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Abstract

Our preclinical findings replicated women’s hypersensitivity to type-2 diabetes mellitus (T2DM)-
evoked cardiac dysfunction along with demonstrating estrogen (E,)-dependent disruption of the
cardiac adiponectin (APN)-connexin43 (Cx43) signaling. Whether the latter molecular anomaly
underlies this women’s cardiovascular health problem remains unknown. We hypothesized that
restoration of the disrupted APN-Cx43 signaling alleviates this sex/Eo-dependent cardiac
dysfunction in diabetic female rats. To test this hypothesis, we administered the adiponectin
receptor 1 (AdipoR1) agonist AdipoRon (30 mg/kg/d for 10 days) to female sham operated (SO)
and ovariectomized (OVX) rats, which exhibited and lacked the T2DM left ventricular (LV)
dysfunction, respectively, when fed high fat diet and received low dose streptozotocin regimen;
non-diabetic control SO and OV X rats received control diet and vehicle for streptozotocin. In
T2DM SO rats LV dysfunction, AdipoRon mitigated: (i) LV hypertrophy, (ii) reductions in
fractional shortening (FS), LV developed pressure, dP/dtmax, dP/dtmin, and Tau. In LV tissues of
the same rats, AdipoRon reversed reduction in Cx43 and elevations in TNFa, heme-oxygenase 1
(HO-1) and circulating cardiovascular risk factor Asymmetric Dimethylarginine (ADMA). The
findings also revealed ovarian hormones independent effects of AdipoRon, which included
dampening of the pro-oxidant enzyme HO-1. These novel findings yield new insight into a causal
role for compromised APN-Cx43 signaling in the E,-dependent hypersensitivity to T2DM-evoked
cardiac inflammation and dysfunction. Equally important, the findings identify restoration of Cx43
signaling as a viable therapeutic modality for alleviating this women’s cardiovascular health
related problem.
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Introduction

Studies are needed to understand the mechanisms of the hypersensitivity of women (1) and
female rats (2) to type-2 diabetes mellitus (T2DM) associated cardiac anomalies despite
their inherent estrogen (E,)-mediated cardioprotection (3). Counterintuitively, our findings
linked E»-dependent disruption of adiponectin (APN)-connexin43 (Cx43) signaling to
cardiac dysfunction in a model of T2DM (2). However, it remains unknown if such
disruption plays a causal role in this women’s cardiovascular health related problem.

E, regulation of the estrogen receptor (ER) subtypes contributes to sex differences in
cardiovascular health and anomalies via modulation of redox enzymes and anti-
inflammatory modulators (4). Specifically, while ERa upregulation contributes to the higher
antioxidant catalase and ALDHj> activities in healthy E,-replete rats (5), ERa is
paradoxically upregulated in dysfunctional cardiac myocytes of Eo-replete diabetic female
rats (2). Further, E, increases expression of cardiac g-protein coupled estrogen receptor
(GPER) in female diabetic rats (2). It is likely these molecular responses contribute to
dysregulation of APN in females (6).

Despite its E,-dependent higher levels in healthy rats (7, 8), T2DM female rats exhibit
greater falls in APN than their male counterparts (2, 9). While the APN receptors (AdipoR1,
AdipoR2 and T-cadherin) mediate cardioprotection and display gender differences in certain
tissues, their roles are poorly understood, particularly in diabetic females. It is noteworthy
that reduced APN signaling may constitute an important missing link in our understanding
of the mechanisms of the adverse cardiac outcomes of T2DM (10).

APN induction of the major cardiomyocyte connexin, Cx43 (11), constitutes a promising
therapeutic target for alleviating heart diseases (12, 13) because Cx43 reduction plays more
significant role in cardiac pathologies than previously thought (14). Specifically, Cx43
reduction in T2DM female rats along with cardiac dysfunction (2) provide clinically relevant
framework for investigating the potential therapeutic benefits of restoring APN-Cx43
signaling in diabetic females.

