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ABSTRACT

BACKGROUND AND OBJECTIVES: Nitric oxide (NO) is a
potent vasodilator and estrogen-mediated vasodilation that in-
creases NO production. The association of the vascular endo-
thelium, gender and vasodilation induced by estrogen is due to
the activation of two estrogen receptors, alpha (ERa) and beta
(ERP). The aim of this study was to compare NO production
stimulating receptors ERo and ERP with the use of selective ago-
nists in thoracic aortas of rats. METHODS: Aortic rings were
either treated with 17 B-estradiol (17-BE2); acetylcholine (Ach);
4,4’ 4-[4-propil-(1H)-pirazol-1,3,5-triyl] tris-phenol (PPT), and
2,3-Bis(4-hydroxyphenyl)-propionitrile (DPN), or left untreat-
ed, and the concentration of NO was determined by spectropho-
tometry method. RESULTS: The females presented a higher bas-
al concentration of nitrite than males. PPT determined increased
production of nitrite in both females and males, compared to
17-beta-estradiol (17-BE2). In males, the production of nitrite
induced by DPN and PPT was higher than that induced by 17-
BE2. The stimulation with 17-BE2 increased the production of
nitrite in females compared to males. Regardless the gender, the
stimulation of aortic rings by PPT caused a greater production
of nitrite compared to that induced by 17-BE2. Interestingly, the
stimulation of aortic rings from males with DPN provided an
increase in the nitrite production compared to the levels induced
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by 17-BE2 incubation. CONCLUSION: The stimulation of
estrogen receptor (ER) by PPT provides greater production of
nitrite than 17-BE2 regardless of gender; in males, the stimula-
tion of ER by DPN provides bigger production of nitrite than
17-BE2; the basal production of nitrite is higher in females com-
pared to males.
Keywords: Estrogens; Adrenergic alpha-agonists; Adrenergic
beta-agonists; Nitric oxide; Rats.

RESUMO

JUSTIFICATIVA E OBJETIVOS: O 6xido nitrico (NO) ¢
um potente vasodilatador e o estrégeno promove vasodilatacio
aumentando a producio de NO. A associagio entre endotélio
vascular, género e vasodilatacio induzida pelo estrégeno, é pela
ativagio de receptores estrogénicos, alfa (ERa) e (beta) ER.
O objetivo deste estudo foi comparar a produ¢io de NO es-
timulando receptores estrogénicos, ERa ¢ ERB, por agonistas
seletivos em aorta torcica de ratos. METODOS: Anéis a6r-
ticos foram tratados com 17 B-estradiol (17-BE2), acetilco-
lina (Ach), 4,4’,4-[4-propil-(1H)-pirazol-1,3,5-triyl]tris-fenol
(PPT) e 2,3-Bis(4-hidroxifenil)-propionitrila (DPN) ou nao
tratados e a determinagiao de NO foi feita por método espe-
ctrofotométrico. RESULTADOS: As fémeas apresentaram
produgio constitutiva basal de nitrito mais elevada do que os
machos. O PPT causou elevagio na produgio de nitrito em
ambos os sexos, em relacio ao observado com 17-beta estra-
diol (17-BE2). Nos machos, PPT e DPN, aumentaram a
producdo de nitrito comparada aquela induzida por 17-BE2.
A estimulagao com 17-BE2 causou maior produgiao de nitrito
em fémeas que em machos. A incubagio com PPT determinou
maior produgio de nitrito comparada aquela induzida por 17-
BE2, independente do género. Interessantemente, em machos,
a estimulagao das artérias com DPN acarretou em elevacio na
produgio de nitrito comparada ao efeito causado por 17-BE2.
CONCLUSAO: A estimulagio de receptor estrogénico (ER)
pelo PPT determina maior produgio de nitrito do que 17-BE2
independente do género; a estimulacio de ER pelo DPN deter-
mina maior producio de nitrito do que 17-BE2 em machos; a
produgio basal de nitrito ¢ mais elevada em fémeas comparada
aos machos.

