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ABSTRACT 
Background: The hallmark of acute pancreatitis (AP) is exocrine pancreatic 

inflammation, which is linked to acinar cell damage and a systemic and local 

inflammatory response. Liver function is closely related to the progression and 

prognosis of AP . Nanoparticles can improve drug release efficiency and enable 

regulated release with fewer adverse effects. An essential herbal plant, Moringa 

oleifera is used to treat inflammation, cancer, liver and heart problems, wounds, 

and pain. According to radiation hormesis, a natural synthesis of reactive oxygen 

species (ROS) sufficient to activate the defensive mechanisms and induce a 

positive health effect, a low dosage of ionizing radiation (IR) is necessary for life. 

Aim of the work: This study is designed to evaluate the impact of nano-Moringa 
Oleifera leaves extract and/or low dose gamma irradiation on acute pancreatitis 

induced by L-arginine on the liver tissues of rats. Materials and Methods: Fifty 

adult male rats were categorized into five separate groups. Group I: control group 

(C), group 2: positive control group (PC): L-arginine (250 mg/100g body weight) 

was administered intraperitoneally to the rats twice at 1-hour intervals, every other 

day for 14 days to cause acute pancreatitis, group 3: nano-Moringa oleifera treated 

group (NM): the positive control animals were treated with nano-Moringa oleifera 

(50 mg/kg/day) daily for 14 days, group 4: gamma irradiated group (IR): the 

positive control animals were exposed to 0.25 Gy x2 / week for 2weeks, group 5: 

nano-Moringa oleifera + gamma irradiated treated group (NM + IR ): the positive 

control animals were treated with NM (50 mg/Kg/day) for 14 days and were 

exposed to 0.25 Gy x2/week/2weeks.The experimental rats were sacrificed after 

one day of treatments; liver functions, Random blood sugar (RBS) level, Insulin 

level, histopathological and histochemical changes in liver tissue were evaluated. 

Results: rats suffering from PC revealed a significant increase in AST, ALT and 
RBS while a significant decrease in insulin, along with severe liver tissue damage. 

Treatment of experimental animals suffering from PC with NM and γ-irradiation 

either alone or combined, a remarkable decrease AST, ALT and RBS, while 

remarkable increase in insulin level, resulting in notable amelioration of liver tissue 
damage. Conclusion: To minimize the liver damage induced by acute pancreatitis, 

it is recommended to use nano-Moringa  oleifera  and low dose of γ-irradiation, 

either separately or in combination.  
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              INTRODUCTION 

 

             One of the gastrointestinal conditions linked to considerable morbidity and subsequent 

death is acute pancreatitis (Zhou et al., 2024). 

             Systemic inflammatory response syndrome (SIRS), multiple organ dysfunction 

syndrome (MODS), and hypermetabolism are the main causes of the high death rate associated 

with severe acute pancreatitis (SAP), which is marked by rapid progression and a host of 

complications. There are two primary peaks in AP death: the first peak, which comes early and 

is linked to the beginning of MODS in the first week, and the second peak, which is closely 

linked to infections (Beger et al., 1997). There was a positive correlation between the severity 

of AP and the incidence and severity of liver injury, even in patients who did not develop 

MODS. This resulted in a longer course of AP. Since the liver contains the highest number of 

macrophages (Kupffer cells, KCs) in the body, it plays a crucial role in the management of 

bacteremia, systemic endotoxemia, and vasoactive byproducts. The mortality rate for patients 

with SAP who have liver failure can reach 83%, per previous research (Halonen et al., 2002). 

The equilibrium between the antioxidant and oxidant systems is disrupted in AP. Rats with 

duct obstruction in an animal experimental model produce a significant amount of oxygen free 

radicals (OFR) during the early stages of AP (Uruñuela et al., 2002). Acute pancreatitis brought 

on by L-arginine (ARG) was assessed as a new and unique type of experimental pancreatitis  

(Borai et al., 2017). In addition to being a substrate for nitric oxide synthase, L-arginine is 

known to cause oxidative and nitrosative stress. There is some evidence to suggest that in this 

model of pancreatitis, these pathways may also play a role in pancreatic damage. Reduction of 

oxidative stress is the goal of therapies for L-arginine pancreatitis (Hardman et al., 2005). 

            Formulations of herbal drugs based on nanotechnology have garnered interest because 

of their increased activity and ability to solve problems related to herbal medicine. (Dewi et 

al., 2022). Many natural and synthetic polymers have been investigated over the years for the 

creation of nanoparticles; however, due to their biocompatibility and biodegradability, poly 

(lactic acid) (PLA), poly (glycolic acid) (PGA), and their copolymers (PLGA) have been the 

subject of many research. Compared to other polymers used in medication and gene delivery, 

PLGA has several benefits, such as biodegradability, biocompatibility, and FDA-approved 

human usage. By hydrolytically cleaving the ester connection to lactic and glycolic acid, the 

PLGA copolymers break down within the body. These monomers are readily broken down by 

the body's Krebs cycle and expelled as water and carbon dioxide (Jain, 2000).  

            Over the past few decades, Moringa oleifera's (Mo) medicinal and therapeutic value 

has been praised. It is the Moringaceae species that is most commonly grown (Fahey, 2005). 

The benefits of Mo's leaves, blooms, seeds, seed oil, stem bark, and roots for health and 

nutrition have been well-documented (Promkum et al., 2010). Because of its documented 

antibacterial, antioxidant, antiulcer, cytoprotective, cardiovascular, antidiabetic, anticancer, 

and neuroprotective qualities, it can be used as a nutritional supplement or to treat a variety of 

clinical problems (Rao et al., 2001; Omotoso et al., 2018). Additionally, Mo can raise total 

antioxidant activity (TAC) and improve insulin resistance (Tuorkey, 2016).  Numerous Mo tree 

sections are presently being researched for potential benefits on the treatment of metabolic 

illnesses, including type 2 diabetes. In animal studies, Mo exhibits antihyperglycemic 

properties (Azad et al., 2017). Soliman et al. (2024) confirmed that, based on nutritional and 

biochemical characteristics for natural plant sources and functional soft cheese, nano-

encapsulated Moringa oleifera L. seed extract and Ocimum tenuiflorum L. leaf extract 

demonstrated a possible anti-hyperglycemic impact without any adverse reactions. 

        Low-dose radiation (LDR) increases the production of normal cells, immunological 

responses, DNA damage repair, antioxidant capability, and apoptosis in some cancer cell types, 

among other biological actions both in vitro and in vivo (Farooque et al., 2011). Lower liver 
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doses in conventional fractionation are less likely to cause persistent enzyme abnormalities. 

For instance, in stereotactic body radiotherapy (SBRT) for hepatocellular carcinoma (HCC), 

ALT/AST levels normalized in some patients  (Jia et al., 2021). To treat liver damage caused 

by acute pancreatitis in rats caused by L-arginine, the present research sought to investigate 

the possible therapeutic benefits of extract from nano-Moringa Oleifera leaves and/or low 

dosage gamma irradiation. 

