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in male and female rats

Mehdi Nematbakhsh®? and Tahereh Safari®-3

! Water and Electrolytes Research Center, Department of Physiology, Isfahan University of Medical Sciences, Isfahan, Iran
2 Isfahan™N Institute of Basic and Applied Sciences Research, Isfahan, Iran
3 Department of Physiology, Zahedan University of Medical Sciences, Zahedan, Iran

Abstract. Epidemiologic and clinical studies have shown that progression of renal disease in male
is faster than that in female. However, the exact mechanisms are not well recognized. Angiotensin
(1-7) (Ang 1-7) receptor, called “Mas’, is an element in the depressor arm of renin angiotensin system
(RAS), and its expression is enhanced in females. We test the hypothesis that Mas receptor (MasR)
blockade (A779) attenuates renal blood flow (RBF) in response to infusion of graded doses of Ang
1-7 in female rats. Male and female Wistar rats were anesthetized and catheterized. Then, the mean
arterial pressure (MAP), RBE and controlled renal perfusion pressure (RPP) responses to infusion
of graded doses of Ang 1-7 (100-1000 ng/kg/min i.v) with and without A779 were measured in the
animals. Basal MAP, RPP, RBE, and renal vascular resistance (RVR) were not significantly differ-
ent between the two groups. After Ang 1-7 administration, RPP was controlled at a constant level.
However, RBF increased in a dose-related manner in response to Ang 1-7 infusion in both male and
female rats (pgose < 0.0001), but MasR blockade significantly attenuated this response only in female
(Pgroup = 0.04) and not male (pgroup = 0.23). In addition, A779 increased the RBF response to Ang
1-7 to a greater extent. This is while the increase in male was not significant when compared with
that in female (pgender = 0.08). RVR response to Ang 1-7 was insignificantly attenuated by A779 in
both genders. The MasR differently regulated RBF response to Ang 1-7 in the two genders, and the
effect was greater in female rats. The MasR may be a target for improvement of kidney circulation
in renal diseases.
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Introduction

Cardiovascular and kidney diseases in women have a prev-
alence lower than that in men (Oparil and Miller 2005),
and studies have demonstrated that men are at a higher risk
for development of chronic kidney diseases (Silbiger and
Neugarten 1995, Neugarten 2009). The exact underlying
mechanism for the difference is still not completely under-
stood. However, it is known that renin angiotensin system
(RAS) is involved (Sullivan 2008). RAS with a complex
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structure plays an important role in regulation of body fluid
and blood pressure.

The RAS components are sex-related, and female sex
hormone; estradiol, influences the RAS activation (Fischer
etal. 2002). Vasodepressor arm of RAS includes angiotensin
converting enzyme type 2 (ACE 2), angiotensin type 2
receptor (AT2R), Mas receptor (MasR), and angiotensin
(1-7) (Ang 1-7) (Dilauro and Burns 2009, Ferrario and
Varagic 2010). It is known that the vasopressor effects of
RAS in male (Fischer et al. 2002, McGuire et al. 2007) and
vasodepressor effect in female (Sampson et al. 2008, Sul-
livan et al. 2010, Brown et al. 2012) have more prominent
roles in the process.

Ang 1-7 is an active heptapeptide with an important role
in counterbalance provided by Ang II via increasing the
level of nitric oxide (NO) or prostaglandins (PGs) (Chap-
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pell et al. 1998). Therefore, Ang 1-7 has been known as
a physiological antagonist for Ang II (Macova et al. 2008).
ACE2 degrades Ang II to Ang 1-7 and Ang I to Ang 1-9 that
may be cleaved by ACE to Ang 1-7 (Donoghue et al. 2000).
The plasma level of Ang 1-7 is enhanced when ACE or Ang
type 1 receptor (AT1R) are blocked; so, the effect of blockers
of these agents may be mediated through Ang 1-7 (Ferrario
and Chappell 2004).

