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Increasing evidence has demonstrated that reactive oxygen species (ROS) induces oxidative stress and plays a crucial role in the
pathogenesis of acute pancreatitis (AP). Hydrogen-rich saline (HRS), a well-known ROS scavenger, has been shown to possess
therapeutic benefit on AP in many animal experiments. Recent findings have indicated that the NOD-like receptor family, pyrin
domain-containing 3 (NLRP3) inflammasome, an intracellular multiprotein complex required for the maturation of interleukin-
(IL-) 1𝛽, may probably be a potential target of HRS in the treatment of AP. Therefore, in this study, we evaluated the activation of
NLRP3 inflammasome andmeanwhile assessed the degree of oxidative stress and inflammatory cascades, as well as the histological
alterations in mice suffering from cerulein-induced AP after the treatment of HRS. The results showed that the activation of
NLRP3 inflammasome in AP mice was substantially inhibited following the administration of HRS, which was paralleled with the
decreasedNF-𝜅B activity and cytokines production, attenuated oxidative stress and the amelioration of pancreatic tissue damage. In
conclusion, our study has, for the first time, revealed that inhibition of the activation ofNLRP3 inflammasome probably contributed
to the therapeutic potential of HRS in AP.

1. Introduction

Acute pancreatitis (AP), a debilitating inflammation of the
pancreas, is usually triggered by inappropriate intra-acinar
activation of the trypsinogen. Although most cases of AP
aremild or self-limiting, sometimes uncontrolled subsequent
events including activation of immune cells and further
systemic progression of inflammatory response are capable
of converting AP to a severe form [1, 2]. Vigorous release
of inflammatory mediators such as cytokines, chemokines,
and reactive oxygen species (ROS) during systemic inflam-
matory responses results in a life-threatening condition with
multiple-organ dysfunction, which carries substantial mor-
bidity and mortality.

Currently, much research attention has been focused on
the involvement of ROS and resultant oxidative stress in the
inflammatory processes during the development of pancre-
atitis [3–5]. At the early stage of AP, several pathogenetic
mechanisms, such as proteolytic damage, tissue ischaemia,
and activation of polymorphonuclear leucocytes, stimulate
the production of ROS that act as the molecular trigger of

various inflammatory processes [6]. In general, the detrimen-
tal ROS can be detoxified either by endogenous antioxidants
like glutathione (GSH) and superoxide dismutase (SOD)
or when needed by exogenous dietary antioxidants like
carotenoids, flavonoids, and vitamin E. However, once the
production of ROS is excessive and overwhelms endogenous
antioxidants, oxidative stress can occur with increasing cellu-
lar injury. Therefore, the theory that attack of oxidative stress
is responsible for not only the amplification of pancreatic
damage but also the progression of the disease from a local
damage to a systemic organ failure is generally accepted as
fact [3]. Therefore, supplementation with exogenous antioxi-
dants is regarded as a beneficial therapeutic strategy, at least, a
useful adjunctive option in the treatment of AP, as evidenced
in some animal models [7–9].

Among numerous antioxidants, molecular hydrogen
(H
2
) is emerging as a promising candidate in the therapeutic

approaches of oxidative stress-implicated inflammatory dis-
eases because this simple molecule is a selective scavenger of
detrimental ROS, such as hydroxyl radical and peroxynitrite
[10, 11]. In some animal experiments, hydrogen gas can be
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given by inhalation or more conveniently administered by
injection when it dissolves in normal saline to achieve the
saturation level (called hydrogen-rich saline, HRS). Recent
studies, including our previous work, have provided evidence
that treatment of HRS relieved the severity of pancreatitis
in rats, describing the potential of HRS in the management
of AP caused by different pathogenetic mechanisms [12, 13].
Although the molecular mechanism underlying the protec-
tive effect of HRS against AP has not been fully elucidated,
it is well considered that the direct ROS elimination activity
of HRS is mostly responsible for its therapeutic benefits
due to the specific scavenging activity of cytotoxic ROS.
Interestingly, emerging evidence has been presented that the
potential of HRS to suppress the proinflammatory cascade
also contributes to the reduction of the severity of the dis-
ease. Recently, the finding that activation of an intracellular
multiprotein complex, the NOD-like receptor family, pyrin
domain-containing 3 (NLRP3) inflammasome, is involved
in the proinflammatory process in pancreas provides valu-
able insights into the pathogenesis of pancreatitis [14].
As the most well-characterized inflammasome, the NLRP3
inflammasome has been shown to possess the function of
regulating the maturation and release of proinflammatory
cytokine interleukin- (IL-) 1𝛽. In previous work, we found
that augmented secretion of IL-1𝛽 in rats suffering from
trauma-induced pancreatitis was substantially depressed by
the treatment of HRS, which implies a possibility that HRS
is able to inhibit the activation of NLRP3 inflammasome,
thereby contributing to the suppression of IL-1𝛽 production
[13].Thus, the herein study extended previous studies to eval-
uate the potential of HRS to inhibit NLRP3 inflammasome
activation, which probablymediated the protective activity of
HRS against experimental AP.

