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ABSTRACT
AIM: To evaluate the inhibitory effects of SSM on cerulein-induced AP in a mouse model.
METHODS: SSM water extract (0.1, 0.5, or 1 g/kg) was administrated intraperitoneally 1 h prior to the first injection of cerulein. Once AP developed, the stable cholecystokinin analogue, cerulein was injected hourly, over a 6 h period. Blood samples were taken 6 h later to determine serum amylase, lipase, and cytokine levels. The pancreas and lungs were rapidly removed for morphological examination, myeloperoxidase assay, and real-time reverse transcription polymerase chain reaction. To specify the role of SSM in pancreatitis, the pancreatic acinar cells were isolated using collagenase method. Then the cells were pre-treated with SSM, then stimulated with cerulein. The cell viability, cytokine productions and HMGB-1 were measured. Furthermore, the regulating mechanisms of SSM action were evaluated. 
RESULTS: The administration of SSM significantly attenuated the severity of pancreatitis and pancreatitis associated lung injury, as was shown by the reduction in pancreatic edema, neutrophil infiltration, vacuolization, and necrosis. SSM treatment also reduced pancreatic weight/body weight ratio, serum amylase, lipase and cytokine levels, and mRNA expression of multiple inflammatory mediators such as tumor necrosis factor-α and interleukin-1(. In addition, treatment with SSM inhibited high-mobility group box protein-1 (HMGB1) expression in the pancreas during AP. In accordance with in vivo data, SSM inhibited the cerulein-induced acinar cell death, cytokine, and HMGB 1 release. SSM also inhibited the activation of c-Jun NH2-terminal kinase (JNK), p38 and nuclear factor (NF)-κB. 

CONCLUSION: These results suggest that SSM plays a protective role during the development of AP and pancreatitis associated lung injury via deactivating JNK, p38 and NF-κB.
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Abbreviations
Scolopendra subspinipes multilans: SSM
Acute pancreatitis: AP
Multiple organ failure: MOF
Pancreatic weight: PW
Body weight: BW
Tumor necrosis factor: TNF
Interleukin: IL
High-mobility group box protein-1: HMGB1
Myeloperoxidase: MPO
Immunohistochemical: IHC 
Polymerase chain reaction: PCR
Hypoxanthine-guanine phosphoribosyltransferase: HPRT
Enzyme-linked immunosorbent assay: ELISA
Phosphate-buffered saline: PBS
Fetal bovine serum: FBS
Analysis of variance: ANOVA
Standard error of means: SEM
Lipopolysaccharide: LPS
Hematoxylin and eosin, H & E 
Mitogen activated protein kinase: MAPKs

INTRODUCTION 
The annual incidence of acute pancreatitis (AP) is in the range of 300 or more patients per million[1, 2]. The mortality rate for severe AP is approximately 30%, whereas that for moderate pancreatitis is about 3%. The main causes of death are circulatory shock renal, respiratory, and hepatic failure. Thus, many patients with AP develop multiple organ failure (MOF)[3]. Generally, AP is characterized by activation of pancreatic digestive enzyme production, widespread inflammatory cell infiltration, leukocyte activation, and release of various pro-inflammatory mediators such as tumor necrosis factor (TNF)-α and interleukins (IL)[4-6]. Although numerous approaches have attempted to identify the pathogenesis of AP[7-9], the detailed mechanism remains unclear.
Recent studies have shown that high-mobility group box-1 protein (HMGB1) is a late activator in the inflammatory cascade, when released into the extracellular space[10]. Neutralization of HMGB1 has been shown to protect against systemic inflammatory responses such as in sepsis and MOF as HMGB1 acts as a downstream cytokine of early inflammatory factors such as TNF and ILs[11-13]. In addition, HMGB1 has been speculated to be a target for treating AP[14]. 
Scolopendra subspinipes multilans (SSM) is a venomous arthropod, which can be found throughout the world. SSM and its venom have been reported to exhibit many biochemical and physiological effects[15, 16]. The water soluble fractions from SSM have antimicrobial and anti-inflammatory activity and hemolytic action of the toxins[17, 18]. In addition, SSM has been prescribed for the treatment of cardiovascular diseases in Korea, China, and other Far Eastern Asian countries for several hundred years[16]. However, the protective activities of SSM in cerulein-induced AP have not been examined to date. Our study was designed to assess the protective effect of SSM in cerulein-induced AP. 
Here, we investigated the in vivo and in vitro activities of SSM using a murine model of experimental pancreatitis. To examine the role of SSM in AP, we examined pancreatic and lung histology, myeloperoxidase (MPO) activity, pancreatic weight (PW)/body weight (BW) ratio, levels of serum amylase, lipase, and cytokines such as TNF-α and IL-1( as well as expression levels of HMGB1. Furthermore, we examined mitogen activated protein kinases (MAPKs) and nuclear factor kappa B (NF-κB) to find out the inhibitory mechanisms of SSM in AP. 
MATERIALS AND METHODS