                
            MATERIALS AND METHODS 

 

Experimental Animals:  

             The experimental animals for the various studies conducted in this work were fifty 

adult male albino rats (Rattus rattus) weighing 180–200g, which were acquired from the 

Egyptian Holding Company for Biological Products and Vaccines (Cairo-Helwan, Egypt). 

Before the experiment began, the animals were acclimated to the lab environment. The animals 

were housed in specially designed cages with 10 rats each, under regulated conditions of 

temperature and relative humidity (continuous temperature of 25–27 °C with a 12-hour 

light/dark cycle) for two weeks prior to the experimental procedure. Standard rodent pellets 

were used to feed the animals. 

            The research ethics committee (REC) authorized this study procedure, which is planned 

and administered in compliance with the CIOMS and ICLAS International Guiding Standards 

for Biomedical Research Regarding Animals 2012 (Warnecke et al., 2008) . 

Radiation Facility:  

            Egyptian National Center for Radiation Research and Technology (NCRRT), located 

in Cairo, conducted the gamma cell-40 irradiation. The gamma cell-40, a cesium-1 irradiation 

device, is produced by Atomic Energy of Canada Ltd. Experimental animals were administered 

0.25 Gy x2 /week for two weeks at a dose rate of 0.423 Gy/min  (Frey et al., 2015). This was 

calculated using the Dosimetry Department's guidelines from the NCRRT at the time of the 

experiment. 

L-arginine Monohydrochloride:  

          The supplier of L-arginine monohydrochloride (CAS No. 53308-83-1) was Sigma 

Chemical Company (Sigma, USA). Reagents with a purity grade of more than 95%. 

Pancreatitis Models (induction of pancreatitis):  

          To induce acute pancreatitis, the animals received repeated intraperitoneal injections of 

L-arginine at a rate of 250 mg/100g body weight twice at one-hour intervals, every day for ten 

days (Hegyi et al., 2004; Kui et al., 2015).  

          After diluting L-arginine-HCl in saline, its pH was brought down to 7.4 by NaOH. A 

fresh L-arginine solution was made before to every experiment (Kui et al., 2015).  

Preparation of Nano-Moringa:  

Plant Materials:  

           At the National Research Center in Dokki, Giza, Egypt, the Egyptian Scientific 

Society of Moringa (ESSM) provided the aqueous extract of Moringa oleifera leaves (MOL)  

Preparation of Moringa Leaves Extract-Loaded PLGA-PEG Nanoparticles:  

          Abd-Rabou et al. (2017), claim that a minor modification was made to the nanoparticle 

production method. To create poly D, L-lactide-co-glycolide (PLGA) nanoparticles, 100 mg 

of PLGA polymer was dissolved in 3 milliliters of chloroform to create an initial emulsion. An 

O/W emulsion was produced using a microtip probe sonicator (VC 505, Vibracell Sonics, 

Newton, USA) in an aqueous polyvinyl alcohol (PVA) solution (12 ml, 2% w/v).  

         Three separate nano-formulations of polyethylene glycol-blended PLGA (PLGA-PEG) 

were created using three different PLGA-PEG ratios (1:2, 2:1, and 1:1) in order to create 

PLGA-PEG nano-void. These were then added to the watery PVA solution prior to 

emulsification with the PLGA polymer. To enable the organic solvent to evaporate, the 
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emulsion was shaken for eight hours. After two washes with double-distilled water, an excess 

of PVA was eliminated the next day by ultracentrifugation at 50,602g for 20 minutes at 4 °C 

(Sorvall Ultraspeed Centrifuge, USA).  

          Moringa leaf extract (ML)-encapsulated PLGA-PEG nanoparticles (MLn) were 

similarly created for medicinal applications by adding a certain concentration before 

emulsification.  

Analysis of Particle Size and Zeta Potential:  

          Using a Zeta Sizer (Nano ZS, Malvern Instruments, UK) and a red laser with a 

wavelength of λo=633 nm (He–Ne, 4.0 Mw), photon correlation spectroscopy (PCS) was used 

to quantify the particle size and zeta potential of the PLGA-PEG NPs. One milligram of the 

NPs was dissolved in one milliliter of water, which was then diluted ten times with water, and 

the readings were taken for at least 120 seconds. In the same way, materials were put in an 

electrophoretic cell with a potential of ±150 mV for zeta potential measurements.The 

nanocomposites were maintained at 25.0±0.1 °C. 

Transmission Electron Microscope (TEM):  

           Using a transmission electron microscope (TEM, Philips CM-10, FEI Inc., Hillsboro, 

OR, USA), the particle morphology of the NPs was investigated. Formvar-coated copper grids 

were filled with 100 μg/ml of the nano-suspensions. Once the samples had completely dried, 

they were stained with 2% w/v uranyl acetate (Electron Microscope Services, Ft. Washington, 

PA). Soft Imaging Viewer software and a digital microscope were used for image capture and 

analysis.  

Experimental Design:  

           The adult male albino rats in the experiment were divided into five groups (n=10) as 

follows: 

G1: Negative control group(C): untreated normal animals. 

 G2: Positive control group (PC): animals were administered intraperitoneal injections twice 

at 1h intervals with L-arginine (250mg/100g) to induce acute pancreatitis.  

G3: Nano-Moringa oleifera treated group (NM): The positive control animals were given 

a daily dose of nano-moringa oleifera leaves extract (50 mg/kg/day) for 14 days.  

G4: Gamma-irradiated group (IR): for two weeks, positive control animals were exposed 

to 0.25 Gy x2 /week. 

 G5: Nano-Moringa oleifera + gamma irradiated treated (NM + IR): the positive control 

animals were treated with NM (50 mg/Kg/day) for 14 days and were exposed to 0.25 Gy 

x2/week/2weeks.  

             Rats in each group were given isoflurane anesthesia, and samples of liver tissue and 

blood serum were taken after a day of treatment. To separate the plasma for additional 

biochemical analysis, blood samples were drawn in sterile heparinized syringes and 

centrifuged for 10 minutes at 3000 rpm. As quickly as feasible, the entire liver of each animal 

was removed, cleaned with isotonic ice-cold saline, fixed in 10% neutralized formalin, and 

embedded in paraffin for histopathological and histochemical analysis. 

Biochemical Analysis:  

Estimation of Liver Functions: 

             Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were 

measured by the kinetic method of Murray and Kaplan (1984 a&b respectively) using a 

commercial kit obtained from SPINREACT Company, Spain. 

Estimation of Glucose Level: 

            Using the stated enzymatic colorimetric approach, the glucose level was determined by 

Tietz (1986). 

