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Activity Exerted by Fluoro-2,4Dioxaspiro[Bicyclo[3.3.1]Indene Derivative Against
Ischemia/Reperfusion Injury
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Abstract: Several drugs for the treatment of heart failure; however, some of these drugs can produce
some secondary effects such as arrhythmias and hypercalcemia and others. The aim of this investigation
was to evaluate the biological activity of a Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative against
both infarct area and left ventricular pressure. The effect exerted of a Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative against both infarct area and left ventricular pressure was
evaluated in an ischemia/reperfusion model using indomethacin and ramatroban as a control.
Furthermore, a theoretical study was carried out to determine the interaction of Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative with COX-1, COX-2, and thromboxane A2 using the
5u6x, 3ntg, and 6iiu proteins as controls. The results showed that Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative decrease the infarct and left ventricular pressure;
however, this effect was inhibited in the presence of ramatroban. In addition, other data indicated that
Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative could interact with both COX-2 and thromboxane
A2 protein surface. All these data indicate that the biological activity of Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative against infarct area and left ventricular pressure was via
both COX-2 and thromboxane A2 inhibition. Therefore, this compound could be s candidate for the
treatment of heart failure.
Keywords: Fluoro-2; 4dioxaspiro[bicyclo[3.3.1]indene; ischemia; heart; pressure; docking.
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1. Introduction
Heart failure (CHF) is the main risk factor to produce death in a patient of older 60
years old; it is noteworthy that several drugs such as nanpril, nesiritide, digoxin, spironolactone,
milrinone, dobutamine, and levosimendan have been used for the treatment of CHF [1];
unfortunately, the use of some these drugs is limited by produce some secondary effects such
as arrhythmias and hypercalcemia and others [2-4]. In the search for new therapeutic
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alternatives, several compounds have been synthesized to the treatment of CHF; for example,
the preparation of compound BAY-1021189 AS for treatment of heart failure via guanylate
cyclase activation [5]. Another study showed the preparation of a series of naphthalene
derivatives as CYP11B2 enzyme inhibitors for HF [6]. Furthermore, a report has shown the
preparation of 1,2,4-triazole derivative as a kinase-2 inhibitor to HF [7]. In addition, a
pyridazinone derivative was developed with positive inotropic for the treatment of congestive
heart failure [8]. Other reports showed the synthesis of some dihydronaphtalen derivatives with
positive inotropic activity in congestive heart failure model [9]. Additionally, some imidazolpyridazinones derivatives have been developed as positive inotropic agents [10]. Other data
showed the synthesis of some (N)-methanocarba phosphonate analogs of 5′-AMP with positive
inotropic activity for heart failure [11]. Recently, two steroid derivatives have prepared as
positive inotropic agents using a heart failure model [12, 13]. All these data shown the
preparation of several compounds with positive inotropic activity for the treatment of heart
failure; however, their molecular mechanism is not clear, perhaps this phenomenon is due to
different structure chemical of each compound. In this way, the objective of this research was
to evaluate the inotropic activity of a fluoride-ether derivative using a biological model. In
addition, the theoretical interaction of Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative
with some biomolecules such as cyclooxygenase (COX) and thromboxane receptor (TXA2)
was evaluated using a Docking software.
2. Materials and Methods
2.1. Generalities.

The
compound
8-fluoro-1',3'-dihydro-2,4-dioxaspiro[bicyclo[3.3.1]nonane-3,2'indene]--1(9),5,7-triene (Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative, Figure 1) was
prepared using a previously method [14]. In this way, all chemical properties, such as the 1H
and 13C NMR spectra for the Fluoride-ether derivative, have already been reported.
Furthermore, all reagents used in this investigation were acquired from Sigma-Aldrich Co.,
Ltd.
F

O
O

O
O

Figure 1. Chemical structure of 8-fluoro-1',3'-dihydro-2,4dioxaspiro[bicyclo[3.3.1]nonane-3,2'indene]1(9),5,7-triene [14].
2.2. Animals.

