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Background: Chronic pancreatitis (CP) is a long-term inflammatory disease of the pancreas that can be caused by various pathogenic 
factors. Oxidative stress (OS), which is associated with several pancreatic diseases, can induce pancreatic stellate cell (PSC) activation, 
leading to pancreatic fibrosis. Given the inefficacy of existing treatments for CP, in this study, our objective was to evaluate the 
therapeutic effect of the antioxidant, mitoquinone (MitoQ).
Methods: First, in vivo, we established a CP mouse model via the repeated injection of cerulein. Mice in the MitoQ group 
simultaneously received MitoQ daily. After 4 weeks of cerulein injection, pancreatic tissues from mice were evaluated by morpho-
logical changes and the expression of fibrosis markers. Further, OS in the collected pancreatic tissue samples was evaluated by 
determining the level of malondialdehyde (MDA) as well as the expression levels and activities of antioxidants. Furthermore, in vitro, 
the effect of MitoQ on human PSCs (hPSCs) was evaluated based on PSC activation markers and fibrotic phenotypes, and OS in these 
treated hPSCs was evaluated by measuring reactive oxygen species (ROS), MDA, and antioxidant levels.
Results: In vivo, MitoQ alleviated pancreatic fibrosis and inhibited OS in the cerulein-induced murine CP model. In vitro, it inhibited 
PSC activation as well as the subsequent development of the profibrogenic phenotypes by balancing out the levels of free radicals and 
the intracellular antioxidant system.
Conclusion: MitoQ is a potential candidate for CP treatment.
Keywords: chronic pancreatitis, pancreatic stellate cells, pancreatic fibrosis, oxidative stress, mitochondria-specific antioxidant, 
MitoQ, superoxide dismutase

Introduction
Chronic pancreatitis (CP), which is characterized by irreversible damage to the pancreas and leads to endocrine and 
exocrine insufficiency, is a long-term inflammatory disease of the pancreas caused by various pathogenic factors.1 

Studies have revealed that patients with CP are at approximately eight-fold higher risk of developing pancreatic cancer 
than their healthy counterparts.2 Further, current treatments of CP lack efficacy. Reportedly, the main pathological feature 
of CP is pancreatic fibrosis,3 and pancreatic stellate cells (PSCs) play an indispensable role in its development.4 

Normally, PSCs are quiescent, and they are located in the periacinar region, where they regulate the production of 
extracellular matrix (ECM).5 However, as a response to pancreatic injury, they transform into myofibroblast-like cells as 
evidenced by an increased expression of alpha-smooth muscle actin (α-SMA) and extracellular matrix components 
(EMCs).6,7 Recently, PSC activation has drawn increased attention owing to its association with CP,8–10 and given that 
any agent that can suppress PSC activation might be a potential therapeutic option for patients with CP, it is important to 
clarify the mechanism of PSC activation.
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Oxidative stress (OS) is caused by an imbalance between the production and removal of reactive oxygen species 
(ROS). Several studies have indicated that OS exists in pancreatic diseases, such as type 2 diabetes mellitus, CP, and 
pancreatic ductal adenocarcinoma.11–14 With advances in research, it has been demonstrated that OS possibly plays an 
important role in PSC activation. Based on experiments involving the use of CP animal models, it has been reported that 
antioxidant supplementation significantly alleviates PSC activation induced by hypoxia11 or hyperglycemia,15 thereby 
inhibiting pancreatic fibrosis.16,17

Intracellular ROS primarily originate from mitochondria, and their accumulation in this organelle leads to its 
dysfunction, which ultimately results in cell damage and diseases.18–20 Several advances have been made with respect 
to mitochondria-targeted antioxidant administration over the years. To date, mitoquinone (MitoQ) is reportedly the best 
characterized mitochondria-targeted antioxidant.21 Using preclinical models of liver diseases, it has also been demon-
strated that MitoQ is an effective therapeutic strategy in various liver diseases.22–24 Therefore, in this study, we aimed to 
clarify the effect of MitoQ on CP and PSCs activation with the ultimate objective of developing an effective therapeutic 
strategy for fibrosis-related pancreatic diseases. Our results indicated that CP treatment using MitoQ could lead to the 
alleviation of pancreatic fibrosis and also attenuate PSC activation by suppressing intracellular OS.

