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A SIRT1 agonist reduces cognitive decline in type 2 diabetic rats
through antioxidative and anti-inflammatory mechanisms
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Abstract. Sirtuin 1 (SIRT1) is an NAD*-dependent protein
deacetylase that is involved in cell differentiation, aging,
apoptosis, physiological rhythms, metabolic regulation,
oxidative stress and numerous other important biological
processes. In the present study, the ability of a sirtuin-1 (SIRT1)
agonist, SRT1720,to reduce cognitive decline in type 2 diabetes
mellitus (T2DM) was investigated. Streptozotocin-induced
male Sprague-Dawley rats were used to establish a T2DM
model and the protective effect of SRT1720 and its underlying
mechanisms were investigated. Body weight and fasting blood
glucose (FBG) were recorded and cognitive function was
measured with the Morris water maze. Levels of oxidative
stress, inflammation, caspase-3 activity and nuclear factor
kB (NF-kB) mRNA expression were detected with a series of
commercial assay kits and reverse transcription-quantitative
polymerase chain reaction, respectively. Western blot analysis
was performed to determine the protein expression of
NF-«kB, endothelial nitric oxide synthase (eNOS), peroxisome
proliferator-activated receptor y (PPARY), AMP-activated
protein kinase (AMPK), heat shock 70 kDa protein (HSP70),
SIRT1, nuclear factor erythroid 2-related factor 2 (Nrf2) and
heme oxygenase 1 (HO-1). The results revealed that SRT1720
significantly increased body weight, decreased FBG, improved
cognitive function and reduced the levels of proteins associated
with oxidative stress and inflammation damage in T2DM rats.
Additionally, SRT1720 significantly decreased NF-kB p65
mRNA expression and increased eNOS and PPARY expression.
SRT1720 significantly reduced caspase-3 activity and HSP70
protein expression, and increased p-AMPK, SIRT1, Nrf2 and
HO-1 protein expression. Collectively, the results indicate that
SRT1720 may reduce cognitive decline in T2DM rats through
antioxidative and anti-inflammatory action via NF-xB and
AMPK-dependent mechanisms.
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Introduction

Due to lifestyle changes, the prevalence of type 2 diabetes
mellitus (T2DM) in China is increasing; the incidence rate of
T2DM is 12% (1,2) and complications associated with T2DM,
such as diabetes-associated cognitive decline (DACD), are
subsequently becoming increasingly prominent. DACD has
received increased attention due to its severe effects on health
and the quality of life of patients, including memory deficits
and neurasthenia (2).

Nuclear factor-kB (NF-xB) combines with NF-xB
inhibitor a (IkBa) in the cytoplasm in its inactive state during
T2DM/DADC. When activated, NF-xB dissociates from
IkBa, which exposes the localization sequence of NF-«xB.
Subsequently, NF-kB translocates to the nucleus to regulate
transcription (3,4). It induces the expression of proinflamma-
tory factors, including interleukin (IL)-1, intercellular adhesion
molecule 1 and tumor necrosis factor a (3,4).

Nuclear factor erythroid 2-related factor 2 (Nrf2) is a key
anti-oxidative transcription factor in T2DM/DADC (5). Early
prevention and treatment of diabetic cognitive dysfunction may
delay and reduce the incidence of dementia, thus improving
the quality of life of patients with diabetes (6).

Sirtuin 1 (SIRT1) is an NAD*-dependent protein deacety-
lase that is involved in cell differentiation, aging, apoptosis,
physiological rhythms, metabolic regulation, oxidative
stress and numerous other important biological processes.
Furthermore, it has an important biological role in transcrip-
tional regulation (7). Studies have demonstrated that SIRT1
is required for the maintenance of normal cognitive function
and synaptic plasticity regulation. It is also reported to exhibit
neuroprotective effects against Alzheimer's disease and other
degenerative disease, through thermoregulation, reduction of
AP protein deposition and antioxidative, anti-inflammatory and
antiapoptotic mechanisms (8). The present study investigated
the effect and underlying mechanisms of the SIRT1 agonist,
SRT1720, on cognitive decline in a rat model of T2DM.

