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Abstract. - OBJECTIVE: Ischemia-reperfu-
sion (IR) injury remains an unresolved and com-
plicated situation in clinical practice. In this
study, H9c2 cardiomyocytes were subjected to
curcumin (Cur) treatment in the absence or pres-
ence of the silent information regulator 3 (SIRT3)
inhibitor 3-TYP and were then subjected to IR.

MATERIALS AND METHODS: H9c2 cells and
male Sprague-Dawley (SD) rats were cultured.
MTT assay was performed to assess H9c2 cell
viability. Cellular apoptosis was analyzed by
TUNEL assay. The expressions of Bcl-2, Bax,
SIRT3, and AcSOD2 were measured by West-
ern-blotting. The activities of SOD, GSH-Px, and
MDA were determined using commercially avail-
able kits. The myocardial infarct size was evalu-
ated using TTC staining.

RESULTS: Cur significantly increased H9c2
cell viability, decreased the cell apoptotic index,
and altered several biochemical parameters, in-
cluding upregulation of the anti-apoptotic pro-
tein Bcl-2, downregulation of the proapoptotic
protein Bax and AcSOD2, activation of SIRT3,
increase in SOD and GSH-Px activity, and de-
crease in MDA content. In isolated rat hearts,
Cur significantly improved cardiac function, de-
creased infarct size, and lowered lactate dehy-
drogenase levels. These protective effects in-
duced by Cur were reversed by treatment with
the SIRT3 inhibitor 3-TYP.

CONCLUSIONS: These results demonstrate
that Cur protects cardiomyocytes and that rat
hearts were exposed to IRI by activating SIRT3.
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Introduction

Despite major therapeutic advances, isch-
emic heart disease remains a leading cause of
death and a major cause of global mortality and
morbidity. However, ischemia-reperfusion (IR)
injury (IRI) remains an unresolved and com-
plicated situation in ischemic heart disease'.
Many factors contribute to IRI, such as en-
hanced oxidative stress, which includes super-
oxide anion, hydrogen peroxide, and hydroxyl
radical generation, during the acute reperfu-
sion phase*. Curcumin (Cur;l,7-bis(4-hy-
droxy-3-methoxyphenyl)-1,6heptadi-
ene-3,5-dione, diferuloylmethane) is a phenolic
natural product isolated from the rhizome of
Curcuma longa (turmeric), which has been
widely used as a herbal remedy in China and
Southeast Asia for centuries®”. In recent years,
several studies®’ have demonstrated that cur-
cumin is an antioxidant and anti-inflammatory
agent. Recent reports®!! have also indicated that
Cur attenuates IRI in the brain, kidney, retina,
liver, and intestines under various experimen-
tal conditions. Some researchers'”'? have also
observed that Cur post-treatment attenuates
IRI through the activation of pro-survival sig-
naling pathways. Silent information regulator 3
(SIRT3) is a NAD-dependent histone deacety-
lase and is activated by an increase in NAD.
Other studies*-'® have shown that SIRT3 plays
a key role in the longevity effects elicited by
calorie restriction, that SIRT3 shows evident
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cardioprotective effects, and that intermittent
pneumatic compression (IPC) and resveratrol
treatment reduce myocardial IRI via SIRT3 ac-
tivation. Therefore, this investigation was de-
signed to evaluate the cardioprotective effect
of Cur pretreatment on myocardial IRI and to
investigate whether SIRT3 plays an important
role in a clinically relevant model of IRI-asso-
ciated severe cardiac stress. The involvement
of SIRT3 signaling in mediating the protective
mechanisms of Cur was also evaluated.

Our results suggest that the development of
therapeutic approaches targeting SIRT3 activity
may be a promising pathway to protect cardiomy-
ocytes against IRI.

