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1.0 Introduction 

1.1 Pancreas 

The pancreas is an abdominal organ and is located in close proximity to the 

duodenum, spleen, and the common bile duct (Figure 1). The pancreas exerts two 

main functions: aiding intestinal nutrient digestion and secreting hormones (e.g., 

insulin, glucagon, amylin, somatostatin, and pancreatic polypeptide) into the 

circulation. Thus, the pancreas can be separated into exocrine and endocrine 

portions, containing acinar tissue with a duct system (approximately 85% of 

pancreatic mass) and islets of Langerhans, respectively. Both tissue types are 

interspersed and interact through direct blood flow from islets to acinar cells, 

enabling transfer of hormones to exocrine cells1. 

 

Figure 1: Images representing location of pancreas in human body. And 
schematics of anatomy of pancreas (Source: http://columbiasurgery.org and 

https://commons.wikimedia.org). 

Islets of Langerhans consist of a variety of specialized cells, named alpha, beta, 

delta, PP, and epsilon cells all organized into a cluster. Every cell type produces 

distinct hormones secreted directly into the blood flow. The pancreatic duct runs 
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along the centre of the pancreas from tail to head, and it opens into the duodenum 

(Figure 1). Exocrine pancreatic tissue consists of multiple acini, each with separate 

draining ductules, which connect to the duodenum via interlobular ducts and the 

main pancreatic ductal system (Figure 1). Single acini are made of acinar cells. 

Acinar cells produce, store, and secrete multiple digestive enzymes (including 

amylase, lipase, and others), as well as inactive preforms of digestive enzymes (i.e., 

zymogens, such as trypsinogen, chymotrypsinogen, proelastase, and others), and 

other factors that are essential for digestive and absorptive functions (e.g., 

bicarbonate, colipase, and others). Epithelial cells of the ductular system secrete 

bicarbonate required for neutralization of gastric acid and optimal pancreatic enzyme 

function. Centroacinar cells are localized at the junction of acinus and ductule, 

produce bicarbonate, and likely serve as progenitor cells for multiple pancreatic 

cells1.  

Under physiological condition digestive enzymes and zymogens are stored in 

zymogen granules. The acidic milieu within zymogen granules and the co-

localization with a trypsin inhibitor (i.e., PSTI or SPINK) prevent autocatalytic 

activation of trypsinogen to trypsin. Controlled activation occurs in the duodenum, 

where the enzyme enterokinase cleaves trypsinogen activation peptide (TAP) from 

trypsinogen leaving trypsin2; trypsin then activates the remaining zymogens, 

enabling digestion of macromolecular nutrients. 

Acinar cells exhibit the highest rate of protein synthesis among all mammalian cell 

types3. Accordingly, acinar cells require a highly developed ER, extensive protein 

folding machinery, organelles for enzyme storage, and multiple mitochondria to 

satisfy the energy needs required for protein synthesis. Along this route of protein 

synthesis and secretion, multiple genetic and environmental challenges may occur, 

leading e.g., to ER stress. Thus, pancreatic acinar cells need to be able to adapt to 

stressors and changing demands; failure to adapt will disturb pancreatic function and 

result in disease conditions described below. 

1.2 Acute Pancreatitis 

The annual incidence of AP in humans ranges from 13 to 45/100.000 persons4. AP 

is associated with multiple risk factors such as increasing age, alcohol, smoking, 

visceral obesity, diabetes mellitus, gallstones, hypertriglyceridemia, autoimmune 



3 
 

disease, and certain genetic mutations4. In most cases, AP is self-limiting and mild, 

characterized by abdominal pain, pancreatic necrosis, and increased amylase and 

lipase activities in serum or plasma5. However, 20% of patients develop severe 

disease with systemic complications including multiple organ failure and death5. 

Moreover, recurrent episodes of AP may also occur (20-30% of patients)4. Mortality 

is low, but increases when necrotic regions within the pancreas occur, which are 

frequently associated with pancreatic infections5. Approximately 10% of human 

patients with AP develop chronic pancreatitis (CP)4. At present, no efficacious 

therapeutic treatment is available for AP; as molecular mechanism initiating disease 

remains poorly understood. The available knowledge comes from experimental AP 

animal models and needs to conclude by extrapolating it in human tissue but there is 

scarcity of human tissue due to difficulty to retrieve it. 

 

Hans Chiari  
(Source: Wikipedia)  

In 1896, Austrian pathologist Hans Chiari proposed that autodigestion as a cause for 

Acute Pancreatitis (AP) and suggested that plausible explanation for that premature 

and intracellular activation of digestive enzymes or proteases as an initiating event 

for the onset of pancreatitis. Under pathologic conditions, trypsinogen is converted to 

active trypsin by the lysosomal hydrolase cathepsin B (CTSB) within the acinar 

cells6,7,8. Premature intracellular protease activation is then followed by acinar cell 

death, which leads to a pro-inflammatory response and results in transmigration of 

immune cells. This immune reaction amplifies local damage and results in an 

increase in severity of disease9,10,11. The function of infiltrating macrophage in the 
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pancreas is supposed to be defensive and includes the removal of cellular debris 

and necrosis via phagocytosis12. Dying acinar cells play important role to determine 

severity of AP, apoptotic cell death is silent in terms of an inflammatory reaction12,13 

but necrotic acinar cell death releases zymogen granules, high-mobility group box 

protein 1 (HMGB1), free adenosine triphosphate (ATP) into the extracellular 

space10,14,15. These released contents from necrotic acinar cell act as DAMPs and 

worsen the disease condition12,13. The mitochondrial injury plays a central role in 

determining acinar cell fate, and, ultimately, severity of AP in animal models as well 

as in humans16,17. 

1.3 Mitochondrial dysfunction in acute pancreatitis 

Mitochondria are essential organelles in the acinar cell which provide energy in the 

form of ATP and nutrients for cellular metabolism but are also involved in signalling 

mechanisms that monitor general cellular health. Apart from the loss of important 

metabolic molecules, dysfunctional mitochondria play a crucial role for regulation of 

acinar cell fate by initiating signals for both apoptosis and necrosis17. Cytochrome C 

release into the cytosol from dysfunctional mitochondria activates the apoptotic 

cascade via activating caspase 3 (Figure 2). On the other hand opening of the 

permeability transition pore (PTP) leads to a loss of mitochondrial membrane 

potential and decrease in ATP generation. Opening of PTP results in an inhibition of 

the release of cytochrome C into the cytosol. Caspase 3 activity depends on ATP, 

decrease in ATP level leads to reduced caspase 3 activity, and, ultimately results in 

acinar cell necrosis (Figure 2). 

 



5 
 

 
Figure 2: Role of mitochondria in apaoptosis and necrosis in acinar cell16. 

In experimental AP models, the mitochondrial Ca+2 or L-arginine overload lead to 

persistent opening of the permeability transition pore (PTP), which results in 

depolarization of mitochondria  and a decreased activity of F-ATP synthase18. 

Recent studies have identified F-ATP synthase as a central component of the 

permeability transition pore, a nonselective channel that traverses the outer and 

inner mitochondrial membranes. The mitochondria resident protein peptidylprolyl 

isomerase D (also called cyclophilin D [CypD]) controls the opening of the PTP. 

Cyclophilin D genetic or pharmacologic inactivation restores polarity and F-ATP 

synthase activity in the pancreas and alleviates experimental AP18,19. 

1.4 Autophagy 

In 1960s, Christian de Duve discovered autophagy as a process by using of electron 

microscopy and coined the term autophagy, which originates from the Greek word 

“Autophagia”, meaning “selfeating”20. The term autophagy involves several 

pathways, in which damaged protein, organelles and cytoplasmic materials are 

delivered to the lysosome and degraded by lysosomal hydrolases21,22,23,24.  
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Christian de Duve     Yoshinori Ohsumi 

(Source: www.nobelprize.org) 

The resultant degradation products, such as amino acids and fatty acids, are 

recycled back to the cytosol through transporters and permeases22,23,24,25. The types 

of autophagy differ by how the cargo is delivered to lysosomes. Macroautophagy 

(hereafter referred to as autophagy) requires de novo formation of double-

membraned structures termed autophagosomes, which sequester cargo and 

ultimately fuse with lysosomes to form autolysosomes, where degradation occurs 

(Figure 3)25,24. In the early 1990‟s, Yoshinori Ohsumi used baker‟s yeast to identify 

genes essential for autophagy. He then went on to elucidate the underlying 

mechanisms for autophagy in yeast and showed that as similar sophisticated 

machinery is used in mammalian cells. Both, Christian de Duve and Yoshinori 

Ohsumi were awarded the Nobel Prize in Physiology or Medicine in 1974 and 2016, 

respectively. 

The autophagy process begins with the formation of an isolation membrane, or 

phagophore, followed by its elongation and closure to form the mature 

autophagosome, a globular double-membrane organelle (Figure 3)20,25. This 

membrane is derived from various donor membranes like mitochondria - 

endoplasmic reticulum (ER) contact sites, Golgi complex, or the plasma membrane. 

These steps are mediated by hierarchically recruited complexes of evolutionary 

conserved ATG (autophagy - related) proteins. Autophagy initiation is controlled by 

ULK1/ATG1 - mediated complex, followed by the formation of another multiprotein 
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complex involving phosphatidylinositol 3 - kinase catalytic subunit type 3 (PIK3C3 or 

VPS34) and beclin1, which nucleates the phagophore (Figure 3). Phagophore 

expansion and elongation are controlled by the ubiquitin-like conjugation systems 

involving the ATG5-ATG12-ATG16 complex and microtubule-associated protein 1 

light chain 3 α (LC3) (Figure 3). LC3, the mammalian paralog of yeast ATG8, is 

necessary for phagophore closure; during this process, its cytosolic form (LC3-I) is 

lipidated to become LC3-II, which specifically translocates to the autophagosome 

membrane. Autophagosomes fuse with late endosomes and, ultimately, lysosomes, 

forming single-membraned autolysomes, where cargo breakdown occurs26,24,20. 

 

Figure 3: Schematic overview of autophagy (see text). Adapted from Yang Z and 
Klionsky DJ25. 

1.5 Basal autophagy in pancreas 

Mouse exocrine pancreas has a high basal level of autophagy, which is activated in 

response to starvation to a greater extent than in other organs27,28. Exocrine 

pancreas has among the highest rates of protein synthesis and trafficking. These 

processes require coordinated actions of the ER, mitochondria, Golgi, endo-

lysosomal system, and zymogen granules compartment. To function efficiently, 
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pancreatic acinar cells might have a greater need to remove defective cytoplasmic 

organelles. Under physiologic conditions there is no vacuole accumulation. Thus, 

turnover of autophagic vacuoles, from the formation of autophagosomes to cargo 

degradation in autolysosomes, i.e. autophagic flux is efficient. 

Genetic alterations, specifically targeting autophagic or lysosomal pathways cause 

pancreas damage. Disruption of genes encoding proteins that mediate 

autophagosome formation (ATG5 or ATG7)3,29,30 or lysosomal function (LAMP2)31 

causes autophagy blockade or impairment in the pancreas, resulting in severe acinar 

cell degeneration, exocrine pancreas atrophy, fibrosis, and inflammation. This 

indicates that basal autophagy is critical for maintaining pancreatic acinar cell 

homeostasis. Impaired autophagy dysregulates secretion, as shown in LAMP2 - 

deficient acinar cells31. 

1.6 Autophagy and pancreatitis 

The accumulation of large vacuoles in acinar cells is a hallmark event of AP in 

human as well in animal models28,32. Histological and electron microscopy analyses, 

and the presence of LC3-II on these vacuoles, indicate their autophagic nature. The 

large vacuoles that are observed during AP were autolysosomes, indicating 

inefficient lysosomal degradation28,33. Acinar cell vacuolization in pancreatitis models 

is associated with decreased rates of degradation and accumulation of p62, 

indicating impaired autophagic flux28,30,3,31,33,34. Accumulation of autophagosomes 

could be via increased formation or defective fusion with lysosomes, whereas 

accumulation of autolysosomes indicates defective lysosomal degradation.  

Efficient lysosomal degradation depends on activities of acid hydrolases and on 

lysosomal membrane proteins, such as LAMP1 and LAMP2, which protect the 

cytoplasm (and the limiting lysosomal membrane) from acid hydrolases and regulate 

various functions of lysosomes35. Experimental pancreatitis is associated with 

several defects in lysosome function. One is defective processing (maturation) of 

cathepsins, major lysosomal proteases, manifested by decreased level of fully 

processed (mature) forms of cathepsins and accumulation of intermediate forms in 

pancreas of mice and rats with L-arginine or caerulein induced pancreatitis28,33,18. 

