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Abstract
The aim of this study was synthesizing a steroid-oxazole-oxazete derivative (4) to evaluate their biological activity in vitro. 
The first stage was achieved by the preparation of a steroid-oxazole-1,2′-[1,3]oxazete] derivative using a series of reactions 
such as; (1) addition; (2) nitration and (3) cyclization. Then, the biological activity of steroid analog against infarct area 
was evaluated on an ischemia/reperfusion model using quinalizarin as a control. In addition, the interaction of steroid 
derivative with kinase protein (CK2) was evaluated using a docking model. The results showed a decrease infarct area 
(0.001 nM] in a similar form that quinalizarin. In addition, the theoretical analysis suggests that steroid derivative could 
interact with some aminoacid residues  (Gln86,  Lys96,  Leu97,  Leu98) of 3FL5 protein surface. All these data indicate that 
steroid derivative can decrease the infarct area via CK2 inhibition.

Keywords Steroid · Infarct · Ischemia · Kinase protein

1 Introduction

There are several studies which indicate that myocardial 
infarction is a major cause of health worldwide; this clini-
cal pathology can be conditioned by the cardiac myocyte 
cell death caused by prolonged myocardial ischemia [1]. 
Some data suggest that restoration of blood flow could 
limit cardiac necrosis [2]; however, the effects of reperfu-
sion may be associated with tissue damage [3, 4]. Here, it 
should be noted that several vasoactive substances can 
be produced through an ischemia/reperfusion injury, 
such as the generation of reactive oxygen species and 
protein phosphorylation [5, 6]. For example, casein kinase 
(CK2) can induce phosphorylation of some biomolecules 
[7–11] such as cAMP-dependent protein kinase [12], NF-κB 

(nuclear factor kappa B), STAT-1 (signal transducer and 
activator of transcription-1) [13] and CREB (cAMP response 
element-binding) [14], which may are been associated to 
ischemia/reperfusion injury [15–17]. It is noteworthy that 
to characterize the molecular mechanism involved in the 
effect exerted by CK2 in different tissues, several studies 
have been carried out using some drugs such as benzimi-
dazole [18], TBB (4,5,6,7-tetrabromo-2-azabenzimidazole) 
[19], heparin [20], emodin [21], quinalizarin [22], which 
can modify their biological activity. All these data suggest 
that some drugs can inhibit the effect of CK2; however, 
the interaction of some drugs with CK2 is very confusing, 
perhaps this phenomenon could be due to; (1) differences 
in the chemical structure of each drug; or (2) to different 
methods used in each experiment. Therefore, the aim of 
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this study was to synthesize a steroid-oxazole-1,2′-[1,3] 
oxazete] derivative to evaluate their biological activity 
against ischemia–reperfusion injury and compare with 
quinalizarin (an CK2 inhibitor inhibitor). Additionally, the 
theoretical activity of the steroid derivative against CK2 
was evaluated using a docking model.

2  Experimental

2.1  General methods

All the reagents used in this study were purchased from 
Sigma-Aldrich Sigma-Aldrich Co., Ltd. The melting point 
for compounds was evaluated on an Electrothermal (900 
model). Infrared spectra (IR) were determined using KBr 
pellets on a Perkin Elmer Lambda 40 spectrometer.1H 
and 13C NMR (nuclear magnetic resonance) spectra were 
recorded on a Varian VXR300/5 FT NMR spectrometer at 
300 MHz (megahertz) in  CDCl3 (deuterated chloroform) 
using TMS (tetramethylsilane) as an internal standard. 
EIMS (electron impact mass spectroscopy) spectra were 
determined using a Finnigan Trace Gas Chromatography 
Polaris Q-Spectrometer. Elementary analysis data were 
determined from a Perkin Elmer Ser. II CHNS/02400 ele-
mental analyzer.

