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Abstract: Some studies suggest that steroid derivatives exert biological activity on the cardiovascular
system; however, this phenomenon is confusing. This research objective is to prepare some steroid
derivatives (compounds 2 to 6) from 17-ethinylestradiol to evaluate their biological activity on area
infarct using an ischemia/reperfusion injury model. In addition, to characterize the molecular
mechanism, the effect produced by compounds 5 and 6 on left ventricular pressure (LVVP) was evaluated
in an isolated rat heart model using both nifedipine and PINAME TXA drugs as controls. The results
displayed that compounds 5 and 6 decrease the infarct area and increase the LVVP. Nevertheless, the
effect produced by 5 on LVP was blocked in the presence of nifedipine. In addition, biological activity
exerted by compound 6 on LVP was blocked by PINAME TXA.. All these results indicate that 1) the
biological activity produced by compound 5 was through L-type calcium channel activation; 2) the
effect produced by 6 was via thromboxane A; activation; these phenomena could be due to the different
functional groups involved in the chemical structure of compounds 5 and 6.
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1. Introduction

For several years, some drugs have been used to treat heart failure heart such as captopril,
furosemide [1,2], spironolactone [3], and carvedilol [4]; verapamil [5]; however, some drugs
can produce secondary effects such as dizziness [6], hyperkalemia [7], cough [8] and others.
In the search for new therapeutic alternatives, some compounds have been synthesized to treat
heart failure; for example, the synthesis of 4,5-Dihydro-6-[4-(1H-imidazol-1-yl)phenyl]-
3(2H)-pyri-dazinones as positive inotropic agents [9]. Besides, the compound BMS-986235
(LAR-1219) was prepared to treat heart failure, which exerts its effects through peptide
receptor-2 activation [10]. Other data showed the preparation of a hydroxyquinone derivative
as an apelin receptor agonist with biological activity against heart failure [11]. In addition,
heteroaryl-substituted naphthalene was prepared as a CYP11B2 enzyme inhibitor using a heart
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failure model [12]. Besides, some steroid derivatives have been synthesized to determine their
biological activity produced on heart failure [13]; in this way, a study showed that some steroids
analogs (cardiac glycosides), with an attached unsaturated butyrolactone to C-17 of steroid
nucleus, have biological activity against heart failure [14]. In addition, a study showed the
preparation of some cardiotonic steroids, which produce changes in the cardiovascular system
via Na*, K*-ATP-ase inhibition [15]. Other reports showed that some ouabain isomers (steroid
derivatives) could produce effects on heart failure through ATP-ase enzyme inhibition [16].
Recently, a report showed the synthesis of a steroid-azetidine derivative with biological activity
on heart failure by inhibiting calcium channels using an ischemia-reperfusion injury model
[17]. All these data indicate that some steroid derivatives may produce beneficial effects on
heart failure through different molecular mechanisms. Perhaps this phenomenon is due to the
different functional groups involved in the chemical structure of different steroid derivatives.
Analyzing this hypothesis, this study aimed to use some steroid analogs from 17-
ethinylestradiol to evaluate their biological infarct area using an ischemia-reperfusion injury
model.

2. Materials and Methods

2.1. Reagents.

All reagents were purchased from Sigma-Aldrich Co. LLC Company. The NMR
spectra were determined on a Varian VXR300/5 FT apparatus (300 MHz/CDCI3) using
tetramethylsilane as an internal standard. Electron lonization mass spectrometry (EIMS) was
recorded on a Finnigan PolarisQ ion trap mass spectrometer. Melting point (m.p.) was
determined on an electrothermal-900 model apparatus. The infrared spectrum (IR) was
determined on a thermo-scientific iISOFT/IR device. Elemental analysis was determined using
a PerkinElmer apparatus (Ser. Il CHNS / 02400).

2.2. Animals.

Wistar male rats (200-250 g) were provided by the Pharmacochemistry laboratory of
the Faculty of Chemical-Biological Sciences of the Autonomous University of Campeche.

2.3. Chemical synthesis.

2.3.1. Synthesis of (13S,17S)-17-[5-(hydroxymethyl)-10-tricyclo[7.2.0.04,6]undeca-1(9),10-
dienyl]-13-methyl-7, 8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phe-nan- threne-3,17-diol (2).