Simultaneously, cathepsin‟s enzymatic activities decrease in lysosome-enriched 

pancreatic subcellular fractions from these animals28,33,36. Pancreatic tissues from 



9 
 

patients and rodent models of AP have also reduced levels of LAMP1 and LAMP2 

compared to normal pancreas31,37. In normally functioning lysosomes, hydrolases 

are thought to form large luminal complexes, ensuring their spatial separation from 

lysosome membrane proteins38. In AP, accumulation of the intermediate forms of 

cathepsins may indicate this separation; recent findings indicate that the intra-

lysosomal part of LAMP molecules becomes susceptible to cleavage by cathepsin B, 

resulting in LAMP degradation31. p62 is specifically degraded by autophagy and is 

kept at a low level under normal conditions. Thus, excessive cell vacuolization and 

accumulation of p62 (especially together with LC3-II) are markers of impaired 

autophagy. Therefore, in experimental pancreatitis, autophagy is activated but its 

completion is inhibited34,39. 

During pancreatitis, the function of different cellular organelles like ER, mitochondria, 

zymogen granules is compromised. To clear damaged organelles from acini, 

selective and nonselective autophagy both appear to become activated during the 

development of pancreatitis. Electron microscopy has shown that autophagic 

vacuoles accumulating in acinar cells of humans and rodents with pancreatitis 

contain various organelles, such as mitochondria, ER, and zymogen granules, 

indicating both nonselective and selective autophagy. Selective removal of zymogen 

granules i.e. zymophagy has been studied during AP. Pancreatic level of vacuole 

membrane protein 1 increases in rodents with caerulein-induced AP. Vacuole 

membrane protein 1, a protein mediating autophagosome formation, promotes 

formation of autophagosomes, which sequester zymogen granules39. However, the 

molecular mechanism for clearance of dysfunctional mitochondria remains unknown. 

1.7 PINK1 and Parkin pathway 

PTEN-induced kinase 1 (PINK1) is a serine/threonine kinase that acts as a 

molecular sensor of mitochondrial health and provides a rapid response when 

mitochondrial function collapses. In healthy mitochondria, the mitochondrial 

transmembrane potential drives PINK1 import to the inner mitochondrial membrane 

(IMM) via translocase of the OMM and IMM (TOM and TIM, respectively). At the 

IMM, PINK1 is initially processed by matrix processing peptidase (MPP) followed by 

cleavage by rhomboid protease presenilin-associated rhomboid like (PARL) (Figure 

4). This program of PINK1 import and constitutive degradation ensures that 
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mitochondria are functional. The dysfunctional mitochondria lose the capacity to 

maintain a mitochondrial membrane potential leads to accumulation of PINK1 on 

OMM (Figure 4)40,41. This finely tuned mechanism of PINK1 import and proteolysis 

explains how PINK1 can identify a single dysfunctional mitochondrion within a 

population of healthy organelles42,43,44. 

 

Figure 4: Model for PINK1 import and export through the mitochondria. 
Adapted from Thanh N. Nguyen, Benjamin S. Padman, and Michael Lazarou45. 

PINK1 initiates Parkin, E3 ubiquitin ligase enzyme recruitment by phosphorylating 

ubiquitin (Ub), which is basally linked to proteins on the (OMM) at S6546,47. In the 

cytosol, Parkin's structure is „closed‟ and its ubiquitin ligase activity is autoinhibited. 

Parkin's high affinity for S65-phosphorylated ubiquitin (pS65-Ub) drives its 

translocation to the OMM. This destabilizes Parkin's autoinhibitory interactions and 

results in activation of Parkin, resulting in conjugation of ubiquitin chains onto OMM 

proteins42,43,44,45. Parkin activation results in increased ubiquitination of mitochondria 

and acts as a signal to direct mitochondria into the mitophagy pathway48. The 

adaptor protein p62/SQSTRM1 is believed to be one such protein that can link the 

two pathways. p62/SQSTRM1 has been demonstrated to have a high affinity for 

polyubiquitin chains and LC3, an autophagic protein found on the outer membrane of 

newly formed autophagosomes. p62/SQSTRM1 binds to ubiquitinated substrates on 

the mitochondria and directs them into newly forming autophagic vesicles by binding 

LC349. 
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2.0 Hypothesis 

It has been shown that mitochondrial injury plays a central role in determining acinar 

cell fate, and, ultimately, severity of AP17,50. In experimental AP models, the 

mitochondrial Ca+2 or l-arginine overload leads to persistent opening of permeability 

transition pore (PTP), which results in depolarization of mitochondria in acinar 

cells18,19. In mammalian cells, PINK1 and Parkin are involved in the clearance of 

dysfunctional mitochondria from cells44. These findings led us to hypothesize that 

PINK1 and Parkin mediated pathways may be involved in AP and limit the damage 

of the exocrine pancreas.  

It is already been known that cellular organelles like mitochondria and lysosomes 

under healthy conditions decrease in number during AP as evident by an increase in 

necrosis and impaired autophagy18,31,37. However, very little is known about the 

mechanisms for cellular organelle and tissue regeneration after AP. Therefore, we 

seek to investigate whether PINK1 and Parkin play any role for the recovery of the 

pancreas after AP. Furthermore, it is unknown that altering these pathways alleviates 

AP. 
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3.0 Materials and Methods: 

3.1 Materials 

3.1.1 Antibodies 

Anti-PINK1 NOVUS biologicals 

Anti-LC3B NOVUS biologicals 

Anti-cleaved caspase3 Cell Signaling 

Anti-Apoptosis inducing factor (AIF) Cell Signaling 

Anti-ubiquitin Abcam 

Anti-NRF1 Abcam 

Anti-Parkin  Abcam, Millipore, SANTA CRUZ 

biotechnology 

Anti-CD68 Antibodies online 

Anti-LAMP2 Sigma 

Anti-p62 Sigma 

Anti-PARIS Millipore 

Anti-PGC1α Calbiochem 

Anti-GAPDH Meridian life science 

Anti-Amylase SANTA CRUZ biotechnology 

Rabbit IgG HRP linked whole antibody GE Healthcare 

Mouse IgG HRP linked whole antibody GE Healthcare 

Anti-COXIV Cell Signaling 

Anti-Ki67 Bethyl laboratories, Inc 

3.1.2 Enzymes, peptides, substrate and kits 

Caerulein Sigma 

Cholecystokinine Sigma 

Collagenase Serva 

Myeloperoxidase Calbiochem 

Co-immunoprecipitation kit Thermo Scientific 
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Amylase Kit Roche-Hitachi 

Lipase Kit Roche-Hitachi 

TUNEL assay Kit NOVUS Biologicals 

Tetramethylrhodamine, methyl ester Invitrogen 

PhiPhiLux-G1D2 OncoImmunin, Inc 

R110-DEVD Calbiochem 

ATP Kit Abcam 

ECL Kit  Thermo Scientific 

3.1.3 Chemicals 

2‟7‟ dichloroflourescein diacetate (DCFDA) Sigma-Aldrich 

Acetone J.T. Baker 

Agarose  Roth 

Ammonium acetate Sigma-Aldrich 

Ammonium chloride  Sigma-Aldrich 

Ammonium Hydroxide Sigma-Aldrich 

Aprotinin Sigma-Aldrich 

APS Sigma-Aldrich 

L-Arginine HCL Sigma-Aldrich 

Ascorbic acid Sigma-Aldrich 

Aurion BSA   Aurion 

Blotting Paper (Nitrocellulose) GE Healthcare 

Boranmethylamine Sigma-Aldrich 

BSA GE Healthcare 

Bradford reagent Sigma-Aldrich 

Bromophenol blue Fluka 

Calcium Chloride Sigma-Aldrich 

DAPI Fluka 

Diethyl ether  Roth 

DMEM with GlutaMax+ Gibco 

DMSO Roth 

EDTA   Sigma-Aldrich 
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Eosin   Sigma-Aldrich 

Ethanol J.T. Baker 

Ethanolamine hydrochloride Sigma-Aldrich 

Fluorescent mounting Media Dako 

Formaldehyde Polyscience 

Gluteraldehyde   Sigma-Aldrich 

Glycerol   Merck 

Haematoxylin Sigma-Aldrich 

HEPES Sigma-Aldrich 

Hydrochloric acid   Merck 

Hydrogen peroxide Merck 

Ketamine Selectavect 

Leupeptin Sigma-Aldrich 

Magnesium chloride Sigma-Aldrich 

MDC Sigma-Aldrich 

Methanol Roth 

Millipore water In-house 

Oregon Green 488   Invitrogen 

Osmium tetraxide Sigma-Aldrich 

Paraformaldehyde Sigma-Aldrich 

Pen-Strep Gibco 

PMSF Sigma-Aldrich 

Polyacrylamide Roth 

Potassium bicarbonate Merck 

Potassium chloride Merck 

Potassium dihydrogen phosphate Merck 

Potassium hydroxide Merck 

Potassium permanganate Sigma Aldrich 

Potassium phosphate Merck 

Propidium iodide Sigma-Aldrich 

RNAse free Water   Ambion 
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Saponin Sigma-Aldrich 

Sodium chloride Roth 

Sodium deodecyl sulphate  Sigma-Aldrich 

Sodium dihydrogen phosphate Merck 

Sodium fluoride Sigma-Aldrich 

Sodium fumarate Sigma-Aldrich 

Sodium glutamate Sigma-Aldrich 

Sodium periodate Sigma-Aldrich 

Sodium Pyrophosphate Sigma-Aldrich 

Sodium pyruvate Sigma-Aldrich 

SRT1720 Adooq Bioscience 

SYBRGreen PCR master mix   Applied systems 

TEMED Roth 

Tris Roth 

Triton-X100 Sigma-Aldrich 

Tween 20 Sigma-Aldrich 

Vectastain Mounting Media Vector Laboratories 

Xylazine Selectavect 

Xylol  J.T. Baker 

β-mercaptoethanol Sigma-Aldrich 

3.1.4 Glasswares and lab wares 

0.22μm Syringe filters Roth 

0.45μm Syringe filters Roth 

0.5ml Eppendorf tubes Sarstedt 

1.5ml Eppendorf tubes Sarstedt 

2ml Eppendorf tubes Sarstedt 

15ml centrifuge tubes Sarstedt 

1ml syringes BD 

24 wells cell-culture plates Falcon 
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50ml centrifuge tubes Falcon 

6 wells cell-culture plates Falcon 

8 chamber microscopy slides Grainer 

96 wells cell-culture plates Falcon 

96 wells round bottom plates Grainer 

Cell culture accessories Sarstedt 

Cell strainer 70μm BD 

Cotton gauze Fuhrmann 

FACS tubes Sarstedt 

Glass coverslips R. Langerbrink 

Glass slides Thermo scientific 

Glass slides R. Langerbrink 

Haemocytometer Roth 

Heparinized capillaries BRAND 

Hybond-ECL nitrocellulose membranes GE Healthcare 

MACS LS Columns Miltenyi Biotech 

Microscopy plates, μ-dish, 35 mm Ibidi 

Needles (20-31G) BD 

PD10 Columns GE Healthcares 

Pipette tips Sarstedt 

Polystyrene membrane inserts Costar 

Round bottom flask Roth 

Silicon tips Veeco Probes 

Sterilized 10 ml conical flasks Roth 

Tissue-tek OCT Tissue Tek 

Vaccustainer BD 
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3.1.5 Instruments 

7500 real time PCR system Applied systems 

Centrifuges Eppendorf 

Cool-centrifuge Eppendorf 

Chemiluminescence detector  Fusion FX 

Cryo-microtome Leica 

ELISA plate reader (Photometer) Molecular Devices 

Fine weighing balance Sartorius 

FluorStar Optima flourometer Optima 

Heating blocks QBT 

Inverted microscope Zeiss 

Leica Fluorescence microscope Leica 

MACS Magnetic separator Miltenyi Biotech 

Microtome Leica 

Millipore water cartridge Millipore 

Motorized Stirrer MLW 

Olympus FLUOVIEW FV1000 microscope Olympus 

pH Meter Knick 

PowerPac Biorad 

Qiagen Tissue lyser Qiagen 

Rotating shaker Uniequip 

SDS-PAGE apparatus PeqLab 

Semi-dry blotting apparatus Biorad 

Sterile laminar air flow cabinets Thermo scientific 

Sonicator Probe Bandelin 

Ultratome Leica 

Vibrating shaker GrandBio 

Vilber Photoimager Vilber 

Water bath GFL and Julabo 

Weighing balance Ohaus 
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Zeiss microscope Zeiss 

3.1.6 Animals 

C57Bl6 mice Charles River 

Parkin knockout mice The Jackson laboratory 

PINK1 Knockout mice The Jackson laboratory 

 

3.1.7 Buffers 

Coomassie blue solution (1Liter) In-house 

Coomassie R250 2g  

Methanol 300ml  

Glacial Acetic Acid 50ml  

deionised Water 650ml.  