Materials and Methods

Materials

Cur, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide), 2',7'-dichlorofluo-
rescein diacetate (2'7'-DCFH-DA), and triphen-
yltetrazolium chloride (TTC) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Ter-
minal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) kits were purchased from
Roche (Mannheim, Baden-Wiirttemberg, Ger-
many). The kits used to measure lactate dehydro-
genase (LDH), methane dicarboxylic aldehyde
(MDA), superoxide dismutase (SOD), and gluta-
thione (GSH) were purchased from the Institute of
Jiancheng Bioengineering (Nanjing, Jiangsu, Chi-
na). The SIRT3 antibody was obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). The
SIRT3 inhibitor 3-TYP antibody was synthesized
and characterized by the Innovative Drug Re-
search Center (IDRC) at Chongging University.
The Bcl2, Bax, and B-actin antibodies were pur-
chased from Cell Signaling (Boston, MA, USA).
The rabbit anti-goat, goat anti-rabbit, and goat
anti-mouse secondary antibodies were purchased
from Zhongshan Company (Beijing, China). 10%
fetal bovine serum (FBS), L-glutamine penicil-
lin, and streptomycin were obtained from Gibco
(Grand Island, NY, USA). H9¢2 embryonic rat
myocardium-derived cells, a well-characterized
cell line that is widely used to study myocardial
cell ischemia, were purchased from Tiancheng
Technology (Shanghai, China).

Animals
Male Sprague-Dawley rats weighing 250-300 g
were used. All experimental procedures were ap-

proved by the Research Commission on Ethics of
the Fourth Military Medical University and were
performed in accordance with the Guidelines for
the Care and Use of Laboratory Animals (NIH
publication no. 80-23, revised in 1996).

Cell Culture and Treatments

H9c2 cell lines were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (HyClone,
Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS), 2 mM L-glutamine, 500
pg/mL penicillin, and 500 pg/mL streptomy-
cin at 37°C in 5% CO, and 95% air. The Cur
stock solution was prepared in dimethyl sulf-
oxide (DMSO) and immediately diluted with
culture medium before the experiment. DMSO
(0.01%) was used for the control group. After
the treatments, the cells were harvested for fur-
ther analysis.

Cardiomyocyte Preparation and
Simulated Ischemia-Reperfusion (SIR)
Treatment

The primary cultures of H9c2 cells were pre-
pared using a previously reported method".
Briefly, the cardiomyocytes were exposed to an
ischemic buffer containing the following reagents
(in mM): NaCl (137), KCI (12), MgCl, (0.49), Ca-
CL,2H,0 (0.9), and HEPES (4). This buffer was
also supplemented with the following compounds
(in mM): deoxyglucose (10), sodium dithionate
(0.75), and lactate (20). The buffer pH was 6.5,
and the cells were incubated for 1.5 h in a hu-
midified cell culture incubator (21% O,, 5% CO,,
37°C). Reperfusion was initiated by returning the
cells to the normal culture medium for 4 h in a hu-
midified cell culture incubator (21% O,, 5% CO,,
37°C).

Preparation of Perfused Isolated
Rat Hearts

As  previously described’, the male
Sprague-Dawley rats were anesthetized with so-
dium pentobarbital (50 mg/kg, intraperitoneal in-
jection). The hearts were rapidly excised, placed
in the ice-cold Krebs-Henseleit buffer (KHB), and
mounted for retrograde perfusion using a modi-
fied Langendorff technique. To establish the IRI
model, isolated perfused rat hearts were subject-
ed to 45 min of ischemia followed by 120 min of
reperfusion. The left ventricular developed pres-
sure (LVDP) of the hearts was monitored using
a transducer (Model 100 BP; BIOPAC Systems,
Inc., Goleta, CA, USA).
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Experimental Protocol

Step 1: Evaluate the viability of H9c2 cells
after Cur pretreatment. The H9c2 cells were
randomly divided into control and Cur (2.5,
5, 10 uM) groups. The effects of 0.1 and 100
uM Cur on H9c2 cells were also explored. The
MTT results demonstrated that 0.1 uM Cur did
not improve cell viability (compared to the IR
group) and that 100 uM Cur was not better than
10 pM Cur in improving cell viability. How-
ever, no statistical differences were observed
when comparing the effects of 5 uM and 10 uM
Cur on cell viability. Therefore, 5 uM Cur was
selected for this study.

