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ABSTRACT

The renin-angiotensin system modulates insulin action. Angiotensin type 1 receptor exerts a deleterious
effects while the angiotensin type 2 receptor (AT2R) appears to have beneficial effects providing pro-
tection against insulin resistance and type 2 diabetes. Although recent reports indicate that agonism of
AT2R ameliorates diabetes and insulin resistance, the phenotype of AT2R-knockout mice seems to be
controversial relating this aspect. Thus, in this study we have explored the role of AT2R in the control of
insulin action. To that end, C57B1/6 mice were administered the synthetic AT2R antagonist PD123319 for
21days (10 mg/kg/day ip); vehicle treated animals were used as control. Glucose tolerance, metabolic
parameters, in vivo insulin signaling in main insulin-target tissues as well as levels of adiponectin, TNF-
o, MCP-1 and IL-6 in adipose tissue were assessed. AT2R blockade with PD123319 induced a marginal
effect on glucose homeostasis but an important reduction in the insulin-induced phosphorylation of the
insulin receptor and Akt in both liver and adipose tissue. Insulin signaling in skeletal muscle remained
unaltered after treatment with PD123319, which could explain the minimal effect on glucose homeosta-
sis induced by PD123319. Our current results reinforce the notion that the AT2R has a physiological role

in the conservation of insulin action.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Angiotensin (Ang) Il is the main effector peptide of the renin-
angiotensin system [1,2]. Ang Il binds two distinct receptors, the
angiotensin type-1 receptor (AT1R) and the angiotensin type-2
(AT2R) receptor, with high affinity [1,2]. The AT1R mediates most of
the physiological actions of Ang Il [ 1-3]. In contrast, AT2Rs opposes
the actions of AT1Rs under the majority of circumstances [1-6].
Angiotensin type-2 receptors are expressed ubiquitously at very
high levels in the fetus, but decline quickly in the neonatal period
in most tissues [3,7]. Although there is a relatively low expression
of AT2Rs compared to AT1Rs in adult tissues, AT2Rs are expressed
in the adult kidney, adrenal cortex, heart and vasculature, and pre-
dominate over AT1Rs in specific sites such as the uterus, ovary,
adrenal medulla, pancreas and discrete areas of the brain [7-11].
The AT2R, while being only barely expressed in most healthy tis-
sues, is strongly upregulated following tissue damage [12]. The
modulation of the counterbalance between AT1R and AT2Rs is the
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focus of intensive research given its potential therapeutic applica-
tion in pathophysiological areas such as inflammation and insulin
resistance [13]. Chronic Ang Il elevation induces insulin resistance
through activation of the AT1R [13]. Thus, AT1R blockers (ARBs)
are known to improve insulin resistance and reduce the new onset
of diabetes [13-15]. AT2R stimulation antagonizes the signals acti-
vated by AT1R in various tissues, improving insulin sensitivity and
thus attenuating metabolic disorders [16]. The beneficial effects
of AT2R stimulation has been established in various animal mod-
els of metabolic disorders [11,14,16-20]. The recent availability
of the selective AT2R agonist, compound 21 (C21), has been a
major breakthrough in this research area. In type 2 diabetic KKAy
mice, C21 improved insulin sensitivity, increased adiponectin and
reduced TNF-« levels, while protecting the pancreatic 8-cells [16].
In high-fructose/high-fat fed rats, C21 improved insulin sensitivity
and glucose tolerance, while lowered triacylglyceride levels (TG) as
well, an effect not seen by ARB treatment [17]. Similar results were
obtained in high-fat diet fed mice, where C21 improved insulin sen-
sitivity, reduced TNF-q, increased adiponectin and IL-10 levels, and
reduced serum TG levels [18]. Notably, the effects of both C21 and
valsartan seemed to be mediated via the AT2R as they were not
observed in AT2R knockout (KO) mice [14]. Stimulation of pancre-
atic AT2R significantly improved insulin synthesis and secretion in


dx.doi.org/10.1016/j.peptides.2016.12.003
http://www.sciencedirect.com/science/journal/01969781
http://www.elsevier.com/locate/peptides
http://crossmark.crossref.org/dialog/?doi=10.1016/j.peptides.2016.12.003&domain=pdf
mailto:dominici@qb.ffyb.uba.ar
mailto:fernando.dominici@hotmail.com
dx.doi.org/10.1016/j.peptides.2016.12.003

38 M.C. Mufioz et al. / Peptides 88 (2017) 37-45

6004 € Control
& PD123319

2
]
%i 400

oo
3 E
S
=] 200

0 3ID GIO 9ID 150
Time (min)

60000+

40000+

20000

Area under the curve
(mg/dl x 120 min )

Control

PD123319

Fig. 1. Effects of PD123319 on glucose tolerance. Glucose tolerance test (A). Mice were fasted for 6 h and given an intraperitoneal injection of glucose (2 g/kg body wt). Data
are presented as mean of plasma glucose levels (mg/dl) - SEM from 14 mice in the control group and 14 in the PD123319-treated group. The bar graphs show the area under

the curve during the glucose tolerance test (B).

adultrats [11]. Moreover, treatment with C21 prevented cell death
of pancreatic B-cell in diabetic rats [20].