Store at room temperature 

Ponceau S staining solution In-house 

Ponceau S   0.5% (w/v)  

Glacial Acetic acid 3%  

Store at room temperature 

Towbin Transfer Buffer (10X) (1liter), pH 6.8 In-house 

Tris 30.3g  

Glycine 144g  

SDS (10%)  100ml  

deionised Water up to 1liter   

Store at room temperature 

1X Towbin Transfer Buffer In-house 

10X Towbin Transfer Buffer 100ml  

Methanol 200ml  

deionised Water up to  1liter  



19 
 

Store at 4°C  

Tris-Glycine-SDS Buffer (10X) In-house 

Tris-base   250Mm  

Glycine 1.92M  

SDS   1%  

deionised Water up to 1liter  

Store at room temperature 

NET, 10x In-house 

NaCl,   1.5M  

EDTA, 50 mM  

Tris-HCl, 0.5 M  

Triton X-100, 0.5%  

deionised water up to 1liter  

Store at room temperature 

Laemilli buffer (4X), pH6.8  In-house 

Tris-HCI pH6.8 0.125M  

SDS 2%  

Glycerol 10%  

β-mercaptoethanol  0.5ml  

Commassie Blue  0.5%  

Water up to   10ml  

Store at room temperature 

Phosphate Buffer Saline (PBS), pH 7.4   In-house 

NaCl  8g  

KCI   0.2g  

Na2HPO4   0.24g  

KH2PO4  0.24g  

Distilled water  1000ml  

Store at room temperature 



20 
 

Lysis buffer 2X  In-house 

HEPES (1M, pH7.5)  100ml  

NaCl (5M) 30ml  

Triton X-100, (10%)  100ml  

Glycerol (50%) 200ml  

EDTA (0.5M, pH8.0) 4ml  

deionised H2O up to  1000ml  

Store at 4°C 

Lysis buffer 1X In-house 

Lysis buffer 2X  5ml  

NaF (1M)  100ul  

Na4 P2O7 (0.1M)  500ul  

PMSF (0.1M)  100ul  

Aprotinin (1mg/ml)  10ul  

deionised H2O up to  10ml   

Use immediately after preparation 

Stripping buffer, pH 3.0 In-house 

Glycine   15g  

SDS  1g  

Tween 20   10ml  

Distilled water up to 1000ml  

Store at room temperature 

Measurement buffer: (5X) (1l) In-house 

DMEM 1%  50ml 

BSA  1%  50g 

HEPES 24.5mM  29.17g 

NaCl  96mM  28.05g 

KCl  6mM  2.236g 

MgCl2 6H2O  1mM  1.015g 

CaCl2 2H2O  0.5mM 0.368g 

NaH2PO4 H2O 2.5mM 1.725g 
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Glucose 11.5mM  10.35g 

Na-Fumarate  5mM  4.0g 

Na-Pyruvate 5mM  4.225g 

Na-Glutamate 5mM 2.750g 

pH 7.4 

3.1.8 Software 

Office (Word, Excel, Power Point) Microsoft Corporation 

GraphPad Prism  GraphPad Software 

Sigma Plot  Systat Software 

Optima  BMG Labtech 

ImageJ NIH 

Soft MaxPro Molecular Devices 

Western blot detector Vilber lourmat 

Fluoview FV10-ASW  Olympus 
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3.2 Methods 

3.2.1 Caerulein induced acute pancreatitis in mice: 

All animal experiments were approved by Landesamt fϋr Landwirtschaft, 

Lebensmittelsicherheit und Fischerei Mecklenburg-Vorpommern and application 

number was LALLF 58/17 and complied with the NIH guidelines on handling of 

experimental animals.  

Acute Pancreatitis was induced in 8-10 week old wild-type C57BL6, Parkin knockout 

and PINK1 knockout mice weighing 25-30g. After overnight fasting, caerulein was 

administered by intra-peritoneal (i.p.) injection at a concentration of 50μg/kg of body 

weight at hourly intervals up to 8 hours to elicit secretagogue induced pancreatitis. 

Mice were injected with isotonic saline solution as control. Mice were provided with 

uninterrupted access to water during the overnight fast. Mice were sacrificed at 

different time points 0hr, 1hr, 8hr, 24hr and 48hr10. 

3.2.2 L-Arginine induced acute pancreatitis in mice: 

Acute Pancreatitis was induced in 8-10 week old wild-type C57BL6, Parkin knockout 

and PINK1 knockout mice weighing 28-30g. L-Arginine HCl was administered by 

intraperitoneal (i.p.) injection at a concentration of 3.3g/kg of body weight at hourly 

intervals up to 3 hours. Mice were injected with isotonic saline solution as control and 

sacrificed after 0hr and 72hr18. 

3.2.3 Expalntation and preparation of organs: 

At respective time points mentioned above animals were anaesthetized by 

isoflurane. Blood was collected by retro-orbital bleeding and blood was centrifuged at 

4ºC (5000g, 5 minutes) and serum was stored at −20°C for further studies. After 

blood collection, the animals were sacrificed by cervical dislocation and organs such 

as pancreas, lungs and spleen were removed by dissection. The fat was trimmed off, 

washed in 1x PBS to remove any blood contamination and organs were divided into 

3 parts. The first part was fixed in 4% para-formaldehyde, the second part of 

pancreas and lungs were fixed in cryomold with tissueTek® by snap freezing in liquid 
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nitrogen and the third part was snap frozen in liquid nitrogen and stored at -80°C 

until further analyses.  

3.2.4 Sub-cellular fractionation: 

Sub-cellular fractions were generated from freshly isolated pancreatic tissue of CER-

AP and L-Arg-AP treated animals. The pancreas was cut into small pieces in ice-cold 

homogenization buffer, 

Homogenization Buffer: 

  Sucrose 240mM 

  MOPS  5mM 

  MgSO4 1mM 

  pH 6.5 

followed by, two strokes of Douncer size A and two strokes of Douncer size B, 

respectively. The fractions were separated by density gradient centrifugation. The 

post-nuclear supernatant was separated by 150g centrifugation for 10 min at 4°C. 

The zymogen granule-enriched fraction was centrifuged at 470g for 15 min at 4°C, 

followed by a mitochondria-enriched fraction at 12,200g for 12 min at 4°C. The 

remaining supernatant was cleaned by centrifugation at 20,800g for 10 min at 4°C 

and was used as the cytoplasmic fraction. The quality of the fractions was checked 

by western blotting of COXIV (mitochondrial marker) and GAPDH (cytosolic 

marker)8,51. 

3.2.5 Measurement of serum amylase and lipase: 

Serum amylase and serum lipase level were determined by commercially available a 

kit from Roche-Hitachi. The measurement was carried out according to the 

manufacturer's instructions. The serum was diluted 1:20 with PBS and 10μl of serum 

of this dilution with 90μl of the respective substrate in each well and in triplicate for 

each sample against a standard using the photometer at 37°C. The activities were 

measured as kinetics over 30 min (for amylase at a wavelength of 405 nm and for 

the lipase at a wavelength of 570 nm). For the evaluation we used the part showing 

linear increase in activity8,52. 
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3.2.6 Protein estimation using bradford method: 

BSA standard stock solution (0.1mg/ml) was serially diluted to be used to determine 

the protein concentration of samples and by plotting against the standards. For the 

protein measurement of samples, the protein extracts were diluted at 1:50 in water. 

The standards and samples were prepared in centrifuge tubes as described in the 

following table. 

Protein 
Concentration 
(µg/µl) 

Amount of standard 
(0.1mg/ml) or 
unknown (µl) 

Amount of 
water (µl) 

Amount of 
Bradford reagent 
(µl) 

0 0 400 200 

0.5 5 395 200 

1 10 390 200 

2 20 380 200 

2.5 25 375 200 

3.5 35 365 200 

5 50 350 200 

Unknown 5 395 200 

The reaction mixture was thoroughly mixed by vortexing and incubated for 30 min at 

37ºC. The absorbance was measured at 595 nm using a spectrophotometer. The 

protein concentrations of the samples were calculated with the help of the standard 

curve obtained from the standards. 

3.2.7 Immunobloting: 

Acinar cells or pancreatic tissue were lysed in buffer containing 25 mM HEPES, 75 

mM NaCl, 0.5% Triton X-100, 5% glycerin, and 1 mM EDTA in the presence of 1 mM 

PMSF, 5 mM Na4P2O7, 10 mM NaF, and 1 µg/ml aprotinin. The tissue was 

homogenised by using 500µl of 1X lysis buffer with help of Dounce homogenizer. 

Protein was extracted by ultra sonication using 100% of energy and 10 cycles for 10 

sec, repeated twice. Then, the sample was centrifuged at 14,000 g for 15 min at 4°C 

and supernatant of sample was taken for protein estimation by Bradford method and 

remaining sample was stored at -80ºC until further use. The sample was prepared by 
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adding 4x Laemmli buffer to 40µg of protein extract then it was heated at 95ºC for 

10min.  

Depending on the molecular weight of desired protein we used separating gel of 

different concentration (7.5%, 10%, 12.5%, and 15%) and complimented with 4% 

stacking gel casted in Peqlab SDS PAGE apparatus.  

Separating gel: 

 7.5% 10% 12.5% 15% 

1M Tris pH 8.8 3.75ml 3.75ml 3.75ml 3.75ml 

PAA 30% 2.5ml 3.33ml 4.17ml 5ml 

H2O 3.55ml 2.72ml 1.88ml 1.05ml 

10%SDS 0.1ml 0.1ml 0.1ml 0.1ml 

10%APS 0.1ml 0.1ml 0.1ml 0.1ml 

TEMED 10µl 10µl 10µl 10µl 

Total volume 10ml 10ml 10ml 10ml 

Stacking gel (4%): 

1M Tris pH 8.8 1.25ml 

PAA 30% 1.3ml 

H2O 7.6ml 

10%SDS 0.1ml 

10%APS 0.1ml 

TEMED 10µl 

Total volume 10ml 

The gels were subjected to electrophoresis at constant 20mA current in Tris-Glycine-

SDS buffer. After completion of the run, gels were transferred to nitrocellulose 

membranes for immunoblotting using semidry blotting apparatus using presoaked 

blotting paper in Towbin transfer buffer as per standard instrument program (Biorad-

Minigel-StandardSD). After completion of transfer, nitrocellulose membranes were 

stained with Ponceau staining solution to check for transfer. Nitrocellulose 

membranes were blocked for 1 hour using 0.2% gelatine in 1XNET and incubated 

with primary antibody overnight at 4ºC. After washing of blots with 1XNET for 15 

minutes at room temperature each for 3 times, blots were incubated with respective 
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secondary antibodies (1:15000 in 0.2% gelatine in 1XNET) for 1hour, followed by 3 

washes each of 15 minutes with 1XNET. After completion of washing, blots were 

developed using ECL reagent and visualized in Photoimager for chemiluminescene. 

The blots were analysed with help of image J software8,52. 

3.2.8 Co-immunoprecipitation (co-IP):  

Parkin, PINK1 and p62 were immunoprecipitated from pancreas during the course of 

AP (0, 8, 24, 48hr), followed by detection of co-precipitation of PINK1, Parkin, p62 

and GAPDH. Parkin and PINK1 were immunoprecipitated from pancreatic tissue 

lysate by using commercially available kit from Thermo Scientific (Pierce Direct 

Magnetic IP/Co-IP Kit) as per the manufacturer‟s instruction.  

3.2.9 Measurement of myeloperoxidase (MPO) activity in lung and 

pancreatic homogenates: 

Pancreas or lung was homogenized in 500μl of homogenization buffer with help of 

douncer S-glass homogenizer (B. Braun-Melsungen AG, Melsungen, Germany) A 

small aliquot (100μl) of the homogenate was taken aside for protein estimation and 

protein was extracted by ultra sonication using 100% of energy and 10 cycles for 10 

sec, repeated twice. Then, the homogenate for protein preparation (100μl) were 

centrifuged at 14,000 g for 15 min at 4°C. The supernatant of the sonicated sample 

was taken for protein estimation. The remaining homogenate was centrifuged at 

14,000 g for 10 min at 4°C, supernatant was removed and the pellet was re-

suspended vigorously by using pipette tip well in 500µl of freshly prepared extraction 

buffer by using and snap frozen in liquid nitrogen. The solutions were thawed at 

37°C and re-suspended by using pipette tip and again snap frozen. These freeze 

and thaw steps are repeated for four times and at the end the samples were ultra-

sonicated as described above. Then, the samples were centrifuged at 10,000x g for 

15 min and supernatants were collected in fresh tubes and stored at -80ºC until 

measurement of MPO activity.  

