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Background: Puerarin, an active compound of radix puerariae, is a major compound used in 
Chinese herbal medicines and it has been well known for its pharmacological effects, 
including antioxidant, anti-inflammatory, neuroprotective and cardioprotective properties. 
The aim of the present study was to determine the role of puerarin (Pue) in complete 
Freund’s adjuvant (CFA)-induced trigeminal neuralgia (TN) and the effects of this compound 
on Sirt1 activity and on the progression of CFA-induced TN.
Methods: Mice were injected with CFA on the unilateral face to induce TN. A cell model of 
inflammation-associated TN was established by interleukin-1β (IL-1β; 10 ng/mL) and tumor 
necrosis factor-α (TNF-α; 50 ng/mL) stimulation of neurons. Reverse transcription- 
quantitative PCR and Western blot analyses were performed to analyze mRNA and protein 
expression levels in trigeminal ganglion and nerve cells. Terminal-deoxynucleotidyl transfer-
ase mediated nick end labeling (TUNEL) staining was used to determine nerve cell apoptosis 
following IL-1β/TNF-α or Pue treatment.
Results: Pue is a conceivable Sirtuin1 (Sirt1) activator used for the prevention of trigeminal 
nerve injury that attenuates CFA-induced TN and inflammatory cytokine-evoked overactiva-
tion of neuronal inflammation and apoptosis. Treatment of mice with inflammatory cytokines 
induced upregulation of cleaved caspase-3 protein expression, which was neutralized by Pue 
supplementation. Both in vivo and in vitro experiments led to the conclusion that Pue 
modulated Sirt1 activation and repressed transforming growth factor-β1 (TGF-β1) protein 
expression and drosophila mothers against decapentaplegic homolog3 (Smad3) phosphoryla-
tion in order to exert neuroprotection.
Conclusion: The findings suggested that Pue functioned as a potential Sirt1 activator to 
improve neuroinflammation-induced TN and neuronal apoptosis via the suppression of TGF- 
β1/Smad3 activity. The pharmacological activity of Pue provides a new perspective for the 
effective prevention and treatment of TN.
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Introduction
Trigeminal neuralgia (TN) is a common cerebral neuropathy, which is characterized 
by paroxysmal severe pain in the facial distribution of the trigeminal nerve.1 TN is 
associated with nervous lesions and the induction of inflammatory response.2,3 At 
present, pharmacological management is the mainstay for treatment of TN. For 
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example, carbamazepine, baclofen, gabapentin, lidocaine 
and sumatriptan, are effective to alleviate pain in patients 
with TN.4–6 In addition, pro-inflammatory mediators have 
been shown to enhance hyperalgesia of orofacial tissues.7,8 

Therefore, anti-inflammatory medications, such as TNF-α, 
IL-1β, and interleukin-6 (IL-6) receptor inhibitors, restrain 
neuronal hypersensitivity following nerve injury.2,9,10

Transforming growth factor-β (TGF-β) functions to 
regulate embryonic development, cell proliferation differ-
entiation, migration, wound repair, immune system regula-
tion. Smad3, a transcription factor, is a critical mediator of 
TGF-β signaling pathway.11 Sirtuin 1 (SIRT1), a NAD+ 
dependent deacetylase that has been reported to modify 
a number of transcription factors plays vital roles in TGF- 
β/Smad pathway inhibition.12 Earlier studies have shown 
that TGF-β has a protective role for TGF-b signaling 
against the pathological neural plasticity underlying neu-
ropathic pain in animal models by targeting both neurons 
and glial cells.13–15

Puerarin (Pue) is an isoflavone derivative and a major 
bioactive component extracted from the traditional 
Chinese herbal medicine Pueraria lobata.16 Pue was ori-
ginally identified as a cardioprotective agent.16,17 

Moreover, the anti-inflammatory and analgesic properties 
of Pue have also been reported in diverse experimental 
animal models.18,19 For instance, Pue attenuates carragee-
nan and CFA-induced inflammatory pain.18 Pue relieves 
radicular pain of lumbar disc herniation by repressing the 
activation of microglia.19 However, the role of Pue in 
CFA-induced TN has not been investigated previously.