Chemicals and reagents 
Avidin-peroxidase, cerulein, hexadecyltrimethylammonium bromide, Triton X-100, and tetramethylbenzidine were purchased from Sigma-Aldrich (St. Louis, MO, USA). Anti-mouse TNF-α and IL-1( antibodies, and recombinant TNF- and IL-1 were purchased from R&D Systems (Minneapolis, MN, USA).
Preparation of SSM 
SSM was purchased from a standard commercial source (Omni Herb, Seoul, Korea). The identity of the SSM was confirmed by Professor Seung-Heon Hong from Wonkwang University. SSM was prepared by decocting the dried prescription of SSM (100 g) with boiling distilled water (1 L). The decoction time was ~2 h. The water extract was frozen at -80˚C and then freeze-dried to produce a powder form (20.4 g). The yield of extract was 20.4%. The powder was extracted with distilled water and filtered. The filtrates were stored at 4˚C until use.
Animal model
All experiments were performed according to protocols approved by the Animal Care Committee of Wonkwang University. C57BL/6 mice (age 6–8 week; weight 15–20 g) were purchased from Orient Bio (Sungnam, KyungKiDo, South Korea). All animals were bred and housed in standard shoebox cages in a climate-controlled environment with an ambient temperature of 23 ± 2°C and a 12-h light-dark cycle for 7 days. The animals were fed standard laboratory chow, given water, and were randomly assigned to the control or experimental groups. The mice were fasted for 18 h before the induction of AP. Six mice were included in each experimental group.
Experimental design

AP was induced by intraperitoneal injection of supramaximal concentrations of the stable cholecystokinin analog cerulein (50 (g/kg) or saline; injections were performed hourly for 6 h. To verify the prophylactic effects of SSM, SSM (0.1, 0.5, or 1 g/kg) was injected 1 h before the first cerulein injection. Mice were sacrificed 6 h after the last cerulein injection. Blood samples were taken to determine serum amylase, lipase, and cytokine levels. For histological examination and scoring, the entire pancreas and lungs were rapidly removed from each mouse and fixed in formalin. To measure tissue MPO activity, as an indicator of neutrophil sequestration, and to perform real-time reverse transcriptase-polymerase chain reaction (Real time-RT-PCR) examinations, 3 portions of both pancreas and lungs were stored at -80°C.
Histological analysis

The entire pancreas of at least 6 mice from each treatment group were examined and semi-quantitatively assessed for levels of necrosis, vacuolization, inflammation, and edema. The entire section, representing a minimum of 100 fields, was examined for each sample and scored on a scale of 0–3 (0 being normal and 3 being severe) on the basis of the number of necrotic acinar cells and the presence of vacuolization, interstitial edema, and inflammatory cells infiltration. These characteristics include the presence of acinar-cell ghosts, vacuolization and swelling of the acinar cells, and/or the destruction of the histoarchitecture of whole or parts of the acini. For scoring the lungs, the sections were examined for the presence of interstitial inflammation and edema.
Measurement of serum amylase and lipase levels
Blood samples, for the determination of serum amylase and lipase levels, were obtained 6 h after induction of pancreatitis. Mice were anesthetized with an intraperitoneal injection of ketamine (80 mg/kg) and xylazine (4 mg/kg). After anesthetization, blood was withdrawn from the heart of each mouse into a syringe. The levels of serum amylase and lipase were measured using an assay kit (BioAssay Systems, Hayward, CA, USA).
Real-time RT-PCR
Real-time RT-PCR was performed to measure mRNA transcript levels in the mouse pancreatic tissues and pancreatic acinar cells. Total RNA was isolated from the mouse pancreas using TRIzol (Invitrogen, Carlsbad, CA, USA) and was subjected to reverse transcription using SuperScript II RT (Invitrogen, Garlsbad, CA, USA). TaqMan quantitative RT-PCR using the LightCycler 2.0 detection system was performed according to the instructions of the manufacturer (Roche, Basel, Switzerland). For each sample, triplicate test reactions and a control reaction without reverse transcription were analyzed for expression of the gene of interest, and the results were normalized to those of the “housekeeping” hypoxanthine-guanine phosphoribosyltransferase (HPRT) mRNA. Arbitrary expression units were calculated by dividing the expression level for the gene of interest by the ribosomal protein HPRT mRNA expression level. The sequences of forward, reverse, and probe oligonucleotide primers for multiplex real-time TaqMan PCR were as follows: for mouse TNF-α (forward, 5′-TCT CTT CAA GGG ACA AGG CTG-3′; reverse, 5′-ATA GCA AAT CGG CTG ACG GT-3′; probe, 5′-CCC GAC TAC GTG CTC CTC ACC CA-3′), for mouse IL-1( (forward, 5′-TTG ACG GAC CCC AAA AGA T-3′; reverse, 5′-GAA GCT GGA TGC TCT CAT CTG-3′; universal probe, M15131.1-Roche Applied Science).
Enzyme-linked immunosorbent assay (ELISA)