In this study, experimental protocols were reviewed and approved by the Animal care
and use committee of University Autonomous of Campeche (UAC) and were in accordance
with the guide for the care and use of laboratory animals [15].
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2.3. Modified Langendorff method.

Animals were anesthetized with (50 mg / Kg) via intraperitoneal. In the following, the
chest was opened, and a loose ligature was passed through the ascending aorta; the heart was
then removed and immersed in a Krebs-Henseleit* solution (pH 7.4, 35-37 oC and bubbled
with an O2/CO2 mixture [5% / 95%]). Then a cannula was inserted into the aorta to fix the
cardiac tissue. It is important to mention that the cannula was bound to a pressure transducer
that was connected to a data acquisition system.
* Krebs-Henseleit was prepared using a previous method [16].
2.4. Heart failure.

It is noteworthy that the heart was stabilized for a period of 15 minutes at a coronary
flow of 10 ml/min; following, the hearts were subjected to ischemia/reperfusion process for 40
minutes by turning off the perfusion system [13]. Then, the perfusion system was restarted, and
the hearts were reperfused by 40 minutes with Krebs-Henseleit solution. The hearts were
randomly divided into 6 major treatment groups with n = 9 and follows:
2.5. Biological activity.
2.5.1. Effects exerted by fluoride-ether derivative against infarct area.

Group I. Hearts were subjected to ischemia/reperfusion but received vehicle only
(Krebs-Henseleit solution).
Group II. Hearts were subjected to ischemia/reperfusion and treated with the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative at a dose of 0.001 to 100 nM before ischemia
period and during the entire period of reperfusion. In this way at the end of each experiment,
the perfusion pump was stopped, and 0.5 ml of fluorescein solution (0.10%) was injected
slowly through a sidearm port connected to the aortic cannula. The areas of the normal left
ventricle non-risk region, area at risk, and infarct region were determined using methods
previously reported [13].
2.5.2. Effects exerted by Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative or indomethacin
or ramatroban against infarct area.

Group III. Hearts were subjected to ischemia/reperfusion but received vehicle only
(Krebs-Henseleit solution).
Group IV. Hearts were subjected to ischemia/reperfusion and treated with the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative at a dose of 0.001 before ischemia period and
during the entire period of reperfusion.
Group V. Hearts were subjected to ischemia/reperfusion and treated with the
indomethacin* at a dose of 1 nM (before the ischemia period and the entire period of
reperfusion).
Group VI. Hearts were subjected to ischemia/reperfusion and treated with the
ramatroban** at a dose of 0.001 (before the ischemia period and the entire period of
reperfusion).
*Dose of both indomethacin and ramatroban drugs was established using a previously method
reported [17, 18].
https://nanobioletters.com/
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2.6. Inotropic activity.

To evaluate the effects exerted by fluoride-ether derivative against left ventricular
pressure, a saline-filled latex balloon (0.01 mm, diameter) was inserted into the left ventricle
via the left atrium. It is noteworthy that the latex balloon was linked to a cannula, which is
linked to a pressure transducer [16].
2.6.1. Effects exerted by fluoride-ether derivative against ventricular pressure.

Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative was administered via
intracoronary (boluses, 50 µl) at dose of 0.001 to 100 nM and their effect on the left ventricular
pressure was evaluated. The dose-response curve (control) was re-determined in the presence
of ramatroban, a concentration of 100 nM (duration of preincubation with ramatroban was by
a 10 min equilibration period).
2.6.2. Biological activity induced by either the U46619 drug against ventricular pressure.

Intracoronary boluses (50 µl) of either U46619 were administered at a dose of 0.001 to
100 nM, and biological activity on the left ventricular pressure was determined.
2.6.3. Statistical analysis.

The data were expressed as average ± SE, using each heart (n = 7) as its own control.
The results were put under an analysis of variance with the Bonferroni correction factor using
the SPSS 12.0 software [19], and the values were considered significant when p = 0.05.
2.7. Protein-ligand interaction.

