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Abstract
Sirtuin1 (SIRT1) deacetylase and poly(ADP-ribose)-polymerase-1 (PARP-1) respond to
environmental cues, and both require NAD+ cofactor for their enzymatic activities. However, the
functional link between environmental/oxidative stress-mediated activation of PARP-1 and SIRT1
through NAD+ cofactor availability is not known. We investigated whether NAD+ depletion by
PARP-1 activation plays a role in environmental stimuli/oxidant-induced reduction in SIRT1
activity. Both H2O2 and cigarette smoke (CS) decreased intracellular NAD+ levels in vitro in lung
epithelial cells and in vivo in lungs of mice exposed to CS. Pharmacological PARP-1 inhibition
prevented oxidant-induced NAD+ loss and attenuated loss of SIRT1 activity. Oxidants decreased
SIRT1 activity in lung epithelial cells; however increasing cellular NAD+ cofactor levels by PARP-1
inhibition or NAD+ precursors was unable to restore SIRT1 activity. SIRT1 was found to be
carbonylated by CS, which was not reversed by PARP-1 inhibition or selective SIRT1 activator.
Overall, these data suggest that environmental/oxidant stress-induced SIRT1 down-regulation and
PARP-1 activation are independent events despite both enzymes sharing the same cofactor.
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INTRODUCTION
SIRT1 is a class III histone deacetylase important in inflammation, aging, senescence, and
apoptosis. The role of SIRT1 in diseases where oxidative stress plays an important role,
including cancer, type II diabetes, cardiovascular diseases, and chronic obstructive pulmonary
disease (COPD), is currently being investigated [1]. SIRT1 transfers the acetyl group of
substrate proteins to NAD+, generating two metabolites; 2′-O-acetyl-ADP-ribose and
nicotinamide. Nicotinamide is an inhibitor of SIRT1 and precursor for NAD+ synthesis through
the NAD+ salvage pathway. Activation of SIRT1 by its cofactor has been studied in caloric
restriction and upregulation of the NAD+ salvage pathway [2,3]. We and others have shown
that SIRT1 activity is decreased in lungs of smokers and patients with COPD via oxidative/
carbonyl stress-dependent mechanism [4–6]. However, it is not known whether the reduced
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activity of SIRT1 is due to decreased NAD+ level caused by oxidative stress and cigarette
smoke (CS).

Oxidative/environmental stresses, such as cigarette smoke (CS), activates the NAD+-
dependent enzyme poly(ADP-ribose)-polymerase-1 (PARP-1). PARP-1 is a nuclear protein
involved in DNA repair, chromatin remodeling, and has co-repressor/co-activator activities.
When activated, PARP-1 synthesizes poly(ADPribose) chains from NAD+, which non-
covalently modifies proteins. Activation of PARP-1 can be cytoprotective or lead to necrosis
by depleting NAD+ [9]. SIRT1 may be regulated by PARP-1 activation and subsequent
NAD+ depletion in response to environmental/oxidative stresses, which may have subsequent
effects on inflammatory mediators release, stress responses, and senescence via RelA/p65 and
p53 regulation.

In this study, we hypothesized that increasing intracellular NAD+ levels through inhibition of
PARP-1 would restore activity to SIRT1 in response to oxidative stress and CS exposure in
lung epithelial cells. We tested this hypothesis by increasing cellular NAD+ levels through
PARP-1 inhibitor and NAD+ precursors, and examined the interplay of PARP-1 and SIRT1
activity in response to oxidative stress.

MATERIALS AND METHODS
Reagents

Biochemical reagents used in this study were purchased from Sigma Chemicals Co., St. Louis,
MO. Antibodies used: human SIRT1 (Cell Signaling Technology, Danvers, MA), PARP-1
(Cell Signaling Technology), pADPr (Santa Cruz Biotechnology, Santa Cruz, CA) for
immunoblotting and human SIRT1 (Abcam, Cambridge, MA) for immunoprecipitation.
Sirtinol and 3-aminobenzamide were purchased from EMD Chemicals, Merck KGaA
(Darmstadt, Germany). SRT1720 was synthesized by Life Chemicals (Ottawa, Canada) with
>95% purity measured by GC-mass spectrometry, as previously described [8]. FK866 was
purchased from Cayman Chemical (Ann Arbor, MI).