Materials and methods

Experimental animals. Male Sprague-Dawley rats (n=40;
weight, 210+20 g; 8 weeks old) were purchased from Beijing
Vital River Laboratory Animal Technology Co., Ltd (Beijing,
China) and housed at 23+2°C with 50-60% humidity on a 12 h
light/dark cycle, free access to food and water access, with
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n=3 rats/cage. The present study was approved by the Ethics
Committee of the Chinese PLA General Hospital (Beijing,
China). Rats of the control group were subjected to a single
intraperitoneal injection of normal saline. Rats of T2DM
model were subjected to a single intraperitoneal injection of
streptozotocin saline (STZ; 65 mg/kg, Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) dissolved in 100 mM sodium
citrate buffer (pH 4.5) to induce T2DM. The body weight of the
T2DM rats was monitored. The fasting blood glucose (FBG)
of the T2DM rats was confirmed with an Optium Xceed FBG
meter (Abbott Pharmaceutical Co., Ltd., Lake Bluff, IL, USA).
Rats with blood glucose levels >300 mg/dl were considered
diabetic and used in subsequent experiments. The dose of
SRT1720 was selected based on a recent study (9). At 8 weeks
after the development of diabetes, rats were divided into four
groups: Normal control rats (n=6), T2DM rats (n=8), T2DM
rats treated with 25 mg/kg SRT1720 (MedChemExpress,
Monmouth Junction, NJ, USA) (n=8) and T2DM rats treated
with 50 mg/kg SRT1720 (n=8). Treatment group rats were
administered SRT1720 via gavage for 4 weeks. Rats of the
normal control group were treated with saline. Rats were
anesthetized with an intraperitoneal injection of pentobarbital
(35 mg/kg) and sacrificed by decapitation. Hippocampal
samples were collected and saved at -80°C.

Morris water maze test. After the 4 week SRT17200 treat-
ment period, the effect of SRT1720 on cognitive function was
evaluated with the Morris water maze test. Rats were trained
twice a day every day for 5 days and the test was performed
in a blind fashion. Swimming was video tracked and latency,
path length, swim speed and the cumulative distance from the
platform were recorded. Mean swim latency was evaluated on
each day. Following a probe trial, the mean time spent in the
correct quadrant containing the platform and the mean number
of times that mice crossed the former platform position during
60 sec was determined for day 5.

PC12 diabetic cell model. PC12 cells were purchased from
the Type Culture Collection of the Chinese Academy of
Sciences (Shanghai, China) and were cultured in Dulbecco's
modified Eagle's medium (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) containing 10% fetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc.) and antibiotics
at 37°C in 5% CO,. PC12 cells were treated with 25 mg/ml
glucose for 24 h at 37°C. Cells were divided into four groups:
Control group (25 mg/ml glucose only), SRT1720 (10 xM)
group, SRT1720 (10 pM) + Nrf2 agonist (curcumin, 25 uM,
MedChemExpress) group and SRT1720 (10 uM) + NF-xB
inhibitor (JSH-23, 2 uM, MedChemExpress) group. Groups
were treated for 24 h at 37°C.

Measurement of oxidative stress and inflammation.
Hippocampal samples or PC12 cells were homogenized and
protein was extracted with radioimmunoprecipitation assay
(RIPA) lysis buffer (BestBio, Shanghai, China). Levels of
glutathione (GSH, S0053), GSH peroxidase (GSH-PX, S0056),
superoxide dismutase (SOD, S0109), malondialdehyde (MDA,
S0131), IL-1p (P1303) and IL-6 (PI328) were detected by their
respective enzyme-linked immunosorbent assay (ELISA)
kits (Beyotime Institute of Biotechnology, Nanjing, China),
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according to the manufacturer's protocols. Absorbency was
measured at 450 nm.

