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Abstract: Background: Acute pancreatitis (AP) is a globally significant disease with increasing incidence and 
prevalence especially in the western world. It has severe complications such as pseudocyst, infection, renal 
failure, breathing problems, diabetes, malnutrition and chronic pancreatitis. Chronic pancreatitis can lead to 
pancreatic cancer which is one of the worst types of cancer. Up till now, there is no licensed specific treatment 
for AP. Objective: This study investigated the therapeutic effects of Mito-TEMPO in the treatment of 
L-Arginine induced acute pancreatitis in rats besides a possible involved mechanistic pathway. Materials and 
Methods: Rats randomly allocated into 3 groups: (1) control (received normal saline), (2) L-Arginine treated 
(300mg/100gm, i.p once) & (3) L-Arginine+Mito-TEMPO treated (0.7mg/kg/ day, i.p for 7 days). After 7 days 
from AP induction, serum amylase & lipase, pancreatic inflammatory mediators “toll-like receptor-4 (TLR-4), 
nuclear factor kappa-B (NF-кB), NLRP3 inflammasome, caspase-1, interleukin-1 beta (IL-1B)”, oxidative 
parameters “malondialdehyde (MDA), myeloperoxidase (MPO), nitric oxide (NO), reduced glutathione 
(GSH)”, an apoptotic marker “caspase-3” & pancreatic histopathological changes were estimated for all rats. 
Results: L-Arginine induced AP was evidenced by elevation of serum amylase & lipase, pancreatic 
inflammatory mediators “TLR-4, NF-кB, NLRP3 inflammasome, caspase-1, IL-1B”, oxidative parameters 
“MDA, MPO, NO”, the apoptotic marker “caspase-3” and infiltration of inflammatory cells proved through 
hematoxylin & eosin stain alongside with the reduction of GSH content. All these harmful effects were 
improved significantly after the administration of Mito-TEMPO. Conclusion: Mito-TEMPO can be introduced 
as a new therapy for the treatment of acute pancreatitis due to its anti-inflammatory and antioxidant effects. 

Keywords: L-arginine; acute pancreatitis; Mito-TEMPO; NLRP3 inflammasome; antioxidant; 
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1. INTRODUCTION 
Acute pancreatitis (AP) is an acute pancreatic 

inflammatory process that sometimes includes 
peri-pancreatic tissues and even remote organ 
systems 1. It is clinically characterized by abdominal 
pain and elevated blood pancreatic enzyme levels2. 
The severity of the disease ranges greatly from mild 
types that affect the pancreas only to significant 
multi-systemic organ failure disease and death 3. 

20% of cases of AP are clinically severe and 
associated with high morbidity and mortality 4. AP 
can lead to pancreatic toxemia that results from the 
release of the pancreatic broth into the bloodstream 
which is responsible for impairing 
cardio-circulatory, pulmonary, renal, and central 
nervous system functions5. Pancreatitis results in 
more than 800,000 hospital visits in the USA alone 
and costs more than $2 billion per year6.  

 



Fawzy et al, Azhar Int J Pharm Med Sci 2021;1 (1):54-65 

55 
https://aijpms.journals.ekb.eg/ 

Noteworthy, Gallstones and alcohol 
consumption account for more than 70% of acute 
pancreatitis 7. The remaining cases result from the 
administration of some drugs such as sulfonamides 
and azathioprine, some infections such as bacteria, 
viruses or parasites, trauma, hyperlipidemia, 
hypercalcemia and cigarette smoking8-11. 

 
 AP differs pathologically from interstitial 

pancreatitis (Maintained pancreas blood supply), 
which is generally self-limited, to necrotizing 
pancreatitis (Interrupted pancreas blood supply), 
where the level of necrosis can be associated with 
the severity of the attack and its systemic 
complications8. 