Descritores: Estrogenios; Agonistas adrenérgicos alfa; Agonistas
adrenérgicos-beta; Oxido nitrico; Ratos.
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INTRODUCTION

Nitric oxide (NO) is a potent vasodilator, relaxing vascular
smooth muscle (VSM). NO is produced by the vascular endo-
thelium by the transformation of L-arginine into L-citruline en-
zyme family nitric oxide synthase (NOS). There are three types of
NOS: neuronal (nNOS, NOS I), induced (iNOS, NOS II), and
endothelial (eNOS, NOS IIT)%. Currently, the IN-derived endo-
thelial cells is considered essential for vascular homeostasis and
has been the target for the prevention of cardiovascular diseases®.
Estrogen promotes vasodilatation mediated by increased expres-
sion of eNOS via genomic as well as increased eNOS activity by
non-gendmica®. It has been found, in humans, a positive cor-
relation between production of NO and plasma levels estroge-
no“”. Other researchers have demonstrated that in mice there
was a greater release of endothelial NO in the arteries of females
compared to males arteries, demonstrating the occurrence of dif-
ferences in NO production in different gender®®?.

The vascular endothelial (VE) is essential for the establishment
of an association between gender and vasodilation induced es-
trogeno®'?. The EV human, including the umbilical vein (HU-
VEC), expresses two isoforms a and [ for the estrogen receptor
(ER), and actions of estrogen have been suggested as modulators
of vascular physiology in different studies of animal cell cultures
and humans"V. Estrogen is a potent vasodilator and increases the
flow in the brachial artery in women during the post-menopau-
sa>19. Cellular signaling is mediated by two estrogen receptors,
ERa (NR2A1) and ERPB (NR3A2), both belonging to the fam-
ily of nuclear receptors and factors transcri¢ao”. These ERs have
been identified in vascular endothelium and vascular smooth mus-
cle cells and adventitial animal humanos"®'®, ERJ tissues occurs
more often than ERa, but both are present in the kidneys, and ves-
sels. The ER is found predominantly in cells of VSM humana™.
There are two selective agonists for estrogen receptors: 4,4 °, 4
“- [4-propyl-(1H)-pyrazole-1 ,3,5-triyl] tris-phenol (PPT) which
has a 410 fold higher affinity ERat for compared to ERB®”, while
2,3-bis (4-hydroxyphenyl) propionitrila (DPN) has 170 times
higher affinity for ERB than ERa®V. Recently, using PPT or
DPN, the researchers demonstrated that the vascular relaxation
induced by PPT was dose-dependent ERol and similar to the
effects induced by estradiol. On the other hand, observed that
stimulation of ERP by DPN had no effect, thus demonstrating
the importance of ERat in vasos®?. Other researchers have shown
that activation of ERa by PPT promotes a protective effect on
myocardial ischemia and reperfusion situations®.

Thus, the present study aimed to compare the NO production
in thoracic aortas of rats stimulated by agonists selective estrogen
receptor o and B, and compare with production stimulated by

17-B estradiol (17-BE2).

METHODS

We used 32 rings arteries thoracic aortas of adult virgin mice, male
and female wistar coming the Center for Experimental Surgery
and vivarium UNCISAL. They were divided into 4 groups stim-
ulation with: acetylcholine (Ach) 17-f estradiol (17-BE2),4,4’,4
“-[4-propyl-(1H)-pyrazole-1,3,5-triyl] tris-phenol (PPT) and
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2,3-bis (4-hydroxyphenyl)-propionitrila (DPN). These groups
were matched for males and females and dosages in triplicates.
To obtain the rings, the animals were anesthetized with ketamine
(1000mg/kg) and xylazine (14mg/kg) and then were euthanized
with a solution of potassium chloride (KCI) 19% intracardiac
route. Obtained rings, they were cleaning of the connective tis-
sue immersed in 2mL of Krebs solution in a water bath at 37°
C, aeration (95% O2 / 5% CO2) and allowed to equilibrate for
45 minutes. 50 pL were removed from each solution the test
tube, and placed on plate spectrophotometer (for determining
the value of basal production of NO tissue). In the remaining
volume of the tube were added 18.5 pL agonist desired in the
following concentrations (10° M Ach, 17-BE2 10°M, 10° M
DPN, PPT 10 M) as the experimental groups. The tissues were
incubated with various agonists for 20 minutes. After the time
of the stimulus, were again removed 50pL of solution from each
tube and placed on plate spectrophotometer (for determining
the amount of production of NO after stimulation). Then were
added to Griess reagents (Griess Reagent System) brand Promega
(Promega Corporation, Madison, WI, USA) to determine the
quantitative NO®%., The absorbance reading was performed in a
spectrophotometer (535nm). All experiments were performed in
triplicate. After reading the absorbance data were placed in Excell
program for calculation for determination of NO production.
Folders was used a standard curve of nitrite, to allow calculation
of the amount of nitrite solution being analyzed using the ab-
sorbance data. For quantification of nitrite per mg of tissue, the
rings were weighed after being dried with paper towel, and the
results were expressed as nitrite concentration by dry weight of
the tissue (pmoL nitrite/mg dry tissue). Data on production of
nitrite were analyzed using Student’s t-test

When necessary, we used Analysis of Variance one or two ways to
test the validity of hypothesis (p<0.05). The data were presented
using the mean value (X) and standard deviation (SD).