1. Homogenization Buffer: 

  20mM  KH2PO4 

  pH 7.4 with KOH  
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2. Measurement Buffer: 

  50mM  KH2PO4 

  pH 6.0 with KOH  

3. Extraction Buffer: 

  100ml Measurement Buffer + 186mg EDTA 

  Working Extraction Buffer: 

  7.5ml Extraction Buffer  

  +0.5 ml SBTI  

  +1ml PMSF 

  +1ml Hexacetryltrimethylammoniumbromid (5%) 

4. Substrate solution: 

 10ml Measurement Buffer 

 +100µl (1ml Measurement Buffer + 7µlH2O2) 

 +100µl (1ml Measurement Buffer + 16.7mg o-dianisidine) 

MPO activity was measured photometrically as kinetics for 10min at 30°C using 

0.53mM o-dianisidine and 0.15mM H2O2 as substrates in measuring buffer Assay 

was performed in triplicate, 10µl of the sample mixed with 90µl of substrate in each 

well. Sample from pancreas used undiluted and sample from lungs were diluted as 

1:5 in measurement buffer. The increase in colour of chromogenic product was 

monitored for 10min at 460nm at 30°c, using a Spectra Max 190 (Molecular Devices, 

Germany) Elisa reader9,10.  

3.2.10 Histological evaluation: 

Formalin fixed pancreas and lung specimens were embedded in paraffin according 

to standard protocol. The pancreatic sections were sliced at 2μM and mounted on 

glass slides. The sections were incubated at 37°C overnight, to dehydrate 

completely. Pancreatic sections were deparaffinised using xylol for 20 min and later 

on hydrated with a series of decreasing concentration ethanol (100%, 95%, and 

70%) for 5 min in each solution and finally washed in 1x PBS for 5 min. The slides 

were immersed in haematoxylin for 5 min and flushed with running tap water for 5 

min. After rinsing with distilled H2O slides were placed in eosin for 1-2.5 min and 

then dehydrated with increasing alcohol concentration solutions (70%, 95%, and 
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100%) for 5 min in each step. After dehydration tissue slides were dried in air and 

mounted with vectamount mounting media with cover slip on top of it. The images of 

pancreas and lung were taken using a microscope (Olympus) with different 

magnifications. 

Upon Haematoxylin-Eosin (HE) staining a minimum of five pictures representing 

from different locations of pancreas were taken under the microscope and used for 

histological scoring. The scoring was done based on the extent of the alterations 

observed such as necrosis, vacuolization, and leukocyte infiltration in the pancreas. 

The grading of the alterations refers to a scale ranging from 0 for minimal to 4 for 

maximal alterations31,52. 

Histological Score Percentage of cells involved 

(Necrosis & vacuolization) 

Percentage of pancreas 

infiltrated (Infiltration) 

0 0 0 

1 5% 25% 

2 10% 50% 

3 15% 75% 

4 20% 100% 

3.2.11 Fluorescence immunostaining: 

The cryo sections were fixed in acetone at -20°C for 20 minute followed by air drying 

at room temperature for 1 hour and stored at -20ºC. Cryo section was well washed 

with 1XPBS before blocking at room temperature. The sections were blocked by 

20% FBS in 1XPBS (blocking buffer) for 1hr at room temperature. The primary 

antibody was used in a dilution of 1:100 to 1:300 in blocking buffer on the sections 

for overnight incubation at 4ºC. The sections were washed with 1XPBS, 3 times for 

20 minutes each before the secondary antibody added. Secondary antibody used in 

a dilution of 1:200 to 1:500 in blocking buffer for 1 hour at room temperature. 

Subsequently, sections washed were washed with 1XPBS, 3 times for 20 minutes 

each. Sections were counterstained with DAPI and fixed with fluorescence mounting 

media. Images were captured on Olympus FLUOVIEW FV1000 microscope. A 

minimum of 6 pictures per animal were quantified. Immunofluorescence staining for 

Anti-CD68 was performed and quantified from cryo-embedded tissue10,52.  
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3.2.12 TUNEL assay: 

The apoptotic cells were detected from deparaffinized sections by TUNEL assay 

using APO-BRDU-IHC™ immunohistochemistry kit (NOVUS Biologicals) as per 

manufacturer's instruction. Quantification of TUNEL positive cells were performed by 

cell count/100cells37. 

3.2.13 Immunohistochemistry:  

Paraffin sections were used for immunohistochemistry after a deparaffinization step. 

Antigen retrieval of paraffin sections for immuno-histochemistry was performed with 

Target Retrieval Solution from Dako. Ki-67, antibody from Bethyl laboratories, Inc 

(Catalog No. IHC-00375); was used in a dilution of 1:100 in 20% fetal calf serum 

(FCS) from PAN Biotech (Aidenbach, Germany). A minimum of 6 pictures per animal 

were quantified. Ki-67 positive cells per microscopic field were counted10,52. 

3.2.14 Living acinar cell preparation: 

The animals were fasted overnight with access to water ad libitum. The animal was 

sacrificed by cervical dislocation and the pancreas was rapidly explanted from the 

animal and transferred into the 6ml of isolation medium (1mg collagenase/12ml of 

isolation media) at 37ºC. The pancreas was dissected with help of scissors and 

incubated for 15min in a water bath at 37°C with shaking (100-110rpm). 

Subsequently, the medium is replaced by fresh medium with fresh collagenase and 

the pancreas again minced with scissors. After 15min of incubation the solution was 

transferred into 15ml falcon tube. The solution was gently aspirated for three to four 

times thorough the pipette tips which were cut at opening edges so that acinar cells 

won‟t get stressed during pipetting process. The pipetting process has to be 

repeated 5 times with descending order of the opening at the end of the tip. 

Subsequently, the solution was decanted through cotton gauze and the resulting cell 

suspension was centrifuged at 1800rpm for 1 min. The supernatant was removed 

and 6ml of fresh isolation media (collagenase - free) was added to the cell pellet and 

it is gently re-suspended. To remove the last tissue samples from the cell 

suspension, the solution was filtered through gauze and centrifuged off. The cells 
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were then allowed to rest for 30 minutes in a water bath at 37°C with gentle shaking 

(40-50 rpm) until further use8,10,53.  

Acinar cell isolation media: 

180 ml DMEM high Glucose 
20 ml HEPES 100mM (pH unadjusted) 
46 ml BSA 5% 

3.2.15 Measurement of intracellular caspase 3 activity and necrosis 

in living acinar cells: 

In living acinar cell intracellular protease activity was measured with help of 

fluorogenic substrate such as PhiPhiLux-GD2 (at λEx 505 nm and λEm 530 nm) and 

at the same time, the cell necrosis was measured by means of propidium iodide 

exclusion. The cells were prepared as above and subsequently stimulated with 

0.001mM CCK, whereas unstimulated cells served as controls. At an interval of 20 

min cells were removed from the flask and carefully centrifuged for 30sec at 500rpm 

and re-suspended in 1X measuring media. The 0 min time point was considered as 

control for all groups. The measuring medium was loaded with the respective 

substrate for protease measurement and propidium iodide exclusion. After re-

suspension in measuring media, the cells were again centrifuged for 30sec at 

500rpm. The supernatant of the measuring medium served as the blank after the 

centrifugation of the acinar cells. It could ensure that the protease activation was 

intracellular.  For each sample measurement was done in triplicate in 96 well cell 

culture plate at 37ºC in fluorometer. Fluorescence was measured over a period of 

1hr kinetically for protease activity and necrosis measured at this starting point and 

at the end point. After measurement, 90μl of 3% TritonX100 was added to each well 

of the 96 well plate to lyse the cells. After an incubation of 20 min at 37°C the total 

necrosis was measured as the end point measurement under the same conditions 

as described above. The caspase 3 activity in acinar cell lysate was determined by 

fluorogenic substrate R110-DEVD under neutral pH conditions in PBS8,10,53.  
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3.2.16 ATP level measurement: 

After 30 minutes CCK stimulation acinar cells were centrifuged at 5000 rpm for 5 

minutes cell pellet was used for ATP determination by using commercially available 

kit from abcam (ab83355). 

3.2.17 Measurements of mitochondrial membrane potential (ΔΨm) 

in living acinar cells: 

The pancreatic acinar cells were prepared as described above. The 

tetramethylrhodamine methyl ester (TMRM) was used for the measurement of ΔΨm. 

TMRM (at λEx 543 nm and λEm 570 nm) is a lipophilic cation dye accumulated by 

mitochondria in proportion to ΔΨm. Cells preincubated under indicated conditions 

were resuspended in a buffer A, in the presence or absence of the same compounds 

as during preincubation and loaded with 1 µmol/L TMRM for 20 minutes at 37°C. For 

each sample measurement was done in triplicate in 96 well cell culture plate at 37ºC 

in fluorometer. At the TMRM concentrations applied the fluorescence intensity was 

quenched when the dye accumulated in mitochondria. Thus, an increase in ΔΨm 

manifests by a decrease in the TMRM fluorescence intensity and vice-versa. At the 

end of experiment we added 15µM carbonyl cyanide p-

trifluoromethoxyphenylhydrazone to the plate to cancel ΔΨm. For quantitative 

analysis of ΔΨm changes, the difference between fluorescence in CCPP-treated 

cells (zero ΔΨm) and basal fluorescence in control cells was considered as 100% 

ΔΨm18,19,50. 

Buffer A  

NaCl  140 mM 

KCl  4.7 mM 

MgCl2  1.13 mM 

CaCl2  1 mM 

D-glucose 10 mM 

HEPES 10 mM (adjusted to pH 7.2 by NaOH) 

Pyruvate 10 mM 

Glutamine 1 mM 
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3.2.18 SRT1720 treatment in acute pancreatitis: 

For treatment with SRT-1720, mice were given a 20 mg/kg single intra-peritoneal 

injection of it54,55; 12 hours before first caerulein injection in CER-AP and 24 hours 

after first L-arginine injection in L-Arg-AP. 

3.2.19 Statistical analysis:  

All data are expressed as mean ± SEM. Statistical analyses of the different groups 

were made by GraphPad Prism and Sigma-Plot using the Student t test for 

independent samples unless it‟s mentioned. Differences were considered significant 

at a level of p<0.05. 
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4.0 Results: 

4.1 PINK1 and Parkin mediates clearance of dysfunctional 

mitochondria during experimental pancreatitis: 

Dysfunctional mitochondria are involved in different pathways like ER stress, acinar 

cell injury and impaired autophagy which are associated with AP3,18. Therefore the 

clearance of dysfunctional mitochondria is essential for the maintenance of 

pancreatic function and tissue structure. For this reason we studied the role of Pink1 

and Parkin mediated mitophagy in experimental acute pancreatitis. Arg-AP, as well 

as CDE-AP, causes “irreversible” damage of pancreatic mitochondria that persists in 

conditions precluding Ca2+ overload56. In contrast, mitochondrial damage induced by 

caerulein/CCK or taurolithocholic acid sulfate (TLCS)-AP in in-vivo or ex-vivo AP 

models is mediated by Ca2+ overload and is reversible upon removal of Ca2+. 

Mitochondrial dysfunction in dissimilar AP models involves both Ca2+ overload-

dependent and independent mechanisms, converging on cyclophilin D-dependent 

PTP opening and perturbation of ATP synthase causing depolarization, ATP drop, 

and mitochondrial fragmentation18,57,56. 

Figure 5: Expression of PINK1 and Parkin during experimental AP. A) CER-AP 
(n=3) and B) L-Arg-AP (n=3) by immunoblotting from pancreatic tissue. 
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Therefore, we used caerulein induced AP (CER-AP) and L-arginine induced AP (L-

Arg AP) in mice to avoid a bias of models and correct for different mechanism of 

damage to mitochondria18. In the CER-AP model mice were sacrificed at 8, 24 and 

48 hours after the 1st caerulein injection and mice were sacrificed at 0 hour and used 

as control. The expression of PINK1 and Parkin were investigated by using 

immunoblotting and we found that expression was increased at 8, 24 and 48 hours 

as compared with the zero hour time point in the pancreas of CER-AP mice (Figure 

5A). In L-Arg-AP model mice were sacrificed at 72 hour after the 1st injection and 

PBS treated mice served as controls. We observed an increased expression of 

PINK1 and Parkin, in L-Arg-AP mice as compared to controls (Figure 5B). Therefore, 

for subsequent experiments mice were sacrificed at 0, 8, 24, 48 hours after the 1st 

injection of caerulein and at 72 hours after the 1st injection of L-arginine. 

 

Figure 6: Sub cellular redistribution of PINK1 and Parkin during experimental 
acute pancreatitis. A) Shift in expression of PINK1 and Parkin in subcellular 
fractions of pancreas via immunoblot during course of CER-AP (n=3). B) 
Immunoblotted against PINK1 and Parkin in subcellular fractions in PBS (control) 
and L-arginine (AP) treated mice (n=3). Purity of fraction was checked by GAPDH as 
cytosolic marker and COXIV as mitochondrial marker. 