Previous studies have documented that multiple signal-
ing pathways, including transient receptor potential vanil-
loid 1, calcitonin gene-related peptide, β1 subunit of Nav 

1.8, P2X3 receptor and extracellular signal regulated 
kinase, are implicated in puerarin-mediated remission of 
neuropathic pain.19–22 Sirt1 is a member of the sirtuin 
family and functions as a NAD+-dependent protein deace-
tylase in order to improve age-related diseases.23–25 

Accumulating evidence has revealed that reduction of 
Sirt1 contributes to the development of neuropathic pain, 
accompanied with the deregulation of its downstream 
targets.26,27 CFA- induced downregulation of Sirt1 in the 
spinal cord, which was associated with inflammatory 
pain.28 The Sirt1 agonists, icariin and resveratrol (Res), 
block inflammatory response and the development of noci-
ceptive sensitization.29,30 The present study, therefore, was 
designed to examine whether administration of Pue has 
anti-inflammatory effects in the mouse adjuvant TN 

model, induced using complete Freund’s adjuvant (CFA). 
In this study, percutaneous trigeminal nerve stimulation by 
CFA was performed to establish a mouse model with TN. 
Furthermore, the role of Pue and the changes in Sirt1 
mRNA and protein expression levels were determined 
with regard to the progression of CFA-induced TN.

Materials and Methods
Animal Model
A total of 24 male C57BL/6J mice (8-week-old; 22±2 g; 
n = 6 in each group) were obtained from the Animal 
Laboratory Center of Zhongnan Hospital of Wuhan 
University and fed under standard laboratory conditions 
with a temperature-controlled environment (temperature: 
25 ± 2°C; humidity: 60±5%) and an artificial 12-h light/ 
dark cycle. The mice received CFA (Sigma-Aldrich; 
Merck KGaA) injection in the unilateral face as described 
previously31 and were fed within individual cages and 
divided into four groups as follows: Con group mice that 
received normal saline treatment; CFA group mice that 
received CFA subcutaneous injection on the unilateral 
face with three different sites (30 μL/site); CFA+ Pue 
group mice that received CFA injection combined with 
Pue (100 mg/kg/day; Sigma-Aldrich; Merck KGaA) sup-
plementation; CFA+Res group mice that received CFA 
injection combined with Res (100 mg/kg/day; Sigma- 
Aldrich; Merck KGaA) supplementation. The effective 
concentration of Pue ranges from 50 mg/kg to 100 mg/ 
kg, according to previous studies.18,32–34 After following 
Pue or Res treatment for 12 days, a total of 24 mice were 
immediately sacrificed by an intravenous injection of 
sodium pentobarbital (100mg/kg; Sigma-Aldrich; Merck 
KGaA) under resting state. The mice were monitored in 
special housing conditions before euthanasia when the 
mice suffered from anxiety, pain and distress. Animal 
health and behavior were monitored once daily. When 
the mice suffered from any one or more of the following: 
scratching, weight loss, eating disorder and rapid breath-
ing, the mice should be immediately sacrificed. The eutha-
nasia was confirmed by cardio-respiratory arrest. 
Trigeminal ganglions were collected from mice to evaluate 
gene and protein expression. The animal experiments were 
approved by the Ethics Committee of Zhongnan Hospital 
of Wuhan University (Approval number: 
WHUA20180923a023). All experiments were conducted 
in accordance with the Institutional Committee for the 
Care and Use of Animals and guidelines from the Ethical 
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Standards for Investigations of Experimental Pain in 
Conscious Animals.35

Reverse Transcription-Quantitative PCR 
(RT-qPCR)
Total RNA in trigeminal ganglions and nerve cells was 
extracted using the TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). cDNA was synthesized using total 
RNA (2 μg) with moloney murine leukemia virus reverse 
transcriptase (Invitrogen;Thermo Fisher Scientific, Inc.). 
RT-qPCR was determined using an Applied Biosystems 
7300 Real-Time PCR System (Thermo Fisher Scientific, 
Inc.) with the TaqMan Universal PCR Master Mix 
(Thermo Fisher Scientific, Inc.). mRNA expression levels 
were calculated using the 2−ΔΔCq method as described 
previously.36

Head Withdrawal Thresholds
The mouse head withdrawal thresholds were analyzed 
using an electronic von Frey anesthesiometer (IITC Life 
Science) every day in the period of the animal experiment 
as described previously.37

Cell Culture
Mouse nerve cells were dissociated from trigeminal gang-
lia and cultured in DMEM/F12 (Invitrogen; Thermo Fisher 
Scientific, Inc.) as described previously.38 In the inflam-
mation-induced cell model of neuropathic pain, nerve cells 
were exposed to IL-1β (10 ng/mL) and TNF-α (50 ng/mL) 
or Pue (100 μM). Following 5 days of culture, the nerve 
cells were collected for molecular biology analysis.