Western blot analysis. Hippocampus Samples or PC12 cell
were homogenized and dissociated in RIPA lysis buffer
(Beyotime Institute of Biotechnology) and protein concentra-
tion was quantified via a Bicinchoninic Acid assay (Beyotime
Institute of Biotechnology). Equal amounts of protein (50 pg)
were separated by 12% SDS-PAGE and transferred onto poly-
vinylidene difluoride membranes. Subsequently, membranes
were blocked in Tris buffered saline with 0.1% Tween-20
(TBST) containing 5% milk prior for 1 h at 37°C to incuba-
tion with the following primary antibodies overnight at 4°C:
Anti-NF-kB p65 (1:1,000; sc-71677), anti-endothelial nitric
oxide synthase (eNOS, 1:1,000; sc-136977), anti-peroxisome
proliferator-activated receptor y (PPARYy, 1:1,000; sc-1981),
anti-AMP-activated protein kinase (AMPK, 1:1,000;
cat. no. sc-74461), anti-heat shock 70 kDa protein (HSP70,
1:1,000; sc-6242), anti-SIRT1 (1:1,000; sc-135791), anti-Nrf2
(1:1,000; sc-722), anti-heme oxygenase 1 (HO-1, 1:1,000;
sc-136960) and anti-f-actin (1:5,000; sc-1615; all Santa Cruz
Biotechnology, Inc., Dallas, TX, USA). Following three
washes with TBST, the membrane was incubated with goat
anti-rabbit IgG-horseradish peroxidase (1:5,000; sc-2004;
Santa Cruz Biotechnology, Inc.) at room temperature for 2 h
with shaking according to the manufacturer's protocols. Bands
were visualized using BeyoECL Plus (Beyotime Institute of
Biotechnology) and densitometry analysis was performed with
Image Lab 3.0 (Bio-Rad Laboratories, Inc.).

Caspase-3 activity. Hippocampal samples or PC12 cell were
homogenized and dissociated in RIPA lysis buffer. Activity
was determined with a Caspase-3 Activity kit (cat. no. C1115;
Beyotime Institute of Biotechnology), according to the manu-
facturer's protocol. The sample mixture was incubated at 37°C
for 120 min and absorbance values were measured at 405 nm.

Statistical analysis. All data are presented as the
mean = standard deviation (n=3). All statistical tests were
conducted using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA).
Statistical significance was analyzed using one-way analysis
of variance followed by Dunnett's post-hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

SRTI1720 increases body weight and reduces FBG. The body
weight of the DM group was significantly decreased compared
with the control group. Notably, at the end of SRT1720 treat-
ment, the body weight of both SRT1720-treated groups was
significantly increased compared with the DM group (Fig. 1A).
The FBG of DM rats was significantly higher compared
normal control rats. SRT1720 treatment at both concentrations
significantly decreased FBG compared with the DM group
(Fig. 1B). In the DM group, the number of neurocyte was
reduced, compared with in the control group; treatment with
SRT1720 appeared to have increased the number of neurocyte
compared with the DM group (Fig. 1C). These results indi-
cated that SRT1720 treatment may increase body weight and
reduce FBG in T2DM rats.
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Figure 1. Effect of SRT1720 on body weight and FBG in a rat model of type 2 DM. (A) Body weight, (B) FBG levels, and (C) hippocampus analysis via H&E
staining in control, DM and SRT1720-treated DM rats. “P<0.01 vs. control group; ““P<0.01 vs. DM group. FBG, fasting blood glucose; DM, diabetes mellitus;

Con, control; SRT1 (25), 25 mg/kg SRT1720; SRT1 (50), 50 mg/kg SRT1720.
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Figure 2. Effect of SRT1720 on cognitive function in a rat model of type 2 DM. (A) Escape latency, (B) mean path length, (C) percentage of time spent in the
target quadrant, (D) the number of times animals crossed the former platform location for day 5 and (E) swimming speed were determined using Morris water
maze testing on control, DM and SRT1720-treated DM rats. “P<0.01 vs. control group; *P<0.01 vs. DM group. DM, diabetes mellitus; Con, control; SRT1

(25), 25 mg/kg SRT1720; SRT1 (50), 50 mg/kg SRT1720.