Step 2: Investigate the role of SIRT3 in the
myocardial protection induced by pretreatment
with Cur or the SIRT3 inhibitor 3-TYP in H9c2
cells. First, we assessed the apoptotic index of
HO9c2 cells. The H9¢2 cells were randomly di-
vided into control, IR, Cur (6 uM) + IR, Cur (5
uM) + 3-TYP (6 uM) + IR, and 3-TYP (5§ uM) +
IR groups. Then, we detected the effects of Cur
pretreatment on SIRT3, acetylated SOD2, Bcl-2,
and Bax expression in [R-injured H9¢2 cells. The
H9c¢2 cells were randomly divided into IR, Cur (5
uM) + IR, Cur (5 uM) + 3-TYP (5§ uM) + IR, and
3-TYP (5§ uM) + IR groups.

Step 3: Assess the role of SIRT3 in the pro-
tection of H9¢c2 cells induced by Cur or 3-TYP
pretreatment against oxidative stress. We used
commercially available kits to measure the intra-
cellular SOD, GSH-Px, and MDA contents. The
cardiomyocytes were randomly divided into IR,
Cur (5 uM) + IR, Cur (5 uM) + 3-TYP (5 uM) +
IR, and 3-TYP (5 uM) + IR groups.

Step 4: Investigate the role of SIRT3 in myo-
cardial protection after pretreatment with Cur
or SIRT3 inhibitor 3-TYP in isolated rat hearts.
The hearts were randomly divided into IR, Cur (1
uM) + IR, Cur (1 uM) + 3-TYP (1 uM) + IR, and
3-TYP (1 uM) + IR groups.

Analysis of Cell Viability

An MTT assay was performed to assess H9c2
cell viability. After the H9¢c2 cells were treated
and washed with PBS, 100 pL of 0.5 uM MTT
solution in phenol red-free DMEM was added
to the cells, and the samples were incubated
for 4 h at 37°C. The results were determined
by measuring absorbance at 490 nm, using a
spectrophotometer (SpectraMax 190, Molecu-
lar Device, San Jose, CA, USA), and H9c2 cell
viability was expressed as an optical density
(OD) value. In addition, cell morphology was
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observed under an inverted/phase contrast mi-
croscope, and pictures were captured using an
Olympus BX61 microscope (Tokyo, Japan).

Cellular Apoptosis Assay

Cellular apoptosis was analyzed by perform-
ing a TUNEL assay using an in situ cell death
detection kit. A double-staining technique was
used, according to the manufacturer’s instruc-
tions. After the H9c2 cells were fixed in para-
formaldehyde (4%) for 24 h, the TUNEL assay
was performed to stain the nuclei of apoptotic
cells (green), and 4'6-diamino-2-phenylindole
(DAPI) was used to stain the nuclei of all the
cells (blue). Pictures were taken at an original
magnification of X200. The apoptotic index was
expressed as the number of positively stained
apoptotic H9¢2 cells/the total number of H9c2
cells counted x100%.