                
  Both acute and chronic pancreatitis start by 

injuries that lead to the pancreas' auto-digestion of 
its own enzymes 12. Under normal conditions, many 
mechanisms protect the pancreas from 
self-digestion by its secreted enzymes. The acinar 
cells are responsible for the synthesis, storage, and 
secretion of digestive zymogens mainly trypsinogen 
that is activated into trypsin. These zymogens are 
produced as precursor molecules packaged into 
granules, and they will not be activated until they 
are delivered into small intestine 9. In normal acinar 
cells, trypsin activity is properly suppressed by 
pancreatic secretory trypsin inhibitor gene 
(SPINK1). If trypsin exceeds the (SPINK1) activity 
owing to excess acinar cell stimulation, acinar cell 
injury would occur. Alpha-1-antitrypsin (AAT) is a 
major protease inhibitor in body fluids, which 
inhibits trypsin by the formation of molar 
complexes. Numerous reports have associated AAT 
deficiency with pancreatitis 13. Pancreatitis occurs 
when these protective mechanisms are disturbed 8. 
These harmful effects will stimulate peri-acinar 
myofibroblasts and leukocytes to produce 
pro-inflammatory cytokines and other inflammatory 
mediators that initiate local inflammation and 
promote the induction of interstitial edema, 
necrosis, and apoptosis 14.  They also promote 
oxidative stress that creates free radicals in acinar 
cells, resulting in lipid oxidation of the membrane 
and the activation of transcription factors, including 
NF-кB, which in turn induce the expression of 
chemokines that attract mononuclear cells 15. 

 
  Non-invasive methods such as 

hormone-induced, alcohol-induced, 
immune-mediated, diet-induced, gene knockout or 
L-arginine or invasive methods such as closed 
duodenal loop, antegrade pancreatic duct perfusion, 
injection of biliopancreatic duct, a combination of 
secretory hyperstimulation with limited exposure to 
intraductal bile acid, vascular-induced, 

ischemia/reactivity can be used to induce AP in rats 
16. 

 
 The AP model induced by L-arginine was 

first described by Mizunuma et al. 17 and Tani et al. 
18 in rats. As it is inexpensive, non-invasive and 
simple to induce, this basic amino acid-induced 
pancreatitis model has become increasingly 
common because it needs only one or two i.p. 
Injections for the development of extreme 
necrotizing disease without any morphological 
changes in Langerhans islets 19, 20. 

 
 There is no complete understanding of the 

mechanism by which L-arginine causes pancreatitis. 
Accumulating evidence indicates that in the 
development of the disease, oxygen-free radicals, 
nitric oxide (NO) and inflammatory mediators play 
a key role 20. 

 
 Physicians began looking for an appropriate 

cure for AP since several decades. After hundreds 
of clinical trials, no drug therapy is approved for the 
disease and we have very few successful therapies 
to date 21. 

 
 Mitochondria are the main organelles that 

produce adenosine 5-triphosphate (ATP) and 
reactive oxygen species (ROS) in eukaryotic cells 
and meanwhile susceptible to oxidative damage. 
The irreversible oxidative damage in mitochondria 
has been implicated in various human diseases. 
Increasing evidence indicates the therapeutic 
potential of mitochondria-targeted antioxidants 
(MTAs) for oxidative damage-associated diseases22. 
An increasing number of studies are aimed at 
developing conventional (nontargeted) antioxidants 
for restoring physiological conditions during 
oxidative stress. Although preliminary studies on 
many cell or animal models showed promising 
results, the results from clinical trials were 
sometimes contradictory and caused many side 
effects 23. Excessive or inappropriate use of 
antioxidants may abolish ROS production and result 
in compensatory upregulation of mitogen-activated 
protein kinase (MAPK) pathways, which in turn 
negatively affect the endogenous antioxidant system 
and normal cell growth and another concern is 
whether conventional (nontargeted) antioxidants 
can be absorbed properly and how they are 
metabolized in different organs. These uncertainties 
make it difficult to determine the dose of traditional 
antioxidants used for disease treatment24. The most 
effective way for an antioxidant stepping forward to 
disease treatment is to conjugate with a carrier, such 
as lipophilic cations, liposomes, or peptides, to 
enable its bioactive ingredient to be targeted for 
transport into the mitochondria. This targeted 
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delivery enables antioxidants to achieve high 
concentration accumulation in cells and 
mitochondria, thereby protecting cells and tissues 
from oxidative damage25. 

 
 The mitochondria-targeted antioxidant, 

Mito-Tempo (MT), has recently been emerged as 
one of the most important antioxidants. The 
antioxidant piperidine nitro-oxide (Tempo) blends 
this compound with the lipophilic cation 
triphenylphosphonium (TPP). The tempo is a 
mimetic superoxide dismutase that in the catalytic 
cycle dismutases superoxide, while TPP is a 
membrane-permeant cation that accumulates several 
hundred folds inside the membrane potential driven 
mitochondria. This combination produces an 
effect-targeted mitochondrial chemical26, 27. 