SRT1720 improves cognitive function. In the Morris water
maze testing, a significantly increased escape latency time
was recorded in DM rats after 2-4 days of training, compared
with control rats (Fig. 2A). Compared with the DM group,
SRT1720 treatment significantly reduced the escape latency
time (Fig. 2A). Additionally, the mean path length was notably
increased in the DM group compared with the control group
rats after 5 days of training; SRT1720 treatment reversed this
effect and the mean path length was significantly reduced
compared with the DM rats (Fig. 2B). Furthermore, on day
5, DM rats spent significantly less time in the target quadrant
compared with the control group rats (Fig. 2C). The frequency
that the animals crossed the former platform location was

also markedly reduced in DM rats compared with control rats
(Fig. 2D). SRT1720 treatment in DM rats significantly reversed
these alterations to results that were similar to those of the
control group rats (Fig. 2C and D). No significant difference
in swimming speed was determined among experimental
groups (Fig. 2E). Taken together, these results demonstrated
that SRT1720 may reduce cognitive impairment in rats with
T2DM.

SRTI1720 reverses DM-induced alterations in GSH-PX, GSH,
SOD and MDA levels. Compared with the control group, the
results of ELISA demonstrated that the levels of GSH-PX
(Fig. 3A), GSH (Fig. 3B) and SOD (Fig. 3C) were notably
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Figure 3. Effect of SRT1720 on DM-induced alterations in GSH-PX, GSH, SOD and MDA levels in hippocampal tissue of a rat model of type 2 DM. ELISA

was performed to determine the levels of (A) GSH-PX, (B) GSH, (C) SOD and (D) MDA in control, DM and SRT1720-treated DM rats.

P<0.01 vs. control

group; “P<0.01 vs. DM group. DM, diabetes mellitus; GSH, glutathione; GSH-PX, glutathione peroxidase; SOD, superoxide dismutase; MDA, malondialde-
hyde; Con, control; SRT1 (25), 25 mg/kg SRT1720; SRT1 (50), 50 mg/kg SRT1720.
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Figure 4. Effect of SRT1720 on DM-induced alterations in IL-1f, IL-6 and NF-kB p65 expression in hippocampal tissue of a rat model of type 2 DM. ELISA
was performed to determine the levels of (A) IL-1f and (B) IL-6 in control, DM and SRT1720-treated DM rats. (C) Densitometric analysis was performed on
western blotting results to quantify NF-kB p65 expression in control, DM and SRT1720-treated DM rats. (D) Representative western blot bands for NF-kB p65
protein expression in each group. “P<0.01 vs. control group; #P<0.01 vs. DM group. DM, diabetes mellitus; IL, interleukin; NF-kB, nuclear factor-xB; Con,

control; SRT1 (25), 25 mg/kg SRT1720; SRT1 (50), 50 mg/kg SRT1720.

reduced in DM rats. However, SRT1720 treatment signifi-
cantly increased these levels compared with the DM group
(Fig. 3A-C). By contrast, MDA levels were significantly
increased in DM rats compared with the control group, and
SRT1720 treatment markedly reduced this MDA content in
DM rats (Fig. 3D). These results indicate that SRT1720 may
reduce the level of oxidative stress in rats with T2DM.

SRT1720 reduces NF-xB p65, IL-15 and IL-6 expression in DM
rats. Compared with the control group, ELISA results demon-
strated that IL-1p (Fig. 4A) and IL-6 (Fig. 4B) expression was
significantly increased in DM rats. In addition, western blot
analysis demonstrated that the protein expression of NF-kB p65
in DM rats was also significantly increased compared with the
control group (Fig. 4C and D). SRT1720 treatment significantly
reversed these effects and the expression of these proteins was
significantly reduced compared with DM rats. These results
indicate that SRT1720 may reduce inflammation in T2DM rats.

SRTI1720 increases eNOS, PPARy and AMPK expression. The
protein expression of eNOS, PPARy and AMPK was detected
by western blot analysis (Fig. 5A). Compared with the control
group, eNOS (Fig. 5A and B), PPARy (Fig. 5A and C) and
AMPK (Fig. 5A and D) protein expression was significantly
reduced in the DM model rats. However, SRT1720 treatment
significantly increased eNOS, PPARy and AMPK protein
expression in DM rats.