In a round bottom flask (10 ml), Bicyclo[6.1.0]non-4-yn-9-yl-methanol (100 mg, 0.67
mmol), 17a-ethynyl-estradiol (200 mg, 0.67 mmol) and Copper(ll) chloride anhydrous (120
mg, 0.89 mmol) in methanol (5 ml) was stirring for 72 h at room temperature. Then the solvent
is evaporated on a rotary evaporator, and the product is separated using the chloroform:water
(4:1) system.

2.3.2. General method for synthesis of nitro derivatives (compounds 3* and 4¢).

In a round bottom flask (10 ml), compound 2 (200 mg, 0.46 mmol), nitric acid (3 ml),
and anhydride acetic (5 ml) were stirred for 12 h to reflux. Then the solvent is evaporated on a
rotary evaporator, and the product is separated using the chloroform:water (4:1) system.

https://nanobioletters.com/ 20of14


https://doi.org/10.33263/LIANBS124.156
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS124.156

*(compound 3) = (13S,17S)-17-[5-(hydroxymethyl)-10-tricyclo[7.2.0.04,6]undeca-1(9),10-
dienyl]-13-methyl-2-nitro-7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthrene-
3,17-diol.

®(compound 4) = (13S,17S)-17-[5-(hydroxymethyl)-10-tricyclo- [7.2.0.04,6]Jundeca-1(9),10-
dienyl]-13-methyl-2,4-dinitro-7,8,9,11,12,14,15,16-octahydro-6H-cyclo-
penta[a]phenanthrene-3,17-diol.

2.3.3. Synthesis of (15S,16S)-15-[5-(hydroxymethyl)-10-tricy-clo[7.2.0.04,6]undeca-1(9),10-
dienyl]-16-me-thyl-5-oxapentacyclo[9.7.0.02,8.04,6.012,16]octadeca-2(8), 3,6-tri-en-15-0l (5).

In a round bottom flask (10 ml), compound 3 (200 mg, 0.41 mmol), potassium
carbonate anhydrous (50 mg, 0.36 mmol) in dimethyl sulfoxide (10 ml) was stirred for 12 h at
reflux. Then the solvent is evaporated on a rotary evaporator, and the product is separated using
the chloroform:hexane:water (4:1:1) system.

2.34. Synthesis of [10-[(15S,16S)-15-benzoyloxy-16-methyl-5-oxapenta-
cyclo[9.7.0.02,8.04,6.012,16]octade-ca-2(8),3,6-trien-15-yl]-5-tricyclo[7.2.0.04,6]undeca-1-  (9),10-
dienyl]methylbenzoate(6).

In a round bottom flask (10 ml), compound 5 (200 mg, 0.46 mmol), benzoic acid (60
mg, 0.49 mmol), and boric acid (30 mg, 0.48 mmol) in methanol (10 ml) was stirred for 72 h
to room temperature. Then the solvent is evaporated on a rotary evaporator, and the product is
separated using the chloroform: water (4:1) system.

2.4. Biological activity evaluation.
2.4.1. Methodology general.

Male rats (150-250 g, n = 84) were housed under optimal conditions with hygiene,
temperature, and photoperiods of 12L:12D and fed a standard rat diet (purine) and water. All
these conditions conformed to the Guidelines for Care and Use of Laboratory Animals [18].
The experimental protocols were reviewed and approved by the animal care and use committee
of the Autonomous University of Campeche using international standards (No. PI1-420/12) [19].

2.4.2. Induction of anesthesia.

Pentobarbital (50 mg/kg) was administered intraperitoneally to induce anesthesia in

male rats [18]. Then, the chest was opened, and a loose ligature was passed through the
ascending aorta. Following, the heart was removed, and a cannula was inserted. Here, it is
important to note that the cannula was connected to an acrylic chamber which in turn was
connected to a Graham condenser through which the heart was retrogradely perfused with
Krebs-Henseleit solution* at a constant flow rate (10 ml/min).
* Krebs-Henseleit solution contained several substances such as sodium chloride 117.8
(mmol); potassium chloride (6mmol); calcium chloride (1.8 mmol); monosodium phosphate
1.2 (mmol); magnesium sulfate (mmol); sodium bicarbonate (24.2); glucose (5 mmol) and
sodium pyruvate (5 mmol). It is important to mention that the solution was regulated to a pH
of 7.4 and at a temperature of 35-37°C and bubbled with a mixture of O2/CO; (5%/95%).
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2.4.3. Ischemia-reperfusion model.

