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Abstract

Background: Resveratrol (RSV) has a wide range of
diabetic cardioprotective effects. It is currently recognized as
a dietary supplement.

Aim of Study. To investigate the impact of RSV on the
molecular expression pattern of AMP-activated protein kinase
(AMPK) and the glycogen synthase kinase-3 (3 serine 9 (GSK-
3(3S9) in diabetic cardiomyopathy.

Methods: We investigated this point using three groups
of Wistar albino rats; control group, diabetic cardiomyopathy
rats (DCM) and diabetics treated with RSV (DM-RSV) for
20 weeks. Echocardiography was performed at base line, and
every 4 weeks. At the end of the study, Ex-vivo assessment
of myocardial contractility was performed. The molecular
changes in the cardiac tissues were evaluated in all groups
for assessment of the silent information regulator (SIRT1),
GSK-3(3S9 and the AMPK levels. Histological assessment
was done for all cardiac tissues. Apoptosis was assessed by
measuring the modulation in the Bax/Bcl2 ratio and poly
(ADP-ribose) polymerase-1 (PARP1) levels, trying to explore
the RSV underlying mechanism of action.

Results: Marked deterioration in the cardiac functions
was detected in the diabetic non treated group. The decreased
levels of SIRT1, AMPK and GSK-3 (3S9 that was associated
with increased apoptotic markers, may be the cause of dete-
riorated cardiac functions. Assessment of the myocardial
functions showed improvement in the diabetic RSV treated
group. RSV aimed to normalize the hyperglycemic state and
the disturbed molecular pattern associated with diabetes.

Conclusion: Prolonged RSV administration protects the
diabetic hearts. This could be explained by the interplay
between SIRT1, AMPK and the GSK-3(3 S9 levels.
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Introduction

RESVERATROL (RSV; 3,5,4’-trihydroxys-
tilbene) a natural polyphenolic substance found in
grapes, peanuts and berries, as well as their man-
ufactured products, especially red wine. RSV has
been reported to have a wide range of biological
and pharmacological properties; it has gained great
interest in preclinical and clinical studies due to
its antidiabetic properties and cardioprotective
effects [1].

We have recently demonstrated that pretreat-
ment with low dose (2.5mg/kg/d) RSV for 2 weeks
was effective in preventing doxorubicin induced
HF 2].

Preclinical studies have documented that RSV
can improve cardiac function in diabetic cardio-
myopathy (DCM) either due to its antidiabetic
actions [3] or due to direct antiapoptotic, antioxidant
and antifibrotic actions that was recorded in our
recently published research [4].

Interestingly, RSV prevented the pathological
cardiac hypertrophy [5] that its action seems to be
dependent on the molecular pattern disturbance of
the diabetic cardiac muscle.

Resveratrol cardioprotective effects appear to
be related to its ability to activate the diabetes
dependent reduction of the endogenous silent in-
formation regulator sirtuin (SIRT1) activity [6], a
founding member of the redox-sensitive histone
deacetylases that regulates cell apoptosis [7]. In
the adult heart SIRT1 has been reported to exhibit
the phenomenon of hormesis, where low to mod-
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erate expression protects against aging induced
cardiac apoptosis and contractile dysfunction [g],
while higher levels of SIRT1 expression promote
cardiac hypertrophy and failure [9].

Glycogen synthase kinase (GSK-3(3) isamul-
tifunctional protein that is constitutionally active
in most tissues and phosphorylates a plethora of
intracellular molecules. Its cardiac increased level
in DCM has been shown to be associated with
myocardial apoptosis [10] . It iswell noted that
members of the sirtuin deacetylases regul ate GSK -
3(3 activity, where increased activity of SIRT2
inhibits GSK-3(3. In contrast, the effect of SIRT1
in modulsting GSK-3(3 is still doubtful.

Till this end, because RSV iswidely accepted
as adietary supplement, we sought to investigate
the resveratrol effects on the cardiac functionsin
the induced diabetic cardiomyopathy rat model,
trying to elucidate the interrelation and changes
in the expression pattern of SIRT1, GSK-3 (3S9 and
the role of AMP-activated protein kinase (AMPK)
levels.

