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Abstract: Myocardial ischemia/reperfusion injury is a serious problem involved in cardiovascular diseases. There 
data which indicate that some steroids induce cardioprotective effects on myocardial ischemia-reperfusion injury; 
however their activity and the molecular mechanism involved on myocardial ischemia-reperfusion injury are very 
confusing. Therefore, in this study some estrogen derivatives (compound 3 to 7) were synthesized with the objec-
tive of evaluating its activity on myocardial ischemia/reperfusion injury using an isolated heart model. Additionally, 
molecular mechanism involved in the activity exerted by the compounds 3 to 7 on perfusion pressure and coronary 
resistance was evaluated by measuring left ventricular pressure in absence or presence of following compounds; 
prazosin, metoprolol, indomethacin and nifedipine. The results showed that 7 reduce infarct size compared with 
the estrone and other estrogen derivatives (compounds 3, 4, 5, and 6). Other results showed that 7 significantly in-
crease the perfusion pressure and coronary resistance in isolated heart in comparison with estrone, 3, 4, 5, and 6. 
Finally, other data indicate that 7 increased the left ventricular pressure in a dose-dependent manner; however, this 
phenomenon was significantly inhibited by nifedipine. In conclusion, all these data suggest that 7 exert a cardiopro-
tective effect through calcium channels activation and consequently induce changes in the left ventricular pressure 
levels. This phenomenon results in decrease of myocardial necrosis after ischemia and reperfusion.
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Introduction

Several clinical and laboratory data indicate 
that myocardial infarction is a main cause of 
death worldwide [1, 2]. In addition, there are 
studies which indicate that myocardial infarc-
tion can be induced by prolonged ischemia 
which consequently brings in cell viability, and 
ultimately cardiac function. Acute myocardial 
infarction can produce alterations in the topog-
raphy of both the infarcted and non-infarcted 
regions of the ventricle [3]. There are some 
reports which indicate the most effective meth-
od of limiting necrosis is restoration of blood 
flow; however, the effects of reperfusion itself 
may also be associated with tissue injury [4]. In 
the search of therapeutic alternatives to reduce 

the ischemia-reperfusion injury, some drugs 
have been evaluated; for example, there is evi-
dence that methylene blue decreases isch-
emia-reperfusion injury by inhibiting xanthine 
oxidase, which could bring as a consequence 
changes on superoxide concentration using an 
in vitro model of ischemia and reoxygenation 
[5]. Other data indicate that the compound 
5-(N,N-dimethyl) amiloride induced protective 
effects on ischemia-reperfusion injury in rat 
hearts via inhibition of the Na+-H+ exchanger 
[6]. In addition, a study showed the protective 
effect of magnolol on ischemia-reperfusion 
injury attributed to its antioxidant and anti-
inflammatory activity using a hind limb isch-
emic-reperfusion animal model [7]. 
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Other studies showed that glibenclamide 
reduces myocardial damage caused by isch-
emia/reperfusion in Guinea pig heart via acti-
vation of ATP-regulated K+ channels [8]. Also, 
other data indicates that Cyclosporin A can 
reduce the ischemia/reperfusion-injury in iso-
lated rat hearts through changes in cAMP levels 
[9]. In addition, some naphthalene derivatives 
have been developed to evaluate their biologi-
cal activity in several animal models; for exam-
ple, a study showed that the naphthalene deriv-
ative ((±)-(R,S)-5,6-dihydroxy-2-methylamino-
1,2,3,4-tetrahydro-naphthalenehydro-chloride) 
can induces protective effects on ischemia-
reperfusion injury in isolated heart rat via 
decrease of norepinephrine [10]. 

On the other hand, also the steroid induces car-
dioprotective activity on ischemia-reperfusion 
injury; for example, there are studies which 
show that 17β-estradiol, but not 17α-estradiol, 
reduces myocardial necrosis in rabbits after 
ischemia and reperfusion [11]. Other studies 
suggest that 17β-Estradiol prevents dysfunc-
tion of canine coronary endothelium and myo-
cardium and reperfusion arrhythmias after 
brief ischemia/reperfusion [12]. In addition, 
progesterone has been used in conjunction 
with estrogen in an ischemia/reperfusion 
model, resulting in a significantly decreased 
myocardial injury; the protective effect could be 
mediated by attenuation of inflammation and 
its possible interaction with endogenous estro-
gen [13]. Additionally, other reports indicate 
that effect of 17β-estradiol have a cardiopro-
tective effect after myocardial ischemia and 
reperfusion by activation of the mitochondrial 
and sarcolemma ATP-sensitive K+ channels 
[14]; this effect was independent of estrogen 
receptor. Nevertheless, some data indicate 
that estrogen receptor plays a role in the pro-
tective effects of estrogen following global, 
warm ischemia-reperfusion of the isolated 
mouse heart [15]. Here, it is important to men-
tion that some studies indicate that interaction 
of 17β-estradiol with receptor estrogen depend 
on the functional groups involved in its chemi-
cal structure [16]. However, other data indicate 
that some estrogen derivatives induce their 
effect via L-type calcium channel at cardiovas-
cular level [17]. Therefore, differences in the 
chemical structure of estrogens may be in part 
responsible of their activity on myocardial 
infarction-reperfusion injury. To test this infor-
mation, the present study was designed to 
investigate the effects induced by an estrogen 

derivative in a myocardial infarction-reperfu-
sion model. In addition, to evaluate the molecu-
lar mechanism involved in the activity of the 
estrogen derivative on left ventricular pressure 
which were used as pharmacological tools for 
blocking various biological systems; tamoxifen 
(estrogen receptor antagonist) [18], prazosin 
(α1 adrenoreceptor antagonist) [19], metopro-
lol (selective β1 receptor blocker) [20], indo-
methacin (prostaglandin synthesis inhibitor) 
[21] and nifedipine (antagonist calcium channel 
type L) [22].

