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ABSTRACT 

L-arginine (ARG) induced acute pancreatitis was evaluated as a novel and distinct form 

of experimental pancreatitis. Chitosan nanospheres have gained more attention as drug. The 

strategy of the study was carried out to evaluate the anti-pancreatitis effect of chitosan 

nanoparticles (ChNPs) in rats treated with ARG. Albino rats were used divided into 4 groups; 

each group is composed of twelve rats. Normal control, ARG group, ChNPs and ChNPs/ ARG 

treated group. All animals were sacrificed after 1 and 14 days post treatments. Results revealed 

that, a remarkable significant increase in lipase, amylase, LDH activity, oxidative stress markers, 

TNF-α, IL-1β and lipid profile levels were recorded at 1
st
 and 14

th
 days in the group of animals 

that received ARG alone, such increase significantly diminished in those who administered 

ChNPs together with ARG. Hisptopathological investigations on pancreatic tissue confirmed the 

previous investigations. In conclusion ChNPs have anti pancreatitis effect in rats treated with 

ARG. 
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INTRODUCTION 

An increasing attention has been given to the role of free radicals generated through oxidative 

stress. Many radical scavengers, interestingly naturally occurring antioxidants, have been found 

to be effective in inhibiting the oxidative damage, especially in their nano form, where 

nanotechnology is considered as a promising area to develop targeted drug delivery system using 

particulate systems as carriers, with dimensions on the nano scale from 1 to 1000 nm, for small 

and large molecules such as delivery of drugs and so dramatically reducing the side effects of the 

main drug by selectively targeting the damaged cells[1].  

As a nitric oxide (NO) precursor which is known as a vasodilator, L-arginine (ARG) offers many 

benefits for cardiovascular health including treatment of angina [2], congestive heart failure [3], 

hypertension [4] and peripheral artery disease [5], positively affect the immune status in patients 

with HIV/AIDS [6], help reduce pain associated with interstitial cystitis (bladder pain syndrome) 

[7], may help effectively in combination with ibuprofen in treating migraine headaches, reducing 

pain intensity within 30 minutes of administration [8], erectile dysfunction , male infertility [9]. 

Proline, which is one of ARG metabolites, is used in collagen synthesis, wound healing and 

development of muscle mass [10], therefore ARG has been used by millions of athletes over the 

past 20 years to enhance production of human growth hormone and elevating blood flow to the 

exercising muscle and enhancing the metabolic response to exercise [11], Thus ARG is being 

used by body builders and athletes, mostly without medical supervision [10], Excessive doses of 

basic amino acids are known to damage the rat pancreas, mostly due to excessive production of 

ROS. Numerous studies have demonstrated that excessive doses of ARG induce necrotizing 

pancreatitis in rats [12]. 

Chitosan is considered as a unique naturally-occurring renewable polysaccharide produced by 

deacetylation of chitin, the second most abundant polymer in nature next to cellulose. Chitin can 

be found in many sources in nature, including exoskeletons of crustaceans (such as crabs, 

shrimps, and lobsters, insects, as well as mollusks and fungi [13]. For its biocompatibility, 

biodegradability and low toxicity, chitosan is considered as a versatile biopolymer that can be 

developed into different forms, such as gels, films, nano/microparticles, beads, etc., and having 

numerous  applications in various fields [13].  

Chitosan is known to have various biological activities including immune enhancing effects, 

antitumoral, anti-inflammatory, antifungal, antimicrobial activities and drug carrier [1], 

hypobilirubinaemic and hypocholesterolemic effects, antacid and antiulcer and immune-

stimulating activities, wound and burn healing properties immobilization of enzymes and living 

cell and in ophthalmology and many other functional properties and bioactivities, such as 

antioxidant property, lipid-lowering activity, antimicrobial capacity, and so on [14]. It is 

Generally Recognized as Safe (GRAS) by Food and Drug Administration (FDA), chitosan and 

its derivatives have been developed in food science [12].The small size of ChNPs makes them 

capable of passing through biological barriers in vivo (such as the blood–brain barrier) and 

makes them not only suitable for parenteral application, but also applicable for mucosal routes of 

administration, i.e., oral, nasal, and ocular mucosa, which are non-invasive route [13]. Therefore, 

the present study was designed to investigate the role of ChNPs against the resultant pancreatitis 

due to the oxidative stress induced by administration of excessive doses of ARG (250 mg/rat 

twice at one hour interval). 