In addition, pharmacological antagonism of the AT2R has been
used to address this issue. The nonpeptide antagonist PD123319
(ditrifluoroacetate) is a widely used tool that has high affinity for
the AT2 receptor (Ki~10nM) and is approximately 10,000-fold
more selective for AT2 than AT1 receptors [21]. Acute infusion of
PD123319 has been shown to decrease skeletal muscle glucose
uptake in rats [22,23]. Systemic AT2 receptor blockade during the
second transition in pancreatic development reduced the -cell
to a-cell ratio of the neonate islets, impaired their insulin secre-
tory function and the glucose tolerance of the pups [24]. Unlike
results obtained from AT2R stimulation or antagonism showing
a participation of this receptor in insulin sensitivity and glucose
homeostasis, information obtained from AT2R-KO mice has not
been consistent so far [14,25-27]. Thus, the aim of the current work
was to determine if the AT2R has a physiological importance in
the preservation of insulin signaling and in the control of glucose
homeostasis in normal mice. To that end C57BL/6 mice were admin-
istered during 3 weeks with PD123319. Metabolic parameters,
glucose tolerance and the status of insulin signaling in main insulin
target tissues was analyzed. Specifically we measured the phospho-
rylation levels of Tyr residues of the insulin receptor (IR) required
for receptor tyrosine kinase activation (1158/1162/1163) and also
Tyr 972 (required for docking of IR substrates and transmission
of the signal downstream the IR) [28]. The in vivo phosphoryla-
tion status of the enzyme Akt, essential to the metabolic actions
of insulin, was also analyzed. In particular phosphorylation at
residues Thr308 and Ser473 required for full activation of this
enzyme [28]. Additionally, we explored the phosphorylation status
of the mitogen-activated protein kinase (MAPK) family, composed
of extracellular signal-regulated kinase (ERK) 1/2, p38 MAPK and

JNK. Both ERK 1/2 and JNK phosphorylate the IR and its cytoso-
lic substrates IRS-1 and —2 at inhibitory Ser residues mainly in
the liver, while p38 MAPK decreases expression of genes involved
in insulin signaling, including GLUT-4 in both adipose tissue and
skeletal muscle [28,29].

2. Materials and methods
2.1. Ethics

Ethics approval was granted by the Animal Ethics Commit-
tee at the School of Pharmacy and Biochemistry, University of
Buenos Aires (Approval 57283/2015). This study was performed
in accordance with all appropriate institutional and international
guidelines and regulations for animal research.

2.2. Materials and reagents

The anti-insulin receptor (IR)  subunit (C19; sc-711), the
rabbit polyclonal antibody that detects p38 MAPK when phos-
phorylated at Tyr182 (p-p38; sc-101759), the goat polyclonal
antibody anti MCP-1 (R-17; sc-1785), the rabbit polyclonal anti
IL-6 antibody (sc-1265-R), goat polyclonal anti-rabbit IgG con-
jugated with HRP (sc-2004), goat anti-mouse IgG-HRP (sc-2005)
and rabbit anti-goat IgG-HRP (sc-2768) antibodies were pur-
chased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA). The polyclonal antibodies anti-phospho-IR-Tyr972 (07-838)
and anti-phospho-IR/IGF1R-Tyr1158 (07-841) were from Milli-
pore Corporation (Temecula, CA, USA). The rabbit polyclonal
antibody anti-phospho-Akt-Ser473 (4060), the rabbit polyclonal
antibody anti-phospho-Akt-Thr308 (9275), the anti-Akt (pan) rab-
bit monoclonal antibody (C67E7) that detects endogenous levels
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Fig. 2. Effects of treatment with PD123319 on the phosphorylation levels of the insulin receptor (IR); (A) and Akt (B) in liver of mice in basal conditions (—) and after acute
in vivo insulin stimulation (+). Specific antibodies were used to detect phosphorylation of the IR at Tyrosine (Y) 972 and at the Tyrosine cluster (1158/1162/1163) and
phosphorylation of Akt at Serine (S) 473 and Threonine (T) 308. *P<0.05, **P<0.01 vs insulin-stimulated control animals; n =6 for all experiments. The observed molecular

weight of each specific band is indicated to the right.

of total AKT1, AKT2, and AKT3 protein, the rabbit monoclonal
antibody anti-JNK (9528), the rabbit monoclonal antibody anti-
phospho-ERK1/2, that detects ERK1 and ERK2 (p44 and p42 MAPK
respectively) when phosphorylated at Thr202 and Tyr204 (4370)
and the rabbit polyclonal antibody anti-ERK1/2 (9102) were from
Cell Signalling (Danvers, MA, USA). The goat polyclonal anti-TNF-
o (AF-410) and anti-adiponectin (AF1119) antibodies were from
R&D systems (Minneapolis, MN, USA). Protein loading in gels was
evaluated with a polyclonal anti-3 tubulin antibody (ab6046) from
Abcam (San Francisco, USA).

2.3. Study design

Twelve week old male C57BL/6 mice were obtained from School
of Veterinary Sciences, Universidad Nacional de La Plata (La Plata,
Argentina). The animals were maintained under controlled light
and temperature conditions, and had free access to water and
standard chow diet. The total number of animals used was 28.
To evaluate the effects of AT2R blockade on glucose metabolism
and insulin sensitivity, animals were divided into two groups: ani-
mals treated with saline (control group); (n=14), animals treated
with PD123319 (PD123319 group); (n=14). For 21 days, all ani-
mals received a daily intraperitoneal (i.p.) volume (0.1ml) of
saline solution (control) or PD123319 (10 mg/kg; SIGMA-Aldrich,
St. Louis, MO, USA). Both the dose and administration interval of
PD123319 were selected on the basis of previously published pro-
tocols [30-32].