Materials and Methods
Mice
Healthy mice, 6–7-week-old C57BL/6J (20–25 g), were purchased from Beijing Vital River Laboratory Animal 
Technology (Beijing, China). The mice were housed under standard laboratory conditions (temperature 18–22°C, relative 
humidity 40–70%, 12 h/12 h light/dark cycle), the animals were reared for 1 week before the commencement of our 
animal experiments, which were approved by the Institutional Animal Care and Use Committee of Capital Medical 
University and performed in accordance with the ARRIVE guidelines.25

CP Model and Treatment
CP was induced via the repeated injection of mice with cerulein (Topscience, Shanghai, China) over a 4-week period (50 
µg/kg) at 6-h intervals per day,3 times per week. Cerulein is frequently used to establish murine CP models in this 
field.26,27 Further, to evaluate the efficacy of MitoQ (MedChemExpress, Shanghai, China), mice in the MitoQ treatment 
group were administered MitoQ (MedChemExpress) via oral gavage daily (10 mg/kg) during the cerulein injection 
period. Finally, three days after the last cerulein (Topscience) injection, the mice were sacrificed, and pancreatic tissue 
samples were collected for observation.

Histology
Pancreas tissue was quickly removed after mice were deeply anesthetized with pentobarbital. After weighing the 
pancreatic tissue, they were rapidly rinsed thoroughly with phosphate buffered saline for sectioning, pancreas pieces 
were fixed in 4% paraformaldehyde. The degree of pancreatic fibrosis was evaluated by hematoxylin and eosin (H&E), 
Masson trichrome and Sirius red staining (performed by Servicebio technology). We quantified the pancreatic fibrosis by 
calculating the positive area in Sirius red staining.

Cell Culture
Primary human PSCs (hPSCs, ScienCell, San Diego, CA, USA) were cultured in stellate cell medium (ScienCell, 
Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA) at 37 °C in 5% CO2 as 
recommended. After seeding and culturing for at least 24 h, the cells were then treated with 100 nM MitoQ 
(MedChemExpress) for 48 h or vehicle (DMSO, Invitrogen; Carlsbad, CA, USA).

Cell Proliferation and EdU Incorporation Assays
Cell-counting kit-8 (CCK-8, Dojindo, Kumamoto, Japan) and the EdU incorporation assay kit (RiboBio, Guangzhou, 
China) were used to evaluate cell proliferation. To realize the cck-8 assay, the cells were seeded into 96-well plates at a 
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density of 1000 cells per well. After adding CCK-8 to the culture medium followed by culturing for 2 h, the absorbance 
corresponding to each well was measured at 450 nm. Cell proliferation and viability were then calculated as previously 
described.28

Further, for EdU incorporation assay, the cells were seeded into 24-well plates at a density of 8000 cells per well. 
After treatment with MitoQ or vehicle for 48 h, 25 µM EdU was added followed by incubation for 2 h. Thereafter, the 
cells were fixed and incubated with Apollo 567 dye that can combine with EdU, and fluorescence intensities were 
measured using a fluorescence microscope (Leica, Wetzlar, Germany).

Flow Cytometry
A total of 15×104 cells were seeded into each well of a 6-well plate. After treatment with MitoQ or vehicle, the cells were 
harvested, and apoptosis was examined using an Annexin V-FITC/PI Apoptosis Detection Kit (KeyGEN, Jiangsu, 
China). Specifically, apoptotic cells were counted by flow cytometry (BD Biosciences, San Jose, CA, USA), and the 
data obtained were analyzed using FlowJo software version 10 (FlowJo LLC, Ashland, OR, USA).

Intracellular and Mitochondrial ROS Assessment
Cells were seeded in 96-well plates at the density of 1000 cells per well and treated with MitoQ or vehicle. DHE kit 
(Abcam, MA, USA) and MitoSOX Red (Invitrogen, CA, USA) were used according to the manufacturer’s protocols to 
measure intracellular ROS, respectively.