 

 

 

http://www.webmd.com/erectile-dysfunction/default.htm
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MATERIALS AND METHODS 

Chemicals and reagents   

L-arginine was obtained from sigma chemical Co., St. Louis, Mo. USA. All other chemicals and 

reagents used were of analytical grade. 

 

CHITOSAN NANOPARTICLES (CHNPS) PREPARATION 

Chitosan Nanoparticles (ChNPs) were prepared according to Banerjee et al. [15] modifying the 

reverse micelle medium using a method previously reported by Maitra et al. [16]. The surfactant 

sodium bis (2-ethylhexyl) sulfosuccinate (AOT) was dissolved in n-hexane.  400 μl of 0.1% w/v 

chitosan solution dissolved in  acetic  acid  were  added  to  40  ml  of  0.04  M  AOT  solution 

with continuous stirring at room temperature. The solvent was evaporated off in a rotary 

evaporator and    the mass was dried by sonication in 20 ml of Tris–HCl buffer (pH 8.0). 4 ml of 

30% CaCl2 solution were added to precipitate the surfactant as calcium salt of diethylhexyl 

sulphosuccinate.  The precipitate was pelleted by centrifugation at 6000 rpm for 15 min at 4 °C. 

The cake of Ca was  dissolved  in  10  ml  n-hexane  and  washed  two  to  three times  with  1  

ml  of  Tris–HCl  buffer.  The separated aqueous- phase layer was drained out and centrifuged.  

The total aqueous dispersion of nanoparticles was then dialyzed and lyophilized.  

 

CHARACTERIZATION OF CHITOSAN NANOPARTICLES 
Accurate determination of the size and concentration of nanoparticles is essential for the 

biomedical application of nanoparticles.  

 

Transmission electron microscopy analysis of chitosan nanoparticles 

Chitosan nanoparticles were analyzed by transmission electron microscopy (TEM) analysis. 

TEM samples were prepared by placing a drop of the suspension of ChNPs solution on carbon-

coated copper grids and allowing water to evaporate. The shape and size of nanoparticles were 

determined from TEM micrographs. The software (Advanced Microscopy Techniques, Danvers, 

MA) for the digital TEM camera was calibrated for size measurements of the nanoparticles. 

TEM measurements were performed on a JEOL model 1200EX. 

  

EXPERIMENTAL ANIMALS 

Forty eight Sprague Dawley male albino rats 130 - 150 g (135 ± 10) g obtained from Egyptian 

National Authority for Drug Research and Control, Ministry of Health, housed in accordance 

with international animal care policies in compliance with the Ethics committee of National 

Research Center conformed to the “Guide for the Care and Use of Laboratory Animals” 

published by the US National Institute of Health (NIH publication, No.85-23, 1996). They were 

kept in plastic cages, maintained under environmentally controlled conditions of light and 

temperature (constant temperature 25 – 27 °C with a 12 h light/dark cycles) and provided with 

standard laboratory pellet diet and distilled water ad libitum for one week prior to starting the 

experiment for laboratory acclimatization at NCRRT animal house. 

  

EXPERIMENTAL DESIGN 

The animals were divided at random into eight groups; each group is composed of twelve rats 

according to the following scheme: 
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Group I: Normal control: This group consisted of normal untreated animals, which remained 

intact served as a normal reference group. Group II: The animals were administered ARG 250 

mg / rat twice at one hour interval, i.p day other day for 10 days [15]. Group III: The animals 

were given ChNPs orally (0.5 mg/kg/day) daily for 15 days. Group IV: The animals were given 

ChNPs (0.5 mg/kg/day) 5 days before and throughout i.p ARG administration (250 mg / rat 

twice at one hour interval) day other day for 10 days. All animals were sacrificed after 1 and 14 

days post treatments by exsanguinations under light ether anesthesia after their gentle removal 

out of their cages to avoid their excitation. Blood samples were obtained by heart puncture and 

collected in sterile heparinized syringes, centrifuged at 3000 rpm for 10 min to separate the 

plasma for further biochemical analyses, the whole pancreas of all animals was excised, as 

quickly as possible, rinsed with isotonic ice-cold saline; fixed in 10% neutralized formalin and 

embedded in paraffin for histopathological examination. 