2. Materials and Methods

2.1. Materials. Cerulein was purchased from Sigma (St. Lou-
is, MO, USA). Antibodies against the p65 subunit of nuclear
factor-𝜅B (NF-𝜅B p65), I-𝜅B𝛼, phosphorylated-I-𝜅B𝛼 (p-
I-𝜅B𝛼), thioredoxin-interacting protein (TXNIP), NLRP3,
p20 subunit of caspase-1 (casp-1-p20), 𝛽-actin, and horse-
radish peroxidase conjugated goat anti-rabbit antibody were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Enzyme-linked immunosorbent assay (ELISA) kits for
IL-1𝛽 and tumor necrosis factor-𝛼 (TNF-𝛼) were obtained
from R&D system (Minneapolis, MN, USA).

HRS was prepared as described previously [15]. In brief,
H
2
gas (0.4MPa) was dissolved in normal saline (NS) for 6

hours to achieve a concentration of 0.6mmol/L, and the con-
centration of H

2
in NS was detected using a dissolved hydro-

gen analyzer (DH-35A; DKKTOA, Tokyo, Japan). The HRS
was freshly prepared every week and then stored under at-
mospheric pressure at 4∘C in an aluminum bag with no dead
volume and sterilized by gamma radiation before use.

2.2. Experimental Mouse AP Model and Treatments. Male
Balb/c mice (20–25 g) were obtained from the Experimental
Animal Center of Sichuan University (Chengdu, Sichuan,

China). Experimental AP model was induced by hourly
intraperitoneal injections of cerulein (50 𝜇g/kg) to mice for
6 hours. One hour after the final injection, animals received
an intraperitoneal injection of HRS at various doses (2, 4,
and 8mL/kg, every 20min for 3 times) or control saline (air
dissolved in NS at a pressure of 0.4MPa for 6 h), respectively.
Mice in sham group were treated with only NS. Tail vein
blood sampleswere collected 2 h after the final administration
of cerulein, and 24 h after the initiation of AP, all the animals
were sacrificed by carbon dioxide asphyxiation followed by
the collection of pancreatic tissue samples. All procedures
involving the mice were carried out in accordance with
the guidelines of the Institutional Animal Care and Use
Committee of Sichuan University.

2.3. Analysis of NLRP3 Inflammasome Activation in Pan-
creas. Pancreas tissues were collected and homogenized in
20mM phosphate buffer (pH 7.4) containing 0.5mM buty-
lated hydroxytoluene followed by a centrifugation at 4∘C
at 1,500×g for 15 minutes. Then cytoplasmic proteins in
tissue homogenate were extracted using cytoplasmic extrac-
tion reagents according to the manufacturer’s instructions
(Pierce Biotechnology, Rockford, IL, USA).The BCA protein
assay kit was employed to determine protein concentration.
Subsequently, the extracted proteins were separated by SDS-
polyacrylamide gels and then transferred to a polyvinylidene
difluoride membrane (Millipore, Billerica, MA, USA). The
membrane was incubated with blocking solution containing
5% skim milk for more than 1 h at room temperature and
probed by 1 : 1,000 dilutions of rabbit polyclonal antibodies
against TXNIP, NLRP3, and casp-1-p20, respectively. After
washing, membrane was incubated with secondary goat anti-
rabbit antibody conjugated to horseradish peroxidase for 1 h
at room temperature. Immunoreactive proteins were visual-
ized by chemiluminescence using theWestern blotting detec-
tion system (Amersham Biosciences, Piscataway, NJ, USA).