The interaction of the fluoride-ether with COX-1, COX-2, and thromboxane A2 with
CK2- the surface was evaluated using 5u6x, 3ntg, and 6iiu proteins [20] as tools. Furthermore,
a docking Server software [21] was used to calculate both binding energy and distance between
amino acid residues of 5u6x, 3ntg, and 6iiu proteins and Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative.
2.8. Pharmacokinetics parameter.

To
evaluate
some
pharmacokinetic
factors
of
the
Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative, the SwissADME software was used [22].
3. Results and Discussion
3.1. Biological activity.

Several compounds have been prepared for the treatment of heart failure [5-13];
however, the biological activity is very confusing; perhaps this phenomenon could depend on
the chemical structure of each compound. Analyzing these data, the aim of this investigation
was to evaluate the biological activity exerted by a Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene
derivative (Figure 1) against using an ischemia/reperfusion model (Figure 1). In this way, all
chemical properties, such as the 1H and 13C NMR spectra for the Fluoride-ether derivative,
have already been reported [14]. The results (Figure 2) showed that the Fluorohttps://nanobioletters.com/
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2,4dioxaspiro[bicyclo[3.3.1]indene derivative decrease the infarct area in a dose-dependent
manner compared with conditions control (Krebs-Henseleit solution).
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Figure 2. Effect exerted by the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative at a dose of 0.001-100 nM
on the functional recovery of rat hearts subjected to ischemia and reperfusion. The results indicate that Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative can reduce the area infarct to different doses compared with control
conditions. Bars indicate the mean ± S.E. of 9 experiments.

This phenomenon suggests that Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative
could induce changes in some biological systems. Analyzing this hypothesis and other studies
which indicate that prostaglandins produce beneficial effects on the heart [23, 24]; some
experimental alternative was carried out; in this way, the biological activity of either
indomethacin (cyclooxygenase 1 and 2 inhibitors) [25] and ramatroban (non-selective
thromboxane A2 antagonist) [26] was evaluated. The results showed that both indomethacin
and ramatroban decrease the infarct area compared with the conditions control; however, the
biological activity of both indomethacin and ramatroban was in a similar manner to the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative (Figure 3).
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Figure 3. Biological activity exerted by either Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative (FBI) or
indomethacin or ramatroban at a dose of 0.01 nM on the functional recovery of rat hearts subjected to ischemia
and reperfusion. The results indicate that the FBI significantly (p = 0.05) reduces the area infarct compared with
the indomethacin [1 nM] or ramatroban [100 nM] and control conditions. Bars indicate the mean ± S.E. of 9
experiments.
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Analyzing
these
data,
the
biological
activity
of
the
Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative against left ventricular pressure was evaluated
in the absence or presence of ramatroban using the U46619 drug (thromboxane A2 agonist)
[27] as a pharmacological tool; the results showed that U46619 increase the left ventricular
pressure in a dose-dependent manner. Furthermore, the biological activity exerted by the
Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative was inhibited by ramatroban (Figure 4).
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Figure 4. Biological activity exerted by the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative (FBI) against
left ventricular pressure. The compound FBI [0.001 to 100 nM] was administered (intracoronary boluses, 50 µl),
and the corresponding effect on left ventricular pressure was evaluated in the absence and presence of ramatroban.
Besides, the effect exerted by U46619 against left ventricular pressure was evaluated. The results display that
activity exerted by the compound FBI against left ventricular pressure was inhibited in the presence of ramatroban.
In addition, U46619 increase LVP in a dose-dependent manner. Bars indicate the mean ± SE of 9 experiments.

All these data suggest that Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative could
decrease the infarct area via interaction with either cyclooxygenase enzyme or thromboxaneA2 receptor.
3.2. Protein-ligand interaction.

