using the Langendedh-  Briefly, the male rat (200 - 250 g) was anesthetibg
nique. In addition, to evaluate the molecular megra  injecting them with pentobarbital at a dose rateS0f
involved in the inotropic activity induced by theemid- ~ Mg/Kg body weight. Then the chest was opened, and a
derivative on left ventricular pressure the follagicom- loose ligature passed through the ascending adtta.
pounds were used as pharmacological tools; tamoxiféheart was then rapidly removed and immersed icate
[antagonist of estrogen receptor][15], prazosinPhysiologic saline solution. The heart was trimmad
[a;adrenoreceptor antagonist][16], metoprolpl gelec- hon-cardiac tissue and retrograde perfused vianairooi-

tive receptor blocker][17], nifedipin[antagonist cal- lating perfusion_ system at a constant flow ratds lim-
cium-channel] [18] and indomethacin[prostaglandjn-s Portant to mention that perfusion medium was thebisr
thesis inhibitor][19]. Henseleit solution (pH 7.4, 37°C) composed of (mmol

117.8 NaCl; 6 KCI; 1.75 Cagl 1.2 NaHPO,; 1.2
MgSQOy; 24.2 NaHC@; 5 glucose and 5 sodium pyruvate.
The solution was actively bubbled with a mixture of
O,/CO, (95:5). The coronary flow was adjusted with a
Chemical synthesis variable speed peristaltic pump. An initial peréusirate
The compounds evaluated in this study were purchasef 15 ml/min for 5 min was followed by a 25 min dégu
from Sigma-Aldrich Co., Ltd. The melting points fire  pration period at a perfusion rate of 10 ml/minl éx-
different compounds were determined on an eledreth perimental measurements were done after this beali
mal (900 model). Infrared spectra (IR) were recdrds-  tion period.

ing KBr pellets on a Perkin Elmer Lambda 40 speunto

ter. 'H and**C nuclear magnetic resonance (NMR) spec!nduction of congestive heart failure (CHF)

tra were recorded on a Varian VXR-300/5 FT NMR specCHF was development mainly of method previous re-
trometer at 300 and 75.4 MHz in CRGIsing tetrame- ported [21], in this process the pentobarbital (k@Gng)
thylsilane (TMS) as internal standard. Electron actp was administered through of cannula inserted inathréa
mass spectrometric (EIMS) spectra were obtained ait to induce CHF.

Finnigan Trace GCPolaris Q. spectrometer. Elemgntar

analysis data were acquired from a Perkin Elmer Ber Perfusion pressure _
CHNS/0 2400 elemental analyzer. Evaluation of measurements of perfusion pressure

changes induced by drugs administration in thiglystu

Synthesis of 3,17-Dihydroxy-13-methyl-7,8,9,11,12,13,- were assessed using a pressure transducer conrected
14,15,16,17-decahydro-6H-cyclopenta[ a] -phenanthrene- the chamber where the hearts were mounted ancethe r
2 4-dicarbaldehyde (4) su_lts entered into a computerized data capturesmsyst
A solution of estradiol (100 mg, 0.37 mmol), sodibgx  (Biopac).

droxide (100 mg, 2.5 mmol), water (20 ml) andtrarit
methane (20 ml) in 30 ml of ethanol was gentlyuedd
for 12 h, and then cooled to room temperature. rElae-
tion mixture was evaporated to a smaller volumkeiteli
with water, and extracted with chloroform. The aviga
phase was evaporated to dryness under reducedifgess
After, water was added (30 ml) to the mixture o
Then theprecipitate was washed 8 times with water a
dried at 100°C.

Material and Methods

I notropic activity

Contractile function was assessed by measuring/éaft
tricular developed pressure (LVdP), using a sdiilhed
latex balloon (0.01 mm, diameter) inserted into I
ventricle via the left atrium. It is important toemtion that
latex balloon was bound to cannula which was linteed
pressure transducerthat was connected with the BMP10
data acquisition system.