ELISAs for TNF-α and IL-1( were carried out in duplicate in 96-well plates (Nunc, Roskilde, Denmark), which had been incubated with 100 L aliquots of either anti-mouse TNF-α or anti-mouse IL-1( monoclonal antibodies (1.0 (g/mL in phosphate-buffered saline (PBS) at pH 7.4) overnight. The plates were washed in PBS containing 0.05% Tween-20 and blocked with PBS containing 10% fetal bovine serum (FBS) for 2 h. After additional washes, the standards and the serum, pancreatic homogenates and pancreatic acinar cell supernants were added to the plates and incubated at room temperature for 3 h. To obtain pancreatic homogenates, the pancreas were thawed and then homogenized in PBS. After washing the wells, 0.2 (g/mL of biotinylated anti-mouse TNF-α or IL-1( were added to each well. Incubation was continued at room temperature for 1 h. The wells were washed, avidin-peroxidase was added, and plates were incubated for 30 min at room temperature. Wells were washed again, and 3,3′,5,5′-tetramethylbenzidine substrate was added. Color development was measured at 450 nm using an automated microplate ELISA reader. Standard curves were obtained for each sample by using serial dilutions of recombinant TNF-α and IL-1(.

MPO activity estimation
Neutrophil sequestration in the pancreas was quantified by measuring the tissue MPO activity. Tissue samples were thawed, homogenized in 20 mmol/L phosphate buffer (pH 7.4), and centrifuged (15,000 revolution/min, 10 min), and the resulting pellet was resuspended in 50 mmol/L phosphate buffer (pH 6.0) containing 0.5% hexadecyltrimethylammonium bromide. The sample was then centrifuged (15,000 revolution/min, 5 min), and the supernatant used for the MPO assay. The reaction mixture consisted of the supernatant, 1.6 mmol/L tetramethylbenzidine, 80 mmol/L sodium phosphate buffer (pH 5.4), and 0.3 mmol/L hydrogen peroxide. The mixture was incubated at 37°C for 110 s, the reaction was terminated with 2 mol/L of H2SO4, and the absorbance was measured at 450 nm. This absorbance was then corrected for the DNA content of the tissue sample.
Histological and immunohistochemical analysis
Fixed pancreatic tissues were embedded in paraffin, cut into 4-mm sections, and stained with hematoxylin-eosin (H&E) for standard histological examination. Immunohistochemical (IHC) staining for HMGB1 was performed using a DAB IHC kit (DAKO, Cytomation, Denmark). The relative intensity was measured using the Leica microscopy software (Wetzlar, Germany).
Acinar cell isolation 
Pancreatic acini were isolated from C57BL/6 mice using collagenase digestion. All experiments were performed according to protocols approved by the Animal Care Committee of Wonkwang University. Briefly, pancreatic tissue was minced with scissors and digested for 15 min in solution Q (120 mM NaCl, 20 mM HEPES, 5 mM KCl, 1 mM MgCl2, 1 mM CaCl2, 10 mM sodium pyruvate, 10 mM ascorbate, 10 mM glucose, 0.1% BSA, 0.01% soybean trypsinogen inhibitor, and 150 units of collagenase/mL). Cells were continuously shaken and gassed with 100% O2 in a 37°C water bath and subsequently washed in fresh isolation medium. After collagenase digestion, the tissue was gently pipetted. Dispersed acini were filtered through a 150-(m nylon mesh, centrifuged 3 times (each for 90 s at 720 rpm), resuspended in Waymouth medium (Invitrogen, Gibco, CA) and incubated with 95% O2 and 5% CO2 for 4 h.