In this investigation, ischemia was induced in hearts by turning off the perfusion system
using a Manostat-Varistaltic pump for 30 minutes. Then, the hearts were reperfused for 30
minutes with the Krebs-Henseleit solution in the absence and presence of compounds 2 to 6.

2.4.4. Effect exerted by compounds 2 to 6 against infarct area.

A solution (50 pl) of either compounds 2 to 6 at a dose of 0.001 nM was administered
through the cannula. Then the effects produced by compounds 2 to 6 on the infarct area were
determined and compared with condition control (without treatment, only Krebs-Henseleit
solution). It is noteworthy that the time interval between each dose was 5 minutes for the
recovery of the heart. Besides, to characterize the infarct area, a previously reported method
was used [19]; in this way, the perfusion system was stopped, and 0.5 ml of fluorescein
(0.10%) was administered through a sidearm port which was binding to the aortic cannula.
Finally, the heart was cut into two cross sections at right angles to the vertical axis to delineate
the infarcted area of the left ventricle.

2.4.5. Isolated rat heart model.

A modification of the previously reported Langendorff model [20] was used to
determine the changes produced by compounds 2 to 6 on coronary perfusion pressure and
coronary resistance.

2.4.6. Coronary perfusion pressure.

Coronary perfusion pressure changes were evaluated using a pressure transducer
connected to the chamber where the hearts were mounted. The results were entered into a
computerized data capture system (MP100).

2.4.7. Effects exerted by compounds 2 to 6 on coronary perfusion pressure.

A solution (50 pl) of any compounds 5 to 6 at a dose of 0.001 nM was administered
through a cannula inserted into the aorta. Then, the changes produced in the absence (control)
or presence of compounds 2 to 6 on coronary perfusion pressure were evaluated. It is important
to mention that values were determined every 3 minutes using an isolated heart model perfused
at a constant flow rate of 10 mL/min.

2.4.8. Effects produced by compounds 2 to 6 on coronary resistance.

Coronary resistance in the absence (control) or presence of compounds 2 to 6 [0.001
nM] at a coronary flow rate of 10 ml/min was evaluated. It is important to mention the coronary
resistance was recorded as the relationship between coronary flow and perfusion pressure (mm
Hg/ml/min).

2.4.9. Left ventricular pressure changes analysis.

The contractile activity was determined by measuring left ventricular pressure. To carry
out this process, a saline-filled latex balloon (0.01 mm diameter) was inserted into the left
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ventricle via the left atrium. It is noteworthy that the latex balloon was bound to a cannula;
besides, it was linked to a pressure transducer connected to an MP100 data acquisition system.

2.4.10. Biological activity produced compounds 5 and 6 on left ventricular pressure.

A solution (50 pl) of either compound 5 to 6 at a dose of 0.001 nM was administered
through the cannula inserted into the aorta, and the effect on left ventricular pressure was
recorded.

2.4.11. Effects exerted by compounds 5 and 6 on left ventricular pressure via calcium channel.

A solution (50 ul) of either compounds 5 and 6 at a dose of 0.001 nM was administered
through the cannula inserted into the aorta. The effect on left ventricular pressure was recorded
in the absence or presence of nifedipine [1 nM].

2.4.12. Biological activity by compounds 5 and 6 on left ventricular pressure via thromboxane
A; receptors.

A solution (50 pl) of either compounds 5 and 6 at a dose of 0.001 nM was administered
through the cannula inserted into the aorta. The effect on left ventricular pressure was recorded
in the absence or presence of PINANE TXA: [1 nM].