While AdipoRon, an orally active small molecule agonist for AdipoR1 and Adipo2,
represents a possible therapeutic for T2DM (15), its potential cardioprotective effect and its
mechanism of action have not been studied in E,-replete diabetic females. AdipoRon
mediation of the effects of endogenous full molecular weight APN, such as activation of
AMPK signaling, in both male and female mice (15) likely mediates AdipoRon attenuation
of post-ischemic myocardial apoptosis (16), pressure overload-evoked cardiac remodeling
(17, 18), and diabetic nephropathy (19). It is notable that Cx43 enhances the
phosphorylation and cardioprotective function of Akt (20), and that ovarian hormones
influence the roles of Cx43 (2) and pAkt (21) under different experimental conditions.

The goal of the present study was to test the hypothesis that restoration of APN-Cx43
signaling by AdipoRon mitigates sex/E,-dependent exacerbation of cardiac dysfunction and
the index of LV stiffness, Tau, in diabetic females. A second goal was to discern the ovarian
hormones/E, dependent and independent molecular responses triggered by this signaling
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pathway to identify novel therapeutic targets for this women’s cardiovascular health related
problem.

Materials and Methods

Animals

Eight week old Wistar rats (Female; 170-200g, Charles River Laboratories, Raleigh, NC)
were pair housed in standard plastic cages in the animal care center for the university. Free
access to water and chow (Prolab Rodent Chow; Granville Milling, Creedmoor, NC) was
allowed until the beginning of the special phytoestrogen-free diet. Rats received ad libitum
control (AIN-93G Growth Purified diet; 57WS5 TestDiet) or high fat (DIO Rodent Purified
diet with 45% energy from fat; 58V8 TestDiet) diet (Granville Milling, Creedmoor, NC) as
reported (2). University animal facility lighting was kept on a 12/12 hour light-dark cycle
and with temperature maintained at 23 + 1°C, and humidity at 50 + 10%. Isoflurane
anesthesia was used for conducting OV X and echocardiography. Ketamine and xylazine
(90/10 mg/kg, respectively) anesthesia was utilized for the terminal femoral catheterization
surgery. All surgical procedures along with pre- and post-operative analgesia (meloxicam
1mg/kg, 0.2ml/day, P.O.) were approved by the Institutional Animal Care and Use
Committee (IACUC) and conducted in accordance with the Guide for the Care and Use of
Laboratory Animals as adopted by the U.S. National Institute of Health and the National
Research Council Committee Update of the Guide for the Care and Use of Laboratory
Animals, 2015.

Ovariectomy

Ovariectomy (OVX) was conducted as reported in our previous studies (2, 22). In summary,
female rats were anesthetized with an isoflurane/oxygen gas mix (see above) and electric
clipper flank shaved. The surgical area was prepped three times in a prone position with a
povidone-iodine scrub and 70% ethanol cleanse. A 1.5 cm (approximate) skin layer incision
was made and 1 cm incisions on either side of the underlying muscle from the second to
fifth lumbar vertebrae. Ovaries were located via the muscle incision, tied off with three
surgical knots and removed. The muscle was closed using absorbable sterile suture (Roboz
Surgical Instrumental Co., Gaithersburg, MD), skin closed with surgical clips (Mikron
Precision Inc., Gardena, CA) and removed 10-14 days later.

Induction of type 2 diabetes mellitus (T2DM)

We adopted the high fat diet plus two low doses streptozotocin (STZ) regimen (23, 24), used
in our recent study (2), to induce T2DM (Figure 1). Four weeks after the initiation of the
special diet regimen, rats were injected with freshly prepared STZ (35 mg/kg; I.P.) in 0.1M
citrate buffer (pH 4.0) or the buffer alone (control). A second STZ injection was given one
week after the first injection under the same conditions. Three days post second STZ
injection, non-fasting blood glucose levels were measured and recorded by a Blood Glucose
Monitoring System (Freestyle-Precision Neo, Abbott, Alameda, CA) with tail vein blood
and diabetes mellitus onset was identified by BGL = 250 mg/dL. All experimental groups
(including OV X) underwent the same T2DM induction protocol (Figure 1).
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Echocardiography