2.4. Intraperitoneal glucose tolerance test (IPGTT)

We performed an IPGTT on day 18. Mice were fasted for 6 h
(8:00 AM-14:00 AM) before the i.p.GTT. After the collection of an
unchallenged sample (time 0), 2 g of glucose/kg body weight was
administered into the peritoneal cavity. During the test, blood was
collected from the tail vein 15, 30, 60, 90, and 120 min after a
glucose load. Blood glucose levels were measured using an Accu-
Check glucometer (Roche Diagnostics Corp., Indianapolis, IN, USA).
All experimental protocols were performed in accordance with the
international guidelines for animal care.

2.5. Acute insulin stimulation and tissue collection

At day 21, mice were fasted for 6h (8:00 AM-14:00 AM) and
then were anesthetized by the i.p. administration of a mixture of
ketamine and xylazine (50 and 1 mg/kg, respectively), and submit-
ted to the surgical procedure as soon as anesthesia was assured by
the loss of pedal and corneal reflexes. The abdominal cavity was
opened, the cava vein was exposed, and a dose of 10 IU porcine
insulin/kg body weight in normal saline (0.9% NaCl), in a final vol-
ume of 0.2 ml, was injected via this vein. To obtain data under basal
conditions, mice received an injection of diluent. The liver, adipose
tissue (epididymal), and skeletal muscle (soleus), were removed
after 1,3, and 6 min, respectively. Serum was obtained from blood of
saline- injected animals by centrifugation (3200g for 10 min at4°C).
Tissues and a aliquot of serum (for insulin determination) were
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Fig. 3. Effects of treatment with PD123319 on the phosphorylation levels of the IR (A) and Akt (B) in adipose tissue of mice in basal conditions (—) and after insulin stimulation
(+). Specific antibodies were used to detect phosphorylation of the IR at Tyrosine (Y) 972 and at the Tyrosine cluster (1158/1162/1163); phosphorylation of Akt at Serine (S)

473 and Threonine (T) 308.
*P<0.05, **P<0.01 vs insulin-stimulated control animals; n =6 for all experiments.

kept at —80°C until analysis. Another aliquot of serum was used
for determination of circulating triglyceride (TG) and cholesterol
concentrations trygliceridemia the same day of the sacrifice.

2.6. Tissue homogenization and western blotting

Tissue samples were homogenized in solubilization buffer
containing 1% Triton together with phosphatase and protease
inhibitors, as described previously [33,34]. Tissue extracts were
centrifuged at 100,000g for 1h at 4°C to eliminate insoluble
material, and protein concentration in the supernatants was mea-
sured using the bicinchoninic acid assay (Pierce BCA Protein Assay
Reagent; Thermo Scientifict Waltham, MA, USA). Immunoblotting
was performed according to previously described protocols [34].
Briefly, equal amounts of solubilized proteins (40 pg) were dena-
tured by being boiled in reducing sample buffer and resolved by
SDS-PAGE. Proteins were then transferred to PVDF membranes
and immunoblotted with anti-phospho-IR, anti-phospho-Akt, anti-
phospho-p38 MAPK, anti-phospho-JNK, and anti-phospho-Erk1/2
antibodies (1:2000 dillution for all antibodies). Protein abundance
of IR, Akt, p38 MAPK, JNK, and Erk1/2 was detected in tissue lysates
using the corresponding anti-protein antibodies at 1:2000 dillu-
tion. The abundance of IL-6, MCP-1, adiponectin and TNF-a in
adipose tissue was detected in tissue lysates using specific anti-
bodies at 1:2000 dillution; (3 tubulin was used as a loading control
at a 1:10,000 dillution. After extensive washing, membranes were
incubated with the appropriate secondary HRP-coupled antibody
at 1:20,000 and processed for enhanced chemiluminescence (ECL)
using the Pierce ECL plus Western Blotting detection system (Ther-
moFisher Scientific, Waltham, MA, USA). Bands were quantified
using Gel-Pro Analyzer 4.0 (Media Cybernetics, Bethesda, MD, USA).

2.7. Glucose, insulin, triglycerides and cholesterol measurements

Blood glucose measurements were performed using a hand-
held glucometer (ACCU—CHEK® Nano meter, Roche Diagnostics
Corp., Indianapolis, IN). Circulating triglyceride (TG) and choles-
terol concentrations were measured by an enzymatic colorimetric
assay kit (Wiener Lab, Rosario, Argentina). Serum insulin levels
were assessed using a mouse insulin ELISA kit (Ultra Sensitive
Mouse Insulin ELISA Kit; Crystal Chem, Inc., Downers Grove, IL).

2.8. Statistical analysis

The data were analyzed using GraphPad Prism 5 (GraphPad soft-
ware, San Diego, CA). All values are reported as means + SEM unless
specified otherwise. The statistical significance of differences in
mean values between control and PD123319-treated animals was
evaluated by Student’s t-test. For insulin signaling analysis, dif-
ferences in mean values between the four animal groups were
assessed by two-way ANOVA followed by the Newman-Keuls mul-
tiple comparison test. A value of P< 0.05 was considered statistically
significant.