To evaluate the possibility of the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative
could interact with the COX-1, COX-2 enzymes, or thromboxane A2 receptor surface, a
theoretical study was carried out, using the following proteins 5u6x, 3ntg, and 6iiu as chemical
tools [20]. The results showed several of amino acid residues of either 5u6x, 3ntg and 6iiu
proteins surface could interaction with Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative
(Figures 5-7; Tables 1-3); it is noteworthy that probably the aminoacid residues involved on
5u6x, 3ntg and 6iiu proteins surface could interact with carbonyl groups of the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative via hydrogen bond. This phenomenon may be
conditioned by some thermodynamic parameters involved in the interaction protein-ligand,
such as happening with another type of biomolecules [28, 29].
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Figure 5. The scheme shows the binding sites of the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative with
some amino acid residues involved in the 5u6x protein surface. The visualization was carried out using
DockingServer software [21].

Figure 6. Binding sites of the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative with some amino acid
residues involved of the 3ntg protein surface. The visualization was carried out using DockingServer software
[21].

Figure 7. The scheme shows the binding sites of the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative with
some amino acid residues involved in the 6iiu proteins surface. The visualization was carried out using
DockingServer software [21].
Table 1. Residues of amino acid residues involved in the interaction between the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative and 5u6x (COX-1) protein surface.
Fluoride-ether derivative
Ser132
Asp199
Lys201
Arg208
Leu210

https://nanobioletters.com/

Indomethacin
Pro35
Ser38
Tyr55
Glu67

Hyperforin
Ser38
Pro40
Gln42
Tyr55
Glu67
Asn68
Ser132
Lys201
Arg202
Arg208
Leu210
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Table 2. Residues of aminoacid residues involved in the interaction between the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative and 3ntg (COX-2) protein surface.
Fluoride-ether derivative
Ser132
Asp199
Lys201
Arg208
Leu210

Indometahacin
Trp125
Glu126
Ser129
Asn130
Leu131
Ser132
Arg202

Colecoxib
His119
Tyr120
Glu126
Asn130
Tyr133
Arg202
Phe206

Table 3. Residues of aminoacid residues involved in the interaction between the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative and 6iiu (thromboxane A2) protein surface.
Fluoride-ether derivative
Ala31
Phe34
Cys35
Val85
His89
Ser181
Leu291
Leu294
Ar295
Thr298

Ramatroban
Phe30
Phe34
Cys35
Leu78
Thr81
Val85
Met112
Ser181
Trp182
Trp258
Leu294
Arg295
Thr298
Gln301

3.3. Thermodynamic parameters.

Analyzing data above mentioned, in this investigation, a theoretical ass was carried out
to evaluate some thermodynamic factors involved between the interaction of the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative and 5u6x, 3ntg and 6iiu proteins surface using
indomethacin (non-selective COX-1 and COX-2 inhibitor) [25], hyperforin (selective COX-1
antagonist) [30], celecoxib (selective COX-2 inhibitor) [31], and ramatroban (thromboxane A2
antagonist) [26] as chemical tools. Furthermore, Docking Server software [21] was used to
calculate binding energies between amino acid residues of 5u6x, 3ntg, and 6iiu proteins surface
with the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative. The results showed differences
in the thermodynamic parameters of the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative
compared to either indomethacin or hyperforin celecoxib or ramatroban (Tables 4-6);
furthermore, the inhibition constant (Ki) involved on the interaction of the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative with the 5u6x protein surface was higher
compared with the Ki for either indomethacin or hyperforin. However, the Ki involved in the
interaction of the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative with the 3ntg, or 6iiu
proteins surface, was lower compared with both indomethacin, celecoxib, and ramatroban. All
these data suggest that these differences could be translated as a higher inhibition of biological
activity against COX-2 and thromboxane A2, which could be translated as a decrease of infarct
area.
Table 4. Thermodynamic parameters involved in the interaction of the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative and 5u6x (COX-1) protein surface.
Compound
*F-E
Indomethacin
Hyperforin