Cell viability assay

Cell viability was assayed using a modified colorimetric technique that is based on the ability of live cells to convert the tetrazolium compound 3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium bromide (MTT) into purple formazan crystals. MTT (5 mg/mL) was dissolved in Kreb’s–Henseleit buffer (115 mM NaCl, 3.6 mM KCl, 1.3 mM KH2PO4, 25 mM NaHCO3, 1 M CaCl2, and 1 M MgCl2), and 50 (L was added to each well. After incubating for 30 min at 37°C, the suspension was removed, and the formazan crystals formed were dissolved in 200 (L dimethyl sulfoxide. Aliquots from each well were seeded in the wells of a 96-well plate in duplicate and assayed at 540 nm using a microplate ELISA reader. The number of viable cells was expressed as a percentage of the control. 

Western blotting
Pancreatic tissues and pancreatic acini were homogenized, following which the lysates were boiled in a sample buffer (62.5 mM Tris–HCl, pH 6.8, 2% sodium dodecyl sulfate (SDS), 20% glycerol, and 10% 2-mercaptoethanol). Proteins in the cell lysates were then separated using 10% SDS-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. Then, the membrane was blocked with 5% skim milk in PBS-Tween-20 (PBST) for 2 h at RT and then incubated with primary antibodies overnight. After washing 3 times, each blot was incubated with peroxidase-conjugated secondary antibody for 1 h, and antibody-specific proteins were visualized using an enhanced chemiluminesence detection system (Amersham, Piscataway, NJ) according to the manufacturer’s recommended protocol. 

HPLC sample preparation and conditions

An aliquot of 5.0 mg extract powder was dissolved with 1.0 mL of methanol and then filtered through a 0.45 (m filter membrane before use. A volume of 20 (L was injected into the HPLC sample injector system. Chromatographic experiments were performed on a SYKAM series HPLC instrument equipped with sample injector and diode-array UV/Vis detector (DAD). For all experiments a SHISEIDO CAPCELL PACK C-18 column (4.6×250mm; 5 (m) was used as stationary phase and injection volume were set 20 μl, respectively. The mobile phase composed of water (A) and acetonitrile (B), applying gradient program starting from 10 %B to 40 %B in 40 min. The column cleaned with 10 %B for 20 min, and then the system was equilibrated for 20 min with the starting conditions. Flow rate was 0.7 ml/min, and the detection wavelength adjusted to 210 nm (Fig. 6). The quantifications of peak are 91% (1st), 4 % (2nd), 0.5 % (3rd), 4.5 % (4th) to total. 

Statistical analysis 

The results were expressed as means ± standard error of means. The significance of change was evaluated using the one-way analysis of variance (ANOVA). Differences between the experimental groups were evaluated by performing ANOVA. Values of P < 0.05 were considered statistically significant.

RESULTS
Effect of SSM on pancreatic histology during cerulein-induced AP
In saline-treated mice, the histological features of the pancreas showed typically normal architecture. Mice treated with intraperitoneal injections of cerulein developed acute pancreatitis. Histological examination of the pancreas (6 h after the final injection of cerulein) revealed tissue damage characterized by mild interstitial edema, inflammatory cell infiltration, vacuolization, and acinar cell necrosis. Compared to saline pre-treatment, SSM pre-treatment resulted in a significant reduction in pancreatic injury as shown by reduced edema, inflammation, vacuolization, and necrosis, in a dose-dependent manner (Fig. 1A, B and Table 1). 
Effect of SSM on the MPO activity in cerulein-induced AP

As an additional quantitative assessment of the severity of the inflammatory response, we measured MPO activity as an indicator of neutrophil sequestration in the pancreas, following the induction of AP. MPO activity in the pancreas of the SSM pre-treated AP mice was lesser than that in the pancreas of the saline pre-treated AP mice (Fig. 1C).
Effect of SSM on PW/BW and serum amylase and lipase levels in cerulein-induced AP

