
Page 1/13

Pre-inhalation of Hydrogen-rich Gases Protect Against Caerulein-induced
Mouse Acute Pancreatitis While Enhance the Pancreatic Hsp60 Protein
Expression
Kun Li  (  lyzii@tongji.edu.cn )

Department of Pathophysiology, Tongji University School of Medicine, 1239 Siping Road, Shanghai, China https://orcid.org/0000-0002-6819-6981
Hongling Yin 

Shanghai Asclepius Meditec Co. Ltd. 758 Jiaxin Road, Shanghai, 201818
Yi Duan 

Shanghai Asclepius Meditec Co. Ltd. 758 Jiaxin Road, Shanghai 201818
Peizhen Lai 

Shanghai Asclepius Meditec Co. Ltd. 758 Jiaxin Road, Shanghai 201818
Yanchen Cai 

Department of Pathophysiology, Tongji University School of Medicine, 1239 Siping Road, Shanghai 200092
Youzhen Wei 

Research Center for Translational Medicine & Key Laboratory of Arrhythmias of the Ministry of Education of China, East Hospital, Tongji University School of
Medicine, 150 Jimo Road, Shanghai 200120

Research article

Keywords: Acute pancreatitis, Hydrogen-rich gases, Hsp60, In�ammation, Oxidative stress

Posted Date: August 27th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-42049/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Version of Record: A version of this preprint was published at BMC Gastroenterology on April 19th, 2021. See the published version at
https://doi.org/10.1186/s12876-021-01640-9.

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js

https://doi.org/10.21203/rs.3.rs-42049/v1
mailto:lyzii@tongji.edu.cn
https://orcid.org/0000-0002-6819-6981
https://doi.org/10.21203/rs.3.rs-42049/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12876-021-01640-9


Page 2/13

Abstract
Background: Acute pancreatitis (AP) lacks targeted prevention and treatment measures. Some key points in the pathogenesis of AP remain unclear, such as
early activation of pancreatic enzymes. Several recent reports have shown the protective effect of hydrogen on several AP animal models, and the mechanism
is related to antioxidant activity. Heat shock protein 60 (Hsp60) is known to accompany pancreatic enzymes synthesis and secretion pathway of in pancreatic
acinar cells, while role of hsp60 in AP remains a topic. The aim of this study was to investigate effect of hydrogen pretreatment on experimental AP mice, as
well as the possible mechanisms, focusing on antioxidant and Hsp60 expression alteration mechanisms.

Methods: 80 mice were randomly assigned into four groups: HAP group, AP group, HNS group, and NS group and each group were set 3 observation time
point as 1h, 3h and 5h (n=6- 8). Mouse AP model was induced by intraperitoneal injection of 50μg/kg caerulein per hour for 6 injections both in AP and HAP
groups, and mice in NS group and HNS group given normal saline (NS) injections at the same way as control respectively. Mice in HAP group and HNS group
were treated with hydrogen-rich gases inhalation for 3 days before the �rst injection of caerulein or saline, while mice in AP group and NS group in normal air
condition. Histopathology of pancreatic tissue, plasma amylase and lipase, plasma IL-1 and IL-6, pancreatic glutathione (GSH) and malondialdehyde (MDA),
and Hsp60 mRNA and protein expression were investigated. Comparisons were made by one-way analysis of variance.

Results: The pancreatic pathological changes, plasma amylase and lipase activity, and the increase of plasma IL-1 and IL-6 levels in AP mice were
signi�cantly improved by the hydrogen-rich gases pretreatment, Meanwhile, the pancreatic GSH content increased and the pancreatic MDA content decreased.
And, the hydrogen-rich gases pretreatment improved the Hsp60 protein expression in pancreatic tissues of AP mice at 1h and 5h.

Conclusions: Pre-inhalation of hydrogen-rich gases have a good protective effect on AP mice, and the possible mechanisms of reduced oxidative stress and
the early increased pancreatic Hsp60 protein deserve attention.

Background
Acute pancreatitis (AP) is an acute in�ammatory disorder of the pancreas with a high morbidity and mortality, and the damages may be local, or accompanied
with systemic in�ammatory response syndrome and distant organ dysfunction. The mechanism of AP has been a focus of concern for a long time. Now it is
generally accepted that the abnormal activation of pancreatic enzymes in pancreatic acinar cells, and the in�ammatory mediators and cytokines play
important roles in the occurrence and development of AP, but many detailed events remain unclear [1]. Up till now, there has been a lack of targeted prevention
and control measures for the key pathogenesis of AP [2].

Heat shock protein 60 (Hsp60), known as molecular chaperonin, is a member of heat shock protein family which functions in protein folding, transmembrane
translocation, assembly, and disassembly. In pancreas, there is evidence that Hsp60 coexists with pancreatic zymogen granules along the exocrine secretion
pathway in pancreatic acinar cells [3], and studies suggest that the decreased expression of Hsp60 in pancreas may correlate with the occurrence of AP in rat
[4, 5]. The protective effect of HSP60 on AP is to be discussed further.

