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Abstract We have previously demonstrated the protective function of hydrogen sulfide (H2S) against the neurotoxicity and oxidative
stress of formaldehyde (FA). Paraoxonase-1 (PON-1) is a pivotal endogenous antioxidant. The aim of this present study is to investigate
whether PON-1 mediates the protection of H2S against FA-induced neurotoxicity. In the present work, PC12 cells treated with FA were
established to the model of FA-induced neurotoxicity. Treatment of PC12 cells with NaHS (a donor of H2S) not only upregulates the
activity of PON-1，but also significantly restores FA-induced downregulation of PON-1 activity and expression. A selective inhibitor
of PON-1, 2-hydroxyquinoline (2-HQ), markedly attenuated H2S-induced neuroprotection against FA-induced cytotoxicity, apoptosis,
and accumulation of intracellular reactive oxygen species (ROS) in PC12 cells. Furthermore, 2-HQ blocks H2S to reverse FA-caused
activation of caspase-3 and downregulation of bcl-2 expression in PC12 cells. These results indicate that H2S protects PC12 cells
against FA-induced neurotoxicity in a PON-1-dependant manner. Our findings suggest a promising role of PON-1 as a novel
therapeutic target for neuronal damage after FA exposure.
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Formaldehyde (FA) is a well-known indoor and
outdoor pollutant [1]. FA is extremely reactive, cross-
linking with protein, DNA, RNA and unsaturated fatty
acids through nonenzymic means, which leads to
cytotoxicity, genotoxicity, mutagenic and cancerogenic
actions[2-4]. The central nervous system (CNS) is one of
the most important systems affected by FA. Many
studies have revealed that excessive FA can cause
toxic effects to neuron and impair memory [5-13].
Interestingly, endogenous FA has been determined to
be 0.5～4.28 mg/L (0.017～0.143 mmol/L) in human
blood under normal conditions [14]. FA can be
endogenously produced from methylamine, catalyzed
by semicarbazide-sensitive amine oxidase (SSAO)[15-16].
Formaldehyde triggers the hyperphosphorylation and
polymerization of Tau[17]. Increasing evidence indicates
that excess endogenous FA by up-regulation of SSAO
is a pathogenic factor involved in memory decline and
Alzheimer忆 s disease (AD) [18-24]. Everyone living in

society may be exposed to FA because of its wide
usage in industrial and medical settings. Therefore, it is
of utmost importance to develop new therapeutic
approaches to prevent the neurotoxicity of FA.

Hydrogen sulfide (H2S), which can be
endogenously generated and widely distributed in
mammalian tissues, plays signaling roles, modulating
physiological functions in the cardiovascular and
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nervous systems like nitric oxide and carbon
monoxide [25-26]. Desulfuration of cysteine constitutes
the main source of H2S in mammals, catalyzed mainly
by two key pyridoxal 5忆-phosphate-dependent enzymes:
cystathionine-茁-synthase (CBS) and cystathionine-酌-
lyase (CES)[27-29]. Emerging evidence confirms that H2S
can exert cytoprotective and neuroprotective
actions[30-32]. Remarkably, H2S has also been revealed to
have an antioxidant role, protecting the cardiovascular
and neuronal systems from oxidative damage [33-34].
Interestingly, increasing evidence demonstrated that
oxidative damage is one of the most critical effects of
FA exposure [10, 35-38]. The most recent studies by our
group has demonstrated that FA inhibites the
endogenous H2S generation [39] and that H2S prevents
the neurotoxicity of FA by its antioxidant action [40],
suggesting a promising role of H2S as a novel
antioxidant for FA-induced neurotoxicity. Although
the scavenging of reactive oxygen and nitrogen species
by H2S in biological systems is suggested by several
studies [41-43], direct reactions with oxidants probably
cannot completely account for the protective effects of
H2S[44]. Therefore, it needs to be further investigated the
molecular mechanisms underlying the protection of
H2S against the neurotoxicity of FA.