This study was approved by the Ethics Committee in Research
of the Universidade Estadual de Ciéncias da Saide of Alagoas,
protocol 52-A/2007.

RESULTS

Effect of Agonist on nitrite production in rat aortae

Rings of thoracic aortas obtained from rats after equilibration
in Krebs solution were stimulated with agonists 17-BE2 10°M,
10°M Ach, PPT 10°M and 10°M DPN for 20 minutes and
nitrite production were determined spectrophotometrically.

It was found that all agonists caused a significant increase
(p<0.05) in nitrite production compared with their respective
baseline values (Table 1, Figure 1).

It can also be seen from the data presented in table 1 that already
exist significant differences between the basal levels of nitrite pro-
duction between males and females.

Agonist effect on nitrite production in rat aortas

For comparative purposes, the production of nitrite was mea-
sured in rings of thoracic aortas obtained from rats. The tissues,
after stabilization with Krebs solution, were incubated for 20
minutes with the same agonists and at the same concentrations
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Table 1 - Production of nitrite (pmoL/mg dry tissue) in rings of thoracic aortas of male and female rats.

Nitrite concentration (pmol / mg dry tissue)

Agonists Females Males
Basal Stimulated Basal Stimulated
17-BE2 10°M 1162,0 + 173,7 1416,2 + 194,4* 1148,4 + 138,87 1252,4 + 120,4*
Ach 10° M 845,2 + 41,0 1257,1 + 306,6* 414,9 + 17,37 433,9 £ 91,1*
PPT 10°M 592,3 + 41,4 882,7 + 241,6* 216,6 + 44,77 362,3 + 85,6*
DPN 10°M 901,2 + 134,7 1093,5 + 332,9* 217,2 + 82,97 374,7 ++ 158,2*
* Significant difference (p<0.05) with the respective control baseline.
t Significant difference (p<0.05) between males and females.
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Figure 1 - Effect of agonist on the production of nitrite in rats. Aortic arteries
were isolated and incubated with various agonists for 20 minutes and nitrite
production was determined spectrophotometrically at 535 nm wavelength.

The data correspond to the mean and SD values of triplicate experiments per-
formed on rings (4 independent experiments). *Significantly different from its
baseline (p<0.05, Student’s t-test).

used previously in tissues from females. It was observed that all
agonists caused statistically significant increases (p<0.05) in ni-
trite production when faced with their respective baseline values
(Figure 2, Table 1).

Comparison of production of nitrite induced by various ago-
nists females

The effects on nitrite production stimulated by different agonists,
17-BE2 10°M, Ach 10°M, PPT 10°M and DPN 10°M, in fe-
males are shown in figure 3 and table 1. As can be seen in table 1,
there is a lot of variation between the baseline absolute numeri-
cal values for the different groups, thus facilitating the statistical
analysis, the data were normalized taking into account the base-
line control value as 100% (Figure 3).

It was found that nitrite production in female aortas showed
greater efficacy when challenged with Ach or PPT, increase of
around 50% above their baseline (p<0.05) (Figure 3). On the
other hand, when the stimuli in the production of nitrite in-
duced by 17-BE2 and DPN were compared to their respective
controls standardized baseline was observed that although there
is a tendency to increase the production of nitrite, these increases
were not statistically significant (p>0.05) (Figure 3, Table 1).
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Figure 2 - Agonist effect on nitrite production in males. Isolated rat aor-
tic arteries were incubated with various agonists for 20 minutes and nitrite
production was determined spectrophotometrically at 535 nm wavelength.
Data represent mean and SD values of triplicate experiments performed on rings
(4 independent experiments). *Significantly different from its baseline (p<0.05
Student’s t- test).
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Figure 3 - Effect of various agonists on the production of nitrite in fema-
les. Isolated rat aortic arteries were incubated with various agonists for
20 min. and nitrite production was determined spectrophotometrically
at 535 nm wavelength.