Patients and M ethods

Animal grouping and experimental design:

Thirty adult male Wister albino rats (150-170g)
were included in the study. All animals were kept
in theanimal care facility of the faculty of medicine
Cairo University, and were provided ordinary rat
chow and water ad libitum with a 12hrs light-dark
cycle. The current protocol was approved and
supported by Science and Technology devel opment
Fund (STDF), Egypt, (Research support Grant No.
#12614). The study was conducted during 2018.
Animals were allowed to acclimatize for 7 days
prior to the start of study. Animals were randomly
divided into three groups (10 rats each): (1) Normal
control group, (2) Diabetic non treated (DM) and
3) diabetic treated with RSV (Sigma Aldrich, USA)
at adose of 2.5mg/kg/day viaoral gavage [11] for
20 weeks started just after diabetes confirmation
(DM-RSV). Body weights were assessed every 2
weeks from the start (baseline) till the end of the

study.

Induction of diabetes:

Streptozotocin (STZ, 52.5mg/kg/intraperiton-
eal; Sigma, St Louis, MO). Five days after STZ
injection, hyperglycemia was documented. Rats
with blood glucose concentrations > 300mg/dl were
considered to be diabetic and were included in the

study [12].

Assessment of cardiac function:
Echocardiography:

Echocardiography was performed at baseline,
and every 4 weeks throughout the study period for
recording fractional shortening (FS%) and gjection
fraction (EF%). Two-dimensional B-mode record-
ing of short axis view using an 8-10MHz liner
transducer attached to an ultra-sonographic machine
(Samsung Madison, SONOA CE-R3-Korea).

Ex-vivo cardiac contractility assessment:

At the end of the study hearts from all groups
were isolated through a midline thoracotomy under
pentobarbital (150mg/kg i.p.) anesthesia [13]. Hearts
were rapidly excised and immediately placed in
ice cold Kreb-Henseleit heparinized solution. The
ascending aorta was cannulated to attach the heart
to anon-recircul ating water-jacketed, constant
flow Langendorff apparatus (Radnotti; Harvard
Apparatus USA). Hearts were perfused with a
Kreb-Henseleit buffer (pH 7.4) aerated with a
mixture of 95% O 2-5% CO2[14] . A sdlinefilled
latex balloon connected to a pressure transducer
(Ad Instruments, MLTO0380, Australia) was inserted
into the left ventricle through an incision in the
left atrial appendage. Hearts were allowed to sta-
bilize for 30min. Left ventricular pressure was
recorded through Powerlab 4/30M L 866 and ana-
lyzed using Labchart 7 software. The Left ventricu-
lar developed pressure (LVDP) and maximum rate
of pressure rise AP/At max as an index of myocar-
dial contractility independent on the humoral factors
were recorded.

Histological preparation:

Immediately after langendorff, heart specimens
were rapidly removed, fixed in 10% formal saline
solution, processed, embedded to obtain paraffin
blocks and cut at 5-6 micron thickness sections.
Sections were stained with Haematoxylin and
Eosin.

I mmunohistochemistry:

Endogenous peroxidase activity of the heart
specimens was blocked by 3% hydrogen peroxide
solution. The antigen retrieval was performed by
heating the sectionsin 10 mM sodium citrate buffer,
in awater bath at 95-100°C for 20 minutes. Sections
wererinsed in PBS for 5 minutes, and then normal
goat serum was added for 30 minutes at room
temperature. Then, the sections were incubated
with Anti-SIRT 1 antibody (ab 110304; 1:100), Anti-
AMPK alpha 1 antibody (ab3759; at 1: 5000),
Anti- GSK-3(3S9 antibody (ab15314; 1: 100) and
anti-active caspase-3 antibody (ab2302; 1: 100).The
sections were subsequently incubated with goat
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anti-rabbit 1IgG H&L (HRP) (ab205718) for 20 min

at 37°C. The used chromogen was DAB, and the
all above-mentioned immunohistochemical sections
were envisioned with 3, 3'-diaminobenzidine (Sig-

ma, Aldrich) and observed under a microscope to
see the development of color. Next to washing
with distilled water, the sections were counter-

stained with hematoxylin, permeabilized with
xylene, mounted with resin and treated with a
decreasing ethanol series. All antibodies were
purchased from Abcam, Cambridge, U.K. Negative
control sections were performed using the same
previous procedure except that the primary antibody

was replaced by non-immune mouse serum immu-
noreactivity.

Histomor phometry:

The area percent for each marker was measured.
The measurements were made by an independent
viewer, who was ignorant of the experimental
procedure. They were acquired in ten non overlap-
ping fields per specimen at a magnification of 400
by using LeicaLAS V3.8 image analyzer computer
system (Switzerland).