2.5. Statistical analysis.

The results are expressed as means * standard deviation. In addition, the results were
analyzed through a one-way analysis of variance [21-23] and a paired t-Student [24]. It is
noteworthy that when p < 0.05 the effects were considered significant.

3. Results and Discussion

Several steroid derivatives have been prepared using protocols requiring special
conditions such as different pH and higher temperatures [9-13]. In this research, some steroid
derivatives were synthesized using reagents that are inexpensive and easy to handle.

3.1. Synthesis of a cyclobutadiene derivative.

There are some reports for the synthesis of cyclobutadiene analogs using several
reagents such as pyrrolidine [25], aluminum chloride [26], diiron, nonacarbonyl [27], 1,3-
dibromo-propane [28], and others. In this way, this investigation aimed to prepare a
cyclobutadiene derivative (compound 2) from 17-etynilestradiol and Bicyclo[6.1.0]non-4-yn-
9-yl-methanol in the presence of Copper(Il) chloride (Fig. 1); yielding 65% of the product and
a melting point of 136-140 °C; IR (Vmax, cm™). The spectroscopic analysis shows some bands
at 3400 and 1625.

The *H NMR spectrum of 2 (Table 1) showed several signals at 0.68-1.10, 1.88-1.92,
and 2.00 ppm for Bicyclo[6.1.0]non-4-ene fragment; at 1.20-1.86, 1.96, 2.50-2.82 and 6.60-
7.16 ppm for steroid moiety; at 3.30-3.50 ppm for methylene group bound to both
Bicyclo[6.1.0]non-4-ene fragment and hydroxy group; at 5.00 ppm for hydroxyl group; at 5.52
ppm for Cyclobutadiene ring. The 3C NMR spectra display chemical shifts (Table 2) at 18.20-
20.20, 26.60 and 27.40-28.33 ppm for Bicyclo[6.1.0]non-4-ene fragment; at 24.26-25.62,
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26.76-27.00, 29.80-57.68, 81.64-115.56, 126.44, 133.22-137.45 and 155.00 ppm for steroid
moiety; at 124.14-125.52, 129.28 and 150.40 ppm for Cyclobutadiene ring. In addition, the
mass spectrum from 2 showed a molecular ion (m/z) at 432.26, and the theoretical elementary
analysis data for compound 2 (C29H3603) was C, 80.52; H, 8.39; O, 11.10 and Found: C, 80.50;
H, 8.36.

Figure 1. Synthesis of two steroid derivatives (5 and 6). Reagents and Conditions: i = Bicyclo[6.1.0]non-4-yn-
9-yl-methanol, Copper(ll) chloride anhydrous, 72 h, room temperature; ii = nitric acid/anhydride acetic, 12 h,
reflux; iii = dimethyl sulfoxide, potassium carbonate, 12 h, reflux; iv = benzoic acid, 72 h, room temperature.

Table 1. Values of tHNMR (500 MHz, chloroform deuterated) spectra of compound 2.
on: 0.68-1.10 (m, 3H), 1.20-1.86 (m, 11H), 1.88-1.92 (m, 6H), 1.96 (m, 1H), 2.00 (m, 2H), 2.50-2.82 (m, 4H),
3.30-3.50 (m, 2H), 5.00 (broad, 3H), 5.52 (m, 1H), 6.60-7.16 (m, 3H) ppm

Table 2. Values of $3C-NMR (500 MHz, chloroform deuterated) spectra of compound 2.

oc: 18.20, 20.20, 24.26, 25.62, 26.60, 26.76, 27.00, 27.40, 28.33, 29.80, 38.92, 39.36, 41.72, 43.38, 57.68,
62.50, 81.64, 113.20, 115.56, 124.14, 125.52, 126.44, 129.28, 133.22, 137.45, 150.40, 155.00 ppm. EI-MS
m/z: 432.26.