3. Results

3.1. Effect of PD123319 on glucose tolerance and metabolic
parameters

Basal blood glucose level after 6h of fasting did not differ
between groups (Table 1). The response to an IPGTT at the termina-
tion of the 3-wk treatment with PD123319is shownin Fig. 1. Plasma
glucose levels increased significantly during the IPGTT in all groups
of animals. However, the glucose tolerance curve peak and area
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Fig. 4. Phosphorylation levels of the insulin receptor, Akt and ERK1/2 in skeletal muscle of mice chronically treated with PD123319 after acute administration of insulin (+)
or vehicle (—). Specific antibodies were used to detect phosphorylation of the IR at Tyrosine (Y) 972 and at the Tyrosine cluster (1158/1162/1163); phosphorylation of Akt at
Serine (S) 473 and Threonine (T) 308, and phosphorylation of ERK1/2 at activating residues Threonine (T) 202 and Tyrosine (Y) 204. n=4 for all experiments.

Table 1

Body weight and metabolic parameters of the experimental animals.
Parameter Control n PD123319 n
Body weight (g) 25+0.5 (14) 24+0.5 (14)
Glucose (mg/dL) 190+8 (14) 199+12 (14)
Insulin (ng/mL) 04+0.1 (7) 0.7+0.2 (7)
Triglycerides (mg/dL) 12948 (7) 13547 (7)
Cholesterol (mg/dL) 131+8 (7) 132+12 (7)

Values are means & SEM. The number of samples used for each determination (n) is
shown in parentheses.

under the curve (AUC) obtained in mice treated with PD123319
for 3 weeks (curve peak 490 + 20 mg/dl; AUC 42292 4+1892) was
not statistically significant compared to control animals (curve
peak 411 +£55 mg/dl; AUC 38051 +2726); (P=0.1 for the compari-
son of the AUC in PD123319-treated animals vs. control animals);
(Fig. 1). Blood insulin concentrations were measured at baseline
and remained unaltered after treatment with PD123319 (Table 1).
No differences were observed in serum triglycerides and choles-
terol levels between the control and PD123319-treated groups of
animals (Table 1).

3.2. Effect of PD123319 on insulin signaling

Treatment with PD123319 for 3 weeks induced a significant
impairment in insulin signaling in both liver and adipose tissue of
male C57BL/6 mice (Figs. 2 and 3). In liver of PD123319-treated
animals, insulin-induced phosphorylation levels of the insulin
receptor (IR)at Tyrresidues 1158/1162/1163 and 972 were reduced
to 50%(P<0.01)and 40%, respectively (P <0.05), compared to values

detected in insulin-stimulated control animals (Fig. 2A). This atten-
uation was also evident in adipose tissue (Fig. 3A). When compared
to insulin-stimulated control animals, insulin-induced phospho-
rylation levels of the IR at Tyr1558/1162/1163 and Tyr972 were
reduced in adipose tissue of PD123319-treated animals to 38% and
50% (P<0.05); Fig. 3A).

In liver of PD123319-treated animals, insulin-induced phos-
phorylation levels of Akt were significantly reduced to 40% at
Ser473 (P<0.01) and to 38% at Thr308 (P<0.05), when compared
to values obtained in insulin-stimulated control mice (Fig. 2B).
In adipose tissue of mice treated with PD123319, insulin-induced
phosphorylation of Akt was also greatly reduced when compared to
insulin-stimulated control mice [50% (Ser473), and 40% (Thr308);
P<0.01 in both cases; Fig. 3A]. These findings represent a solid
confirmation that AT2R blockade induces an impairment of the
signaling branch responsible for the metabolic actions of insulin
in liver and adipose tissue. Insulin-stimulated levels of IR and Akt
phosphorylation in skeletal muscle were not affected by PD123319
administration (Fig. 4), indicative of unaltered insulin sensitivity in
this tissue after AT2R blockade.

3.3. Investigation of potential mechanisms of reduced insulin
sensitivity associated with treatment with PD123319

As shown in Fig. 5A, the reduction in the response to insulin
observed in liver of PD123319-treated animals, correlated with a
marked increase (58%) in the activation of ERK1/2 in this tissue
(P<0.05), while no statistically significant changes were observed
in the levels of phosphorylation of JNK and p38 MAPK at residues
required for kinase activation (Fig. 5B and Crespectively).In adipose
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Fig. 5. Effects of treatment with PD123319 on phosphorylation/activation status of ERK1/2 (A), p38 MAPK (B), and JNK (C) in liver. Specific antibodies were used to detect
phosphorylation at residues indicative of enzyme activity. For ERK1/2, Threonine (T) 202 and Tyrosine (Y) 204; for p38 Threonine 180 (T) and Tyrosine (Y) 182, and for JNK

Threonine (T) 183 and Tyrosine (Y) 185. n=6 for all experiments.

tissue of PD123319-treated mice, although there was a tendency
towards increased ERK and JNK phosphorylation, these changes
were not statistically significant (Fig. 6A and C). Phosphorylation
levels of p38 in adipose tissue were unaltered after treatment with
PD123319 (Fig. 6B).