Baseline and biweekly echocardiography measurements were conducted, recorded and
analyzed. Rats were anesthetized with isoflurane/oxygen (see above). A chemical depilator
removed chest wall hair and skin was cleansed with warm water. Acoustic gel (non-toxic)
was placed on the chest wall and ultrasound image recordings of the heart were collected
and stored for analysis (Visual Sonics Vevo 3100 Imaging System, FujiFilm and VevolLab
Software v.2.1.0, Toronto, Ontario, Canada). M-mode and B-mode images of LV end-
diastolic diameter, interventricular septum and posterior LV wall thicknesses at end diastole
were measured and averaged over five beat cycles. Further, we measured the relaxation
constant Tau, which reflects LV chamber stiffness (25) in all groups.

Intravascular catheterization

As described in previous studies (2, 26), a catheter consisting of 5 cm PE-10 tubing bonded
to 15 cm PE-50 tubing was inserted into the abdominal aorta via left femoral artery under
ketamine/xylazine anesthesia. After arterial catheters were connected to Gould-Statham
(Oxnard, CA\) pressure transducers and flushed with heparinized saline (100 1U/ml) via
ML870 (AD Instruments, PowerLab 8/30; Colorado Springs, CO), blood pressure (BP)
recordings were collected and analyzed by LabChart (v.8) pro software (AD Instruments,
Colorado Springs, CO).

Blood and tissue collection

At the conclusion of hemodynamic measurements, prior to sacrifice, blood was collected in
heparinized tubes and centrifuged for 10 minutes at 2000g. Serum was collected and stored
at —80°C for biochemical analysis. Hearts were excised, weighed and flash frozen in 2-
methylbutane (Sigma-Aldrich, St. Louis, MO) on dry ice. Tissue was stored at —80 °C until
processed for ex vivo biochemical studies.

Western blot analysis

All Western blots were conducted following the established protocols in our lab (2, 26). LV
tissue was homogenized on ice in lysis buffer (20mM Tris, pH 7.5, 150mM NaCl, 1mM
EDTA, 1ImM EGTA, 1% Triton X-100, 2.5mM sodium pyrophosphate, 1mM beta-
glycerophosphate, 1mM activated sodium orthovanadate and 1ug/ml leupeptin with a
protease inhibitor cocktail (Roche, Indianapolis, IN), sonicated and centrifuged (12,000g for
20 min). Extracted supernatant protein was quantified using Bio-Rad protein assay system
(Bio-Rad Laboratories, Hercules, CA). Protein extracts (40 ug/lane) were separated in a
4-12% gel electrophoresis (Novex Tris-Glycine gel; Life Technologies, Carlsbad, CA) at
175V (Bio-Rad Laboratories, Hercules, CA). After semidry transfer to nitrocellulose
membrane for 30 minutes at 25 V, 1 A (Bio-Rad Laboratories, Hercules, CA), membranes
were blocked for 2 hours at room temperature in Odyssey blocking buffer (LI-COR
Biosciences, Lincoln, NE). Post first blocking, membranes were incubated in primary
antibody overnight at 4°C on a rocker. The primary antibodies used were as follows: Rabbit
polyclonal anti-APN (#ab62551), TNFa (#ab6671), HO-1 (#ab13243), AdipoR1
(#ab126611), GPER or GPR30 (#ab137479) and anti-ERa (#ab3575) (all 1:200 dilution,
Abcam, Cambridge MA). Rabbit polyclonal anti-AKT (#9272) (1:200 dilution, Cell
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Signaling Technology, Danvers MA), Goat polyclonal anti-Cx43 (#ab87645) (1:200 dilution,
Abcam, Cambridge MA) and Mouse monoclonal anti-GAPDH (#ab125247) (1:1000
dilution, Abcam, Cambridge, MA) and Mouse anti-pAKT (#4051) (1:200 Cell Signaling
Technology, Danvers MA).