Next we investigated the cellular distribution of PINK1 and Parkin, as under basal 

condition they are localized in the cytosol and redistributed to mitochondria under 

pathological condition in mammalian cells. We therefore performed subcellular 

fractionations of freshly isolated pancreatic tissue by using sucrose density gradient 

centrifugation. Quality of fractions was controlled by immunoblotting; GAPDH as 

marker for cytosol and COXIV as mitochondrial marker. In CER-AP model we 

observed redistribution of PINK1 and Parkin from cytosol to mitochondrial fraction 

after 8 and 24 hours (Figure 6A).  Sub-cellular fractionations of pancreatic tissue 
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showed a redistribution of PINK1 and Parkin to the mitochondrial containing fraction 

in L-Arg-AP at 72 hours (Figure 6B). 

Furthermore, to examine whether PINK1 and Parkin form a complex for clearance of 

dysfunctional mitochondria, we immunoprecipitated PINK1 and Parkin from pancreas 

during the course of experimental AP. When we immunoprecipitated Parkin and 

immunoblotted against PINK1 we observed increased complex formation at 8 and 24 

hours of CER-AP (Figure 7A) and at 72 hours in L-Arg-AP (Figure 7B). In addition, 

when PINK1 was immunoprecipitated and we immunoblotted against Parkin we 

found complex formation in both experimental AP models (Figure. 7C and D). 

 

Figure 7: Parkin and PINK1 complex formation during the course of 
experimental AP. A) and B) Parkin was immunoprecipitated from pancreas during 
the course of CER-AP (0, 8, 24, 48hr), and L-Arg-AP followed by detection of co-
precipitation of PINK1, Parkin, p62, GAPDH (n=3). C) And D) PINK1 was 
immunoprecipitated from pancreas during the course of CER-AP and L-Arg-AP 
followed by detection of co-precipitation of PINK1, Parkin, p62, GAPDH (n=3). Beads 
+ antibody and immunoprecipitation in respective deficient mice used as negative 
input. Total pancreatic lysate in C57Bl6 mice at 8hr in CER-AP used as positive 
input. 

Next we investigated ubiquitinylation of mitochondria as Parkin, an E3 ubiquitin 

ligase, once translocated onto dysfunctional mitochondria leads to ubiquitination. We 

-ve input

21

+ve

input

Caerulein 

0hr      8hr     24hr   48hr

A
IP:  Parkin

IB:

PINK1

Parkin

p62

GAPDH

L-Arginin_
+

B

IP:  Parkin

IB:

PINK1

Parkin

p62

GAPDH

-ve input +ve

input
1 2

L-Arginin_
+

D
IP:  PINK1

IB:

PINK1

Parkin

p62

GAPDH

-ve input +ve

input1 2

-ve input

21

+ve 

input

Caerulein 

0hr      8hr     24hr   48hr

C
IP:  PINK1

IB:

PINK1

Parkin

p62

GAPDH



36 
 

observed increased redistribution of ubiquitin (Ub) in the mitochondria containing 

fraction at 8, 24 hours in CER-AP (Figure 8A) and at 72 hours in L-Arg-AP (Figure 

8B). Notably, p62 and LC3B localization was increased in heavier fraction which 

indicates induction of autophagy and impairment of autophagic flux at 8, 24 hours in 

CER-AP (Figure 8C) and at 72 hours in L-Arg- AP (Figure 8D). p62/SQSTRM1 might 

be involved in delivery of ubiquitinylated dysfunctional mitochondria to 

autophagosomes and acts as a connecting link between two pathways.  

 

Figure 8: Ubiquitinylation of dysfunctional mitochondria. A) and B) Ubiquitin, C) 
and D) p62 and LC3B were immunoblotted in subcellular fractions in the pancreas 
during the course of CER-AP and L-Arg-AP (n=3). Quality of fraction was verified by 
GAPDH as cytosolic marker and COXIV as mitochondrial marker. 

To further investigate the mechanistic pathway of mitophagy, we co-

immunoprecipitated p62 from the pancreas during experimental AP, followed by 

detection of PINK1, Parkin, p62 complex during CER-AP (Figure 9A) and L-Arg-AP 

(Figure 9B) by immunoblotting. We detected PINK1 and Parkin at 8 and 24 hours in 

CER-AP (Figure 9A) and at 72 hours in L-Arg-AP (Figure 9B). Consistent with this, 

we also observed Parkin-p62 (Figure 7A and B) and PINK1-p62 complex formation 

(Figure 7C and D). 
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Figure 9: p62 forms complex with Parkin and PINK1 during experimental AP. 
p62 was immunoprecipitated from  the pancreas during the course of A) CER-AP (0, 
8, 24, 48hr) and B) L-Arg-AP followed by detection of co-precipitation of PINK1, 
Parkin, p62, Ubiquitin, GAPDH (n=3). Beads + antibody (1) and immunoprecipitation 
of caspase 3 (2) at 8hr in CER-AP from C57Bl6 mice used as negative input. Total 
pancreatic lysate in C57Bl6 mice at 8hr in CER-AP were used as positive input. 

In agreement, EM confirmed that autophagosomes contain mitochondria. This 

indicates that dysfunctional mitochondria are engulfed in the autophagosome for 

degradation in caerulein induced pancreatitis (Figure 10A). These experiments show 

that PINK1 and Parkin cooperation leads to ubiquitination of dysfunctional 

mitochondria and p62 delivers ubiquitinylated dysfunctional mitochondria to 

autophagosome in experimental AP40,58 (Figure 10B). 

 

Figure 10: Clearance of dysfunctional mitochondria during AP. A) 
Representative electron microscopy image showing dysfunctional mitochondria 
engulfed in autophagosome at 8 hour during CER-AP in C57Bl6 mice. B) 
Schematics illustrating the mechanism PINK1 and Parkin mediated mitophagy during 
experimental AP.  

-ve input

1 2

+ve 

input

Caerulein 

0hr      8hr     24hr   48hr

A

IP:  p62

IB:

PINK1

Parkin

p62

GAPDH

L-Arginin
_

+

B

IP:  p62

IB:

PINK1

Parkin

P62

GAPDH

-ve input +ve 

input
1 2

B

PINK1 Parkin Ubiquitin p62 LC3B

LowΔΨ 

A



38 
 

4.2 PINK1 and Parkin mediated mitophagy acts as switch point 

between Necrosis and Apoptosis in Acinar cell:  

Dysfunctional mitochondria play a crucial role for the regulation of acinar cell injury 

by initiating signals for both, apoptosis and necrosis50,16. Therefore we investigated 

whether deficiency of PINK1 and Parkin mediated mitophagy has an impact on 

acinar cell death. To study this we isolated living acinar cells from pancreas (by 

collagenase digestion) of wild type as well as PINK1-deficient and Parkin-deficient 

mice and stimulated them for 30 minute with supra-maximal concentration of 

CCK8,53. Necrosis was significantly increased in Parkin-deficient and PINK1-deficient 

acinar cell as compared with C57Bl6 acinar cell (Figure 11A). Consistent with this, 

we observed significantly decreased levels of mitochondrial membrane potential 

(Figure 11B) in living acinar cell and intracellular ATP (Figure 11C) in acinar cell 

lysates of Parkin-deficient and PINK1-deficient mice compared with wild type acinar 

cell. These results indicate increased necrosis of Parkin-deficient and PINK1-

deficient acinar cells.  
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Figure 11: Necrosis is increased in acinar cells of Parkin-deficient and PINK1-
deficient mice. A) Necrosis measured as PI uptake in response to 30 minute 
supramaximal CCK stimulation was investigated in living acinar cells (isolated by 
collagenase digestion) of C57Bl/6, Parkin and PINK1 deficient mice. Data 
represented as mean ± SEM (n=8 mice per group). B) Mitochondrial membrane 
potential measured by means of TMRM, in response to 30 min of supramaximal 
CCK stimulation was investigated in living acinar cells of C57Bl/6, Parkin-deficient 
and PINK1-deficient mice. Data represented as mean ± SEM (n=6 mice per group). 
C) ATP level in response to 30 min of supramaximal CCK stimulation was 
investigated in acinar cell lysates of C57Bl/6, Parkin-deficient and PINK1-deficient 
mice. Value represented as mean ± SEM (n=8 mice per group).  

Furthermore, we investigated apoptosis in Parkin-deficient and PINK1-deficient 

acinar cells. In contrast to necrosis, we found apoptosis to be decreased in acinar 

cells of Parkin-deficient and PINK1 deficient mice. As caspase 3 activity in living 

acinar cell (Figure 12A) and in acinar cell lysates (Figure 12B) was decreased in 

Parkin-deficient and PINK1-deficient acinar cell, this indicates higher apoptosis in 

C57Bl6 mice. This was confirmed by an increased in cleaved caspase 3 and 

decreased pro-AIF expression in acinar cell of C57Bl6 when compared to Parkin-

deficient and PINK1-deficient acinar cell (Figure 12C). Thus, deficiency of PINK1 and 

Parkin mediated mitophagy leads to a shift in acinar cell injury from apoptosis 

towards necrosis.  
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Figure 12: Apoptosis is decreased in acinar cell of Parkin-deficient and PINK1-
deficient mice. A) And B) Caspase3 activity in living acinar cell and acinar cell 
lysates respectively of C57Bl/6, Parkin-deficient and PINK1-deficient mice (n=6). 
Values represented as mean ± SEM (n=6 mice per group). C) Pro-AIF and cleaved 
caspase 3 expression levels by immunoblotting after 30 minute CCK stimulation in 
acinar cell lysate of C57Bl/6, Parkin-deficient and Pink1-deficient mice. Values 
represent mean ± SEM (n=3).  
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4.3 Parkin deletion aggravates severity of CER-AP and delays 

regeneration of the pancreas: 

To confirm whether PINK1 and Parkin mediated mitophagy is necessary for the 

clearance of dysfunctional mitochondria from acinar cell, we used Parkin-deficient 

mice. First we investigated PINK1/Parkin-Ub-p62 complex formation in pancreas of 

Parkin-deficient mice in experimental AP model via co-immunoprecipitation (Figure 

13A, B and C). These results suggest that Parkin is essential for the formation of 

complexes during AP. 

s

 

Figure 13: PINK1-/Parkin-p62 complex absent in experimental acute 
pancreatitis in Parkin deficient mice. A) Parkin,B) PINK1 and C) p62 were 
immunoprecipitated from pancreas during both experimental acute pancreatitis 
models, followed by detection of co-precipitation of PINK1, Parkin, p62, GAPDH 
(n=3) in Parkin-deficient mice. Beads + antibody was used as negative input. Beads 
+ antibody was used as negative input. Immunoprecipitation in C57Bl6 mice at 8hr in 

IB:

PINK1

Parkin

p62

GAPDH

Caerulein 

0hr    8hr   24hr  48hr

-ve input

1 2

+ve input L-Arginin
_ +

-ve input

1 2

+ve input
IP: ParkinA

2

L-Arginin

_
+

-ve input

1 2

+ve input

IB:

PINK1

Parkin

p62

GAPDH

Caerulein

0hr     8hr     24hr    48hr

-ve input

1

+ve input

IP: PINK1B

Caerulein

0hr    8hr   24hr  48hr

-ve input

1 2

+ve input L-Arginin
_ +

-ve input

1 2

+ve input

IB:

PINK1

Parkin

p62

GAPDH

IP: p62
C



42 
 

CER-AP and at 72hr in L-Arg-AP (1) and also total pancreatic lysate in C57Bl6 mice 
at 8hr in CER-AP and at 72hr in L-Arg-AP (2) was used as positive input. 

We next tested weather Parkin deficiency has an impact on severity, pancreatic 

tissue damage and regulation of cell death during the course of CER-AP and L-Arg-

AP. The serum severity markers such as amylase and lipase were significantly 

higher in Parkin-deficient mice at 8 and 24 hours during course of CER-AP (Figure 

14A and B) compared to C57Bl/6 mice. Also at 72 hours in L-Arg-AP (Figure 14C 

and D) in Parkin-deficient mice compared to C57Bl/6 mice. Thus, Parkin-deficient 

mice showed increased severity during course of experimental AP.  

 

Figure 14: Serum severity markers were markedly increased during 
experimental AP in Parkin-deficient mice. A) Amylase and B) lipase activity 
during the time course of caerulein AP. C) Amylase and D) lipase activity during the 
L-Arg-AP. Data represented as bar graph from at least 2 sets of independent 
experiment (n=5 to 6 mice per group per experiment).  
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Next we addressed whether Parkin deficiency results in more exocrine pancreatic 

tissue damage. Eight hour after onset of disease we observed pancreatic damage in 

both mice strain but somewhat more damage in Parkin-deficient mice (Figure 15A 

and B). However, Parkin-deficient mice have significantly higher pancreatic damage 

after 24 hour (Figure 15A and B). Moreover, pancreatic damage persisted even 48 

hour after the onset of disease in Parkin-deficient mice (Figure 15A and B) whereas 

after 24 and 48 hour C57Bl6 mice showed recovery of exocrine pancreatic tissue. 