Hydrogen is a polar molecule with a small molecular weight, reportedly an anti-oxygen free radical with anti-in�ammatory effects, and is expected to have
good prospects in medical application [6]. Several recent studies have found that hydrogen gas or hydrogen-rich saline have a protective effect on
experimental AP and mechanisms are being explored [7-9].

In the present study, we intent to investigate the effect of pre-inhalation of hydrogen-rich gases on AP mice induced by caerulein, and the related mechanisms.
For the mechanisms, in addition to the oxidative stress, we pay more attention to study the expression of Hsp60 in pancreatic tissues of AP mice before and
after the hydrogen treatment. Our goal is to reveal the possible links of Hsp60 protein in the protective effects of hydrogen pretreatment on AP mice.

Methods
Animals

At least 80 adult C57Bl/6 mice weighing 22 ± 2 g, male or female, purchased from Shanghai SLAC Laboratory Animal Co. Ltd. were used in this experiment.
The animals were housed under standard conditions at a 12:12 h light-dark cycle, with free access to water ad libitum and lab chow at 23 ±2 °C and 55 ± 5%
humidity. Same sex litter mates were housed together in individually ventilated cages with two or four mice per cage, and the animals’ welfare and the
experimental procedures were approved by the Animal Ethics Committee of Tongji University, Shanghai, China.

Establishment of AP mouse model and experimental protocol

Experimental mouse AP model was induced by caerulein (Sigma Chemical, St. Louis, USA) in the same way as a previous study [10]. In brief, mice fasted for
12 hours before receiving intraperitoneal injections (i.p.) of 50 μg/kg caerulein hourly, totaling six injections to induce mouse AP model, and mice received
normal saline (NS) i.p. instead of caerulein as control.

C57Bl/6 Mice were randomly assigned into the following 4 groups: NS group, HNS group, AP group and HAP group, and each group were set 3 observation
time point as 1h, 3h and 5h, and at each time point n=6 – 8 for each group (“n” indicate the total number of mouse used and mice died during model
replication were excluded). Mice in AP group and HAP group both received the caerulein injections and mice in NS group and HNS group both received the NS
injections as above mentioned. But mice in HAP group and HNS group were treated with hydrogen-rich gases (42% H2 + 21% O2 + 37% N2) inhalation for 3
days before the �rst injection of caerulein or saline, while mice in AP group and NS group in normal air condition. 1h, 3h or 5h after the �nal injection of
caerulein or NS, mice were euthanized under iso�urane anesthesia. Blood samples were taken, placed in the heparin-treated tubes, centrifuged immediately at
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3000 rpm for 10 minutes, and the plasma was collected and stored in liquid nitrogen. Meanwhile, the pancreas tissue were dissociated, rinsed and divided to 3
parts. The head portions of the pancreas were �xed in 4% paraformaldehyde for pathological evaluation, and the rest of the pancreatic tissues placed in
empty tubes or in tubes with 0.5 ml RNAiso Plus (Takara Bio, Beijing, China). Both were stored in liquid nitrogen for later usage.

Histopathological analysis

The pancreatic tissues �xed in the 4% paraformaldehyde above were para�n embedded, sliced (5 μm), and stained by hematoxylin and eosin (HE). The slides
were observed and studied under a high power microscope. At least 15 randomly chosen microscopic �elds from three slides of three mice in every group were
examined and evaluated blindly. Images were captured by digital image analysis system Motic Med 6.0 (Motic Software Engineering Co. Ltd., Xiamen, China).
Pancreatic histopathological changes were given scores as described previously [10], Scoring for ( ) The interstitial and acinar edema: 0 absent, 1 focal
expansion of interlobular septa, 2 expanded expansion of interlobular septa, 3 focal expansion of intralobular septa, 4 expanded expansion of intralobular
septa; ( ) the presence of vacuolization: 0 absent, 1 less than 20%, 2 20% to 35%, 3 35% to 50%, 4 more than 50%; ( ) the interstitial in�ltration of neutrophils or
lymphocytes: 0 absent, 1 1 to 10 /high power �eld (HP), 2 11 to 20 /HP, 3 20 to 30 /HP, 4 >30 /HP; ( ) the necrosis of acinar cell: 0 absent, 1 1 to 5 /HP, 2 5 to
10 /HP, 3 11 to 15 /HP, and 4 >15 /HP. In each group, means of the scores in edema, vacuolization, in�ltration and necrosis were presented as results of the
�nal pathological scores.

Measurement of plasma amylase and lipase activity

The activity of plasma amylase and lipase were determined using the respective enzymatic reaction commercial kits (Jiancheng Tech nology, Nanjing, China).
Methods were according to the manufacturer`s instructions (Cat No. C016 and Cat No. A054-1-1), samples were mixed, water bath, optical density (OD660nm
and OD420 nm) detection, and plasma amylase and lipase activity were calculated according to formula provided on the instruction. Result of the amylase
activity was presented as unit per deciliter (U/dL), and the lipase activity was presented as unit per liter (U/L).