After primary antibody incubation, membranes underwent three PBS+ 0.1% tween washes
and incubated with secondary antibody. Secondary antibodies were prepared (1:5000) with
IRDye680-conjugated goat anti-mouse and IRDye800-conjugated goat anti-rabbit, or
IRDye680 conjugated donkey anti-mouse and IRDye800-conjugated donkey anti-goat for
sixty minutes on a rocker under dark conditions at room temperature. “Arbitrary units” refer
to the target protein normalized to respective GAPDH on the same gel, or the
phosphorylated (pAKT) protein to its respective total protein. Odyssey Infrared Imager was
utilized for band detection and quantified by integrated intensities with Odyssey application
software version 3 (LI-COR Biosciences, Lincoln, NE).

Measurements of Asymmetric Dimethylarginine

For indication of cardiovascular risk, Asymmetric Dimethylarginine (ADMA) serum levels
were measured, in duplicate, at the termination of the study with a commercially available
ADMA ELISA rat-specific kit (MyBioSource, San Diego, CA) according to manufacturer’s
instructions.

Protocols and experimental groups

Six groups of rats (n=7 each), comprising 3 sham operated (SO) and 3 ovariectomized
(OVX) groups, were divided into 3 pairs as follows: (i) non-diabetic SO and OV X, (ii)
diabetic AdipoRon-treated SO and OV X and (iii) diabetic vehicle-treated SO and OVX
groups. The tissues from non-diabetic groups were obtained from rats used in our earlier
study (2). Baseline echo was obtained prior to the initiation of the studies and performed
biweekly in all groups. After the second STZ dose, four weeks were allowed for the
development of the type 2 diabetic state and AdipoRon (30 mg/kg/d; P.O.) or vehicle was
administered during the last 10 days of this 4-week period (Figure 1). AdipoRon has an ICgq
of 1.8uM for AdipoR1 and 3.1uM for AdipoR2 (15). Thereafter, terminal arterial
catheterizations were performed for hemodynamic measurements and studies concluded
with euthanasia and tissue collection (Figure 1).

Data analysis and statistics

Statistical analysis consisted of two-way ANOVA with post hoc F-test and Tukey’s unpaired
t-test for significant findings. Values are expressed as means = SEM with probability levels
below 0.05 considered significant. Prism 7 software (Graphpad Software Inc., San Diego,
CA) was used to perform statistical analysis.

Results

AdipoRon ameliorated LV hypertrophy in T2DM SO female rats

Non-diabetic OV X rats were heavier (P<0.05) than non-diabetic SO rats, and AdipoRon (30
mg/kg/d; 10 days) had no effect on body weight (Figure 2A). LV mass was higher (P<0.05)
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in T2DM SO, but not in T2DM OVX rats, when compared to their respective non-diabetic
controls, and AdipoRon mitigated (P<0.05) this hypertrophy (Figure 2B). Ejection fraction
was not affected by T2DM in SO or OV X rats but was decreased (P<0.05) by AdipoRon in
T2DM SO rats (Figure 2C).

AdipoRon mitigates cardiac dysfunction in T2DM SO female rats

AdipoRon restored fractional shortening (FS) in T2DM SO rats while the lower FS in non-
diabetic OV X rats was not affected by T2DM in the absence or presence of AdipoRon
(Figure 2D). Similiarly, reductions in LV developed pressure (P<0.05) (LVDP; Figure 3A),
and dP/dty,i, (P=0.001) (Figure 3D) along with the increase (P<0.05) in in the LV relaxation
constant Tau (Figure 3B), observed in T2DM SO, but not in T2DM OVX, rats were all
reversed by AdipoRon. Trending reductions in dP/dty,ax (Figure 3C) in T2DM SO and
reductions in T2DM OV X (P<0.05) were reversed by AdipoRon in both groups.