Material and methods

Chemical synthesis

The compound 17-(2-Amino-ethylimino)-13-me- 
thyl-7,8,9,11,12,13,14,15,16,17-deca hydro-
6H-cyclopenta[a]phenanthren-3-ol was synthe-
tized using previously method reported [23]. 
The other compounds evaluated in this study 
were purchased from Sigma-Aldrich Co., Ltd. 
The melting point for compounds was deter-
mined on an Electrothermal (900 model). 
Infrared spectra (IR) were recorded using KBr 
pellets on a Perkin Elmer Lambda 40 spec-
trometer. 1H and 13C NMR (nuclear magnetic 
resonance) spectra were recorded on a Varian 
VXR-300/5 FT NMR spectrometer at 300 and 
75.4 MHz (megahertz) in CDCl3 (deuterated 
chloform) using TMS (tetramethylsilane) as 
internal standard. EIMS (electron impact mass 
spectroscopy) spectra were obtained with a 
Finnigan Trace Gas Chromatography Polaris Q 
Spectrometer. Elementary analysis data were 
acquired from a Perkin Elmer Ser. II CHNS/0 
2400 elemental analyzer. 

Synthesis of 3-(13-Methyl-17-oxo-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthren-3-yloxy)-5-nitro-
benzoic acid (3)

A solution of estrone (100 mg, 0.37 mmol) and 
3,5-dinitro benzoic acid (80 µl, 0.37 mmol) 
potassium carbonate anhydrous (50 mg, 0.36 
mmol) in 5 ml of Dimethyl sulfoxyde was stirring 
for 72 h to room temperature. The reaction mix-
ture was evaporated to dryness under reduced 
pressure. The obtained solid was washed with 
water, yielding 68% of product, m.p. 242-
244°C; IR Vmax = 1720, 1702 and 1150 cm-1; 1H 
NMR (300 MHz, CDCl3) dH: 0.98 (s, 3H), 1.22-
1.50 (m, 5H), 1.80-2.00 (m, 3H), 2.10-2.30-
2.46 (m, 4H), 2.70-3.00 (m, 3H), 7.06-7.20 (m, 
3H), 7.50-8.46 (m, 3H), 11.60 (broad, 1H) ppm. 
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13C NMR (75.4 Hz, CDCl3) dC: 13.60, 21.00, 
25.12, 26.30, 29.34, 30.02, 35.62, 37.54, 
44.70, 44.00, 48.60, 112.34, 112.60, 114.08, 
117.40, 119.10, 124.58, 132.56, 134.38, 
139.56, 144.64, 160.20, 164.08, 164.52, 
219.78 ppm. EI-MS m/z: 435.16 (M+11). Anal. 
Calcd. for C25H25NO6: C, 68.95; H, 5.79; N, 3.22; 
O, 22.04. Found: C, 68.90; H, 5.70.

Synthesis of 3-(Naphtalen-2-yloxy)-5-(17-oxo-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthren-3-yloxy)benzoic 
acid (4)

A solution of compound 3 (150 mg, 0.35 mmol), 
β-naphtol (50 mg, 0.35 mmol) and potassium 
carbonate anhydrous (50 mg, 0.36 mmol) in 5 
ml of Dimethyl sulfoxyde was stirring for 72 h to 
room temperature. The reaction mixture was 
evaporated to dryness under reduced pres-
sure. The obtained solid was washed with 
water, yielding 76% of product, m.p. 198-
200°C; IR Vmax = 1724, 1700 and 1152 cm-1; 1H 
NMR (300 MHz, CDCl3) dH: 0.98 (s, 3H), 1.22-
1.50 (m, 5H), 1.76-2.00 (m, 3H), 2.12-2.20 (m, 
3H), 2.44-3.00 (m, 4H), 5.70 (broad, 1H), 686 
(m, 1H), 7.04-7.18 (m, 3H), 7.34-7.36 (m, 2H), 
7.50-7.90 (m, 7H) ppm. 13C NMR (75.4 Hz, 
CDCl3) dC: 13.60, 21.84, 25.73, 26.30, 29.34, 
30.90, 35.62, 37.42, 44.73, 48.00, 48.70, 
104.26, 106.08, 107.28, 110.64, 111.00, 
112.15, 116.00, 120.79, 123.00, 124.10, 
124.60, 125.92, 127.64, 130.28, 131.00, 
132.56, 137.10, 139.56, 153.18, 156.08, 
167.50, 168.00, 168.40, 219.78 ppm. EI-MS 
m/z: 532.22 (M+10). Anal. Calcd. for C35H32O5: 
C, 78.92; H, 6.06; O, 15.02. Found: C, 78.86; H, 
6.00.