Estimation of Insulin Level: 

             Insulin level was carried out according to the method of Reeves et al. (1984), using 

kits of Bio Source Europe S.A. Company. 
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Histological and Histochemical Analysis:  

             Liver samples were immersed in 10% neutralized formalin for 24 hours before being 

dehydrated and fixed in paraffin wax. Sections (5 μm) were cut using a microtome, collected 

on glass slides, and stained with hematoxylin and eosin stains (H & E) for histological 

investigation (Bancroft et al., 1996).  Collagen fibers were stained by using Masson’s 

Trichrome (Mao et al., 2016). Amyloid-β protein was detected by Congo red technique 

(Bancroft and Gamble, 2008). Paraffin-positive slides were stained with 5 μg/ml propidium 

iodide and 50 μg/ml acridine orange in phosphate-buffered saline, and they were analyzed 

using fluorescence microscopy to assess apoptosis and necrosis in accordance with Bank 

(1988).  

Statistical Analysis:  

             All statistical analyses were performed using the statistics package for Windows 

Version 15.0. (SPSS Software, Chicago, IL). The average standard error was used to present 

the results for continuous variables. Using one-way analysis of variance (ANOVA), the values 

were compared, and p values below 0.05 were deemed statistically significant. 

 

     RESULTS  

 

1- Characterization of Nano-Moringa particles:  

            Moringa leaves extract nanoparticles (MLn)-based PLGA-PEG nanoparticles (poly D-

L-lactide-co-glycolide-polyethylene glycol) were prepared using three different nano-

formulations with three different ratios of PLGA-PEG (1:2, 2:1, and 1:1), which were then 

added to the aqueous PVA (Polyvinyl Alcohol) solution before the droplet size of Moringa 

leaves extract nanoemulsion was measured. Formulations No. 3 for MLn-based PLGA-PEG 

nanoparticles demonstrated excellent stability. Formula 3 (F3): Zeta potential (-39.60±3.52) is 

more stable, the nano-size (141.772±14.5) is the smallest, and the polydispersity index 

(0.05±0.01) is uniform in size and shape (Table 1 and Figs.1, 2&3).  

           As seen in Figure 4, the morphology of MLn-based PLGA-PEG nanoparticle sample F3 

was examined using transmission electron microscopy (TEM).  TEM revealed rounded 

particles with an encircling capsule and core (Fig. 4A). The TEM of F3 nanoparticles in Figure 

4B displays a range of diameters for a few chosen particles, from 148.42 to 152.40. 

 

Table 1: The effect of PLGA: PEG ratios on the particle size and zeta potential of MLn-based 

PLGA-PEG nanoparticles. 

Formulation PLGA PEG  Nano-Size (nm) PDI Zeta potential (mV) 

F1 1 2 190.137± 6.5 0.5± 0.02 -13.23±3.32 

F2 2 1 341.995±15.4 0.6±0.03 -5.27± 1.29 

F3 1 1 141.772±14.5 0.05± 0.01 -39.60± 3.52 

Notes: MLn; Moringa leaves extract nanoparticles, PLGA; poly D-L-lactide-co-glycolide, 

PEG; polyethylene glycol, F1; formula 1 (ratio 1:2), F2; formula 2 (ratio 2:1), and F3; formula 

3 (ratio 1:1), PDI; polydispersity index, S.E.; standard error. 
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Fig. 1: Size distribution of formula 1 F1. 

 

 
Fig. 2: Size distribution of formula 2 F2. 

 

 
Fig. 3: Size distribution of formula 3 F3. 
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Fig.  4: Characterization of F3 nanoparticles. A) TEM of F3 nanoparticles showing rounded 

particles containing core and surrounded capsule. B) TEM of F3 nanoparticles showing some 

sizes of selected particles. 

 

Biochemical Results: 
1-The Liver Functions: 

             A group of rats suffering from PC revealed a significant increase in AST  and ALT 

(73.45% and 48.51% respectively) in comparison with the control group.Treatment of 

experimental animals, suffered from PC with nano- Moringa and γ-irradiation  either alone or 

combined a remarkable, decrease in AST (-27.14%,-27.12%and -32.81% respectively) and 

ALT levels(-18.93%,-19.31% and -19.04% respectively)were observed when compared with  

the PC group (Table 2) . 

 

Table 2: Effect of nano- Moringa oleifera leaves extract and /or low doses of gamma 

irradiation on AST and ALT levels of adult male albino rats suffering from pancreatitis. 

 
N=10. Each value represents the mean ± standard error (SE), where  (a) Significant from control at P ≤ 0.05.  (b) 

Significant from positive control at P ≤ 0.05. AST: aspartate aminotransferase, ALT: alanine 

aminotransferase. 

 

2- Estimation of RBS and Insulin Levels: 

           A group of rats suffering from pancreatitis (PC) revealed a significant increase in RBS 

(27.49%) while a significant decrease in insulin (-36.9%) levels  in comparison with the control 

group.  

          Treatment of experimental animals suffering from PC with NM and γ-irradiation either 

alone or combined, a remarkable decrease in RBS level (-15.44%, -13.04% and -14.04% 

respectively) was observed. In comparison, a remarkable increase in insulin level (53.77%, 

56.6% and 52.83%, respectively) was noticed when compared to the PC group (Table 3). 

A B 
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Table 3: effect of nano-Moringa oleifera leaves extract and/or low doses of gamma irradiation 

on RBS and insulin levels in adult male albino rats suffering from pancreatitis. 

 
N=10. . Each value represents the mean ± standard error (SE).     (a) Significant from control at P ≤ 0.05.  (b) 

Significant from positive control at P ≤ 0.05. RBS: random blood sugar. 

 

Histological Observations: 

            The histological pattern of the control rats' liver tissue showed that the central vein had 

a normal structure, with hepatocyte cords radiating from it and being divided from one another 

by blood sinusoids. Bile ducts, a branch of the hepatic artery, and a branch of the hepatic portal 

vein are all located in the portal area (Figs. 5 A&B). Normal distribution of collagen fibers in 

the portal area and thin bundles of collagen fibers support the wall of the central vein, walls of 

hepatocytes and blood sinusoids  in the control group (Figs. 5 C&D). Sections in the liver tissue 

of rats of the PC group showed hydropic degeneration in most hepatic cells with the presence 

of apoptotic nucleoli, liver steatosis and slightly elongated and corrugated wall of the central 

vein (Fig. 6 A). A highly distorted portal area containing lymphocytic infiltration around the 

portal vein, with hemolyzed blood cells inside was also observed (Fig. 6 B). Highly increased 

collagen fibers in and around the walls of the hepatic portal vein, the bile duct and the arterial 

wall as well as increased collagen fibers distribution in and around the central vein and in the 

sinusoidal spaces   (Figs. 6 C&D). Sections in the liver tissue of the NM treated group showed 

somewhat normal architecture of the liver tissue with few hemolyzed blood cells inside the 

central vein (Fig. 7 A) and some inflammatory cells around the portal area (Fig. 7B). 