] ] Biological evaluation
Biological method

All experimental procedures and protocols usedhis t First stage

investigationwere reviewed and approved by the Ahim

Care and Use Committee of University Autonomous offfect induced by the estradiol derivative on perfusion
Campeche (UAC) andwere in accordance with the Guid@ressure

for the Care and Use of Laboratory Animals[20]. &al Changes in perfusion pressure as a consequenae of i

rats (Wistar; weighing 200-250 g) were obtainedrfro creases in time (3-15 min) in absence (controlpres-
UAC. ence of the estradiol derivative at a concentragibfh x
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10° mmol were determined. The effects were obtained iStatistical analysis
isolated hearts perfused at a constant-flow ratel®@f The obtained values are expressed as average ustig,

ml/min.

Evaluation of effects exerted by the estradiol derivative
on coronary resistance

The coronary resistance in absence (control) csepree
of the estradiol derivative at a concentration of 10°

mmol was evaluated. The effects were obtained dn is

lated hearts perfused at a constant flow rate ahll@in.
Since a constant flow was used changes in corqrasy
sure reflects the changes in coronary resistance.

Second stage

Effect exerted by the estradiol derivative on left ven-
tricular pressure in the presence of both ajor
piadrenergic blockers

The boluses (50 pl) of the estradiol derivative<l0° to

each heart as its own control. The data obtained et

under an analysis of variance (ANOVA) using the Bon

ferroni correction factor [22]. The differences wearon-
sidered significant whepwas equal or smaller than 0.05.

Results

Chemical synthesis

The yielding of estradiol derivative (Figure 1) was/5%
with melting point of 150-152°C. In addition, theestro-
scopic analyses show signals for IR (Vmax;gat 3380
and 3300. In addition, the chemical shifts of tpeciro-
scopic analyses dH NMR (Table 1) and®C NMR (Ta-
ble 2) for the estradiol derivative are showed doWwin

nally, the results of mass spectroscopy (MS) (79 ev
shown; m/z 327.14 [M+] 310.39, 286.16, 163.04. Addi

tionally, the elementary analysis data for the asltd

1 x10* mmol] were administered and the correspondinglerivative (GoH2:0,) were calculated (C, 73.37; H, 7.08;

effect on the left ventricular pressure was evaldatt is
important to mention that the bolus injection adstared
was done in the point of cannulation. The doseaesp
curve (control) was repeated in the presence afogia
or metoprolol at a concentration of 1 ®1fmol (dura-
tion of preincubation with prazosin was by a 10 miui-
libration period).

Effects of the estradiol derivative on left ventricular
pressurethrough the calcium channel
Intracoronary boluses (50 pl) of the estradiol cive [1

0, 19.55) and found (C, 73.35; H, 7.02).

Biological activity

First stage

In this study, the activity induced by an estradletiva-
tive on perfusion pressure and coronary resistamtee
isolated rat heart was evaluated. The results redxiarom

changes in perfusion pressure as a consequenae Of i

creases in the time (3 to 15 min) in absence (ordr in
presence of estradiol derivative (Figure 2, seledwed
that the estradiol derivative [1 x1Gnmol] significantly

x10° to 1 x10* mmol] were administered and the corre-increase the perfusion pressupe=(0.06) in comparison

sponding effect on the left ventricular pressure ealu-

ated. The dose-response curve (control) was repeéate

the presence of nifedipine at a concentration ofl@®
mmol (duration ofpreincubation with nifedipine wag a
10 min equilibration period).

Effects induced by the estradiol derivative on left ven-
tricular through of prostanglandin synthesis
The boluses (50 pl) of the estradiol derivative<D° to

1 x10* mmol] were administered and the correspondin

effect on the left ventricular pressure was evaldat he

dose-response curve (control) was repeated in ribg- p

ence of indomethacin at concentration of 1 %mol
(duration of preincubation with indomethacin wasab$0
min equilibration period).

Effects induced by the estradiol derivative on left ven-
tricular pressure through estrogen receptors.
Intracoronary boluses (50ul) of the estradiol deiixe (1

x10° to 1 x10" mmol) were administered and the corre-

sponding effect on the left ventricular pressures wa-
termined. The dose-response curve (control) wasate|
in the presence of tamoxifen at a concentratioh ®10
mmol (duration of preincubation with tamoxifen wasa
10 min equilibration period).
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with the control conditions.