Western-blot Analyses

The H9c2 samples were homogenized in
lysis buffer containing 50 mmol/L Tris-HCL
(pH 7.3), 150 mmol/L NaCl, 5 mmol/L EDTA,
1 mmol/L dithiothreitol, 1% Triton X-100, and
1% protease inhibitor cocktail. The lysates
were centrifuged for 15 min at 12,000 rpm.
After the protein concentration was quanti-
fied, 30 ug of total protein was separated using
sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) electrophoresis
and, then, transferred to nitrocellulose mem-
branes. The membranes were blocked for 1 h
in Tris-buffered saline and Tween 20 (TBST,
pH 7.6) containing 5% non-fat dry milk, and
were then incubated overnight at 4°C with an-
tibodies for SIRT3 (1:500 dilution), Bcl-2, Bax,
AcSOD2, and B-actin (1:1000 dilution). Af-
ter three TBST washing, the membranes were
probed with appropriate secondary antibodies
(1:5000 dilution) at room temperature for 90
min and then washed as described above. The
protein bands were detected using chemilu-
minescence and quantified using the Quantity
One software package (Bio-Rad, Hercules, CA,
USA). The results of the control group were de-
fined as 100%.

Measurement of the Intracellular
Contents of SOD, GSH-Px, and MDA

As described previously'®, the activities of
SOD, GSH-Px, and MDA were determined using
commercially available kits. All procedures were
performed in complete compliance with the man-
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ufacturer’s instructions. The enzyme activities
were expressed as units per milligram of protein.
The assay for measuring SOD activity was based
on the ability of SOD to inhibit the oxidation of
hydroxylamine by O, produced from the xan-
thine-xanthine oxidase system. One unit of SOD
activity was defined as the amount that reduced
the absorbance at 550 nm by 50%. The assay used
to measure GSH-Px activity was performed by
quantifying the rate of oxidation of reduced glu-
tathione to oxidized glutathione by H,O,, which
is catalyzed by GSH-Px. One unit of GSH-Px was
defined as the amount that reduced the GSH level
by 1 uM at412 nm in 1 min/mg protein. MDA was
measured at 532 nm by its reaction with thiobarbi-
turic acid to form a stable chromophoric product.
The MDA level was expressed as nanomoles per
milligram protein.

Myocardial Infarct Size

The myocardial infarct size in vitro was eval-
uated using TTC staining. Each treated heart
was rapidly excised and serially sectioned
along the long axis into six slices. This step was
followed by incubation in 1% TTC for 10 min
at 37°C to demarcate the viable and nonviable
myocardium. The six-myocardial sections were
individually weighed. The isolated hearts were
subjected to global ischemia; therefore, the en-
tire ventricle was considered as the infarcted
area and the area at risk (AAR). The normalized
infarct size was expressed as the ratio of the in-
farct size to the total AAR. An observer (blind
protocol) was assigned to assess the percentage
of the infarcted area using a computer-assisted
planimetry technique (OPTIMAS v. 5.2; BioS-
can Inc., Edmonds, WA, USA) on randomly
chosen fields under high-power magnification.
The apoptotic index was expressed as the ratio
of positively stained apoptotic myocytes to the
total number of myocytes counted x100%.

Measurement of LDH Release

Lactate dehydrogenase (LDH) release is usu-
ally measured to evaluate the presence of necrot-
ic cell death. The levels of LDH in the coronary
effluent were determined using an ELISA kit,
according to the manufacturer’s instructions.
The amount of LDH released during the 60 min
of reperfusion was measured by calculating the
total amount of LDH from the coronary effluent
of individual 5-min collections. The amount of
LDH was normalized against the wet weight of
the heart and expressed as [U/g.

Statistical Analysis

Data were analyzed using GraphPad Prism 5.0
statistical software (La Jolla, CA, USA). All the
values are presented as the mean =+ standard er-
ror of the mean (SEM). Group comparisons were
performed using one-way ANOVA (SPSS 13.0),
followed by Tukey’s test. A difference of p < 0.05
was considered statistically significant.

Results

Effect of Pretreatment with Cur at
Different Concentrations on Cell Viability

Compared with that in the IR group, pretreat-
ment with Cur (2.5, 5, 10 uM) significantly in-
creased cell viability; Cur treatment had no effect
on cell viability compared to the control group. In
addition, when the groups treated with different
concentrations of Cur were compared with each
other, cell viability was significantly increased in
the Cur (5, 10 uM) groups compared with the Cur
(2.5 uM) group (Figure 1).