 
  Consequently, this work was aimed to 

investigate the therapeutic effects of MT on 
L-arginine induced acute pancreatitis in rats together 
with studying the inflammatory mechanistic 
pathway (TLR-4/ NF-кB/ NLRP3 inflammasome) 
that is activated as a response to increased 
mitochondrial oxidative stress & the impact of MT 
on it. 
 
2. MATERIALS AND METHODS 

2.1. Materials 

    2.1.1. Animals  

Adult male Wistar albino rats weighing 
160-200 g were used in this study. They were 
brought from the National Organization for Drug 
Control and Research animal house (NODCAR, 
Giza, Egypt). Before testing, the animals were 
housed in the laboratory room for one week under 
normal housing conditions, where room temperature 
was kept at 23-27 OC and humidity was fixed at 
50-70% with alternating 12 hr luminance and gloom 
cycles and free entrance to food (standard pellet diet) 
and water were allowed ad libitum. 

 
Everything in animals' techniques was done 

according to the Ethics Committee of the faculty of 
Pharmacy Al-Azhar University, Egypt (permit 
number: 227/2019). Unnecessary disturbance of 
animals, pressure and tough maneuver were avoided. 

 
     2.1.2. Chemicals     

L-arginine; (Glaxo Smith Kline) 
(Egypt),Mito-TEMPO; (Sigma Aldrich) 
(Germany),Normal saline; (Al-Nasr company) 
(Egypt), Thio-barbituric acid (Sigma Aldrich) 

(Germany), Hydrochloric acid; (Adwic) (Egypt), 
Tri-chloro acetic acid; (Lobal Chemi) (India.), 
Potassium dihydrogen orthophosphate; (Adwic)( 
Egypt), Ortho-dianisidine; (Qualikems) (India.), 
Hydrogen peroxide(Adwic) (Egypt). 

2.2. Experimental Design 
 
Rats were allocated in a random way into three 

groups (n=10 per each group) as follows: Group 
1(Control) served as normal control; each rat 
received intra-peritoneal normal saline for 8 days. 
Group 2 (l-Arginine treated) served as positive 
control and received a single dose of L-Arginine 
(300mg/100g body weight in normal saline, 
intraperitoneal (i.p.) 20. Group 3 (L-Arginine 
+Mito-TEMPO treated) received 0.7mg/kg body 
weight/ day, i.p. for 7 days started  24 hours after 
L-arginine injection 27, 28. 

 
All rats were decapitated on the 9th day of the 

experiment. Animals were decapitated under light 
anesthesia at the end of the experiment, and the 
pancreas was isolated from each rat, and then the 
used animals were frozen till being incinerated. A 
part of the pancreas was homogenized in 10% w/v 
saline 29, centrifuged at 4000 rpm 4°C for 15 min 
and then the supernatants were frozen at −80°C for 
further evaluation of oxidative stress biomarkers, 
inflammatory mediators and apoptosis via caspase-3 
activity. Another part was handled for the 
recognition and determination of the quantity of 
NLRP3 inflammasome protein by western blot 
analysis. A part from the pancreas (3 rats / group) 
was preserved in 10% formalin–saline and treated 
for histopathological analysis using hematoxylin 
and eosin (H&E) stain for the detection of 
inflammatory scores and the examination was done 
blind to the histologist. 

 
    2.2.1 Evaluated parameters in the serum 

 
2.2.1.a. Serum amylase and lipase 

 
The serum content of alpha-amylase and lipase 

were accomplished according to the manufacturer's 
instructions using reagent kits (spectrum diagnostics 
company, Cairo, Egypt) 30, 31. The principle of 
amylase determination is that alpha amylase 
catalyzes the hydrolysis of 
2-chloro-4-nitrophenyl1-galactopyranosyl-maltosid
e (GALG2-CNP) to glucose polymers and 
p-nitrophenyl oligosaccaride at short chain 
producing 2-chloro4-nitrophenol (CNP). The 
increased extinction can be measured by 
spectrophotometry at 405 nm and results are 
proportional to the activity of alpha amylase present 
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in the sample. The principle of lipase determination 
is that the synthetic substrate (DGMRE) is split by 
Lipase to yield the colored final product 
Methylresorufin. The increasing absorbance of the 
red Methylresorufin is measured photo-metrically.  