2.4. Analysis of NF-𝜅B Activation in Pancreas. The nuclear
and cytoplasmic proteins in pancreatic tissue homogenate
were extracted using a protein extraction kit (Pierce Biotech-
nology, Rockford, IL,USA).TheDNA-binding activity ofNF-
𝜅B p65 in nuclear extracts was detected using a sandwich
ELISA kit (TransAM NF-𝜅B p65, Active Motif, Carlsbad,
CA, USA). Briefly, oligonucleotide containing the NF-𝜅B
consensus-binding site (5-GGGACTTTCC-3) was preim-
mobilized onto 96-well plates. The nuclear extract (1𝜇g)
diluted in complete lysis buffer was added to each well
containing 30 𝜇L of complete binding buffer and incubated
at room temperature for 1 h with mild agitation. After
washing three times with wash buffer, the antibody against
NF-𝜅B p65 subunit was added (1 : 1,000), followed by 1 h
incubation at room temperature. After washing, the wells
were incubated with the secondary antibody conjugated to
horseradish peroxidase (1 : 1,000) for 1 h at room temperature.
Then the DNA-binding activity of NF-𝜅B p65 was quantified
by measuring the absorbance at 450 nm with a reference
wavelength of 655 nm, after the wells were incubated with
developing solution for 5min at room temperature.
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Moreover, the degradation of I-𝜅B caused by NF-𝜅B
activation was evaluated by determining the phosphorylation
of I-𝜅B𝛼 in pancreatic extracts using Western blotting assay
as described above.

2.5. Analysis of SOD Activities in Pancreas. A colorimetric
assay kit purchased from Cayman Chemical Company (Ann
Arbor, MI, USA) was used to measure the activity of SOD
in pancreas, which uses a tetrazolium salt for the detection
of superoxide radicals generated by xanthine oxidase and
hypoxanthine. Briefly, the pancreatic tissuewas homogenized
at 4∘C in 20mM HEPES buffer (containing 1mM EGTA,
210mM mannitol, and 70mM sucrose, pH 7.2) and then
centrifuged at 1,500×g for 5min at 4∘C. Then the radical
detector (tetrazolium salt) and xanthine oxidase were added.
After mixed, the sample was incubated at room temperature
for 20min and the absorbance was read at 450 nm. One unit
(U) of SOD was defined as the amount of enzyme needed
to produce 50% dismutation of superoxide radical. The total
tissue protein concentrationwas determined by a commercial
kit (Jiancheng Corp., Nanjing, China), and the activity of
SOD was expressed as U/mg of protein.

2.6. Analysis of Malondialdehyde (MDA) and GSH Levels in
Pancreas. Tissue MDA level, a marker of lipid peroxidation,
was detected using a commercial MDA-586 assay kit (Oxis-
Research, Portland, OR, USA). In brief, pancreatic tissues
were homogenized in 20mM phosphate buffer (pH 7.4)
containing 0.5mM butylated hydroxytoluene followed by a
centrifugation at 4∘C at 1,500×g for 15 minutes. After protein
concentration measurement, equal amounts of proteins were
used in triplicate to react with a chromogenic reagent N-
methyl-2-phenylindole to form a stable carbocyanine dye
with a maximum absorption at 586 nm. The level of MDA in
sample was then calculated with the standard curve obtained
from the kit according to the manufacturer’s instructions and
expressed as 𝜇mol/g of total protein.

The level of GSH in pancreas tissue wasmeasured accord-
ing to the method reported by Tietze [16]. In brief, pancreatic
homogenate was centrifuged at 1,500×g for 20min and 1mL
of the supernatant was mixed with 1mL of 5% trichloroacetic
acid for 30min. Subsequently, 0.5mL of Ellman’s reagent
(5,5-dithiobis-2-nitrobenzoic acid) and 3mL of phosphate
buffer (pH 8.0) were added. After mixed thoroughly, the
absorbance was recorded at 412 nm. The GSH level in tissue
was normalized against total protein (𝜇mol/g).