Paraoxonase-1 (PON-1) is an enzyme
predominantly associated with high-density lipoprotein
and has been shown to possess antioxidative
properties [45]. The level of PON-1 is an index of
antioxidant defense [46]. It has been shown that PON-1
offers protection against homocysteine-induced
neurotoxicity and CCl4-caused oxidation [47-49].
Therefore, the purpose of the current study was to
assess the potential role of PON-1 in H2S-exerted
protection against the neurotoxicity of FA. We
demonstrated for the first time that H2S-triggered
upregulation of PON-1 plays an important role in its
neuroprotective action against the toxicity of FA.

1 Materials and methods
1.1 Materials

Sodium hydrosulfide (NaHS), formaldehyde,
2-hydroxyquinoline (2-HQ), trypan blue, propidium
iodide (PI), RNase, and 2忆 , 7忆 -dichlorfluorescein-
diacetate (DCFH-DA) were bought from Sigma-
Aldrich Co. (st.Louis, MO, USA). Specific
monoclonal antibodies against Bcl-2 or cleaved
caspase-3 were obtained from Cell Signaling

Technology, Inc (Beverly, MA, USA). PON-1antibody
was purchased from Abcam Technology (Cambridge,
CB, UK). RPMI-1640 medium, horse serum and fetal
bovine serum were supplied by Gibico BRL (Ground
Island, NY, USA).
1.2 Cell culture

PC12 cells, a rat cell line derived from a
pheochromocytoma cells, were supplied from Sun
Yat-sen University Experimental Animal Center
(Guangzhou, China), and maintained in RPMI-1640
medium supplemented with 10% heat-inactivated
horse serum and 5% fetal bovine serum (FBS) at 37℃
under an atmosphere of 5% CO2 and 95% air. The cells
were passaged about 3 times per week.
1.3 Determination of cell viability

The viability of PC12 cell line was measured by
trypan blue exclusion analysis. After the indicated
treatments, PC12 cells were digested with 2.5 g/L
trypsin and centrifuged at 1 500 r/min for 5 min, and
the supernatant was discarded. One milliliter
serum-free medium was added and 0.2 ml cell
suspension was transferred to test tubes with 0.5 ml of
0.4% (w/v) trypan blue solution and 0.3 ml of
serum-free complete medium and mixed thoroughly at
room temperature for 5 to 15 min. The dead cells with
a damaged cell membrane are permeable to trypan
blue. The numbers of trypan blue-permeable blue cells
and viable white cells were counted under a phase
contrast microscope (BX50-FLA; Olympus, Tokyo,
Japan). The percentage of viable cells was evaluated
according to the following formula: The percentage of
viable cells = the numbers of viable white cells / (The
numbers of trypan blue-permeable blue cells + the
numbers of viable white cells) 伊100%.
1.4 Flow cytometry analysis of apoptosis

Treated PC12 cells were digested with 2.5 g/L
trypsin and centrifuged at 1 500 r/min for 5 min and
the supernatant was removed. After washed twice
with PBS, the cells were fixed in 70% ethanol. The
cells were then centrifuged at 1 500 r/min for 5 min,
washed in PBS twice and adjusted to a concentration
of 1 伊106 cells/ml. To a 0.5 ml cell sample, 0.5 ml
RNase (1 g/L in PBS) was added. After gentle mixing
with PI (at a final concentration of 50 mg/L), mixed
cells were filtered and incubated in the dark at 4℃ for
30 min. Flow cytometric (FCM, Beckman-Coulter,
Miami, FL, USA) analysis was applied to determine
the apoptosis rate.
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1.5 Measurement of intracellular reactive oxygen
species (ROS) generation

Intracellular ROS were determined by oxidative
conversion of cell permeable DCFH-DA to fluorescent
2忆 , 7忆 -dichlorfluorescein (DCF) [50-51]. The cells were
collected by pipetting and washed once with PBS.
DCFH-DA (2.5 滋mol/L) was added to cell cultures for
20 min at 37℃ , following twice washes with PBS.
DCF fluorescence was measured by FCM. The mean
fluorescent intensity (MFI) of the positive cells in ten
thousand cells per sample represents the amount of
ROS.
1.6 Measurement of PON鄄1 arylesterase activity