SRT1720 decreases the activity of caspase-3. Caspase-3
activity was significantly upregulated in DM rats compared
with the control group. Additionally, compared with the DM
group, caspase-3 activity was markedly downregulated in the
SRT1720 treatment groups (Fig. 6).

Effect of SRT1720 on the protein expression of HSP70,
SIRTI, Nrf2 and HO-1. The protein expression of HSP70,
SIRT1, Nrf2 and HO-1 was determined by western blot
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Figure 5. Effect of SRT1720 on DM-induced alterations in hippocampal tissue of DM rats. (A) Protein expression levels of eNOS, PPARy and AMPK were
detected by western blot analysis. Densitometric analysis of western blotting results was performed to quantify the protein levels of (B) eNOS, (C) PPARy
and (D) AMPK in control, DM and SRT1720-treated DM rats. The results demonstrated that the expression of eNOS, PPARy and AMPK was increased in the
SRT1720-treated groups compared with the DM group. “P<0.01 vs. control group; #P<0.01 vs. DM group. DM, diabetes mellitus; eNOS, endothelial nitric
oxide synthase; PPARY, peroxisome proliferator-activated receptor y; AMPK, AMP-activated protein kinase; Con, control; SRT1 (25), 25 mg/kg SRT1720;
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Figure 6. Effect of SRT1720 on caspase-3 activity in hippocampal tissue of
DM rats. A caspase-3 activity assay kit was used to determine the activity of
caspase-3 in control, DM and SRT1720-treated DM rats. “'P<0.01 vs. control
group; “P<0.01 vs. DM group. DM, diabetes mellitus; Con, control; SRT1
(25), 25 mg/kg SRT1720; SRT1 (50), 50 mg/kg SRT1720.

analysis (Fig. 7A). It was revealed that HSP70 expression
was significantly increased (Fig. 7B), while SIRT1 (Fig. 7C),
Nrf2 (Fig. 7D) and HO-1 (Fig. 7E) expression was markedly
suppressed, in the DM group compared with the control group.
Furthermore, compared with the DM group, HSP70 expres-
sion was significantly reduced (Fig. 7B), and SIRT1, Nrf2 and
HO-1 expression was markedly increased, in the SRT1720
treatment groups. These results indicate that SRT1720 may
reduce cognitive decline in diabetic rats through antioxida-
tive and anti-inflammatory mechanisms, potentially via a
SIRT1/Nrf2-NF-«kB signaling pathway.

NF-kB inhibitor enhances the anti-inflammatory effects of
SRT1720.Toidentify therole of NF-«B in the anti-inflammatory
effects of SRT1720, the protein expression of NF-xB, IL-1f and
IL-6 was analyzed in a PC12 diabetic cell model treated with
an NF-«B inhibitor (Fig. 8). ELISA was performed to measure
IL-1p (Fig. 8A) and IL-6 (Fig. 8B) levels, and western blotting
was performed to measure NF-xB p65 levels (Fig. 8C and D).
The results demonstrated that SRT1720 treatment significantly
reduced NF-«xB p65, IL-1p and IL-6 expression compared with
control diabetic cells. Furthermore, compared with SRT1720
treatment alone, combination treatment with an NF-xB

inhibitor further decreased the expression of these proteins in
PC12 diabetic model cells.

Nrf2 enhances the antioxidative effects of SRT1720. To iden-
tify the role of Nrf2 in the antioxidative effects of SRT1720, the
protein expression of HO-1 and Nrf2 was detected in a PC12
diabetic cell model treated with Nrf2 agonist using western
blot analysis (Fig. 9). Compared with the control diabetic
cells, SRT1720 treatment significantly increased the protein
expression of HO-1 and Nrf2, while combined treatment with
SRT1720 and Nrf2 agonist further increased the expression of
Nrf2 and HO-1 (Fig. 9). Additionally, the levels of GSH-PX
(Fig. 10A), GSH (Fig. 10B), SOD (Fig. 10C) and MDA
(Fig. 10D) were detected by ELISA in a PC12 diabetic cell
model treated with Nrf2 agonist. Compared with the control
group, GSH-PX, GSH and SOD levels were significantly
increased in the SRT1720 treatment group (Fig. 10A-C), an
effect that was enhanced in the combination treatment group.
By contrast, MDA levels were significantly decreased in PC12
cells treated with SRT1720, compared with control group, and
combination treatment with Nrf2 agonist further decreased
MDA levels (Fig. 10D).