AdipoRon reverses ERa upregulation, heightens GPER upregulation and restores cardiac
Cx43 levels in T2DM SO females

T2DM upregulated (P<0.05) cardiac ERa in SO and OV X rats, compared to non diabetic
controls, and AdipoRon reversed this upregulation (Figure 4A). AdipoRon further
upregulated (P<0.05) GPER (Figure 4B) and restored (P<0.05) Cx43 to control levels
(Figure 4C) only in T2DM SO females. T2DM reduced (P<0.05) pAKT in SO, but not in
OVX, rats (Figure 4D); AdipoRon had no further effect in T2DM SO rats, but reduced
(P<0.05) pAKT in T2DM OVX rats (Figure 4D).

AdipoRon suppresses cardiac expression of AdipoR1 and APN

In T2DM SO, the reduction in cardiac AdipoR1 was exacerbated (P<0.05) by AdipoRon and
in T2DM OVX rats, the unaltered cardiac AdipoR1 was reduced (P<0.05) by AdipoRon
treatment (Figure 5A, C). Consistent with previous studies (2), T2DM reduced (P<0.001)
cardiac APN in SO and OV X rats and AdipoRon caused further cardiac APN reduction
(P<0.05) (Figure 5B and C).

AdipoRon treatment diminished elevations in ADMA and TNFa in T2DM SO females

Non-diabetic OV X rats exhibited a trended increase in serum asymmetric dimethylarginine
(ADMA,; Figure 5D) and higher (P<0.05) cardiac TNFa level (Figure 6A, C), compared
with nondiabetic SO rats. T2DM increased ADMA in both SO and OV X (P<0.05), but only
increased TNFa in SO (P<0.05). AdipoRon mitigated these elevations in T2DM SO vs. little
or no effects in T2DM OVX rats (Figures 5D, 6A, C). In contrast, increases (P<0.05) in
cardiac heme-oxygenase 1 (HO-1) levels were similar in T2DM SO and T2DM OV X rats
and were reversed in both groups by AdipoRon (Figure 6B).

Discussion

The present study provided new knowledge on ovarian hormones dependent and
independent mechanisms for T2DM-evoked cardiac dysfunction and its alleviation by
restoring the cardiac APN-CX43 signaling. First, ovarian hormone-dependent reduction in
cardiac Cx43 level is a major cause for heightened proinflammatory milieu and cardiac
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dysfunction in T2DM SO rats. Second, AdipoRon restoration of cardiac Cx43 mitigates
ovarian hormone-dependent LV inflammation, hypertrophy, and dysfunction. Third, while
not sufficient to cause cardiac dysfunction, ovarian hormones-independent adverse effects
were also alleviated by AdipoRon in T2DM OV X rats. These findings suggest that additive
ovarian hormone dependent and independent molecular events contribute to the
hypersensitivity of SO rats to T2DM-evoked cardiac anomalies. Further, the findings
identified restoration of cardiac Cx43 as a potential therapeutic option for mitigating cardiac
anomalies, particularly in Eo-replete diabetic women.

Our recent study showed the first association between a reduction in cardiac Cx43
expression and the ovarian hormones (E;)-dependent hypersensitivity to T2DM-evoked
cardiac hypertrophy and dysfunction (2). However, it remained unknown if Cx43 reduction
contributed to these T2DM-evoked cardiac anomalies via exaggerated proinflammatory
response (e.g. TNFa). Consistent with our previous findings (2), we show a hypersensitivity
to T2DM-evoked LV hypertrophy (Figure 2B) and LV dysfunction, which included reduced
fractional shortening (Figure 2D), LVDP (Figure 3A), dP/dtyax (Figure 3C) and dP/dtyin
(Figures 3D) in T2DM SO.