3.2. Preparation of two nitro-steroid derivatives (3 and 4).

Several nitro-steroid derivatives have been prepared using some protocols involving
different reagents such as hydrogen peroxide/nitric acid [29], anhydrous ether/nitric acid [30],
ethyl ether/tetranitromethane [31], carbon tetrachloride/nitrosyl chloride [32], amino-
steroid/m-chloroperbenzoic [33]. In this study, compound 2 reacted with nitric acid in the
presence of anhydride acetic to form both 2-nitrosteroid (3) and 2,4-nitrosteroid (4) derivatives
(Figure 1), yielding 54% of the product and a melting point of 136-140 °C for 3 and
spectroscopic analysis infrared (Vmax, cm™) shows some bands at 3400 and 1625 for 3. The 'H
NMR spectrum of 3 showed several signals (Table 3) at 0.68-1.10, 1.88-1.92, and 2.00 ppm
for Bicyclo[6.1.0]non-4-ene fragment; at 1.20-1.86, 1.96, 2.70-2.92 and 6.66-7.80 ppm for
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steroid moiety; at 3.30-3.50 ppm for methylene group bound to both Bicyclo[6.1.0]non-4-ene
fragment and hydroxy group; at 5.52 ppm for Cyclobutadiene ring at 5.92 ppm for hydroxyl
groups. The ¥C NMR spectra display chemical shifts (Table 4) at 18.20-20.20, 26.66, and
27.40-28.33 ppm for Bicyclo[6.1.0]non-4-ene fragment; at 24.26-25.62, 26.76-27.00, 29.80-
57.68, 81.64-123.52 and 133.32-148.50 ppm for steroid moiety; at 62.50 ppm for methylene
group bound to hydroxyl group; at 124.14-129.28 and 150.40 ppm for Cyclobutadiene ring.
Besides, the mass spectrum from 3 showed a molecular ion (m/z) at 477.25, and the theoretical
elementary analysis data for compound 3 (C29H3sNOs) was C, 72.93; H, 7.39; N, 2.93; O, 16.75
and Found: C,72.90; H,7.36.

Table 3. Values of 'THNMR (500 MHz, chloroform deuterated) spectra of compound 3.
on: 0.68-1.10 (m, 3H), 1.20-1.86 (m, 11H), 1.88-1.92 (m, 6H), 1.96 (m, 1H), 2.00 (m, 2H), 2.70-2.92 (m, 4H),
3.30-3.50 (m, 2H), 5.52 (m, 1H), 5.92 (broad, 3H), 6.66-7.80 (m, 2H) ppm.

Table 4. Values of 13C-NMR (500 MHz, chloroform deuterated) spectra of compound 3.

oc: 18.20, 20.20, 24.26, 25.62, 26.60, 26.76, 27.00, 27.40, 28.33, 29.80, 38.92, 39.36, 41.72, 43.38, 57.68,
62.50, 81.64, 113.20, 115.56, 124.14, 125.52, 126.44, 129.28, 133.22, 137.45, 150.40, 155.00 ppm. EI-MS
m/z: 432.26.

On the other hand, other data for 4 showed a yielding 12% of the product and a melting
point of 116-118 °C for 3, and spectroscopic analysis IR (Vmax, cm™) shows some bands at
3400,1622 and 1540 for 4. The *H NMR spectrum of 4 (Table 5) showed several signals at
0.68-1.10, 1.88-1.92, and 2.00 ppm for Bicyclo[6.1.0]non-4-ene fragment; at 1.32-1.86, 1.96,
2.10-2.70 and 3.36 and 8.10 ppm for steroid moiety; at 3.30-3.50 ppm for methylene group
bound to both Bicyclo[6.1.0]non-4-ene fragment and hydroxy group; at 5.52 ppm for
Cyclobutadiene ring at 6.12 ppm for hydroxyl groups. The 3C NMR spectra display chemical
shifts (Table 6) at 18.20-20.20, 26.60, and 27.40-28.33 ppm for Bicyclo[6.1.0]Jnon-4-ene
fragment; at 24.26-25.62, 26.76, 29.80-57.68, 81.64 and 129.70-149.10 ppm for steroid moiety;
at 62.50 ppm for methylene group bound to hydroxyl group; at 124.14-129.28 and 150.40 ppm
for Cyclobutadiene ring. Besides, the mass spectrum from 4 showed a molecular ion (m/z) at
522.23. It is noteworthy that yielding was higher from compound 3 compared with 4.