Assay for plasma IL-1 and IL-6

Plasma interlukin-1 (IL-1) and IL-6 levels were quanti�ed by mouse IL-1β or IL-6 commercial available enzyme-linked immune-sorbent assay (ELISA) kits (R&D
Systems, Abingdon, UK). Protocols were according to the manufacturer`s instruction of the corresponding kits, and each specimen was measured twice.
Levels of IL-1and IL-6 in plasma were calculated as pg/ml, and the results presented as a percentage of the NS group of 1h (the NS1h group).

Measurement of pancreatic GSH and MDA

The pancreatic tissues in empty tube stored in liquid nitrogen were thawed on ice and homogenized in NS. Part of the homogenate was used for protein
quanti�cation by the use of Pierce BCA Protein Assay Kit (Thermo, Rockford, USA). 0.1 ml of the homogenate was centrifuged at 3500 rpm, 4 °C for 10
minutes, and the supernatant used for the reduced glutathione (GSH) detection. The content of GSH in pancreas was determined by commercial GSH Assay
Kits (Jiancheng Tech nology, Nanjing, China) which contain total glutathione (T-GSH) and oxidative glutathione (GSSG) standard and based on dithio-bis-
nitrobenzoic acid (DTNB) cycle reaction. Method was according to the instruction of the manufacturer (Cat No. A061-1) and content of GSH calculated by T-
GSH minus double GSSG according to the instruction. Data was calculated and presented as μmol per gram of total protein (μmol /g).

0.1 ml of the homogenates was used for the malondialdehyde (MDA) detection. The content of MDA in pancreas was determined by commercial MDA Assay
Kits (Jiancheng Tech nology, Nanjing, China) based on thiobarbituric acid (TBA), and method was according to the instruction of the manufacturer (Cat No.
A003-1). Data was calculated and presented as nano-mole per milligram of total protein (nmol /mg).

Immunohistochemistry

The expression of in situ Hsp60 protein in pancreas was detected by immunohistochemistry, with the same protocol as the former [10]. Slides of the para�n
section of mouse pancreatic tissue dewaxed, hydrated, and heat-mediated antigen retrieval, and then blocked in 5% bovine serum albumin (BSA) (Sangon
Biotech, Shanghai, China) for 1 h at room temperature. The slides were subsequently incubated with rabbit anti-Hsp60 antibody (1:600 diluted) (Enzo,
Pennsylvania, USA) overnight at 4 ℃, and horse radish peroxidase (HRP)-conjugated secondary antibody (Beyotime, Shanghai, China) for 2 h at room
temperature. Finally, the slides were stained with diaminobenzidine (DAB) (Sangon Biotech, Shanghai, China) and hematoxylin.

Positive signals with brownish staining were observed under microscopy. Images were captured by Motic Med 6.0 ((Motic Software Engineering Co. Ltd.,
Xiamen, China), and the optical density (OD) of the positive signals was measured semi-quantitatively by the software of Image J. Results were presented as a
percentage of the NS1h group.

Western blotting

The expression of Hsp60 protein in pancreatic tissue was detected by Western blotting as well, and the protocol was similar to that of the former [10]. Mouse
pancreatic tissues preserved in liquid nitrogen were thawed and homogenized, and the total protein was extracted. Protein quanti�cation was carried out with
the Pierce BCA Protein Assay Kit (Thermo, Rockford, USA). Protein samples loaded and separated on 10% SDS-PAGE gels was transferred to PVDF membrane.
The PVDF membrane was blocked in 5% BSA (Sangon Biotech, Shanghai, China) for 2 h at room temperature, and subsequently incubated with rabbit anti-
Hsp60 antibody (1:1000 diluted) (Enzo, Pennsylvania, USA) or β-actin antibody (1:2000 diluted) (Cell Signaling Technology, Boston, USA) overnight at 4 ℃,
and a HRP-conjugated secondary antibody (1:2500 diluted) (Beyotime, Shanghai, China) for 1 h at room temperature. Positive signals in membrane were
detected by chemiluminescence with the use of ECL reagent (Beyotime, Shanghai, China) and the integrated density (IntDen) of the positive signals was
analyzed by the software of Image J. Results was calculated as a relative expression of Hsp60 protein adjusted to the corresponding β-actin expression, and
data was shown as a percentage of the NS1h group.Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Quantitative real time PCR

The expression of Hsp60 mRNA in pancreas was detected by real-time quantitative PCR (RT-PCR), and protocols were similar to that of the former [4]. Mouse
pancreatic tissues in tubes with RNAiso Plus (Takara Bio, Beijing, China) stored in liquid nitrogen were thawed and homogenized, and total RNA was extracted.
1mg of RNA was reverse transcribed to single-stranded complementary DNA (cDNA) according to the manufacturer’s recommended procedure of the HiScript
III RT SuperMix Kits (Vazyme, Nanjing, China). Next, quantitative RT-PCR was performed on QuantStudio 6 Flex System (Therm Lifetech, Walsham, USA) by
using Power SYBRTM Green PCR Master Mix (Thermo Fisher, Walsham, USA), with GAPDH as the house-keeping gene, and the annealing temperature was 58
°C and the number of PCR cycles was chosen to stop the reaction in the linear phase of ampli�cation (40 cycles). Primer sequences were used as follow:
hsp60, forward (5-CAGTG ∀GGATGG ∀ ∀AℂCT - 3) and reverse (5-TC ⊤ TGGTGAC∀TGAℂTℂC - 3); GAPDH, forward (5 -
GCATCTTCTTGTGCAGTGCC-3 ) and reverse (5 -TACGGCCAAATCCGTTCACA-3 ). Relative quanti�cation was calculated by the double ΔCt method, and
results were present as a percentage of the NS1h group.