Arylesterase activity was measured using phenyl
acetate (Santa Cruz Biotechnology, USA) as the
substrate. The initial rates of hydrolysis were
determined spectrophotometrically at 270 nm. Fifty
microliter homogenate of PC12 cells was added to the
reaction mixtures containing 100 mmol/L Tris/HCl
(pH 8.0), 2 mmol/L CaCl2, and the substrate 0.5 mmol/L
phenyl acetate in a total volume of 1.5 ml. The
reaction lasted for 5 min at 37℃ and was stopped by
adding 200 滋l EDTA (0.5 mol/L). The absorbance at
270 nm was recorded at 0 and 5 min after substrate
addition. One unit of arylesterase activity is equal to
1 滋mol of phenyl acetate hydrolyzed/ml/min.
1.7 Western blot analysis for PON鄄1, Bcl鄄2, and
cleaved caspase鄄3 expression

After heated at 100℃ for 5 min, equal amounts of
protein from the indicated groups were loaded. The
total proteins were separated in 12% SDS-PAGE by
electrophoresis, and then transferred to a PVDF
membrane. After blocked with 5% BSA in TBST, the
membranes were incubated with the primary
antibodies at 4℃ over night. After 3 washes with
TBST, the membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies at room
temperature for 2 h. The membranes were washed
again and developed with an enhanced
chemiluminescence system (ECL, Zsbio, China), and
then the signals were exposed to X-ray films. The
integrated optical density for the protein band was
calculated by ImageJ 1.46i software.
1.8 Statistical analysis

All the data are expressed as x 依 s, and analyzed
with SPSS13.0 software. The significance of inter-
group differences was evaluated by one-way analyses
of variance (ANOVA: Tukey's test for post hoc

comparisons). Differences were considered significant
at two-sided P < 0.05.

2 Results
2.1 H2S inhibits formaldehyde鄄induced
downregulation of PON鄄1 protein expression

To examine the contribution of PON-1 to
H2S-induced neuroprotection, the expression of PON-1
in PC12 cells was detected. As shown in Figure 1,
exposure of PC12 cells to FA (120 滋mol/L, 24 h)
significantly reduced the expression of PON-1 protein.
However, this inhibitory effect of FA on PON-1
protein expression was markedly abolished by
cotreatment with H2S (NaHS, 200 滋mol/L), indicating
that the neuroprotective effect of H2S is associated with
its upregulation of PON-1 expression.

2.2 H2S enhances the activity of PON鄄1 and
prevents formaldehyde鄄induced decrease in PON鄄1
activity

The effects of H2S on the activity of PON-1 in

Fig. 1 Effects of H2S on the expression
of PON鄄1 in PC12 cells

PC12 cells were exposed to formaldehyde (FA, 120 滋mol/L) in the
presence or absence of NaHS (200 滋mol/L) for 24 h. The levels of
PON-1 expression in PC12 cells were determined by Western blot using
an anti-PON-1 antibody. Western blot images show representative
results from three independent experiments. In all blots, staining for
茁-actin was used as a loading control. The level of PON-1 expression
obtained in each experimental condition was calculated as a fold of the
control. Data are expressed as (x 依 s) of three independent experiments.
**P < 0.01, versus control; ##P < 0.01, versus FA-treated alone group.
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Fig. 2 Effects of H2S on the activity
of PON鄄1 in PC12 cells

PC12 cells were exposed to formaldehyde (FA, 120 滋mol/L) in the
presence or absence of NaHS (200 滋mol/L) for 24 h. The activity of
PON-1 was measured by spectrophotometry. Data are expressed as
(x 依 s) of three independent experiments. **P < 0.01, versus control;
##P < 0.01, versus FA-treated alone group.