Table 5. Values of tHNMR (500 MHz, chloroform deuterated) spectra of compound 4.
on: 0.68-1.10 (m, 3H), 1.32-1.86 (m, 10H), 1.88-1.92 (m, 6H), 1.96 (m, 1H), 2.00 (m, 2H), 2.10-2.70 (m, 4H),
3.30 (m, 1H), 3.36 (m, 1H), 3.50 (m, 2H), 5.52 (m, 1H), 6.12 (broad, 3H), 8.10 (m, 1H) ppm

Table 6. Values of 3C NMR (500 MHz, chloroform deuterated) spectra of compound 4.

oc: 18.20, 20.20, 24.26, 24.46, 25.62, 26.60, 26.76, 27.40, 27.88, 28.33, 29.00, 38.92, 39.36, 41.72, 44.33,
57.68, 62.50, 81.64, 124.14, 125.52, 129.28, 129.70, 130.05, 132.40, 133.22, 138.20, 149.10, 150.40

3.3. Synthesis of ether-steroid derivative (5).

Several ether derivatives have been prepared using some protocols involving different
reagents, such as p-toluene sulfonic acid [34], tetrabutylammonium bromide [35],
Cu/ZnO/ZrO; [36], lithium aluminum hydride [37], dimethyl sulfoxide [38]. In this way, an
ether derivative was synthesized from compound 3 and dimethyl sulfoxide in mild conditions
(Fig. 1); yielding 44% of compound 5 with a melting point of 144-146 °C and showed some
bands in infrared spectroscopic analysis (Vmax, cm™) at 3400, 1622 and 1140. The 'H NMR
spectrum of 5 (Table 7) showed several signals at 0.68-1.10, 1.88-1.92, and 2.00 ppm for
Bicyclo[6.1.0] non-4-ene fragment; at 1.20-1.86, 1.96, 2.44-2.80 and 6.30-6.34 ppm for steroid
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moiety; at 3.30-3.50 ppm for methylene group bound to both Bicyclo[6.1.0]non-4-ene fragment
and hydroxy group; at 5.50 ppm for Cyclobutadiene ring at 4.10 ppm for hydroxyl groups. The
13C NMR spectra display chemical shifts (Table 8) at 18.20-20.20, 26.60, 27.40-28.33, and
62.50 ppm for Bicyclo[6.1.0]non-4-ene fragment; at 24.26-25.62, 26.76-27.40, 29.00-57.68,
81.64-108.90 and 130.35-141.66 ppm for steroid moiety; at 62.50 ppm for methylene group
bound to hydroxyl group; at 124.12-129.28 and 150.40 ppm for Cyclobutadiene ring. Besides,
the mass spectrum from 5 showed a molecular ion (m/z) at 430.25, and the theoretical
elementary analysis data for compound 5 (C29H3403) was C, 80.89; H, 7.96; O, 11.15; found:
C, 80.86; H, 7.94.

Table 7. Values of tTHNMR (500 MHz, chloroform deuterated) spectra of compound 5.
on: 0.68-1.10 (m, 3H), 1.20-1.86 (m, 11H), 1.88-1.92 (m, 6H), 1.96 (m, 1H), 2.00 (m, 2H), 2.44-2.80 (m, 4H),
3.30-3.50 (m, 2H), 410 (broad, 2H), 5.50 (m, 1H), 6.30-6.34 (m, 2H) ppm.

Table 8. Values of **C NMR (500 MHz, chloroform deuterated) spectra of compound 5.

oc: 18.20, 20.20, 24.26, 24.46, 25.62, 26.60, 26.76, 27.00, 27.40, 27.88, 28.33, 29.00, 38.92, 39.36, 41.72,
44.22, 57.68, 62.50, 81.64, 108.84, 108.90, 124.12, 125.52, 129.28, 130.35, 135.22, 147.42, 147.66, 150.40

ppm.