Synthesis of 3-[17-(2-Amino-ethylimino)-13-
methyl-7,8,9,11,12,13,14,15,16,17-decahydro-
6H-cyclopenta[a]phenanthren-3-yloxy]-5-nitro-
benzoic acid (6)

A solution of compound 5 (100 mg, 0.34 mmol) 
and 3,5-dinitro benzoic acid (72 mg, 0.34 
mmol) and potassium carbonate anhydrous 
(50 mg, 0.36 mmol) in 5 ml of Dimethyl sulf-
oxyde was stirring for 72 h to room tempera-
ture. The reaction mixture was evaporated to 
dryness under reduced pressure. The obtained 
solid was washed with water, yielding 76% of 
product, m.p. 210-212°C; IR Vmax = 3380, 1702 
and 1150 cm-1; 1H NMR (300 MHz, CDCl3) dH: 
1.00 (s, 3H), 1.22-1.80 (m, 4H), 1.84-1.88 (m, 

3H), 2.10-2.26 (m, 4H), 2.60-2.80 (m, 4H), 
3.10-3.50 (m, 4H), 6.70 (broad, 3H), 7.10-7.30 
(m, 3H), 7.50-8.50 (m, 3H) ppm. 13C NMR (75.4 
Hz, CDCl3) dC: 16.09, 21.93, 25.74, 26.00, 
27.48, 29.75, 32.40, 37.56, 41.00, 43.33, 
46.04, 54.14, 54.24, 112.31, 112.66, 114.09, 
117.38, 119.10, 125.88, 134.05, 134.40, 
140.84, 144.68, 160.20, 164.16, 164.52, 
166.29 ppm. EI-MS m/z: 477.22 (M+12). Anal. 
Calcd. for C27H31N3O5: C, 67.91; H, 6.54; N, 
8.80; O, 16.75. Found: C, 67.86; H, 6.50.

Synthesis of 3-[17-(2-Amino-ethylimino)-13-
methyl-7,8,9,11,12,13,14,15,16,17-decahydro-
6H-cyclopenta[a]phenanthren-3-yloxy]-
5-(naphtalen-2-yloxy)-benzoic acid (7)

A solution of compound 6 (200 mg, 0.42 mmol) 
and β-naphtol (60 µl, 0.42 mmol) in 5 ml of 
Dimethyl sulfoxide was stirring for 72 h to room 
temperature. The reaction mixture was evapo-
rated to dryness under reduced pressure. The 
obtained solid was washed with water, yielding 
40% of product, m.p. 148-150°C; IR Vmax = 
3384, 1700 and 1152 cm-1; 1H NMR (300 MHz, 
CDCl3) dH: 0.97 (s, 3H), 1.20 (m, 1H), 1.74-1.90 
(m, 6H), 2.04-2.26 (m, 4H), 2.60-2.80 (m, 4H), 
3.04-3.50 (m, 4H), 4.80 (broad, 3H), 6.86 (m, 
1H), 7.04-7.30 (m, 3H), 7.34-7.36 (m, 2H), 7.52-
7.90 (m, 7H) ppm. 13C NMR (75.4 Hz, CDCl3) dC: 
16.10, 21.94, 25.76, 26.00, 27.50, 29.72, 
32.38, 37.56, 41.00, 43.30, 46.04, 54.10, 
54.20, 104.22, 106.10, 107.34, 110.64, 
111.02, 112.20, 116.00, 120.78, 123.00, 
124.10, 125.90, 125.98, 127.62, 130.36, 
131.02, 134.04, 137.12, 140.80, 153.20, 
156.08, 166.34, 167.50, 168.00, 168.43 
ppm. EI-MS m/z: 574.28 (M+9). Anal. Calcd. for  
C37H38N2O4: C, 77.33; H, 6.66; N, 4.87; O, 11.14. 
Found: C, 77.28; H, 6.60.

Physicochemical parameters evaluation

In study, physicochemical descriptors such as 
Log P, π, Rm, Vm, Pc and St were evaluated 
using previously methods reported [24].

Biological method

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 ani-
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mals [25]. Male Wistar rats; weighing 200-250 
g were obtained from University Autonomous of 
Campeche. 

Reagents

All drugs were dissolved in methanol and differ-
ent dilutions were obtained using Krebs-
Henseleit solution (≤ 0.01%, v/v).

Experimental design

Briefly, the male rat (200-250 g) was anesthe-
tized 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 
physiologic saline solution. The heart was 
trimmed of non-cardiac tissue and retrograde 
perfused via a non-circulating perfusion sys-
tem 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 NaH2PO4; 1.2 MgSO4; 
24.2 NaHCO3; 5 glucose and 5 sodium pyru-

vate. 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. 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.

Perfusion pressure

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

Evaluation of left ventricular pressure 

Contractile function was assessed by measur-
ing left ventricular developed pressure (LV/dP), 
using a saline-filled latex balloon (0.01 mm, 
diameter) inserted into the left ventricle via the 
left atrium [26]. The latex balloon was bound to 

Figure 1. Synthesis of an estrogen derivative (4). 
The first stage involve the reaction of estrone (1) 
with 3,5-dinitrobenzoic acid (2) to form 3. The 
second stage was achieved by the reaction of 3 
with β-naphtol to form 4. i and ii = Dimethyl sulf-
oxide (DMSO)/K2CO3/rt.
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cannula which was linked to pressure transduc-
er that was connected with the MP100 data 
acquisition system.