 

 BIOCHEMICAL ASSAYS 

 

The activities of lipase [17] and amylase [18] were determined in plasma using a diagnostic kit 

purchased from Salucea Company, Netherlands. Plasma superoxide dismutase (SOD) activity 

[20] and malondialdehyde (MDA) level [21] were determined using Biodiagnostic kit purchased 

from biodiagnostic Company, Egypt. Plasma nitric oxide (NO) [22], cholesterol, 

Triacylglycerols, HDL-C [23] , LDL-C [24] and lactate dehydrogenase (LDH) [19] besides 

plasma urea [25] were determined using diagnostic kits purchased from Diamond company, 

Egypt. TNF-α as well as IL-1β [26, 27] were determined using Quantikine ELISA kit purchased 

from R&D Systems, Inc. (USA & Canada). 
 

HISTOPATHOLOGICAL EXAMINATION 

 Specimens of the pancreas were fixed in 10 % neutralized formalin for 24 h, and standard 

dehydration and paraffin-wax embedding procedures were used. Sections (5 μm) were cut in a 

microtome, collected on glass slides with polyline, and stained by hematoxylin and eosin stains 

(H & E) [28] for histopathological examination through the electric light microscope. 

 

 STATISTICAL ANALYSIS: 

All statistical analyses were conducted by using the statistical package for Windows Version 

15.0 (SPSS Software, Chicago, IL). The results for continuous variables were expressed as mean 

± standard error. Values were compared by one-way analysis of variance (ANOVA). Post-

hoc testing was performed for inter-group comparisons using the least significant difference 

(LSD) test, and significance of p values p< 0.05 was considered statistically significant. 

 

RESULTS 

 

Characterization of chitosan nanoparticles (ChNPs) 

 Fig 1 represents the morphology and size of nanopatrticles.  TEM Observations revealed 

that Chitosan (Ch) have a spherical shape.  However ChNPs of cross-linking (10%) appear as 

small aggregates.  Ultrafine ChNPs,  as  shown  by  the  TEM  images, spherical  shaped  

uniform  solid  dense  structure  and  have nearly  uniform  particle  size  distribution,  which  is  

very important for drug delivery. Average particle size of ChNPs is 60 nm ±19 nm and the size 

for distribution ranged from 40 to 100 nm. 
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                  Fig 1: Morphology and size of nanaoparticles 

 

 BIOCHEMICAL RESULTS 

 

As shown in Table “1” A remarkable significant increase in Lipase, amylase and LDH activities 

was recorded at 1day in the group of animals that received ARG alone and in those who 

administered ChNPs together with ARG when compared with the control group, Nevertheless 

such increase significantly diminished after 14 days and almost reached the control level in case 

of the lipase of the group animals treated with both ARG and ChNPs. 

 

Table1. The Effect of ChNPs on pancreatic Amylase and lipase and LDH in plasma in rats 

treated with high doses of ARG. 

 
       Parametres 

 

Groups 

Lipase (U/ml) Amylase (U/ ml) LDH (IU/L) 

1day 14 days 1day 14 days 1day 14 days 

Control 7.37±0.41 7.37±0.41 17.60±2.09 17.60±2.09 361.12±11.10 361.12±11.10 

ARG 62.53*±2.42 41.49*±1.48 76.65*±6.37 42.42*±4.19 889.16*±52.27 750.60*±3.01 

ChNPs 16.33 a,b,d±0.73 15.96a,b,d±3.59 20.56b,d±1.47 18.60b,d±1.44 384.80 b,d±8.28 363.0 b,d±4.65 

ChNPs + ARG 40.38 a,b,c±3.45 8.43 b,c±0.89 29.2 a,b,c±0.76 27.44a,b,c±1.05 603.7a,b,c±41.63 449.2 a,b,c±4.87 

 

Each value represents mean ± SD of six values. Data with different superscript are significantly different 

at P<0.05 
   (a)Significant compared to control.                                                     (d) Significant compared to Nano Chitosan+ ARG. 