Discussion

Population ageing and geriatric disease have become impor-
tant social and medical problems as social economy and
medical science have advanced (10). Among the various types
of geriatric disease, the incidence of cognitive impairment
has distinctly increased, leading to severe impairments in the
quality of life of patients and heavy burdens to the families of
patients and society (11). The present study demonstrated that
SRT1720 reversed reductions in body weight, reduced FBG
and improved cognitive function in a rat model of T2DM.
Furthermore, SRT1720 upregulated GSH-PX, GSH and
SOD levels, and downregulated levels of MDA, in DM rats.
Consistent with the findings of the present study, Ding et al (12)
reported that improvements observed in rat cognitive deficits
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downregulated NF-kB and upregulated eNOS expression in
DM rats.

AMPK is involved in the regulation of glycometabolism
and fat metabolism, and leads to effects on various functions,
including energy metabolism and signal transduction (15).
AMPK activity is regulated and controlled by the AMP/ATP

following hyperbaric oxygen preconditioning was mediated
by SIRTI. These results demonstrate that SRT1720 may have
potential as a novel drug for cognitive impairment in diabetes.

NF-kB is a major immunomodulatory factor that has
important roles in cells and peripheral body fluids, and is
among the strongest immunomodulatory factors within the

body (13). T2DM pathogenesis typically involves b cell injury
in the islet of Langerhans, which is caused by the chronic acti-
vation of nonspecific immunity by increased blood glucose,
saturated fatty acid and adipose tissue levels (14). In the present
study, the rat tissues were analyzed by western blotting. The
results of the present study revealed that SRT1720 significantly

ratio (16). The present study revealed that SRT1720 markedly
increased PPARy and AMPK protein expression, and reduced
caspase-3 activity, in DM rats. Yang et al (15) demonstrated
that the upregulation of SIRT1-AMPK ameliorated liver injury
in hepatic stellate cells through PPARY expression. AMPK
activity is a major regulator of metabolic homeostasis, which



1046

b=

hal

tn
"
S

HO-1 protein expression
fold of control)
OO = = NN WWws
ononmnounonmo
-;

SRAT1+Nri2
agonist

MOLECULAR MEDICINE REPORTS 19: 1040-1048, 2019

B 5.0
§ 45 z
0 -
23 4.0
g .23.5
5 g30r 14
£ ..;2.5
2 3 20
gl
w —1.0
S 05
0.0 .
Con SAT1 SAT1+Nrf2
agonist

-
o

Con SRT1

GAPDH

SRT1+Nrf2
aganist

Figure 9. Effect of a Nrf2 agonist on the antioxidative action of SRT1720 in PC12 diabetic model cells. Densitometric analysis was performed on western blot-
ting results to quantify (A) HO-1 and (B) Nrf2 protein expression in control, SRT1720-treated and SRT1720 + Nrf2 agonist-treated PC12 diabetic model cells.

(C) Representative western blot bands for HO-1 and Nrf2 protein expression in each group. Curcumin was employed as the Nrf2 agonist. *

“P<0.01 vs. control

group; “P<0.01 vs. SRT1 group. Nrf2, nuclear factor erythroid 2-related factor 2; HO-1, heme oxygenase 1; Con, control; SRT1, 50 mg/kg SRT1720;