First stage

Ischemia/reperfusion model: After of 15-min-
ute equilibration time, the hearts were subject-
ed to ischemia for 30 minutes by turning off the 
perfusion system [27]. After this period, the 
system was restarted and the hearts were 
reperfused by 30 minutes with Krebs-Henseleit 
solution. The hearts were randomly divided into 
2 major treatment groups with n = 9:

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 estrone and the 
estrogen derivatives (compounds 3 to 7; 0.001 
nM) before ischemia period (for 10 minutes) 
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 
sec to ensure its uniform tissue distribution. 
The presence of fluorescein was used to demar-
cate the tissue that was not subjected to 
regional ischemia, as opposed to the risk 
region. The heart was removed from the perfu-
sion apparatus and cut into two transverse sec-
tions at right angles to the vertical axis. The 
right ventricle, apex, and atrial tissue were dis-
carded. The areas of the normal left ventricle 
non risk region, area at risk, and infarct region 
were determined using methods previously 
reported [27]. Total area at risk was expressed 
as the percentage of the left ventricle.

Second stage

Effect induced by the estrone and compounds 
3 to 7 on perfusion pressure: Changes in perfu-
sion pressure as a consequence of increases in 
time (3 to 18 min) in absence (control) or pres-
ence of estrone and compounds 3 to 7 at a 
concentration of 0.001 nM were determined. 
The effects were obtained in isolated hearts 
perfused at a constant-flow rate of 10 ml/min.

Figure 2. Synthesis de an estrogen deriva-
tive (7). The first stage was achieved by re-
action of 5 with 3,5-dinitrobenzoic acid (2) 
to form 6. The second stage involved the 
preparation of 7 by the reaction of 6 with 
β-naphtol. i and ii = DMSO/K2CO3/rt.
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Evaluation of effects exerted by estrone and 
the compounds 3 to 7 on coronary resistance: 
The coronary resistance in absence (control) or 
presence of estrone and the compounds 3 to 7 
at a concentration of 0.001 nM was evaluated. 
The effects were obtained in isolated hearts 
perfused at a constant flow rate of 10 ml/min. 
Since a constant flow was used changes in cor-

curve (control) was repeated in the presence of 
metoprolol at a concentration of 1 nM (duration 
of preincubation with metoprolol was by a 10 
min equilibration period).

Effect exerted by the compound 7 on left ven-
tricular pressure in the presence of indometha-
cin: The boluses (50 μl) of the compound 7 

Table 1. Physicochemical parameters [log P (log Kow), and π] of 
compounds 3, 4 and 5
Compound Functional group/Log Kow and π Values
1 (C18H22O2) -CH3 [aliphatic carbon] 0.5473

-CH2- [aliphatic carbon] 2.9466
-CH [aliphatic carbon] 1.0842
Aromatic Carbon 1.7640
-OH [hydroxy, aromatic attach] -0.4802
-C(= O)- [carbonyl, aliphatic attach] -1.5586
-tert Carbon [3 or more carbon attach] 0.2676
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
π -0.5085
Log Kow 3.4315

3 (C25H25N1O6) -CH3 [aliphatic carbon] 0.5473
-CH2- [aliphatic carbon] 2.9466
-CH [aliphatic carbon] 1.0842
Aromatic Carbon 3.5280
-O- [aliphatic O, two aromatic attach] 0.2923
-C(= O)- [carbonyl, aliphatic attach] -1.5586

-NO2 [nitro, aromatic attach] -0.1823
-COOH [acid, aromatic attach] -0.1186
-tert Carbon [3 or more carbon attach] 0.2676
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
π 2.2356
Log Kow 5.6671

4 (C35H32O5) -CH3 [aliphatic carbon] 0.5473
-CH2- [aliphatic carbon] 3.9288
-CH [aliphatic carbon] 1.0842
-C [aliphatic carbon - No H, not tert] 0.9723
-NH2 [aliphatic attach] -1.4148
Aromatic Carbon 1.7640
-OH [hydroxy, aromatic attach] -0.4802
-tert Carbon [3 or more carbon attach] 0.2676
-N = C [aliphatic attach] -0.0010
Fused aliphatic ring unit correction -1.3684
>C = N-C [cyclic-type imine, ali carbon att] -1.5500
Equation Constant 0.2290
π -1.6883
Log Kow 3.9788

onary pressure reflected the 
changes in coronary resis- 
tance.

Third stage

Effects induced by the com-
pound 7 on left ventricular 
pressure through estrogen 
receptors: Intracoronary bolus-
es (50 µl) of compound 7 
(0.001 to 100 nM) were admin-
istered and the corresponding 
effect on the left ventricular 
pressure was determined. The 
dose-response curve (control) 
was repeated in the presence 
of tamoxifen at a concentration 
of 1 nM (duration of preincuba-
tion with tamoxifen was by a 10 
min equilibration period).

Effects induced by the com-
pound 7 on left ventricular 
pressure through α1- adrener-
gic receptor: Intracoronary 
boluses (50 μl) of the com-
pound 7 (0.001 to 100 nM) 
were administered and the cor-
responding effect on the left 
ventricular pressure was deter-
mined. The dose-response 
curve (control) was repeated in 
the presence of prazosin at a 
concentration of 1 nM (dura-
tion of preincubation with pra-
zosin was by a 10 min equili-
bration period).

Effects induced by the com-
pound 7 on left ventricular 
pressure through β1- adrener-
gic receptor: Intracoronary 
boluses (50 μl) of the com-
pound 7 (0.001 to 100 nM) 
were administered and the cor-
responding effect on the left 
ventricular pressure was deter-
mined. The dose-response 
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[0.001 to 100 nM] were admin-
istered and the corresponding 
effect on the left ventricular 
pressure was evaluated. The 
bolus injection administered 
was done in the point of cannu-
lation. The dose response curve 
(control) was repeated in the 
presence of indomethacin at a 
concentration of 1 nM (duration 
of the pre-incubation with indo-
methacin was for a period of 10 
min).