Statistical analysis

Data analysis was performed using statistical software SPSS version 22.0. All results were expressed as mean ± standard error of the mean (SEM),
Comparisons were made by one-way analysis of variance (ANOVA) followed by the Bonferroni post hoc test. Values of P < 0.05 were considered statistically
signi�cant.

At least 6 mouse models were constructed at each time point in each group. The number of observed animals per indicator varies according to source of
specimen and the method used and for each indicator the number of samples in each group of the test indexes is equal. For pathological evaluation, at least
15 randomly chosen microscopic �elds from three slides of three mice in every group were examined and evaluated blindly. Plasma amylase and lipase
activity, pancreatic GSH and MDA content which detected by biochemical methods as well as IL-1 and IL-6 which detected by ELISA each with animal number
6, the included animal number n is 6. Molecular biology indicators such as Hsp60 protein and mRNA expression which detected by immunohistochemistry,
Western blotting or RT-PCR, each contain at least 3 animals.

Results
Histopathological scores and evaluation of pancreatic tissue

The pathological changes of the pancreas in mice of AP group were gradually aggravated over time, and treatment of the hydrogen-rich gases (42% H2 + 21%
O2 + 37% N2) inhalation improve the pathological changes in AP mice signi�cantly to varying degrees, as shown in Fig.1. Fig.1a represented the typical
pathological changes of the pancreas, whereas the pathological scores of the pancreas including edema, vacuolization, in�ltration, and necrosis were shown
in Fig.1b. 1h after the modeling, interstitial edema, moderate vacuolization and in�ltration were observed, and at 3h, in addition to edema, severe
vacuolization, congestion and in�ltration were observed. The pancreatic lesions were developed further at 5h with intra-lobular septa expansion, obvious
congestion and in�ltration, and scattered necrosis of the acinar cells. When compared with the AP group, the pathological changes of pancreas in HAP group
were improved signi�cantly at each time point. However, there was no signi�cant difference in the pathological changes of mice in the NS group and the HNS
group at the same time point.

Activity of amylase and lipase in plasma

The activity of plasma amylase and lipase in each group of mice was shown in Fig.2. As shown in Fig.2a, the activity of plasma amylase in AP group was
signi�cantly higher than that in NS group (p < 0.05), and that in HAP group was signi�cantly lower than that in AP group at each time point (p < 0.05). There
was no difference in the activity of plasma amylase in the NS and the HNS group at the same time point (P > 0.05).

As shown in Fig.2b, the activity of plasma lipase in AP group was signi�cantly higher than that in NS group at each time point (p < 0.05), and that in HAP
group was signi�cantly lower than in AP group at 1h and 3h (p < 0.05). There was no difference in the activity of plasma lipase in the NS and the HNS group
at the same time point (P > 0.05).

Levels of IL-1 and IL-6 in plasma

Plasma IL-1 and IL-6 levels in each group of mice were shown in Fig.3. At each time point, both plasma IL-1 and IL-6 levels in AP group were signi�cantly
higher than those of NS group (p < 0.05), and the IL-1 levels in HAP group were lower than those of NS group signi�cantly at 1h and 5h (Fig.3a), while the IL-6
levels in HAP group lower than those of NS group signi�cantly at each time point (Fig.3b). At the same time point, there were no signi�cant difference in
plasma IL-1 and IL-6 levels between the NS group and the HNS group (P > 0.05).

Content of GSH and MDA in pancreatic tissue

As shown in Fig.4a, when compared with the NS group, the reduced GSH content in pancreas of mice in AP group declined at each time point, and it decreased
signi�cantly at 3h and 5h (p < 0.05), and those in HAP group increased signi�cantly at each time point when compared with the AP group (p < 0.05). The
reduced GSH content in mice of HNS was lower than those of NS group signi�cantly at 3h and 5h.

Compared with the NS group, the MDA content in pancreas of mice in AP group was signi�cantly increased at 1h, 3h and 5h (p < 0.05), and at each time point,
the MDA content in pancreas of mice in HAP was signi�cantly lower than those of the AP group (p < 0.05), as shown in Fig.4b. While the pancreas MDA in
HNS group was lower than those of NS group signi�cantly at each time point (p < 0.05).
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Expression of Hsp60 protein in pancreatic tissue

In situ Hsp60 protein expression in pancreas by immunohistochemistry was shown in Fig.5. The brownish staining in Fig.5a represented the expression of
Hsp60 protein in the parenchyma of mouse pancreatic tissue. Average OD of the positive staining was show in Fig.5b. It was found that the positive signals of
Hsp60 protein in AP group was less than that in NS group at 1h, and higher than that in NS group at 3h and 5h. Compared with the AP group, the positive
signals in HAP group increased signi�cantly at 1h and 3h. And compared with the NS group, it was increased at 1h and 3h in the HNS group.