 
2.2.1.b. Serum glucose  
 

The serum glucose content was accomplished 
according to the manufacturer's instructions using a 
reagent kit (Biodiagnostic Company, Giza, Egypt) 
32. The principle of glucose determination depends 
on that glucose reacts with the first reagent to give 
hydrogen peroxide and then hydrogen peroxide 
reacts with the second reagent to give the Colored 
quinonemine that can be measured 
photo-metrically. 

 
       2.2.2. Biochemical measurements in the 
pancreatic homogenate 
 
2.2.2.a. Assessment of oxidative stress biomarkers 
 

The pancreatic content of reduced glutathione 
(GSH) and nitrite/nitrate (NOx) were accomplished 
according to the manufacturer's instructions using a 
reagent kit (Biodiagnostic Company, Giza, Egypt) 33, 

34. The method of GSH detection is based on the 
reduction of 5,5` dithiobis (2 - nitrobenzoic acid ) ( 
DTNB ) with glutathione (GSH) to produce a yellow 
compound . The reduced chromogen directly 
proportional to GSH concentration and its 
absorbance can be measured at 405 nm and the 
method of (NOx) depends on that in acid medium and 
in the presence of nitrite the formed nitrous acid 
diazotise sulphanilamide and the product is coupled 
with N-(1–naphthyl) ethylenediamine. The resulting 
azo dye has a bright reddish – purple color which can 
be measured at 540 nm. 

 
On the other hand, myeloperoxidase (MPO) 

activity and malondialdehyde content (MDA) were 
determined biochemically according to Bonyadi, M., 
and Buege, J.A. 35, 36, respectively. MDA was 
determined biochemically where thiobarbituric acid 
reacts with MDA in acidic medium at 95°C for 30 
min to produce a pink colored product; its 
absorbance is measured at 534 nm using a single 
beam spectrophotometer. The principle of MPO 
depends of that MPO reacts with the substrate to give 
a color that can be measured photo-metrically. 
 
2.2.2.b. Assessment of Inflammatory biomarkers 
 

The pancreatic content was tested for toll-like 
receptor-4 (TLR-4), caspase-1, interleukin-1 beta 

(IL-1β) and nuclear factor- kappa B (NF-кB) were 
accomplished according to the manufacturer's 
instructions using reagent rat ELISA kits; (Cusabio; 
China, lifespan biosciences; the USA, Bioassay 
technology laboratory; UK and Mybiosource; the 
USA, respectively). The assay employs the 
quantitative sandwich enzyme immunoassay 
technique. Antibody specific for any of the antigens 
has been pre-coated onto a microplate. Standards and 
samples are pipetted into the wells and any antigen 
present is bound by the immobilized antibody. After 
removing any unbound substances, a 
biotin-conjugated antibody specific for the antigen is 
added to the wells. After washing, avidin conjugated 
Horseradish Peroxidase (HRP) is added to the wells. 
Following a wash to remove any unbound 
avidin-enzyme reagent, a substrate solution is added 
to the wells and color develops in proportion to the 
amount of the antigen bound in the initial step. The 
color development is stopped, and the intensity of the 
color is measured. 

                                                                    
2.2.2.c. Assessment of apoptosis via caspase-3 
activity 
 

Caspase-3 activity was determined according to 
the manufacturer's instructions using a reagent rat 
ELISA kit (Bioassay technology laboratory, UK). 
The assay employs the quantitative sandwich 
enzyme immunoassay technique. Antibody specific 
for caspase-3 has been pre-coated onto a microplate. 
Standards and samples are pipetted into the wells and 
any caspase-3 present is bound by the immobilized 
antibody. After removing any unbound substances, a 
biotin-conjugated antibody specific for caspase-3 is 
added to the wells. After washing, avidin conjugated 
Horseradish Peroxidase (HRP) is added to the wells. 
Following a wash to remove any unbound 
avidin-enzyme reagent, a substrate solution is added 
to the wells and color develops in proportion to the 
amount of caspase-3 bound in the initial step. The 
color development is stopped, and the intensity of the 
color is measured. 

 
2.2.2.d. Assessment of total protein 
 

Total proteins were accomplished according to 
the manufacturer's instructions using a reagent kit 
(Biodiagnostic Company, Giza, Egypt) 37. The 
method depends on that in the presence of an alkaline 
cupric sulfate; the protein produces a violet color, the 
intensity of which is proportional to their 
concentration. 