2.2  Chemical synthesis

Preparation of  (Z)‑N‑[(11aS)‑4′,11a‑dimethyl‑3,3
a,3b,4,5,9b,10,11‑octahydro‑2H‑spiro‑[cyclopent
a[a]phe‑nan‑threne‑1,2′‑[1,3]oxazet]‑7‑yl]ethan‑
imidic acid (2) In a round bottom flask (10 ml), estradiol 
(200 mg, 0.73 mmol) and 10 ml of acetonitrile were stirred 
to reflux for 12  h. The solution obtained was reduced 
pressure and purified through a crystallization using the 
methanol:bencene (4:1) system; yielding 44% of product; 
m.p. 110–112 °C; IR  (Vmax,  cm−1) 3400, 3322 and 1212: 1H 
NMR (300 MHz, Chloroform-d) δH: 0.78 (s, 3H), 1.24–2.32 
(m, 12H), 3.32 (s, 3H), 3.74 (s, 3H), 4.36–7.16 (m, 7H), 9.14 
(broad, 2H) ppm. 13C NMR (300 Hz,  CDCl3) δC: 11.12, 17.35, 
20.02, 20.99, 27.09, 27.6, 28.85, 28.94, 32.3, 37.67, 43.17, 
45.49, 48.42, 95.64, 117.98, 120.79, 131.32, 133.46, 136.41, 
140.22, 146.28, 179.09 ppm. EI-MS m/z: 352.21. Anal. Calcd. 
for  C22H28N2O2: C, 74.97; H, 8.01; N, 7.95; O, 9.08. Found: C, 
74.90; H, 8.00.

Synthesis of (Z)‑N‑[(11aS)‑4′,11a‑dimethyl‑8‑nitro‑3,
3a,3b,4,5,9b,10,11‑octahydro‑2H‑spiro[cyclopenta[a] 
phenanthrene‑1,2′‑[1,3]oxazet]‑7‑yl]ethanimidic acid 
(3) In a round bottom flask (10 ml), compound 2 (200 mg, 
0.57 mmol), nitric acid (1 ml) and anhydride acetic (3 ml), 
were stirred to reflux for 4 h. The solvent of the mixture 

obtained was removed under reduced pressure and puri-
fied through a crystallization using the methanol:water 
(4:1) system; yielding 37% of product; m.p. 86–88 °C; IR 
 (Vmax,  cm−1) 3400, 3320, 1486 and 1212: 1H NMR (300 MHz, 
Chloroform-d) δH: 0.75 (s, 3H), 1.65–2.10 (m, 12H), 2.49 (s, 
3H), 4.15 (s, 3H), 5.47–8.32 (m, 7H), 8.63 (broad, 1H) ppm. 
13C NMR (300 Hz,  CDCl3) δC: 11.12, 17.35, 20.02, 20.99, 
27.09, 27.62, 28.85, 28.94, 32.32, 37.67, 43.58, 45.49, 48.42, 
95.64, 125.07, 126.44, 133.46, 136.78, 137.95, 142.12, 
148.55, 181.27 ppm. EI-MS m/z: 397.20. Anal. Calcd. for 
 C22H27N3O4: C, 66.48; H, 6.85; N, 10.57; O, 16.10. Found: C, 
66.40; H, 6.80.