The expression of Hsp60 protein in mouse pancreas was checked by Western blotting, as shown in Fig.6. It was also found that the expression of Hsp60
protein in pancreas of mice in AP group was less than that in NS group at 1h, and higher than that in NS group at 3h and 5h. After the H2 treatment, the Hsp60
protein expression in HAP group increased signi�cantly when compared with that in AP group at 1h and 5h. And the Hsp60 expression in HNS group was
signi�cantly higher than that in the NS group at 1h and 3h.

Expression of Hsp60 mRNA in pancreatic tissue

As shown in Fig.7, the expression of Hsp60 in pancreas of mice in NS group increased over time and that in AP group decreased, especially at 5 h. Compared
to the NS group, the expression of Hsp60 mRNA in AP group increased at 1h and 3h but decreased at 5h signi�cantly. Compared to the NS group, there was a
big rise to the expression of Hsp60 mRNA in HNS group at each time point (p < 0.05). But the treatment failed to increase the Hsp60 mRNA at 1h and 3h, and it
is only at 5h that the expression of Hsp60 mRNA in HAP group higher than that in AP group signi�cantly (p < 0.05).

Discussion
Acute pancreatitis has been studied for over 100 years. The pathogenesis of the disease is not fully understood, and there are still many di�culties in the
prevention and treatment of the disease. It is generally recognized that the premature activation of pancreatic enzymes in pancreatic acinar cells is an early
and critical event in AP [11, 12]. Elevated plasma amylase and /or lipase, like the typical pathological change of pancreatic tissue and the indicators of
in�ammatory response, are important basis for clinical diagnosis of AP [2]. But the priming mechanism of pancreatic enzyme intracellular activation is far
from being elucidated [1].

Pancreas is the second largest digestive gland in the human body and has a powerful exocrine function, and it can produce, store and secrete a large number
of enzymes with powerful digestive functions. Normally, the various digestive enzymes of the pancreas are stored in zymogen granules of pancreatic acinar
cells in an inactive way, secreted through the pancreatic duct into the intestinal cavity, activated by intestinal kinases and the alkaline environment, and play
roles in food digestion. Studies have shown that the ordered synthesis, transport, modi�cation and secretion of pancreatic enzymes are closely related to
Hsp60 [3, 13]. And there are reports to reveal the protective effects of Hsp60 on AP, that is, water immersion stress induced Hsp60 expression protects against
pancreatitis in rats [14], and down-regulation of Hsp60 worsen the injuries of isolated rat pancreatic tissues [5]. However, few studies have observed the
protective effect of Hap60 on AP in mice, and the mechanism of Hsp60 in the pathogenesis and protection of AP need further investigation[15].

Cerulein is a cholecystokinin analogue, and the mouse AP model induced by caerulein is classical and widely used animal AP model [16]. In the present study,
caerulein induced AP mouse model was induced successfully, with typical pathological change of the pancreatic tissues, elevated amylase and lipase activity,
and increased plasma IL-1 and IL-6 levels in AP mice as described above. Based on this AP model, it is observed that the expression of Hsp60 protein in
control group decreased over time, but it in AP group show a different trend. At 1h, the expression of Hsp60 protein in pancreatic tissue of AP group is
signi�cant lower than that of NS group, and at 3h, the expression of Hsp60 protein in AP group increased signi�cantly when compared with that at 1h, and
also higher than that of the NS group at 3h, but at 5 h, it was signi�cantly lower than that of the NS group. This may be explained by the fact that the injection
at the time of modeling itself is a stress, and the increased expression of the induced Hsp60 is involved in the early protection of mice. The expression of
Hsp60 in the AP group did not increase in the early stage, is this correlated to the occurrence of AP? Perhaps, the increase of the pancreatic Hsp60 protein in
the AP group could not support the changes induced by the stress of caerulein damage, for example, it is not enough to accommodate the increase in the
abnormal pancreatic enzymes.

There is another interesting �nding in this study. The H2 treatment signi�cantly increases the Hsp60 protein in the pancreas of the AP group, and more
importantly, it simultaneously provides good protection against the caerulein-induced mouse AP, manifested by pathological changes, attenuated amylase and
lipase activities, and decreased IL-1 and IL-6 levels. This is the �rst time to �nd that hydrogen treatment signi�cantly improve the Hsp60 protein in mouse
pancreatic tissues. Paradoxically, expression of Hsp60 mRNA in the pancreatic tissues in this study was not consistent with that of Hsp60 protein, and
Strowski also reported inconsistent mRNA and protein expression of heat shock protein 70 in caerulein induced Rat AP mode [17]. Here, we strongly agree with
their view that failure to appropriately increase Hsp protein levels in response to high doses of caerulein might be a factor in the pathogenesis of pancreatitis
[17]. The unsynchronous expression of Hsp60 mRNA and Hsp60 protein is interesting issue and need further investigation and discussion in the future, which
might aid our understanding of the molecular mechanisms underlying caerulein-mediated pancreatitis. Now, it can be boldly speculated that an early
increased Hsp60 protein expression might be partly contribute to the protective effect of hydrogen-rich gases on the acute AP.