2.7. Pancreatic Enzymes Activity and Cytokines Concentrations
in Plasma. Plasma samples were obtained from harvested
blood specimens by centrifugation (1,800×g for 15min at
4∘C) and the amylase or lipase activity was analyzed through
colorimetric method using a commercial kit for amylase
or lipase (Jiancheng Co., Nanjing, China), respectively. The
activity of amylase or lipase was expressed as units per liter
(U/L). To determine the concentrations of proinflammatory
cytokines in plasma, quantitative ELISA kits for IL-1𝛽 and
TNF-𝛼 were used according to the manufacturer’s instruc-
tions.

𝛽-Actin

Casp-1-p20

TXNIP

NLRP3

Sham

AP

HRS (M)HRS (L) HRS (H) CSNo
treatment

Figure 1: Evaluation of pancreatic NLRP3 inflammasome activation
in mice by Western blot assay. The HRS at various doses or control
saline (CS) was injected intraperitoneally to AP mice 1 h after the
final injection of cerulein, respectively. Twenty-four hours later,
animals in each group (𝑛 = 6) were killed and the pancreatic
tissue samples were immediately collected and then homogenized
on ice. After the measurement of protein concentration, the NLRP3
inflammasome activation was evaluated by detecting the protein
levels of TXNIP, NLRP3, and casp-1-p20 in pancreatic homogenates.
L: low dose (2mL/kg × 3); M: middle dose (4mL/kg × 3); H: high
dose (8mL/kg × 3).

2.8. Histological Examination. Pancreatic tissues were fixed
in formaldehyde and embedded in paraffin. Then samples
were sectioned and stained with hematoxylin and eosin,
using a standard staining procedure. Histopathological eval-
uation was performed under light microscope by an experi-
enced laboratory pathologist who was blinded to the group
identity for the samples. Edema, inflammatory infiltration,
hemorrhage, and necrosis were evaluated in accordance with
the scoring scale reported by Rongione et al. [17].

2.9. Statistical Comparisons and Presentation of Data. All
experimental values are expressed as mean ± SE. Statistical
comparisons among the groups were assessed by one-way
analysis of variance (ANOVA) using SPSS 13.0 software.
Differences in values were considered significant if𝑃 values <
0.05.

3. Results

3.1. HRS Inhibited NLRP3 Inflammasome Activation in Pan-
creas during AP. TheNLRP3 inflammasome is an intracellu-
lar multiprotein complex triggering inflammatory responses.
The protein expression of NLRP3, a major component of this
inflammasome, was remarkably increased in the progression
of AP. Moreover, the development of cerulein-induced pan-
creatitis conspicuously stimulated the expression of TXNIP,
the critical regulator of NLRP3 activity. Similar elevation
was also found in the protein expression of p20 subunit of
activated caspase-1, used as one of themarkers for the NLRP3
inflammasome activation. However, treatment of HRS dose-
dependently diminished expression levels of NLRP3, TXNIP,
and casp-1-p20, exhibiting the significant inhibitory activity
on the NLRP3 inflammasome activation (Figure 1).
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Figure 2: Evaluation of pancreatic NF-𝜅B activation in mice. The HRS at various doses or control saline (CS) was injected intraperitoneally
to AP mice 1 h after the final injection of cerulein, respectively. The pancreatic tissue samples were collected from sacrificed animals in each
group (𝑛 = 6) 24 h after the initiation of AP and then homogenized on ice. After the measurement of protein concentration, NF-𝜅B activation
was evaluated by measuring the DNA-binding activity of NF-𝜅B p65 in nuclear extracts using an ELISA kit (a) and by detecting the protein
levels of I-𝜅B𝛼 and p-I-𝜅B𝛼 in pancreatic homogenates (b). L: low dose (2mL/kg × 3); M: middle dose (4mL/kg × 3); H: high dose (8mL/kg
× 3).
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Figure 3: Determination of plasma amylase and lipase activities in mice. Experimental AP model was induced by hourly intraperitoneal
injections of cerulein (50𝜇g/kg × 6) to mice. Then the HRS at various doses or control saline (CS) was injected intraperitoneally to AP
mice 1 h after the final injection of cerulein, respectively. Animals in each group (𝑛 = 6) were sacrificed by CO

2
asphyxiation 1 h after the

final administration of HRS, and immediately the blood and tissue samples were collected. The amylase and lipase activities in plasma were
determined with a colorimetric method using the commercial kits for amylase and lipase, respectively. L: low dose (2mL/kg × 3); M: middle
dose (4mL/kg × 3); H: high dose (8mL/kg × 3).