Evidence suggests that reductions in cardiac Cx43 create a proinflammatory environment, at
least partly, via increased TNFa (27), a potent pro-inflammatory cytokine involved in
T2DM associated pathogenesis (28). Here, we show the first evidence of inverse relationship
between reduced Cx43 (Figure 4C) and increased TNFa (Figure 6A) in T2DM SO, but not
in T2DM OVX, rats. These novel findings suggest that the lower cardiac TNFa in SO than
in OV X rats paradoxically predisposes to the appreciable T2DM-evoked increase in cardiac
TNFa and likely explains the ovarian hormones/E,-dependent hypersensitivity to T2DM
evoked cardiac dysfunction. It is also imperative to note that the higher TNFa and
asymmetric dimethylarginine (ADMA) in OV X rats might have dampened the induction of
these proinflammatory molecules (Figures 5D and 6A, C) and limited the magnitude of
cardiac dysfunction to a reduction in dP/dty,x in T2DM OV X rats (Figures 2 and 3). These
findings add new dimensions to the role of sex-dependent alterations in cardiac TNFa
signaling in diabetic rodents (29) and likely contribute to the higher cardiac levels of other
redox enzymes such as the inducible heme oxygenase 1 (HO-1) in OV X rats (Figure 6B).

While the role of HO-1 remains controversial, its elevation in diabetes (30) supports a
proinflammatory role and likely explains two new findings. First, consistent with a higher
vascular HO-1 (31), we show higher cardiac HO-1 (Figure 6B) in non-diabetic OV X rats.
These findings suggest a mitigating effect for ovarian hormones/E, on HO-1 expression and
its proinflammatory contribution to the higher vascular (31) ROS in OV X rats. Second, the
ovarian hormones-independent elevation in cardiac HO-1 (Figure 6B) likely resulted from
the similar hyperglycemia in T2DM SO and T2DM OV X rats (2). In support of this premise,
hyperglycemia induces HO-1 in cultured cells (32, 33). Collectively, the elevation in HO-1,
which reduces cardiac contractility (34), likely exaggerates cardiac dysfunction caused by
other molecular responses in T2DM SO rats and contributes to the ovarian hormones-
independent reduction in dP/dty,,x in T2DM OV X rats (Figure 3C). The latter may progress
to, and likely explains, the cardiac dysfunction observed in male rats over longer T2DM
timelines (35).
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The findings, discussed above, identified the compromised cardiac APN-CX43 signaling as
a plausible cause for the ovarian hormones-dependent hypersensitivity to T2DM-evoked
cardiac inflammation and dysfunction. To ascertain this causal role, we tested the hypothesis
that pharmacological restoration of the compromised APN-Cx43 signaling will mitigate this
anomaly in our model system. Although APN ameliorates cardiac remodeling in
pathological states (36, 37), the therapeutic benefit of exogenous APN is limited due to its
short half-life, high molecular weight and its parenteral use (7, 18). Therefore, we utilized,
for the first time in our model system, the orally active small molecule APN mimetic,
AdipoRon, which represents a more clinically feasible alternative to APN (15).

AdipoRon mitigated the LV hypertrophy (Figure 2B) and LV anomalies in T2DM SO
females including reversal of the reductions in fractional shortening (Figure 2D), LVDP
(Figure 3A), dP/dtyax (Figure 3C), dP/dtyi, (Figure 3D) and the prolongation of the LV
relaxation constant, Tau (Figure 3B), which reflects LV chamber stiffness (25). Most
notable, at the molecular level, were the restoration of Cx43 (Figure 4C and E) and the
reversal of elevations of serum ADMA (Figure 5D) and cardiac TNFa (Figure 6A) and
HO-1 (Figure 6B) in the same T2DM SO rats. It was comforting to observe these favorable
molecular and functional outcomes after only 10 days of AdipoRon therapy in a model of
established T2DM-evoked cardiac inflammation and dysfunction. It is likely that the pre-
existing substantially suppressed APN-CX43 signaling and the associated heightened
proinflammatory milieu contributed to the rapidly developing therapeutic effects of
AdipoRon in T2DM SO rats. While these findings affirmed our hypothesis, it was important
to study the effects of AdipoRon in T2DM OV X rats to discern its therapeutic benefit, if any,
in T2DM under ovarian hormones deficient conditions and to facilitate data interpretation.

