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Abstract
The present study aimed to investigate the bene�cial role of AT1 receptor blockade and PPAR-γ activation
in preventing cardiac contractile changes in hypertensive animals (SHR) with testosterone de�ciency.
Rats were divided into a control group (sham), orchiectomized (OCT), orchiectomized that received
telmisartan (OCT + Tel) or telmisartan plus PPAR-γ antagonist (OCT + Tel + BADGE). After 8 weeks,
contractility of isolated papillary muscles was evaluated. The OCT group showed a reduction in the
contraction force, avoided in the OCT + Tel and Tel + BADGE groups. Post-pause potentiation (PPP) was
similar in the Sham, OCT and OCT + Tel group, suggesting prevention of sarcoplasmic reticulum activity.
In contrast, PPP in the OCT + Tel + BADGE group decreased. The reduction in response to calcium or
isoproterenol in the OCT group was prevented in the OCT + Tel and Tel + BADGE group. The in�ux of
calcium, assessed indirectly, although it was similar in the OCT and Sham groups, increased both in the
OCT + Tel groups and in the OCT + Tel + BADGE groups. SERCA2a protein expression was increased in the
OCT group, which was avoided in the OCT + Tel and Tel + BADGE group. NCX expression was increased in
the Tel + BADGE group compared to OCT + Tel and sham. Our results suggest that AT1 receptor blockade
with telmisartan prevents compromised papillary muscle contractility in SHR. Moreover, it has been
shown that the activation of PPAR-γ adds bene�ts to the inhibition of renin-angiotensin system with
telmisartan in preventing harmful effects on the contractility of hypertensive rats with testosterone
de�ciency.

Introduction
Steroid hormones, including testosterone, act on the cardiovascular system by promoting various
membrane changes and modulating cell signaling [1]. Testosterone's ability to modulate cardiac function
and blood pressure is already established by its action on the renin-angiotensin system (RAS) [2]. RAS is
a complex system, well known for being involved in maintaining hemodynamic stability by regulating the
electrolyte balance and blood pressure [3].

The development of hypertension is complex and is associated with the alteration of several systems.
However, evidence suggests that the activation of the RAS is one of the protagonists of the genesis and
maintenance of essential arterial hypertension [4–7] with implications for the structural and functional
remodeling of the heart [8–10]. Angiotensin II (AngII) increases protein synthesis and collagen production
via activation of (MAP) and kinase nd TGF-β, respectively, promoting myocardial hypertrophy and
interstitial �brosis [11, 12].

Epidemiological and clinical studies have shown that sex plays a determining role in the pathophysiology
of hypertension and cardiac hypertrophy [13, 14]. The mechanisms responsible for gender differences in
pressure control are not yet well understood, however it has been shown that androgens, such as
testosterone, play an important role in gender-related differences in blood pressure regulation [15, 16].
Testosterone de�ciency is associated with changes in cardiac contractility and these changes are related
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to changes in the actions of the RAS. Orchiectomy causes increased angiotensin-converting enzyme
(ACE) activity and morphological and lusitropic changes in SHR animals [17].

Hypertension is a cardiovascular disease (CVD) with a high mortality rate and worldwide incidence and
aging, especially in men, there is an increased likelihood of the onset of CVD, especially hypertension.
Antagonists of this system have been used to treat hypertension and, among them, telmisartan, an AT1R
antagonist that also has the ability to activate PPAR-γ [18]. PPARs are a family of nuclear receptors
known to regulate genes that participate in the metabolism of lipids, adipocytes and in�ammation.
PPARs are a family of nuclear receptors known to regulate genes that participate in the metabolism of
lipids, adipocytes and in�ammation. PPAR-γ activation acts by decreasing oxidative stress and
in�ammation via protein-1 activation, the transducer transcriptional signal activator and the NF-KB
pathway [19]. Moreover the use of PPAR-γ agonists appears to be a new mechanism to mediate the
bene�cial effects of Angio II receptor antagonists [20, 21]. Based on this, the hypothesis is that
telmisartan, as an AT1 blocker and partial PPAR agonist, could reverse the compromised contractility of
the papillary muscles isolated from orchiectomized SHR.

Therefore, this study aims to investigate if the block de AT1 receptor and activation de the PPAR-γ prevent
these contractile changes in hypertensive animals with testosterone deprivation.