Preparation of (18′S)‑4,6′,18′‑trimethyl‑5′‑oxa‑7′‑aza
spiro[1,3‑oxazete‑2,17′‑penta‑cyclo[11.7.0.02,10.04,8. 
014,18]icosane]‑2′(10′),3′,6′,8′‑tetraene (4) In a round 
bottom flask (10 ml), compound 3 (100 mg, 0.50 mmol), 
potassium carbonate anhydrous (50 mg, 0.36 mmol) in 
5 ml of dimethyl sulfoxide were stirred to room temper-
ature for 48 h. The solvent of the mixture obtained was 
removed under reduced pressure and purified through a 
crystallization using the methanol:bencene (4:1) system; 
yielding 37% of product; m.p. 58–60 °C; IR  (Vmax,  cm−1) 
3320 and 1114: 1H NMR (300 MHz, Chloroform-d) δH: 0.96 
(s, 3H), 1.29–2.61 (m, 9H), 2.67 (s, 3H), 3.43 (m, 1H), 3.49 (s, 
3H), 3.54–8.36 (m, 4H) ppm. 13C NMR (300 Hz,  CDCl3) δC: 
11.10, 14.32, 17.32, 20.00, 27.06, 27.62, 28.85, 28.94, 32.32, 
37.67, 44.02, 45.49, 48.42, 95.64, 107.32, 118.44, 133.00, 
133.42, 135.90, 140.04, 146.40, 163.82 ppm. EI-MS m/z: 
350.19. Anal. Calcd. for  C22H26N2O2: C, 75.40; H, 7.48; N, 
7.99; O, 9.13. Found: C, 75.36; H, 7.42.

2.3  Theoretical evaluation of the pharmacological 
activity of steroid analogues

Some physicochemical parameters of compounds 2–4 
were determined to determine the oral availability of 
the drug and its pharmacokinetic properties using Swis-
sADME, Spartan and ACD/Chem Sketch softwars [23–25].

2.4  Pharmacophore evaluation

The 3D pharmacophore model for the compounds 2, 3 and 
4 was determinate using LigandScout 4.08 software [26].

3  Biological methods

All experimental procedures and protocols used in this 
investigation were reviewed and approved by the Animal 
care and use Committee of University Autonomous of 
Campeche (no. PI-420/12) and were in accordance with 
the Guide for the Care and Use of Laboratory Animals [27]. 
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Male Wistar rats, weighing 200–250 g, were obtained from 
University Autonomous of Campeche.

3.1  Reagents

All drugs were dissolved in methanol and different dilu-
tions were obtained using Krebs–Henseleit solution 
(≤ 0.01%, v/v).

3.2  Experimental design

Briefly, the male rat (200–250 g) was anesthetized by 
injecting them with pentobarbital at a dose rate of 50 mg/
Kg body weight. Then the chest was opened, and a loose 
ligature passed through the ascending aorta. The heart 
was then rapidly removed and immersed in ice cold physi-
ologic saline solution. The heart was trimmed of noncar-
diac tissue and retrograde perfused via a noncirculating 
perfusion system at a constant flow rate. The perfusion 
medium was the Krebs–Henseleit solution (pH = 7.4, 37 °C) 
composed of (mmol) 117.8, NaCl; 6, KCl; 1.75,  CaCl2; 1.2, 
 NaHPO4; 1.2,  MgSO4; 24.2,  NaHCO3; 5, glucose; 7 and 5, 
sodium pyruvate. The solution was actively bubbled with 
a mixture of  O2/CO2 (95: 5/5%). The coronary flow was 
adjusted with a variable speed peristaltic pump [27]. An 
initial perfusion rate of 15 mL/min for 5 min was followed 
by a 15 min equilibration period at a perfusion rate of 
10 mL/min. All experimental measurements were done 
after this equilibration period.

3.3  Perfusion pressure

Evaluation of measurements of perfusion pressure 
changes induced by drugs administration in this study 
was assessed using a pressure transducer connected to the 
chamber where the hearts were mounted, and the results 
entered into a computerized data capture system (Biopac).

3.4  First stage

Effect induced by the compounds 2–4 on perfusion pressure. 
Evaluation of changes in perfusion pressure through of 
the increases in time (3–18 min) in absence (control) or 
presence of compounds 2, 3 and 4 [0.001 nM] were deter-
mined. The effects were obtained in isolated hearts per-
fused at a constant-flow rate of 10 ml/min.