 
2.2.2.e. Quantitative determination of NLRP3 
inflammasome by western blot analysis 
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Using RIPA Lysis and Extraction Buffer, total 

proteins were collected from pancreatic tissue (Bio 
BASIC INC. Marhham Ontario L3R 8T4 Canada). 
According to development directions, BIO BASIC 
INC. Markham Ontario L3R 8T4 Canada calculated 
the protein concentration. Equal protein amounts (20 
μg per lane) were loaded onto the gel and separated 
by 10 percent (w/v) acrylamide SDS-polyacrylamide 
gels, followed by electrophoresis and blotting on to 
Polyvinylidene fluoride membranes (EMD 
Millipore). The membranes were blocked at room 
temperature for 1 hr in tris-buffered saline with 
Tween 20 (TBST) buffer and 3 percent bovine serum 
albumin (BSA) and co-incubated overnight with 
TEST-diluted anti-NLRP3 inflammasome primary 
antibodies (Thermofisher, USA) in a shaker at 4oC. 
After rinsing with TBST, the membranes were 
co-incubated for 2 h on a shaker at room temperature 
with HRP-conjugated secondary antibody (Goat 
anti-rabbit IgG- HRP-lmg Goat mab -Novus 
Biologicals). The membranes were treated with 5 ml 
of BCIP/NBT solution (Invitrogen; Thermo Fisher 
Scientific, Inc.) following additional rinsing with 
TBST, as directed by the manufacturer. To evaluate 
the protein ladders, Quantity One 1-D analysis 
software version 4.6.3 (Bio-Rad Laboratories, Inc.) 
was used. Expression levels of proteins have been 
normalized to those of the housekeeping gene 
(β-actin) 38. 
 
2.3. Statistical Analysis 

Data were stated as means ± SEM. 
Comparisons among means were done using 
One-Way ANOVA then Tukey multiple 
comparisons test. Statistical analysis was 
accomplished using Graph Pad Prism software 
(version 5); a probability level of less than 0.05 was 
believed to be statistically significant. 

 
3. RESULTS 

3.1. Effect of mito-TEMPO on serum amylase 
and lipase 

Administration of L-arginine (figure 1A and B) 
caused a remarkable significant increase in both 
serum amylase and lipase by 81 and 73%, 
respectively as compared to the control group. On 
the other hand, administration of mito-TEMPO 
reduced the serum amylase significantly by 54% and 
the serum lipase significantly by 47% as compared to 
the L-arginine group. 

 

   (A)  

    (B)                                

Figure 1: The influence of mito-TEMPO (0.7mg/kg, i.p 
for 7 days) on serum amylase (A) and lipase (B) in 

L-arginine induced acute pancreatitis rats (L-arginine, 

300mg/100gm, i.p once). Data are expressed as the mean 

values ± S.E.M. (n=6). Data were analyzed by one-way 

ANOVA followed by Tukey-Kramer multiple 

comparisons test. Significance * (p ˂  0.05) versus control, # 

(p ˂ 0.05) versus L-arginine groups. MT; mito-TEMPO.  

 
3.2. Effect of mito-TEMPO on serum glucose 

      
There is no significant difference among the 

three groups in the serum glucose level. This is 
clarified in the table (1).  

 
3.3. Effect of mito-TEMPO on oxidative stress 
biomarkers 
 

     L-arginine decreased GSH content 
markedly by 62% as compared to the control group, 
however, administration of mito-TEMPO raised the 
GSH content significantly to 3 folds as compared to 
the L-arginine group. This is shown in figure (2A). 
Moreover, L-arginine injection caused a notable 
significant rise in NOx content which was 39% as 
compared to the control group, while, administration 
of mito-TEMPO diminished the NOx content 
significantly by 40% as compared to the L-arginine 
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group. This is illustrated in the table (2). In addition, 
injection of L-arginine produced a high increment in 
MDA content that was 48% as compared to the 
control group, however, administration of 
mito-TEMPO caused a prominent decline in MDA 
content that was 33% as compared to the l-arginine 
group. This is seen in figure (2B). Also, 
administration of L-arginine augmented the MPO 
activity to 8 folds as compared to the control group, 
while administration of mito-TEMPO caused a 
significant drop in MPO by 87% as compared to the 
L-arginine group. This is exemplified in the table (2). 