Effect of Pretreatment with Cur and
SIRT3 Inhibitor 3-TYP on the Apoptotic
Index and Protein Expression in
3-TYP-injured Cardiomyocytes

Cur (5 pM) pretreatment significantly de-
creased the apoptotic index compared to that in
the control and IR groups (Figure 2A). However,
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Figure 1. Effect of Cur on H9C2 cell viability following
ischemia and reperfusion Each bar represents the mean +
SEM. Cur 2.5, 5, and 10 represent the concentrations of cur-
cumin at 1, 5, and 20 mM, respectively. n = 6, **p < 0.01 vs.
control, #p <0.01 vs. IR, **p <0.01 vs. Cur 2.5 + IR. Cur, cur-
cumin; Cur 2.5 + IR, ischemia/reperfusion with 2.5 mM Cur.
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in the Cur pretreatment group, the protective ef-
fect of Cur pretreatment was abolished by SIRT3
inhibitor 3-TYP (Figure 2A and B). In addition,
Cur pretreatment significantly increased Bcl-2
levels and decreased Bax levels in cardiomyo-
cytes compared with those in the IR group. How-
ever, pretreatment with SIRT3 inhibitor 3-TYP (5
uM) abolished most of the protective effect and
increased the passive effect mediated by Cur pre-
treatment (Figure 2C).

To further evaluate the role of SIRT3, the
SIRT3 expression and its downstream protein Ac-
SOD expression were measured. We found that
Cur (5 uM) pretreatment significantly increased
SIRT3 and decreased AcSOD levels compared to
those in the IR group (Figure 3). More important-
ly, the Cur-induced protection effect on SIRT3
and AcSOD expression was abolished by SIRT3
inhibitor 3-TYP (5 uM) (Figure 3).

Effects of Cur Pretreatment and 3-TYP
on Oxidative Damage Indicators in
IR-injured Cardiomyocytes

Compared with the IR group, Cur (5 pM)
markedly increased SOD and GSH-Px activities,
and decreased MDA content. However, these al-
terations were blocked by SIRT3 inhibitor 3-TYP
(5 uM). SIRT3 inhibitor 3-TYP had no effect on
HO9c¢2 cells subjected to IR (Figure 4).

Effects of Cur Pretreatment on Cardiac
Function, Infarct Size, and LDH Release
in Isolated Rat Hearts

Cur (1 uM) pretreatment significantly in-
creased the functional recovery of post-ischemic
hearts, as demonstrated by significantly higher
LVDP throughout the reperfusion period in the
Cur pretreatment groups compared with that in
the IR group (Figure 5). LDH release (Figure 6C)
and the myocardial infarct size were significantly
increased in the hearts subjected to IR. Cur could
significantly reduce infarct size and LDH release
compared with the IR group (Figure 6A and B).
Moreover, this effect was reversed by SIRT3 in-
hibitor 3-TYP (1 uM) (Figure 6A and B). Howev-
er, 3-TYP had no effect on the hearts that suffered
from IR (Figures 5 and 6).

Discussion
IRI in cardiomyocytes plays an important

role in ischemic heart disease. It is harmful
to the cardiovascular system and is responsi-
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ble for cardiac failure, morbidity, and mortal-
ity after cardiac operations, and myocardial
infarction'”*. Some reports* have shown that
mitochondrial SIRT3 plays an essential role
in mediating cell survival and that resvera-
trol protects cardiomyocytes from oxidative
stress-induced apoptosis by activating SIRT3.
Some studies* have also indicated that cur-
cumin (Cur) pretreatment protects cardiomyo-
cytes from IRI-induced apoptosis by activating
SIRT1. However, the exact mechanism under-
lying the prevention of IRI in cardiomyocytes
by Cur pretreatment, i.e., whether this occurs
through SIRT3 activation, has not been eluci-
dated.