3.5  Second stage

Biological activity induced by the quinalizarin and com-
pounds 2, 3 and 4 on infarct area using an ischemia/rep-
erfusion model. After of 15-min equilibration time, the 
hearts were subjected to ischemia for 30 min by turning 

off the perfusion system [28]. After this period, the sys-
tem was restarted, and the hearts were reperfused by 
30 min with Krebs–Henseleit solution. The hearts were 
randomly divided into 5 major treatment groups with 
n = 9 as following:

Group I. Hearts were subjected to ischemia/reperfu-
sion but received vehicle only (Krebs–Henseleit solu-
tion).
Group II. Hearts were subjected to ischemia/reperfu-
sion and treated with quinalizarin.
Group III. Hearts were subjected to ischemia/reper-
fusion and treated with the compound 2 (0.001 nM].
Group IV. Hearts were subjected to ischemia/reper-
fusion and treated with the compound 3 (0.001 nM].
Group V. Hearts were subjected to ischemia/reperfu-
sion and treated with the compound 4 (0.001 nM].

It is important to mention that dose administered were 
carried out before ischemia period (for 10  min) and 
during the entire period of reperfusion. 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 dye was passed through the heart for 10 s 
to ensure its uniform tissue distribution. The presence of 
fluorescein was used to demarcate the tissue that was 
not subjected to regional ischemia, as opposed to the 
risk region. The heart was removed from the perfusion 
apparatus and cut into two transverse sections at right 
angles to the vertical axis. The right ventricle, apex, and 
atrial tissue were discarded. The areas of the normal left 
ventricle non-risk region, area at risk, and infarct region 
were determined using methods previously reported 
[29]. Total area at risk was expressed as the percentage 
of the left ventricle.

3.6  Efect exerted by the compound 4 on infarct area 
using an ischemia/reperfusion model

The hearts were subjected to ischemia for 30  min in 
absence or presence of the compound 4 at dose of 
0.001–100 nM.

3.7  Theoretical evaluation of the interaction 
between compound 4 and kinase‑2 protein 
(3FL5)

The interaction of compound 4 with 3FL5 [30] was carried 
out using a DockingServer [31]. Additionally, quinalizarin 
was used as control.
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3.8  Statistical analysis

The obtained values are expressed as average ± SE. 
The data obtained were put under analysis of variance 
(ANOVA) with the Bonferroni correction factor using the 
SPSS 12.0 program [32]. The differences were considered 
significant when was equal or smaller than 0.05.

4  Results and discussion

Some data indicate that several drugs can exert biological 
activity against casein kinase 2 [18, 19]; therefore, in this 
study, a steroid-[2,3-d]oxazole-1,2′-[1,3] oxazete deriva-
tive was prepared for their biological evaluation using an 

ischemia/reperfusion model. The first stage was achieved 
by the synthesis of some steroid derivatives as follows:

4.1  Preparation of a spiro‑steroid‑ethanimidic acid 
derivative

There are several reports to synthesis of spiro derivatives 
which use some reagents such as thiophene [33], N-chlo-
rosuccinamide [34], sulfur ylide derivative [35], iodoben-
zene diacetate [36],  FeCl3 [37]. In this study, a spiro-steroid-
ethanimidic acid derivative (compound 2) was prepared 
from estradiol (1) and nitrile (Fig. 1).

The 1H NMR spectra for 2 (Fig. 3) showed several sig-
nals at 0.79 ppm for methyl bound to steroid nucleus; 
at 1.24–2.32 and 4.36–7.16 ppm for steroid moiety: at 
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Fig. 1  Synthesis of steroid-oxazole-1,2′-[1,3] oxazete] derivative (4). 
Reaction of estradiol (1) with acetonitrile (i) to form a spiro-steroid 
ethanimidic acid analog (2). Then, a nitro-spiro-steroid ethan-
imidic acid (3) was prepared trough of reaction of 2 with nitric acid 
(ii). Finally, 4 was formed via intramolecular displazament of nitro 