By binding to MasR as a G-protein, Ang 1-7 implements
its actions (Brosnihan et al. 1996, Esteban et al. 2009, Ferrario
and Varagic 2010). Furthermore, the receptor has a binding
affinity for AT1R and AT2R (Castro et al. 2005, Walters et al.
2005). Due to the important role of Ang 1-7 in cardiovascular
and renal hemodynamics and also the growing evidence
of sex differences in RAS, in this study we postulated that
MasR blockade decreases renal blood flow (RBF) in response
to Ang 1-7 infusion in female rats. To test this hypothesis,
RBF response to infusion of graded doses of Ang 1-7 was
measured in male and female rats with and without MasR
antagonist (A779).

Materials and Methods

Animals

Male (n = 11, body weight: 201 + 5 g) and female (n = 12,
body weight: 191 + 3 g) Wistar rats were housed at the room
temperature of 23-25°C with a 12-h light/dark cycle and
allowed to acclimatize to the conditions for one week. The
rats were fed with rat chow and water ad libitum. The experi-
ments were in advance approved by the Isfahan University
of Medical Sciences Ethics Committee.

Surgical procedure

The rats were anaesthetized with thiobutabarbital (Inactin,
150 mg/kg; Sigma Chemical Company, St. Louis, MO, USA)
and the trachea was cannulated. Catheters were implanted
into the jugular vein, and carotid and femoral arteries. To
keep the animal adequately hydrated, during the surgery
2% bovine serum albumin at the rate of 2 ml/100 g/h was
infused via the jugular vein. The pressure of femoral artery
was considered as the renal perfusion pressure (RPP). To
control RPP at the basal level during infusion of Ang 1-7, an
adjustable clamp was placed around the aorta above the level
of the renal arteries. The arterial catheters were connected
to pressure transducers and a bridge amplifier (Scientific
Concepts, Vic., Melbourne, Australia) and mean arterial
pressure (MAP) and RPP were measured from the carotid
and femoral arteries, respectively. The left kidney was very
carefully exposed and placed in a cup secured to the oper-
ating table. A transit-time ultrasonic flow probe (Type 2SB;

Transonic Systems, Ithaca, NY, USA) was placed around the
renal artery to facilitate the RBF measurement. The transit-
time ultrasonic flow probe was interfaced with a compatible
flowmeter (T108; Transonic Systems). MAP, RPP, and RBF
were continuously measured throughout the experiment
and the data were captured as 2-second averages via a data
acquisition system. Renal vascular resistance (RVR) was
calculated as RPP/RBF ratio.

At the completion of the surgery, a 30-60 min period was
allowed for equilibration before beginning the experimental
manipulations. At this stage, animals with abnormal varia-
tion in MAP or RPP or any other abnormalities were omitted
from the study.

Experimental design

MAP, RPP, and RBF were continuously measured in all
animals during the equilibration phase. Then, MasR an-
tagonist; A779, (male; n = 6, female; n = 6) or vehicle (male;
n =5, female; n = 6) were administrated through the vein
catheter. A779 (Bachem Bioscience Inc., King of Prussia,
PA, USA) dissolved in 0.9% w/v saline and administered as
bolus doses of 50 pg/kg followed by continuous infusions at
50 ug/kg/h. A779 is a selective MasR antagonist and dem-
onstrates negligible affinity for AT1R and AT2R (Santoset
al. 1994, Santos 2003, Bosnyak et al. 2011). Twenty min
after the infusion was initiated; MAP, RPP, and RBF were
determined over a 10-min period. The data collected at this
stage was considered as the baseline data prior to Ang 1-7
administration.

Using a microsyringe pump (New Era Pump System Inc.
Farmingdale, NY, USA), intravenous infusion of Ang 1-7
(Sigma Chemical Company, St. Louis, MO, USA) at graded
doses (100, 300, and 1000 ng/kg/min) was performed 30
min after initiation of the antagonist infusion. Each dose was
administered until the MAP response reached equilibrium
(approx. 15 min). Throughout the experiment, RPP was
maintained at pre-Ang 1-7 infusion levels via manipulation
of the aortic clamp. MAP, RPP, and RBF responses were
determined over the final 5 min of each infusion. At the
end of the experiment, the rats were humanely killed via
anesthetic overdose, and their left kidneys were removed
and weighted immediately.