   (b) Significant compared to ARG.                                                       (*) Significant with all the groups. 

   (c) Significant compared to Nano Chitosan.                                         (N.S.) Non significant compared to all groups. 

 

                                             

It was observed from table “2” that all groups of rats received ARG revealed a significant 

increase in MDA and NO level at 1 and 14 days in comparison with the control group. Such 

increase was greatly obvious at 1 day in the group treated with ARG alone (1223.36%) and 

(1362%) respectively. 

 

Ch ChNPs 
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It is worthy to mention that administration of ChNPs has accomplished a great recovery at both 1 

and 14 days in comparison with the group of rats treated with ARG alone, that was distinctly 

pronounced with the sharp significant decrease in MDA and NO levels (425.70%) and                  

(456.89%) respectively at 14 days, also rats received ARG alone showed a significantly intense 

reduction in SOD activity (-63.12%) and (-49.09%) as compared to control group at 1 and 14 

days respectively, rats received ChNPs represented a good deal of increase in SOD activity as 

compared to ARG group at 1 and 14 days, while they all remained significantly low in 

comparison with control group at 1 and 14 days. 

 

Table2. The Effect of ChNPs on MDA and SOD and NO in plasma in rats treated with high 

doses of ARG. 

 
          Parametres 

Groups 

MDA (µmol/L) SOD (U/ml) NO (µmol/L) 

1day 14 days 1day 14 days 1day 14 days 

Control 10.04±1.040 10.04±1.04 7.45±0.35 7.45±0.35 1.08±0.27 1.08±0.27 

ARG 132.87*±4.49 93.96*±5.69 2.75*±0.08 3.79*±0.49 2.75*±0.08 3.79*±0.49 

ChNPs 10.11b,d±0.36 10.0b,d±0.88 6.34a,b±0.21 6.99 b±0.26 1.86b,d±0.19 1.08
b,d

±0.02 

ChNPs + ARG 70.64a,b,c±2.18 52.78*±1.75 5.65a,b±0.27 6.29a,b±0.30 7.65a,b,c±0.19 5.99
a,b,c

±0.39 

Ligands as in table 1 

 

Table “3” revealed that on comparison with control group, all groups revealed a 

significant increase in plasma IL-1β and TNF-α level with a remarkable increase in all groups 

administered ARG; those levels were marvelously diminished after 14 days when compared with 

ARG group especially in case of the group administered ChNPs together with ARG, furthermore 

a significant increase in plasma urea level was noticed in the ARG group at 1 and 14 days when 

compared with control group, which recovered on the administration of ChNPs at 1 and 14 days 

when compared with ARG group but still significantly increased in comparison with control 

group.  

Table 3. The Effect of ChNPs on IL-1β and TNF-α and Urea in plasma in rats treated with high 

doses of ARG. 

          Parametres 

Groups 
IL-1β (pg/ml) TNF-α (pg/ml) Urea (mg/dl) 

1day 14 days 1day 14 days 1day 14 days 

Control 

 
 

40.32±0.22 
 

40.32±0.22 
 

25.40±1.45 
 

25.40±1.45 
 

21.47±0.98 

 