In order to assess the effect of SSM on pancreatic edema, the PW/BW was measured. As shown in Fig. 2A, the PW/BW was increased in saline-treated mice with AP. SSM treatment, however, inhibited the AP-induced PW/BW ratio increase compared with the saline treated group (Fig. 2A). Serum amylase and lipase levels are most commonly used biochemical markers of pancreatic disease, particularly in AP [19-21]. Therefore, we examined serum amylase and lipase levels during cerulein-induced AP. The administration of SSM significantly reduced the serum amylase and lipase levels (Fig. 2B and C).
Effect of SSM on TNF-α and IL-1( production in cerulein-induced AP

Several inflammatory mediators have been shown to increase during AP [22]. Therefore, to examine the effect of SSM on the occurrence of a systemic inflammatory response during cerulein-induced AP, we measured the level of TNF-α and IL-1( induction. Compared to control mice, mice with AP showed a significant increase in the levels of these inflammatory mediators in the pancreatic tissue and serum (Fig. 3A-C). However, SSM pre-treatment reduced the cytokine levels in both pancreatic tissue (Fig. 3A and B) and serum (Fig. 3C). 
Effect of SSM on lung histological changes during cerulein-induced AP

The lung is typically affected in cases of pancreatitis [23-25]. Lung injury, characterized by edema and inflammation, commonly develops early in AP [26]. Lungs from cerulein-induced AP show alveolar thickening and inflammatory cell infiltration [26]. However, these changes were significantly reduced in lungs from the SSM pre-treated group, and this effect was dose-dependent (Fig. 4A, B and table 2). 
Effect of SSM on HMGB1 expression in cerulein-induced AP
To measure the HMGB1 expression, an IHC method was used. IHC analysis showed that HMGB1 expression was detected in the pancreas by the presence of a brown color. As shown in Fig. 5, HMGB1 was slightly expressed in control mice, but strongly expressed in AP mice. However, compared to the saline pre-treated AP mice, SSM pre-treated AP mice showed a significant reduction in HMGB1 expression in the pancreatic tissue (Fig. 5A-C).
Effect of SSM on inflammatory responses in the isolated pancreatic acinar cells.

The local inflammation caused in pancreatic acinar cells results in acinar cells death and organ destruction [8]. Thus, acinar cells death can be a hallmark of AP. To assess whether SSM water extract inhibits acinar cells death, we evaluated cell viability by using the MTT assay. At 1 h after SSM pretreatment, cerulein was added for 6 h into cultured acinar cells. As shown in Fig. 6A, the number of cerulein- induced acinar cells death was significantly reduced by SSM (Fig. 6A). Next, we also examined cytokine production in isolated pancreatic acinar cells. Pretreatment with SSM inhibited the production of cytokines, such as TNF-α and IL-1( in a dose dependant (Fig. 6C and D). In addition, SSM inhibited the cerulein-induced HMGB-1 expression, which means SSM protected the acinar cells necrosis (Fig. 6E).

Further, to examine the inhibitory mechanism(s) against cerulein-induced responses in acinar cells, the activation of MAPKs and NF-κB were examined. We assessed the activation of MAPKs and NF-κB via phosphorylation and Iκ-Bαdegradation, respectively. Cerulein treatment resulted in the phosphorylation of MAPKs and degradation of Iκ-Bα. However, SSM treatment inhibited the activation of c-Jun NH2-terminal kinase (JNK), p38, and the degradation of Iκ-Bαbut notERK1/2 (Fig. 7A). To clarify whether down-regulation of the molecules in JNK, p38 and NF-κB by SSM is responsible for the reduced inflammatory responses, JNK inhibitor (SP600125), p38 inhibitor (SB239063) and NF-κB inhibitor (n-acetyl cystein; NAC) were used. The inhibition of JNK, p38 and NF-κB resulted in the reduction of HMGB1 expression (Fig. 7B).
Characterization of the principal component of SSM 