Apparently normal distribution of collagen in the central and hepatic portal veins was also 

recorded (Figs. 7 C&D). On the other hand, sections in liver tissue from IR   treated  group 

showed the presence of hepatocytes with hydropic degeneration and apoptotic nuclei. Also, 

some liver steatoses were observed in Figurs. 8 A&B, a nearly normal appearance of collagen 

fibers was also observed (Figs. 8 C&D).  At the same time, sections  from liver tissue of the 

NM+IR treated group showed somewhat normal architecture of liver tissue while the central 

vein was slightly elongated (Fig. 9 A). Also, well developed portal area of liver tissue, but the 

hepatic portal vein was congested with highly hemolyzed blood cells inside it (Fig. 9B). 

Additionally, a normal collagen fiber distribution was noted (Figs. 9 C&D). 
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Fig. 5: photomicrographs of sections in the liver tissue of rats of the control group showing: 
 

A&B: normal structure of the central vein (cv), cords of hepatocytes (▼) radiating from it and 

separated from each other by blood sinusoids. The portal area contains a branch of the hepatic 

portal vein (hpv), a branch of the hepatic artery and bile ducts (bd). 

                                                                                                        (H&E stain   A&B  X 400) 

C&D: thin bundles of collagen fibers support wall of the central vein (cv) , walls of the 

hepatocytes (arrows) , blood sinusoids, bile duct and hepatic portal vein (hpv).  

                                                                      (Masson trichrome (MT) stain A and B X 400)    

 
Fig. 6: photomicrographs of sections in the liver tissue of rats of the positive control group 

suffering from pancreatitis showing:  A: hydropic degeneration in most hepatic cells () with 

the presence of apoptotic nucleoli (), liver steatosis and slightly elongated and corrugated 

wall of the central vein (cv). 

B: highly distorted portal area(hpv) which contains lymphocytic infiltration (bold arrow) 

around the portal vein, with hemolyzed blood cells inside it. (H&E stain A,B  X 400)  

C: highly increased collagen fibres   (       ) in and around  walls of the hepatic portal vein (hpv), 

the bile duct (bd) and in the arterial wall (ha). 

D: increased collagen fibers distribution in and around the central vein (cv) and in the 

sinusoidal spaces.                                                                                              (MT stain C& D X 400) 
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Fig. 7: Photomicrographs of sections in the liver tissue of rats suffering from pancreatitis 

treated with nano- Moringa showing: 

A: somewhat normal architecture of liver tissue with a few hemolyzed blood cells inside the 

central vein (cv).  

B: somewhat normal architecture of liver tissue with the presence of some inflammatory cells 

(↑) around the portal areas(hpv).                                                           (H&E stain A and B X 400)  

C&D: somewhat normal distribution of collagen fibers in the central )cv) and hepatic portal 

veins (hpv).                                                                                    (MT stain C and D X 400) 

 

 
Fig.8: photomicrographs of sections in the liver tissue of rats suffering from pancreatitis  

exposed to low doses of gamma radiation showing:  

A&B: somewhat normal appearance in the central(cv) and prtal areas (hpv), while the presence 

of hepatocytes suffering from hydropic degeneration (↓) and apoptotic nuclei (▼). Also, some 

liver steatosis was observed. 

C&D: nearly normal appearance of collagen fibers in the central (cv) and hepatic portal areas 

(hpv).  
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Fig. 9: photomicrographs of sections in the liver tissue of albino rats suffering from pancreatitis 

treated with nano-Moringa and irradiation showing:  

A: somewhat normal architecture of liver tissue but the central vein (cv) is slightly elongated. 

B: well developed portal area of liver tissue, but the hepatic portal vein is congested with highly 

hemolyzed blood cells inside it (star).                                       (H&E stain C, D X 400) 

C&D: nearly normal distribution of collagen fibers in the central (cv)and portal(hpv) areas of 

liver tissue.                                                                             (MT stain A, B, C and D X 400) 

 

Histochemical Results of The Liver Tissue: 

β– amyloid Protein:  

             Figure (10  A) represented the normal deposition of β– amyloid in the liver tissue of 

albino rats of the control group. Meanwhile, in the PC group, the liver tissue sections showed 

densely stained β- amyloid (Aβ) proteins (Fig. 10 B).  Moreover, sections in the liver tissue of 

the NM treated group showed decreased β- amyloid (Aβ) proteins deposition all over the liver 

tissue (Fig.10 C). Furthermore, sections in the liver tissue of the IR treated group showed mild 

to moderate deposition of β- amyloid (Aβ) plaque in hepatocytes (Fig. 10 D). At the same time, 

sections in the liver tissue of the NM+ IR treated group showed faintly stained β–amyloid 

proteins deposition (Fig. 10 E). 
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Fig. 10 (A-E): Photomicrographs from sections of the liver tissues of different experimental 

groups of adult male albino rats, stained with congo red stain showing A: the control group 

with faintly stained β- amyloid (Aβ) proteins all over the liver tissue. B: the PC group with 

densely stained β- amyloid (Aβ) proteins (▼) comparatively with the control group.  C: the 

NM treated group with faintly stained β–amyloid proteins deposition. D: the IR treated group 

with mild deposition of β- amyloid (Aβ) protein in hepatocytes. E: the NM+IR treated group 

with faintly stained β–amyloid proteins deposition.  

(Congo red stain A X 100, B, C,D and E X 400) 
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Apoptosis Examination:  

                Sections of the liver tissue of the control group showed green viable hepatocytes 

(Fig. 11 A).  While sections in the liver tissue  of the PC group showed increased apoptotic cells 

which widely distributed, especially in between hepatocytes (Fig. 11B).  

               Meanwhile, section in the liver tissue of the NM treated group showed slight 

distribution of apoptotic cells in hepatocytes (Fig. 11 C).  Additionally, sections in the liver 

tissue of the IR treated group showed apparently normal distributions of apoptotic hepatocytes 

(Fig. 11 D). Moreover, sections in the liver tissue of the NM+IR group showed slightly 

distribution of apoptotic cells in the liver tissue (Figs. 11 E). 

 

Fig. 11(A-E): Photomicrographs from sections of the liver tissues of different experimental 

groups of adult male albino rats, stained with Propidium iodide and acridine orange showing 

A: the control group with green viable hepatocytes. B: the liver tissue of the PC group with 

increased apoptotic hepatocytes (↑) which widely distributed all over the liver tissue.  C: the 

NM treated group with slightly distribution of apoptotic  hepatocytes (↑). D: the IR treated 

group with apparently normal appearance of hepatic tissue. E: the NM+IR treated group with 
few distributions of apoptotic cells all over the liver tissue. 