21.47±0.98 

ARG 210.72*±7.16 153.03*±2.56 125.71*±3.02 109.33*±1.69 37.50*±1.87 32.65*±1.85 

ChNPs 48.30
a,b,d

±1.56 42.88
b,d

±0.59 30.48b,d±2.83 24.76
 d
±0.58 22.51

 b
±1.52 20.86

b
±1.43 

ChNPs + ARG 103.62
a,b,c

±0.69 83.14*±2.77 86.18a,b,c±1.27 63.63
b,c

±2.40 26.41
a,b

±2.08 25.90
b
±2.26 

Ligands as in table 1 
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From table “4”, all groups received ARG showed a significant increase in cholesterol, 

triacylglycerols and LDL levels when compared with control group at 1 and 14 days, ChNPs 

administration was able to ameliorate the level of these parameters in rats those suffered stress 

due to ARG overdose especially after14 days, while a significant decrease was noticed in the 

level of HDL-C in the ARG administered group comparable with the control group at 1 day, 

which clearly recovered on administration of ChNPs. 

 

Table 4. The Effect of ChNPs on Cholesterol, Triacylglycerols, LDL-C and HDL-C in plasma in 

rats treated with high doses of ARG. 

   Parametres 

 

Groups 

Cholesterol 

 (mg/dl) 

Triacylglycerols 

(mg/dl) 

LDL-C 

 (mg/dl) 

HDL-C  

(mg/dl) 

1day 14 days 1day 14 days 1day 14 days 1day 14 days 

Control 

 

 

45.5±1.8 

 

45.5±1.8 

 

32.8±1.7 

 

32.8±1.7 

 

17.8±0.7 

 

17.8±0.7 

 

22.3±1.3 

 

22.3±1.3 

ARG 80.3a,c,d±1.4 73.2*±3.2 87.1*±1.4 75.3*±1.1 44.4a,c,d±2.0 35.8*±3.5 17.9a,c,d±0.7 22.2N.S±1 

ChNPs 46.6 b,d±0.4 43.4 d±0.8 45.4a,b±0.5 40.4a,b±2.2 13.6a,b,d±0.8 13.6a,b,d±0.8 24.2b,d±1.2 22.2d±0.6 

ChNPs+ARG 73.6a,b,c±1.5 60.2a,b,c±3.6 45.4a,b±0.5 40.9a,b±2.2 31.4*±1.8 20.8b,c±2.2 31.2*±2.3 30.2*±1.8 

Ligands as in table 1 

 

HISTOPATHOLOGICAL FINDINGS  

 

In normal control, there was normal distribution of cells of islets, acini, blood capillaries, 

pancreatic ducts were observed. The normal control also showed acinar cells, islets of 

Langerhans and blood vessels were good in number, texture and were well organized and 

connected with connective tissues. The section in pancreas of rat treated with ARG shows a 

cluster of lymphoid aggregate, hemorrhage and the presence of necrotic acini (Fig 2 D, E, F). 

Treatment of ARG animal groups with Chitosan  nanoparticles  showing normal islets of 

Langerhans and normal acini after 1 day (Fig G,H) post treatments and in14 days post treatments 

showing normal islets of Langerhans (with the presence of fat vacuoles (Fig I,J) 
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Fig 2: Photomicrographs of sections in pancreas of albino rats.  [A, B]: sections in pancreas of a control 

rat showing normal appearance of tissue structure. Notice that the normal islets of Langerhans (thin 

arrow) and normal acini (arrow head) (x 400). [C]: section in pancreas of a rat treated with Chitosan 

nanoparticles showing normal islets of Langerhans (thin arrow) and acini (arrow head). {D, E, F]: 

sections in pancreas of rat treated with ARG shows a cluster of immune cells (lymphoid aggregate) 

observed (↨) Hemorrhage (cracked head arrow) and necrotic acini (↘).                                                                          

(H&E stain A, B, C, E, F x400 and D x 100) 
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Fig 3: Photomicrographs of sections in pancreas of albino rats. [G, H]: sections in pancreas of a rat treated 

with ARG and Chitosan  nanoparticles   after 1 days post treatments showing normal islets of Langerhans 

(thin arrow) and normal acini (arrow head). [I, J]: sections in pancreas of a rat treated with ARG and 

Chitosan  nanoparticles   14 days post treatments showing normal islets of Langerhans (thin arrow) and 

fat vacuoles ( ) 

DISCUSSION 

Although ARG is a semi-essential amino acid found in our diet, which is not only involved 

in protein synthesis, is also a precursor for the important vasodilator molecule nitric oxide (NO). 