SSM was analyzed by HPLC to characterize its main component. A chromatogram of SSM is shown in Fig. 8. The peaks of the principal components of SSM have not yet been identified. Further studies to evaluate the principal components of SSM would be needed. 
DISCUSSION
In this study, we have provided evidence that SSM water extract attenuated the development of cerulein-induced AP and AP-associated lung injury. Pre-treatment of mice with SSM significantly inhibited serum amylase and lipase production, TNF-α and IL-1( expression, and MPO activity. In addition, SSM pre-treatment inhibited HMGB1 expression in the pancreas. In accordance with in vivo experiments, SSM inhibited the acinar cell death, cytokine productions, and HMGB1 production. Furthermore, SSM inhibited the activation of JNK, p38 and NF-κB. These findings suggested that SSM protected the AP via JNK, p38 and NF-κB deactivation. 
Recently, many studies have reported the anti-inflammatory activity of SSM. Wang et al. showed the protective effects of SSM on acute renal failure and multiple focal neuropathy[27], and Ren et al. reported the anti-inflammatory effects of SSM in Alzheimer’s disease[28]. Therefore, to further investigate the anti-inflammatory activities of SSM, we selected to examine the effects of SSM in a cerulein-induced AP model, which has not previously been assessed. As we expected, SSM water extract significantly inhibited pancreatic and lung inflammation in a dose-dependent manner (Fig. 1 and 4). We supposed that the anti-inflammatory effects of SSM on AP would be due to anti-microbial effects of SSM. Ren et al. reported that water soluble fraction of SSM could remove the all type of bacteria such as gram-positive, gram-negative bacteria and fungi[17]. Because one of the main causes of AP would be bacterial infection[29,30], the removal ability of SSM would be helpful to protect AP. Thus, the anti-microbial ability of SSM might contribute to inhibition of pancreatic inflammation. 
Amylase and lipase levels are used alone, or in combination, to diagnose patients with AP[31]. An increased level of serum amylase, at least 3 times over the normal limit, indicates AP. Amylase activity rises quickly during the early phase after the onset of symptoms and returns to normal quickly[31]. Serum amylase activities could reflect the exocrine pancreatic insufficiency, thus resulting in mal-digestion[32]. In comparison with serum amylase activity, serum lipase activity remains increased (up to 16–28 fold) for longer, thereby giving greater opportunity in patients with a delayed presentation. Pancreatic lipase activities are less likely to be affected by other environmental factors[33]. Thus, the serum amylase and lipase activities play a key role in determining the severity of AP. In this experiment, cerulein stimulation resulted in significant elevation in serum amylase and lipase levels. This increase was inhibited by SSM pre-treatment, suggesting that SSM is effective against the induction of AP (Fig. 2).
The activation of inflammatory cells that release cytokines such as TNF-α and IL-1( is an important cascade in the pathogenesis of AP[34-36]. TNF-α and IL-1( are derived predominantly from activated macrophages and act via specific cell membrane-bound receptors. Levels of both these pro-inflammatory mediators are elevated on initiation of and during AP[37, 38]. Intrapancreatic TNF-α and IL-1( can be detected 1 hour after induction of AP, and the levels of these cytokines increase rapidly over the next 6 hours[37, 38]. Recently, many studies have reported that both TNF-α and IL-1( play an important role in AP[7, 39]. In our experimental model of pancreatitis, the serum levels of TNF-α and IL-1( were elevated during AP. However, when mice were pre-treated with SSM water extract, this elevation of TNF-α and IL-1( was inhibited (Fig. 3 and 6). 
In this study, we examined the role of HMGB1 as a late inflammatory mediator in AP. Generally, HMGB1, a DNA-binding intranuclear protein, is known to be a late activator in the inflammatory cascade[10]. HMGB1 has the capacity to induce cytokines and activate inflammatory cells when applied extracellularly[10]. This implicates that HMGB1 is a pro-inflammatory mediator. Recent investigations reported that serum HMGB1 levels increase in patients with sepsis/endotoxemia[40], hemorrhagic shock[41], acute lung injury[42], rheumatoid arthritis[43], and disseminated intravascular coagulation[44]. Similarly, many studies have shown the pivotal role of HMGB1 plays in the development of pancreatic inflammation in AP[45-48]. In this study, compared to saline pre-treatment, SSM pre-treatment significantly inhibited AP-induced HMGB1 expression (Fig. 5A and 6).
Oxidative stress and pro-inflammatory cytokines trigger common signal transduction pathways involved in the inflammatory cascade, particularly through activation of MAPK[49]. We previously reported that the inhibition of MAPKs could inhibit the cytokine productions[7,8]. In the present study, acinar cells with cerulein showed increased TNF-α and IL-1( release via MAPKs and NF-κB activation. However, SSM treatment inhibited activation of JNK, p38 and NF-κB but not ERK1/2, consequently inhibiting cytokine release and HMGB1 (Fig. 6 and 7). In addition, we have shown here that cerulein-induced HMGB1 expression was inhibited in pancreatic acinar cells by inhibition of JNK, p38 and NF-κB activation (Fig. 7). These data suggest that SSM inhibits expression of HMGB1 via inhibition of JNK, p38 and NF-κB activation.
In conclusion, this study shows that SSM attenuates the severity of cerulein-induced AP and pancreatitis-associated lung injury through the inhibition of tissue injury, pro-inflammatory cytokine production, and HMGB1 expression. Therefore, SSM exerts potent anti-inflammatory effects in AP and could be a beneficial agent in the AP and its pulmonary complications. 
COMMENTS