3.4. Effect of PD123319 on tissue abundance of adiponectin and
inflammatory cytokines in adipose tissue

Insulin signaling in adipose tissue was greatly affected after AT2
blockade. To investigate the mechanism behind this alteration, the
levels of the adipocytokine adiponectin and of the inflammatory
cytokines tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6)
and monocyte chemoattractant protein-1 (MCP-1) were deter-
mined. As shown in Fig. 7, MCP-1 levels in adipose tissue remained
unaltered after AT2R blockade. The same pattern was obtained for
the levels of adiponectin, IL-6 and TNF-a in adipose tissue (Fig. 7).

4. Discussion

Recent findings point towards a participation of the AT2R in
the modulation of insulin action. Pharmacological stimulation of
the AT2R improves insulin action in various animal models of
insulin resistance [16-20]. However, the metabolic phenotyping
of AT2RKO mice have led to discrepancies. Experiments performed
by Shiuchi et al. demonstrated that AT2R deficiency in mice abro-

gated insulin-mediated glucose uptake in white adipose tissue
while preserving skeletal muscle glucose uptake [14]. In contrast,
Yvan-Charvet et al. reported an improvement of glucose tolerance
and insulin sensitivity in AT2RKO mice [25]. Samuel et al. reported
normal glucose tolerance with a tendency to an impairment in
AT2R-deficient mice [26]. Recently, Noll et al. reported that com-
pared to the wild-type mice, AT2R-deficient mice had an increase
in fasting blood glucose and a decrease in plasma insulin and leptin
levels [27]. To further clarify the participation of the AT2R in the
modulation of insulin action, in the current study we analyzed the
effects of chronic AT2R blockade with PD123319 on glucose tol-
erance, circulating levels of insulin, triglycerides and cholesterol,
as well as the status of the insulin signaling system in liver, adi-
pose tissue and skeletal muscle. We found that in C57BL/6 mice,
chronic AT2R antagonism by administration of PD123319 induced
animportant reduction of the insulin-induced phosphorylation lev-
els ofthe IR and Akt in both liver and adipose tissue. The impairment
ofinsulin signaling induced by AT2R blockade seems tissue-specific
since insulin signaling remained essentially unaltered in skele-
tal muscle of PD123319-treated animals. This deleterious effect of
PD123319 on insulin signaling points to an important role of AT2R
as a regulator of insulin action.

PD123319 is a potent, selective, non-peptide angiotensin AT2R
antagonist [35]. Its acute metabolic effects have been previ-
ously studied in rats under acute systemic infusion for 120 min
using a dose of 50 pg/kg per min [22,23]. Under this experimen-
tal setting, acute AT2R blockade,induced a rapid attenuation of
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Fig. 6. Effects of treatment with PD123319 on phosphorylation/activation status of ERK1/2 (A), p38 MAPK (B), and JNK (C) in adipose tissue. n =6 for all experiments.

insulin-stimulated whole-body glucose disposal, which was asso-
ciated with abrogation of insulin-stimulated muscle microvascular
recruitment, nitric oxide production and muscle Akt phospho-
rylation [22,23]. In the current study we found that PD123319
administered for 3 weeks at a dose of 10 mg/kg induced a consid-
erable attenuation of insulin-stimulated IR/Akt in liver and adipose
tissue while skeletal muscle remained unaffected. Discrepancies
observed in the effects induced by PD123319 on insulin signaling
in skeletal muscle could be attributed to differences in the experi-
mental settings (dose, species, route of administration and duration
of treatment). In spite of this, both our current findings and previ-
ous reports add to the notion that the AT2R has a physiological role
in glucose handling and insulin action.

Although PD123319 was suggested to interact with the AT1R
at high doses [36], recent studies based on ligand binding demon-
strated that PD123319 lacks affinity for AT1R (IC50 values >10-5M);
[37]. Also, in vitro at high doses (10-6-10-7 M), PD123319 has been
reported to block Mas and MrgD, receptors for Ang-(1-7) and ala-
mandine respectively [38,39]. At the dose used in our current study,
and considering an affinity for the AT2R of 10 nM, PD123319 would
be expected to interact only with AT2Rs. However, interaction with
other receptors of the renin-angiotensin system cannot be ruled
out.

Concerning the site of action of PD123319, in the adult rat,
AT2R has been shown to be present in liver, adipose tissue, skele-
tal muscle although in low amounts in comparison to AT1R [11].
AT2R protein abundance is high in the pancreas, and it seems
to have an insulinotropic effect [11]. This correlates well with

recent reports showing reduced insulin levels in AT2RKO mice
[27]. Accordingly, we expected that global blockade of AT2R by
PD123319 administration could lead to hypoinsulinemia concomi-
tant with hyperglycemia. However, despite the clear attenuating
effects of PD123319 on insulin signaling in liver and adipose tissue,
the observed effects in vivo on glucose homeostasis and plasma
insulin concentrations remained marginal. This might be partly
explained by the lack of modification of insulin signaling in skele-
tal muscle after AT2R blockade, given that this tissue is a major
regulator of glucose homeostasis. Also, the experiments were per-
formed in healthy animals with naturally well-balanced glucose
homeostasis. The deleterious effects of PD123319 could probably
become more obvious in models with increased Ang Il levels, were
exacerbation of the actions of AT1R will become evident.