Blood sampling and Biochemical assays:

Samples collected at the end of the study, were
used for detection of blood glycated hemoglobin
(HbA1c) using rodent HbA 1c assay kit and meas-
urement of serum lipid profile (cholesterol and
triglycerides) using commercially available kits
(BioMed, Cairo, Egypt).

Immunobl otting detection of apoptotic marker
PARP1 and Bax/Bcl2:

Immunobl otting were performed to detect
PARPL1, Bax and Bcl-2 protein expression in the
heart tissues. Primary antibodies against PARP-1,
Bax, Bcl-2 (1: 500) and b-actin (Sigma Aldrich;
St. Louis, MO, USA 1: 1000), and secondary anti-
body (Santa Cruz Biotechnology; 1: 2000) were
used according to the manufacturers protocol.

Satistical analysis:

The results were expressed as mean * standard
deviation. Statistical analysis was done using soft-
ware statistical package SPSS (IBM. Chicago, IL,
2011). The analysis of variance (ANOVA), followed
by Benferoni's post hoc test were performed for
multiple comparisons between groups. Results
were considered significant when p-value was
<0.05. Pearson correlation test was doneto find
out the linear relations between SIRT1, GSK-3 3 S9,
AMPK and caspase-3 levels.
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Results

Body weight:
All animals showed normal age matched body
weight at baseline. All diabetic animals failed to

show normal gain of weight irrespective of RSV
administration (Table 1).

Assessment of the cardiac function:
Echocardiography:

There was no significant difference in EF% or
FS% between all groups at baseline. The first
decline in the echocardiographic parameters was
noticed in the DM group at the 8th week, and then
EF% and FS% progressively deteriorated to reach
(42.3+£8.36 and 19.58+4.5) compared to controls
(84.76+5.9 and 43.57+5.6) respectively, at the 20th
week. Resveratrol treated diabetic rats (DM-RSV)
showed significant (p<0.05) amelioration of the
cardiac function starting from the 1 6 th week of
treatment (Fig. 1)

Isolated heart perfusion:

The ex-vivo cardiac function confirmed that of
the Echo at the end of the study. Hearts from DM
group showed significant (p<0.05) reductionin
the left ventricular developed pressure (LVDP)
and maximum rate of pressure rise AP/At max
compared to the control. Interestingly, treatment
of the diabetic rats with RSV hasimproved (p<0.05)
its cardiac contractility measurements compared
to that of the diabetic group, details are demon-
strated in (Table 1).

HbA1 ¢ Serum cholesterol and triglycerides
levels:

Administration of RSV to the diabetic rats
showed a significant (p<0.05) reduction of plasma
HbA1c in comparison to non-treated diabetic
group. RSV significantly (p<0.05) reduced the
cholesterol and triglycerides levels compared to
the elevated levelsin the diabetic group datais
shownin (Table 1).

Histological analysis of the Haematoxylin and
Eosin stained heart specimens:

The longitudinal sections of the cardiac muscle
fibersin the control group were striated and regu-
larly branched with acidophilic sarcoplasm. They
contain vesicular central nuclei and fibroblasts.
On the other hand, the muscle fibersin the diabetic
group revealed marked spacing, disordered and
focally degenerated myoctes. Degenerated sarco-
plasm with pyknotic nuclei and increased connec-
tive tissue are clearly detected. There was cellular
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infiltration in the form of lymphocytes and neu-
trophils. Moreover, Fibroblasts were clearly detect-
ed (Fig. 2). In the diabetic resveratrol treated, the
cardiac muscle fibers were organized with acido-
philic sarcoplasm and vesicular centrally located
nucleus, but with slight focal degeneration and
fibroblasts.

The transverse sections of the cardiac myocytes
in the control group showed acidophilic sarcoplasm
and central vesicular nucleus separated by connec-
tive tissue fibers (Fig. 3). On contrary, the myocytes
in the diabetic group were degenerated with kary-
olitic nuclei. The sarcoplasm was vacuolated with
pyknotic nuclei. Amplified amount of connective
tissue, cellular infiltration and fibroblasts were
obviously noticed. The diabetic resveratrol treated
group exhibited well-maintained cardiac muscles
with acidophilic sarcoplasm that enclosed central
vesicular nucleus, vacuolated sarcoplasm and fi-
broblasts were seen (Fig. 3).