Effects of the compound 7 on 
left ventricular pressure thro- 
ugh the calcium channel: In- 
tracoronary boluses (50 μl) of 
the compound 7 [0.001 to 100 
nM] were administered and the 
corresponding effect on the left 
ventricular pressure was evalu-
ated. The dose-response curve 
(control) was repeated in the 
presence of nifedipine at a con-
centration of 1 nM (duration of 
the pre-incubation with nifedip-
ine was for a period of 10 min). 

Statistical analysis

The obtained values are ex- 
pressed as average ± SE, using 
each heart (n = 9) as its own 
control. The data obtained were 
put under Analysis of Variance 
(ANOVA) with the Bonferroni 
correction factor using the 
SPSS 12.0 program [28]. The 
differences were considered 
significant when P was equal or 
smaller than 0.05.

Results and discussion

Chemical analyses

Since several years ago, several 
procedures for the synthesis of 
estrogen derivatives have been 
used [29-31]; nevertheless, 
expensive reagents and special 
conditions are required; there-
fore, in this study a new estro-

Table 2. Physicochemical parameters [log P (log Kow), and π] of 
compounds 6 and 7
Compound Functional group/Log Kow and π Values
5 (C20H28N2O) -CH3 [aliphatic carbon] 0.5473

-CH2- [aliphatic carbon] 3.9288
-CH [aliphatic carbon] 1.0842
C [aliphatic carbon - No H, not tert] 0.9723
-NH2 [aliphatic attach] -1.4148
Aromatic Carbon 1.7640
-OH [hydroxy, aromatic attach] -0.4802
-tert Carbon [3 or more carbon attach] 0.2676
-N = C [aliphatic attach] -0.0010
>C = N-C [cyclic-type imine, ali carbon att] -1.5500
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
π 0.5473
Log Kow 3.9788

6 (C27H31N3O5) -CH3 [aliphatic carbon] 0.5473
-CH2- [aliphatic carbon] 3.9288
-CH [aliphatic carbon] 1.0842
C [aliphatic carbon - No H, not tert] 0.9723
-NH2 [aliphatic attach] -1.4148
Aromatic Carbon 3.5280
-O- [aliphatic O, two aromatic attach] 0.2923
-NO2 [nitro, aromatic attach] -0.1823
-COOH [acid, aromatic attach] -0.1186
-tert Carbon [3 or more carbon attach] 0.2676
-N = C [aliphatic attach] -0.0010
>C = N-C [cyclic-type imine, ali carbon att] -1.5500

Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
π 2.2356
Log Kow  6.2144

7 (C37H38N2O4) -CH3 [aliphatic carbon] 0.5473
-CH2- [aliphatic carbon] 3.9288
-CH [aliphatic carbon] 1.0842
C [aliphatic carbon - No H, not tert] 0.9723
 -NH2 [aliphatic attach] -1.4148
Aromatic Carbon 6.4680
-O-   [aliphatic O, two aromatic attach] 0.5846
-COOH [acid, aromatic attach] -0.1186
-tert Carbon [3 or more carbon attach] 0.2676
-N = C [aliphatic attach] -0.0010
>C = N-C [cyclic-type imine, ali carbon att] -1.5500
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
π 3.4146
Log Kow 9.6290
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gens derivative was synthesized using some 
chemical tools. The first stage was achieved by 
the synthesis of the compound 3 via displace-
ment of nitro group from 3,5-dinitrobenzoic 
acid. It is important to mention that there are 
several methods for displacement of nitro 
groups using dipolar aprotic solvent [32]; in 
general, dipolar solvents are used to attain high 
yield of ether groups. Therefore, in this study, 
the compound 7 was synthetized by the reac-
tion of 3,5-dinitro benzoic acid with estrone in 
presence of Dimetyhyl sulfoxide at mild condi-
tions (Figure 1). The structure of 7 was con-
firmed using IR and NMR spectroscopy. The 1H 
NMR spectrum of 3 shows signals at 0.98 ppm 
for methyl group; at 1.22-7.20 ppm for steroid 
moiety; at 7.50-8.46 ppm for phenyl group 
bound to both nitro and ether groups; at 11.60 
ppm for carboxyl group. The 13C NMR spectra 
displays chemical shifts at 13.60 ppm for 
methyl group; at 21.00-112.60, 124.58-
132.56, 139.56 and 160.20 ppm for steroid 
moiety; at 114.08-119.10, 134.38, 144.68, 
149.68 and 164.08 ppm for phenyl group 
bound to both nitro and ether groups; at 164.52 
ppm for carboxyl group; at 219.78 ppm for 
ketone group. Finally, the presence of 3 was 
further confirmed from mass spectrum which 
showed a molecular ion at m/z 435.16.

The second stage was achieved by the reaction 
between the compound 3 and β-naphtol to 
form a new ether group involved in the com-
pound 4 using the method above mentioned for 
displacement of nitro groups. The 1H NMR 
spectrum of 4 shows signals at 0.98 ppm for 
methyl group; at 1.22-3.00 and 7.04-7.18 ppm 
for steroid moiety; at 5.70 ppm for carboxyl 
group; at 6.86 and 7.34-7.36 ppm for phenyl 
group bound to both ether and carboxyl groups; 
at 7.50-7.90 ppm for naphthalene rings. The 
13C NMR spectra displays chemical shifts at 
13.60 ppm for methyl group; at 21.84-48.70, 

110.64-11.00, 124.60, 132.56, 139.56 and 
156.08 ppm for steroid moiety; at 104.26-
106.08, 112.15, 137.19, 167.50 and 168.40 
ppm for phenyl group bound to both ether and 
carboxyl groups; at 107.28, 116.00-124.10, 
125.92-131.00 and 153.18 ppm naphthalene 
rings; at 168.00 for carboxyl group; at 219.78 
ppm for ketone group. In addition, the presence 
of the compound 4 was further confirmed from 
mass spectrum which showed a molecular ion 
at m/z 532.22. 