Est. Free energy
of Binding
-4.57
-3.69
-2.52

Est. Inhibition
Constant (Ki)
447.23
1.97
14.20

vdW + H-bond
+ desolv Energy
-4.57
-4.87
-4.93

Electrostatic
Energy
0.00
0.03
-0.0.17

Total Intermolec.
Energy
-4.57
-4.83
-4.76

Interact
Surface
397.66
493.56
631.76

*F-E = Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative
https://nanobioletters.com/
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Table 5. Thermodynamic factors involved in the interaction of the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene
derivative and 3ntg (COX-2) protein surface.
Compound
*F-E
Indomethacin
Celecoxib

Est. Free energy
of Binding
-3.91
-3.34
-3.36

Est. Inhibition
Constant (Ki)
1.36
3.57
3.43

vdW + H-bond +
desolv Energy
-4.06
-4.60
-4.76

Electrostatic
Energy
0.15
-0.18
-0.38

Total Intermolec.
Energy
-3.91
-4.78
-5.14

Interact
Surface
471.53
501.86
485.14

*F-E = Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative
Table 6. Thermodynamic parameters involved in the interaction of the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative and 6iiu (thromboxane A2) protein surface.
Compound
*F-E
Ramatroban

Est. Free energy
of Binding
-7.15
-8.94

Est. Inhibition
Constant (Ki)
5.77
281.09

vdW + H-bond +
desolv Energy
-7.05
-9.98

Electrostatic
Energy
0.10
-0.49

Total Intermolec.
Energy
7.15
-10.47

Interact
Surface
685.97
880.51

*F-E = Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative

3.4. Pharmacokinetic evaluation.

There are several studies to evaluate some pharmacokinetic parameters of several drugs
using theoretical models such as PKQuest [32], PharmPK [33] Gitub [34], SwissADME [35].
In this way, in this study, some pharmacokinetic parameters involved in the Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative were evaluated using SwissADME software.
The results showed in Table 7 indicate that these compounds could have higher gastrointestinal
absorption and, consequently, higher metabolism exerted by cytochrome P450 (CYP1A2 and
CYP2C9) system.
Table 7. The pharmacokinetics properties of the Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative. The
values determine using SwissADME software.
Parameter
GI absorption
BBB permeant
*Pg-substrate
CYP1A2
CYP2C19
CYP2C9
CYP2D6
CYP3A4
Log Kp (skyn permeation)

**F-E
Higher
Yes
No
Yes
No
Yes
No
No
-5.36 cm/seg

*pg-substrate = protein-g substrate; **F-E = Fluoro-2,4dioxaspiro[bicyclo[3.3.1]indene derivative.

4. Conclusions
All these data indicate that the biological activity of Fluoro2,4dioxaspiro[bicyclo[3.3.1]indene derivative against infarct area and left ventricular pressure
was via both COX-2 and thromboxane A2 inhibition. Therefore, this compound could be s
candidate for the treatment of heart failure.
Funding
This research received no external funding.
Acknowledgments
To Benjamin Valverde and Raquel Anzurez, for your unconditional support on this manuscript.