Obesity is closely linked to a chronic inflammatory state, which
contributes to metabolic disorders [40]. Adipose tissue is thought to
directly exacerbate insulin resistance and to trigger inflammation
by secreting adipokines such as IL-6 and TNF-a [29]. Thus, dysfunc-
tion of this tissue can tend towards a chronic inflammatory state
through imbalance of pro-inflammatory and anti-inflammatory
activities resulting in worsening of insulin resistance [41,42]. Also,
TNF-a is known to directly inhibit insulin signaling, resulting in
insulin resistance [43]. It has been reported that AT2R stimula-
tion attenuates inflammation in white adipose tissue and thereby
help enhance adipocyte differentiation and improve insulin resis-
tance [16]. We found that PD123319 treatment did not modify the
expression of TNF-a, IL-6 and MCP-1 in adipose tissue. This could
be interpreted as AT2R having a protective role in terms of inflam-
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mation only under pathological conditions and that this would not
apply under normal physiological conditions.

Taken together, current results demonstrate that AT2R activity
seems to be required for normal insulin signaling in both liver and
adipose tissue of C57B1/6 mice. Particularly in the liver, this atten-
uation of insulin signaling correlated with increased levels of the
Ser kinase ERK1/2. Present results add to the current notion that
considers that pharmacologic manipulation aimed at increasing
the AT2R-to-AT1R activity ratio may have the potential to improve
insulin sensitivity and glucose metabolism and to reduce the car-
diovascular complications associated with diabetes and insulin
resistance.

Acknowledgments

This study was supported by Agencia Nacional de Promocién
Cientifica y Tecnolégica (grant number PICT-2014-0362) and Uni-
versidad de Buenos Aires (grant number 2002013010028BA).

References

[1] R.M. Carey, H.M. Siragy, Newly recognized components of the
renin-angiotensin system: potential roles in cardiovascular and renal disease,
Endocr. Rev. 24 (2003) 261-271.

[2] M. Bader, D. Ganten, Update on tissue renin-angiotensin systems, J. Mol. Med.
86 (2008) 615-621.

[3] M. de Gasparo, KJ. Catt, T. Inagami, ].W. Wright, T. Unger, International union
of pharmacology XIII. The angiotensin II receptors, Pharmacol. Rev. 52 (2000)
415-472.

[4] E.S.Jones, A. Vinh, C.A. McCarthy, T.A. Gaspari, R.E. Widdop, AT2 receptors:
functional relevance in cardiovascular disease, Pharmacol. Ther. 120 (2008)
292-316.

[5] S.H. Padia, R.M. Carey, AT2 receptors: beneficial counter-regulatory role in
cardiovascular and renal function, Pflugers Arch. 465 (2013) 499-510.

[6] B.A. Kemp, N.L. Howell, ].J. Gildea, S.R. Keller, S.H. Padia, R.M. Carey, AT,
receptor activation induces natriuresis and lowers blood pressure, Circ. Res.
115(2014) 388-399.

[7] A.M. Allen, ]. Zhuo, F.A. Mendelsohn, Localization of angiotensin AT1 and AT2
receptors, J. Am. Soc. Nephrol. Suppl. 11 (1999) S23-S29.

[8] R. Ozono, Z.Q. Wang, A.F. Moore, T. Inagami, H.M. Siragy, R.M. Carey,
Expression of the subtype 2 angiotensin (AT2) receptor protein in rat kidney,
Hypertension 30 (1997) 1238-1246.

[9] N.Miyata, F. Park, X.F. Li, AW. Cowley Jr., Distribution of angiotensin AT1 and
AT2 receptor subtypes in the rat kidney, Am. J. Physiol. Renal Physiol. 277
(1999) F437-F446.

[10] Z.Q. Wang, A.F. Moore, R. Ozono, H.M. Siragy, R.M. Carey, Immunolocalization
of subtype 2 angiotensin Il (AT2) receptor protein in rat heart, Hypertension
32(1998) 78-83.

[11] C. Shao, LH. Zucker, L. Gao, Angiotensin type 2 receptor in pancreatic islets of
adult rats: a novel insulinotropic mediator, Am. J. Physiol. Endocrinol. Metab.
305 (2013) E1281-1291.

[12] P. Namsolleck, C. Recarti, S. Foulquier, U.M. Steckelings, T. Unger, AT, receptor
and tissue injury: therapeutic implications, Curr. Hypertens. Rep. 16 (2014)
416.

[13] L. Paulis, S. Foulquier, P. Namsolleck, C. Recarti, U.M. Steckelings, T. Unger,
Combined angiotensin receptor modulation in the management of
cardio-metabolic disorders, Drugs 76 (2016) 1-12.

[14] T. Shiuchi, M. Iwai, H.S. Li, L. Wu, LJ. Min, J.M. Li, M. Okumura, T.X. Cui, M.
Horiuchi, Angiotensin II type-1 receptor blocker valsartan enhances insulin
sensitivity in skeletal muscles of diabetic mice, Hypertension 43 (2004)
1003-1010.

[15] E.J. Henriksen, Improvement of insulin sensitivity by antagonism of the
renin-angiotensin system, Am. J. Physiol. Regul. Integr. Comp. Physiol. 293
(2007) R974-R980.

[16] K. Oshima, M. Mogi, F. Jing, J. Iwanami, K. Tsukuda, L.J. Min, A. Ogimoto, B.
Dahlof, U.M. Steckelings, T. Unger, ]. Higaki, M. Horiuchi, Direct angiotensin II
type 2 receptor stimulation ameliorates insulin resistance in type 2 diabetes
mice with PPARYy activation, PLoS One 7 (11) (2012) e48387.