PC12 cells treated with or without FA were also
examined. As shown in Figure 2, treatment with H2S
(NaHS, 200 滋mol/L, 24 h) significantly increased the
activity of PON-1 in PC12 cells. Furthermore,
cotreatment with H2S (NaHS, 200 滋mol/L) markedly
reduced FA-induced decrease in PON-1 activity. These
results indicated that the inhibitory effect of H2S on
FA-induced suppression in PON-1 activity involves its
neuroprotective effect.

2.3 Inhibited PON鄄1 by 2鄄HQ reverses H2S鄄
induced protective effect on formaldehyde鄄caused
cytotoxicity in PC12 cells

To determine whether PON-1 mediates
H2S-exerted protection against FA neurotoxicity, the
effect of 2-hydroxyquinoline (2-HQ), a specific
inhibitor of PON-1, on the inhibitory effect of H2S on
FA-induced cytotoxicity was investigated by CCK-8
assay. As shown in Figure 3, the cytotoxic effect of FA
(120 滋mol/L, 24 h) on PC12 cells was significantly
reduced by H2S (NaHS, 200 滋mol/L); however, this
protective effect of H2S was markedly attenuated by
pretreatment with 2-HQ (200 滋mol/L, 30 min),
indicating that inhibition of PON-1 prevents the
neuroprotective action of H2S.

2.4 Inhibited PON鄄1 by 2鄄HQ attenuates H2S鄄
exerted antiapoptotic effect on formaldehyde鄄
induced apoptosis in PC12 cells

The effect of 2-HQ on the inhibitory effect of H2S
on FA-induced apoptosis was evaluated using FCM
analysis after PI staining. As illustrated in Figure 4,
cotreatment of PC12 cells with H2S(NaHS, 200 滋mol/L)
significantly reduced the rate of apoptosis induced by
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Fig. 4 Effects of 2鄄hydroxyquinoline on the antiapoptotic
role of H2S in formaldehyde鄄induced

apoptosis in PC12 cells
PC12 cells were pretreated with 200 滋mol/L of 2-hydroxyquinoline
(2-HQ), a specific inhibitor of PON-1, for 30 min, and then co-treated
with formaldehyde (FA, 120 滋mol/L) and NaHS (200 滋mol/L) for
further 24 h. The percentage of apoptotic cells was quantitatively
examined by FCM analysis after PI staining. Data are expressed as (x 依 s)
of three independent experiments. ***P < 0.001, versus no-treated
control; ###P < 0.001, versus FA-treated alone group; $$P < 0.01, versus
FA and NaHS co-treated group.
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Fig. 3 Effects of 2鄄hydroxyquinoline on the
protection of H2S against formaldehyde cytotoxicity

PC12 cells were pretreated with 200 滋mol/L of 2-hydroxyquinoline
(2-HQ), a specific inhibitor of PON-1, for 30 min, and then co-treated
with formaldehyde (FA, 120 滋mol/L) and NaHS (200 滋mol/L) for
further 24 h. Cell viability was determined by trypan blue exclusion
analysis. Data are expressed as (x 依 s) of three independent experiments.
**P < 0.01, versus no-treated control; ##P < 0.01, versus FA-treated alone
group; $$P < 0.01, versus FA and NaHS co-treated group.

60

0 0 120 120

$$

##

0 200 0
200

**
80

100

120

0 0

120
0 200
0

200
200 0 0

c(FA)/(滋mol·L-1)
c(NaHS)/(滋mol·L-1)
c(2-HQ)/(滋mol·L-1)

490· ·



张平, 等：Paraoxonase鄄1介导硫化氢的抗甲醛神经毒性作用2014; 41 (5)

Fig. 6 Effects of 2鄄hydroxyquinoline on the
suppressive effect of H2S on

formaldehyde鄄induced caspase鄄3 activation
PC12 cells were pretreated with 200 滋mol/L of 2-hydroxyquinoline
(2-HQ), a specific inhibitor of PON-1, for 30 min, and then co-treated
with formaldehyde (FA, 120 滋mol/L) and NaHS (200 滋mol/L) for
further 24 h. The activation of caspase-3 was determined by Western blot
using the cleaved caspase-3 antibody. Western blot images show
representative results from three independent experiments. In all blots,
staining for 茁-actin was used as a loading control. The level of cleaved
caspase-3 expression obtained in each experimental condition was
calculated as a fold of the control. Data are expressed as (x 依 s) of three
independent experiments. **P < 0.01, versus no-treated control; ##P <
0.01, versus FA-treated alone group; $$P < 0.01, versus FA and NaHS
co-treated group.