TUNEL Assay
A TUNEL kit (Nanjing Jiancheng Bioengineering 
Institute; cat. no: G002-1-2) was used to evaluate cell 
apoptosis. The number of TUNEL-positive staining cells 
was counted using a fluorescence microscope (Olympus 
Corporation). TUNEL-positive cells in the different 
regions of each section were counted using a computer- 
based program.

Western Blot Analysis
Western blot analysis was performed as described 
previously.39 The following primary antibodies were 
used: Rabbit Anti-Sirt1 antibody (ab12193; Abcam), 
Rabbit Anti-Cleaved Caspase-3 antibody (ab2302; 
Abcam), Rabbit Anti-TGF-β1 antibody (ab92486; 

Abcam), Rabbit Anti-Smad3 antibody (ab40854; Abcam) 
Rabbit anti-phosphorylated-Smad3 antibody (ab52903; 
Abcam). The following secondary antibody was used: 
goat anti-rabbit IgG H&L (HRP) (ab205718; Abcam). 
Rabbit anti-β-actin antibody (ab179467; Abcam) was 
used as an internal reference.

Statistical Analysis
The data are presented as the mean ± standard deviation. 
The GraphPad Prism version 7.0 (GraphPad Software, 
Inc.) was used to perform statistical analysis. Intergroup 
differences were analyzed by one-way analysis of variance 
(ANOVA) followed by a post hoc Tukey’s test or two-way, 
repeated-measures ANOVA. A P value less than 0.05 was 
considered statistically significant.

Results
Pue Attenuates CFA-Induced Pain of the 
Trigeminal Nerve
CFA-induced trigeminal neuropathic pain was evaluated 
by a behavioral test parameter and the head withdrawal 
threshold, which was inversely associated with pain. The 
head withdrawal threshold was significantly reduced in 
mice following CFA injection during the experimental 
period compared with that of the control group 
(Figure 1). However, administration of Pue or the Sirt1 
agonist Res caused a dramatic increase in the value of the 
head withdrawal threshold in CFA-treated mice (Figure 1).

Figure 1 Puerarin attenuates CFA-induced pain of the trigeminal nerve. Head 
withdrawal thresholds were analyzed using an electronic von Frey anesthesiometer 
every day in the period of animal experiments. *P<0.05, CFA group compared with 
the control group; #P<0.05, CFA+Pue group compared with the CFA group; 
&P<0.05, CFA+Res group compared with the CFA group. 
Abbreviation: CFA, complete Freund’s adjuvant.
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Pue Controls the Sirt1/TGF-β1/Smad3 
Signaling Axis in the CFA-Induced Pain of 
the Trigeminal Nerve
In the present study, a significant decrease in Sirt1 mRNA 
and protein levels was observed in the trigeminal ganglions 
from CFA-stimulated mice. However, both Pue and Res 
could activate Sirt1 expression to antagonize CFA-induced 
Sirt1 inactivation in the trigeminal ganglions (Figure 2A and 
B). In addition, the TGF-β1/Smad3 signaling pathway was 
explored, as a downstream target of Sirt1, in the pathogen-
esis of CFA-induced TN. Upregulation of TGF-β1 and 
phosphorylated Smad3 protein expression was induced by 
CFA in the trigeminal ganglions. However, the administra-
tion of Pue or Res could restrain CFA-activated TGF-β1/ 
Smad3 signaling (Figure 2C and D).

Pue Inhibits Inflammation in the Animal 
Model of CFA-Induced Pain of the 
Trigeminal Nerve
The inflammatory pathways, including the NLRP inflamma-
some and MCP-1/CCL2, were explored in the trigeminal 

ganglions from CFA-stimulated mice. The findings suggested 
that the mRNA levels of the NLRP inflammasome compo-
nents, namely NLRP1, NLRP3 and caspase-1 and of the 
inflammatory cytokines, IL-1β and IL-18, were significantly 
upregulated in the trigeminal ganglions. In addition, MCP-1 
and CCL2 mRNA levels were also increased in the trigem-
inal ganglions in response to CFA stimulation (Figure 3). 
However, CFA-induced inflammatory response in the trigem-
inal ganglions was mitigated by Pue or Res therapy.