Matherial And Methods
EXPERIMENTAL ANIMALS. The use and care of these experimental animals followed the ethical
principles of animal research, established by the Brazilian College of Animal Experimentation (COBEA-
1991). The Research Ethics Committee on Experimentation and Use of Animals at UFES (CEUA-UFES
064/2012) approved all experimental protocols. This study used spontaneously hypertensive rats (SHR)
of three months of age obtained in the central vivarium of the Post-Graduate Program in Physiological
Sciences at the Federal University of Espírito Santo (UFES). They were kept in cages under controlled
temperature conditions and a 12-hour light-dark cycle. The rats had free access to water and food.

ORCHIECTOMY. For orchiectomy surgery, the SHR were anesthetized and an anterior median cut was
made in the scrotum, allowing the visualization of each testicle. The vas deferens was carefully isolated,
connected and ruptured, allowing removal of the testis. The incision was then closed and sutured with 3 
− 0 chromium catgut.

EXPERIMENTAL MODEL. The animals were divided into �ve groups: a control group (Sham), and the
orchiectomized group (OCT) that received the vehicle (0.5% sodium carboxymethyl cellulose; CMC-Na)
and an orchiectomized group treated with telmisartan daily by gavage (5 mg / kg / day for 8 weeks).

To investigate the effects of telmisartan on arterial blood pressure and the non-speci�c activation of
PPAR-γ, other groups of orchiectomized SHR received hydralazine (OCT + Hidra) via gavage (10
mg/kg/day) or telmisartan plus the PPAR-γ antagonist, BADGE (OCT + Tel + BADGE, 30 mg/kg/day i.p.).
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PONDERAL PARAMETERS. All groups were weighed at the beginning and end of the treatments to
evaluate whether orchiectomy and telmisartan treatment had in�uence on weight gain. The animals were
sacri�ced after eight weeks, and their hearts were separated, weighed and corrected by the tibia length.

THE SYSTOLIC ARTERIAL BLOOD PRESSURE MEASUREMENTS. In order to eliminate the depressive
effect of anesthesia, pressure was measured in an indirect and non-invasive manner at the beginning and
at the end of the orchiectomy and at the end of all treatments. For this, the systolic arterial pressure (SAP)
of rats of all groups was measured using the tail cuff plethysmography method (non-invasive blood
pressure IITC Life Science, version 1.35). The rats of the �ve groups, previously acclimated, were placed
in a heated chamber (37 ° C) for 5 to 10 minutes to perform measurements through in�ation-de�ation
cycles. Next, SAP was measured and the average of three measurements was recorded and analyzed.

MYOCARDIAL CONTRACTILITY EVALUATION IN THE PAPILLARY MUSCLE.

After 8 weeks of treatment, the rats were anesthetized with intraperitoneal urethane injection (1.2 g/kg).
The hearts were then rapidly removed and the posterior papillary muscle was �xed by rings, and attached
at one �xed end and another attached to a force transducer (TSD125 – Byopac Systems, Inc; CA) coupled
to an ampli�er (DA100C Byopac Systems, Inc; CA), inside glass chambers �lled with 20 mL of and
perfused with Krebs-Henseleit solution in mM: NaCl 120; KCl 5.4; CaCl2 1.25; MgCl2 1.2; NaH2PO 4 2;
Na2SO4 1.2; NaHCO3 18 and glucose 11. pH was kept 7.4 using 95% O2 and 5% CO2) at 29°C to avoid
the possibility of hypoxia [22]. The papillary muscles were electrically stimulated using a pair of platinum
electrodes (rectangular pulses, duration 12 ms and voltage 1.5 times the threshold, approximately 10mV,
0.5Hz). Muscles were stretched until reaching the maximum active tension muscle length (Lmax) and the
experimental protocols began after stabilizing the preparations for 60 minutes. The developed force was
recorded in a data acquisition system (MP100 Byopac Systems, Inc; CA), at 500 samples/second
sampling rate. At the end of the experiment, the papillary muscles were weighed, and the isometric
contraction force developed was adjusted by the weight of the muscles.