Fig. 5 Effects of 2鄄hydroxyquinoline on the inhibitory
effect of H2S on formaldehyde鄄induced accumulation

of intracellular ROS
PC12 cells were pretreated with 200 滋mol/L of 2-hydroxyquinoline
(2-HQ), a specific inhibitor of PON-1, for 30 min, and then co-treated
with formaldehyde (FA, 120 滋mol/L) and NaHS (200 滋mol/L) for
further 24 h. The changes of ROS in different treatment groups were
quantitatively detected by FCM analysis after DCFH-DA staining. Data
are expressed as (x 依 s) of three independent experiments. **P < 0.01,
versus no-treated control; ##P < 0.01, versus FA-treated alone group;
$P < 0.05, versus FA and NaHS co-treated group.

24 h exposure to FA (120 滋mol/L); however, this
antiapoptotic effect of H2S was significantly prevented
by pretreatment with 2-HQ (200 滋mol/L, 30 min). The
cells treated with H2S (NaHS, 200 滋mol/L) or 2-HQ
(200 滋mol/L) showed weak apoptosis similar to that in
the untreated cells. These data indicated that inhibition
of PON-1 reverses the antiapoptotic effect of H2S.
2.5 Inhibited PON鄄1 by 2鄄HQ prevents H2S鄄
caused inhibitory effect on formaldehyde鄄induced
accumulation of intracellular ROS in PC12 cells

As antioxidant effect of H2S contributes to its
neuroprotective action [40, 52], we also investigated
whether 2-HQ diminishes the inhibitory effect of H2S
on FA-caused intracellular ROS accumulation. As
shown in Figure 5, pretreatment of PC12 cells with
200 滋mol/L of 2-HQ for 30 min significantly attenuated
the inhibitory action of H2S (NaHS, 200 滋mol/L) in
FA-induced accumulation of intracellular ROS,
indicating that inhibition of PON-1 reverses the
inhibitory effect of H2S on FA-induced accumulation
of intracellular ROS.

2.6 Inhibited PON鄄1 by 2鄄HQ abolishes the
suppressive effect of H2S on formaldehyde鄄induced
caspase鄄3 activation

We have previously reported that H2S suppresses

caspase-3 activation induced by FA [40]. To confirm the
important role of PON-1 in H2S-exerted protection
against FA neurotoxicity, the effect of 2-HQ on
H2S-suppressed caspase-3 activation was also
investigated. As shown in Figure 6, pretreatment of
PC12 cells with 200 滋mol/L of 2-HQ for 30 min
significantly reversed the inhibitory effect of H2S
(NaHS, 200 滋mol/L) on FA-induced activation of
caspase-3, which indicated that inhibition of PON-1
abolishes H2S-suppressed activation of caspase-3.

2.7 Inhibited PON鄄1 by 2鄄HQ prevents the
reverse effect of H2S on formaldehyde鄄induced
downregulation of Bcl鄄2 expression

We have previously reported that H2S reverses
FA-induced downregulation of Bcl-2 [40]. To confirm
the important role of PON-1 in H2S-exerted protection
against FA neurotoxicity, the effect of 2-HQ in
H2S-exerted modulation of Bcl-2 protein expression
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Fig. 7 Effects of 2鄄hydroxyquinoline on the reserve role
of H2S in formaldehyde鄄downregulated Bcl鄄2 expression