Curcumin, the active component of the tradi-
tional Chinese drug Curcuma longa, has a wide
spectrum of biological functions, including an-
ti-inflammatory, antioxidant, cardioprotective,
and anticancer properties, and lacks toxic and
mutagenic activities”?’. Curcumin has been
tested as a potential therapeutic agent in several
pathological conditions, including cardiovascular
disease and other vascular dysfunctions®.

SIRT3 is a class III histone deacetylase
(HDAC). AceCS2, the major mitochondrial
NAD-dependent lysine deacetylase, regulates
a variety of functions, and its inhibition may
disrupt mitochondrial function, thereby im-
pacting recovery from IRI?®. The transcription
factors FoxO3a and Ku70 are also substrates of
SIRT3%-3!. Overexpression of SIRT3 in brown
adipocytes activates CREB phosphorylation
and results in the stimulation of PGC-1la gene
expression, and consequently decreases cel-
lular reactive oxygen species (ROS) levels®.
SIRT3 is highly expressed in cardiac cells and
has attracted attention because of its direct
link to the length of life. The hearts of SIRT3 "~
mice are highly susceptible to hypertrophy and
fibrosis, whereas SIRT3 overexpression pro-
tects cardiomyocytes against stress-mediated
cell death®’. Thus, SIRT3 can regulate cellular
metabolism and gene expression. According to
another study®!, SIRT3 deacetylates and acti-
vates SOD2.

Fiorillo et al'? confirmed that the myocardial
protective effects of Cur are attributed not only to
its antioxidant properties but also to other mecha-
nisms. Heme oxygenase-1, INK, eNOS, NF-kap-
pa B, activating protein-1, peroxisome prolifera-
tor-activated receptor gamma, sirtuin 1, and the
process of autophagy have been reported to play
a role in the protective effects of Cur in endothe-
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Figure 2. Effect of Cur and 3-TYP pretreatment on the apoptotic index and protein expression in H9¢2 cells subjected to
ischemia and reperfusion. (4) Representative images of the apoptotic cardiomyocytes are shown. The apoptotic cells were
detected using immunofluorescent staining with TUNEL (green), and DAPI (blue) staining was used to label the nuclei. a.
Control, b. IR, c. Cur + IR, d. Cur+3-TYP + IR, e. 3-TYP + IR. Scale bar, 20 mm (B) Group results regarding the apoptotic in-
dex. (C) Representative blots for Bcl-2, Bax protein, and B-actin. (D and E) Group results regarding densitometric analyses for
Bcl-2 and Bax. (F) Group results regarding the ratio of Bcl-2 and Bax. Each bar represents the mean = SEM. n = 6, **p < 0.01
vs. IR, #p < 0.01 vs. Cur + IR. Cur + IR, ischemia/reperfusion with 5 mM Cur. 3-TYP, 3-(1H-1,2,3-triazol-4-yl)pyridine; CuR
+ 3-TYP + IR, ischemia/reperfusion with 5 mM Cur and 5 mM 3-TYP; 3-TYP + IR, ischemia/reperfusion with 5 mM 3-TYP.
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Figure 3. Effect of Cur and 3-TYP pretreatment on SIRT3
and acetylated SOD2 expression in H9¢2 cells subjected
to ischemia and reperfusion. (A) Representative blots for
SIRT3, AcSOD2, and B-actin protein levels. (B) Group re-
sults regarding densitometric analyses for SIRT3. (C) Group
results regarding densitometric analyses for AcSOD2. Each
bar represents the mean = SEM. n = 6, **p < 0.01 vs. IR, *p
<0.01 vs. Cur + IR. The definitions of the abbreviations are
as provided in the legends for Figures 1 and 2.
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Figure 4. Effects of Cur and 3-TYP pretreatment on oxi-
dative damage in H9¢2 cells subjected to ischemia and re-
perfusion. (4) Total SOD activity in cardiomyocytes; (B)
GSH-Px enzymatic activity in cardiomyocytes; (C) MDA
production in cardiomyocytes. Each bar represents the
mean + SEM. n = 6, **p <0.01 vs. IR, *p < 0.01 vs. Cur +
IR. The definitions of the abbreviations are as provided in
Figures 1 and 2.
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Figure 5. Effects of Cur and 3-TYP pretreatment on the
function of isolated hearts subjected to ischemia and re-
perfusion. (4) Representative images of LVDP curves, as
monitored using an MP150 pressure transducer system. (B)
Group results on the recovery of LVDP at the end of perfu-
sion. Each bar represents the mean + SEM. n = 6, **p < 0.01
vs. the control group, “p <0.01 vs. IR, *¥p < 0.01 vs. Cur +
IR. The definitions of the abbreviations are as provided in
Figures 1 and 2.