https://nanobioletters.com/

1482

https://doi.org/10.33263/LIANBS94.14741484

Conflicts of Interest
The authors declare no conflict of interest.
References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Lauro, F.; Maria, L.; Tomas, L.; Francisco, D.; Rolando, G.; Marcela, R.; Yazmin, O. Design and Synthesis
of two new steroid derivatives with biological activity on heart failure via the M2-muscarinic receptor
activation. Steroids 2020, 158, https://doi.org/10.1016/j.steroids.2020.108620.
Sato, R.; Ariyoshi, N.; Hasegawa, D.; Crossey, E., Hamahata, N.; Ishihara, T.;Devendra, G. Effects of
inotropes on the mortality in patients with septic shock. Journal of Intensive Care Medicine 2019, XX, 1-9.
https://doi.org/10.1177/0885066619892218.
Angraal, S.; Nuti, S.; Masoudi, F.; Freeman, J.; Murugiah, K.; Shah, N.; Krumholz, H. Digoxin use and
associated adverse events among older adults. The American Journal of Medicine 2019, 132(10), 1191-1198.
https://doi.org/10.1016/j.amjmed.2019.04.022
Figueroa-Valverde, L.; Díaz-Cedillo, F.; López-Ramos, M.; García-Cervera, E; Quijano-Ascencio, K.
Inotropic activity induced by carbamazepine-alkyne derivative in an isolated heart model and perfused to
constant flow. Biomedica 2011, 31, 232-241.
Follmann, M.; Ackerstaff, J.; Redlich, G.; Wunder, F.; Lang, D.; Kern, A.; Kretschmer, A. Discovery of the
soluble guanylate cyclase stimulator vericiguat (BAY 1021189) for the treatment of chronic heart failure.
Journal of Medicinal Chemistry 2017, 60, 5146-5161, https://doi.org/10.1021/acs.jmedchem.7b00449.
Voets, M.; Antes, I.; Scherer, C.; Müller, U.; Biemel, K.; Barassin, C.; Hartmann, R. Heteroaryl-substituted
naphthalenes and structurally modified derivatives: selective inhibitors of CYP11B2 for the treatment of
congestive heart failure and myocardial fibrosis. Journal of Medicinal Chemistry 2005, 48, 6632-6642,
https://doi.org/10.1021/jm0503704.
Okawa,T.; Aramaki, Y.; Yamamoto, M.; Kobayashi, T.; Fukumoto, S.; Toyoda, Y.; Hoffman, I. Design,
synthesis, and evaluation of the highly selective and potent G-protein-coupled receptor kinase 2 (GRK2)
inhibitor for the potential treatment of heart failure. Journal of Medicinal Chemistry 2017, 60, 6942-6990,
https://doi.org/10.1021/acs.jmedchem.7b00443.
Bristol, J.; Sircar, I.; Moos, W.; Evans, D.; Weishaar, R. Cardiotonic agents. 1. 4, 5-Dihydro-6-[4-(1Himidazol-1-yl) phenyl]-3 (2H)-pyridazinones: novel positive inotropic agents for the treatment of congestive
heart failure. Journal of Medicinal Chemistry 1984, 27, 1099-1101, https://doi.org/10.1021/jm00375a001.
Voets, M.; Antes, I.; Scherer, C.; Müller, U.; Biemel, K.; Marchais, S.; Hartmann, R. Synthesis and