Measurement of Superoxide Dismutase (SOD) Activity
SOD activity (U/mg protein) in pancreatic tissues and hPSCs (15×104 cells seeded into each well) was measured using 
an SOD Assay Kit (NJJCBIO, Nanjing, China). In brief, pancreatic tissue and cell samples were homogenized and 
diluted 10 times using normal saline. After adding the reagents, the mixture was incubated at 37 °C for 20 min. 
Thereafter, absorbance at 450 nm was measured for each sample. Notably, the amount of enzyme that inhibited 50% of 
the reduction of WST-1 with the superoxide anion in 20 µL of the reaction system was defined as one unit of SOD 
activity.

Measurement of Glutathione (GSH) Content
The GSH content in the pancreatic tissues was measured using a GSH assay kit (NJJCBIO, Nanjing, China). First, 
pancreatic tissue samples were homogenized and diluted 10 times using normal saline. After adding the reagents for each 
step, the absorbance of each sample at 405 nm was measured. Next, GSH content was evaluated by measuring the 
amount of the yellow compound produced by the reaction of GSH with dithiodinitrobenzoic acid.

Measurement of MDA Content
The MDA content in serum and hPSCs (15×104 cells seeded into each well) was measured using an MDA Assay Kit via 
the colorimetric method (NJJCBIO, Nanjing, China). After adding the reagents, the mixture was incubated at 95 °C for 
40 min. Next, the MDA content was evaluated by measuring the absorbance at 532 nm. Notably, MDA and thiobarbituric 
acid condense to form a red-colored mixture with absorbance at 532 nm.

Measurement of Catalase (CAT) Activity in hPSCs
CAT activity was measured using a CAT assay kit (NJJCBIO, Nanjing, China). In brief, 15×104 cells were seeded into 
each well of a 6-well plate. After treatment with MitoQ or vehicle, the cells were harvested and homogenized. First, the 
cell homogenate and H2O2 were mixed followed by incubation at 37 °C for 1 min, after which ammonium molybdate 
was added to the mixture. CAT enzymatic activity was then assessed via absorbance measurements at 405 nm, which is 
the absorbance corresponding to the amount of the complex composed of the remaining H2O2 and ammonium 
molybdate.
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Immunofluorescence Staining
Immunofluorescence staining for α-SMA expression was performed to identify activated hPSCs. Specifically, 1×104 cells 
were seeded into each well of a 12-well plate. After treatment with MitoQ or vehicle for 48 h, the cells were fixed with 4% 
paraformaldehyde, and thereafter, blocked with 5% bovine serum albumin (BSA; Sigma-Aldrich, St. Louis, MO, USA) 
solution for 40 min. Next, the cells were incubated with anti α-SMA monoclonal antibody (#7817; Abcam, Cambridge, MA, 
USA) overnight at 4 °C followed by incubation with the secondary antibody (Alexa Fluor 594-conjugated goat anti-mouse 
IgG; ZSGB-BIO, Beijing, China) for 2 h. Nuclei were then stained with DAPI (ZSGB-BIO, Beijing, China), and the quantity 
of α-SMA positive cells was determined by analyzing the images obtained via fluorescence microscopy (Leica, Wetzlar, 
Germany) using Image J software (National Institute of Health (NIH), Bethesda, MD, USA).

Immunohistochemical Staining
Immunohistochemical staining of α-SMA in pancreatic tissue was performed for evaluating the activation of PSCs after 
administration of MitoQ. After Paraffin sections dewaxed by xylene and ethanol (100%-70%), the antigens were 
retrieved and blocked by 5% goat serum. Then slides were incubated with α-SMA antibody (#ab124964, Abcam) at 
4°C overnight. Then slides were incubated with horseradish peroxidase conjugated secondary antibodies (ZSGB-BIO) at 
37°C for 20 min. The expression of α-SMA in slides were visualized using DAB substrate kit (ZSGB-BIO).