                (Propidium iodide and acridine orange stain A X 100, B, C,D and E  X 400 ) 
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   DISCUSSION  

 

            Severe acute pancreatitis (SAP) has a mortality rate of 15% to 35%, making it a very 

prevalent acute illness. The syndrome of multiple organ failure and infections are the leading 

causes of death. Up to 83 percent of SAP patients die from liver failure, and about 5 percent of 

SAP patients develop fulminant liver failure. Liver function is intimately linked to the course 

and outcome of AP (Liu et al., 2021(. 

            The L-arginine-induced model of AP is one of the most widely used animal models to 

study the pathological alterations in the pancreas because it closely resembles the disease's 

human phenotype (Kui et al., 2014). Its administration causes severe AP, with dose-dependent 

severity (Hegyi et al., 2004). 

             In contemporary medical practice, medicinal plants and their natural secondary 

metabolites have gained importance recently (El-Saadony et al.,  2021; El-Shall et al., 2022). 

Moringa oleifera Lam. is a multifunctional plant that is very important. Nearly every part of 

the tree has a variety of industrial applications. This plant is a high-value crop because of its 

nutritional, therapeutic, and preventative properties, all of which are linked to its high 

concentration of potent bioactive compounds  (Lakshmidevamma et al., 2021; Brazales-

Cevallos et al., 2022).  M. oleifera possesses a number of medicinal qualities, including 

antioxidant, anti-inflammatory, anti-cancer, and ulcer-healing effects (Paliwal et al., 2011; 

Kandeepan et al., 2022). 

            Future medical and healthcare applications of nanotechnology have enormous promise 

to transform how we identify, treat, and prevent illnesses (Malik et al., 2023). 

            In various disease models, exposure to low-dose radiation (LDR) possesses 

hepatoprotective, anti-inflammatory, anti-oxidative, anti-apoptotic, and anti-carcinogenic 

properties (Karam and Mohamed, 2019; El-Ghazaly et al., 2020). 

            Injury elucidated in liver by acute pancreatitis induced by L-arginine and the possible 

therapeutic role of nano-Moringa oleifera leaves extract and/or low dose gamma irradiation 

against this injury have been demonstrated in this study by using biochemical parameters, 

histopathological and histochemical studies.  

The Biochemical Measurements:  

Liver Functions: 

            In the current investigation, a group of rats suffering from pancreatitis (PC) revealed a 

significant increase in the levels of alanine aminotransferase (ALT) and aspartate 

aminotransferase  (AST) in comparison with the control group. Through blood circulation, the 

ROS released in AP enters the liver and damages it (Affourtit et al., 2011). These results are 

in agreement with those of Disoukey et al., (2023) who stated that induction of AP was 

associated with a significant increase in serum activities of ALT and AST 24 hr and 7th days 

groups compared with the control one, because AP induces oxidative stress leading to damage 

different organs. The liver is the first extra-pancreatic organ to be attacked by a high 

concentration of inflammatory mediators and activated digestive enzymes because some 

pancreatic blood returns through the portal vein. These outcomes concur with numerous studies 

(Itani et al., 2002; Özgül et al., 2019; Kanwal et al., 2021). McCord and Webb (2011) stated 

that a rise in ALT and AST typically signifies the severity of the liver illness, which typically 

occurs before aberrant clinical symptoms manifest. However, when liver injury worsens, many 

hepatocytes become necrotic and die. The severity of pancreatitis is positively connected with 

serum levels of ALT and AST, and once pancreatitis resolves, serum levels of ALT and AST 

return to normal (Gungor et al., 2011). Acute pancreatitis can cause damage to the liver (Xiao 

et al., 2016); On the other hand, liver damage can potentially make AP worse. AP linked to 

liver injury frequently manifests as fatty liver, aberrant hepatic perfusion, and abnormal serum 

biochemical markers (Hou et al., 2019). 
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              In this study, treatment of the experimental animals, which suffered from pancreatitis 

with nano-Moringa and γ-radiation either alone or combined, showed a significant decrease in 

ALT and AST levels when compared to PC group.  Similarly, Melebary and Elnaggar (2023) 

observed that in rats given M. oleifera, ALT and AST activities were increased after lead 

treatment and thereafter decreased almost to the usual level. These results could be the result 

of M. oleifera's protective effect. Sharifudin et al. (2013) examined how M. oleifera 

hydroethanol extract affected the liver damage caused by acetaminophen and hepatotoxins and 

found that the animals had higher levels of ALT and AST. Crude extracts of M. oleifera were 

found to reduce these enzyme activities, which in turn reduced the severity of the liver damage. 

In order to cure the cause of acute hepatic injury in rats, they proposed that M. oleifera leaf 

extract is essential. Additionally, Fakurazi et al. (2008) observed that M. oleifera had a 

hepatoprotective effect on rats given acetaminophen by restoring their hepatic enzymes. Due 

to acute hepatic stress, radiation therapy, even at moderate doses, can raise ALT/AST by 15%; 

nevertheless, these levels usually return to normal within weeks following treatment 

(Güzelöz et al., 2023). 

RBS and Insulin Levels: 

            The present results showed that the acute pancreatitis group's RBS levels significantly 

increased while their insulin levels significantly decreased when compared to the control 

group.  According to a report, one of the reference markers for assessing the severity of AP in 

clinical practice is high-level glucose (Sun et al., 2019).  Romeh et al. (2020) demonstrated that 

l-arginine injection led to a significant increase in the blood glucose level in chronic 

pancreatitis group simultaneously with increase in serum insulin level. Hennig et al. (2002) 

declared that the deficient release of pancreatic polypeptide (PP) due to pancreatic destruction 

could lead to hepatic insulin resistance. Spicak. (2012) mentioned that chronic pancreatitis 

deteriorated the liver functions and diminished expression of high affinity receptors on the 

hepatocyte membrane which led to hepatic insulin resistance. 

            The concomitant increase in blood glucose and insulin levels could be attributed to 

increased oxidative stress in chronic pancreatitis. This supported the findings of Zardooz et al. 

(2012); Ayuob and ElBeshbeishy (2016)  and Zheng et al. (2018) who reported that oxidative 

stress increased the serum glucose and insulin levels, leading to insulin resistance. Similar 

results were obtained by Tsvirkun et al. (1989) who reported that pancreatitis had a significant 

increase in glucose concentration and a decrease in insulin activity. Also, Shoman and Nafeh 

(2014) revealed that AP impacts pancreatic endocrine function, as evidenced by lower fasting 

plasma insulin (FPI) levels in relation to hyperglycemia, in addition to exocrine pancreatic 

function, as indicated by noticeably elevated serum amylase and lipase levels. Moreover, AP 

induced collateral damage to many islets of Langerhans, particularly β-cells that secrete insulin 

(Samad et al., 2014). Also, Abdelzaher et al. (2021) reported a reduction in the insulin level in 

rats injected with L-arginine, which indicated the degeneration of Langerhans islets. An 

excessive release of cytokines during AP puts islets at risk as well because these factors 

contribute to the emergence of hyperglycemia, which could exacerbate the inflammatory 

reaction. Insulin resistance and increased hepatic gluconeogenesis are caused by the intricate 

interactions between hormones and cytokines under stress (Dungan et al., 2009). Stress 

hyperglycemia can cause immediate glucotoxicity and intracellular glucose excess, according 

to experimental and clinical data (Yang et al., 2022). 