evaluation of heteroaryl-substituted dihydronaphthalenes and indenes: Potent and selective inhibitors of
aldosterone synthase (CYP11B2) for the treatment of congestive heart failure and myocardial fibrosis.
Journal of Medicinal Chemistry 2006, 49, 2222-2231, https://doi.org/10.1021/jm060055x.
Sircar,; I, Steffen, R.; Bobowski, G.; Burke, S.; Newton, R.; Weishaar, R.; Evans, D. Cardiotonic agents. 9.
Synthesis and biological evaluation of a series of (E)-4, 5-dihydro-6-[2-[4-(1H-imidazol-1-yl) phenyl]
ethenyl]-3 (2H)-pyridazinones: a novel class of compounds with positive inotropic, antithrombotic, and
vasodilatory activities for the treatment of congestive heart failure. Journal of Medicinal Chemistry 1989,
32, 342-350, https://doi.org/10.1021/jm00122a011.
Kumar, T.; Zhou, S.; Joshi, B.; Balasubramanian, R.; Yang, T.; Liang, B.; Jacobson, K. Structure-activity
relationship of (N)-methanocarba phosphonate analogues of 5′-AMP as cardioprotective agents acting
through a cardiac P2X receptor. Journal of Medicinal Chemistry 2010, 53, 2562-2576,
https://doi.org/10.1021/jm9018542.
Lauro, F.; Francisco, D.; Marcela, R.; Virginia, M.; Eduardo, P.; Maria, L.; Jhair, C.; Preparation of a steroidoxazole-1, 2′-[1, 3] oxazete] derivative: biological and theoretical evaluation of its interaction with a kinase
protein (CK2). SN Applied Sciences 2019, 1, https://doi.org/10.1007/s42452-019-0378-7.
Lauro, F.; Maria, L.; Francisco, D.; Marcela, R.; Virginia, M.; Alejandra, G.; Yazmin, O. Design and
synthesis of new azetidine‐steroid derivative with inotropic activity in a heart failure model. Vietnam Journal
of Chemistry 2020, 58, 10-19, https://doi.org/10.1002/vjch.201900131.
Figueroa, L.; Garcimarero A.; Garcia, R.; Diaz, F.; Rosas, M.; Mateu, V.; Lopez, M.; Hau, L.; Lopez, T.;
Camacho, A. Designand Synthesis of Two Bicyclo[3.3.1]Nonane-Steroid Derivatives. Chemistry Journal of
Moldova 2020; 657, 75-85, https://doi.org/10.19261/cjm.2019.657.
López-Ramos, M.; Figueroa-Valverde, L. Herrera-Meza, S.; Rosas-Nexticapa, M.; Díaz-Cedillo, F.; GarcíaCervera, E.; Cahuich-Carrillo, R. Design and synthesis of a new steroid-macrocyclic derivative with
biological activity. Journal of Chemical Biology 2017, 10, 69-84, https://dx.doi.org/10.1007%2Fs12154017-0165-0.
Figueroa-Valverde, L.; Diaz-Cedillo, F.; García-Cervera, E.; Gómez, E.; López-Ramos, M.; RosasNexticapa, M.; Martinez-Camacho, R. Positive inotropic activity induced by a dehydroisoandrosterone
derivative in isolated rat heart model. Archives of Pharmacal Research 2013, 36, 1270-1278,
https://doi.org/10.1007/s12272-013-0166-7.