Western Blot Analysis
For protein extraction from hPSCs, a total of 15×104 hPSCs were seeded into each well of a 6-well plate. After treatment 
with MitoQ or vehicle for 48 h, proteins were extracted using radioimmunoprecipitation assay (RIPA) buffer (Solarbio, 
Beijing, China). For pancreatic tissue protein, the pancreatic tissue samples were diluted 10 times using RIPA and 
homogenized. Next, the samples were centrifuged at 12,000 g or 15 min at 4 °C and the concentrations of various proteins 
in the supernatant solution were measured using the BCA protein assay kit (Beyotime, Shanghai, China). To separate the 
proteins, 10% SDS–polyacrylamide gels (Beyotime) were used. Next, the proteins were transferred onto polyvinylidene 
difluoride (PVDF, Millipore, Billerica, MA, USA) membranes, and after blocking with 5% skimmed milk, the membranes 
were incubated overnight with primary antibodies at 4 °C (the list of primary antibodies used is provided in Supplementary 
Table 3. Thereafter, the membranes were incubated with a type of near-infrared fluorescent dye-conjugated secondary 
antibody (LI-COR, Lincoln, NE, USA) at room temperature for 1 h, and finally, scanned using an Odyssey infrared 
fluorescence imaging system (LI-COR). The images obtained were further analyzed using Image J software (NIH).

Real-Time Quantitative Polymerase Chain Reaction (RT-PCR)
Total RNA of hPSCs and pancreatic tissues were prepared by Trizol (Invitrogen). Reverse transcription of each sample 
was performed with PrimeScrip RT Master Mix (Taraka, Dalian, China). RT-PCR was performed with SYBR Green PCR 
Master Mix (Applied Biosystems, Foster city, CA, USA). Primers (Invitrogen) were shown in Supplementary Tables 1–2.

Statistical Analysis
All the results are shown as Mean±SEM (Prism 8; GraphPad Software). The data was calculated by unpaired t-test by 
SPSS software (SPSS 19.0, Chicago, USA). There are at least three independent experiments in each group. p<0.05 was 
considered a significant difference.

Results
MitoQ Alleviated Cerulein-Induced Pancreatic Fibrosis in the CP Mouse Model in vivo
CP was induced in mice via the repeated administration of cerulein (50 µg/kg) at 6-h intervals each day three times 
a week over a period of 4 weeks as previously described.26,27 Further, mice in the MitoQ treatment group received MitoQ 
(10 mg/kg) daily via oral gavage during the 4-week period of cerulein injection (Figure 1A). Our results indicated that 
during the 4-week-long cerulein treatment period, the body weights of mice in the cerulein-only treatment group 
exhibited a downward trend, indicating a nutrient absorption disorder. The body weights of mice in the cerulein 
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+MitoQ group also exhibited a decreasing trend; however, the degree of weight loss was much lower (Figure 1B). 
Further, the cerulein-only treated mice showed significant decreases in pancreas weight and the pancreas to body weight 
(p/w) ratio (Figure 1C), as well as obvious histological changes in the pancreatic tissue, including glandular atrophy, 
fibrosis, and inflammatory cell infiltration (Figure 1D). Further, Masson-trichrome and Sirius Red staining of the 
pancreatic tissue showed the deposition of collagen fibers in the pancreas of the CP mice (Figure 1D). These results 
indicated that the CP model was successfully established. Conversely, MitoQ treatment brought about increases in 
pancreas weight and the p/w ratio (Figure 1C). This treatment also decreased collagen deposition in the pancreas 
(Figure 1D) compared with that in the pancreatic tissue from cerulein-only treated mice.