Data correspond to the percentage difference and SD of nitrite production stimu-
lated by agonists after normalization of the baseline between the experimental
groups and their respective basal made with triplicate rings (4 independent ex-
periments). *Significant difference between 17-BE2 vs Ach and 17-BE2 »s PPT
(p<0.05 one-way ANOVA, Tukey test).
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Comparison of production of nitrite induced by various ago-
nists in males

For purposes of statistical comparison of the effect of dif-
ferent agonists (17 BE2-10°M, 10°M Ach, PPT 10°M and
DPN 10°M) in rings of thoracic aortas obtained from mice
was performed to normalize the data so identical to that per-
formed with the information obtained in females. In males,
it was observed that stimulation induced by Ach showed a
significant difference (p<0.05) compared to stimulation with
17-BE2 (Figure 4). Interestingly, stimulation of the aortas of
rats with estrogen receptor specific agonists, PPT and DPN
caused a significantly greater nitrite production compared to
that produced by the presence of ACh (p<0.05) (Figure 4).
There was no significant difference between the specific ago-
nists of estrogen receptors.

Comparison of production of nitrite induced by various ago-
nists in males and females

Using the normalized data obtained from the analysis
done by different stimuli agonists comparison was made
between the production of nitrite females and males.
In thoracic aortas are females, it was observed that the 17-
BE2 stimulated more intensely nitrite production compared
to males (p<0.05) (Figure 5). On the other hand, in thoracic
aortas of male the DPN determined higher nitrite production
than in females (p<0.05) (Figure 5). No significant differences
were observed in males and females for the production of nitrite

induced by Ach and PPT.
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Figure 4 - Effect of various agonists on the production of nitrite in rats.
Isolated aortic arteries of rats were incubated with various agonists for 20
minutes and nitrite production was determined spectrophotometrically
at 535 nm wavelength.

Data correspond to the percentage difference and SD of nitrite production stimu-
lated by agonists after normalization of the baseline between the experimental
groups and their respective basal made with triplicate rings (4 independent ex-
periments). *Significantly different 17-BE2. 1 Significantly different agonists Ach
and 17-BE2 (p<0.05 one-way ANOVA, Tukey test).
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Figure 5 - Comparison of agonist effect on nitrite production in males
from females. Isolated rat aortic arteries were incubated with various
agonists for 20 minutes and nitrite production was determined spectro-
photometrically at 535nm wavelength.

Data correspond to the percentage difference and SD of nitrite production stimu-
lated by agonists after normalization of the baseline between the experimental
groups and their respective basal made with triplicate rings (four independent
experiments). *Significant difference between 17-BE2 (male vs. female) (p<0.05).
+ Significant difference between DPN (male vs. female) (p<0.05).

DISCUSSION

Estrogen, in addition to being considered one of the key hor-
mones involved in the growth, development and function of the
female reproductive system, also has an effect on the cardiovascu-
lar system. Thus, the study of signaling mechanisms involved in
the secretion and metabolism of estrogens, contributes to a better
understanding of the observed changes in estrogenic activity that
occurs in adults and in postmenopausal women. Human studies
have shown a correlation between the production of NO and
the levels estrogénicos®”?Y and estrogen-mediated vasodilation
was attributed by both pathways, genomic and non-genomic,
through the activation of cells endoteliais®. According Orshal
and Khalil" and women have lower cardiovascular risk than
men in the premenopausal period, however after menopause this
risk becomes equal. This result implies that estrogen may be act-
ing as a protective agent. In the present study, the determination
of nitrite clearly shows a basal level higher in females than in
males, or that females have a constitutive level of NO production
larger than the males. Extrapolating these findings to humans,
this might explain the cardiovascular protection observed by re-
searchers. Reslan et al.®* observed in his study with rats differen-
tiated distribution of estrogen receptors in different vascular beds
in the abdominal aorta, mesenteric and renal function, indicating
that specific ER agonists could produce vasodilation in specific
vascular beds without affecting other vessels within the vascular
system.

Other studies have also shown that endothelial release of NO was
higher in arteries of females compared with males arteries, it can
be said that sex differences cause different productions NO©#9),
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Thus, we need a better investigation of signaling mediated by
nuclear estrogen receptors, ERa and ERB, which have been iden-
tified in the endothelium, VSM and adventitial cells of humans
and animals. The estrogen receptor ERP is found in various tis-
sues, whereas the receiver ERol has a predominance of smooth
muscle vasos!*'®.

Therefore, in an attempt to further elucidate the signaling path-
way involved in estrogenic action, this study used selective ago-
nists for estrogen receptors, 4,4 ‘,4”-[4-propyl-(1H)-pyrazole-
1,3,5-triyl] tris-phenol, PPT with 410 times greater affinity for
the ERot compared to ERB® and 2,3-bis(4-hydroxyphenyl)
propionitrila, DPN 170 times higher affinity for ERP than to
ERa™®, a non-specific agonist to ERs, 17-f estradiol, as well as
Ach a standard agonist for NO production without acting on
estrogen receptors.