Histomor phometric results:

Molecular changes in cardiac tissues were eval-
uated in samples at the 20th week for all groups,
using the morphometric cal cul ations to assess the
underling molecular pattern. The mean area percent
immunoexpression of the diabetic group showed
about 45% for SIRT1 and 41% for AMPK decre-
ment when compared to that of the control group.
Meanwhile, the mean area percent in the diabetic
resveratrol treated group was significantly higher
by 67% for SIRT1 and 60% for AMPK than the
diabetic group (Fig. 4)

The mean area percent of GSK-3 § S9 immuno-
reactivity of the diabetic and diabetic resveratrol
treated groups exposed 50% and 20% significant
decrease respectively when compared to that of
the control group. However, the area percent in
the diabetic resveratrol treated groups displayed
about 61% significant increase when compared to
that of the diabetic group (Fig. 5).

The mean area percent of caspase immunore-
activity of the diabetic and diabetic resveratrol
treated groups were 1.2 folds and 68% significantly
higher than the control group. The area percent in
the diabetic resveratrol treated groups was about
23% significantly lower than the diabetic group

(Fig. 5)

Apoptotic marker detection:

Analysis of the Bax/Bcl2 Ratio, the highest
ratio was seen in the diabetic (DCM) (41.7 £9.9)
group that was reduced significantly (p<0.05) with
resveratrol treatment (DM-RSV) (10.7 £2.3). West-
ern blot of poly (ADP-ribose) polymerase-1
(PARP1) showed an elevated level in the diabetic
rats (6.85+0.45) compared to the control group
that was reduced in the DM-RSV (3.58£0.45)
compared to the DM group (Fig. 6)

Correlations:

We performed correlation study between the
molecular parameters to detect the association
between the expression levels of SIRT1 and AMPK
and GSK-3p S9. SIRT1 was positively correlated
with AMPK (r=0.78), and with GSK-3 S9 (r=0.79)
and negatively correlated with caspase-3 ( r=-0.796)
(Fig. 7).

Table (1): The body weight, glycated hemoglobin, lipid profile and the contractility assessment

of the heart.
Control DM DM-RSV

Body weight at the 20th week (g) 275.67+7.1 194.8+9.5¢ 216.3+11.2*
HbA1c (%) 4.45+0.65 8.8+£0.7* 6.07£0.6*#
Cholesterol (mg/dl) 92.17+6.79 184.3+11.64* 125+ 10*#
Triglycerides (mg/dl) 56.67+5.2 121.67+8.16* 95.67+5.32*#
Langendorff contractility assessment:

LVDP (mmHg) 101.17+9.9 61.6+5.6* T4+4.6*#

AP/At max 1187.5+15898  616.5+32.2* 821.8+80.05*#

DM : Diabetes mellitus.

RSV : Resveratrol.

HbA1c : Glycated hemoglobin.

LVDP : Left ventricular developed pressure.

P/ t max: Maximum rate of pressure rise.
*: Significant compared to control.
#: Significant to diabetic group.
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Fig. (1): Echocardiografic changes of the diabetic hearts and in resveratrol treated rats. (A) Demonstrative images at baseline and every 4 weeks
till the study end. (B) Ejection fraction (% EF) and (C) Fractional shorting (% FS) at baseline and every four weeks during the time
course of the study. Diabetic (DM) and diabetic treated group with resveratrol (DM-RSV). *: Significantly different from the respective
control and #: p<0.05, Significant to DM (p<0.05).

Fig. (2): A photomicrograph of a
longitudinal section in arat cardiac
muscle of (a) Control group, (b, c) Di-
abetic group displaying marked spacing
between the muscle fibers (s), disrupted
(D) and focally degenerated (FD) my-
octes, vacuolated degenerated sarco-
plasm with pyknotic like nuclei (arrow
heads), increased connective tissue
(CT), and cellular infiltration (Cl) is
also detected in the form of lym-
phocytes (L) and neutrophils. Fibrob-
lasts (arrows) are clearly observed .d)
diabetic resveratrol treated group
showed organized cardiac muscle fibers
with striations (arrows), acidophilic
sarcoplasm (sp), vesicular centrally
located nucleus (arrow heads). Note the
presence of focal degeneration (D) and
fibroblasts (thick arrows) (H& E X400).