In addition to the morphological changes observed in their pancreatic tissue, mice in the CP group also showed higher 
levels of fibrosis-related genes, such as collagen type 1 alpha (Col1a), collagen type III (Col III), and TIMP 
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Figure 1 MitoQ alleviated cerulein-induced pancreatic fibrosis in CP in vivo. (A) Flow chart of animal experiment (bw: body weight; i.p: intraperitoneal injection). (B) Body 
weight change during CP model and MitoQ treatment. (C) The weight of the pancreas and pancreas/body weight ratio (P/W) after mice sacrifice. (D) H&E Masson- 
trichrome, and Sirius Red staining of the pancreatic tissue and quantitative assessment of the pancreatic fibrosis. (E) mRNA level of fibrosis-related genes, Col1a, Col III, and 
TIMP1. (F) Protein level of α-SMA in pancreatic tissue. (G) Immunohistochemical staining of α-SMA in pancreatic tissue. Data are expressed as mean ± SEM, n=4-8. (*p<0.05, 
**p<0.01, ***p<0.001).
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metalloprotease inhibitor 1 (Timp1), relative to the control mice. Interestingly, the expression levels of all these genes 
were downregulated following MitoQ treatment (Figure 1E). Further, α-SMA was identified as a key indicator for 
evaluating PSC activation. As shown in Figure 1F and G, Western blot analysis and immunohistochemistry indicated an 
increase in α-SMA level in the pancreas of mice in the cerulein-only treatment group, while in the cerulein+MitoQ 
treatment group, α-SMA expression was downregulated, suggesting that MitoQ possibly affects PSC activation.

Taken together, these findings suggested that MitoQ treatment can alleviate cerulein-induced pancreatic fibrosis 
in vivo, and its inhibitory effect may be due to the inhibition of PSC activation.

MitoQ Inhibited OS in Pancreatic Tissue from CP Mice
Reportedly, OS is involved in the progression of CP.1 Therefore, in this study, we examined the effect of MitoQ on the 
level of MDA, an indicator of OS, in serum. As showed in Figure 2A, the cerulein-only treatment group showed a higher 
MDA level, while MitoQ administration resulted in a decrease in MDA levels. This observation indicated that MitoQ 
exerts antioxidant effects. Reportedly, cells have antioxidant systems, comprising both enzymatic and non-enzymatic 
components that protect them against damage induced by oxygen free radicals.19 Therefore, to confirm the antioxidant 
capacity of MitoQ in CP, we detected the levels of both enzymatic and non-enzymatic antioxidants in pancreatic tissue 
samples from cerulein-only and cerulein+MitoQ-treated mice. SOD is an antioxidant enzyme that accelerates the 
conversion of superoxide anions to hydrogen peroxide,29 and in mammals, its exists in three subtypes, namely, SOD1, 
SOD2, and SOD3; specifically, SOD1 and SOD2 are widely expressed in cells.18 As shown in Figure 2B, the expression 
levels of genes encoding SOD1 (Sod1) and SOD2 (Sod2) were downregulated in pancreatic tissue from the CP mice. 
However, MitoQ treatment significantly enhanced the transcription of these genes (p < 0.05). Additionally, with respect 
to SOD enzyme activity, we observed that compared with the enzyme activity corresponding to mice in the control group, 
CP mice showed a higher level of SOD activity as a defense against OS. Additionally, the MitoQ treatment showed 
a protective effect in pancreatic tissue against ROS by further enhancing SOD activity (p < 0.05; Figure 2C). This 
treatment improved the transcription and expression of the genes encoding the glutathione, peroxidases 8 (GPX8), and 
CAT (p < 0.05; Figure 2D and G). Further, MitoQ enhanced the expression of GSH (Figure 2E), which belongs to the 
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Figure 2 MitoQ inhibits OS of pancreatic tissue in CP mouse model. (A) MDA level in serum. (B) mRNA level of SOD1 and SOD2 in the pancreatic tissue. (C) SOD 
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non-enzymatic antioxidant system. Reportedly, NADPH oxidase (NOX) is a major source of intracellular ROS;30,31 in 
this study, we observed that the MitoQ treatment showed the ability to attenuate NOX2 transcription (p < 0.05; 
Figure 2F).

Therefore, MitoQ could improve the defense capacity of the antioxidant system in pancreatic tissue during CP 
development.

MitoQ Inhibited hPSC Activation as Well as the Development of Profibrogenic 
Phenotype in vitro
PSC activation plays an important role in CP development.32 In this study, we observed that activated PSCs resulted in 
increased α-SMA expression and the excessive secretion of ECM components, including COLI and COLIII. However, as 
illustrated in Figure 3A, MitoQ treatment for 48 h reduced α-SMA, COL1a, and COLIII mRNA levels (p < 0.05) as 
compared with their levels in the control group. Moreover, α-SMA and COL1a protein levels decreased significantly 
following the MitoQ treatment (p < 0.05; Figure 3B). To further evaluate α-SMA expression, we performed immuno-
fluorescence staining on MitoQ-treated cells. As shown in Figure 3C, the fluorescence intensity of α-SMA observed for 
the MitoQ-treated cells was lower than that observed for the control cells (p < 0.05).