After the stabilization period, the isometric contraction: force expressed in grams per milligram of muscle
weight (F; g/mg), the activation times (times from the beginning of the contraction to the maximum peak
of strength) and relaxation (maximum peak time up to 50% of isometric relaxation) and those derived
from positive and negative force time (dF/dt; g/mg/s) were evaluated in all experimental groups [23].

Relative post-pause potentiation (PPP %) was performed to indirectly obtain inferences on the functional
activity of the mechanisms of calcium uptake (sarcoplasmic reticulum-SR and Na+/Ca2+ exchanger-
NCX). The potentiation was obtained by electrical re-stimulation after 15-, 30- and 60-second pauses in
the electrical stimulus applied to the muscle [24]. Relative potentiation was considered as the ratio
between contraction amplitude after the pause, and the contraction amplitude before the pause, aiming
to evaluate the SR activity [25, 26] in papillary muscles of the control and untreated groups.

To evaluate the inotropic response to calcium, a calcium concentration-response curve to extracellular
calcium was performed using 0.62, 1.25, 2.5 and 3.75 mM CaCl2 in the perfusion solution. The force
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variation was corrected by the weight of the muscles and expressed in g/mg.

Contractions obtained after a 10-minute pause in electrical stimulation (PRC) were performed to evaluate
the interference of orchiectomy and telmisartan treatment on the in�ow of trans-sarcolemmal calcium.
For this, the calcium-free KH solution and 10 mM Caffeine were used for depletion of intracellular calcium
and SR content. The preparations were re-perfused with normal KH solution seconds before restarting the
stimulation procedures. From this method, it can be inferred that the contraction after the 10-minute
pause depends on the calcium coming from the extracellular medium, since the intracellular stores were
depleted.

To assess whether orchiectomy and telmisartan treatment was able to alter β-adrenergic responsiveness,
a concentration-response curve to isoproterenol (10− 11 to 10− 5µM) was performed.

WESTERN BLOT ANALYSIS
Frost samples of the heart were grinded with ice-cold RIPA buffer (Sigma Aldrich) using a mixer. The
lysate was centrifuged at 6,000 RPM, the supernatant was collected, and the protein concentration was
determined by Bradford assay (Bio-rad). Aliquots containing 40 ug of protein were made for each animal
and loaded into 7.5, 10 or 12% acrylamide TGX Stain-Free gels (Bio-rad). The protein collection of the
samples was separated by electrophoresis in a Mini-PROTEAN Tetracell system (Bio-rad) for 2h at 120 V
in a running buffer containing 140 mM glycine, 37 mM Tris-Base and 1% Sodium Dodecyl Sulfate (Sigma
Aldrich). The gels were then activated with UV irradiation (ChemiDocXRS + Image System, Bio-rad) for 1
minute, producing �uorescent signal by tryptophan residues present on the proteins. The protein content
was wet transferred to a nitrocellulose membrane (Bio-rad) for 18h at 0.25 A in an ice-cold transfer
solution containing 140 mM glycine, 37 mM Tris-base and 20% of methanol. The total protein content for
each sample was acquired by imaging the �uorescence emission (ChemiDoc XRS+, Bio-rad). The
membranes were blocked with 5% skimmed milk (Molico, Nestlé) in Tris-buffered solution with Tween 20
(TBST) for 1h under agitation at room temperature, and incubated with the following primary antibodies:
anti-NCX 1:1000 (Thermo Fisher), anti-SERCA2 ATPase 1:1000 (Thermo Fisher), anti-AT1 1:250 (Santa
Cruz), anti- PPAR-γ 1:500 (Santa Cruz), anti-Phospholamban 1:1000 (Thermo Fisher) or phosphorylated
anti-Phospholamban ser16. The incubations underwent stirring overnight at 4 oC. After thorough
washing, the membranes were incubated with Strep Tactin HRP-conjugate 1:5000 and adequate
secondary antibody: anti-mouse 1:5000 (Sigma Aldrich) or anti-rabbit 1:5000 (Sigma Aldrich); all
membranes were placed in 3% bovine serum albumin (Sigma) in TBST for 1h, under stirring, after being
washed with TBTS. A chemiluminescent substrate (0.2 mM cumaric acid, 1.25 mM luminol, 0.1 M Tris-
HCL and 0.06% Hydrogen Peroxide) was applied to the membranes and pictures were taken with
ChemiDoc XRS+. The intensity of luminescence was quanti�ed and normalized by the total protein
content of the sample using Image Lab 6.0.1 Software (Bio-rad).