 

 

                                      (A) 

 
                                      (B) 

Figure 2: The influence of mito-TEMPO (0.7mg/kg, i.p 
for 7 days) on pancreatic reduced glutathione (A), 

malondialdehyde contents (B) in L-arginine induced acute 

pancreatitis rats (L-arginine, 300mg/100gm, i.p once). 

Data are expressed as the mean values ± S.E.M. (n=6). 

Data were analyzed by one-way ANOVA followed by 

Tukey-Kramer multiple comparisons test. Significance * (p 

˂ 0.05) versus control, # (p ˂ 0.05) versus L-arginine 

groups. MT; mito-TEMPO.  

 

 

 

 

 

Table 1: The influence of mito-TEMPO (0.7mg/kg, i.p 
for 7 days) on serum glucose and total protein in 

L-arginine induced acute pancreatitis rats (L-arginine, 

300mg/100gm, i.p once). Data are expressed as the mean 

values ± S.E.M. (n=6). Data were analyzed by one-way 

ANOVA followed by Tukey-Kramer multiple 

comparisons test. Significance * (p ˂  0.05) versus control, # 

(p ˂ 0.05) versus L-arginine groups. MT; mito-TEMPO. 

Groups 
Glucose 

(mg/ dl) 

Total protein 

(g/ml) 

Control 

L-arginine 

L-arginine+MT 
 

165.7± 14.38 

160.2± 11.28 

165.1± 010.96 
 

0.02777± 0.002192 

0.02575±0.000112 

0.0293±0.002218 
 

 

3.4. Effect of mito-TEMPO on inflammatory 
biomarkers 
  

     Injection of L-arginine caused a 
significant elevation in TLR-4 content to 4 folds as 
compared to the control group. In contrast, 
administration of mito-TEMPO shrank the TLR-4 
content significantly by 52% as compared to the 
L-arginine group. This is illustrated in figure (3A). 
Furthermore, administration of L-arginine amplified 
the NF-кB content significantly by 87% as compared 
to the control group. On the other hand, 
administration of mito-TEMPO lessened the NF-кB 
content significantly by 21% compared with the 
L-arginine group. These results are demonstrated in 
figure (3B). Also, Intra-peritoneal injection of 
L-arginine caused a major significant rise in NLRP3 
inflammasome content to 6 folds as compared to the 
control group. Noteworthy, mito-TEMPO 
administration declined the NLRP3 inflammasome 
content significantly by 58% as compared to the 
L-arginine group. This is shown in figure (3C). 
Moreover, administration of L-arginine produced a 
huge significant escalation in caspase-1 activity to 6 
folds compared to the control group. Conversely, 
mito-TEMPO induced a remarkable significant 
improvement by decreasing caspase-1 activity by 
62% as compared to the L-arginine group. These 
results are explained in figure (3D). Additionally, 
L-arginine brought a significant intensification in 
IL-1β content by 30% as compared to the control 
group. In contrast, mito-TEMPO diminished IL-1β 
content significantly by 49% as compared to the 
L-arginine group. These results are illustrated in the 
table (2). 
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Figure 3: The influence of mito-TEMPO (0.7mg/kg, i.p 
for 7 days) on pancreatic Toll like receptor-4 (A), NF-кB 
(B), NLRP3 inflammasome contents (C) and 

caspase-1 activity (D) in L-arginine induced acute 

pancreatitis rats (L-arginine, 300mg/100gm, i.p once). 

Data are expressed as the mean values ± S.E.M. (n=6). 

Data were analyzed by one-way ANOVA followed by 

Tukey-Kramer multiple comparisons test. Significance * (p 

˂ 0.05) versus control, # (p ˂ 0.05) versus L-arginine 

groups. MT; mito-TEMPO. 

Table 2: The influence of mito-TEMPO (0.7mg/kg, i.p 
for 7 days) on pancreatic MPO, NOx and IL-1β 
contents in L-arginine induced acute pancreatitis rats 

(L-arginine, 300mg/100gm, i.p once). Data are expressed 

as the mean values ± S.E.M. (n=6). Data were analyzed by 

one-way ANOVA followed by Tukey-Kramer multiple 

comparisons test. Significance * (p ˂  0.05) versus control, # 

(p ˂ 0.05) versus L-arginine groups. MT; mito-TEMPO.   