Role of hydrogen in medicine has been concerned since 1975 [18], and it is generally accepted as a potential oxygen free radicals scavenger [6-9]. Recently,
several works have found that hydrogen has a protective effect on AP, mainly due to its antioxidant effects [7-9]. Ren
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s work is based on AR42J cells treated with hydrogen-rich medium, and /or based on AP rat model treated with H2-rich gas after the modeling [8, 9]. The
present work is based on caerulein induced AP model in C57Bl/6 mice, pre-treated with 3 days of hydrogen-rich gases before the �rst injection of the modeling,
and further demonstrated the good protective effect of hydrogen on AP. Oxidative stress is a factor involved in the pathogenesis of AP, although the speci�cLoading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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mechanism remains controversial [19, 20]. Therefore, pancreatic GSH and MDA which indicate the redox status and the oxidative damage in pancreatic
tissues were also observed. Results shown H2 treatment increase pancreatic GSH and decrease pancreatic MDA in AP mice, indicating that antioxidant effects
may be also involved in the protective mechanisms of the 3 days of hydrogen-rich gases inhalation on caerulein-induced AP mice.

Now we can have the idea that hydrogen has a protective effect on AP, and the antioxidant effects and Hsp60 expression may be both involved in the
protective mechanism. Here, is there any possible correlation between the Hsp60 expression and the redox state? Hsp60 is mitochondrial-derived chaperonin.
Studies have shown that siHsp60 lead to the increase of oxidized protein in renal tubular cells [21]. Ren`s work ever show that hydrogen-rich saline inhibit
pyrindomain-containing 3 (NLRP3) in�ammasome activation and attenuates experimental mice AP [7], whereas report also show that Hsp60 can stimulate
NLRP3 in�ammasome pathway [22]. This suggests that increased the expression of Hsp60 protein may improve the redox state. In the present study, both the
increase of Hsp60 protein and the antioxidant activity were found in the protective effect of H2 on AP, their relationships and detailed mechanism need further
investigation.

Conclusions
In conclusion, pre-inhalation of hydrogen-rich gases have a good protective effect on AP mice. Expression of Hsp60 in the AP group did not increase in the
early stage. The pre-inhalation of hydrogen-rich gases increase the Hsp60 protein in pancreatic tissues, which may play role in the protective effects.
Meanwhile, the antioxidant role of hydrogen may also be involved in the protective effects of hydrogen on AP mice. The relationship between Hsp60 and
oxidative stress in the protective role of pre-inhalation of hydrogen-rich gases, and issue of the unsynchronous expression of Hsp60 mRNA and Hsp60 protein
need further investigation.

Abbreviations
AP: Acute pancreatitis; Hsp60: Heat shock protein 60; i.p.: intraperitoneal injections; NS: normal saline; HE: hematoxylin and eosin; OD: optical density; IL:
interlukin; ELISA: enzyme-linked immune-sorbent assay; GSH: reduced glutathione; MDA: malondialdehyde; T-GSH: total glutathione; GSSG: oxidative
glutathione; DNTB: dithio-bis-nitrobenzoic acid ; TBA: thiobarbituric acid; BSA: bovine serum albumin; DAB: diaminobenzidine; HRP: horse radish peroxidase;
IntDen: integrated density; RT-PCR: real-time quantitative PCR; cDNA: complementary DNA; SEM: standard error of the mean

Declarations
Ethics approval and consent to participate

Written informed consent was obtained from all participants in the study. All animal experiments were conducted in accordance with the guidelines of Animal
Ethics Committee of Tongji University, Shanghai, China. Approval number: NO. 2016yxy06.

Consent for publication

All authors read and con�rmed the manuscript. Consent for publication ‘Not Applicable’ for participants.

Availability of data and materials

Datasets are available through the corresponding author upon reasonable request.

Competing interests

The authors declare that they have no con�ict of interest.

Funding

This work was supported by grants from Shanghai Municipal Commission of Health and Family Planning to Dr. Kun Li (grant No. 201440313) and the support
of Shanghai Asclepius Meditec Co. Ltd. Among them, the hydrogen instruments for reproduction of animal models, most antibodies except anti-Hsp60
antibody, all kits and some regents are provided by Shanghai Asclepius Meditec Co. Ltd, whereas Caerulein, Anti-Hsp60 antibody and some other regents,
pathophysiological analysis, statistical analysis etc., literature reading, o�ce supplies, staff stipend were from grant No. 201440313, and Fees of the
publication will also from grant N..201440313.