It has also been demonstrated that a high degree of hPSC cell proliferation will promote pancreatic fibrosis. Hence, 
we also evaluated the effect of MitoQ on the proliferation of hPSCs via cell-counting assays and EdU incorporation 
assays. As shown in Figure 3D, compared with the cell proliferation in the control group, the MitoQ treatment inhibited 
hPSC proliferation after 48 h of treatment. Moreover, flow cytometry showed that the apoptosis rate in the MitoQ-treated 
group was significantly higher than that in the control group (p < 0.05; Figure 3E).

MitoQ Suppressed OS in hPSCs
OS promotes PSC activation.11,33 To verify whether MitoQ inhibited hPSC activation by suppressing OS, we examined 
its effects on intracellular MDA and OS. As shown in Figure 4A and B, MitoQ reduced intracellular MDA level and ROS 
generation, relative to the control. Moreover, it enhanced the defense system of the cell against ROS by upregulating the 
transcription of Sod1, Sod2, and Sod3 (Figure 4C). It also enabled the cells to overcome OS by increasing the SOD 
activity, as compared to that in the control group (Figure 4D). GPXs and CAT also play an important role in the 
antioxidant system. As shown in Figure 4E, G and H, MitoQ treatment improved the expression of GPX8 and CAT 
proteins, and also enhanced CAT activity compared with the control. NOX and dual oxidase (DUOX) enzymes, which 
are two main enzymes that promote ROS production, belong to the NADPH oxidase family;34 we observed that MitoQ 
treatment downregulated the mRNA expression levels of both Nox4 and Duox1 (Figure 4F).

Thus, MitoQ possibly exerted its inhibitory effect on hPSC activation by balancing the free radicals and the 
antioxidant system, thereby suppressing OS.

Discussion
CP is a long-term, irreversible, inflammatory disease of the pancreas that is accompanied by increased OS in pancreatic 
tissue.35 Specifically, when pancreatic tissue is affected by pathogenic factors, acinar cells are damaged by OS, resulting 
in increased neutrophil infiltration, and hence pancreatic inflammation36 as well as increased selective macrophage 
activation against the early pro-inflammatory effects of neutrophils. Further, under such conditions, macrophage activa-
tion initiates tissue repair, leading to the activation of PSCs.37,38 In recent years, several clinical studies have been 
conducted to evaluate the efficacy of antioxidant drugs as treatment for CP.39–42 In most of these clinical studies, the drug 
combination strategy was adopted; however, the effect of the antioxidant drugs on CP differed among the various clinical 
trials. Therefore, exploring new, powerful antioxidant drugs for CP treatment is necessary.

Mitochondria are the main source of ROS in cells;20 antioxidant drugs that target mitochondria are effective in 
reducing OS,19 which triggers PSC activation by activating the MAPK signaling pathway, resulting in α-SMA over-
expression as well as enhanced cell proliferative and migratory abilities.43,44 Further, pro-oxidants promote the expres-
sion of fibromodulin via MAPK/AP-1 signaling, ie, the upregulation of fibromodulin favors PSC activation, while its 
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knockdown inhibits PSC activation.33 Our observations in this study indicated that MitoQ can alleviate cerulein-induced 
pancreatic fibrosis in CP mice by reducing intracellular OS in pancreatic tissue, thereby suppressing the activation of 
hPSCs. However, in a previous study, it was reported that the administration of MitoQ seems to exacerbate acinar cell 
damage in cerulein-induced acute pancreatitis mice.45 In this previous study, MitoQ was administered via intraperitoneal 
injection twice before the first three injections of cerulein at 10 mg/kg and 25 mg/kg body weight. It was observed that 
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Figure 3 MitoQ inhibits the activation of hPSCs and development of profibrogenic phenotype in vitro. (A) mRNA levels of α-SMA, COL1a, and COLIII in hPSCs after MitoQ 
treatment for 48 hours. (B) The protein levels of α-SMA and COL1a in hPSCs after MitoQ treatment for 48 hours. (C) Immunofluorescence (IF) staining of α-SMA of hPSCs 
following MitoQ treatment for 48h. (D) The effect of MitoQ on the proliferation of hPSCs using cell-counting assays and EdU incorporation assay. (E) The effect of MitoQ 
on the apoptosis of hPSCs by flow cytometry. Data are expressed as mean ± SEM, n=3-8. (*p<0.05, **p<0.01, ***p<0.001).
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inhibition of ROS suppressed protective apoptosis and enhances pancreatic acinar cell necrosis. In our study, the dose of 
MitoQ, which was administered via oral gavage, was 10 mg/kg body weight per day. Thus, our MitoQ dose was much 
lower than that used in the abovementioned previous study. This implies that the beneficial effects of an appropriate level 
of ROS were maintained at this dosage. However, further studies are needed to clarify the relationship between ROS 
level and pancreatic cell damage.