lial cells with oxidative stress-induced injury*>+,
However, the role of the SIRT3 signaling pathway
in this process has not been previously identified.

Samant et al* investigated the role of SIRT3
in mediating the response to myocardial IR
and showed that compared to control hearts,
SIRT3(+/-) hearts were more vulnerable to IR,
and showed less functional recovery and greater
infarct size, suggesting that decreased SIRT3 lev-
els increase the susceptibility of the hearts to IRL.

Oxidative stress in cardiomyocytes plays an
important role in the pathogenesis of both heart
failure and IRI*. Superoxide dismutases (SODs)
are a class of enzymes that catalyze the detoxi-
fication of superoxide into oxygen and hydrogen
peroxide. SODs are believed to be present in all
oxygen-metabolizing organisms, and their physi-
ological role is to balance the levels of intracellular
ROS, which are products of aerobic metabolism
that are normally produced in the mitochondria.
Mitochondrial SOD2 is thought to play a crucial
role in controlling the level of oxygen and produc-
ing a large flux of ROS. Mutations in SOD2 are
associated with ageing and various human diseas-
es, including idiopathic cardiomyopathy, sporadic
motor neuron disease, and cancer®.

Oxidative stress-induced SOD2 expression
is believed to be an important cellular defense
mechanism*“¢. Chen et al** demonstrated that in-
creased ROS levels stimulate SIRT3 transcription,
leading to SOD2 deacetylation and activation. Ac-
cording to another report”, SOD2 deacetylation
by SIRT3 regulates SOD2 enzymatic activity.
SIRT3 deacetylates SOD2 in response to ionizing
radiation, indicating that SOD2 is a major down-
stream signal of SIRT3-mediated mitochondri-
al-derived O, reduction. SOD2 activity is tightly
regulated by acetylation at its lysine residues*.
Our data corroborate these previous findings and
suggest an inverse relationship between the acti-
vation of SIRT3 signaling and the inhibition of
AcSOD?2 expression. The SIRT3 inhibitor 3-TYP
significantly increased AcSOD2 expression and
reduced SIRT3 activity, thus abolishing the antia-
poptotic effect of Cur.

Conclusions

Our findings suggest that Cur treatment exerts
a profound cardioprotective effect against IRI-in-
duced apoptosis. This protection appears to be
largely due to modulation of the SIRT3 signaling
pathway. Thus, Cur may be a promising candidate
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Figure 6. Effects of Cur and 3-TYP pretreatment on myocardial necrosis in isolated rat hearts subjected to ischemia and reper-
fusion. (4) Representative TTC staining of heart slices. a. Control, b. IR, ¢. Cur + IR, d. Cur + 3-TYP + IR, e. 3-TYP + IR; (B)
Group results for myocardial infarct size; (C) Group results for LDH release. Each bar represents the mean + SEM. n = 6, **p <
0.01 vs. control, “p < 0.01 vs. IR, ¥*p < 0.01 vs. Cur + IR. The definitions of the abbreviations are as provided in Figures 1 and 2.

for the treatment of IRI to decrease morbidity and
mortality after cardiac operations and myocardial
infarction.
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