HISTOLOGICAL ANALYSES
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The left ventricle (LV) was sectioned in the middle, and the apical half of each ventricle was �xed in
phosphate buffer solution with 4% formalin (0.01 mM, pH 7.4). After the �xation period, the LV was
placed in a plastic cassette of processor/inclusor type. The cassettes were processed in an automated
apparatus with a 12-hour total cycle for dehydration in solutions with increasing concentrations of ethyl
alcohol until reaching absolute (100%), and diaphanization in xylol. The material was embedded in
para�n and cut into a 5 µM thick Leica microtome. The sections were placed on a glass slide and
exposed to a temperature of 37°C for drying. The material was dewaxed in xylol and hydrated in alcohol
for Hematoxylin and Eosin staining for the analysis of cardiac hypertrophy, and picrosirius red staining
for the analysis of collagen deposition.

After staining, the slides were visualized under a light microscope (LEICA DM/LS) coupled to a camera.
Three photos were taken for each slide and the images were analyzed by J software. For evaluation of
cardiac hypertrophy, the size of the nucleus – stained with the hematoxylin, eosin method – was
estimated in images obtained at 400× magni�cation, considering only the fully visible nuclei. These
presented an ellipsoid shape in manual selection. Horizontally or transversely cut nuclei were discarded.
To evaluate collagen deposition in the myocardium, the analyses were conducted using a minimum limit
of red at 87, and a manually adjusted maximum at approximately 160. Based on these values, the J
software presented the percentage of the marked area corresponding to the collagen coloration by
picrosirius red. Three visual �elds of each sample were analyzed, and the mean of these values was   
calculated for the individual value of the sample and each group was composed of at least four samples.

CHEMICALS
The following drugs were used: anhydrous caffeine (B. Herzog, Brazil), urethane, bovine serum albumin,
isoproterenol (Sigma Chemical Co., USA), telmisartan (micardis), hydralazine (Sigma Chemical Co., USA),
sodium carboxymethylcellulose; CMC-Na (Sigma Chemical Co., USA) and PPAR-γ inhibitor (Santa Cruz
biotechnology). All other chemicals were of analytical reagent grade and were obtained from Sigma and
Merck (Germany) or Reagen (Brazil).

STATISTICAL ANALYSIS
Results are expressed as mean ± standard error of the mean (SEM). The values of “n” represent the
number of animals or samples used in each experimental protocol. Statistical analysis of the results was
performed by two-way analysis of variance (ANOVA). When the analysis of variance was signi�cant, it
was followed by Fischer’s post-hoc test. Statistical signi�cance was considered when P < 0.05. For the
statistical analyses and the plotting of all graphs were made using GraphPad Prism 6.0 (San Diego, CA,
USA).

Results
No differences in body weight were observed in Sham and OCT groups either before and after 8 weeks of
treatment. However, telmisartan treatment or telmisartan plus BADGE reduced the weight of the OQT rats
similarly (Table 1).
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Table 1
Evaluation of body weight and blood pressure

  Corporal
mass(g)

Heart/ tibia
(g/mm)

Systolic blood pressure
(mmHg)

n
(group)

Sham 315.87 ± 4.9 35.35 ± 1.9 186.67 ± 3.9 9

OCT 296.10 ± 6.2 31.77 ± 1.6 184.84 ± 8.8 11

OCT + 
hidralazine

318 ± 13.63 45.73 ± 3.2* 111.97 ± 1.9*# 6

OCT + Tel 282.90 ± 6.5* 27.24 ± 2.4*# 109.34 ± 1.6*# 13

OCT + Tel + 
BADGE

278 ± 10.6*$ 37.86 ± 1.8@ 106.48 ± 1.3*# 9

Data expressed in media ± SEM, ANOVA two way followed by post-hoc of Fischer:*vs SHAM #vs OCT
$vs OCT + HIDRA @vs OCT + TEL; p < 0,05.