The third stage involved the synthesis of 6 by 
the reaction of 5 with 3,5-dinitro benzoic acid 
(Figure 2). The 1H NMR spectrum of 6 shows 
signals at 1.00 ppm for methyl group; at 1.22-
2.80 and 7.10-7.30 ppm for steroid moiety; at 
3.10-3.50 ppm for methylene groups bound to 
both amino and steroid nucleus; at 7.50-7.80 
ppm for phenyl group; at 6.70 ppm for carboxyl 
group. The 13C NMR spectra displays chemical 
shifts at 16.09 ppm for methyl group; at 21.93-
37.56, 43.33-46.04, 54.24-112.66, 125.88-
134.05, 140.84 and 160.20 ppm for steroid 
moiety; at 41.00 and 54.14 for methylene 
groups bound to both steroid nucleus and 
amine group; at 114.09-119.10, 134.40, 
144.68 and 164.16 ppm for phenyl group 
bound to both carboxyl and nitro groups; at 
164.52 ppm for carboxyl group; at 166.29 ppm 
for imino group. Finally, the presence of 6 was 
further confirmed from mass spectrum which 
showed a molecular ion at m/z 477.22.

The fourth stage was achieved by synthesis of 
7 by the reaction of 6 with β-naphtol in 
Dimetyhyl sulfoxide at mild conditions (Figure 
2). The 1H NMR spectrum of 7 shows signals at 
0.97 ppm for methyl group; at 1.20-2.80 and 
7.04-7.30 ppm for steroid moiety; at 3.04-3.50 
ppm for methylene groups bound to steroid 
nucleus and amino groups; at 4.80 ppm for 
both carboxyl and amino groups; at 6.86 and 

Table 3. Physicochemical parameters of compounds 1 to 7

Compound Rm (cm3) Vm (cm3) Pc (cm3) Ir (cm3) St  
(dyne/cm)

Density  
(g/cm3)

Polarizability  
(10-24 cm3)

1 (C18H22O2) 78.04 ± 0.3 232.1 ± 3.0 604.7 ± 6.0 1.587 ± 0.02 46.0 ± 3.0 1.164 ± 0.06 30.94 ± 0.5
3 (C25H25N1O6) 116.08 ± 0.3 328.6 ± 3.0 899.4 ± 6.0 1.624 ± 0.02 56.0 ± 3.0 1.324 ± 0.06 46.01 ± 0.5
4 (C35H32O5) 153.82 ± 0.3 421.5 ± 3.0 1139.6 ± 6.0 1.650 ± 0.02 53.4 ± 3.0 1.263 ± 0.06 60.98 ± 0.5
5 (C20H28N2O) 90.69 ± 0.5 243.7 ± 7.0 647.3 ± 8.0 1.666 ± 0.05 49.7 ± 7.0 1.28 ± 0.10 35.95 ± 0.5
6 (C27H31N3O5) 128.30 ± 0.5 336.5 ± 7.0 933.1 ± 8.0 1.687 ± 0.05 59.0 ± 7.0 1.241 ± 0.10 50.86 ± 0.5
7 (C37H38N2O4) 165.02 ± 0.5 441.0 ± 7.0 1183.3 ± 8.0 1.671 ± 0.05 51.08 ± 7.0 1.30 ± 0.10 65.42 ± 0.5
Rm = molar refractivity; Vm = molar volume; Pc = Parachor; Ir = Index of refraction; St = surface tension.
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7.34-7.36 ppm for phenyl group bound to both 
carboxyl and ether groups; at 7.52-7.90 ppm for 
naphthalene rings. The 13C NMR spectra dis-
plays chemical shifts at 16.10 ppm for methyl 
group; at 21.94-37.56, 43.30-46.04,54.20, 
110.64-111.02, 125.90, 134.04, 142.80 and 

logical activity [35]. Therefore, in this study, the 
log P and π parameters were calculated by pre-
viously methods reported24. The results (Tables 
1 and 2) showed an increase in log P and π val-
ues in the compound 7 with respect to the com-
pounds 1, 3, 4, 5 and 6; this phenomenon is 

Figure 3. Comparison of cardioprotective effect of the compound 7 at a dose 
of 1 nM with the compounds 3, 4, 5, 6, estrone and the control conditions on 
the functional recovery of rat hearts subjected to ischemia and reperfusion.

Figure 4. Effect induced by estrone and its derivatives on perfusion pressure. 
The results show that the compound 7 significantly increase perfusion pres-
sure (P = 0.05) through time in comparison with the compounds 3, 4, 5, 6, 
estrone and the control conditions. Each bar represents the mean ± S.E. of 
9 experiments. 

156.08 ppm for steroid moi-
ety; at 41.00 and 54.10 ppm 
for methylene groups bound 
to both steroid nucleus and 
amino group; at 104.22-
106.10, 112.20, 137.12, 
167.50 and 168.43 ppm for 
phenyl group bound to both 
ether and carboxyl groups;  
at 107.34, 116.00-124.10, 
125.98-131.02 and 153.20 
ppm for naphthalene rings; 
at 166.34 ppm for imino 
group; at 168.00 ppm for 
carboxyl group. Additionally, 
the presence of 7 was fur-
ther confirmed from mass 
spectrum which showed a 
molecular ion at m/z 574.28.