[17] M. Shum, S. Pinard, M.O. Guimond, S.M. Labbé, C. Roberge, J.P. Baillargeon,
M.F. Langlois, M. Alterman, C. Wallinder, A. Hallberg, A.C. Carpentier, N.
Gallo-Payet, Angiotensin Il type 2 receptor promotes adipocyte differentiation
and restores adipocyte size in high-fat/high-fructose diet-induced insulin
resistance in rats, Am. J. Physiol. Endocrinol. Metab. 304 (2013) E197-E210.


http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0005
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0010
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0015
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0020
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0025
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0030
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0035
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0040
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0045
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0050
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0055
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0060
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0065
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0070
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0075
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0080
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0085

M.C. Mufioz et al. / Peptides 88 (2017) 37-45 45

[18] S. Wardat, M. Iwai, M. Horiuchi, B. Dahlof, A. Hallberg, T. Unger, U. Kintscher,
U.M. Steckelings, A. Foryst-Ludwig, Glucose tolerance and insulin sensitivity
is improved in obese mice by direct stimulation of angiotensin AT2-receptors,
46th Annual Meeting of the German Diabetes Society, Leipzig, Germany,
1st-4th June Diabetology and Metabolism Berlin: Thieme (2011) paper no.
FV33.

[19] S. Nag, M.A. Khan, P. Samuel, Q. Ali, T. Hussain, Chronic angiotensin AT2R
activation prevents high-fat diet-induced adiposity and obesity in female
mice independent of estrogen, Metabolism 64 (2015) 814-825.

[20] C.Shao, L. Yu, L. Gao, Activation of angiotensin type 2 receptors partially
ameliorates streptozotocin-induced diabetes in male rats by islet protection,
Endocrinology 155 (2014) 793-804.

[21] S.S. Karnik, H. Unal, J.R. Kemp, K.C. Tirupula, S. Eguchi, P.M.L. Vanderheyden,
W.G. Thomas, International Union of Basic and Clinical Pharmacology XCIX.
Angiotensin receptors: interpreters of pathophysiological angiotensinergic
stimuli, Pharmacol. Rev. 67 (2015) 754-819.

[22] W. Chai, W. Wang, |. Liu, E.J. Barrett, R.M. Carey, W. Cao, Z. Liu, Angiotensin II
type 1 and type 2 receptors regulate basal skeletal muscle microvascular
volume and glucose use, Hypertension 55 (2010) 523-530.

[23] W. Chai, W. Wang, Z. Dong, W. Cao, Z. Liu, Angiotensin II receptors modulate
muscle microvascular and metabolic responses to insulin in vivo, Diabetes 60
(2011) 2939-2946.

[24] K K. Leung, ]. Liang, S. Zhao, W.Y. Chan, P.S. Leung, Angiotensin II type 2
receptor regulates the development of pancreatic endocrine cells in mouse
embryos, Dev. Dyn. 243 (2014) 415-427.

[25] L. Yvan-Charvet, P. Even, M. Bloch-Faure, M. Guerre-Millo, N.
Moustaid-Moussa, P. Ferre, A. Quignard-Boulange, Deletion of the angiotensin
type 2 receptor (AT2R) reduces adipose cell size and protects from
diet-induced obesity and insulin resistance, Diabetes 54 (2005) 991-999.

[26] P.Samuel, M.A. Khan, S. Nag, T. Inagami, T. Hussain, Angiotensin AT(2)
receptor contributes towards gender bias in weight gain, PLoS One 8 (1)
(2013) e48425.

[27] C.Noll, S.M. Labbé, S. Pinard, M. Shum, L. Bilodeau, L. Chouinard, S. Phoenix, R.
Lecomte, A.C. Carpentier, N. Gallo-Payet, Postprandial fatty acid uptake and
adipocyte remodeling in angiotensin type 2 receptor-deficient mice fed a
high-fat/high-fructose diet, Adipocyte 5 (2015) 43-52.

[28] C.M. Taniguchi, B. Emanuelli, C.R. Kahn, Critical nodes in signalling pathways:
insights into insulin action, Nat. Rev. Mol. Cell Biol. 7 (2006) 85-96.

[29] ]J.A. Olivares-Reyes, A. Arellano-Plancarte, J.R. Castillo-Hernandez, Angiotensin
I and the development of insulin resistance: implications for diabetes, Mol.
Cell. Endocrinol. 302 (2009) 128-139.

[30] E.S.Jones, M.]. Black, R.E. Widdop, Angiotensin AT2 receptor contributes to
cardiovascular remodelling of aged rats during chronic AT1 receptor
blockade, J. Mol. Cell. Cardiol. 37 (2004) 1023-1030.

[31] D.M. Pechlivanova, A.G. Stoynev, Effect of chronic treatment with angiotensin
receptor ligands on water-salt balance in Wistar and spontaneously
hypertensive rats, Folia Med. 55 (2013) 63-69.