by hydroxyl group. It is important to mention that this reaction 
involves two reaction mechanism; (i) preparation of an acetamidic 
acid via reaction of nitrile to hydroxyl group bound to ring-A; (ii) 
formation of spiro system by reaction of acetonitrile to 17-hydroxyl 
group of steroid derivative (Fig. 2)
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Fig. 2  Mechanism of reaction involved in the synthesis of a spiro-steroid ethanimidic acid derivative
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3.32 ppm for methyl bound to both hydroxyl and imino 
groups; at 3.74 ppm for methyl bound to 2H-[1,3] Oxazete 
ring; at 9.14 ppm for hydroxyl group. 13C NMR spectra for 2 
showed several signals at 11.10 ppm for methyl bound to 
steroid nucleus; at 17.32 ppm for 2H-[1,3] Oxazete ring; at 
21.00 ppm for methyl bound to both hydroxyl and imino 
groups; at 20.00, 25.10–131.30 and 136.40–146.31 ppm for 
steroid moiety; at 133.42 ppm for 2H-[1,3] Oxazete ring; at 
179.02 ppm for imino group. In addition, the compound 2 
showed a molecular ion (m/z) at 352.47.

4.2  Preparation of a spiro‑steroid‑oxazet‑ 
ethanimidic acid derivative

Some reagents have used to synthesis of nitro-derivatives 
such as Montmorrolinate KSF-Bi(NO3)3 [38], Bi(NO3)3/5H2O 
[39], Cu(NO3)2 [40] and others. In this study, the nitration 
of compound 2 was carried out via  HNO3/Acetic acid 
(Fig. 1). The 1H NMR spectra for 3 (Fig. 4) showed several 
signals at 0.75 ppm for methyl bound to steroid nucleus; at 
1.65–2.10, 5.48–8.32 ppm for steroid moiety; at 2.49 ppm 
for methyl bound to both hydroxyl and imino groups; 
at 4.15 ppm for methyl bound to 2H-[1,3] Oxazete ring; 
at 8.63 ppm for hydroxyl group. 13C NMR spectra for 3 
showed several signals at 11.10 ppm for methyl bound to 

steroid nucleus; at 17.32 ppm for methyl group bound to 
2H-[1,3] Oxazete ring; at 21.10 ppm for methyl bound to 
both hydroxyl and imino groups; at 20.00, 27.10–126.44 
and 136.75–148.52 ppm for steroid moiety; at 133.44 ppm 
for 2H-[1,3] Oxazete ring; at 181.24 ppm for imino group. 
Additionally, 3 showed a molecular ion (m/z) at 397.20.

4.3  Preparation of a steroid‑oxazole‑1,2′‑[1,3]
oxazete] derivative

Several oxazete derivatives have been synthetized using 
some reagents such as mesitonitrile oxide [41], α,α-bis-
(alkylthio) oxime [42], acylisothiocyanate [43] and oth-
ers. In this study, an azete derivative was prepared via 
intramolecular reaction by displazament of nitro group in 
mild conditions (Fig. 1). The 1H NMR spectra for 4 (Fig. 5) 
showed several signals at 0.96 ppm for methyl bound to 
steroid nucleus; at 1.29–2.61, 3.43 and 3.54–8.36 ppm for 
steroid moiety; at 2.67 ppm for methyl group bound to 
2H-[1,3] Oxazete ring; at 3.44 ppm for methyl bound to 
both hydroxyl and imino groups. 13C NMR spectra for 4 
showed several signals at 11.10 ppm for methyl bound 
to steroid nucleus; at 14.32  ppm for methyl bound to 
both hydroxyl and imino groups; at 17.32 ppm for methyl 
bound to 2H-[1,3] Oxazete ring; at 20.00–133.00 and 

Fig. 3  The scheme shown 1H NMR spectrum of compound 2. Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 and 75.4 MHz in 
 CDCl3
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135.90–146.40 ppm for steroid moiety; at 133.42 ppm for 
imino group bound to hydroxyl group; at 163.82 ppm for 
2H-[1,3]Oxazete ring. Finally, 4 showed a molecular ion 
(m/z) at 350.19.