PC12 cells were pretreated with 200 滋mol/L of 2-hydroxyquinoline
(2-HQ), a specific inhibitor of PON-1, for 30 min, and then co-treated
with formaldehyde (FA, 120 滋mol/L) and NaHS (200 滋mol/L) for
further 24 h. The expression of Bcl-2 protein was determined by Western
blot using the Bcl-2 antibody. Western blot images show representative
results from three independent experiments. In all blots, staining for
茁-actin was used as a loading control. The level of Bcl-2 protein
expression obtained in each experimental condition was calculated as a
fold of the control. Data are expressed as (x 依 s) of three independent
experiments. **P < 0.01, versus no-treated control; ##P < 0.01, versus
FA-treated alone group; $$P < 0.01, versus FA and NaHS co-treated
group.

was also investigated. As shown in Figure 7, pretreatment
of PC12 cells with 200 滋mol/L of 2-HQ for 30 min
significantly reversed the inhibitory effect of H2S
(NaHS, 200 滋mol/L) on FA-induced downregulation
of Bcl-2 protein expression, which indicated that
inhibition of PON-1 abolishes H2S-exerted
upregulation of Bcl-2 expression.

3 Discussion
We have previously determined the protective

role of H2S in FA-induced neurotoxicity. In this study,
to address the mechanisms underlying H2S-triggered
protection against the neurotoxicity of FA, we
investigated whether PON-1 plays an important role in
this protective effect of H2S. We demonstrated that H2S
not only upregulates the activity of PON-1，but also
significantly restores FA-induced downregulation of
PON-1 activity and expression in PC12 cells. We also

showed that inhibited PON-1 by 2-HQ (a specific
inhibitor of PON-1) significantly blocks H2S-caused
protection against FA-induced cytotoxicity, apoptosis,
and accumulation of intracellular ROS in PC12 cells.
Furthermore, 2-HQ blocks H2S-caused downregulation
of caspase-3 activation and upregulation of bcl-2
expression in PC12 cells. These findings revealed that
PON-1 mediates the protection of H2S against
FA-induced neurotoxicity.

Studies have shown that FA is toxic to neuronal
cells [5, 8, 37-38]. Elevated brain FA is a pathogenic
factor involved in AD and age-dependent memory
decline [21-24]. Therefore, it is of utmost importance to
develop new therapeutic approaches to halt the
neurotoxicity of FA. Our previous findings
demonstrated that H2S inhibits FA-neurotoxicity [40].
Understanding the molecular mechanisms underlying
the neuroprotection of H2S is helpful for further
investigating H2S as a novel protectant for FA
neurotoxicity.

Increasing evidence demonstrated that oxidative
damage is one of the most critical effects of FA
exposure [10, 35-38]. Oxidative stress is associated with
increased production of oxidizing species or a
significant decrease in the effectiveness of antioxidant
defenses. When ROS formation is unbalanced in
proportion to protective antioxidants, the excessive
ROS lead to cell death. PON-1 is a pivotal endogenous
antioxidant [53]. It has been shown that the PON-1 gene
is involved in AD etiopathology [54]. It is therefore
logical to determine whether FA-induced oxidative
stress in neuron is involved in the reduction of PON-1
expression and activity. In this work, we found that
PON-1 protein expresses in PC12 cells and that the
expression and activity of PON-1 in PC12 cells were
attenuated by FA. These data lead to the conclusion
that the downregulation of PON-1 is responsible for
the FA-induced accumulation of intracellular ROS,
which lead to the neurotoxicity[12].

The antioxidant effects of H2S have been
extensively reported. Kimura et al. [34] has for the first
time revealed that H2S protects primary rat cortical
neurons from glutamate-induced oxidative stress. It
has been subsequently reported that H2S produces
protective effects against oxidative damage induced by
peroxynitite[42], hypochlorous acid [43], H2O2

[55], A茁25-35
[56],

MPP+ [57], rotenone [58] and homocysteine [59] in neuronal
cells. Recently, we showed that H2S prevents the
accumulation of intracellular ROS and neurotoxicity
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induced by FA [40]. These findings indicate that H2S is
an endogenous antioxidant gas [60] and suggest that H2S
acts as a neuroprotectant counteracting an oxidative
stress to neurons induced by FA. In the present work,
we showed that downregulation of PON-1 is
responsible for FA-induced oxidative stress and
neurotoxicity. Thus, we raised the question whether
the antioxidant mechanism of H2S against FA-induced
neurotoxicity involves modulation of PON-1.