Pue Inhibits Inflammatory 
Cytokine-Induced Nerve Cell Apoptosis 
and Inflammatory Response in vitro
To further investigate the inflammation-associated neuro-
pathic pain, the nerve cells were dissociated from the 
trigeminal ganglia. To establish an inflammation- 
associated cell model of nerve injury, the neurons were 
exposed to IL-1β (10 ng/mL) and TNF-α (50 ng/mL) for 
24 h. IL-1β and TNF-α stimulation for 24 h led to 
a profound increase in the number of TUNEL-positive 
staining cells (Figure 4A and B). Moreover, the protein 

Figure 2 Puerarin regulates the Sirt1/TGF-β1/Smad3 signaling axis in the CFA-induced pain model of the trigeminal nerve. Sirt1 mRNA and protein levels in the trigeminal 
ganglions were determined using RT-qPCR (A) and Western blotting (B), respectively. TGF-β1, Smad3 and phosphorylated Smad3 levels were measured using Western blot 
analysis (C and D). *P<0.05, CFA group compared with the control group; #P<0.05, CFA+Pue or CFA+Res groups compared with the CFA group. 
Abbreviations: Sirt1, Sirtuin1; CFA, complete Freund’s adjuvant; RT-qPCR, reverse transcription-quantitative PCR.
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expression of cleaved-caspase-3 (Figure 4C) and the 
mRNA expression levels of specific inflammatory cyto-
kines, including NLRP1, NLRP3, caspase-1, IL-1β, IL-8, 
IL-18, MCP-1 and CCL2 were increased (Figure 5). 
However, Pue treatment inhibited IL-1β and TNF-α- 
mediated cell apoptosis and inflammation.

Pue Regulates the Sirt1/TGF-β1/Smad3 
Signaling Axis in IL-1β and TNF-α- 
Stimulated Neurons
The activity of the Sirt1/TGF-β1/Smad3 signaling axis was 
evaluated in IL-1β- and TNF-α-stimulated neurons follow-
ing co-treatment with puerarin. A significant decrease in 
Sirt1 mRNA and protein levels was observed in IL-1β and 
TNF-α-stimulated neurons (Figure 6A and B). However, 
Pue treatment activated Sirt1 expression in IL-1β and TNF- 
α-stimulated neurons. In addition, upregulation of TGF-β1 
and phosphorylatedSmad3 protein expression was induced 
by IL-1β and TNF-αadministration in neurons. However, 
the administration of Pue hindered L-1β and TNF-α- 
activated TGF-β1/Smad3 signaling (Figure 6C and D).

Overexpression of Sirt1 Blocks IL-1β and 
TNF-α-Induced Neuronal Apoptosis
The aforementioned findings strongly indicated that the 
reduction of Sirt1 expression levels was associated with 
IL-1β and TNF-α-mediated neuronal apoptosis. To assess 

whether Sirt1 was directly involved in neuronal apoptosis, 
pcDNA-Sirt1 expression plasmids were recombined and 
transfected into neurons to upregulate Sirt1 expression. 
TUNEL staining analysis revealed that IL-1β and TNF-α 
induced a significant increase in TUNEL positive staining 
neurons, which was impeded by pcDNA-Sirt1 transfection 
(Figure 7). This suggested that overexpression of Sirt1 
could block IL-1β- and TNF-α-induced neuronal apoptosis 
in vitro.

Discussion
In the present study, multiple lines of evidence revealed 
that Pue attenuated CFA-induced TN and inflammatory 
cytokine-evoked overactivation of inflammation and neu-
ronal apoptosis. Pue is a conceivable Sirt1 activator used 
for the prevention of trigeminal nerve injury. Both in vivo 
and in vitro experiments demonstrated that Pue modulated 
Sirt1 activation and repressed TGF-β1 protein expression 
and Smad3 phosphorylation to exert neuroprotection.