             In the current research treatment of experimental animals, suffering from the PC with 

γ-irradiation and/or nano-Moringa either alone or combined, a remarkable decrease in RBS 

and increase in insulin levels were detected when compared to PC group. These results are in 

accordance with those of Nada et al. (2015) who reported that the ethanolic extract of Moringa 

oleifera leaves showed a significant decrease in blood glucose level of diabetic rats by 

streptozotocin induction. Olayaki et al. (2015) found that while administering extracts from 

Moringa oleifera leaves (MOLE) had no effect on food consumption, it prevented weight loss, 
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greatly enhanced glucose tolerance, and raised serum insulin levels. Low-density lipoprotein 

(LDL)-cholesterol, total cholesterol, and triglyceride levels were all markedly reduced by 

MOLE therapy, while HDL levels were raised. Rats administered with MOLE had larger 

glycogen contents and glycogen synthase activity than rats given saline or metformin, and the 

extract enhanced glucose absorption. 

            Furthermore, a single 4 g dose of MO leaf powder significantly increased insulin 

secretion, had no adverse effects on healthy participants, and did not change plasma glucose 

levels, according to Anthanont et al. (2016). One of two important components in the etiology 

of type 2 diabetes mellitus (T2DM) is insulin production, which was shown to be impacted by 

MO leaves in this human study. This information suggests that MO leaf powder may be useful 

in the treatment of type 2 diabetes.         

           Furthermore, Tsuruga et al. (2007), proposed that low-dose rate γ-radiation helps to 

improve type 2 diabetes by preserving insulin secretion, which progressively declines as the 

disease progresses because of pancreatic islet degeneration. Because low-dose rate γ-rays 

dramatically increased the expression and activity of pancreatic superoxide dismutase, it was 

also concluded that protection against oxidative damage plays a role in the anti-diabetic impact 

of these radiations. 

Histopathological Changes in The Liver Tissue:  

            Multiple organ failure and high rates of morbidity and mortality result from severe 

acute pancreatitis, an exceptionally serious condition of the viscera in the abdominal cavity, in 

which pancreatic elastases and other pro-inflammatory mediators are released into the portal 

and systemic circulation (Shen et al., 2012; Banks et al., 2013). 

          The systemic inflammatory response and subsequent distant organ dysfunction seen with 

SAP are also significantly influenced by the liver. Prior research has indicated the significance 

of the liver in the development of SAP-related organ damage, particularly its function in extra-

pancreatic organ impairment subsequent to the release of cytokines derived from macrophages, 

which are essential in the pathophysiology of pancreatitis and the ensuing inflammatory 

response (Yang et al., 2004; Ou et al., 2017). 

           In the present study examination of the liver tissue of the PC group showed liver 

steatosis, apoptotic nucleoli and a somewhat enlarged and corrugated central vein wall, 

together with hydropic degeneration in most of hepatic cells. The severely deformed portal 

region, which has hemolyzed blood cells inside and lymphocytic infiltrate surrounding the 

portal vein.    In the current work, highly increased collagen fibers in and around  the walls of 

the hepatic portal vein, the bile duct and the arterial wall also, increased collagen fibers 

distribution in and around  the central vein and in the sinusoidal spaces. These changes are 

evidenced by increased ALT and AST. These biochemical parameters indicated the damage 

which was observed in the liver tissue. 

             Esrefoglu et al. (2006) showed that AP resulted in sinusoidal dilatation, vascular 

congestion, intracellular vacuolization, and hepatocytic necrosis. Maruyama et al. (2014) 

stated that a variety of venous and arterial vascular problems can be brought on by pancreatitis. 

However, due to the liver's distinct circulatory structure, hepatic infarction coupled with severe 

pancreatitis is uncommon. Li et al. (2018) discovered that the animals with AP groups had 

hepatic patchy necrosis, coagulation necrosis, inflammatory cell infiltration, and liver cell 

edema. Abofila et al. (2022) revealed that the histological alterations in the livers of animals 

used as models for acute pancreatitis (AP) began at the edge of the traditional hepatic lobules 

and gradually spread centripeally to encompass all of the lobule cells in the latter stages of the 

experiment. These alterations manifested as the hepatocytes' ballooning and the cytoplasm's 

increasing vacuolation. Abofila et al. (2022) revealed that, as compared to the control group, 

the group of rats given L arginine had a slightly higher amount of collagen fibers in the stroma 

in their liver sections stained with Masson's trichrome stain, particularly in the portal area.  

           Sections in the liver tissue of albino rats the NM treated group showed somewhat normal 
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architecture of the liver tissue with few hemolyzed blood cells inside the central vein and some 

inflammatory cells around the portal area. Normal distribution of collagen fibres in the central 

and hepatic portal veins was also observed.  Ameliorated levels of ALT and AST in this study 

of group supplemented with nano-Moringa post pancreatitis induction indicated the antioxidant 

and anti- inflammatory effect of nano-Moringa. Nurhayati et al. (2024) showed that the 

histological examination of the liver tissue performed on animal samples treated with Moringa 

oleifera leaf extract had significantly improved. After administering Moringa oleifera leaf 

extract, fibrosis, hepatic cell necrosis, lipid buildup, inflammatory cell infiltration, 

hepatocellular degeneration, vesicular congestion, and sinusoidal dilatation are significantly 

reduced, according to all included research (Monraz-M´endez et al., 2022; Cortes-Alvarez et 

al., 2024).  

             Wijayanti et al. (2023) stated that the high concentration of Moringa oleifera (MO) 

leaf extract in the gentamicine group has given the hepatocytes the ability to regenerate or 

repair cells. This is because the incoming antioxidant levels are sufficient to counteract the 

oxidative stress conditions caused by gentamicin exposure. 

             It was proposed that the hepatoprotection provided by Moringa leaf extract was due to 

its ability to stabilize membranes and reduce the production of free radicals (Babu et al., 2011). 

The extracts' active components may account for this impact, at least in part (Pari and Kumar, 

2004). Extracts from Moringa oleifera (MO) were shown to contain a high concentration of B-

carotene (Makkar and Becker, 1996). Additionally, all of the necessary amino acids are present 

in Moringa extract (Nambiar and Seshadri, 1998). Moringa oleifera's B-carotene was thought 

to be the cause of the hepatoprotective effect (Pari and Kumar, 2004). According to Bast et al. 