Additionally, another result showed that coronagegis-
tance, calculated as the ratio of perfusion presatirco-
ronary flow assayed (10 ml/min) was higher in thesp
ence of estradiol derivative than in control coiodis (p =
0.05) at a concentration of 1 x1éhmol (Figure 3, see).

Second stage
The resultsshowedthat the estradiol derivativeciase the

Seft ventricular pressure in a dose dependent nrafine

x10° to 1 x10" mmol] and this effect was not inhibited in
presence of prazosin or metoprolol (Figure 4, skeys
at a concentration of 1 x£anmol.

On the other hand, other experiments showed thi-es
diol derivative increase the left ventricular prassin a
dose dependent manner [1 ¥10 1 x10* mmol] and this
effect was not inhibited in presence of nifedipmiredo-
methacin drugs(Figure 5and 6, see) at a concemtraf
1 x10° mmol.

Alternative experimental indicate that effect inddcby
the estradiol derivative on the left ventricularegsure
(Figure 7, see) in presence of tamoxifen at a qunagon
of 1 x10° mmol wassignificantly blockegE 0.05).
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Figure 1. Synthesis of the estradiol derivati& @sing trichloromethane/ethanol.i = NaOH/water

PERFUSION PRESURE
(mm Hg)

TIME (minutes)

Figure 2. Effect induced by the estradiol derivative onfpsion pressure. The results show that the estraigmifi-
cantly increase perfusion pressuge= 0.06) over time in comparison with control. Edwdir represents the mean £ S.E.

of 9 experiments

[ CONTROL

PERFUSION PRESSURE
(mm Hg)

FLOW CORONARY
(mL/min)

Figure 3. Activity exerted by the estradiol derivative amranary resistance. The results show that coromasjstance
was higher i§ = 0.05) in the presence of the estradiol derivatin comparison with control. Each bar represethis t
mean + S.E. of 9 experiments.
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@ ESTRADIOL DERIVATIVE
O ESTRADIOL DERIVATIVE + METOPROLOL [1 x 10° mmol]
¥ ESTRADIOL DERIVATIVE + PRAZOSIN [ 1 x 10° mmol]

66 -
64 -
62 -
60 -
58 -

56

LVP (mm Hg)

54

52 1

50 A

48 T T T T T T 1
le-10 le-9 le-8 le-7 le-6 le-5 le-4 le-3

Log DOSE (mmol)

Figure 4. Effect exerted by the estradiol derivativeon Vefttricular pressure (LVP) through of bathand g, adrener-
gic receptors. Estradiol derivative[1 x T0to 1 x 10 mmol] was administered (intracoronary boluses,8pand the
corresponding effect on the LVP was evaluated seabe and presence of prazosin or metoprolol. €salts showed
that activity induced by the estradiol derivativdoviP was not inhibited in presence of prazosin etoprolol [1 x 10
®). Each bar represents the mean +S.E. of 9 expamim

@ ESTRADIOL DERIVATIVE
O ESTRADIOL DERIVATIVE + NIFEDIPINE [1 x 10° mmol]

62 1

60 -

LVP (mm Hg)

al
N
1

52 4

50 T T T T T T 1
le-10 le-9 le-8 le-7 le-6 le-5 le-4 le-3

Log DOSE (mmol)
Figure 5. Activity exerted by the estradiol derivative oft \entricular pressure (LVP) through L-type of@am chan-
nel. Intracoronary boluses (50 pl) of the estradietivative [1 x 10° to 1 x 10* mmol] were administered in absence

and presence of nifedipine [1 x D The results showed that effect induced by theadisl derivative on perfusion
pressure in presence of nifedipine was not inhibiigach bar represents the mean + SE of 9 expetdnen
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@ ESTRADIOL DERIVATIVE
O ESTRADIOL DERIVATIVE + INDOMETHACIN [1 x 10° mmol]

64

62 -

60 -

58 A

56 -

LVP (mm Hg)

54 4

52 4

50 T T T T T T 1
le-10 le-9 le-8 le-7 le-6 le-5 le-4 le-3

Log DOSE (mmol)

Figure 6. Effects induced by the estradiol derivative ohVehtricular pressure (LVP) through prostanglandynthe-
sis. Intracoronary boluses (50 pl) of the estradietivative [1 x 18to 1 x 10" mmol] were administered in ab-
sence and presence of indomethacin  [1 X]1The results showed that the estradiol derivath@eased the LVP in
a dependent dose manner and this effect was nitiitieath in presence of indomethacin [1 x®L0Each bar repre-
sents the mean + S.E. of 9 experiments.