SRT1 + Nrf2 agonist, 50 mg/kg SRT1720 + 25 uM curcumin.
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Figure 10. Effect of a Nrf2 agonist on GSH-PX, GSH, SOD and MDA levels in PC12 diabetic model cells treated with SRT1720. ELISA was performed to
determine the levels of (A) GSH-PX, (B) GSH, (C) SOD and (D) MDA in control, SRT1720-treated and SRT1720 + Nrf2 agonist-treated PC12 diabetic model
cells. Curcumin was employed as the Nrf2 agonist. “P<0.01 vs. control group; “P<0.01 vs. SRT1 group. Nrf2, nuclear factor erythroid 2-related factor 2; GSH,
glutathione; GSH-PX, glutathione peroxidase; SOD, superoxide dismutase; MDA, malondialdehyde; Con, control; SRT1, 50 mg/kg SRT1720; SRT1 + Nrf2

agonist, 50 mg/kg SRT1720 + 25 uM curcumin.

is regulated by reactive oxygen species (17). The present study
revealed that SRT1720 increased eNOS and AMPK expres-
sion in DM rats. Similar results were reported by Liu ez al (18),
who demonstrated that HSP70 protected mice against lung
ischemia/reperfusion injury through the SIRT1/AMPK/eNOS
signaling pathway.

The antioxidative and anti-neurotoxic effects of
Nrf2 have been widely recognized (5,19). Additionally,
therapy targeting the kelch-like ECH-associated protein 1
(Keapl)-Nrf2-antioxidant response element (ARE) signaling
pathway has become the focus of research at present (19).
It has been suggested that inhibiting the Keapl-Nrf2-ARE
pathway may result in endothelial dysfunction, vascular
endothelial dysfunction and insulin resistance (19). Therefore,
regulation of Nrf2 expression is expected to be a potential

means for the prevention and treatment of diabetes and its
complications. The present study demonstrated that SRT1720
treatment significantly reversed the inhibition of Nrf2 and
HO-1 expression observed in DM rats. Furthermore, when
SRT1720 was combined with a Nrf2 agonist, curcumin, Nrf2
and HO-1 expression was further induced in PC12 cells treated
with SRT1720. Additionally, the Nrf2 agonist increased
the levels of GSH-PX, GSH and SOD, and inhibited MDA
levels, in PC12 cells treated with SRT1720. Xue et al (20)
reported that SIRT1 may be involved in a Nrf2/antioxidant
defense pathway against transient focal cerebral ischemia.
SRT1720 may also regulate the Nrf2/HO-1/antioxidant
pathway in diabetic cognitive impairment. Liu er al (21)
demonstrated that licochalcone A reduced oxygen-glucose
deprivation/reperfusion damage by attenuating oxidative
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stress injury and the inflammatory response via SIRT1/Nrf2
signaling in rat primary cortical neurons. The results of
the present study revealed that SRT1720 may regulate the
SIRT1/Nrf2 pathway to inhibit oxidative stress and cognitive
dysfunction in diabetes.

SIRT1 is essential for normal cognitive function and synaptic
plasticity (22). It has been demonstrated that SIRT1-knockout
mice exhibit immediate memory defects, short-term and
long-term associative memory impairment, dendritic tree
branching of hippocampal neuron and reductions in neurite
length and complexity. This suggests that SIRT1 may be essen-
tial in normal spatial learning and the regulation of synaptic
plasticity (23). Long-term calorie restriction has been reported
to inhibit NF-kB, thus reducing its proinflammatory effect (24).
The present study revealed that an NF-xB inhibitor, JSH-23,
further suppressed NF-xB expression, as well as IL-1$ and
IL-6 levels, in PC12 cells treated with SRT1720. Liu et al (25)
reported that SIRT1 may mediate NF-«B in human alveolar
epithelial cells. Taken together, these results demonstrate that
SRT1720 may regulate the inflammatory defense system to
suppress NF-xB and subsequently reduce cognitive impairment
in diabetes.

In conclusion, the results of the present study indicate that
SRT1720 may possess antioxidant and anti-inflammatory
properties and may reduce cognitive decline through a
Nrf2-NF-kB-dependent mechanism in T2DM rats. These
findings indicate that SRT1720 may have potential as a drug
for the treatment of cognitive decline in diabetes.
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