It has been shown that upregulation of PON-1
contributes to the neuroprotections both of hypoxic
preconditioning against toxic insult in visual cells [61]

and of ASC-6 against homocysteine neurotoxicity [62].
Therefore, we investigate whether H2S protects PC12
cells against FA-induced neurotoxicity by modulating
the expression and activity of PON-1. Notably, our
data showed that H2S not only increases the activity of
PON-1 but also prevented FA-induced down-
regulation of PON-1 expression and activity, which
suggested that the neuroprotection of H2S is associated
with its role in upregulation of PON-1. Furthermore,
we found that pretreatment with 2-HQ, the inhibitor of
PON-1, triggered a drastic reduction of the protective
effect of H2S against FA-induced cytotoxicity and
apoptosis. From these results we proposed that
modulation of PON-1 contributes to the protection of
H2S against FA-induced neurotoxicity.

Overexpression of PON-1 can scavenge free
radical [63]. PON-1 knockout mice are characterized by
increased macrophage ROS levels, while decreased
macrophage oxidative stress have been shown in
PON-1 transgenic mice [64]. In the present work, we
showed that pretreatment with 2-HQ, the inhibitor of
PON-1, triggered a drastic reduction of the protective
effect of H2S against FA-induced accumulation of
intracellular ROS. We thus demonstrate that
H2S-induced upregulation of PON-1 is of major
importance for its protective function against
FA-triggered oxidative stress. Apoptosis is a cellular
self-destruction mechanism involved in a variety of
biological events. We have previously demonstrated
that antiapoptotic effect of H2S contributes to its role in
restraining FA-induced toxicity to neuronal cells by
upregulation of Bcl-2 expression and downregulation
of caspase-3 activation [40]. Our present work provided
evidence that inhibited PON-1 by 2-HQ reversed the
role of H2S in upregulation of Bcl-2 expression and
downregulation of caspase-3 activation. Our data thus
indicated that H2S-induced upregulation of PON-1

plays an important role in its protective function
against FA-induced activation of caspase-3 and
downregulation of Bcl-2.

In conclusion, the present study showed that H2S
upregulates PON-1 and inhibition of PON-1 blocks the
protective function of H2S against FA-induced
cytotoxicity, apoptosis, accumulation of intracellular
ROS, activation of csapase-3, and downregulation of
Bcl-2. The present findings clearly identify that H2S
provides significant protection against FA-induced
neurotoxicity by upregulating PON-1. Our findings
expand our understanding of the mechanism involved
in H2S-offered protection against FA neurotoxicity.
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Paraoxonase鄄1介导硫化氢的抗甲醛神经毒性作用 *
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摘要 我们以往的研究工作证实了硫化氢 (hydrogen sulfide，H2S)对甲醛神经毒性和氧化应激具有拮抗作用．Paraoxonase-1
(PON-1)是机体重要的内源性抗氧化剂．本研究的目的是探讨 PON-1是否可介导 H2S的抗甲醛神经毒性作用．采用甲醛损伤
PC12细胞为甲醛神经毒性的细胞模型．硫氢化钠 (NaHS，一种 H2S的供体)不仅可以上调 PC12细胞 PON-1的活力，还可恢
复甲醛对 PC12细胞 PON-1表达与活力的抑制作用． 2-hydroxyquinoline (2-HQ)是一种选择性 PON-1抑制剂，它可显著降低
H2S对甲醛细胞毒性、凋亡和活性氧(reactive oxygen species, ROS)累积的抑制作用．而且，2-HQ可阻止 H2S逆转甲醛激活
PC12细胞 caspase-3和下调 PC12细胞 bcl-2表达．结果提示 H2S依赖 PON-1去保护 PC12细胞对抗甲醛的神经毒性．我们的
这一发现表明 PON-1有希望成为防治甲醛神经损伤的新靶点．
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