T2DM-evoked cardiac dysfunction is a slowly progressing condition because it is virtually
absent at 4 weeks in OVX (Figures 2D and 3A, B and D) and in male (2) rats, but becomes
evident at 8-10 weeks in male rats (35). Here, we show ovarian hormones-independent
increases in proinflammatory mediators such as circulating ADMA (Figure 5D) and HO-1
expression (Figure 6B). These responses likely predispose to cardiac dysfunction in OV X,
and perhaps in male (35), rats with increased exposure to T2DM. Interestingly, AdipoRon
mitigated these molecular responses, as well as the reduced dP/dtax, Which was not
sufficient to cause frank cardiac dysfunction in T2DM OV X rats. These findings infer that
anti-inflammatory effects of AdipoRon (15) will likely slow or abrogate the progression of
T2DM-evoked cardiac dysfunction in ovarian hormones deficient, and male, T2DM rats.
While our the parallel reductions in cardiac Cx43 and phosphorylated AKt in SO T2DM rats
(Figures 4C, D) agree with a similar link between both molecules under ischemia/
reperfusion conditions (20), Cx43 restoration by AdipoRon was not associated with pAkt
restoration. It is notable that ovarian hormones influence the roles of Cx43 (2) and pAkt (21)
under different experimental conditions. More studies on these molecular responses are
needed to further current understanding of the role of ovarian hormones, particularly Ey, in
this clinically relevant problem. Nonetheless, we considered the possibilities that alterations
in ER subtypes, which modulate cardiac APN-Cx43 signaling, redox enzymes and function
might be targeted by AdipoRon in ovarian hormones-dependent manner in diabetic females.
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E, activation of ERa confers cardioprotection via enhanced redox enzymes (catalase and
ALDH),) catalytic activity (5). Paradoxically, the activation of upregulated cardiac ERa. by
endogenous or exogenous E; in the present and recent studies (2) likely contributed to the
ovarian hormones-dependent cardiac dysfunction in T2DM female rats (Figures 2D and 3A-
D). In support of this premise, similar cardiac ERa upregulation (Figure 4A) occurred in
T2DM females regardless of the hormonal status (2), but functional deficits manifest only in
the presence E, (Figures 2D and 3A-D) (2, 26, 38). Similar to ERa, GPER physiologically
confers cardioprotection (39, 40), but its role is less understood under proinflammatory
conditions. Our pharmacological findings suggest a detrimental role for ERa, while
suggesting a favorable role for GPER, upregulation because AdipoRon: (i) reversed the
upregulation of ERa, and (ii) augmented GPER upregulations (Figure 4B) along with
restoring cardiac function (Figures 2D and 3A-D) in diabetic rats. These molecular
responses likely resulted, at least partly, from interaction between AdipoR1 (activated by
AdipoRon) and ERa and GPER whose endogenous ligand E, enhances APN release (8, 41).
Further, the reductions in cardiac APN and its receptor AdipoR1 levels by AdipoRon, an
APN mimetic (Figure 5A and B) are consistent with pharmacological principles.

The current findings provided new insight into the role of TNFa and other proinflammatory
signaling as major players in the ovarian hormones-dependent hypersensitivity to T2DM-
evoked cardiac dysfunction. We also showed the involvement of ovarian hormones-
independent increases in cardiac HO-1 expression as an additive proinflammatory
component and perhaps as a predisposing factor for the delayed expression of cardiac
dysfunction in T2DM OV X rats. The ability of AdipoRon to ameliorate proinflammatory
cardiac milieu and dysfunction supports our scientific premise and an overall suggested
schematic is presented in Figure 7. Further, the findings highlight cardiac APN-Cx43
signaling as a novel target for developing therapuetics for the treatment of the exacerbated
cardiomyopathy in T2DM women.
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Nonstandard Abbreviations:

AdipoR1 adiponectin receptor 1

ADMA asymmetric dimethylarginine

Akt protein kinase B

APN adiponectin

Cx43 connexin43

DM diabetes mellitus/diabetic, used interchangeably with T2DM
= estrogen/estradiol
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Figure 1.