3.2. HRS Inhibited NF-𝜅B Activation in Pancreas during AP.
It was known that NF-𝜅B is ubiquitous transcription factor
that controls proinflammatory gene expression during the
development of inflammation related diseases including AP.
In present study, the DNA-binding activity of NF-𝜅B p65

in pancreas measured by the ELISA increased significantly
in response to the induction of pancreatitis, indicating the
activation of NF-𝜅B, whereas it was substantially depressed
by the administration of HRS in a dose-response manner
(Figure 2(a)). In line with the ELISA data, protein expression
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Figure 4: Histopathological examination of pancreatic tissue from mice. The HRS at various doses or control saline (CS) was injected
intraperitoneally to AP mice 1 h after the final injection of cerulein, respectively. One hour later, animals in each group (𝑛 = 6) were
killed and the pancreatic tissue samples were immediately collected. After fixed in formaldehyde and embedded in paraffin, the samples
were sectioned and stained with hematoxylin and eosin, using a standard staining procedure. Histopathological evaluation was performed
under light microscope and the scores were calculated according to histopathological changes including edema, inflammatory infiltration,
hemorrhage, and necrosis. (a) Images of histological sections; I: sham; II: AP model group; III: AP + CS; IV: AP + HRS (L); V: AP + HRS
(M); VI: AP + HRS (H); scale bars = 50𝜇m. Significant histopathological changes like cytoplasmic vacuole generation, inflammatory cells
infiltration, and parenchyma necrosis were indicated by blue arrows. (b) Histopathological scores. ∗𝑃 < 0.05, compared with AP group.

of cytoplasmic p-I-𝜅B𝛼 in pancreatic homogenates from AP
mice rose markedly, demonstrating the degradation of I-
𝜅B. Likewise, HRS showed a dose-dependent inhibition on
the degradation of I-𝜅B, which was in agreement with the
inhibitory effect on NLRP3 activity (Figure 2(b)).

3.3. HRS Ameliorated Pancreatic Damage in AP Mice. As
shown in Figures 3 and 4, experimental AP was induced
by cerulein administration in mice with significant ele-
vated plasma pancreatic enzymes activities and pathological
damage in pancreas. There were no significant changes of

plasma amylase and lipase activities in AP mice after the
treatment of HRS at various doses (Figure 3). Moreover, only
at the higher doses (4 and 8mL/kg × 3), HRS conferred
favorable histopathological changes in pancreatic tissues,
mainly characterized by reduced cytoplasmic vacuole gener-
ation, alleviated inflammatory infiltration, and parenchyma
necrosis, which was paralleled with lower histopathological
scores (Figures 4(a) and 4(b)).

3.4. HRS Decreased Plasma Cytokines Concentration in AP
Mice. The proinflammatory cytokines TNF-𝛼 and IL-1𝛽 are
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Figure 5: Measurement of plasma cytokines concentration in mice. The HRS at various doses or control saline (CS) was injected
intraperitoneally to AP mice 1 h after the final injection of cerulein, respectively. One hour later, animals in each group (𝑛 = 6) were killed
and the blood samples were immediately collected. The plasma concentrations of TNF-𝛼 and IL-1𝛽 were measured using quantitative ELISA
kits according to the manufacturer’s instructions. ∗𝑃 < 0.05, compared with the group of AP mice with no treatment; #𝑃 < 0.05, compared
in groups of AP mice treated with HRS at different doses; L: low dose (2mL/kg × 3); M: middle dose (4mL/kg × 3); H: high dose (8mL/kg ×
3).

known to mediate amplification of inflammatory process
during pancreatitis. Here it was shown that plasma concen-
trations of TNF-𝛼 and IL-1𝛽 markedly increased in mice
suffering from cerulein-inducedAP, which were substantially
abolished by the treatment of HRS (Figure 5). In addition,
a significant dose-dependent effect of HRS to decline the
plasma IL-1𝛽 level was observed; however, middle dose of
HRS (4mL/kg × 3) failed to demonstrate superiority in
reducing TNF-𝛼 release in APmice when compared with the
low dose (2mL/kg × 3).