 

Groups 
MPO 
(u/ g protein) 

NO 

(µmol/g 

protein) 

IL-1β 

(pg/g protein) 

Control 

L-arginine 

L-arginine+MT 
 

0.2534± 

0.02181 

1.927± 

0.1844* 

0.2566± 

0.0008859# 
 

2.558± 

0.07148 

3.552± 

0.1625* 

2.135± 

0.1659# 
 

10595± 34.69 

13728±99.38* 

7068±0.8735*# 

  

 
3.5. Effect of mito-TEMPO on Total protein 
 

There is no significant difference among the 
three groups in the total protein content. This is 
clarified in the table (1). 

 
3.6. Effect of mito-TEMPO on caspase-3 activity 
(apoptotic biomarker) 
 

L-arginine injection raised the caspase-3 
activity by 75% as compared to the control group. 
Instead,   mito-TEMPO administration attenuated 
the caspase-3 activity significantly by 50% as 
compared to the L-arginine group. This is elucidated 
in figure (4). 
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Figure 4: The influence of mito-TEMPO (0.7mg/kg, i.p 
for 7 days) on pancreatic caspase-3 activity in L-arginine 

induced acute pancreatitis rats (L-arginine, 300mg / 
100gm, i.p once). Data are expressed as the mean values ± 

S.E.M. (n=6). Data were analyzed by one-way ANOVA 

followed by Tukey-Kramer multiple comparisons test. 

Significance * (p ˂ 0.05) versus control, # (p ˂ 0.05) versus 

L-arginine groups. MT; mito-TEMPO. 
 

3.7. Estimation of pancreatic histopathology 
examination using Hematoxylin and Eosin stain 

 
Pancreatic tissues were examined using H & E 

stain. 
   The control group (figure (5A)) showed 

normal pancreatic acini which were closely packed 
and consisted of a single layer of pyramidal cells 
converging into a narrow central lumen .cytoplasm 
showed intense basal basophilia and apical 
acidophilia. The pancreatic duct was normal. Islets 
of Langerhans appeared as compact spherical or 
egg-shaped masses embedded within the acinar 
exocrine tissue with its differentiated cells. 

 
     Administration of L-arginine (figure (5 

B)) triggered many pathological alternations where 
pancreatic acini were absent in all pancreatic lobules. 
Severe edema and inflammatory cell aggregations in 
the interstitial space were seen. Also, the pancreatic 
duct displays mild inspissation with severe 
proliferation in all lobules. Also, pancreatic islets 
showed intact cells with moderate to severe 
vacuolations among its elements. 
Mito-TEMPO (figure (5C)) elicited moderate 
improvement in the form of reformation of scattered 
accumulation of pancreatic acini in all pancreatic 
lobules. Moderate to severe inflammatory cell 
infiltration is still observed in the interstitial space 
with severely congested blood vessels and 
perivascular edema. The pancreatic islet displays 
congested blood capillaries and the vacuolation 
among its element still present. The proliferated 

pancreatic duct was still seen with mild peri-ductal 
fatty cells infiltration. 

 
Figure 5: Representative H and E staining images to detect 

the influence of mito-TEMPO (0.7mg/kg, i.p for 7 days) on 

pancreatic histopathological examination in L-arginine 

induced acute pancreatitis rats (L-arginine, 300mg / 

100gm, i.p once), where (A) is a photomicrograph of a 

section of the pancreas of the control group, (B) is a 

photomicrograph of a section of the pancreas of the 

L-arginine group and (C) is a photomicrograph of a section 

of the pancreas of the “L-arginine + mito-TEMPO” group. 

 

4. DISCUSSION 

This study supports the anti-inflammatory and 
the antioxidant activities of mito-TEMPO in the 
treatment of L-arginine- induced acute pancreatitis in 
rats. The L-arginine model of pancreatitis has many 
advantages over other models because it is very good 
for investigating the early and late phases of 
pancreatitis according to the dose and it is also 
suitable for researching extra-pancreatic organ 
damage and its mechanisms16. Mito-TEMPO is a 
well-known mitochondria-specific superoxide 
scavenger that can accumulate in mitochondria 
preventing the generation of oxidative stress and 
alleviating the adverse effects of the conventional 
antioxidants such as the required dose and 
compensatory upregulation of MAPK pathways, 
which in turn negatively affect the endogenous 
antioxidant system and normal cell growth24, 39. 