 

Figure 15: Exocrine pancreatic damage during CER-AP in C57Bl6 and Parkin-
deficient mice. A) Bar graph of histology scores and B) H&E staining illustrates 
pancreatic damage of both mice strain during the time course of caerulein AP. Data 
represented as mean ± SEM from at least 2 independent sets of experiments (n = 5 
to 6 mice per group per experiment).  

To confirm that Parkin deficiency increases exocrine pancreatic tissue damage and 

is independent of the animal model we also investigated it in the L-Arg-AP model. 

Similar to CER-AP we observed increased pancreatic damage during L-Arg-induced 

AP in Parkin-deficient mice compared to C57Bl/6 mice (Figure 16A and B). Thus, 

Parkin deficiency increases pancreatic damage independently of the animal model; 

and delays recovery after CER-AP. 
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Figure 16: Exocrine pancreatic damage during L-Arg-AP in C57Bl6 and Parkin-
deficient mice. A) Bar graph of histology scores and B) H&E staining illustrates 
pancreatic damage of C57Bl6 and Parkin-deficient mice during the time course of 
caerulein AP. Data represented as mean ± SEM from at least 2 independent sets of 
experiments (n=5 to 6 mice per group per experiment).  

Acute pancreatitis severity depends on acinar cell injury. Necrosis of acinar cells 

leads to a more severe form of the disease whereas apoptosis resulted in a milder 

form of AP. Therefore, we investigated acinar cell injury in Parkin-deficient mice 

during the course of AP. As expected, Parkin-deficient mice consistently showed an 

increase in necrosis and a trend towards a more necrosis at 24 and 48 hour of CER-

AP (Figure 17A). However, we found no difference for apoptotic cell death during 

CER-AP between Parkin deficient mice and C57Bl/6 mice (Figure 17B and C). 
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Figure 17: Cell death in Parkin-deficient mice during CER-AP. A) Necrosis, B) 
apoptosis in % of acinar cells and C) representative images for TUNEL assay during 
CER-AP in C57Bl6 and Parkin KO mice. Value represented as mean ± SEM (n=5 to 
6).  

Similar to CER-AP, we observed significantly higher necrosis in the L-Arg-AP model 

(Figure 18A) but significantly less apoptosis between Parkin-deficient mice and 

C57Bl/6 mice (Figure 18B). These results indicate that Parkin deficiency results in 

increased necrosis during experimental AP.  
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Figure 18: Cell death in Parkin-deficient mice during l-Arg-AP. A) Necrosis and 
B) apoptosis in % of acinar cells in L-Arg-AP in C57Bl6 and Parkin-deficient mice. 
Values represented as mean ± SEM (n=5 to 6).  

Furthermore, we studied immune system reactions because exocrine pancreatic 

tissue damaged results in infiltration of neutrophils and macrophages, which in turn 

results in aggravation of AP. First we investigated myeloperoxidase activity in lungs 

and pancreas as marker for neutrophil infiltration during experimental AP in Parkin-

deficient mice. We observed a significantly decreased MPO activity in lung and 

pancreas of Parkin-deficient mice during CER-AP (Figure 19A and B). Similarly, 

MPO activity during L-Arg-AP was decreased in both lungs and pancreas of Parkin-

deficient mice compared with C57Bl6 mice (Figure 19C and D). These results 

indicate that neutrophil-mediated inflammation is less extensive as local and 

systemic marker of inflammation.   
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Figure 19: MPO activity was markedly decreased during experimental AP in 
Parkin-deficient mice. A) Lung MPO and B) Pancreatic MPO activity during the 
time course of CER-AP. C) Lung MPO and D) Pancreatic MPO activity during l-Arg-
AP. Data represented as bar graph from at least 2 independent sets of experiments 
(n=4 to 6 mice per group per experiment).  

Next we investigated the macrophage infiltration in the pancreas of Parkin-deficient 

mice during AP. Necrotic acinar cells attract more immune cells than apoptotic acinar 

cells. Consistent with acinar cell necrosis we observed an increased infiltration of 

macrophages marked by CD68 during the course CER-AP (Figure 20A and B) and 

L-Arg-AP (Figure 20C and D) in pancreas of Parkin-deficient mice than C57Bl/6 

mice.  
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Figure 20: Increased macrophage infiltration during experimental AP. A) 
Representative images of CD68 infiltration by immunofluorescence and B) Bar graph 
for CD68 cell per visual field in the pancreas during course of CER-AP. C) 
Representative images of CD68 infiltration by immunofluorescence and D) Bar graph 
for CD68 cell per visual field in pancreas during the course of L-Arg-AP. Values 
represented as mean ± SEM (n=3 to 4).  

Taken together, these results indicate that Parkin mediated mitophagy antagonizes 

the severity of experimental AP via the restriction of necrosis. 
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4.4 PINK1 deficiency aggravates experimental AP 

PINK1 constantly examine mitochondrial health. Upon mitochondrial dysfunction 

PINK1 detects perturbation, leading to recruitment and activation of Parkin59. We 

therefore first studied PINK1/Parkin-Ub-p62 complex formation in the pancreas of 

PINK1 deficient mice (Figure 21A, B and C) during CER-AP and l-Arg AP. This 

indicated that PINK1 is required to initiate the process of complex formation. 

 

Figure 21: PINK1-/Parkin-p62 complex was absent in experimental acute 
pancreatitis in PINK1-deficient mice. A) Parkin, B) PINK1 and C) p62 was 
immunoprecipitated from pancreas during both experimental acute pancreatitis 
models, followed by detection of co-precipitation of PINK1, Parkin, p62 and GAPDH 
(n=3) in PINK1-deficient mice. Beads + antibody was used as negative input. Beads 
+ antibody was used as negative input. Immunoprecipitation in C57Bl6 mice at 8hr in 
CER-AP and at 72hr in L-Arg-AP (1) and also total pancreatic lysate in C57Bl6 mice 
at 8hr in CER-AP and at 72hr in L-Arg-AP (2) were used as positive input. 
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Thus to confirm role of PINK1 and Parkin mediated mitophagy in AP we investigated 

whether PINK1 deficiency increases the severity of AP. First we investigated serum 

severity markers during the course of both AP models in PINK1-deficient mice. We 

observed a significant increase in serum amylase and lipase activity in PINK1-

deficient mice at 8 hour in CER-AP (Figure 22A and B). Similarly, in the L-Arg-AP 

model amylase and lipase activities were significantly higher after 72 hour (Figure 

22C and D). Thus, serum severity markers were increased in PINK1 deficient mice in 

experimental AP.   

 

Figure 22: Serum severity markers were markedly increased during 
experimental AP in PINK1 deficient mice. A) Amylase and B) lipase activity during 
the time course of caerulein AP. C) Amylase and D) lipase activity during the L-Arg-
AP. Data represented as bar graph from at least 2 independent sets of experiment 
(n=5 to 6 mice per group per experiment).  
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Next we investigated exocrine pancreatic tissue damage during CER-AP in PINK1-

deficient mice. Similar to our findings in Parkin-deficient mice, PINK1-deficient mice 

showed increased pancreatic damage compared to C57Bl/6 mice during CER-AP 

(Figure 23A and B).  

 

Figure 23: Exocrine pancreatic damage during CER-AP in C57Bl6 and PINK1 
deficient mice. A) Bar graph of histology scores and B) H&E staining and illustrates 
pancreatic damage of both mice strain during the time course of caerulein AP. Data 
represented as mean ± SEM from at least 2 independent sets of experiments (n = 5 
to 6 mice per group per experiment).  

To avoid animal model bias we investigated exocrine pancreatic damage also in the 

L-Arg-AP model. Consistent with the CER-AP model, PINK1 deficiency results in 

increased pancreatic damage after 72 hour in L-Arg-AP (Figure 24A and B). These 

results suggest that PINK1 deficiency increases exocrine pancreatic damage. 
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Figure 24: Exocrine pancreatic damage during L-Arg-AP in C57Bl6 and PINK1-
deficient mice. A) Bar graph of histology scores and B) H&E staining and illustrates 
pancreatic damage of C57Bl6 and PINK1-deficient mice during the time course of 
caerulein AP. Data represented as mean ± SEM from at least 2 independent 
experiment (n=5 to 6 mice per group per experiment).  

Acinar cell injury determines the severity of AP. Therefore, we investigated acinar 

cell injury during experimental AP in PINK1-deficient mice. Similar to Parkin-deficient 

mice we found increases in necrosis in PINK1-deficient mice during the CER-AP 

model (Figure 25A). On the other hand, we detected no difference in apoptosis 

between C57Bl6 mice and PINK1-deficient mice during CER-AP (Figure 25B and C). 
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Figure 25: Acinar cell fate in PINK1-deficient mice during CER-AP. A) Necrosis, 
B) apoptosis in % of acinar cells and C) representative images of TUNEL assay 
during in L-Arg-AP in C57Bl6 and PINK1-deficient mice. Value represented as mean 
± SEM (n=5 to 6).  

In agreement, with the previous experiments we observed significantly higher 

necrosis rates in the L-Arg-AP model (Figure 26A) but significantly less apoptosis 

between PINK1-deficient mice and C57Bl/6 control mice (Figure 26B and C). 

 

Figure 26: Acinar cell injury in PINK1-deficient mice during L-Arg-AP. A) 
Necrosis, B) apoptosis in % of acinar cells and C) representative images of TUNEL 
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assay during L-Arg-AP in C57Bl6 and PINK1-deficient mice. Value represented as 
mean ± SEM (n=5 to 6).  

Furthermore, we studied immune system reactions as exocrine pancreatic tissue 

damage results in infiltration of neutrophils and macrophages, which then results in 

aggravation of AP. First we investigated myeloperoxidase activity in lung and 

pancreas as a marker for neutrophil infiltration during experimental AP in PINK1-

deficient mice. We observed significant decreases in MPO activity in lung and 

pancreas of PINK1-deficient mice during CER-AP (Figure 27A and B). Similarly, 

MPO activity during L-Arg-AP was decreased in both lungs and pancreas of PINK1-

deficient mice compared with C57Bl/6 mice (Figure 27C and D). These results 

indicate that, consistent with Parkin-deficient mice, PINK1-deficient mice showed 

less neutrophil mediated inflammation. 
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Figure 27: MPO activity was markedly decreased during experimental AP in 
PINK1-deficient mice. A) Lung MPO and B) Pancreatic MPO activity during time 
course of CER-AP in C57Bl6 and PINK1-deficient mice. C) Lung MPO and D) 
Pancreatic MPO activity during L-Arg-AP in both mice strain. Data represented as 
bar graph from at least 2 sets of independent experiments (n=4 to 6 mice per group 
per experiment).  

Next, we investigated macrophage infiltration in the pancreas of PINK1-deficient 

mice during AP. Similar to Parkin-deficient mice, pro-inflammatory macrophage 

infiltration was increased in pancreas of PINK1-deficient mice during the course of 

the CER-AP model (Figure 28A and B) and during the L-Arg-AP model (Figure 28C 

and D). 

 

Figure 28: Increased macrophage infiltration during experimental AP in PINK1-
deficient mice. A) Representative images of CD68 infiltration by 
immunofluorescence and B) Bar graph for CD68 cell per visual field in the pancreas 
during the course of CER-AP. C) Representative images of CD68 infiltration by 
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immunofluorescence and D) Bar graph for CD68 cell per visual field in the pancreas 
during the course of L-Arg-AP. Values represented as mean ± SEM (n=3 to 4).  

All together, our findings demonstrate that PINK1-mediated mitophagy plays 

significant role in experimental pancreatitis. 
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4.5 PINK1 and Parkin are required for recovery (regeneration) of 

exocrine pancreatic tissue after CER-AP 

We next addressed whether the deficiency of PINK1 and Parkin is causative for 

delayed regeneration (recovery) of the pancreas in CER-AP. The exocrine pancreas 

shows persistent damage in Parkin-deficient and PINK1-deficient mice, until 48 

hours during CER-AP as observed by histology (Figure 15 and 23). Consistent with 

this we observed a delay in pancreatic regeneration (recovery) in Parkin-deficient 

and PINK1-deficient deficient mice during CER-AP marked by a decreased number 

of Ki-67-positive acinar cells (Figure 29A and B) as compared with C57Bl6 control 

mice. 
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Figure 29: Delayed pancreatic recovery (regeneration) during CER-AP. A) Ki-67 
positive acinar cells/ microscopic field and B) Ki-67 staining by immuno-
histochemistry during the course of CER-AP in C57Bl6 and Parkin-deficient mice. 
Values represented as mean ± SEM (n=3 to 4).  