Mouse cigarette smoke exposure
Eight- to ten-week-old male C57BL6/J mice (6–8 per group) mice (Jackson Laboratory, Bar
Harbor, ME) were used in the study. All animal procedures were approved by the Committee
on Animal Research of the University of Rochester. In brief, mice were exposed to CS using
research-grade cigarettes (2R4F, University of Kentucky, Lexington, KY) at a concentration
of 300 mg/m3 TPM for two 1 h CS exposures 1 h apart for 3 consecutive days or daily for 8
weeks [9]. Mice sacrificed by exsanguination 24 h after the last exposure. The lungs were
removed en bloc and frozen for immunoblot analysis.

Protein extraction from lung tissue
One hundred milligrams of lung tissue was homogenized in 0.5 ml of ice-cold RIPA buffer as
described previously [4,5,9].

Cell culture and treatments
Human bronchial epithelial cell line BEAS-2B were grown in DMEM-F12 (Mediatech,
Manassas, VA). The cells (1% FBS) were treated with CSE (0.1% - 1.5%) or H2O2 (150 μM)
for 6 or 24 h in the presence or absence of PARP-1 inhibitor 3-aminobenzamide (3-ABA, 1
mM) pre-treatment for 1 h at 37°C. Cells were also pre-treated for 1 h with SIRT1 inhibitor
sirtinol (10 μM) or a specific and selective SIRT1 activator SRT1720 (5 μM) with 3-ABA (1
mM) prior to CSE or H2O2 treatment. Cells were also pre-treated for 1 h with NAD+ (1 mM),

Caito et al. Page 2

Biochem Biophys Res Commun. Author manuscript; available in PMC 2011 February 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



tryptophan (5 mM), nicotinamide (NAM; 1 mM), inhibitor of NAMPT, FK866 (10 nM) and
nicotine (1 μM) followed by treatment with CSE (1%) for 6 and 24 h.

Cigarette smoke extract (CSE) preparation
10% CSE was freshly prepared as described previously [4,5].

Quantification of NAD+

NAD+ levels were measured using a commercial NAD+/NADH quantification kit according
to the manufacturer’s instructions (BioVision, Mountain View, CA).

Immunoblot analysis
Protein levels were measured using the bicinchoninic acid kit (Pierce, Rockford, IL), and
immunoblotting was performed as previously described [4,5].

SIRT1 Activity Assay
SIRT1 was immunoprecipitated from whole cell extracts and SIRT1 activity was assayed using
a deacetylase colorimetric activity assay kit (Biomol International, Plymouth Meeting, PA).

Enzyme-linked immunosorbant assay (ELISA) for IL-8
The levels of IL-8 in the culture medium were determined by ELISA using the duo antibody
kit from R&D Systems Inc. (Minneapolis, MN).

SIRT1 carbonylation assay
SIRT1 was immunoprecipitated and electrophoresed as described above. Membranes were first
probed with anti-SIRT1 antibody and then derivitized with 2,4-dinitrophenylhydrazine, as
described [10]. The membranes were incubated overnight with anti-dinitrophenyl antibody to
determine SIRT1 carbonylation.

Statistical Analysis
The results are shown as the mean ± SEM. Statistical analysis of significance was calculated
using one-way Analysis of Variance (ANOVA) by STATVIEW; p>0.05 considered non-
significant.

RESULTS
Oxidative stress and cigarette smoke decrease cellular NAD+ levels through activation of
PARP-1

Human bronchial epithelial BEAS-2B cells were pre-treated with PARP-1 inhibitor 3-
aminobenzamide (3-ABA; 1 mM) followed by H2O2 (150 μM) or CSE (0.5% and 1%) for 24
h. PARP-1 activation was assessed by immunoblotting poly(ADP-ribose) (pADPr) from whole
cell extracts. H2O2 and CSE significantly increased pADPr formation, which was attenuated
to basal levels by 3-ABA, indicating that PARP-1 was activated by these stimuli (Figure 1A).
Next it was determined whether PARP-1 activation would lead to NAD+ depletion. NAD+ was
extracted from BEAS-2B cells pre-treated with the 3-ABA (1 mM) for 1 h before CSE (0.5
and 1%) or H2O2 (150 μM) treatments for 1, 3, 6 or 24 h. H2O2 significantly decreased
NAD+ levels at 1 and 3 h (data not shown), and at 6 and 24h, which were restored by 3-ABA
(Figure 1B). Treatment with CSE (0.5 or 1%) significantly decreased cellular NAD+ levels
only at 24 h, which was attenuated by 3-ABA for CSE (0.5%) treatment (Figure 1B). Total
NAD nucleotides were decreased in response to H2O2 and CSE at 24 h, while NADH levels
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were unchanged (data not shown), suggesting that NAD+ was consumed rather than converted
to NADH.