Physicochemical parameters 

In order to delineate the 
structural chemical require-
ments involved in the degree 
of lipophilicity of the com-
pounds 3, 4, 5, 6, 7 and 
estrone (compound 1), some 
parameters such as the 
descriptors [33] log P and π 
were calculated. Is important 
to mention that, the descrip-
tor log P estimates the loga-
rithmic octanol-water parti-
tion coefficient; therefore, 
log P represents the lipophil-
ic effects of a molecule 
which includes the sum of 
the lipophilic contributions of 
the parent molecule and its 
substituent [34]. The differ-
ence between the substitut-
ed and unsubstituted log P 
values is conditioned by the 
π value for a particular sub-
stituent. Several years ago, 
Hammett showed that π val-
ues measure the free energy 
change caused by particular 
substituent to relate to bio-
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conditioned mainly, by the contribution of all 
substituent atoms involved in the chemical 
structure of compounds. All these results sug-
gest that different functional groups involved in 
the chemical structure of 7 induce changes in 

cumulative effects of the different intra-and 
intermolecular forces involved in the structural 
chemistry of some compounds [38, 39]. 
Therefore, in this study Pc and St were also eval-
uated. The results indicate that both values of 

Figure 5. Activity exerted by estrone and its derivatives on coronary resistance. The 
results show that coronary resistance was higher (P = 0.05) in the presence of 7 in 
comparison with the compound 3, 4, 5, 6, estrone and the control conditions. Each 
bar represents the mean ± S.E. of 9 experiments. 

Figure 6. Effect exerted by the compound 7 on left ventricular pressure (LVP) at 
dose of 0.001 to 100 nM using an isolated rat heart model.

the higher degree of 
lipophilicity in compari-
son with the compounds 
3, 4 and 6; however, 
there are other studies 
which indicate that 
other type of physico-
chemical parameters 
such as the molar vol-
ume (Vm) and molar 
refractivity (Rm) that are 
steric constant may in- 
duce changes in some 
biological activities. Th- 
ese physicochemical 
parameters are useful 
tool for the correlation 
of different properties 
that depend on charac-
teristics of substituents 
attached to a constant 
reaction center [36, 37]. 
Therefore in this study, 
both Vm and Rm descrip-
tors (Table 3) were cal-
culated using ACD/Ch- 
em Sketch algorithms 
[24]. The results showed 
an increase in both Rm 
and Vm values for 7 in 
comparison with the 
compounds 1, 3, 4, 5 
and 6. These results 
indicate that steric im- 
pediment, conformati- 
onal preferences and 
internal rotation of 7 
could influence some 
biological activity exert-
ed by 7 in comparison 
with the compounds 1, 
3, 4, 5 and 6.

On the other hand, it is 
important to mention 
that there are reports 
which suggest that Vm is 
directly related to para-
chor (Pc) and surface 
tension (St), which are 
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Pc and St for 7 were high in comparison with the 
compounds 1, 3, 4, 5 and 6 (Table 3). All these 

um of coronary artery [43] or by their influence 
exerted on blood pressure which could result 

Figure 7. Effect induced by the compound 7 on LVP through of estrogen re-
ceptors. The compound 7 [0.001 to 100 nM] was administered (intracoronary 
boluses, 50 μl) and the corresponding effect on the LVP was evaluated in the 
absence and presence of tamoxifen. The results showed that activity induced 
by 7 on LVP was not inhibited in the presence of tamoxifen. Each bar represents 
the mean ± S.E. of 9 experiments. LVP = left ventricular pressure.

Figure 8. Activity exerted by the compound 7 on LVP through of adrenergic 
receptors. The compound 7 [0.001 to 100 nM] was administered (intracoro-
nary boluses, 50 μl) and the corresponding effect on the LVP was evaluated in 
the absence and presence of prazosin or metoprolol. The results showed that 
activity induced by 7 on LVP was not inhibited in the presence of prazosin or 
metoprolol. Each bar represents the mean ± S.E. of 9 experiments. LVP = left 
ventricular pressure.

data suggest that physico-
chemical parameters may 
also modify the biological 
activity of 7 with respect to 
the compounds 1, 3, 4, 5 
and 6. In order to evaluate 
this hypothesis, in this 
study the biological activity 
of compounds 1, 3, 4, 5, 6 
and 7 was evaluated using 
an ischemia/reperfusion 
injury model.

Biological activity

There are several reports 
on that several drugs have 
been used to treat the 
infarction/reperfusion inju-
ry resulting from myocardi-
al ischemia [40-42]; never-
theless, there is scarce 
information about the ef- 
fects estrogen derivatives 
on this phenomenon. Th- 
erefore, in this study the 
activity of estrone and 
estrogen derivatives (com-
pounds 3, 4, 5, 6 and 7) on 
the infarction/reperfusion 
injury were evaluated using 
several strategies.

First stage

In this step the activity of 
estrone and the com-
pounds 3, 4, 5, 6 and 7 
was evaluated on injury by 
ischaemia/reperfusion usi- 
ng an isolated heart model. 
The results showed that 7 
reduced infarct size (ex- 
pressed as a percentage of 
the area at risk) compared 
with vehicle-treated hearts, 
estrone and the com-
pounds 3, 4, 5 and 6 
(Figure 3). This phenome-
non induced by the com-
pound 7 might be by acti-
vation of some structure 
biological (p.e. ionic chan-
nels or specific receptors) 
involved in the endotheli-
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reduction in the infarct size, and decrease the 
myocardial injury after ischemia-reperfusion. 