Statistical analysis

Data are expressed as mean + SEM and analyzed using
the SPSS software, version 16. The A779- and vehicle-
treated animals were compared with regard to the basal
data (before Ang 1-7) using the unpaired Student’s ¢- test.
The responses to Ang 1-7 are reported as percentage
(%) of change from the baseline values, and compared
via repeated measures ANOVA for the different groups
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of factors (vehicle, A779) and doses (100, 300, 1000 ng/
kg/min Ang 1-7) and their interaction. Similar analysis
was applied for percentage of change in RBF response to
Ang 1-7 for the different groups of factors (male, female)
and doses of Ang 1-7 and their interaction. p < 0.05 was
considered statistically significant.

Results

Baseline measurements

Left kidney weights were used in our study weighing 0.82
+ 0.02 g (male) and 0.77 + 0.02 g (female), which were
significantly different (p < 0.001). However, no significant
difference was detected in kidney/100 g b.w. ratio between
the sexes (male: 0.410 + 0.015 and female: 0.406 + 0.012
¢/100 g b.w.). The data obtained from “before Ang 1-7” stages
as the basal values indicated that there were no significant
differences between the groups in MAP, RPP, RVR, or RBF
values corrected for kidney weight (Fig. 1).
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Responses to Ang 1-7 infusion

Ang 1-7 infusion significantly increased percentage of
change of MAP in male (pgose < 0.0001), but this was not
the case in female (Fig. 2). However, in both sexes, per-
centage of change of MAP was not significantly different
between A779- and vehicle-treated animals (both sexes,
p >0.05). As mentioned before, RPP was maintained at the
basal value by adjustable clamp placed around the aorta
above the level of the renal arteries. Therefore, percentage
of change in RPP was almost constant during Ang 1-7
infusion with no significant difference between A779- and
vehicle-treated animals in both sexes (Fig. 2). In both sexes,
Ang 1-7 infusion increased percentage of change of RBF
in a dose-related manner (both sexes, pgose < 0.0001) with
a greater response in male. However, significant difference
between A779- and vehicle-treated animals was observed
only in female rats (pgroup = 0.04); indicating that A779
significantly attenuates RBF response to Ang 1-7 in female
but not in male. Ang 1-7 infusion decreased percentage of
change of RVR in a dose-related manner (both sexes, pgose <
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Figure 1. Hemodynamic variables before Ang 1-7 infusion as basal data. Data are presented as mean + SEM. The p values were derived
from Student t-test. MAP, mean arterial pressure; RPP, renal perfusion pressure; RVR, renal vascular resistance; RBE, renal blood flow

per gram kidney weight.
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Figure 2. Effects of vehicle and A779 on responses to Ang 1-7 infusion. Data are shown as mean + SEM of percentage of changes from the
baseline in mean arterial pressure (MAP), renal perfusion pressure (RPP), renal blood flow (RBF), and renal vascular resistance (RVR).
The p values were derived from two-way ANOVA for repeated measures with factor groups, Ang 1-7 dose, and their interaction.

0.0001). However, there was no statistically significant  female rats. The analyses indicated that A779 increased RBF
difference in percentage of change of RVR between the response to Ang 1-7 to a greater extent but insignificantly
groups in both sexes (Fig. 2). Percentage of change in RBF  in male compared with that in female (pgender = 0.08).
response to Ang 1-7 was also compared between maleand ~ However, when MasR was not blocked (vehicle-treated),
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Figure 3. Responses to Ang 1-7 infusion between male and female animals treated with A779 or vehicle. Data are shown as mean + SEM
of percentage of changes from the baseline in renal blood flow (RBF). The p values were derived from two-way ANOVA for repeated

measures with factor genders, Ang 1-7 dose, and their interaction.

RBF response to Ang 1-7 was not different between genders
(pgender = 0.35) (Fig. 3)

Discussion

In the present study, we found that MasR blockade increased
RBF response to Ang 1-7 to a greater extent in male com-
pared with that in female. A779 also decreased RBF response
to Ang 1-7 in both sexes when compared with the control
(vehicle) group. However, the decrease was significant in
female.