PARP-1 activation and NAD+ depletion by CS was also observed in vivo in mouse lung.
C57BL6/J mice exposed to CS for 3 days or 8 weeks showed increased levels of pADPr as
compared to air-exposed mice in whole lung homogenates (Figure 1C). CS exposure for 8
weeks, but not for 3 days, significantly decreased cellular NAD+ levels as compared to air
exposed mice (Figure 1D).

Inhibition of PARP-1 attenuates loss of SIRT1 activity in response to H2O2, but not CSE
As NAD+ levels were restored through inhibition of PARP-1, it was next investigated whether
SIRT1 activity could also be restored in response to oxidative/CS stress by PARP-1 inhibition.
BEAS-2B cells were pre-treated for 1 h with 3-ABA (1 mM) before treatment with H2O2 (150
μM) or CSE (0.5 and 1%) for 24 h, treatment conditions where 3-ABA could rescue NAD+

levels. SIRT1 protein levels were significantly decreased in response to CSE in BEAS-2B
cells; however H2O2 did not decrease SIRT1 protein levels in BEAS-2B cells (Figure 2A). 3-
ABA did not affect SIRT1 protein levels in response to H2O2 or CSE, implying that NAD+

levels do not affect SIRT1 protein levels. SIRT1 activity was assessed by measuring levels of
acetylation of p53 on the K382 residue. CSE and H2O2 significantly increased acetylation on
p53 on K382, which was not changed by 3-ABA (Figure 2A). H2O2 and CSE significantly
decreased intrinsic SIRT1 deacetylase activity at 24 h (Figure 2B). 3-ABA prevented loss of
SIRT1 activity in response to H2O2, but not in response to CSE. These data suggest that PARP-1
inhibition does not affect SIRT1 intrinsic activity in response to CS, and that other mechanisms
may be involved in CS-induced decrease in SIRT1 activity. CSE also activated PARP-1 and
reduced SIRT1 activity in human umbilical vein endothelial cells (HUVEC) and human
monocyte/macrophage cell line (MonoMac6) (data not shown), showing that these phenomena
are not cell-specific.

Since SIRT1 deacetylates the RelA/p65 subunit of NF-κB and regulates pro-inflammatory
cytokine release in response to CSE [4] and PARP-1 is a co-activator for NF-κB-dependent
gene transcription in response to inflammatory stimuli [11], the effect of PARP-1 inhibition
on CSE-dependent pro-inflammatory release was investigated. Interleukin-8 (IL-8) was
measured in cell culture media from cells treated with 3-ABA (1 mM) for 1 h and CSE (0.5
and 1%) or H2O2 (150 μM) for 24 h. TNF-α (10 ng/ml) treatment for 24 h was used as a positive
control for IL-8 release. CSE dose-dependently increased IL-8 release, which was blocked by
3-ABA (Figure 2C). To determine whether the effect of 3-ABA on CS-induced cytokine release
was due to inhibition of PARP-1 activity or increased SIRT1 activity, IL-8 release was
measured from cells pre-treated for 1 h with 3-ABA (1 mM) and SIRT1 inhibitor sirtinol (10
μM) and treated with H2O2, TNF-α, or CSE for 24 h. 3-ABA and sirtinol significantly decreased
cytokine release in response to CSE (0.5 and 1%), however there was no difference in IL-8
release from cells pre-treated with 3-ABA or sirtinol + 3-ABA (Figure 2C). These data suggest
that the decreased cytokine release resulting from 3-ABA pre-treatment was due to inhibition
of PARP-1, not increased SIRT1 activity.