3.4. Synthesis of an ester-steroid derivative (6).

Several reagents are available to produce ester derivatives [39-45]; however, some
protocols require special conditions such as different pH or higher temperatures. In this
investigation, a previously reported method was used for the esterification of steroids [41]. In
this way, compound 5 reacted with benzoic acid using N,N"-dicyclohexylcarbodiimide as a
catalyst; yielding 55% of the product with a melting point of 128-130 °C and spectroscopic
analysis infrared (Vmax, cm™) shows some bands at 1725, 1625 and 1140 for 5. The H
NMR spectrum of 6 (Table 9) showed several signals at 1.08, 1.32, 1.86-1.90, and 2.20 ppm
for Bicyclo[6.1.0]non-4-ene fragment; at 1.20-, 1.36-1.84, 1.922.02, 2.44-2.80 and 6.30-6.34
ppm for steroid moiety; at 4.16-4.22 ppm for methylene group bound to both
Bicyclo[6.1.0]non-4-ene fragment and hydroxy group; at 5.60 ppm for Cyclobutadiene ring at
7.44-8.00 ppm for phenyl groups. The *C NMR spectra display chemical shifts (Table 10) at
18.20-21.34, 26.50, 27.40-28.33, and 66.44 ppm for Bicyclo[6.1.0]non-4-ene fragment; at
24.12-25.52, 26.60-27.00, 29.82-55.70, 83.94-108.90, 130.35, 136.00 and 147.66 ppm for
steroid moiety; at 122.77-125.82, 132.44 and 146.22 ppm for Cyclobutadiene ring; at128.66-
129.78, 130.92-131.70 and 133.08-133.70 ppm for phenyl groups; at 165.20-166.36 ppm for
ester groups. Finally, the mass spectrum from 6 showed a molecular ion (m/z) at 638.30.

Table 9. Values of tHNMR (500 MHz, chloroform deuterated) spectra of compound 6.
on: 1.08 (m, 2H), 1.20 (m, 1H), 1.32 (m, 1H), 1.36-1.84 (m, 7H), 1.86-1.90 (m, 6H), 1.92-2.02 (m, 4H), 2.20
(m, 2H), 2.44-2.80 (m, 4H), 4.16-4.22 (m, 2H), 5.66 (m, 1H), 6.30-6.34 (m, 2H), 7.44-8.00 (m, 10H), ppm

Table 10. Values of *C NMR (500 MHz, chloroform deuterated) spectra of compound 6.
oc: 18.20, 21.34, 24.12, 25.52, 26.50, 26.60, 27.00, 27.40, 27.88, 28.33, 29.82, 31.20, 39.36, 41.72, 44.22,
55.70, 66.44, 83.94, 108.84, 108.90, 122.77, 125.82, 128.86, 129.50, 129.56, 129.75, 130.35, 130.92, 131.70,
132.44, 133.08, 133.70, 136.00, 146.22, 147.46, 147.66, 165.20, 166.36 ppm
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3.5. Biological activity analysis.

Some studies suggest that several steroid derivatives can produce beneficial effects on
the cardiovascular system [46,47]; nevertheless, these effects are confusing; perhaps this
phenomenon is due to the different protocols used in each experiment or to differences in their
chemical structure. Analyzing these data, this research evaluated the biological activity
produced by compounds 2 to 6 on the infarct area using an ischemia-reperfusion injury model
[20]. The results showed that compounds 5 and 6 decreased the infarct area compared with the
conditions control and compounds 2 to 4 (Figure 2).

30 q

25 +
g 1 T
< 20
: i
|<_: 15 A *
5 1
o
< 10 1
Z
5 -
O T T T T T
Control 2 3 4 5 6
COMPOUNDS

Figure 2. Effect exerted by the compounds 2 to 6 infarct area using an ischemia-reperfusion injury model. The
results show that compounds 5 and 6 significantly reduced infarct size as a percentage of the area at risk
compared with 2 to 4 and the vehicle-treated hearts (p = 0.05). Each bar represents the mean + SE of 6
experiments.

These results and other data suggest that the biological activity produced by some
steroid derivatives in infarct areas may be related to changes in coronary pressure and coronary
resistance [13,17,20]. In this research, the biological activity exerted by compounds 2 to 6 on
coronary perfusion pressure (Perfusion pressure is the difference between diastolic aortic
pressure (since coronary flow occurs in diastole) and left ventricular end-diastolic pressure)
and coronary resistance was determined; the results (Figures 3 and 4) showed that both
compounds 5 and 6 increase coronary perfusion pressure and coronary resistance compared to
compounds 2 to 4 and control conditions.
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Figure 3. The effect induced by the compounds 2 to 6 o coronary perfusion pressure using an isolated rat heart.