A schematic presentation of experimental diet regimen, T2DM induction, treatment schedule
and the biochemical and molecular cardiovascular measurements in control and diabetic
Wistar rats. OV X, ovariectomy; STZ, streptozotocin.
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Effect of diabetes on animal body weight (A), echocardiography-derived left ventricular
mass (B), ejection fraction (C) and fractional shortening (D) in non-diabetic sham or
ovariectomized (OVX) controls (open bars), and in vehicle (dotted bars) and AdipoRon
(dark bars) treated diabetic rats. AdipoRon attenuated the detrimental cardiac effects of
diabetes in sham rats. Values are means + SEM (n=7 per group). *P<0.05 when compared to
respective control, **P<0.001 when compared to respective control, #P<0.05 when
compared to T2DM vehicle group and *P<0.05 when compared to control sham rats.
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Effect of diabetes on blood pressure-derived hemodynamic variables. Diabetic (T2DM)
sham operated (SO) females display significant differences in left ventricular developed
pressure (LVDP) (A), Tau (B), dP/dtyax (C) and dP/dty,i, (D) with AdipoRon treatment.
Values are means =+ SEM (n=7 per group). *P<0.05 when compared to respective non-
diabetic control (open bars); #P<0.05 when AdipoRon (dark bars) and vehicle (dotted bars)

treated T2DM groups were compared.
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Figure 4.
Western blots of cardiac estrogen receptors (ERs), connexin43 (Cx43) and AKT in control

and diabetic (vehicle or AdipoRon treated) female rats. Shown are alterations in ERa (A),
G-protein coupled estrogen receptor; GPER (B), Cx43 (C), and pro-survival molecule pAKT
(D). Data presented as means + SEM (n=7 per group). Representative blots are shown (E)
and target bands were normalized to GAPDH, except for pAKt (normalized to total AKT),
on the same gel. *P<0.05 when compared to respective non-diabetic control (open bars);
#P<0.05 when AdipoRon (dark bars) and vehicle (dotted bars) treated T2DM groups were
compared.
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Cardiac adiponectin receptor 1 (AdipoR1) (A) and adiponectin (APN) (B) and plasma
ADMA (C) levels in diabetic (T2DM) sham operated (SO) and ovariectomized (OVX) rats,
compared with their respective controls and following treatment with AdipoRon or its
vehicle in T2DM SO and OVX rats. Representative blots are shown (D). Data presented as
means + SEM (n=7 per group). *P<0.05 when compared to respective control (open bars);
**P<0.001 when compared to respective non-diabetic control and #P<0.05 when AdipoRon
(dark bars) and vehicle (dotted bars) treated T2DM groups were compared.
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Figure®6.

Cardiac levels of TNFa (A), HO-1 (B), their representative bands (C) in non-diabetic sham
operated (SO) and ovariectomized (OVX), and in vehicle- or AdipoRon-treated diabetic
(T2DM) SO and OV X rats. Data presented as means + SEM (n=7 per group). *P<0.05 when
compared to respective control (open bars); **P<0.001 when compared to respective non-
diabetic control and #P<0.05 when AdipoRon (dark bars) and vehicle (dotted bars) treated
T2DM groups were compared, and *P<0.05 when compared to control sham operated (SO).
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Suggested Overall Schematic. Healthy female signaling in the cardiac Eo-APN-Cx43 axis

(A). The loss of this cardioprotection with the introduction of a diabetic pathology, leading
to exacerbated myocardial anomalies (B) and the amelioration of exacerbated dysfunction

with the restoration of APN-Cx43 signaling by AdipoRon in the T2DM female (C).
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