Altering cellular NAD+ levels does not alleviate decreased SIRT1 activity in response to CSE
Since CS decreased cellular NAD+ levels, it was next investigated whether increasing the
cellular NAD+ content could prevent oxidant-induced loss of SIRT1 activity. BEAS-2B cells
were treated for 6 or 24 h with NAD+ (1 mM), L-tryptophan (Trp, 5 mM), precursor of de
novo NAD+ biosynthesis and nicotinamide (NAM; 1 mM), an endogenous inhibitor of SIRT1
and precursor for the NAD+ salvage pathway. Cells were treated with an inhibitor of the
NAD+ salvage pathway, FK866 (10 nM), as a negative control. NAD+ and Trp increased
cellular NAD+ levels after 6 h of treatment, however by 24 h, NAD+ levels were similar to
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control treated cells (Figure 3A), suggesting that the earlier time-point was most effective.
BEAS-2B cells were pre-treated for 1 h with NAD+, NAM, Trp, or FK866 and treated with
CSE (1%) for 6 h, or with nicotine (1 μM) for 6 h. SIRT1 levels were decreased by CSE, and
were not restored by raising cellular NAD+ levels (Figure 3B). Nicotine, which is structurally
similar to NAD+ and present in CS, did not decrease SIRT1 levels, suggesting that the complex
mixture of reactive aldehydes and oxidants present or derived from CS are responsible for
SIRT1 down-regulation. NAD+, Trp, and NAM all increased basal levels of pADPr, possibly
by providing increased substrate for PARP-1 (Figure 3B). The level of pADPr was modestly
increased by CSE; however NAD+, Trp, or NAM did not decrease pADPr levels. PARP-1
levels did not change with either of the treatments in response to CSE. Overall, these data
suggest PARP-1 is activated by CSE even when intracellular NAD+ levels are elevated by
exogenous NAD+ or NAD+ precursors.

CSE significantly decreased SIRT1 activity; however there was no significant difference
between cells treated with CSE with or without NAD+ or Trp pre-treatment (Figure 3C).
Treatment of NAM or FK866 decreased SIRT1 activity as NAM is an endogenous inhibitor
of SIRT1 and FK866 depletes NAD+ levels; although SIRT1 activity was not further decreased
by these agents in combination with CSE. Altogether these data suggest that loss of SIRT1
activity by CSE is not entirely due to NAD+ depletion, but by mechanisms independent of the
cells’ metabolic activity.

SIRT1 activators or PARP-1 inhibitors do not restore SIRT1 activity in response to CSE as
SIRT1 is covalently modified via carbonylation

Bronchial epithelial cells were pre-treated for 1 h with 3-ABA (1 mM) in combination with
SRT1720 (5 μM), a specific and potent SIRT1 activator [8], and then treated with H2O2 (150
μM) or CSE (0.5 %) for 24 h. Cells pre-treated with sirtinol (10 μM) were used as a negative
control. SRT1720 increased SIRT1 activity whereas sirtinol decreased SIRT1 activity (Figure
4A). H2O2 decreased SIRT1 activity, which was restored by 3-ABA. SRT1720 only restored
SIRT1 activity in response to H2O2 in combination with 3-ABA, but not alone. CSE decreased
SIRT1 activity, but was not restored by SRT1720, 3-ABA, or SRT1720 + 3-ABA, implying
that even with a specific activator, increasing cofactor levels can not restore SIRT1 activity in
response to CSE.

It has been previously shown that oxidative stress increases covalent carbonyl modifications
on SIRT1 [4] and that carbonylation can inhibit protein functions [12]. SIRT1 was
immunoprecipitated from BEAS-2B cells treated with 3-ABA (1 mM) and H2O2 (150 μM),
CSE (0.5%), or acrolein (30 μM) for 24 h. Total carbonylation on SIRT1 was measured by
derivitizing immunoprecipitated SIRT1 with 2,4-dinitrophenylhydrazine. Acrolein and CSE
increased carbonylation on SIRT1 (Figure 4B). Pre-treatment with 3-ABA had no effect on
carbonylation of SIRT1 in response to acrolein or CSE, suggesting that the presence of these
covalent modifications occur despite cofactor availability. H2O2 slightly increased
carbonylation on SIRT1, which may explain why SRT1720 and 3-ABA could restore SIRT1
activity.