(1996), B-carotene may have high antioxidant action that traps radicals. In addition to carotene, 

antioxidants including vitamin C have also been found in Moringa oleifera (Siddhuraju and 

Becker, 2003). Furthermore, Moringa oleifera's vitamin C may be the cause of its antioxidant 

properties (Rao et al., 2001). Extracts from Moringa leaves demonstrated the ability to 

scavenge peroxyl and superoxyl radicals. Flavonoid groups like quercetin and kaempferol were 

the main bioactive components of the phenolics extracted from Moringa leaf extract, and it 

was determined that because of their strong antioxidant activity, Moringa leaves could be a 

natural source of antioxidants (Siddhuraju and Becker, 2003). 

             In liver sections stained with Masson's trichrome stain, El Morsey et al. (2019) showed 

that the group treated with Moringa had relatively few green-stained collagen fibers in the 

areas surrounding the central vein and portal and in the spaces between hepatocytes. Moringa 

oleifera (MO) has long been recognized for its anti-fibrosis effects (Hamza, 2010) and 

hepatoprotective qualities (Saalu and Ogunlade, 2012). Moringa oleifera's active ingredients, 

particularly kaempferol and quercetin, have antioxidant properties (Singh et al., 2014). 

             In the present study, sections in the liver tissue of the IR treated group showed 

somewhat normal appearance of the central and portal areas, while the presence of hepatocytes 

suffering from hydropic degeneration, apoptotic nuclei and some liver steatosis was observed. 

Additionally, collagen fibers were observed to have a nearly normal appearance. Exposure to 

low doses of ionizing radiation has been shown to stimulate positive biological responses, a 

phenomenon known as radiation hormesis (Sharma et al., 2019). 

            Gharib et al. (2024) suggested that low dose radiation might protect against 

histopathological alterations and liver damage brought on by dextran sodium sulfate (DSS). 

Low dose gamma irradiation (LDR), on the other hand, lessened the detrimental effects on 

liver tissues  )Moawed et al., 2019; Abd Elmonem et al., 2022). LDR's ability to modulate vital 

cellular processes, such as cell proliferation and differentiation, may be the reason for its 

beneficial impacts on structural alterations (Esmat et al., 2022). The reduction of DNA damage 

caused immediately following irradiation and the activation of anti-oxidative and anti-

apoptotic pathways may be responsible for this impact (Al-Attar and Alsalmi, 2019). A helpful 

impact of low dose ionizing γ radiation (γR) exposure against D-galactosamine was proposed 
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by Elsaman et al. (2023), the anti-inflammatory properties of IR, which shield the hepatic cell 

through a proinflammatory cascade caused by toxins, may be partially responsible for induced 

liver damage. Esmat et al. (2022) investigated the protective effects of low doses of γ-

irradiation (LDR) against cisplatin (CIS)-induced hepatotoxicity in rats. Their results show that 

rats exposed to LDR have a slightly dilated central vein surrounded by hepatocyte cords, some 

of which are normal and others of which exhibit mild steatosis. According to Ognjanovi´c et 

al. (2012), this may be related to their antioxidant powers, reducing the harmful effect of nitric 

oxide (NO) produced during CIS injection on liver cells.Abdel-Aziz et al.(2022) declared that 

low-dose gamma radiation (e.g., 40 mGy) has been shown to activate the Nrf2 pathway, 

enhancing antioxidant defenses (e.g., increased total antioxidant capacity, TAC) and reducing 

lipid peroxidation (LPO) and pro-inflammatory cytokines like TNF-α.This adaptive response 

may counteract fibrosis by mitigating oxidative damage, a key driver of hepatic stellate cell 

(HSC) activation and collagen deposition )Nakajima et al., 2018). 

             In the current study, sections in the liver tissue of albino rats of the NM+IR treated 

group showed somewhat normal architecture of liver tissue while the central vein was slightly 

elongated. Also, well developed portal area of liver tissue, but the hepatic portal vein was 

congested with highly hemolyzed blood cells inside it.  Normal distribution of collagen fibers 

was also noted.  Rats treated with MOE and/or LDR showed a substantial improvement in liver 

damage, according to Moustafa et al. (2015). It is possible to draw the conclusion that MOE is 

more effective against thioacetamide-induced liver fibrosis in rats when exposed to LDR. They 

also said that, when compared to the control group, the histological analysis of the liver showed 

no alteration in the tissue architecture of the rats given MOE and/or LDR. 

            Considerable improvements in oxidative indices and a considerable reduction in liver 

enzymes were brought about by the administration of MOE and/or exposure to LDR. The 

ability of MOE to modify the cellular redox tone may be the cause of this. The purified 

compounds sitosterol, quercetin, and kaempferol that were isolated from the ethanol extract of 

M. oleifera leaves, along with the presence of total phenolics and flavonoids in the extract, may 

be the reason for the leaves' hepatoprotective and antioxidant qualities, according to Singh et 

al. (2014). Additionally, MOE improves the antioxidant level in mice, preventing liver damage 

(Das et al.,2012). 

            Low doses of radiation have been shown to improve protection by promoting 

endogenous antioxidant activities, particularly GSH, which prevent excessive ROS production 

(Kawakita et al., 2003; Fahmy and Gharib, 2014). Hamza (2010) reported that Moringa 

oliefera decreased collagen deposition in the liver of injured rats. Abdel-Aziz et al.(2022), 

stated that low-dose radiation upregulates mitochondrial complexes I and II, improving energy 

metabolism and reducing reactive oxygen species (ROS)-mediated fibrosis.   

Histochemical changes in the liver tissue:  

β– amyloid Protein:  

           In the current study, section in the liver tissue of the PC treated group showed densely 

stained β-amyloid (Aβ) proteins. 

           More than 90% of people with type 2 diabetes have cytotoxic amyloid fibrils formed 

from the aggregation of islet amyloid polypeptide (IAPP, amylin). Insulin and IAPP, a 37-

residue peptide, are secreted together by pancreatic β-cells (Jaikaran and Clark, 2001; Li and 

Zhang, 2025). These fibrils disrupt β-cell function through membrane permeabilization, 

endoplasmic reticulum stress, and mitochondrial dysfunction (Abedini and Schmidt, 2013). 

          Soluble IAPP monomers or oligomers may enter the liver via the portal vein. In diabetic 

states, hepatic clearance mechanisms are impaired, facilitating IAPP accumulation in 

perisinusoidal spaces (Syed et al., 2016). In vitro studies show that IAPP aggregates induce 

hepatocyte apoptosis and cholestasis (Jaikaran and Clark, 2001; Li and Zhang, 2025).  In the 

present study, sections of the liver tissue from albino rats the NM treated group showed 

decreased Aβ protein deposition in the liver tissue.         
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            Antioxidants play a critical role in reducing hepatic Aβ deposition by mitigating 

oxidative stress, enhancing enzymatic degradation, and improving liver function (Fanlo-Ucar 

et al., 2024; Wu et al., 2025). Flavonoids are a type of polyphenolic chemicals that are 

abundant in Moringa and are distinguished by their strong antioxidant and health-promoting 

qualities. With concentrations as high as 1,362.6 mg/kg, quercetin, the main flavonoid found 

in Moringa oleifera leaves, exhibits strong anti-inflammatory, anti-diabetic, and antioxidant 

qualities (Vergara-Jimenez et al., 2017; El-Sherbiny et al., 2024). 