4.4  Physicochemical parameters

In order to delineate the structural chemical requirements 
of compound 2, 3 and 4, some physicochemical param-
eters such as the molar volume  (Vm) and molar refractivity 
 (Rm) that are steric constant which could induce changes 
in some biological activities were evaluated using ACD/
Chem Sketch algorithms [24].

The results showed that both  Rm and  Vm values were 
lower for 4 compared with the values for the compounds 
2 and 3 (Table 1). These results indicate that steric impedi-
ment, conformational preferences and internal rotation of 
2 and 3 could influence some biological activity exerted 
these compounds in comparison with 4.

4.5  Pharmacophore modelling

There are some studies that indicate that the pharmaco-
phore is the three-dimensional orientation adopted by 
the functional groups of a molecule to be able to interact 

with some proteins [44]. This pharmacophore model can 
furnish a new insight to design novel molecules that can 
enhance or inhibit the function of the target and will 
be useful in drug discovery strategies. Therefore, in this 
study, LigandScout software [26] was used to develop a 
pharmacophore model of compounds 2–4. The results 
showed in the Fig. 6 indicated that there is different type 
of functional groups involved in the compounds 2, 3 and 
4 that can interact via hydrophobic contacts or as hydro-
gen bond acceptors or as hydrogen bond donor with 
some biomolecules (Table 1).

4.6  Pharmacokinetic theoretical evaluation

Some pharmacokinetic parameters of compounds 
2–4 were evaluated using SWISSADME predictor. The 
results (Table  2) showed that compounds 2–4 could 
be absorbed via oral and the compounds 2 and 4 
show higher lipophilicity compared with compound 3 
(Table 3). In addition, other data indicate differences in 
the interaction with CYP proteins which results changes 
of metabolism such happening with other drugs [45].

Fig. 4  The scheme shown 1H NMR spectrum of compound 3. Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 and 75.4 MHz in 
 CDCl3
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4.7  Biological activity evaluation “in vitro”

There are some reports which indicate that some steroid 
derivatives can exert changes in the perfusion pressure 
in vitro [46]. To evaluate this data, the biological activity 
induced by the compounds 2–4 on perfusion pressure 
(translated as changes in on blood vessel capacity and 
coronary resistance) was evaluated using an isolated 
rat heart model. The results showed that compound 4 

significantly increase (p = 0.05) the perfusion pressure 
over time (3–18 min) compared with the compounds 2, 
3 and control conditions (Fig. 7). These data suggest that 
the activity exerted by compound 4 on the perfusion 
pressure is due to different functional groups involved 
in its chemical structure.

Analysing these results, other studies were carried 
out to evaluate the biological activity of compounds 
2–4 [0.001 nM] on myocardial injury using an ischemia/
reperfusion model.

The results showed that compound 4 significantly 
reduced (p = 0.05) infarct size (expressed as a percent-
age of the area at risk) compared with the controls con-
ditions and the compounds 2 and 3 (Fig. 8). Analysing 
these data, other alternative experiments were carried 
out, with the purpose of evaluating whether increases 
in the dose exert a greater effect of the compound 7 
against infarct size. The results indicate that this phe-
nomenon was in dose-dependent manner compared 
with the control conditions (Fig. 9).