Currently, the molecular mechanism underlying the 
pathogenesis of neuropathic pain is complicated. To the 
best of our knowledge, neurovascular lesions are major 
causes that can predispose nerve root compression and 
subsequently trigger TN.40 Recent studies have shown 
that neuroinflammation contributes to the pathogenesis of 
TN.41,42 Excessive neuronal activity of trigeminal gang-
lion can be induced by peripheral inflammation via 
increasing the release of neurotransmitters and 

Figure 3 Puerarin inhibits inflammation in the animal model of CFA-induced pain of the trigeminal nerve. The mRNA levels of NLRP1, NLRP3, caspase-1, IL-1β, IL-8, IL-18, 
MCP-1 and CCL2 in the trigeminal ganglions were determined using RT-qPCR. *P<0.05, CFA group compared with the control group; $P<0.05, CFA+Pue or CFA+Res group 
compared with the CFA group. 
Abbreviations: CFA, complete Freund’s adjuvant; RT-qPCR, reverse transcription-quantitative PCR.
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neuromodulators.43 At the cellular level, multiple inflam-
matory cells, such as white blood cells, neutrophils and 
monocytes, are apparently increased in patients with TN 
compared with the corresponding levels noted in normal 
subjects.42 In CFA-induced rodent models with TN and 
neuroinflammation, inflammatory cytokines and inflamma-
tion-associated signaling pathways are highly inducible in 
the trigeminal ganglion.44–47 In the present study, over-
activation of inflammatory response was accompanied 
with TN and neuronal apoptosis. Sirt1 activity was 
decreased considerably in CFA-induced prosopalgic mice 
and IL-1β+TNF-α-stimulated neurons. Inversely, TGF-β1/ 
Smad3 signaling was activated via upregulation of TGF- 

β1 protein expression and Smad3 phosphorylation in vivo 
and in vitro.

Sirt1 is widely expressed in the nervous system, 
including the dorsal root ganglion, the neuroepithelial 
layer and the trigeminal ganglion. This protein plays 
a crucial role in neural development and in the progression 
of pathological processes.48 Recently, Sirt1 was shown to 
participate in neuroprotection, wound healing and anti- 
inflammation.49,50 Sirt1 is profoundly inhibited in trigem-
inal sensory neurons that exhibit hyperglycemia-induced 
nerve injury.49 In a rat model of spared nerve injury, the 
production of inflammatory cytokines was inhibited by 
Sirt1.50 A growing number of evidence suggests that 

Figure 4 Puerarin inhibits inflammatory cytokine-induced nerve cell apoptosis in vitro. Following exposure of the nerve cells to IL-1β (10 ng/mL) and TNF-α (50 ng/mL) or 
puerarin (100 μM), the induction of cell apoptosis was analyzed using TUNEL staining (A and B); cleaved-caspase-3 levels were measured using Western blot analysis. (C) 
*P<0.05, IL-1β+TNF-α compared with the control group; $P<0.05, IL-1β+TNF-α compared with the IL-1β+TNF-α+puerarin group.
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Figure 5 Puerarin inhibits inflammation in nerve cells. Following exposure of nerve cells to IL-1β (10 ng/mL) and TNF-α (50 ng/mL) or puerarin (100 μM), NLRP1, NLRP3, 
caspase-1, IL-1β, IL-8, IL-18, MCP-1 and CCL2 mRNA levels were determined using RT-qPCR. *P<0.05, IL-1β+TNF-α compared with the control group; $P<0.05, IL-1β 
+TNF-α compared with the IL-1β+TNF-α+puerarin group. 
Abbreviation: RT-qPCR, reverse transcription-quantitative PCR.

Figure 6 Puerarin regulates the Sirt1/TGF-β1/Smad3 signaling axis in IL-1β- and TNF-α-stimulated neurons. Following nerve cell exposure to IL-1β (10 ng/mL) and TNF-α 
(50 ng/mL) or puerarin (100 μM), Sirt1 mRNA and protein levels were determined using RT-qPCR (A) and Western blotting (B), respectively. The levels of TGF-β1, Smad3 
and phosphorylated Smad3 were measured using Western blot analysis. (C and D) *P<0.05, IL-1β+TNF-α compared with the control group; $P<0.05, IL-1β+TNF-α 
compared with the IL-1β+TNF-α+puerarin group. 
Abbreviations: Sirt1, Sirtuin1; RT-qPCR, reverse transcription-quantitative PCR.
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Sirt1 is a key gene and therapeutic target for improving 
neuropathic pain in various animal models.26,30 For exam-
ple, Sirt1 activators mitigate hyperalgesia and spinal neu-
ronal activation in diabetic neuropathic pain rats.26 In 
normal rats, Sirt1 knockdown distinctly increases pain 
behavior and spinal neuronal activation.26 The Sirt1 ago-
nist, Res, attenuates paclitaxel-induced neuropathic pain 
via the activation of Sirt1.30 These findings suggest that 
activation of Sirt1 has a beneficial effect to prevent neuro-
pathic pain. In the present study, Sirt1 levels were mark-
edly decreased and associated with overactivation of the 
inflammatory response in the trigeminal ganglions of CFA- 
treated mice. Sirt1 levels were also declined in IL-1β and 
TNF-α-exposed neurons and were associated with IL-1β 
and TNF-α-induced neuronal apoptosis. Pharmacological 
evidence demonstrated that Pue could activate Sirt1 
expression to improve TN, inflammation and neuronal 
apoptosis.