 
In the present study, L-arginine initiated acute 

pancreatitis shown by a high level of serum amylase 
and lipase through stimulation of oxidative stress 
revealed by the high increment of MPO activity, 
MDA content and NOx content, as well as severe 
decline in reduced GSH content. These results agree 
with a previous study of L-arginine- induced acute 
pancreatitis in a rat model 40. 
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Moreover, L-arginine induced acute 
pancreatitis via elevation of inflammatory 
biomarkers such as TLR-4 content, NF-кB content, 
NLRP3 inflammasome content, caspase-1activity 
and IL-1β content. These results are in harmony with 
previous studies of acute pancreatitis in mice and rat 
models 41-44. 

 
Furthermore, L-arginine triggered apoptosis via 

high caspase-3 activity, and this is following a previous 
study of acute pancreatitis in rats 45. 

 
Noteworthy, administration of mito-TEMPO 

alleviated the oxidative stress that was revealed by the 
significant reduction in MPO activity, MDA content and 
NOx content as well as replenishment of reduced GSH 
content. These results are following a previous study 
where mito-TEMPO diminished MDA content and 
elevated reduced GSH significantly in neuropathic pain 
in rats 46; however, these results are opposite to another 
study where mito-TEMPO failed to affect NO content 
and MPO level in a sepsis model in mice 47. 

 
Mito-TEMPO alleviated oxidative stress as it is a 

mitochondria-targeted antioxidant and is a SOD mimetic 
that dismutates superoxide anion or radical in the 
catalytic cycle 26. 

 
Moreover, in our study mito-TEMPO exerted 

anti-inflammatory effects that were revealed by a 
remarkable decline in TLR-4, NF-кB, NLRP3 
inflammasome and IL-1β contents as well as caspase-1 
activity. This is in harmony with a previous study where 
mito-TEMPO inhibited NLRP3 pathway activation in a 
model of renal damage in mice 48. 

 
It is supposed that the mechanism by which 

Mito-TEMPO produced anti-inflammatory effects 
maybe by the prevention of mitochondrial reactive 
oxygen species that were involved in activation of 
TLR-4 and hence NF-кB signaling and this will lead to 
prevention of NLRP3 inflammasome activation and 
hence caspase-1 and its related cytokines like IL-1β and 
IL-18 49-51. 

 
 In addition, mito-TEMPO exerted anti-apoptotic 

activity that was clarified by a significant reduction in 
caspase-3 activity and this is in harmony with a previous 
study in a model of diabetic cardiomyopathy in rats 52. It 
is supposed that the anti-apoptotic effect of 
mito-TEMPO is due to the up-regulation of Bcl-2 and its 
antioxidant activities 52. Besides, mito-TEMPO also 
prevented the activation of the mitochondrial pathway of 
apoptosis and mitochondrial oxidative stress-mediated 
pro-inflammatory signaling through NF-кB53. 

 
In our study, the blood glucose level wasn't affected 

in all groups and this is opposite to another study of acute 

pancreatitis in rats 54. This may be due to the use of only a 
single dose of L-arginine that induced milder acute 
pancreatitis than the one induced by repeated doses, so 
causing injury in the β cells and affecting the endocrine 
function. 

 
In our study, L-arginine caused pancreatic 

edema, degenerative changes of pancreatic acini and 
inflammatory cell infiltration shown by H&E stain of 
the pancreas and these results are in accordance with 
a previous study in acute pancreatitis in rats55. 

 
On the other hand, mito-TEMPO elicited a 

moderate improvement in pancreatic histology 
revealed by H&E stain.  These results are in 
harmony with a previous study, where mito-TMPO 
showed alleviation of hepatotoxicity of 
acetaminophen on the liver in mice 56. These results 
may be due to the anti-inflammatory and antioxidant 
effects of mito-TEMPO. 

 
The authors recommend further studies to assess 

the utilization of mito-TEMPO in the treatment of 
acute pancreatitis in humans. 

 
5. CONCLUSION 

Our results indicated that mito-TEMPO played 
an important role in attenuating L-arginine induced 
acute pancreatitis in vivo; possibly by inhibiting 
mitochondrial reactive oxygen species (mtROS) 
production and NLRP3 inflammasome activation, 
therefore targeting mtROS may be an effective 
strategy in ameliorating acute pancreatitis.  
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