In the search, of molecular mechanism involved in 
the biological activity of compound 4 against ischemia/
reperfusion injury some studies were analysed, these 
reports indicate that some biomolecules such as casein 
kinase 2 (CK2) could be involved in the regulation of 

Fig. 5  The scheme shown 1H NMR spectrum of compound 4. Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 and 75.4 MHz in 
 CDCl3

Table 1  Physicochemical parameters of compounds 2, 3 and 4. The 
values were calculated using both ACDLabs and Spartan softwars

Parameters 2 3 4
Molar volume  (cm3) 265.30 270.60 246.00
Molar refractivity  (cm3) 100.04 105.70 96.03
Polarizability  (cm3) 39.28 41.18 39.72
Parachor  (cm3) 701.30 746.80 660.00
Index of refraction 1.67 1.70 1.72
Surface tension (dyne/cm) 48.70 57.90 51.70
Density g/cm3 1.32 1.46 1.42
HBD 1 1 0
HBA 3 5 2
Pka 14.65 11.26 1.5
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some biochemical phenomena produced in the infarct 
by ischemia injury [13, 15].

To evaluate this hypothesis in this study the bio-
logical activity of quinalizarin (CK2 inhibitor) ischemia/

reperfusion injury was evaluated to compare with the 
effect exerted by the compound 4. The results showed 
(Fig. 10) that quinalizarin decrease the infarction area 
and this effect was similar to effect produced by the 

Fig. 6  Scheme represents a pharmacophore from both compounds 2, 3 and 4 using the LigandScout software. The model involves a methyl 
group (yellow) hydrogen bond acceptors (HBA, red), hydrogen bond donor (HBD, green) and a positive ionizable (PI)

Table 2  The pharmacokinetics properties of compounds 2–4. The values determinate using the SwissADME software

Comp GI (absorption) BBB (per-
meant)

P-gP 
(sub-
strate)

CYP1A2 
inhibitor

CYP2C19 
inhibitor

CYP2C9 
inhibitor

CYP2D6 
inhibitor

CYP3A4 
inhibitor

Lipinski viol. Drug-likeness

2 High Yes Yes Yes Yes Yes No Yes 0 Yes
3 High No Yes No Yes Yes No No 0 Yes
4 High Yes No No Yes Yes Yes No 1 Yes

Table 3  Lipophilicity degree of 
compounds 2–4

The values determinate using the SwissADME software

Compound iLogP XLogP3 WLogP MLogP Silicos-1T Con-
sensus 
LogP

2 3.80 3.97 4.91 4.15 5.02 4.37
3 3.34 3.94 4.82 3.18 2.85 3.63
4 3.88 4.65 4.76 3.93 5.95 4.49
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compound 4 on ischemia/reperfusion injury; these data 
indicate that compound 4 may act as CK2-inhibitor.

4.8  Evaluation of interaction of compounds 3–7 
with kinase‑2 protein (3FL5)

Since several years ago, some theoretical models have 
been used to predict the interaction of some drugs with 
protein or enzymes [47]. Therefore, in this study was 

carried out a theoretical analysis on interaction of com-
pounds 4 with CK2 protein (3FL5) [30] using a Docking 
model [31]. The results shown the interaction of com-
pounds 4 with some amino acid residues involved in 
3FL5 protein surface such as  Gln86,  Lys96,  Leu97,  Leu98. It is 
important to mention that the interaction of quinalizarin 
with 3FL5 protein was also evaluated to compare it with 
the theoretical coupling of compound 4 with this pro-
tein. The results (Fig. 11, Table 4) showed that quinalizarin 
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Fig. 7  Effect induced by the compounds 2–4 on perfusion pres-
sure. The results showed in the graphic indicate that perfusion 
pressure was higher (p = 0.05) in presence of compound 4 com-
pared with compounds 2, 3 and conditions control. Each bar repre-
sents the mean ± S.E. of 9 experiments
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Fig. 8  Effect exerted by compounds 2–4 at a dose of 0.01  nM on 
the functional recovery of rat hearts subjected to ischemia and 
reperfusion. The results indicate that the compound 4 significantly 
(p = 0.05) reduce the area infarct in comparison in comparison with 
the compound 2 and 3 [0.01 nM] and control conditions. Each bar 
represents the mean ± S.E. of 9 experiments
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Fig. 9  Biological activity exerted by compound 4 at a dose of 
0.001–100 nM on the functional recovery of rat hearts subjected to 
ischemia and reperfusion. The results indicate that the compound 
4 reduce the area infarct to different dose compared with control 
conditions. Each bar represents the mean ± S.E. of 9 experiments
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Fig. 10  Effect exerted by compounds 4 and quinalizarin at a dose 
of 0.01  nM on the functional recovery of rat hearts subjected to 
ischemia and reperfusion. The results indicate that the compound 
4 significantly (p = 0.05) reduce the area infarct compared with the 
control conditions. However, there were no significant differences 
in comparison with the biological activity exerted by quinalizarin. 
Each bar represents the mean ± S.E. of 9 experiments
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could interact with some aminoacid residues such as  Gln86, 
 Leu97,  Ile100 of 3FL5 protein.