MitoQ has been used in clinical trials involving patients with hepatitis C. It has been observed that MitoQ 
administration decreases serum alanine transaminase (ALT) and aspartate aminotransferase (AST) levels by inhibiting 
mitochondrial oxidative damage.23 The results of another clinical trial indicated that MitoQ is beneficial to vascular 
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Figure 4 MitoQ suppresses OS in hPSCs. (A) Intracellular MDA level of hPSCs after MitoQ treatment for 48h. (B) Intracellular ROS level of hPSCs after MitoQ treatment 
for 48h. (C) The mRNA level of Sod1, Sod2, and Sod3 of hPSCs after MitoQ treatment for 48h. (D) SOD activity of hPSCs after MitoQ treatment for 48h. (E) mRNA level 
of GPXs and CAT in hPSCs after MitoQ treatment for 48h. (F) mRNA level of NOX and DUOX enzymes in hPSCs after MitoQ treatment for 48h. (G) Protein level of 
GPX8 and CAT in hPSCs after MitoQ treatment for 48h. (H) CAT activity in hPSCs after MitoQ treatment for 48h. Data are expressed as mean ± SEM, n=3-8. (*p<0.05, 
**p<0.01).
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endothelial protection.46 Further, the chronic administration of MitoQ has been known to exert protective effects on 
mitochondrial and nuclear genomes in human muscle tissues.47

Free radicals originate from the mitochondria during oxygen metabolism, and usually, O2 is reduced to the superoxide 
ion (O2

•−), which in turn, can be reduced to H2O2 under the catalytic action of SOD or converted to other harmful oxygen 
radicals in the absence of SOD. Subsequently, H2O2 can be decomposed to form water (H2O) by catalase (CAT) or the 
GSH/GPx system, thereby converting the harmful free radicals into harmless non-free radicals.20,34 Conversely, loss of 
SOD activity increases OS-induced damage to DNA, lipids, and proteins.48,49 Previous studies have shown that the 
phenotype of Sod1−/− mice is characterized by extensive OS-induced damage to organs,18 accelerated cellular 
senescence,50,51 and prolonged tissue repair time.52 In this study, we observed that MitoQ could improve mRNA 
expression level and activity of SOD enzyme in the pancreatic tissue of CP mice as well as in hPSCs. Moreover, it 
could induce the increased expression of the GSH/GPx system and CAT. Therefore, it may exert its antioxidant effect by 
enhancing the conversion of free oxygen radicals to water.

In conclusion, MitoQ, a mitochondria-targeted antioxidant, has the potential to alleviate pancreatic fibrosis by 
decreasing OS in pancreatic tissue and inhibiting PSCs activation; possibly, it reduced intracellular OS by promoting 
SOD expression and activity and subsequently accelerating the scavenging of oxygen free radicals. One limitation of this 
study is that the mechanism by which MitoQ enhanced the expression and activity of antioxidants was not explored. 
Thus, further studies are necessary to determine how MitoQ upregulates the expression and activity of SOD, GPX8, and 
CAT, so that new and specific treatment targets can be developed for patients with CP.
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