Background

Acute pancreatitis (AP) is a serious, unpredictable clinical problem, whose pathophysiology remains poorly understood. Therefore, drugs and therapies need to be developed. 
Research frontiers

Scolopendra subspinipes multilans (SSM) is a venomous arthropod, which can be found throughout the world. SSM and its venom have been reported to exhibit many biochemical and physiological effects. In addition, SSM has been prescribed for the treatment of cardiovascular diseases in Korea, China, and other Far Eastern Asian countries for several hundred years. However, the protective activities of SSM in cerulein-induced AP have not been examined to date. This study aimed to assess the protective effect of SSM in cerulein-induced AP. 

Innovations and breakthroughs

Many studies have been tried to explore the possible candidate for treatment of acute pancreatitis, but failed to find out. Nowadays, the drug of acute pancreatitis is limited in protease inhibitors, and also the pathogenesis is not well-studied. In this paper, we studied the possible candidate to develop drug for acute pancreatitis, in line with our previous report. Also we provided the regulating mechanisms in AP. This finding could strengthen up the further studies of acute pancreatitis. Furthermore, our in vivo and in vitro studies would suggest that SSM could protect cerulein-induced acute pancreatitis via inhibiting HMGM1 release. 
Applications

By understanding how SSM is effective in acute pancreatitis, these results could provide the clinical basis for development of drug or compound to treat acute pancreatitis and/or other inflammatory diseases. 
Terminology

Acute pancreatitis: Acute pancreatitis a sudden inflammation of the pancreas. It can have severe complications and high mortality despite treatment. While mild cases are often successfully treated with conservative measures and aggressive intravenous fluid rehydration, severe cases may require admission to the intensive care unit or even surgery to deal with complications of the disease process.
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Figure Legends