DISCUSSION
As both SIRT1 and PARP-1 are nuclear enzymes that use the same nuclear NAD+ cofactor
pool, and both respond to similar stimuli in cellular functions [13], the purpose of this study
was to determine whether oxidants/CS activation of PARP-1, depletes NAD+ and inhibits
SIRT1, and whether inhibiting PARP-1 would restore SIRT1 activity in response to oxidative/
CS stress in lung epithelial cells as these cells are first target of environmental inhaled agents.
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SIRT1 is emerging as a major therapeutic target, therefore understanding its modulation by
environmental/oxidative stress is crucial. CS is a complex mixture of different chemical
compounds and oxidants/free radicals, and has been shown to activate PARP-1 and down-
regulate SIRT1 protein level and activity [4,5,14,15]. Our data show that NAD+ levels were
time-dependently decreased by CSE in epithelial cells in vitro. NAD+ depletion by PARP-1
activation can lead to senescence or cell death, which can also be induced by oxidants and CS
[16,17]. NAD+ levels were not restored by PARP-1 inhibition in response to CSE, suggesting
that CSE may inhibit NAD+ biosynthesis. Alternatively, CS inactivates AMP-activated protein
kinase (AMPK), a metabolic sensor that increases NAD+ levels [18,19]. Inhibition of AMPK
by CS would explain why 3-ABA did not restore NAD+ levels in response to high concentration
of CSE. PARP-1 activation was also observed in vivo in lungs of mice exposed to CS for 3
days and 8 weeks. CS exposed mouse lung also showed time-dependent decrease in NAD+

levels, with significant loss of NAD+ at 8 weeks. Whether NAD+ levels remain depleted in
vivo in long-term exposures remains to be determined.

In this study SIRT1 activity was assessed by two measures: acetylation of p53 and intrinsic
deacetylase activity, both of these showed no increase of SIRT1 activity in response to CSE
and PARP-1 inhibition. However, PARP-1 inhibition was able to attenuate H2O2-induced
reduction in SIRT1 intrinsic activity. Our findings are supported by a recent study where a
similar observation was shown in transformed U937 cells treated with high H2O2 concentration
and 3-ABA [6]. It is known that caloric restriction increases SIRT1 activity by up-regulating
SIRT1 levels and skewing the NAD+/NADH ratio to higher NAD+ levels and decreases NAM
[3]. However, elevation of cellular NAD+ levels by exogenous NAD+ or NAD+ precursors had
no effect on CSE-induced reduction in SIRT1 activity. It has also been shown that enhancing
the NAD+ salvage pathway to activate SIRT1 enhances replicative lifespan in vascular smooth
muscle cells [20]. To activate the NAD+ salvage pathway, epithelial cells were pre-treated with
NAM before CS treatment. NAM significantly raised cellular NAD+ levels; however, SIRT1
activity was decreased as it is a well known inhibitor of SIRT1 [21]. Furthermore, pre-treatment
with the NAMPT inhibitor FK866 decreased SIRT1 activity. Nicotine, a component of CS
which is structurally similar to NAD+ had no effect on SIRT1 activity. All of these effects on
SIRT1 activity were observed while PARP-1 was active as levels of pADPr were seen to
increase with CSE treatment and no NAD+ depletion was observed at early time points. Hence
these data implicates that CSE decreases SIRT1 activity even during conditions of excess
NAD+ cofactor.