Cardiac hypertrophy was evaluated in all groups because of its relationship with an increase in the
pressure overload, which is an adaptive response to pathological conditions such as hypertension
(COOPER IV G, 1987). There was no signi�cant difference in the heart weight/tibia length ratio between
Sham and OQT groups (Table 1). However, telmisartan treatment reduced hypertrophy in hypertensive
animals (Table 1). PPAR-γ inhibitor impaired the anti-hypertrophic effect of telmisartan, suggesting that
the activation of PPAR-γ contributes to the improvement found in the OCT + Tel group (Table 1).

BLOOD PRESSURE
Systolic arterial pressure was evaluated at the beginning and at the end of the treatments by the tail-cuff
plethysmography technique. As shown in Table 1, orchiectomy was not effective in changing SAP.
However, as expected, the SAP in the OCT + Tel or OCT + Tel + BAGDE groups were reduced (Sham: 186.6 
± 3.86; OCT: 184.8 ± 8.7; OCT + Tel: 109.9 ± 1.61*; OCT + Tel + BADGE: 106.4 ± 1.30* mm Hg;)

PAPILLARY MUSCLE CONTRACTILITY
As shown in the Fig. 1A, 8-weeks after orchiectomy, there was a reduction in the contraction force of SHR
isolated papillary muscles. However, the reduction of the contraction force in OCT group was prevented
by telmisartan treatment (Fig. 1A). In addition, in the orchiectomized group treated with telmisartan plus
BADGE the reduction of the contraction force, observed in OCT group, was restored at the same value
observed in the Sham group (Fig. 1A).

To rule out the effect of arterial blood pressure reduction on our �ndings, another group was treated with
hydralazine for 8 weeks (OCT + Hidra: 111.97 ± 1.9 mmHg). As shown in the Fig. 1A, the treatment with
hydralazine did not prevent the reduction of the contraction force of the papillary muscles at the end of
the treatment. Therefore, data on the treatment with hydralazine are not shown for the other protocols.
The positive force derivatives (dF/dt+) were reduced in the orchiectomized group when compared to the
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Sham group (Fig. 1D), which was prevented by telmisartan treatment. In addition, the treatment with
telmisartan plus BADGE improved the dF/dt + when compared to Sham group (Fig. 1D). On the other
hand, negative force derivatives (dF/dt-) remained unchanged in all groups (Fig. 1E).

When evaluating the temporal parameters of contractility, the relaxation time remained unchanged
(Fig. 1C) and the activation time showed a reduction only in the OCT + Tel + BADGE group when
compared to the sham group and the OCT group (Fig. 1B).

In order to evaluate which mechanisms would be involved in reducing contraction induced by OCT, the
�rst experimental protocol performed was the indirect evaluation of sarcoplasmic reticulum (SR) activity,
as described in the methodology. Results suggest that SR activity was similar in Sham, OCT and OCT + 
Tel groups (Fig. 2). In contrast, OCT rats treated with telmisartan plus BADGE showed a decrease in the
post-pause potentiation, suggesting a reduction of SR activity (Fig. 2).

Another important analysis of our study was to investigate whether orchiectomy and telmisartan
treatment could modify the inotropic response of the isolated papillary muscles. For this, concentration-
response curves to extracellular calcium and isoproterenol were performed (Fig. 3).

The inotropic response to extracellular calcium decreased in the OCT group when compared to the Sham
group (Fig. 3A). However, telmisartan treatment prevented the reduction of the inotropic response to
calcium in the OCT group (Fig. 3A). In addition, OCT rats, treated with telmisartan plus BADGE, showed an
increased in the inotropic response to calcium when compared to other groups (Fig. 3A).

Similarly, to the inotropic response to calcium, isolated papillary muscle of OCT rats showed a reduction
in the inotropic response to isoproterenol when compared to Sham rats (Fig. 3B). However, telmisartan
treatment prevented the reduction of isoproterenol response in OCT rats (Fig. 3B). In addition, the
treatment with telmisartan plus BADGE increased, even more, the response induced by isoproterenol
when compared to the OCT + Tel group (Fig. 3B).

To assess whether the decrease in the inotropic response to calcium, observed in OCT rats, could be
related to changes in calcium in�ux, CRP was performed as mentioned in the methodology. According to
our results, PRC was similar in papillary muscles of OCT rats when compared to Sham rats. However, the
treatment with telmisartan or telmisartan plus BADGE, increase this response in 39 % and 110 %,
(Sham:19.09 ± 1.44; OCT:18.24 ± 1.44; OCT + Tel:25.49 ± 1,2; OCT + Tel + BADGE: 40,75 ± 4,8 force: g/mg
respectively, when compared to OCT group (Fig. 3C).