Hence, ARG supplementation has been widely used under many physiological and pathological 

conditions aiming to improve health status or as adjunct therapy for diseases including 

cardiovascular diseases. However, controversial results and even detrimental effects of ARG 

supplementation have been reported [29].  
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The present study was performed to estimate the effect of ChNPs on male rats to overcome 

the hazards and the resultant pancreatitis due to overdoses of ARG administration. The 

administration of ARG led to marked elevation in plasma lipase, amylase as well as LDH 

activities indicating pancreatitis as previously reported by Hegyi et al. [30], who reported that 

the maximal pancreatic amylase secretion was significantly increased on d 1 that was 

significantly decreased only on d 14, that progressive decrease in pancreatic secretory capacity 

might be due to the destruction of up to 90% of acinar cells. Moreover, Mirmalek et al. [31] 

stated that plasma lipase or amylase activities, most commonly used biomarkers in pancreatitis, 

are at least tripled compared to upper limit of normal; however the plasma levels may not be 

dependent on pancreatitis severity, besides, amylase rise is detected up to 3–5 days, while lipase 

level stays high for 8–14 days and is, therefore, more sensitive for diagnosis in delayed 

presentation.  Supplementation of ChNPs (50 mg/kg b.wt.) succeeded in decreasing the level of 

amylase and lipase at 1 and 14 days which could be attributed to its anti-inflammatory 

ameliorative effect as well as the inhibitory effect of ChNPs on pancreatic lipase activity [32]. 

The significant increase in the plasma  LDH activity in the ARG group, was in agreement 

with Yenicerioglu et al. [33],  who rendered that increase to the development of pancreatic 

microcirculation damage, together with the induction of pancreatitis, ischemia and inflammation  

which accompanied by increase in oxygen free radicals. Administration of ChNPs significantly 

reduced the elevation of plasma LDH activity as compared to ARG toxicated group, since 

chitosan is considered as an antioxidant and anti-ischemic that restored the cell viability and 

integrity [34].   

Intraperitoneal administration of an overdose of ARG increased MDA level at both 1 and 

14 days. This reflects the fact that it evoked MDA and induced oxidative stress. Such increase of 

MDA was in agreement with Mirmalek et al. [31] who reported that high MDA level was an 

indication of oxidative stress induced by ARG, that Peroxidation of membrane lipids by ROS 

releases toxic byproducts such as MDA, which in turn leads to activation of complement 

cascade, other cytokines as a final consequence. MDA is directly associated with tissue injury 

and organ failure in pancreatitis. For this reason and also for its early peak after 3–5 hours going 

back to normal after 12 hours, MDA is considered as a marker of AP severity in early stages.  

Superoxide dismutase plays a crucial role in preventing ROS-generated cell damage and 

death in aerobically growing organisms, as it is important also in converting O2
•ˉ
 to H2O2 during 

the pathogen-induced oxidative burst in animals' phagocytic immune cells [36].   In this study, 

SOD activity was determined, as a key component of the cellular defense system against 

oxidative stress, where ARG significantly reduced SOD activity in plasma in agreement with 

Mirmalek et al. [31] who suggested that such reduction could be due to the enhanced lipid 

peroxidation or inactivation and depletion of that antioxidative enzyme due to excess level of 

ROS and RNS which further result in oxidative stress because of high doses of ARG.  

Administration of ChNPs demonstrated a significant decrease in MDA level at 1 and14 

days, this reflects that ChNPs had a curative effect and inhibited the peroxidation of cell 

membrane lipids and kept its integrity due to its potent antioxidative activity as reported by Wu 

et al. [35], on the other hand,  a remarkable amelioration in SOD activity with ChNPs at 1 and 14 

days, this could be explained by the free radicals quenching property of chitosan that serve to 

greatly reduce hydrogen peroxide (H2O2)-induced oxidative damage to tissues, that it restores the 

activities of endogenous antioxidants including superoxide dismutase (SOD) [34]. 