In several studies, the vasodilatory effect of Ang 1-7 in
blood circulation has been confirmed on coronary artery ring
of dogs and pigs (Brosnihan et al. 1996, Porsti et al. 1996),
the mesenteric circulation (Osei et al. 1993), and also on
systemic normotensive (Benter et al. 1993) and hypertensive
(Nakamoto et al. 1995) animals. Sampaio et al. reported that
in male Wistar rats, RBF decreases by administration of MasR
antagonist (A779) due to increase in vascular resistance, and
co-administration of Ang 1-7 (110 femtomol/min/10 min)
did not significantly alter the RBF (Sampaio et al. 2003). Ang
1-7 can be locally formed in kidney (Hilchey and Bell-Quilley
1995, Simoes-e-Silva et al. 1997, Santos et al. 2000, Souza Dos
Santos et al. 2001), and MasR is expressed in renal proximal
tubular cells (Moon 2011). So, it is expected that the kidney
vascular bed is a sensitive site for Ang 1-7 response. Many
studies suggested that the effect of Ang 1-7 is inhibited by
A779 administration, and this vasodilatory effect may be

related to NO production (Brosnihan et al. 1996, Porsti et al.
1996, Li et al. 1997; Heitsch et al. 2001; Ren et al. 2002). In
addition, Ang 1-7 promotes the vasodilatory effect of brady-
kinin (Brosnihan et al. 1996; Oliveira et al. 1999; Almeida et
al. 2000; Fernandes et al. 2001), and its vasodilatory effect
in the kidney was also demonstrated by an increase in the
glomerular filtration rate (Hilchey and Bell-Quilley 1995;
Kucharewicz etal. 2002). In fact, Ang 1-7 is a counter-regula-
tor of Ang II (Brosnihan et al. 1996), and it has low binding
affinity to AT1R (Moon 2011). On the contrary, under physi-
ologic circumstances, Ang 1-7 may has no effect on kidney
hemodynamics (Van der Wouden et al. 2006).

Another point is related to AT1R that can be antagonized
by MasR (Moon 2011) possibly due to hetero-oligomeriza-
tion resulted from interaction between MasR and ATIR,
which inhibits AT1R (Mercure et al. 2008). Therefore, our
findings support the vasodilatory effect of Ang 1-7 on renal
vascular bed; possibly due to increased production of NO, or
potentiation of vasodilatory effect of bradykinin, or counter-
regulation of Ang II.

In the current study, female rats provided a lower re-
sponse to Ang 1-7 compared to male rats. The difference
in the response was statistically significant (p = 0.08) when
MasR was blocked. Also in female rats, A779 compared to
vehicle significantly attenuated the RBF response to Ang
1-7, while this finding was insignificant in male rats. Previ-
ous reports indicated that infusion of A779 reduces RBF in
male rats (Sampaio et al. 2003), and increases urine volume
in female rats (Joyner et al. 2008). The difference in RBF
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response to Ang 1-7 between male and female rats seems to
be related to RAS receptors. The number of AT1R in male
rats is higher than that in female rats, which is mediated by
the effect of sex hormones; especially estrogen (Armando et
al. 2002), and the Ang II-induced vasoconstriction could be
inhibited by Ang 1-7 (Mahon et al. 1994). So, it seems that
the effect of MasR to antagonize ATIR is more prominent
in male than female. Sex hormone of estrogen is another
factor. Estrogen via releasing NO increases blood flow
(Fogelberg et al. 1990), and NO play an important role in
vasodilatory effect of Ang 1-7 (Osei et al. 1993, Brosnihan
etal. 1996, Porsti et al. 1996). Female sex hormone also up-
regulates AT2R (Armando et al. 2002). However, the role
of estrogen on MasR expression in female is not clear. In
this regard, previous studies have shown that expression of
MasR in female rats is more than that in male rats (Sampson
etal. 2012), and AT2R/AT1R ratio in female is higher than
that in male (Silva-Antonialli et al. 2004). Consequently,
the possibility of interaction between MasR and AT2R in
female is higher (Safari et al. 2012). Therefore, when MasR
is blocked, the gender difference in RBF response to Ang
1-7 may be related to Ang Il receptors, which attenuate RBF
response to Ang 1-7 in female. Also, in general, considering
the higher expression of MasR and the release of NO by
estrogen in female, lower response to Ang 1-7 in female is
more expected than in male.

Conclusion

The MasR and Ang 1-7 infusion differentially regulated renal
hemodynamics in two sexes. The MasR may be considered
as a therapeutic target for treatment of kidney diseases.
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