In order to clarify the functional results observed in papillary muscle, we analyzed the protein expression
of SERCA 2A, NCX, PLB, PLB Ser16, AT1 and PPAR-γ.

Orchiectomy increased SERCA 2A without altering signi�cantly NCX, total PBL, PBL ser16 and AT1
proteins expression (Fig. 3D, E, F, G and H). However, telmisartan treatment prevented the increase of
SERCA 2A and NCX protein expression was lower when compared to OCT rats, but reduced the PBL
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expression (Figs. 3D, E, and F). In addition, telmisartan treatment increased AT1 protein expression
(Fig. 3H).

On the other hand, telmisartan plus BADGE treatment did not prevented the increase of NCX expression
observed in OCT rats (Fig. 3E). However, similarly, that occurred with telmisartan treatment, telmisartan
plus BADGE prevented the increase of SERCA 2A expression in OCT rats (Fig. 3). Furthermore, treatment
with telmisartan and BADGE further reduced the expression of PLB when compared to treatment with
telmisartan alone (Fig. 3F). Neither AT1 expression nor PPAR Gama expression were altered by
telmisartan plus BADGE treatment (Figs. 3H and I).

HISTOLOGICAL ANALYSES
Although cardiac muscle mass did not change, the orchiectomized animals showed reduction in the
perimeter (Fig. 4A) and nuclear area (Fig. 4B), and this effect was prevented by the inhibition of PPR-γ, as
shown in Fig. 4. This reduction is even more pronounced in the OCT + TEL group, indicating a joint role of
RAAS in this process.

The reduction in nuclear size indicators was also not accompanied by changes in collagen content
(Fig. 4C).

Discussion
According to the present data, treatment with telmisartan prevents damage to contractility orchiectomy-
dependent, in papillary muscles isolated from SHR. Orchiectomized rats showed a reduction in the
inotropic response to calcium and beta-adrenergic activation, without impairment of calcium in�ux and
preserving arterial blood pressure.

Telmisartan treatment, on the other hand, seems to increase the transsarcolemal in�ux of calcium, which
may be the main mechanism by which the drop in response to calcium and an adrenergic activation was
prevented. This suggestive increase in calcium in�ux was accompanied by a reduction in protein
expression of NCX and total phospholambam, which suggests greater intracellular calcium handling.

Several studies have already demonstrated that testosterone deprivation is able to decrease the left
ventricular contractility [27–32]. Mechanisms that include increased relaxation time, reduced maximum
myo�lament response to calcium and the activity of ATPase Myosin, reduced maximum SERCA response
[31] and decreased calcium content in SR [32] have already been described.

In the present study, the orchiectomized animals showed a reduction in isometric strength as a result of
reduced response to calcium and beta-adrenergic activation. However, the speed of contraction and
relaxation were not altered, as well as the function of RS, which suggests that there was preservation of
the function of the calcium extrusion mechanisms, even in the condition of orchiectomy.
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Nevertheless, SERCA 2A protein expression was increased in the orchiectomized group (OCT) compared
to the other groups, without changing the expression of NCX and PBL, which suggested that the calcium
uptake by SR was not impaired. This is re�ected in the potentiation result after pause and relaxation time,
which are similar between the groups and indicate, albeit indirectly, that the calcium transit was not
altered in this model of orchiectomy. Previous study demonstrated that orchiectomy in normotensive rats
increases the sensitivity of SERCA 2A to calcium, but its maximum activity is reduced, without altering its
protein expression, which re�ected in the increase in the relaxation time (TC50%) of hearts of
orchiectomized rats [31]. In our orchiectomy model, we believe that the increase in SERCA 2A protein
expression found may be a response to this change in the sensitivity and maximum activity of SERCA 2A,
which may have culminated in the normalization of the relaxation time of the isolated papillary muscles.

Because our results suggest that apparently the SR function and the transarcolemal calcium in�ux have
not been altered, we speculated that the orchidectomy induced a reduction in the sensitivity of contractile
proteins. In fact, a previous study show that testosterone de�ciency can alter the calcium interaction with
contractile proteins, besides reducing the activity of myosinic ATPase and sensitivity of contractile
proteins, which, in turn, could reducing cardiac contraction force in normotensive animals [31].