The TGF-β1/Smad3 signaling axis is considered an 
important signaling cascade to mediate the initiation and 
development of diverse diseases, including hepatic 

cirrhosis, cerebral ischemia-reperfusion injury and 
inflammation.51,52 TGF-β1 is a pleiotropic cytokine that 
participates in pathophysiological processes via the phos-
phorylation of Smad3.51 Previous evidence has shown that 
the TGF-β1/Smad3 signaling axis is controlled by Sirt1, 
whereas activation of Sirt1 inhibits TGF-β1 activity to 
regulate Smad3 phosphorylation.53,54 Consistent with 
these findings, previous studies indicated that downregula-
tion of Sirt1 was accompanied with activation of TGF-β1 
and an increase inSmad3 phosphorylation levels in the 
trigeminal ganglions of CFA-treated mice and in IL-1β- 
and TNF-α-exposed neurons, suggesting that abnormal 
Sirt1/TGF-β1/Smad3 signaling may be involved in neu-
roinflammation-induced neuropathic pain and neuronal 
apoptosis.53,55 However, Pue treatment enhanced Sirt1 
activity, and suppressed TGF-β1/Smad3 in the current 
in vivo and in vitro experimental models.

In our study, we choose an assuring concentration of 
Pue (100 mg/kg) to protect against CFA-induced TN and 
inflammatory response in mice, according to previous 
studies.18,32–34 For example, Zhang et al reveal that Pue 

Figure 7 Overexpression of Sirt1 blocks IL-1β- and TNF-α-induced neuronal apoptosis. Following transfection of neurons with pcDNA-Sirt1 expression plasmids, the cells 
were treated with IL-1β and TNF-α and the induction of cell apoptosis was analyzed using TUNEL staining (A and B). *P<0.05. 
Abbreviation: Sirt1, Sirtuin1.
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(100 mg/kg) attenuates neurological deficits in subarach-
noid hemorrhage mice.32 Pue (80 mg/kg) inhibits inflam-
matory response in the cerebral cortex of Alzheimer’s 
disease mice.33 Puerarin (50 mg/kg) inhibits inflammation 
and oxidative stress in a mice model of dextran sulfate 
sodium-induced colitis.34 Puerarin (50 mg/kg) attenuates 
CFA-induced inflammatory pain.13,18 Our results indicate 
that Pue (100 mg/kg) inhibits CFA-induced TN and 
inflammatory response, but not with time-dependent 
within 12 days. These findings suggest that the effective 
concentration of Pue ranges from 50 mg/kg to 100 mg/kg 
to prevent pathological changes of tissues.

Conclusion
In conclusion, the current study suggested that Pue func-
tioned as a potential Sirt1 activator to improve neuroin-
flammation-induced TN and neuronal apoptosis via the 
suppression of the TGF-β1/Smad3 activity. The pharma-
cological activity of Pue provides a new perspective for 
the effective treatment of TN.

Abbreviations
Pue, puerarin; CFA, complete Freund’s adjuvant; TN, tri-
geminal neuralgia; IL-1β, interleukin-1β; TNF-α, tumor 
necrosis factor-α; TUNEL, Terminal-deoxynucleotidyl 
transferase mediated nick end labeling; Sirt1, Sirtuin1; 
TGF-β1, transforming growth factor-β1; Smad3, droso-
phila mothers against decapentaplegic homolog 3; IL-6, 
interleukin-6; Res, resveratrol.
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