The results of this study revealed that stimulation of the rings
of thoracic aortas of females with PPT resulted in a significant
increase in nitrite production compared to stimulation by the
agonists caused 17-BE2 and DPN, thus demonstrating that
stimulation of ERa established higher nitrite production. This
observed difference between the PPT and other agonists of ERs
have support, because the use of Ach agonist control, had the
same performance in the production of nitrite, confirming the
results found in the study by Traupe et al.?® and cell culture en-
dothelial cells.

When analyzing the results from stimulation of thoracic aortas
rings of males is also observed that stimulation with PPT deter-
mines higher nitrite production when compared to the 17-BE2,
but these, stimulation by DPN has also led to increased produc-
tion of nitrite compared the 17-BE2. However, when comparing
the production of nitrite induced by PPT and DPN not observed
significant differences.

This result demonstrates that the isolated estrogen receptor stim-
ulation determines the same magnitude in nitrite production in
males. These results may be best seen for interpretation when the
comparative analysis is made between males and females, which
shows that the stimulation with determines a higher 17-BE2 ni-
trite production in females than in males, and that the DPN spe-
cific agonist ERP determines higher nitrite production in males
than in females.

It has been reported that ERa is found predominantly in VSM®”
which would explain the increased production of nitrite in the
rings of thoracic aortas of females and males, when these recep-
tors are activated. This result is also supported by the study of
Darblade and et al.*”” who observed that estrogen induced vas-
cular relaxation and increased NO production in mice express-
ing only the ERa functional. According Kublickiene et al.®® and
ERa can be considered the principal estrogen receptor associated
with the stimulation of endothelial NO synthase.

Studies in animals suggest that ER subtypes act cooperatively to
improve vascular condition. Responses to E2, as kinase activation
in vivo and arterial vasodilation, are absent in mice “knockout”
(KO) for both ERa as for ERP, indicating that both ER sub-
types cooperate for functions vasculares®, which would justify
action of PPT and DPN in aortic rings of males. Several studies
suggest the beneficial effect of stimulation of ERa., for example,
Christian et al.®” and investigating the expression of ERal and
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ERB in coronary arteries of women during the menopausal and
post-treated or not with therapy hormone replacement conclud-
ed that increased expression of ERP was associated with advanced
atherosclerosis and calcification, regardless of age or hormonal
status. Zhai et al.®" and Wang et al.®? found in mice with ge-
netic deletion for ERa., that they lost the cardioprotective role of
estrogen in the lesions caused by ischemia and reperfusion. Ad-
ditional studies have shown that ERa is the prime mediator of
the reduction aterosclerose®.

In the present study it was observed that the agonist that deter-
mined higher nitrite production was the DPN in males, which acts
on receptors ERP, which may explain the fact that men are prone
to a higher cardiovascular risk than women, on the other hand, in
females, the increase in nitrite production by stimulation with the
PPT increases the greater cardiovascular protection that sex. These
results are corroborated by the study of Christian et al.®” prob-
ably indicating that menopausal women have increased expression
of ERB, which would explain the failure of hormone replacement
therapy, even at low doses, immediate or early menopause. On the
other hand other studies have reported the “hypothesis of time”
where the beginning still in the Peri menopause, the combination
of estrogen and progestogenic could maximize therapeutic effects
and minimize side effects in restoring hormonal®®.

This inference is supported by the study® and cross showed
that the expression of ERP vascular wall is increased in women
with cardiovascular disease, whereas expression of ERal prevails
in control individuals, suggesting that selective stimulation also
ER subtype may have an effect on the cardiovascular status of the
woman. Especially considering that the logo of a woman’s life
changes occur in the expression of ER subtypes of vascular endo-
thelium and VSM, and changes in vascular architecture that can
also associated with this failure of hormone replacement therapy,
and increased disease cardiovasculares””. On the other hand
Simino et al.®¥ Assessing the antiatherosclerotic effect of E2 in
hormone replacement therapy, noted that the transdermal route
compared to the oral route, you get excellent therapeutic success.
In our study was stimulated vascular rings in vitro, so leading to
a more specific evaluation of the action of the agonist and E2
receptor subtype-specific, with no other actors with stimulating
action of NO production.

CONCLUSION

The results of this study suggest that: 1) stimulation of ER by
PPT determines higher nitrite production than the 17-BE2 re-
gardless of gender, 2) stimulation of ER by DPN determines
higher nitrite production than in males 17-BE2 and 3) The basal
production of nitrite is higher in females compared to males.
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