Increasing evidence has shown PARP-1 to be a modulator of inflammation. PARP-1 knockout
mice show protection from inflammatory disease models including LPS-induced septic shock
and myocardial infarction [22]. In our study, PARP-1 inhibition was shown to decrease pro-
inflammatory cytokine release in response to CSE and TNF-α in epithelial cells, implicating
PARP-1 as a key regulator of CSE-mediated NF-κB activation. Acetylation of PARP-1
enhances its co-activation ability and that SIRT1 deacetylates PARP-1, decreasing its activity
[23]. It is possible that CS down-regulates SIRT1, increasing acetylation of PARP-1, leading
to increased co-activation of NF-κB and enhanced inflammation. Use of a specific SIRT1
activator, SRT1720, could not prevent loss of SIRT1 activity in response to H2O2 or CSE alone,
but in combination with 3-ABA, SRT1720 prevented loss of SIRT1 activity in response to
H2O2. One possible explanation was that CSE had post-translationally modified SIRT1 such
that SRT1720 and 3-ABA had no effect on it. Carbonylation is an irreversible covalent
modification on proteins which can affect protein function and stability [12]. CSE and acrolein,
an alkylating agent found in CS, both increased carbonylation on SIRT1. SIRT1 was also
carbonylated in cells pre-treated with 3-ABA and treated with CSE or acrolein. As H2O2
showed less carbonylation on SIRT1 than acrolein or CSE, these data suggest that when SIRT1
is carbonylated it is not responsive to the increased NAD+ from PARP-1 inhibition.
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Altogether our data shows that oxidative stress and CS simultaneously activates PARP-1 and
decreases SIRT1 activity, leading to increased cytokine release (Figure 4C). Modulation of
SIRT1 activity has many clinical applications including COPD, type II diabetes, cardiovascular
diseases and cancer where oxidative stress occurs [1], therefore further characterization of
oxidants/aldehyde/CS-induced down-regulation of SIRT1 is critical for development of new
therapeutics. Our data suggests that PARP-1 inhibitor and SIRT1 activator may not be effective
therapeutics in conditions where oxidative/carbonyl stress occurs unless oxidative post-
translational modifications are reversed or prevented.
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Figure 1. Activation of PARP-1 by cigarette smoke and H2O2 decreases cellular NAD+ levels
A (i) Bronchial epithelial cells (BEAS-2B) were treated with H2O2 (150 μM) or CSE (0.5 and
1%) for 24 h with or without a 1 h pre-treatment with PARP-1 inhibitor 3-ABA (1 mM). Whole
cell extracts were used for immunoblot analysis for PARP-1 and pADPr. Densitometry is
shown in (ii). (B) NAD+ levels from BEAS-2B cell treated with CSE or H2O2 for 6 h (i) or 24
h (ii) were calculated using a NAD+/NADH quantification kit. Data are expressed in pmol of
NAD+/106 cells. (C) Whole lung homogenates from C57BL6/J mice exposed to CS for 3 days
(i) or 8 weeks (ii) were used for immunoblot analysis for PARP-1 and pADPr. (D) NAD+ levels
from mouse lung homogenates were measured as in (B). Data are expressed in pmol/mg protein.
All data are representative of 3 separate experiments. *p<0.05, **p<0.01 relative to control
and #p<0.05 relative to corresponding treatment of H2O2 or CSE.
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Figure 2. PARP-1 inhibition increases SIRT1 activity in response to H2O2 but not in response to
CSE
(A) BEAS-2B cells were pre-treatment with 3-ABA (1 mM) for 1 h then treated with H2O2
(150 μM) or CSE (0.5 and 1%) for 24 h (n=3). (B) SIRT1 deacetylase activity was determined.
(C) Cell culture media was used for IL-8 assay by ELISA. Cells were pre-treated with the
combination of 3-ABA (1 mM) and sirtinol (10 μM) for 1 h. All data are representative of 3
separate experiments. *p<0.05, **p<0.01 and ***p<0.001 relative to control and ##p<0.05
and ###p<0.001 relative to corresponding treatment of CSE or H2O2.
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Figure 3. Increasing cellular NAD+ levels does not restore SIRT1 activity in response to CS
BEAS-2B cells were pre-treated for 1 h with NAD+ (1 mM), tryptophan (5 mM), nicotinamide
(NAM; 1 mM), inhibitor of nicotinamide phosphoribosyltransferase FK866 (10 nM) and
nicotine (1 μM) before treatment with CSE (1%) for 6 and 24 h (n=3). (A) NAD+ levels were
measured. Data is presented as fold increase NAD+ as compared to control. (B) Immunoblot
analysis for pADPr, PARP-1, and SIRT1. (C) SIRT1 deacetylase activity was determined.
*p<0.05, **p<0.01 and ***p<0.001 relative to control and ##p<0.05 and ###p<0.001 relative
to corresponding treatment of CSE.
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Figure 4. SIRT1 activators and PARP-1 inhibitors can not activate SIRT1 in response to CSE when
SIRT1 is carbonylated
(A) BEAS-2B cells were pre-treated for 1 h with 3-ABA (1mM) with or without SIRT1
activator SRT1720 (5 μM) or sirtinol (10 μM) before treatment with CSE (0.5%) and H2O2
(150 μM). SIRT1 deacetylase activity was measured. (B) SIRT1 was immunoprecipitated from
cells pre-treated with 3-ABA (1 mM) for 1 h before acrolein (30 μM), H2O2 (150 μM), and
CSE (0.5%) treatment for 24 h. 100 μg of immunoprecipitated SIRT1 protein was used for
immunoblotting (IB). Carbonylation was detected by derivitizing the samples with 2,4-
dinitrophenylhydrazine and immunoblotting with an anti-dinitrophenyl (DNP) antibody. All
data are representative of 3 separate experiments. *p<0.05, **p<0.01, ***p<0.001 relative to
control, and #p<0.05, ##<0.01 relative to H2O2 treatment. (C) Schematic for oxidant-induced
activation of PARP-1 and inhibition of SIRT1.
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