These data suggest that both  Gln86 and  Leu97 may spe-
cific to the biological activity of kinase-2 protein (3FL5) 
and this phenomenon could be inhibited by the presence 

of quinalizarin or the compound 4. However, this biologi-
cal effect could involve other type intramolecular interac-
tions due to changes in the energy levels.

4.9  Thermodynamic parameters

There are studies which indicate that several thermody-
namic parameters could be involved in the interaction 
drug-protein [48]. Analyzing these data, in this study a 
theoretical ass was carried out to evaluate some thermo-
dynamic factors involved in the interaction of quinalizarin 
and the compound 4 with the 3FL5 protein such as (1) free 
energy of binding which determinate the energy value 
that require a molecule to interact with a protein in a water 
environment. (2) Electrostatic energy that is the product 
of electrical charge and electrostatic potential, which are 
involved in the ligand–protein system; 3) total intermolec-
ular energy and (4) Van der Waals (vdW) + hydrogen bond 
(Hbond) + desolvation energy (Desolv. Energy; which have 
an influence on the movement of water molecules into 
or out of the ligand–protein system) using a theoretical 
model [26]. The results showed that there are differences in 
the thermodynamic parameters of compound 4 compared 
to quinalizarin; In addition, the inhibition constant (Ki) for 
compound 4 was lower than Ki for quinalizarin (Table 5).

This phenomenon suggest that these differences could 
be translated as a higher inhibition of biological activity of 
kinase-2 protein (3FL5) in the presence of compound 4 in 
comparison with quinalizarin.

5  Conclusions

In this study, a facile synthesis of new steroid-oxa-
zole-1,2′-[1,3] oxazete] derivative is reported. In addi-
tion, the biological activity exerted by this compound on 
ischemia/reperfusion injury indicated that compound 4 
exert a cardioprotective effect by increase the left ven-
tricular pressure via kinase-2 inhibition. It is important to 
mention that the experimental results are supported by 
the experimental data obtained.

Fig. 11  The scheme shows the binding sites of compound 4 (A) and 
quinalizarin (B) with some aminoacid residues involved on protein 
kinase surface (3FL5). The visualization was carried out using Dock-
ingServer software

Table 4  Residues of 
aminoacids involved in 
the interaction between 
quinalizarin and compounds 4 
and with 3FL5 protein surface

The values were determinate 
using the DockingServer soft-
ware

Compound 4 Quinalizarin

Gln86
Lys96
Leu97
Leu98

Gln86
Leu97
Ile100

Table 5  Termodynamic parameters involved in the interaction of both compound 4 and quinalizarin with 3FL5 protein surface

The values were determinate using the DockingServer software

Compound Est. free energy of 
binding (kcal/mol)

Est. inhibition 
constant (Ki, uM)

vdW + Hbond + desolv. 
energy (kcal/mol)

Electrostatic 
energy (kcal/mol)

Total intermol. 
energy (kcal/mol)

Interact. surface

4 − 6.65 13.30 − 6.58 − 0.07 − 6.65 595.193
Quinalizarin − 5.09 185.45 − 3.57 − 0.32 − 3.89 437.266
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