The results showed that compounds 5 and 6 significantly increase perfusion pressure (p = 0.05) through time
compared with compounds 2 to 4 and the control conditions. Each bar represents the mean + S.E., of 6
experiments.

[ control

Compound 2
Compound 3
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E== Compound 5
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RESISTANCE CORONARY
(mm Hg/ml/min)

0 T T 1
9.0 9.5 10.0 10.5 11.0
CORONARY FLOW (ml/min)

Figure 4. The effect produced by compounds 2 to 6 on coronary resistance. The results show that coronary
resistance was higher (p = 0.05) in the presence of 5 and 6 compared with compounds 2 to 4 and the control
conditions. Each bar represents the mean + S.E., of 6 experiments.

These results suggest that the effect produced by compounds 5 and 6 may be
conditioned by the release or synthesis of some vasoactive substances, which may condition
changes in both coronary pressure and coronary resistance, such as with biological activity
produced by other steroid derivatives [48]. To test the hypothesis above mentioned, some
reports were analyzed, which suggest that the biological activity exerted by some steroid
derivatives on the cardiovascular system is through calcium channel activation [49]. For this
reason, in this research, the biological activity produced by both compounds 5 and 6 on left
ventricular pressure was evaluated in the presence and absence of nifedipine (calcium channel
inhibitor) [50]. The results show that compound 5 exerts changes in left ventricular pressure,
which is inhibited by nifedipine compared to compound 6 (Fig. 5).
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Figure 5. Effects induced by compounds 5 and 6 on left ventricular pressure (LVP) through L-type calcium
channel activation. Intracoronary boluses (50 pL) of either 5 and 6 [0.001 to 100 nM] were administered and their
biological activity on the LVP was determined. The dose-response curve (control) was repeated in the presence
of nifedipine (duration of preincubation with nifedipine was by a 10 min equilibration period). The results showed
that only the activity exerted of 5 on LVP was significantly inhibited (p = 0.05) by nifedipine. Each bar represents
the mean + S.E., of 6 experiments.

These data suggest that compound 5 affects left ventricular pressure through the
activation of the L-type calcium channel. On the other hand, to characterize the molecular
mechanism involved in the biological activity produced by compound 6, also other studies were
analyzed, which suggest that some steroid derivatives can exert their effects on left ventricular
pressure through thromboxane receptor A2 [51]. For this reason, in this research, the biological
activity produced by compound 6 on left ventricular pressure was evaluated in the absence and
presence of PINAME TXA: (thromboxane receptor Az inhibitor) [52]. The results (Figure 6)
showed that compound 6 increases the left ventricular pressure in a dose manner-dependent
and PINAME TXAZ2 inhibited this effect. These results indicate that the molecular mechanism
involved in the biological activity of compound 6 is via thromboxane A receptor activation.

cs5
c6

C-5 + PINANE TXA2 [1 nM]
C-6 + PINANE [1 nM]

q4<q0e@
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Figure 6. Effects of compounds 5 and 6 on left ventricular pressure (LVP) through thromboxane A; activation.
Intracoronary boluses (50 uL) of either 5 and 6 [0.001 to 100 nM] were administered, and their biological activity
on the LVP was determined. The dose-response curve (control) was repeated in the presence of PINAME TXA;
(the duration of preincubation with PINAME TXA; was by a 10 min equilibration period). The results showed
that only the activity exerted of 6 on LVVP was significantly inhibited (p = 0.05) by PINAME TXA,. Each bar
represents the mean * S.E., of 6 experiments.

https://nanobioletters.com/ 11 of 14


https://doi.org/10.33263/LIANBS124.156
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS124.156

4. Conclusions

Steroid derivatives (compounds 5 and 6) could be a therapeutic alternative to reduce

the infarct area. This phenomenon involves different molecular mechanisms involved in its
biological activity, which may be due to the different functional groups involved in the
chemical structure of 5 and 6.
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