            Quercetin and epigallocatechin  gallate (EGCG) scavenge free radicals, protecting 

hepatocytes from oxidative damage linked to Aβ aggregation) Minocha et al., 2022; Vicente-

Zurdo et al., 2024(  . Quercetin upregulate insulin-degrading enzyme (IDE) and neprilysin 

(NEP) in hepatocytes, enhancing Aβ degradation) Minocha et al., 2022 ( . 

            In the current work, sections in the liver tissue of albino rats of the IR treated group 

showed mild to moderate deposition of Aβ plaque in hepatocytes of the central and portal areas.  

Low-dose gamma radiation (e.g., 0.25–2.0 Gy) has been shown to have hormetic effects, such 

as suppressing pro-inflammatory cytokines like TNF-α and IL-1β and activating antioxidant 

pathways. Adaptive responses mediate these effects by lowering inflammation and oxidative 

stress, which are also linked to liver dysfunction and reduced Aβ clearance (Abdel-Aziz et al., 

2021; Coelho et al., 2022).  

            Low-dose gamma radiation improves energy generation and lowers oxidative damage 

by increasing the activity of mitochondrial complex I and II in hepatocytes. Because 

mitochondrial failure affects cellular repair pathways, it makes Aβ accumulation worse. 

Protease degradation and autophagy, two liver detoxification processes essential for amyloid 

processing, may be supported by increased mitochondrial efficiency) Vaiserman et al., 2021). 

In the current study, sections of liver tissue from albino rats suffering from pancreatitis treated 

with nano-Moringa and irradiation showed apparently normal deposition of β–amyloid 

proteins. 

            Low-dose radiation  activates nuclear factor erythroid 2-related factor 2 (Nrf2), a 

regulator of antioxidant genes, which could protect hepatocytes from oxidative damage and 

improve metabolic efficiency in Aβ degradation ) Ceyzériat et al., 2020;  Coelho et al., 

2022).Activation of (Nrf2) decreases lipid peroxidation and DNA damage indicators in the 

liver and promotes the production of detoxifying enzymes such as glutathione peroxidase 

)Abdel-Aziz et al., 2022(. This antioxidant boost may counteract oxidative stress, a key driver 

of amyloid-β (Aβ) aggregation and impaired hepatic clearance  )Iacono et al., 2021.( 

            Flavonoids in Moringa have demonstrated encouraging medicinal qualities in relation 

to liver function. Flavonoids can alter the composition of the gut microbiota, lower oxidative 

stress and inflammation, and improve the liver's lipid profile. Specifically, components like 

quercetin, genistein, and silymarin have demonstrated the capacity to improve glucose 

metabolism, lessen inflammation, and decrease fat buildup in the liver (Sokal-Dembowska et 

al., 2024). 

Apoptosis:    

            In the current study, sections in the liver tissue  of rats suffering from pancreatitis 

showed increased apoptotic cells in the liver tissue especially in between hepatocytes. 

Takeyama et al. (2000) reported that apoptosis was detected in hepatocytes in the rats with 

severe acute pancreatitis  Liu  et al. (2021),  reported that acute pancreatitis causes mitochondrial 

calcium overload in hepatocytes, leading to reactive oxygen species (ROS) accumulation. This 

depletes antioxidants (e.g., glutathione), activates pro-apoptotic Bax, and inhibits anti-

apoptotic Bcl-2.  

           The type II transmembrane protein known as Fas Ligand (FasL/CD95L) is a member of 

the tumor necrosis factor (TNF) superfamily. It plays vital functions in immunological 

modulation, tissue homeostasis, and disease pathogenesis by binding to its receptor Fas (CD95) 

to initiate apoptosis, or programmed cell death (Nagata, 1996). Gallagher et al. (2004) reported 
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that during AP, pancreatic enzymes (e.g., elastase) activate Kupffer cells (KCs), upregulating 

Fas ligand (FasL) expression. FasL binds to Fas receptors on hepatocytes, triggering caspase-

3 cleavage and apoptosis. They added that Cerulein-induced AP in mice increased liver and 

serum FasL, correlating with elevated AST/ALT and caspase-3 activation. 

            In the present study, sections in the liver tissue of rats suffering from pancreatitis treated 

with nano-Moringa showed slight distribution of apoptotic cells in hepatocytes. Mahmoud et 

al. (2022) added that MOLE increases superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GPx), and Nrf2 expression, which neutralizes ROS and prevents 

mitochondrial dysfunction. Nurhayati et al. (2024) stated that Moringa oliefera) 

MOLE(reduces apoptosis by enhancing antioxidant defenses and reducing reactive oxygen 

species (ROS). In diabetic liver damage, Moringa oliefera normalized blood glucose, enhanced 

insulin signaling and reduced hepatocyte apoptosis (Hegazy et al., 2025). 

            In the current work, sections in the liver tissue of rats of the IR treated group showed 

apparently normal distributions of apoptotic hepatocytes. Kim et al. (2020(  reported that low-

dose gamma radiation reduces levels of TNF-α and caspase-3, markers of inflammation and 

apoptosis  in the liver.  Pre-exposure to low-dose gamma radiation upregulates Nrf2, a master 

regulator of antioxidant responses. This enhances the expression of detoxifying enzymes (e.g., 

superoxide dismutase and catalase) and increases total antioxidant capacity, thereby reducing 

oxidative stress and subsequent apoptosis (Nakajima et al., 2018; Abdel-Aziz et al., 2022).  

            In the present study, sections in the liver tissue of the NM+IR treated group showed 

slightly few distributions of apoptotic cells in the liver tissue.  These results are in accordance 

with  those of Farghly et al. (2024) who found that rats treated with both nano-Moringa and 

irradiation after one week of treatment showed few apoptotic cells in cerebellum molecular 

layer, granular layer and Purkinje cells. In rat livers, low dose gamma radiation 

significantly decreased pro-apoptotic markers such as caspase-3, TNF-α, and BAX, while 

increasing anti-apoptotic proteins like Bcl-xL  (Abdel-Aziz et al., 2022).  Moringa oliefera 

contains potent antioxidants (e.g., flavonoids, phenolic acids, and glucosinolates) that mitigate 

oxidative stress, a key factor in liver apoptosis) Albrahim and Binobead, 2018; Kashyap et al., 

2022). 

CONCLUSION 

            Overall, the current investigation discovered that nano- Moringa,low dose γ-irradiation 

either alone or combined ameliorated physiological, histopathological and histochemicals 

alterations, improved liver functions, and decreased Random blood sugar (RBS), while a 

remarkable increase in insulin level to counteract the liver impairment brought on by AP.  
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