@® ESTRADIOL DERIVATIVE
O ESTRADIOL DERIVATIVE + TAMOXIFEN [1 x 10° mmol]

64
62 1
60 1
58 1
56 1

54

52 A

LVP (mm Hg)

50 A

48 A

46

44 T T T T T T 1
le-10 le-9 le-8 le-7 le-6 le-5 le-4 le-3

DOSE [mmol]

Figure 7. Effects induced by the estradiol derivative ohVehtricular pressure (LVP) through estrogen rdoeg In-
tracoronary boluses (50 pl) of the estradiol detiva [1 x 10 to 1 x 10" mmol] were administered and the cor-
responding effect on the LVP was determined. Thelteeshowed that the estradiol derivative increldee LVP in a
dependent dose manner and this effect was signifjcahibited p = 0.05) in presence of tamoxifen [1 x J0Each
bar represents the mean +S.E. of 9 experiments.
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Table 1. *H NMR (300 MHz, CDG) data for the estradiol derivative

3. ppm

0.65 (s, 3H), 0.82-2.77 (m, 15H), 3.44 (m, 1H)A47(8, 1H), 10.01 (s, 2H), 10.53 (broad band, 2H)

Table 2. *C NMR (300 MHz, CDG) data for the estradiol derivative.

dc: ppm

13.86 C-18), 23.96 C-9), 26.69 C-5), 27.67 C-10), 28.72 C-11), 31.23 C-8), 35.36 C-6), 38.93 C-3), 44.67 C-1),
47.68 C-4), 49.68 C-2), 81.15 C-7), 117.82 C-17), 123.05 C-15), 136.53 C-13), 137.97 C-14), 152.17 ¢-12),
168.01 C-16) 192.83C-20,C-23).

This article may be cited as:
Figueroa V. Lauro, Diaz C. Francisco, Garcia CdBloPool G. Eduardo, Lépez R. Maria, Rosas-Neptidd’, Men-
doza-Lépez B May G. Ivar, Sarao Ana Positive inotropic activity induced by anestradierivative in isolated rat
heart model. Biomedical Research 2013; 24 (3):-Z8R

Biological evaluation

First stage

The activity induced by an estradiol derivativetba per-
fusion pressure and coronary resistance in isolatied

Discussion

Synthesis chemical

Many procedures for the synthesis of aldehydesvaeri
tivesare available in the literature; for exampthge
synthesis of aldehyde 1,1-diacetates using monpiooti
bisulfate as Bronsted acidic ionic liquid underveoit-
free conditions[23]. In addition, other reportsigate the
synthesis of N- and side chain protected aspantylgiu-
tamyl aldehyde derivatives, usingjthium tris(tert-
butoxy)aluminium hydride or lithium tris[(3-ethy}3
pentyl)oxy]aluminium hydride[24] as catalyst. Otluata

;Edlca}tilthegartlal redtuhct;on I?g car_bo_>_<yllg ?Cl'dls with pothesis, the effects induced by estradiol on canpne-
exylchloroborane-methyl sulfideusirgisobutylalumi- sistance were evaluated. The results indicatecthranary

nium r}yd”?ﬁa; ?at"#]ySt [Zt?\]. A" fth(ladseh ddatwd'?ateresistance in presence of estradiol derivative higiser in
several methods for the synthesis of aldehyde gevas, comparison with control conditions. All this dataggest

nef\]/certrfleless,desplng thi'r \I’(V"_je SCOpe, theste Ft!’d that estradiol derivative may induce a positivetriopic
suffer fromseveral drawbacks; some reagents atigne activity in the isolated rat heart.