(A)
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(B)
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Fig. (3): A photomicrograph of a transverse section in a rat cardiac muscle of, (a) Control group. (b,c,d) Diabetic group exhibiting, degenerated
(D) myoctes, degenerated cardiac muscle with karyolitic nucleus (k), vacuolated sarcoplasm with pyknotic nuclei (arrow heads),
increased amount of connective tissue (CT), cellular infiltration (CI) and Fibroblasts (F) are evidently detected. (¢) Diabetic resveratrol

treated hearts demonstrating preserved cardiac muscles with acidophilic sarcoplasm (sp) that lodges central vesicular nucleus (arrow
heads). Vacuolated sarcoplasm (thin arrows) and fibroblasts (thick arrows) are noticed (H&E X400).
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Fig. (4): A photomicrograph showing silent information regulator sirtuin 1 (SIRT1) immunoreaction in the sarcoplasm of rat cardiac muscle;

(a) Control, (b) The diabetic group revealed a weak reaction. (c) The diabetic resveratrol treated shows relatively strong reaction
(SIRT1 X 400) and (d) graph demonstrating the area percent of SIRT1. A photomicrograph displaying immunoreactivity in the cytoplasm
of rat cardiac muscle of AMP-activated protein kinase (AMPK) in the sarcoplasm of rat cardiac muscle; e) the control groups exhibit

strong reaction. (f) The diabetic group shows weak reaction. (g) The diabetic resveratrol treated shows rather strong reaction (AMPK
X 400). (h) the area percent of AMPK.
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Fig. (5): The immunohisyochemical staining of glycogen synthase kinase-3 (GSK-3f) in the sarcoplasm of rat cardiac muscle; (a) the control
group shows strong reaction. (b) The diabetic group exposes weak reaction. (¢) The diabetic resveratrol treated shows fairly strong
reaction (GSK-3f X 400) and (d) The area percent of GSK-3B. *: Significant to control, #: Significant to diabetic group. Resveratrol
treated vs control »<0.001, diabetic vs control p<0.001, diabetic resveratrol treated vs control p=0.4, diabetic resveratrol treated vs
diabetic p<0.001significant). Caspase 3 immune-expression; e, g) the control and diabetic resveratrol treated groups indicate weak
reaction. (f) The diabetic groups display strong reaction. (Caspase 3 X 400) and (h) The area percent of caspase-3. *: Significant to
control, #: Significant to diabetic group (diabetic vs control <0.001, diabetic resveratrol treated vs control p=1.00, diabetic resveratrol
treated vs diabetic p=0.001).
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Fig. (6): Apoptotic marker changes in the studied groups A: western blot images of Bcl-2-associated X protein (Bax), B-cell lymphoma 2 (Bcl2),
B: Representation of Bax/Bcl2 ratio and C: Poly (ADP-ribose) polymerase-1 (PARP1). *: Significantly different from the respective
control, and #: Significant to diabetes group (DM) p<0.05. RSV: Resveratrol.
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Fig. (7): The correlation between SIRT1 and (A): Glycogen synthase kinase-38 (GSK-38 S9) ( #=0.78), (B): AMP-activated protein kinase
(AMPK) (7=0.79) and (C): Caspase3 (r=—0.796).
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Discussion

In this study, cardiac functions represented by
echocardiographic and Langendorff measurements
were deteriorated in the diabetic non-treated group.
Resveratrol treated diabetic rats for 20 weeks,
protected the hearts from possible deterioration.

The pathological cellular and molecular mech-
anisms underlying diabetes-induced cardiac damage
are complicated and multifactorial; in our diabetic
model we reported cardiac molecular changesin
the form of decreased SIRT1, AMPK and the phos-
phorylated glycogen synthase kinase-3 (GSK-3 8
S9) that was associated with the myocardial func-
tional deterioration and apoptosis.

GSK-3B is considered to be the hard worker
kinase in the cardiac muscle; it has a pivotal role
in multiple signaling pathways acting via post-
translational modifications of its substrates [15].
Hence GSK-3[ promotes the hypertrophic respons-
esinthe heart, [16], previous reviews have detailed
potential therapeutic applications of GSK3 inhib-
itorsin cardiovascular diseases [15,17] . Inhibitory
serine-phosphorylation is the most effective mech-
anism that regulates GSK 33 activity. Phosphoryla-
tion of serine-9 in GSK3f causes the N-terminal
tail of GSK-3p to act as pseudosubstrate [16] . This
phosphorylated serine tail hinders the binding of
GSK-3p to its substrates, and thus diminishing its
activity.