In addition, testosterone modulates cardiac function by affecting the renin-angiotensin system. As
already shown, testosterone induces an increase in the production of angiotensinogen and increased
renin activity resulting in an enhancing in angiotensin II production [5, 33]. Indeed, we observed that the
inhibition of the renin-angiotensin system might improves the contractility of hypertensive-
orchiectomized rats. Moreover, the treatment with telmisartan prevented the decline of inotropic
responses induced by calcium and isoproterenol observed in OCT rats, probably by increasing of
transarcolemal calcium in�ux. In addition, telmisartan treatment prevented the increased SERCA 2A
protein expression observed in OCT group besides induces a reduction NCX and the total PBL protein
expression in OCT rats.

These data suggest that the treatment with telmisartam, in addition to improving the calcium in�ux, may
be increasing the calcium content in SR, due to the greater activity of SERCA. The reduction in NCX
protein expression translates into less calcium extrusion by the sarcolemma and the reduction in PBL
makes up a scenario where there will be a greater availability of myoplasmic calcium compared to a
more e�cient SERCA. Together, our results suggest an important relationship between testosterone
de�ciency and RAS, resulting in impairment of cardiac function. Furthermore, it also shows that the use
of an RAS antagonist can bring bene�ts to the contractile dysfunction of the heart when an occurring
association of hormonal deprivation and hypertension.

We observed no changes in AT1 protein expression in the OCT group. However, an increase of AT1 protein
expression was observed after telmisartan treatment, probably due to positive feedback on prolonged
inhibition of these receptors. It is possible to note that the AT1 protein expression was not altered in
orchiectomized rats treated with telmisartan plus BADGE. This result suggests that the positive feedback
observed in the OCT + Tel group probably depends on the activation of PPAR-γ.
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Telmisartan is an AT1 receptor antagonist with pharmacological properties de�ned by a long duration of
action and high lipophilicity [20]. It also has partial agonistic properties of PPAR-γ (a nuclear transcription
factor receptor superfamily) that may confer bene�cial properties in hypertensive patients [34]. It has
been used in some studies to demonstrated the multiple changes caused by diseases such as
hypertension, diabetes, myocardial infarction and coronary artery disease [35–38]. However, few studies
show the effect of this drug on myocardial contractility, which further highlights the importance of our
study. Telmisartan is used mainly due to its effect on RAS, but the effects on activate PPAR-γ has been
explored in some studies. According to these studies, PPAR-γ activation appears to be an innovative
mechanism to mediate the bene�cial effects of inhibitors angiotensin receptors [20, 21, 34, 36].

To evaluate the participation of PPARγ in preventing the fall of contractility observed in the telmisartan
group, the OCT + Tel + BADGE group was added. Thus, we observed that the prevention of decline in
contractility after treatment with telmisartan was maintained after treatment with telmisartan plus
BADGE.

However, the inotropic responses induced by calcium and isoproterenol were increased in telmisartan
plus BADGE group when compared to the group that received only telmisartan. This result suggests that
the effect of telmisartan in preventing the impairment of contractility on OCT group is greater when occur
select blocking AT1 receptor (Fig. 3).

Interestingly, when we indirectly assessed the calcium uptake by SR, using the PPP protocol, the
telmisartan plus BADGE group showed a reduction compared to the other groups. For right, an increase of
NCX protein expression and a reduction of total PLB without changing in SERCA protein expression was
observed in the telmisartan plus BADGE group. Together, these results suggest that calcium is probably
being extruded mainly by sarcolemma instead of being recaptured by SR, which in turn could reduce the
PPP in telmisartan plus BADGE group.

Calcium is one of the most abundant ions in the extracellular environment and its presence in large
quantities in the intracellular environment can trigger several other deleterious mechanisms for the heart,
such as activation of apoptotic pathways and SR saturation with the possibility of arrhythmia due to
spontaneous emissions of SR calcium [39]. Thus, the upregulation of NCX observed in the telmisartan
plus BADGE group may have been a compensatory mechanism for this intracellular calcium increase.