3.5. HRS Inhibited Oxidative Stress in Pancreas during AP.
In order to verify the potential of HRS to reduce oxidative
stress during AP, we measured the changes of pancreatic
MDA level, an indicator of lipid peroxidation in oxidative
stress process, as well as the endogenous antioxidants GSH
and SOD. As expected, enhanced oxidative stress in pancreas
was observed in mice after the initiation of AP, which was
characterized by increased amount of MDA and decreased
SOD activity and GSH level. In contrast, administration of
HRS dose-dependently diminished the MDA production,
accompanied with the elevated levels of SOD and GSH
(Figure 6). Moreover, the capacity of HRS to help recruit
endogenous antioxidants was observed only at the middle
(4mL/kg × 3) or high dose (8mL/kg × 3) in our experiment.

4. Discussion

Over the past years, there has been continuing controversy
about the benefits of supplementation with exogenous anti-
oxidants for the management of oxidative stress related
inflammatory diseases largely because once it was considered
that these antioxidants only served as ROS scavengers and

thereby helped correcting the pro- or antioxidative imbalance
[18]. However, recent findings that elimination of ROS by
antioxidants suppressed activation of NLRP3 inflammasome
and the resultant maturation of IL-1𝛽 have shed new light
on understanding the roles of antioxidants in pathogenesis
of inflammation related diseases [19]. Here we found that,
although HRS failed to suppress plasma pancreatic enzymes
activity, it significantly attenuated the pancreatic damage in
mice in response to the induction of pancreatitis, together
with the impaired NLRP3 inflammasome activity, suggesting
that the potential of HRS to block the NLRP3 inflammasome
activation was probably involved in the amelioration of
pancreatic injury. Moreover, the data from this study have
demonstrated the possible mechanism by which HRS inhib-
ited the activation of NLRP3 inflammasome. Firstly, because
theNF-𝜅B activation is shown previously to be the traditional
priming signal to induce the NLRP3 expression, blockade of
NF-𝜅B activity by HRS, with the following downregulation of
expression of NLRP3, probably conferred the suppression of
NLRP3 inflammasome activation. Furthermore, treatment of
HRS promoted the elimination of ROS and thereby reduced
the expression of TXNIP, the ROS-sensing protein required
forNLRP3 activation, also resulting in the blockade ofNLRP3
inflammasome activation.

As an important component of innate immune system,
the NLRP3 inflammasome was initially found to be activated
by pathogens [20–23]. In recent years, some endogenous
molecules known as damage-associated molecular patterns
(DAMPs), such as extracellular glucose, uric acid, amyloid-𝛽,
and hyaluronan, have been demonstrated to activate NLRP3
inflammasome, playing important roles in the metabolic
disorders and sterile inflammatory responses including type
II diabetes, gout, Alzheimer’s disease, and tissue injury after
trauma [24–27]. As for AP, some known extracellular NLRP3
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Figure 6: Determination of pancreatic tissue levels of GSH, MDA, and SOD in mice. The HRS at various doses or control saline (CS) was
injected intraperitoneally to AP mice 1 h after the final injection of cerulein, respectively. One hour later, animals in each group (𝑛 = 6)
were killed and the pancreatic tissue samples were immediately collected and then homogenized on ice. After the measurement of protein
concentration, the levels of GSH (a) and MDA (b) and the activity of SOD (c) in pancreatic homogenates were determined according to the
methods reported previously. ∗𝑃 < 0.05, compared with the group of AP mice with no treatment; #𝑃 < 0.05, compared in groups of AP mice
treated with HRS at different doses; L: low dose (2mL/kg × 3); M: middle dose (4mL/kg × 3); H: high dose (8mL/kg × 3).

activators like DNA, adenosine triphosphate (ATP), high
mobility group box 1 (HMGB1), and nucleotide binding oli-
gomerization domain 2 (NOD2) are all associated with the
inflammation during the development of pancreatitis. More-
over, some researches, including our previous work, have
revealed that heparan sulfate (HS), a degradation product
of extracellular matrix known as an important member of
DAMPs, triggered intracellular proinflammatory responses,
resulting in the aggravation of pancreatitis [28–30]. There-
fore, the above-mentioned findings hint at a possible fact
that HS might act as a previously unknown agonist of
NLRP3 inflammasome and thereby promote the progression
of AP. In this context, there arises an interesting question
required to be addressed by future work, that is, whether
HRSpossesses the ability to inhibit the presumedHS-induced

activation of NLRP3 during the development of pancreatitis.
Obviously, the elucidation of this question is of considerable
significance to further understand the beneficial roles of
hydrogen molecule in AP.