Elevated levels of GSK-3[ S9 has been linked
to improved cardiac autonomic dysfunction, re-
duced mitochondrial injury, improved cardiac
survival, structure and function [18] . In the diabetic
cardiomyopathy, the expression of post-insulin
receptor signaling was extremely reduced. Subse-
quently, reduced the Akt phosphorylation of GSK-
3P that contributs to apoptosis and cardiac dys-
function [19].

The AMPK is aheterotrimeric enzyme acts as
an important cellular energy sensor of the cardiac
muscle. Conditions leading to energy depletion,
such asthe failing heart or increased ATP demand,
also lead to AMPK activation [20]. AMPK responds
to increased AMP/ATP ratio by switching off the
energy-consumption and enhances the ATP gener-
ation through fatty acid [ -oxidation and glycolysis.
AMPK activity isaso modulated by SIRT1, which
isinvolved in the regulation of both inflammatory
processes and metabolic homeostasis in the heart
[21].

Resveratrol was shown to have abeneficial
cardioprotection from possible diabetic cardiomy-

opathy. Previous studies demonstrating cardiac
beneficial effectsfor RSV. The treatment with RSV

in adose of (2.5mg/kg/day) for 2 weeks [11], 4
weeks [22] and 12 weeks could improve cardiac
functions in diabetic rats [23] . Furthermore, A 16
weeks resveratrol (5mg/kg/day; orally) treatment

improved left ventricular devel oped pressure and
reduced cardiac apoptosisin diabetic rats [24].

RSV cardio-protective effect can be related to
the induced cardiac expression of SIRT1 [25].

The SIRT 1 activator SRT 1720 increased AMPK
activity, whereas SIRT1-specific inhibitors de-
creased AMPK activity in adipocytes [26] . The
effect of resveratrol may be mediated by enhanced
expression of phosphorylated Akt [27] resulted in
increasing the Akt downstream signaling molecule
GSK-3[3 and AMPK phosphorylation [28]. Moreo-
ver, AMPK Activation could increases the phos-
phorylation of GSK-3[29].

SIRT1 induced by resveratrol has an important
rolein the cell survival process. It binds and inhibits
the tumor suppressor p53 and blocks the apoptotic
process induced by DNA damage and oxidative
stress [7]. Moreover, SIRT1 deacetylates and acti-
vates the FOXOs that in turn induce pro-survival
factors like thioredoxin-1 and Bcl-xL and suppress-
ing the activity of pro-apoptotic molecules like
Bax and cleaved caspase 3 [30].

Resveratrol acts as a potent antioxidant factor.
SIRT1 induced by resveratrol deacetylates the
nuclear factor (NFkB-p65) and reduces NADPH
oxidase transcription that attenuates the diabetic
cardiac hypertrophy. In the same context, resvera-
trol guards against high glucose-induced cardio-
myocytes injury through suppression of NADPH
oxidase and the maintenance of endogenous anti-
oxidant defenses [31].

Interestingly, SIRT1 deacetylates and inactivates
poly(ADP-ribose) polymerase-1 (PARP1). PARP1
is a NAD-dependent enzyme that is induced by
DNA strand breaks during cell stress causing ATP
depletion. PARP1 would contribute to a specific
type of cell death called (parthanatos) in the failing
hearts [32] . Thus, both the antioxidative and antia-
poptotic functions of resveratrol depended on the
SIRT1 normalization [32].

Furthermore, RSV administration in this study
improved the diabetic induced lipid profile and
HbA 1 c disturbances. SIRT1 was demonstrated to
improve insulin resistance, decrease cholesterol
along with areduction in adipose tissue volume
and total energy expenditure [33,34]. SIRT1 displays
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improved glucose tolerance due to decreased he-
patic glucose production and increased adiponectin
levels, without changesin the body weight [33].

The positive correlations found between a
SIRT1 and AMPK and that with GSK-3 3 S9 indicate
the interplay between SIRT1 induced by resveratrol
and these signaling molecular correction in the
hearts of diabetic rats.

In conclusion: The resveratrol protective effect
on the diabetic cardiomyopathy is mediated through
modulation of the existing disturbed molecular
pattern induced by diabetes. RSV target was to
correct SIRT1, GSK3 S9 and AMPK to improve
the diabetic myocardia functions.
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