Author`s contributions

Dr. KL and Dr. YZ Wei designed the experiment and the works was supported by grants from Shanghai Municipal Commission of Health and Family Planning
to Dr. KL (grant No. 201440313) and the support of Shanghai Asclepius Meditec Co. Ltd to YZ Wei. KL, HL Yin and Y Duan performed the essence of the
development work. PZ Lai and YC Cai participate mouse AP model construction and some detection. Dr KL and Dr YZ Wei contributed to the discussion and
paper writing, and YC Cai also take part in some of the draft work. All authors have read and approved the manuscript.

Acknowledgments

This study was performed by the support of Shanghai Municipal Commission of Health and Family Planning to Dr. KL (grant No. 201440313) and the support
of Shanghai Asclepius Meditec Co. Ltd to YZ Wei. All research work was carried on Research Center for Translational Medicine & Key Laboratory of

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js



Page 7/13

Arrhythmias of the Ministry of Education of China, East Hospital, Tongji University School of Medicine.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional a�liations.

References
1. Gukovskaya AS, Pandol SJ, Gukovsky I. New insights into the pathways initiating and driving pancreatitis. Curr Opin Gastroenterol. 2016;32(5)429-435.

2. Crockett SD, Wani S, Gardner TB, FY Y, Barkun AN. American Gastroenterological Association Institute Guideline on Initial Management of Acute
Pancreatitis. Gastroenterology. 2018;154(4):1096-1101.

3. Le Gall IM, Bendayan M (1996) Possible association of chaperonin 60 with secretory proteins in pancreatic acinar cells. J Histochem Cytochem 44:743-
749.

4. Li XL, Li K, Li YY, Feng JY, Gong Q, Li YN, Li XJ, Chen CJ. Alteration of Cpn60 expression in pancreatic tissue of rats with acute pancreatitis. Cell Stress
and Chaperones. 2009;14(2):199-206.

5. Li YY, Lu S, Li K, Feng JY, Li YN, Gao ZR, Chen CJ. Down-regulation of HSP60 expression by RNAi increases lipopolysaccharide and cerulein-induced
damages on isolated rat pancreatic tissues. Cell Stress and Chaperones. 2010;15(6):965-975.

�. Ohsawa I, Ishikawa M, Takahashi K, Watanabe M, Nishimaki K, Yamagata K, Katsura KI, Katayama Y, Asoh S, Ohta S. Hydrogen acts as a therapeutic
antioxidant by selectively reducing cytotoxic oxygen radicals. Nature Medicine. 2007;13(6):688-694.

7. Ren JD, Ma J, Hou J, Xiao WJ, Jin WH, Wu W, Fan KH. Hydrogen-Rich Saline Inhibits NLRP3 In�ammasome Activation and Attenuates Experimental Acute
Pancreatitis in Mice. Mediat In�amm. 2014; doi:10.1155/2014/930894.

�. Zhou HX, Han B, Hou LM, An TT, Jia G, Cheng ZX, Ma Y, Zhou YN, Kong R, Wang SJ, Wang YW, Sun XJ, Pan SH, Sun B. Protective Effects of Hydrogen Gas
on Experimental Acute Pancreatitis. PLoS One. 2016;11(4):e0154483

9. Han B, Zhou HX, Jia G, Wang YW, Song ZF, Wang G,Pan SH, Bai XW, Lv JC, Sun B. MAPKs and Hsc70 are critical to the protective effect of molecular
hydrogen during the early phase of acute pancreatitis. FEBS J. 2016;283(4):738-756.

10. Li K, Feng JY, Li YY, Birol Yuece, Lin XH, Yu LY, Li YN, Feng YJ, Storr M. Anti-In�ammatory Role of Cannabidiol and O-1602 in Cerulein-Induced Acute
Pancreatitis in Mice. Pancreas. 2013;42(1):123-129.

11. Pandol SJ, Saluja AK, Imrie CW, Banks PA (2007) Acute pancreatitis: bench to the bedside. Gastroenterology, 132: 1127-1151

12. Sah RP, Saluja A. Molecular mechanisms of pancreatic injury. Curr Opin Gastroenterol. 2012;28(5):507-515.

13. Li YY, Bendayan M. Alteration of chaperonin60 and pancreatic enzyme in pancreatic acinar cell under pathological condition. WJG. 2005;11(46):7359-
7363.

14. Lee HS, Bhagat L, Frosard JL, Hietaranta A, Singh VP, Steer ML, Saluja AK. Water immersion stress induces heat shock protein 60 expression and protects
against pancreatitis in rats. Gastroenterology. 2000; 119(1):220-229.

15. Binker MG, Cosen-Binker LI. Acute pancreatitis: The stress factor. WJG. 2014;20(19):5801-5807.

1�. Hyeyoung K. Cerulein Pancreatitis: Oxidative Stress, In�ammation, and Apoptosis. Gut and Liver. 2008;2:74-80.

17. Strowski MZ, Sparmann G, Weber H, Fiedler F, Printz H, Jonas L, Goke B, Wagner ACC. Caerulein pancreatitis increase mRNA but reduces protein levels of
rat pancreatic shock proteins. Am J Physiol. 1997;273:G937-945.