In addition, although the mechanism underlying the
therapeutic potential of HRS is probably shared by other
antioxidants due to their ROS scavenging capacity, HRS still
exhibits significant advantages in the treatment of oxidative
stress-implicated diseases. At first, it was known that mam-
malian species are lacking endogenous detoxification systems
for the hydroxyl radical, which is considered as one of the
strongest oxidant species having harmful reactions to nucleic
acids, lipids, and proteins, further causing irreversible cellular
damage. Compared with other known exogenous antioxi-
dants, hydrogen molecule can selectively quench hydroxyl
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radical forming water due to the unique molecular struc-
ture and chemical property, meanwhile without excessively
interfering the physiological roles of the beneficial ROS like
superoxide anions [10]. Moreover, HRS can be easily injected
or administered orally and even used as the dissolvent
for other therapeutic agents. Therefore, the advantages of
HRS mentioned above make it a superior candidate for the
detoxification of oxidative stress in clinical application.

In summary, our work has, for the first time, revealed
that HRS can act as an antagonist of NLRP3 inflammasome
resulting in attenuation of cellular inflammatory processes
and consequently relieve the pancreatic injury during AP.
This finding allows for a further understanding of themecha-
nism underlying the protective effects of HRS against AP and
furthermore marks the NLRP3 inflammasome as a potential
target for future therapeutic approaches of this dangerous
disease.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This work was supported by both the Medical Scientific
Research Foundation of Sichuan Provincial Health Depart-
ment (no. 110477) and the Research Fund of Chengdu
Military General Hospital (no. 2011YG-A18), granted to Jian-
Dong Ren.

References

[1] M. Bhatia, M. Brady, S. Shokuhi, S. Christmas, J. P. Neoptole-
mos, and J. Slavin, “Inflammatorymediators in acute pancreati-
tis,”The Journal of Pathology, vol. 190, no. 2, pp. 117–125, 2000.

[2] M. Bhatia, L. W. Fei, Y. Cao et al., “Pathophysiology of acute
pancreatitis,” Pancreatology, vol. 5, no. 2-3, pp. 132–144, 2005.

[3] K. Tsai, S.-S. Wang, T.-S. Chen et al., “Oxidative stress: an
important phenomenon with pathogenetic significance in the
progression of acute pancreatitis,” Gut, vol. 42, no. 6, pp. 850–
855, 1998.

[4] A. Dabrowski, S. J. Konturek, J. W. Konturek, and A.
Gabryelewicz, “Role of oxidative stress in the pathogenesis
of caerulein-induced acute pancreatitis,” European Journal of
Pharmacology, vol. 377, no. 1, pp. 1–11, 1999.

[5] J. Escobar, J. Pereda, A. Arduini et al., “Cross-talk between
oxidative stress and pro-inflammatory cytokines in acute pan-
creatitis: a key role for protein phosphatases,” Current Pharma-
ceutical Design, vol. 15, no. 26, pp. 3027–3042, 2009.

[6] B. Poch, F. Gansauge, B. Rau et al., “The role of polymorphonu-
clear leukocytes and oxygen-derived free radicals in experi-
mental acute pancreatitis: mediators of local destruction and
activators of inflammation,”TheFEBS Letters, vol. 461, no. 3, pp.
268–272, 1999.

[7] A. Demols, J. Van Laethem, E. Quertinmont et al., “N-acetyl-
cysteine decreases severity of acute pancreatitis in mice,” Pan-
creas, vol. 20, no. 2, pp. 161–169, 2000.

[8] H. Shapiro, P. Singer, Z. Halpern, and R. Bruck, “Polyphenols
in the treatment of inflammatory bowel disease and acute
pancreatitis,” Gut, vol. 56, no. 3, pp. 426–435, 2007.