https://nanobioletters.com/

1483

https://doi.org/10.33263/LIANBS94.14741484
17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.
33.

34.
35.

Ishizuka, T.; Matsui, T.; Okamoto, Y.; Ohta, A.; Shichijo, M. Ramatroban (BAY u 3405): a novel dual
antagonist of TXA2 receptor and CRTh2, a newly identified prostaglandin D2 receptor. Cardiovascular
Drug Reviews 2004, 22, 71-90, https://doi.org/10.1111/j.1527-3466.2004.tb00132.x.
Elodia, G.; Lauro, F.; Francisco, D.; Maria, L.; Marcela, R.; Eduardo, P. Design and synthesis of a new
pirrol-indol derivative with positive inotropic activity. Oriental Journal of Chemistry 2015, 31, 31-41,
http://dx.doi.org/10.13005/ojc/31.Special-Issue1.04.
Hocht, C.; Opezzo, J.; Gorzalczany, S.; Bramuglia, G.; Tiara, C. Una aproximación cinética y dinámica de
metildopa en ratas con coartación aórtica mediante microdiálisis. Revista Argentina de Cardiologia 1999,
67, 69-73.
Protein Data Bank: The single global archive for 3D macromolecular structure data. Nucleic acids research
2019, 47, D520-D528, https://doi.org/10.1093/nar/gky949.
Ganou, C.; Eleftheriou, P.; Theodosis, P.; Fesatidou, M.; Geronikaki, A.; Lialiaris, T.; Rekka, E. Docking
analysis targeted to the whole enzyme: an application to the prediction of inhibition of PTP1B by
thiomorpholine and thiazolyl derivatives. SAR and QSAR in Environmental Research 2018, 29, 133-149,
https://doi.org/10.1080/1062936X.2017.1414874.
Daina, A.; Michielin, O.; Zoete, V.; SwissADME: a free web tool to evaluate pharmacokinetics, druglikeness and medicinal chemistry friendliness of small molecules. Science Reports 2017, 7,
https://doi.org/10.1038/srep42717.
Hirsh, P.; Hillis, L.; Campbell, W.; Firth, B.; Willerson, J. Release of prostaglandins and thromboxane into
the coronary circulation in patients with ischemic heart disease. New England Journal of Medicine 1981,
304, 685-691, https://doi.org/10.1056/nejm198103193041201.
Dzau, V.; Packer, M.; Lilly, L.; Swartz, S.; Hollenberg, N.; Williams, G. Prostaglandins in severe congestive
heart failure: relation to activation of the renin-angiotensin system and hyponatremia. New England Journal
of Medicine 1984, 310, 347-352, https://doi.org/10.1056/NEJM198402093100603.
Mitra, S.; Florez, I.; Tamayo, M.; Mbuagbaw, L.; Vanniyasingam, T.; Veroniki, A.; Thabane, L. Association
of placebo, indomethacin, ibuprofen, and acetaminophen with closure of hemodynamically significant patent
ductus arteriosus in preterm infants: a systematic review and meta-analysis. Journal American Medical
Association 2018, 319, 1221-1238, https://doi.org/10.1001/jama.2018.1896.
Ishizuka, T.; Matsumura, K.; Matsui, T.; Takase, B.; Kurita, A. Ramatroban, a thromboxane A2 receptor
antagonist, prevents macrophage accumulation and neointimal formation after balloon arterial injury in
cholesterol-fed rabbits. Journal of Cardiovascular Pharmacology 2003, 41, 571-578,
https://doi.org/10.1097/00005344-200304000-00009.
Jannaway, M.; Torrens, C.; Warner, J.; Sampson, A. Resolvin E1, resolvin D1 and resolvin D2 inhibit
constriction of rat thoracic aorta and human pulmonary artery induced by the thromboxane mimetic U46619.
British Journal of Pharmacology 2018, 175, 1100-1108, https://doi.org/10.1111/bph.14151.
Pierce, A.; Sandretto, K.; Bemis, G. Kinase inhibitors and the case for CH… O hydrogen bonds in protein–
ligand binding. Proteins: Structure, Function, and Bioinformatics 2002, 49, 567-576,
https://doi.org/10.1002/prot.10259.
Foloppe, N.; Fisher, L.; Howes, R.; Kierstan, P.; Potter, A.; Robertson, A.; Surgenor, A. Structure-based
design of novel Chk1 inhibitors: insights into hydrogen bonding and protein-ligand affinity. Journal of
Medicinal Chemistry 2005, 48, 4332-4345, https://doi.org/10.1021/jm049022c.
Beerhues,
L.
Hyperforin.
Phytochemistry
2006,
67,
2201-2207,
https://doi.org/10.1016/j.phytochem.2006.08.017.
Jouyban, A.; Nozohouri, S.; Martinez, F. Solubility of celecoxib in {2-propanol (1) + water (2) mixtures at
various temperatures: Experimental data and thermodynamic analysis. Journal of Molecular Liquids 2018,
254, 1-7, https://doi.org/10.1016/j.molliq.2018.01.033.
Levitt, D. PKQuest_Java: free, interactive physiologically based pharmacokinetic software package and
tutorial. BMC Research Notes 2009, 2, 1-6, https://doi.org/10.1186/1756-0500-2-158.
Ishaku, S.; Bakare, M.; Musa, A.; Yakasai, I.; Garba, M.; Adzu, B. Evaluating the effect of artesunate on the
pharmacokinetics of gliclazide in diabetic subjects. International Journal of Biological and Chemical
Sciences 2019, 13, 2104-2111, https://doi.org/10.4314/ijbcs.v13i4.17.
Guerra, R.; Carvalho, A.; Mateus, P. Model selection for clustering of pharmacokinetic responses. Computer
Methods and Programs in Biomedicine 2018, 162, 11-18, https://doi.org/10.1016/j.cmpb.2018.05.002.
Mishra, S.; Dahima, R. In vitro adme studies of TUG-891, a GPR-120 inhibitor using Swiss ADME
predictor..
Journal
of
Drug
Delivery
and
Therapeutics
2018,
9(2-s),
366-369.
https://doi.org/10.22270/jddt.v9i2-s.2710

https://nanobioletters.com/

1484