1�. Dole M, Wilson FR, Fife WP. Hyperbaric Hydrogen Therapy: A Possible Treatment for Cancer. Science. 1975;190(4210):152-154.

19. Rau B, Poch B, Gansauge G, Bauer A, Nussler AK, Nevalainen T, Schoenberg MH, Beger HG. Pathophysiologic Role of Oxygen Free Radicals in Acute
Pancreatitis-Initiating Event or Mediator of Tissue Damage? Annals of surgery. 2000;231(3):352-360.

20. Kahraman A, Vurmaz A, Koca HB, Uyar H, Çat A, Tokyol C, Polat C, Köken T. The effect of quercetin on cerulein-induced acute pancreatitis. Medical
Express. 2017;4(5):M170502.

21. Aluksanasuwan S, Sueksakit K, Fong-ngern K, Thongboonkerd V. Role of HSP60 (HSPD1) in diabetes-induced renal tubular dysfunction: regulation of
intracellular protein aggregation, ATP production, and oxidative stress. FASEB J. 2017;31(5):2157-2167.

22. Swaroop S, Mahadevan A, Shankar SK, Adlakha YK, Basu A. HSP60 critically regulates endogenous IL-1βproduction in activated microglia by stimulating
NLRP3 in�ammasome pathway. J Neuroin�amm. 2018;15:177-135.

Figures

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js



Page 8/13

Figure 1

Effects of H2 pre-inhalation on pancreatic pathology (HE, ×400). a, Representative pathological images of mouse pancreatic tissue. Acute pancreatitis (AP)
model was induced by intraperitoneal injection of 50μg/kg caerulein per hour for 6 injections in C57Bl/6 mice, and mice given normal saline (NS) injections at
the same way as control. Some mice were treated with hydrogen-rich gases (42% H2 + 21% O2 + 37% N2) inhalation for 3 days before the �rst injection of
caerulein or saline, while others still in normal air condition. NS: control mouse, HNS: control mouse given treatment of the hydrogen-rich gases pre-inhalation,
AP: mouse with AP, HAP: mouse with AP and treated with the hydrogen-rich gases pre-inhalation; b, Pathological scores for edema, vacuolization,
in�ammation, and necrosis in each group. At least 15 randomly chosen microscopic �elds from three slides of three mice in every group were examined and
evaluated blindly. Results are presented as means ± SEM (n=6). * p < 0.05 compared with the NS group at the same time point; # p < 0.05 compared with the
AP group at the same time point.
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Figure 2

Effects of H2 pre-inhalation on plasma amylase and lipase activity. a, Amylase activity in plasma; b, Lipase activity in plasma. Results are presented as means
± SEM (n=6). * p < 0.05 compared with the NS group at the same time point; # p < 0.05 compared with the AP group at the same time point
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Figure 3

Effects of H2 pre-inhalation on plasma IL-1 and IL-6 levels. a, IL-1 levels in plasma; b, IL-6 levels in plasma. Results are presented as means ± SEM (n=6). * p <
0.05 compared with the NS group at the same time point; # p < 0.05 compared with the AP group at the same time point.
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Figure 4

Effects of H2 pre-inhalation on pancreatic GSH and MDA content. a, GSH content in pancreatic tissue; b, MDA content in pancreatic tissue. Results are
presented as means ± SEM (n=6). * p < 0.05 compared with the NS group at the same time point; # p < 0.05 compared with the AP group at the same time
point.
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Figure 5

Effects of H2 pre-inhalation on expression of pancreatic Hsp60 protein by immunohistochemisty (×400). a, Representative images of Hsp60 protein
expression detected by immunohistochemistry in pancreatic tissues; b, Results of semi-quantitative analysis of the positive signals. Results are presented as
means ± SEM (n=3). * p < 0.05 compared with the NS group at the same time point; # p < 0.05 compared with the AP group at the same time point.

Figure 6

Effects of H2 pre-inhalation on expression of pancreatic Hsp60 protein by Western blotting. a, Representative images of Hsp60 protein expression detected by
Western blotting in pancreatic tissues; b, Average integrated density of the positive signals. Results are presented as means ± SEM (n=3). * p < 0.05 compared
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with the NS group at the same time point; # p < 0.05 compared with the AP group at the same time point; $ p < 0.05 compared with the same group at 1h time
point.

Figure 7

Effects of H2 pre-inhalation on expression of Hsp60 mRNA in pancreatic tissue. The expression of Hsp60 mRNA in pancreatic tissues was detected by real-
time quantitative PCR and GAPDH as the house-keeping gene. Relative quanti�cation was calculated by the double ΔCt method, and data were present as a
percentage of the NS1h group. Results are presented as means ± SEM (n=4). * p < 0.05 compared with the NS group at the same time point; # p < 0.05
compared with the AP group at the same time point; $ p < 0.05 compared with the same group at 1h time point.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

ARRIVEchecklist.docx

originalWBimagesandlegend.pdf

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js

https://assets.researchsquare.com/files/rs-42049/v1/ARRIVEchecklist.docx
https://assets.researchsquare.com/files/rs-42049/v1/originalWBimagesandlegend.pdf