[9] C. Niederau, M. Niederau, F. Borchard et al., “Effects of antiox-
idants and free radical scavengers in three different models of
acute pancreatitis,” Pancreas, vol. 7, no. 4, pp. 486–496, 1992.

[10] I. Ohsawa, M. Ishikawa, K. Takahashi et al., “Hydrogen acts
as a therapeutic antioxidant by selectively reducing cytotoxic
oxygen radicals,” Nature Medicine, vol. 13, no. 6, pp. 688–694,
2007.

[11] S. Ohta, “Molecular hydrogen as a preventive and therapeutic
medical gas: initiation, development and potential of hydrogen
medicine,” Pharmacology &Therapeutics, 2014.

[12] H. Chen, Y. P. Sun, Y. Li et al., “Hydrogen-rich saline ameliorates
the severity of l-arginine-induced acute pancreatitis in rats,”
Biochemical and Biophysical Research Communications, vol. 393,
no. 2, pp. 308–313, 2010.

[13] J. Ren, Z. Luo, F. Tian, Q.Wang, K. Li, andC.Wang, “Hydrogen-
rich saline reduces the oxidative stress and relieves the severity
of trauma-induced acute pancreatitis in rats,” Journal of Trauma
and Acute Care Surgery, vol. 72, no. 6, pp. 1555–1561, 2012.

[14] R. Hoque, M. Sohail, A. Malik et al., “TLR9 and the NLRP3
inflammasome link acinar cell deathwith inflammation in acute
pancreatitis,” Gastroenterology, vol. 141, no. 1, pp. 358–369, 2011.

[15] X. Zheng, Y. Mao, J. Cai et al., “Hydrogen-rich saline protects
against intestinal ischemia/reperfusion injury in rats,” Free
Radical Research, vol. 43, no. 5, pp. 478–484, 2009.

[16] F. Tietze, “Enzymic method for quantitative determination of
nanogram amounts of total and oxidized glutathione: appli-
cations to mammalian blood and other tissues,” Analytical
Biochemistry, vol. 27, no. 3, pp. 502–522, 1969.

[17] A. J. Rongione,A.M.Kusske, K.Kwan, S.W.Ashley,H.A. Reber,
and D. W. McFadden, “Interleukin 10 reduces the severity of
acute pancreatitis in rats,” Gastroenterology, vol. 112, no. 3, pp.
960–967, 1997.

[18] K. M. Oldham and P. E. Bowen, “Oxidative stress in critical
care: Is antioxidant supplementation beneficial?” Journal of the
AmericanDietetic Association, vol. 98, no. 9, pp. 1001–1008, 1998.

[19] A. Rubartelli, “Redox control of NLRP3 inflammasome activa-
tion in health and disease,” Journal of Leukocyte Biology, vol. 92,
no. 5, pp. 951–958, 2012.

[20] V. A. K. Rathinam, S. K. Vanaja, L. Waggoner et al., “TRIF
licenses caspase-11-dependent NLRP3 inflammasome activa-
tion by gram-negative bacteria,”Cell, vol. 150, no. 3, pp. 606–619,
2012.

[21] L. Mao, L. Zhang, H. Li et al., “Pathogenic fungusMicrosporum
canis activates the NLRP3 inflammasome,” Infection and Immu-
nity, vol. 82, no. 2, pp. 882–892, 2014.

[22] J. L.McAuley,M. D. Tate, C. J.MacKenzie-Kludas et al., “Activa-
tion of theNLRP3 inflammasome by IAVvirulence protein PB1-
F2 contributes to severe pathophysiology and disease,” PLoS
Pathogens, vol. 9, no. 5, Article ID e1003392, 2013.

[23] T. M. Lawrence, A. W. Hudacek, M. R. de Zoete, R. A. Flavell,
and M. J. Schnell, “Rabies virus is recognized by the NLRP3
inflammasome and activates interleukin-1𝛽 release in murine
dendritic cells,” Journal of Virology, vol. 87, no. 10, pp. 5848–5857,
2013.

[24] R. Zhou, A. Tardivel, B. Thorens, I. Choi, and J. Tschopp,
“Thioredoxin-interacting protein links oxidative stress to in-
flammasome activation,” Nature Immunology, vol. 11, no. 2, pp.
136–140, 2010.



Mediators of Inflammation 9
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