Nitric oxide  was found to be a potent endothelial vasodilator, modulating blood flow and 

thrombosis as it inhibits platelet aggregation, and leukocyte adhesion, highly reactive free radical 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Yenicerioglu%20A%5Bauth%5D
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gas, an important intercellular messenger molecule that is involved in functions such as 

neurotransmission, inflammation, and regulation of gene expression, NO has emerged as a 

fundamental signaling device regulating virtually every critical cellular function, as well as a 

potent mediator of cellular damage in a wide range of conditions [37]. 

An increase in NO level on administration of ARG was observed from the current study, 

which was confirmed by Hegyi et al. [30] who attributed that increase to the fact that L-ARG is 

known to be a precursor for the endogenous synthesis of NO, a highly reactive free radical by an 

enzymatic pathway (NO synthase: NOS) of which there are three isoforms originally 

demonstrated in vascular endothelial cells. Under physiologic conditions, results in a low level of 

NO, while in different inflammatory processes inducible NO synthase (iNOS) produces larger 

quantities of NO in various cell types, so that and according to our data the great improvement in 

the level of NO at 1 and 14 days on administration of ChNPs could be explained by the anti-

oxidative property of ChNPs.  

Interleukin-1β and TNF-α  are the major and primary proinflammatory mediators and are 

accountable for all other subsequent systemic complications in acute pancreatitis (AP). 

Activation of granulocytes and other proinflammatory mediators is regulated by TNF-α, which 

activates intracellular protease (trypsinogen) ,autodigestive process,  and thus cellular necrosis. 

IL-1 β plays an important detrimental role in AP since it is noted as the main mediator in sterile 

necrosis and local and systemic tissue destruction, with 82% accuracy in prediction of severity 

[31]. 
From the current study the marvelous increase in the level of both inflammatory cytokines (TNF-

α), (IL-1β) in ARG administered group , about 5 folds of normal control group at 1 day which slightly 

diminished after 14 days, was in agreement with Hegyi et al. [30] and Yenicerioglu et al. [33] who 

stated that they are released from macrophages and monocytes, which are activated in 

stimulation of peritoneal macrophages, suggesting their responsibility for local  tissue damage 

and multiple organ failure and other systemic inflammatory conditions that occur during acute 

pancreatitis, together with Oxygen free radicals they serve damage to the pancreas. 

Chitosan was confirmed to partially inhibit the secretion of both IL-8 and TNF-α from 

mast cells reducing the allergic inflammatory response, so chitosan nutraceuticals may help to 

prevent or alleviate some of these complications [38]. Furthermore, low molecular weight 

chitosan is capable of decreasing the production of the inflammatory cytokines IL-6 and TNF-α 

[35]. Taken together the previously mentioned information explains how ChNPs succeeded in 

reducing the excessive production of proinflammatory cytokines TNF-α and IL-1β due to its 

anti-inflammatory antioxidative activity. 
Since the metabolism of ARG involves the release of urea through the hydrolysis of ARG 

into L-ornithine catalyzed by arginase [39], together with the possibility of the involvement of 

renal impairment accompanied pancreatitis amongst several other organs disturbances as 

Muddana et al. [40] who stated that hematocrit, creatinine which peaks within the first 48 h , 

urea nitrogen were three tests significantly associated with pancreatic necrosis, also Wu et al. 

[41] who confirmed the accuracy of blood urea nitrogen (BUN) measurement for early 

prediction of mortality in acute pancreatitis during the initial 24 hours of hospitalization and 

developed an algorithm that may assist physicians in their early resuscitation efforts , moreover 

due to the rising BUN within 48 h, it can be used to predict development of AP [42],  

furthermore Koutroumpakis et al.[43],  stated that the rise in BUN at 24 h makes it  the optimal 

predictive marker for severity and progression of AP, also the plasma urea is related to the 