Next, we studied whether PINK1 and Parkin affected cellular organelle regeneration 

results in a delay in recovery. The expression of LAMP2 decreased in the pancreas 

at 8hr in all three mice strains during CER-AP. C57Bl/6 mice showed much less 

expression at 24 hour and average detection of around 50% at 48 hour. In Parkin-

deficient mice we found no expression until 48 hour, whereas the expression at 48 

hour was reduced in PINK1-deficient mice (Figure 30A and B). In parallel, we 

investigated p62 and LC3B expression and found that it was increased at 8, 24, 48 

hour in Parkin deficient mice compared to C57Bl/6 control mice (Figure 30A, C and 

D). 

 

Figure 30: Impaired autophagy flux during CER-AP. A) Expression of LAMP2, 
p62 and LC3B by immunoblotting in the pancreas of C57Bl6, Parkin-deficient and 
PINK1-deficient mice during CER-AP. B) LAMP2, C) p62 and D) LC3B immunoblot 
analysis was performed by densitometry using Image-J software. Values 
represented as mean ± SEM (n= 3).  

Consistent with the increased expression of p62 and LC3B, we observed an 

increase in vacuolization during the course of CER-AP in Parkin-deficient and 

PINK1-deficient mice when compared with C57Bl6 control mice (Figure 31). Parkin 
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deficient mice showed a significantly higher number of vacuoles at 48 hours in CER-

AP when compared to PINK1-deficient mice (Figure 31).  Taken together, PINK1 and 

Parkin deficiency result in impaired autophagy due to a delay in lysosome 

biogenesis. 

 

Figure 31: Vacuolization during CER-AP in C57Bl6, Parkin-deficient and PINK1-
deficient mice. Data represented as mean ± SEM from at least 2 independent sets 
of experiments (n=5 to 6 mice per group per experiment).  

To further investigate the mechanistic pathway for the delay in organelle 

regeneration, we investigated the expression of Parkin Interacting Substrate, PARIS 

(ZNF746). PARIS is a member of Krϋppel associated box (KRAB) protein family60. 

PARIS is a transcriptional repressor of PGC-1α61, which is transcriptional co-

activator of genes regulating cellular organelle biogenesis62. PARIS was recently 

identified as substrate for Parkin, whose levels were increased in models of Parkin 

inactivation and in human Parkinson‟s Disease patient‟s brain61 and proposed to be 

one of the cause for the disease inset. During the course CER-AP, PARIS 

expression decreased in C57Bl/6 mice (Figure 32A and B), indicating a 

counterbalance mechanism due to the decrease in cellular organelle content. In 

contrast expression of PARIS was increased in Parkin-deficient and PINK1-deficient 

mice during CER-AP (Figure 32A and B). Consistent with this, we observed changes 

in the levels of PGC-1α and NRF1 regulator of cellular organelle biogenesis during 

CER-AP (Figure 32A, C and D)61,62 in C57Bl6, Parkin-deficient and PINK1-deficient 

mice. 
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Figure 32: Investigation of PARIS-PGC1-α pathway. A) Expression of PARIS, 
PGC1-α and NRF1 by immunoblotting in pancreas of C57Bl6, Parkin-deficient and 
PINK1-deficient mice during CER-AP. B) PARIS, C) PGC1-α and D) NRF1 
immunoblot analysis was performed by densitometry using Image-J software. Values 
represented as mean ± SEM (n= 3 to 4).  

Parkin monitors the level of PARIS via the ubiquitin proteasome system. The 

absence of PINK1 and Parkin results in upregulation of PARIS during CER-AP. 

These results suggest that during the course of AP, to counterbalance the loss of 

cellular organelle the PARIS - PGC-1α/NRF1 axis is activated and assists in 

exocrine pancreas regeneration (recovery) (Figure 33). 
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Figure 33: Schematics of Parkin-PARIS-PGC1-α/NRF1 pathway involved in the 
delay in pancreatic regeneration/recovery.  
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4.6 SRT1720 treatment protects against experimental AP 

Next we investigated whether cellular organelle regeneration can rescue 

experimental AP. In order to achieve this, we treated C57Bl/6 mice with 20mg/kg 

intra-peritoneal injection of SRT-1720 during experimental AP. SRT-1720 is known 

to be an activator of Silent information regulator 1 (SIRT1), which leads to 

deacetylation of PGC-1α i.e. converts it to its active form54,55,63. After that active 

PGC-1α increases the transcription of genes resulting in increased cellular organelle 

regeneration64,65. During CER-AP, we treated mice at 12 hours prior to first caerulein 

injection with a single injection of SRT-1720 (Figure 34a). And in L-Arg-AP, we 

treated mice with SRT-1720 at 24 hour after receiving the first L-arginine injection 

(Figure 34B). 

 

Figure 34: Schematics of dosing schedule of SRT-1720. A) CER-AP and B) L-
Arg-AP in C57BL/6 mice. 
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To test whether, SRT-1720 treatment has an impact on disease severity, pancreatic 

tissue damage, autophagy and necrosis during course of CER-AP and L-Arg-AP, we 

first investigated serum severity markers during AP. We observed a significant 

decrease in serum amylase and lipase activity in the SRT-1720 treatment group 

compared to the vehicle treatment group after 8 hours in CER-AP (Figure 35A and 

B) and after 72 hours in L-Arg-AP (Figure 35C and D). 

 

Figure 35: Effect of SRT-1720 treatment on serum severity markers during 
experimental AP. Effect of SRT1720 treatment on serum amylase and lipase 
activity during CER-AP (A and B) and L-Arg-AP (C and D). Data represented as bar 
graph from at least 2 independent sets of experiments (n=5 to 6 mice per group per 
experiment).  
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Next we addressed whether SRT-1720 treatment results in less exocrine pancreatic 

tissue damage. Eight hour after onset of disease we observed less pancreatic 

damage in the SRT-1720 treatment group compared to the vehicle treatment group 

in CER-AP (Figure 36A). Similarly, we observed decreased pancreatic damage after 

72 hours during L-Arg-AP in SRT-1720 treatment group (Figure 36B). 

 

Figure 36: Effect of SRT-1720 treatment on exocrine pancreatic damage during 
AP. A) And B) H&E staining and Histology scores illustrate pancreatic damage 
during CER-AP and L-Arg-AP respectively. Data represented as mean ± SEM from 
at least 2 independent sets of experiments (n=5 to 6 mice per group per experiment).  
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Next we studied whether SRT-1720 treatment increases cellular organelle 

regeneration biogenesis. To this end, we investigated the expression of LAMP2 and 

observed slight increases in its expression in the SRT-1720 treatment group during 

AP (Figure 37A and B). The plausible explanation for only a slight increase in 

LAMP2 expression might be that newly formed lysosomes fuse with 

autophagosomes for degradation. Therefore, we checked this expression of p62 and 

LC3B and found that expression level fall in the SRT-1720 treatment group (Figure 

37A and B). These results indicate that SRT-1720 treatment decreases autophagy 

impairment in experimental AP.  

Figure 37: SRT-1720 treatment increases autophagy flux in experimental AP.  
A) and B) Effect of SRT1720 treatment on expression levels of LAMP2, p62 and 
LC3B by immunoblotting during CER-AP and L-Arg-AP, respectively (n=3).  

To confirm an increase in autophagic flux due to SRT-1720 treatment, we examined 
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and LC3B, we found a decrease in vacuole accumulation in the SRT-1720 treatment 

group during AP (Figure 38C and D). Moreover, we observed a decrease in necrosis 

in the SRT-1720 treatment group (Figure 38A and B) indicating an increased quality 

of mitochondrial health as dysfunctional mitochondria result in necrosis in AP. Taken 

together, SRT1720 treatment ameliorates AP in both experimental models.  

 

Figure 38: Effecct of SRT-1720 treatment of necrosis and vacuolization during 
experimental AP. A) and B) Effect of SRT1720 on necrosis during both 
experimental AP model. Data represented as mean ± SEM from at least 2 
independent sets of experiments (n=5 to 6 mice per group per experiment). C) and 
D) Effect of SRT1720 on necrosis during CER-AP and L-Arg-AP model. Data 
represented as mean ± SEM from at least 2 independent sets of experiments (n=5 to 
6 mice per group per experiment).   
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5.0 Discussion: 

Mitochondria not only act as the power house of cells but they have also been 

implicated in fundamental cellular processes, including ion homeostasis, lipid 

metabolism, and the initiation of apoptotic cell death18,66. Mitochondrial dysfunction 

mediates key pathologic responses in experimental AP like hyperamylasemia, 

trypsinogen activation, necrosis, vacuolization, and inflammation18,19. During 

experimental pancreatitis lipid metabolism is dysregulated. Lipid storage organelle 

like lamellar bodies (LBs) and lipid droplets (LDs) accumulate during experimental 

AP and LDs in human pancreatitis patients18,67,68. Experimental pancreatitis alters 

the levels and composition of pancreatic TAGs and FFAs, shifting the FFA profile 

toward PUFAs. These changes could be detrimental because acinar cell function 

critically relies on efficient membrane trafficking and retrieval. Furthermore, PUFAs, 

like, arachidonic acid, damage acinar cells and worsen pancreatitis severity67,68. 

Attempt to restrict mitochondrial perturbation by means of genetic ablation of 

cyclophillin D or ppif was found to normalize disrupted homeostasis and also rescue 

mice form AP18,19,57. Hence in present study we elucidated mechanism of clearance 

for dysfunctional mitochondria in AP. 

In experimental AP models, mitochondria are damaged by either Ca+2 dependent or 

independent mechanisms based on the type of animal model. Therefore, we used 

CER-AP and L-Arg-AP models, in which mitochondria are damaged by Ca+2-

dependent or independent pathways respectively18,19. In both AP models, we 

observed an increased expression of PINK1 and Parkin indicating that they are likely 

involved in the clearance of dysfunctional mitochondria. As under physiological 

conditions, PINK1 is translocated to mitochondria from the cytosol, where it is 

degraded by mitochondrial proteases59 and PINK1 expression is kept under check 

during basal conditions40. During AP pancreatic mitochondria are perturbed resulting 

in a redistribution of PINK1 from the cytosol to the mitochondrial fraction, as they are 

in mammalian cells40,59.  

During the course of AP, PINK1 flags dysfunctional mitochondria and this leads to 

phosphorylation of ubiquitin on OMM47, for which Parkin has a high affinity and 
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ultimately results in the recruitment of Parkin to dysfunctional mitochondria from the 

cytosol during AP46,58,69. As this mechanism is finely tuned our results suggests that 

PINK1 and Parkin play important roles in the selective flagging of dysfunctional 

mitochondria during AP.  

Once Parkin is translocated from the cytosol to mitochondria this results in its 

activation. Then the E3 ubiquitin ligase activity of Parkin results in conjugation of 

ubiquitin chains onto OMM48,70. Increased ubiquitination of mitochondria then acts as 

a signal to direct mitochondria into the mitophagy pathway. The adaptor protein 

p62/SQSTRM1 has a high affinity for polyubiquitin chains and LC3, an autophagic 

protein found on the outer membrane of newly formed autophagosomes49. Thus our 

findings suggest that p62/SQSTRM1 binds to ubiquitinated substrates on the 

mitochondria and delivers it to autophagosomes during AP. 

Dysfunctional mitochondria play a crucial role for regulating acinar cell injury by 

initiating signals for both apoptosis and necrosis16,50. Increased mitochondrial Ca+2 

levels result in opening of the mitochondrial permeability transition pore leading to a 

drop in mitochondrial membrane potential and a decrease in ATP generation which, 

ultimately results in acinar cell necrosis19,50. We found that supramaximal CCK 

stimulation caused dramatic changes in acinar cell injury from both PINK1-deficient 

and Parkin-deficient cells. PINK1 and Parkin deficiency leads to accumulation of 

dysfunctional mitochondria causing further loss of mitochondrial membrane potential. 

Consistent with this ATP levels are decreased in PINK1-deficient and Parkin-

deficient acinar cells. These results indicate necrosis of acinar cells in increased as a 

consequence of PINK1 and Parkin deficiency. 

An increase in reactive oxygen species (ROS) results in cytochrome C release to the  

cytosol from dysfunctional mitochondria and activates an apoptotic cascade via 

activating caspase 350. Interestingly, caspase 3 activity in living acinar cells and also 

in acinar cell lysates was decreased, indicating a decreased apoptosis in PINK1-

deficient and Parkin-deficient acinar cells, in accordance with reduced ATP level16.  

In agreement with this observation cleaved caspase 3 and AIF expression changes 

indicated less apoptosis in PINK1-deficient and Parkin-deficient acinar cells. 
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In accordance with the increase in necrosis we observed a decrease in apoptosis in 

PINK1-deficient and Parkin-deficient acinar cells. These findings demonstrate that 

the PINK1 and Parkin-mediated mitophagy acts as switch point between necrosis 

and apoptosis by eliminating dysfunctional mitochondria. 