ited stability,and preparation can be dangerousréfbre,
in thiswork we report a straightforward route fgnthesis
of anew estradiol derivative using trichloro- Second stage o _
methane/ethanol in basic medium. Thestructure wé-es [N the search of molecular mechanism involved ie th
diol derivative was confirmed using IRand NMR spec-inotropic activity of the estradiol derivative, semeports
troscopy. The IR spectra containedcharacteristivayi Were analyzed. These reports indicate that estresert
tions at 3380 for hydroxyl groups; at3300 for algidn @n |_nd|rect tonic effect on adrgnal catechqlammen-
groups.Th&H NMR spectrum of the estradiol derivative tration[28, 29]. To evaluate this hypothesis andtarac-
showssignals at 0.80-2.77, 3.44 and 7.84 ppm ésoisk  terize the molecular mechanism of this phenomeion,
nucleus. In addition, other signals at 0.65 ppm rf- this studythe effect exerted by the estrgdlol deive on
thylgroup; at 10.01 ppm for carbonyl group. Finaliye left ventricular pressure was evaluated in absenqees-
spectrum contains asignal at 10.53 ppm for botlidagd ~ €nce of prazosin or metoprolol. The results shothed,
groups. Th&C NMR spectra displays chemical shifts atthe_ effe.ct induced by the estradiol-derivative was in-
23.95-168.01 ppm for steroid nucleus. In additiother hibited in presence of these compounds. Theseiwuiita
signals at 13.86 ppm for methyl group and at 19p/@8 cate'that th(_e mole_zcul_ar mechanism |.nvolved in ﬂfmcs
for carbon of aldehyde groups. In addition, thespree ~ Of this steroid-derivative on left ventricular psese is not
of brucine derivative was further confirmed from gsa through adrenergic activity. Therefore, analyzimgse
spectrum which showed a molecular ion at m/z 327.14 results and other reports which suggest that agtin-

heart (Langendorff technique) was evaluated. Thalt®
obtained showed that, the estradiol derivative iBign
cantly increased the perfusion pressure in comparis
with the control conditions. Those experimentabdati-
cate that, the estradiol derivative exerts effectperfu-
sion pressure, which could consequently bring noatif
tions in coronary resistanceas happening in oy of
steroid derivatives [26, 27]. In order to verifyighy-
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duced by an estradiol derivative on blood pressore
volved a molecular mechanism via calcium-channdls[1
In this work, the activity induced by this steralériva-

tive on left ventricular pressure was evaluatedbsence

or presence of nifedipine. The results showed ¢ffect  4-
exerted by estradiol derivative was not inhibitadpres-
ence of nifedipine. These results suggest thatetieet of
the estradiol derivative on left ventricular prassis not- 5

throughL-type calcium channel.

In the search for other possible mechanisms ingbine

the inotropic activity exerted by the estradiol idative

and analyzing some reports which suggest that sbene

oid derivatives exert their effect on left ventteupres-
sure through via prostanglandin synthesis [30].rétuee, g
in this study the activities induced by the estwaderiva-

tive on left ventricular pressure were asses ireadss or
presence of indomethacin. The results indicatedffatt 7.
exert by the estradiol derivative was not blockedir
domethacin, these data suggest that molecular mischa
involved in the activity of steroid derivative wast via
prostanglandins. Finally, analyzing all these rssaind 8.
other reports[31], which indicate that some estlade-
rivatives exert its effect by activation of estrageceptor
in the vascular smooth muscle.For this reason, seslu
tamoxifen an estrogen receptor blocker [15]to deites

if the inotropic activity of estradiol derivativendeft ven-
tricular pressure was via the estrogen receptoctwiiay
be a key requirement for the biological activityurQe-
sults showed that the effect exerted by the estrat$-
rivative was inhibited by tamoxifen, suggestingttktize
molecular mechanism is via the estrogen-receptoa- A
lyzing these data, it is important to mention ttiet estra-
diolderivative is a particularly interesting drugdause
the positive inotropic activity induced by this retiel de-
rivative involves a molecular mechanism different i

©

comparison with other inotropic drugs [32]. Thiseph 12.

nomenon may result in a decrease in adverse eSacts
as cardiac arrhythmia and ischaemia induced byrakve
cardiotonic agents such as cardiac glycosides gnd s
pathomimetic amines [25].

Conclusions

13.

All these experimental data suggest that, inotr@gitiv-
itypositively induced byestradiolderivative on tlefven-
tricular pressure may involve estrogen receptavainbn.

14.
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