Figure 1 Effects of SSM on inflammation in the pancreas following pancreatitis. (A) 200× and (B) 400× magnification of representative hematoxylin and eosin (H & E)-stained pancreatic sections of control mice and mice pretreated with SSM (0.1, 0.5 or 1 g/kg) 1 h before the cerulein (50 (g/kg)-mediated induction of acute pancreatitis (AP). (C) Myeloperoxidase MPO activity was measured in the pancreas 6 h after completion of the cerulein injections. Data are expressed as U/mg protein. Data are represented as mean ± standard error of means (SEM, n = 6 in each group). ap < 0.05 vs. control group and bp < 0.05 vs. cerulein treatment alone; p < 0.05 was considered significant. The results were similar in 3 further experiments.
Figure 2 Effects of SSM pretreatment on (A) the pancreatic weight/body weight ratio and the production of digestive enzymes such as (B) serum amylase and (C) serum lipase during cerulein-induced AP. Mice pretreated with SSM (0.1, 0.5 or 1 g/kg) were challenged with intraperitoneal injections of cerulein (50 (g/kg). Mice were sacrificed 6 h after the last cerulein injection. Serum and pancreas were harvested and the (A) PW/BW and levels of digestive enzymes such as (B) amylase and (C) lipase were measured as indicated in the experimental protocol. Data are represented as mean ± SEM (n = 6 in each group). ap < 0.05 vs. control group and bp < 0.05 vs. cerulein treatment alone; p < 0.05 was considered significant. The results were similar in 3 further experiments.
Figure 3 Effect of SSM on TNF-α and IL-1β during cerulein-induced AP. Mice pretreated with SSM (0.1, 0.5, or 1 g/kg) were challenged with intraperitoneal injections of cerulein at a supramaximal dose (50 (g/kg). Mice were sacrificed 6 h after the last cerulein injection. (A) Levels of pancreatic tumor necrosis factor-α (TNF-α) and interleukin-1( (IL-1() mRNA were quantified by real-time RT-PCR and the corresponding protein levels were measured in the (B) pancreatic tissue and (C) serum by ELISA. Data are represented as mean ± SEM (n = 6 in each group). ap < 0.05 vs. control group and bp < 0.05 vs. cerulein treatment alone; p < 0.05 was considered significant. The results were similar in 3 further experiments.
Figure 4 Effects of SSM on AP-associated lung injury. (A) 200× and (B) 400× magnification of representative H & E-stained lung sections of control mice and mice pretreated with SSM (0.1, 0.5, or 1 g/kg) 1 h before the cerulein (50 (g/kg)-mediated induction of AP. Data are represented as mean ± SEM (n = 6 in each group). The results were similar in 3 additional experiments.
Figure 5 Effects of SSM on pancreatic high-mobility group box protein-1 expression in cerulein-induced AP. (A) 200× and (B) 400× magnification of representative IHC data, detecting HMGB1 expression in pancreatic tissue sections of control mice and mice pretreated with SSM (0.1, 0.5, or 1 g/kg) 1 h before the cerulein (50 (g/kg)-mediated induction of AP. Mice were sacrificed 6 h after the last cerulein injection. (C) Relative intensity of HMGB1 staining was scored as described in Materials and Methods. Data are represented as mean ± SEM (n = 6 in each group). ap < 0.05 vs. control group and bp < 0.05 vs. cerulein treatment alone; p < 0.05 was considered significant. The results were similar in 3 further experiments.
Figure 6 Effect of SSM on cerulein-induced acinar cell death and the production of inflammatory mediators. The acinar cells were pretreated with SSM for 1 h at indicated doses. Six hours after cerulein stimulation, (A) the cell viability was measured, as described in the experimental protocol. After 24 h of cerulein stimulation, cytokine levels in isolated pancreatic acinar cells were examined using (B) ELISA and (C) real-time RT-PCR. And also the (D) HMGB1 levels were measured b western blot. . Data are represented as mean ± SEM (n = 6 in each group). ap < 0.05 vs. control group and bp < 0.05 vs. cerulein treatment alone; p < 0.05 was considered significant. The results were similar in 3 further experiments.
Figure 7 Effect of SSM on activation of MAPKs and NF-B (A) Isolated pancreatic acinar cells were pretreated with SSM for 1 h and then stimulated with cerulein for indicated times. The expression of phosphospecific MAPKs and degradation of Iκ-Bα in pancreatic acini was examined via western blot. (B) The acinar cells were pretreated with JNK inhibitor (SP600125 50 (M), p38 inhibitor (SB239063 20 (M), NF-B inhibitor (N-acetyl cystein; NAC 10 mM) or SSM (0.5 mg/ml) for 1 h. Then cerulein was added into isolated pancreatic acinar cells and incubated for 24 h. HMGB1 expression was measured via western blot. The results were similar in 3 further experiments.
Figure 8 HPLC chromatogram of the SSM at the length of 210 nm.
Table 1 Effect of SSM water extract on pancreatic histological scoring during AP

	Group
	Edema
	Inflammation
	Vacuolization
	Necrosis

	Saline
	0.1±0.02
	0.3±0.05
	0.1±0.03
	0.2±0.02

	AP
	2.6±0.03a
	2.8±0.04a
	2.4±0.02a
	2.5±0.05a

	SSM 0.1 + AP
	2.3±0.05a,b
	2.0±0.02a,b
	1.6±0.04a,b
	1.8±0.01a,b

	SSM 0.5 + AP
	1.0±0.02 a,b
	1.5±0.05a,b
	1.2±0.02a,b
	1.5±0.04a,b

	SSM 1 + AP
	0.6±0.01a,b
	1.0±0.03a,b
	0.7±0.05a,b
	0.9±0.03a,b


Data are represented as mean ± SEM (n = 6 in each group). ap < 0.05 vs. control group and bp < 0.05 vs. cerulein treatment alone; p < 0.05 was considered significant. The results were similar in 3 further experiments.
Table 2 Effect of SSM on lung histological scoring during AP

	Group
	Edema
	Inflammation

	Saline
	0.2±0.05
	0.3±0.03

	AP
	2.7±0.02a
	2.8±0.05a

	SSM 0.1 + AP
	2.2±0.04a,b
	2.3±0.02a,b

	SSM 0.5 + AP
	1.6±0.03 a,b
	1.5±0.04a,b

	SSM 1 + AP
	1.0±0.05a,b
	0.8±0.03a,b


Data are represented as mean ± SEM (n = 6 in each group). ap < 0.05 vs. control group and bp < 0.05 vs. cerulein treatment alone; p < 0.05 was considered significant. The results were similar in 3 further experiments.
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