In-vitro, PINK1 and Parkin eliminates dysfunctional mitochondria but in-vivo its role is 

complex and remains controversial. In humans, mutations in PINK1 and Parkin are 

associated with Parkinson's-disease relevant phenotypes71,72,73 but not in PINK1 and 

Parkin deficient mice74,75,76,77. In cigarette smoke-induced COPD, PINK1-mediated 

mitophagy-dependent necroptosis contributes to the pathogenesis of COPD. And 

PINK1-deficient mice showed protection against damage78. However, in another 

study it was shown that Parkin plays an important role during COPD pathogenesis 

by regulating mitophagy and is responsible for prevention of the progression of 

COPD. And Parkin deficient mice showed increased severity of COPD79. Therefore 

we investigated acute pancreatitis severity, acinar cell injury during experimental AP 

by modulating PINK1 and Parkin mediated mitophagy. 

Parkin is essential for the clearance of dysfunctional mitochondria via the 

PINK1/Parkin-Ub-p62 pathway45 during experimental AP and Parkin deficiency 

resulted in failure to complete the pathway. Failure in eliminating dysfunctional 

mitochondria due to Parkin deficiency lead to an increase in serum severity markers 

such as amylase and lipase during experimental AP. In contrast, we observed less 

severe systemic injury marked by lung MPO activity and also pancreatic MPO 

activity. Functional autophagy and mitochondria integrity, play important roles for 

neutrophil differentiation and also for neutrophil mediated inflammation80,81,82,83. 

Parkin deficiency resulted in increased exocrine pancreatic tissue damages in both 

AP models and no recovery was observed after CER-AP. In in-vivo models, exocrine 

pancreatic tissue showed higher necrosis in Parkin-deficient mice, similar to in-vitro 

acinar cells. Accordingly, Parkin-deficient mice showed a decrease in apoptosis in 

the L-Arg-AP model but not in CER-AP. Necrotic exocrine pancreatic tissue attracts 

macrophages for clearance of debris via phagocytosis, subsequently ingested 

contents like zymogen granules undergo activation in macrophages, which amplifies 

the disease severity. Consistent with this pro-inflammatory M1 macrophage 
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infiltration increased in pancreas9,10,12,14,32. These findings illustrate that Parkin 

deficiency aggravates the severity of AP.  

PINK1 is necessary to initiate the signal for clearance of dysfunctional mitochondria 

as deficient mice showed failure to initiate the process during experimental AP40. 

PINK1 deficiency resulted in accumulation of dysfunctional mitochondria in the 

pancreas during AP, which lead to a marked increase in amylase and lipase activity 

in the serum. Similar to Parkin-deficient mice, we observed less systemic injury in 

PINK1-deficient mice marked by less MPO activity in the lungs as well as in the 

pancreas during experimental AP. The plausible explanation might be that functional 

mitochondria and autophagy are necessary for neutrophil mediated inflammation and 

neutrophilic differentiation80,81,82,83. The exocrine pancreas showed more damage 

during both models of AP and no recovery after CER-AP in PINK1-deficient mice. 

Similar to Parkin-deficient mice, PINK1-deficient mice showed increased necrosis in 

both AP models and decreased apoptosis in the L-Arg-AP model. Consistent with 

increased necrosis, M1 pro-inflammatory macrophage infiltration increased in 

pancreas of PINK1-deficient mice during both experimental AP models9,10,12,14,32. 

These findings demonstrate that the PINK1 plays an important role in mitigating the 

severity of experimental AP. 

Parkin-deficient and PINK1-deficient mice showed a delay in regeneration of the 

exocrine pancreas after CER-AP as shown by a reduction in Ki-67 positive acinar 

cells52. This is consistent with a delayed recovery of exocrine pancreatic tissue as 

observed by histology. Parkin and PINK1 therefore regulate regeneration/recovery of 

the exocrine pancreas via affecting cellular organelle regeneration. During acute 

pancreatitis the number of healthy mitochondria and lysosomes content is decreased 

and paralleled by reflected as increased necrosis and impaired autophagy18,37,31. In 

C57Bl6 mice during CER-AP, PINK1 and Parkin decreased together mitochondrial 

mass and size due to the elimination process of dysfunctional mitochondria. 

Therefore to increase mitochondrial and lysosomal content positive feedback 

mechanism appears to be activated. Necrosis is higher after 48hr during CER-AP in 

Parkin-deficient and PINK1-deficient mice, indicating an energy generation crisis due 

to delayed regeneration of mitochondria.  
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Lysosome regeneration is also delayed during CER-AP in Parkin-deficient and 

PINK1-deficient mice as observed by LAMP2 levels. Newly formed lysosomes 

rapidly fuse with autophagosomes in order to clear impaired autophagy flux. In that 

process lysosomes also get degraded as autophagy is a degradation process22,28,39. 

Consistent with the LAMP2 levels p62, LC3B and vacuolization accumulate21 more in 

Parkin-deficient mice than PINK1-deficient mice indicating impaired autophagy in 

AP. These results indicate that delayed lysosome regeneration impairs autophagy 

more in Parkin-deficient mice than in PINK1-deficient mice. A delay in mitochondrial 

and lysosome regeneration occurred in Parkin and PINK1 deficient mice. Therefore, 

we propose that Parkin and PINK1 are involved in the regeneration of mitochondria 

and lysosomes. 

Parkin monitors the level of PARIS via the ubiquitin proteasome system and the 

absence of Parkin results in upregulation of PARIS levels in dopamine neurons61,62. 

PARIS is member of the Krϋppel - related zinc finger protein family. It is a 

transcription factor carrying a potent repressor domain called Krϋppel associated box 

(KRAB)84. During CER-AP in C57Bl6 mice, expression of PARIS decreased due to 

increased Parkin levels. In agreement with this PARIS levels increased during CER-

AP in Parkin-deficient mice more than in PINK1-deficient mice. This confirms that in 

CER-AP PARIS levels are controlled by Parkin64,65. PARIS is a transcriptional 

repressor of PGC-1α61, which is a transcriptional co-activator of genes regulating 

cellular organelle biogenesis62. Our data indicate that during CER-AP in C57Bl6 

mice, PGC-1α and NRF1 level changes in parallel with PARIS. Similarly PGC-1α 

and NRF-1 levels change in Parkin-deficient and PINK1-deficient mice during CER-

AP. Thus, Parkin and PINK1 modulate this PARIS- PGC-1α/NRF-1 pathway during 

CER-AP.  

PGC-1α is transcriptional co-activator of genes which regulate lysosomal and 

mitochondrial biogenesis62 whereas NRF-1 is a transcriptional co-activator of genes 

which regulate mitochondrial biogenesis65. Consistent with PGC-1α and NRF-1 

levels, we observed increased necrosis and impaired autophagy flux due to a delay 

in regeneration of mitochondria and lysosomes. Thus PINK1 and Parkin modulate 

mitochondria and lysosomal regeneration via PARIS- PGC-1α/NRF-1 pathway 

during CER-AP. 
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At present, no efficacious therapeutic treatment is available for AP because 

molecular mechanisms initiating the disease remain poorly understood. The 

available knowledge comes from experimental AP animal models and are often 

extrapolated to human disease. Genetic alteration which affects autophagy lead to 

the development of pancreatitis3 and impaired autophagy is a hallmark event of 

pancreatitis85. Disruption of genes encoding proteins that mediate autophagosome 

formation (ATG5 or ATG7)29 or lysosomal function (LAMP2)31 causes an autophagy 

blockade or impairment in the pancreas, resulting in severe acinar cell degeneration, 

exocrine pancreas atrophy, fibrosis, and inflammation. On the other hand genetic 

alteration like CypD deficiency can normalize mitochondrial function and protect 

against AP18,19.  

Mitochondrial and autophagic dysfunctions are prominent in mice and human 

disease. Thus, approaches to normalize these pathways could be promising for 

disease treatment. Recently researchers used trehalose, a disaccharide that 

enhances autophagic flux and clearance of protein aggregates. Trehalose enhanced 

autophagic activity in experimental pancreatitis, normalized lipid metabolism, and 

alleviated pancreatitis responses. Notably, trehalose has no direct effect on 

mitochondria in acinar cells as impaired autophagy is a major downstream effector of 

mitochondrial damage in AP18. Therefore, we investigated therapeutic potential of 

Parkin but at present there is no pharmacological agent available who will mimic the 

action of Parkin by increasing the clearance of dysfunctional mitochondria via 

autophagic activity.  

Hence, we tested whether modulating Parkin - PARIS - PGC-1α axis by increasing 

the activity of PGC-1α could be therapeutic target. We used SRT-1720 which 

increases activity of PGC-1α via its deacetylation54,55,63. Treatment schedule with 

SRT-1720 depended on the type of model due to its time of onset of action. SRT-

1720 treatment normalized serum severity markers in both AP models. Consistent 

with this exocrine pancreatic tissue damage was alleviated in experimental AP. In 

CER-AP and L-Arg-AP models, SRT-1720 treatment increased lysosome biogenesis 

as evident by normalized p62 and LC3B levels and increased autophagic flux. 

Healthy mitochondrial content may also be increased as less exocrine pancreatic 

necrosis is seen under SRT-1720 treatment. The results with SRT-1720 treatment 
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indicate that the Parkin - PARIS - PGC-1α axis could be promising therapeutic target 

for the treatment of AP. 

In summary, we show that PINK1 and Parkin-mediated pathways are activated 

during pancreatic and act together to deliver dysfunctional mitochondria to 

autophagosomes via p62 in-vivo. Our results demonstrate that PINK1 and Parkin 

mediated mitophagy acts as check point for mitochondrial health and prevents ATP 

depletion and regulates cell injury in acinar cell. We conclude that the PINK1 and 

Parkin mediated mitophagy prevents the severity of disease by delivering 

dysfunctional mitochondria to autophagosome and limiting necrosis. We found that 

to counter balance the loss of cellular organelle during AP the Parkin – PARIS – 

PGC-1α pathway is activated which assists in exocrine pancreatic tissue recovery. 

Inhibiting the clearance of dysfunctional mitochondria aggravates experimental 

pancreatitis severity and delays regeneration/recovery of exocrine tissue after 

disease via the PARIS-PGC-1α pathway. An attempt to explore as a therapeutic 

target the PARIS-PGC-1α pathway by treatment with SRT1720 increased cellular 

organelle regeneration, resulted in enhanced autophagic activity and ameliorated 

experimental AP. 
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7.0 Abbreviations 

°C Grad Celsius 

μg Microgram = 10-6 Gram 

μl Microliter = 10-6 Liter 

APS Ammonium persulfate 

BSA Bovine serum albumin 

CBA Cytokine bead array 

DAB 3,3' diaminobenzidine 

DAPI 4'6-diamidino-2-phenylindile 

DCFDA Dichloroflourrescein diacetate 

DMEM Dulbecco‟s Modified Eagle Medium 

DMSO Dimethylsulfoxide 

DNA Deoxyribonucleic acid 

DTT Dithiothreitol 

ECL Enhanced chemiluminescene 

EDTA Ethylenediamine tetraacetate 

FACS Flow associated cell sorting 

FCS Fetal calf serum 

G Gravitation force g (9,897 m/s2) 

GAPDH Glyceraldehyde 3-phosphate dehydrogenase 

hrs Hours 

HE Haematoxylin-Eosin 

HEPES Hydroxyethyl piperazine N'-2-ethane sulfonic acid 

HRP Horse radish peroxidise 

TEM Transmission Electron microscope 

i.v. Intra venous 

i.p. Intra peritoneal 

kDa Kilo Dalton = 103 Dalton 

M Molar 

mA Milliampere = 10-3 Ampere 

MACS Magnetic associated cell sorting 

MAPK Mitogen activated phosphokinases 

Mg Milligram = 10-3 Gram 
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min Minutes 

ml Milliliter = 10-3 Liter 

mM Millimolar 

mRNA Messenger RNA 

MW Molecular weight 

NFĸB Nuclear factor ĸB 

ng Nanogram = 10-9 Gram 

nm Nanometer = 10-9 Meter 

OD Optical Density 

rfu relative fluorescence intensity 

PBS Phosphate buffered saline 

PCR Polymerase chain reaction 

PI3K Phosphotidyl inositol 3 kinases 

PMSF Phenylmethylsulphonyl fluoride 

RNA Ribonucleic acid 

ROS Reactive oxygen species 

rpm Revolutions per minute 

SD Standard deviation 

SEM Standard error of mean 

SDS Sodium deodecyl sulphate 

TBE Tris borate EDTA 

TBS Tris buffer saline 

TBST Tris buffer saline Tween 20 

TEMED Tetramethylethylenediamine 

TNFα Tumor necrosis factor alpha 

Tris Trishydroxymethylaminomethane 

U Units 

V Volt 

v/v Volume/volume 

w/v Weight/volume 
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