In this context, we suggest that a possible increase in calcium in�ux with the use of the PPAR y inhibitor.
In addition to the increase in PRC, there was an increase in the responsiveness to calcium and beta-
adrenergic activation in telmisartan plus BADGE group when compared to the group treated only with
telmisartan. Since the responsiveness to calcium involves the entry of calcium through the sarcolemma
and the saturation of the calcium-binding sites in the sarcomere, the results obtained suggest that the
effect of PPAR y inhibition occurs mainly by increasing the calcium in�ow without changing the
sensitivity of contractile proteins.
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It is known that sex hormones and RAS have the ability to induce changes in cardiac morphology.
Cardiac hypertrophy is a mechanism in which cardiac mass is increased in response to functional
overload that can in�uence myocardial contractile function. In our �ndings, orchiectomy did not change
the heart's weight either the heart collagen content. However, the perimeter and the nuclear area were
reduced, suggesting that testosterone de�ciency seems to reduce cardiac trophism, without altering
collagen deposition. This result also suggests that the impairment of cardiac force in OCT group does not
involve morphological alteration.

In conclusion, it has been shown that orchiectomy causes impairment in the contractility of SHR papillary
muscles. Likewise, it has been shown that this damage was prevented by treatment with telmisartan,
probably by increasing the transarcolemal �ow of calcium, with a consequent increase in the inotropic
responses of the heart. In addition, this study created evidence that activation of PPAR-γ may contribute
to the bene�cial effects of RAS inhibition in some diseases, such as hypertension.
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Figure 1

Developed isometric force, �rst derived from force development and temporal parameters of contraction
of the left ventricular papillary muscles of rats of all experimental groups (sham- group control, OCT-
orchiectomized, OCT+Tel -orchiectomized treated with telmisartan, OCT+hidra–orchiectomized treated
with hydralazine, OCT+Tel+BADGE- orchiectomized treated with temisartan and PPARγ inhibitor). (A)
Isometric force, (B) time to peak tension and (C) time to 50% relaxation, (D) maximum positive derivative
and (E) maximum negative force derivative (dF/dt + and dF/dt - respectively). The numbers in
parentheses correspond to the number of papillaries studied. Data are expressed as mean ± SEM. * P
<0.05, oneway ANOVA followed by Fischer post hoc test for multiple comparisons.
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Figure 2

Evaluation, in vitro, of the relative potentiation after pauses of 15, 30 and 60 seconds of LV papillary
muscles of Sham rats, orchiectomized (OCT), orchiectomized treated with telmisartan (OCT + Tel),
orchiectomized treated with telmizartan and BADGE (OCT + Tel + BADGE). The numbers in parentheses
correspond to the number of Papillary muscles studied. Data are expressed as mean ± SEM. * P <0.05 vs
Sham; & P <0.05 vs OQT: Two-way ANOVA followed by Fischer post-hoc test for multiple comparisons.
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Figure 3

Contractile response to different experimental protocols and densitometric analysis of Western blots of
Sham, orchiectomized (OCT), telmisartan treated orchiectomized (OCT + Tel), telmizartan and BADGE
orchiectomized treatments (OCT + Tel + BADGE). A) Strength developed during increments of Ca2+
concentration, (B) Inotropic responses of cardiac muscle to isoproterenol, (C) Contraction dependent on
transarcolomal calcium in�ux, (D) SERCA2 (6), (E) NCX (6 ), (F) PBL (6), (G) pPBLSer16 (6), (H) AT1 (6), (I)
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PPARg (6). The numbers in parentheses correspond to the number of papillaries studied. Data are
expressed as mean ± SEM. * P <0.05 vs Sham; $ P <0.05 vs OCT, # P <0.05 vs OCT + Tel, & P <0.05 vs
OQT OCT BADGE.

Figure 4

Nuclear size and collagen deposition indicators in the left ventricle. (A) Nuclear perimeter, (B) Nuclear
area, (C) Collagen content of of Sham, orchiectomized (OCT), telmisartan treated orchiectomized (OCT +
Tel), telmizartan and BADGE orchiectomized treatments (OCT + Tel + BADGE). The numbers in
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parentheses correspond to the number of papillaries studied. Data are expressed as mean ± SEM. * P
<0.05, one-way ANOVA followed by Fischer post-hoc test for multiple comparisons
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