severity of the pancreatitis, establishing itself as an independent predictor of mortality [44] and 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Yenicerioglu%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muddana%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19098865
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20BU%5BAuthor%5D&cauthor=true&cauthor_uid=21482842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20BU%5BAuthor%5D&cauthor=true&cauthor_uid=21482842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20BU%5BAuthor%5D&cauthor=true&cauthor_uid=21482842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20BU%5BAuthor%5D&cauthor=true&cauthor_uid=21482842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koutroumpakis%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26553208
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the finding that amylase, BUN and creatinine increased significantly and reached the peak value 

at 6 h of pancreatitis induction [45] and finally the study presented by Markakis et al. [46] in 

their model of pancreatitis where elevated plasma urea and creatinine levels as well as TNF-α 

which  contributes to the activation of the systematic inflammatory response process and 

multiorgan failure, which is a hallmark of severe acute pancreatitis and is, ultimately, correlated 

with pathophysiology of acute renal failure.  

   Taken these evidences together made it important to measure the level of plasma urea 

and it was evident that the level of urea in the group treated with ARG, which was confirmed 

with the findings of  Markakis et al.[46] who reported that l-ARG- induced AP is associated 

with organ injury such as (lung, kidney, and liver) in mice. Our study demonstrated that ChNPs 

were capable of improving the level of plasma urea which could be attributed to its powerful 

antioxidant property that it scavenges the resultant reactive radicals and attenuates the oxidative 

stress and so maintaining the integrity of renal endothelial cells. 

At last the current study results indicated a significant increase in plasma cholesterol, 

triacylglycerols and LDL-C levels in ARG administered animals to almost 2 fold that of control 

at 1 and 14 days, while a significant decrease was noticed in HDL-C level in the group of 

animals administered ARG alone, this could be attributed to the resultant decrease in lipase 

activity which affected the process of lipolysis. 

Moreover, ChNPs showed a relative improvement in the level of cholesterol and LDL-C, 

while manifested a great amelioration in triacylglycerols and HDL-C levels, these findings were 

in agreement with Mohamed [32] who stated that chitosan significantly reduced the level of 

both cholesterol and LDL-C and kept the level of triacylglycerols and HDL-C near normal This 

is in conformity with the results of previous studies in which chitosan limited the body-weight 

gain of adult rats  [33] this could be attributed in part to the property of chitosan that can lower 

plasma and liver triacylglycerols as well as cholesterol levels, exhibiting hypocholesterolemic 

and hypolipidemic effects, and its potent fat-binding capacity in vitro that it could bind micellar 

lipids in substantial amounts that it could bind the microemulsions of lipids that occur within the 

small intestine after a fat-containing meal causing a reduction in the absorption of all 

components of a micelle, i.e., bile acids, cholesterol, monoglycerides and fatty acids. Or to the 

mechanism proposed by Deuchi et al. [47] they suggested that chitosan is dissolved in the 

stomach by gastric acid and subsequently mixes with dietary fat to form a chitosan-fat complex. 

This complex was hypothesized to gel in the small intestine, entrapping the fat and thereby 

preventing lipolysis, with subsequent excretion of the undigested fat, including cholesterol. Yet a 

quite different explanation is provided by Han et al. [48] who reported that, in vitro, chitosan 

inhibits pancreatic lipase activity. Inhibition of pancreatic lipase within the small intestine would 

lead to accumulation of a lipid emulsion. In the presence of substantial amounts of unabsorbed 

lipid within the small intestine, cholesterol will partition into the lipid phase, leading to greater 

excretion of cholesterol [32], also, chitosan has been reported to exhibit numerous health-related 

beneficial effects, including hypolipidemic, immunity regulation, anti-tumor, liver protection, 

anti-diabetic, antioxidant, anti-obesity, antibacterial and wound healing actions [49]. 

 

CONCLUSION 

Administration of ChNPs has achieved a curative attempt in defense against oxidative stress 

exerted by L-arginine, which could be attributed to its antioxidant, anti-inflammatory and 

hypolipidemic activities. Further studies at the molecular level are recommended to elucidate the 

anti-inflammatory effect of chitosan nanoparticles.  

http://www.hindawi.com/40656914/
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