In order to evaluate this hypothesis, the activity 
induced by the compound 7 on blood vessel 
capacity and coronary resistance; translated as 
changes in perfusion pressure was evaluated 
in an isolated rat heart model. The results 
showed that compound 7 significantly increase 
the perfusion pressure over time (3-18 min) 
compared with the control conditions (Figure 
4). Analyzing this data and evaluating the pos-
sibility that functional groups involved in the 
chemical structure of 7 could be by itself the 
responsible of their activity on perfusion pres-
sure; in this study, the compounds 3, 4, 5, 6 
and estrone were used such pharmacological 
tool. The results showed that perfusion pres-
sure was not affected in presence of these 
compounds at a dose of 0.001 nM; these data 
indicate that functional groups different 
involved in the compound 7 are the responsible 
of the activity exerted on perfusion pressure, 
which could result in changes in coronary resis-
tance. To evaluate this hypothesis, the effects 
induced by the compounds 3, 4, 5, 6 and 
estrone on coronary resistance were evaluated 

were analyzed some reports, which indicates 
that some estrogen derivatives can induce 
changes on left ventricular pressure via estro-
gen receptor [45, 46]. For this reason, we used 
tamoxifen, an estrogen receptor blocker to 
determine if the effects of the compound 7 on 
left ventricular pressure were via the estrogen 
receptor. It is noteworthy that interaction of 7 
with the estrogen-receptor, may be a key 
requirement for the biological activity as in the 
case of other estradiol derivatives [47, 48]. Our 
results (Figure 7) showed that the effect of 7 
was not inhibited by tamoxifen, suggesting that 
the molecular mechanism is not via the 
estrogen-receptor. 

Analyzing these data and other reports which 
indicate that some estrogen can exert an indi-
rect tonic effect on adrenal catecholamine syn-
thesis [49, 50]; in this study, the activity exert-
ed of compound 7 on left ventricular pressure 
in the absence or presence of prazosin, meto-
prolol was evaluated (Figure 8). The results 
showed that 7 increases the left ventricular 
pressure in a manner dose dependent and this 
effect was not inhibited by prazosin, propanolol 
or metoprolol at dose of 1 nM (Figure 8). These 

Figure 9. Effects induced by the compound 7 on LVP through prostaglandins 
synthesis or calcium channel activation. Intracoronary boluses (50 μl) of the 
compound 7 [0.001 to 100 nM] were administered and the corresponding ef-
fect on the LVP was determined in the absence and presence of indomethacin 
or nifedipine. The results showed that 7 higher the LVP in a dependent dose 
manner and this effect was not inhibited in the presence of indomethacin. How-
ever, the activity induced by 7 on LVP was blocked by and nifedipine. Each bar 
represents the mean ± S.E. of 9 experiments. LVP = left ventricular pressure. 

(Figure 5). The results sh- 
owed that coronary resis-
tance in presence of com-
pound 7 was higher (P = 
0.05) in comparison the 
compounds 3, 4, 5, 6, es- 
trone and control condi- 
tions. 

Analyzing these results and 
other data which indicate 
that some steroids deriva-
tives can exert effects on 
left ventricular pressure 
[44]; in this study, the activ-
ity of 7 on left ventricular 
pressure was evaluated. 
The results showed that 
compound 7 higher the left 
ventricular pressure in a 
manner dose dependent 
(Figure 6). 

In the search of molecular 
mechanism involved in the 
effect exerted by the com-
pound 7 on left ventricular 
pressure; in this study, also 
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results indicate that the molecular mechanism 
involved in the effects of this compound 7 on 
left ventricular pressure was not via adrenergic 
activity. 

Analyzing other type of reports which indicate 
that some drugs may induce its effect on left 
ventricular pressure via prostaglandins synthe-
sis [51]; in this study the activity exerted by the 
compound 7 on left ventricular pressure in the 
absence or presence of indomethacin was eval-
uated to analyze the possibility that the activi-
ties exerted by 7 might involve stimulation and 
secretion of prostaglandins. The results showed 
that compound 7 increased the left ventricular 
pressure in a manner dose dependent and this 
effect was not inhibited with indomethacin 
(Figure 9); these data suggest that activity 
exerted by 7 on left ventricular pressure was 
not through of synthesis and release pro- 
staglandins.

In search of a different molecular mechanism 
induced by 7 on left ventricular pressure; other 
data which indicate that some estrogen deriva-
tives exert their activity on left ventricular pres-
sure through activation of calcium channel 
were analyzed [17]. Therefore, in this study the 
effect exerted by the compound 7 on left ven-
tricular pressure was evaluated using nifedip-
ine as pharmacological tool to characterize 
whether this mechanism was involved in their 
pharmacological activity. The results showed 
that 7 (Figure 9) increases the left ventricular 
pressure in a dose dependent manner; howev-
er this effect was inhibited in presence of nife-
dipine. All these data indicate that activity 
exerted by the compound 7 was via calcium 
channel type L activation. 

Conclusions

The estrogen derivative (compound 7) is a par-
ticularly interesting drug, because the activity 
induced for this compound on injury by isch-
emia/reperfusion involves a molecular mecha-
nism different in comparison with other drugs. 
This phenomenon may constitute a novel ther-
apy for ischemia-reperfusion injury.
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