[32] S. Yaguchi, Y. Ogawa, S. Shimmura, T. Kawakita, S. Hatou, S. Satofuka, S.
Nakamura, T. Imada, H. Miyashita, S. Yoshida, T. Yaguchi, Y. Ozawa, T. Mori, S.
Okamoto, Y. Kawakami, S. Ishida, K. Tsubota, Angiotensin II type 1 receptor
antagonist attenuates lacrimal gland, lung, and liver fibrosis in a murine
model of chronic graft-versus-host disease, PLoS One 8 (6) (2013) e64724.

[33] M.C. Muifioz, J.F. Giani, V. Burghi, M.A. Mayer, A. Carranza, C.A. Taira, F.P.
Dominici, The Mas receptor mediates modulation of insulin signaling by
angiotensin-(1-7), Regul. Pept. 177 (2012) 1-11.

[34] J.F. Giani, M.A. Mayer, M.C. Mufioz, E.A. Silberman, C. Hocht, C.A. Taira, M.M.
Gironacci, D. Turyn, F.P. Dominici, Chronic infusion of angiotensin-(1-7)
improves insulin resistance and hypertension induced by a high-fructose diet
in rats, Am. J. Physiol. Endocrinol. Metab. 296 (2009) E262-E271.

[35] CJ.Blankley, ]J.C. Hodges, S.R. Klutchko, R.J. Himmelsbach, A. Chucholowski,
C.J. Connolly, S.J. Neergaard, M.S. Van Nieuwenhze, A. Sebastian, J. Quin 3rd,
A.D. Essenburg, D.M. Cohen, Synthesis and structure-activity relationships of
a novel series of non-peptide angiotensin Il receptor binding inhibitors
specific for the AT2 subtype, J. Med. Chem. 34 (1991) 3248-3260.

[36] D. Macari, S. Bottari, S. Whitebread, M. De Gasparo, N. Levens, Renal actions of
the selective angiotensin AT2 receptor ligands CGP 42112 B and PD 123319 in
the sodium-depleted rat, Eur. . Pharmacol. 249 (1993) 85-93.

[37] S.Bosnyak, E.S. Jones, A. Christopoulos, M.I. Aguilar, W.G. Thomas, R.E.
Widdop, Relative affinity of angiotensin peptides and novel ligands at AT1
and AT2 receptors, Clin. Sci. 121 (2011) 297-303.

[38] R.Q. Lautner, D.C. Villela, R.A. Fraga-Silva, N. Silva, T. Verano-Braga, F.
Costa-Fraga, J. Jankowski, V. Jankowski, F. Sousa, A. Alzamora, E. Soares, C.
Barbosa, F. Kjeldsen, A. Oliveira, ]. Braga, S. Savergnini, G. Maia, A.B. Peluso, D.
Passos-Silva, A. Ferreira, F. Alves, A. Martins, M. Raizada, R. Paula, D.
Motta-Santos, F. Klempin, A. Pimenta, N. Alenina, R. Sinisterra, M. Bader, M.].
Campagnole-Santos, R.A. Santos, Discovery and characterization of
alamandine: a novel component of the renin-angiotensin system, Circ. Res.
112(2013) 1104-1111.

[39] A.Tetzner, K. Gebolys, C. Meinert, S. Klein, A. Uhlich, ]. Trebicka, O. Villacaiias,
T. Walther, G-Protein-coupled receptor MrgD is a receptor for
angiotensin-(1-7) involving adenylyl cyclase cAMP, and phosphokinase A,
Hypertension 68 (2016) 185-194.

[40] G.R. Romeo, ]. Lee, S.E. Shoelson, Metabolic syndrome, insulin resistance, and
roles of inflammation?mechanisms and therapeutic targets, Arterioscler.
Thromb. Vasc. Biol. 32 (2012) 1771-1776.

[41] N. Ouchi, J.L. Parker, J.J. Lugus, K. Walsh, Adipokines in inflammation and
metabolic disease, Nat. Rev. Immunol. 11 (2011) 85-97.

[42] W.P. Cawthorn, ].K. Sethi, TNF-alpha and adipocyte biology, FEBS Lett. 582
(2008) 117-131.

[43] M.F. Gregor, G.S. Hotamisligil, Inflammatory mechanisms in obesity, Annu.
Rev. Immunol. 29 (2011) 415-445.


http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0095
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0100
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0105
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0110
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0115
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0120
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0125
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0130
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0135
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0140
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0145
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0150
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0155
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0160
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0165
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0170
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0175
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0180
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0185
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0190
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0195
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0200
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0205
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0210
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215
http://refhub.elsevier.com/S0196-9781(16)30239-X/sbref0215

	Chronic blockade of the AT2 receptor with PD123319 impairs insulin signaling in C57BL/6 mice
	1 Introduction
	2 Materials and methods
	2.1 Ethics
	2.2 Materials and reagents
	2.3 Study design
	2.4 Intraperitoneal glucose tolerance test (IPGTT)
	2.5 Acute insulin stimulation and tissue collection
	2.6 Tissue homogenization and western blotting
	2.7 Glucose, insulin, triglycerides and cholesterol measurements
	2.8 Statistical analysis

	3 Results
	3.1 Effect of PD123319 on glucose tolerance and metabolic parameters
	3.2 Effect of PD123319 on insulin signaling
	3.3 Investigation of potential mechanisms of reduced insulin sensitivity associated with treatment with PD123319
	3.4 Effect of PD123319 on tissue abundance of adiponectin and inflammatory cytokines in adipose tissue

	4 Discussion
	Acknowledgments
	References


