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ABSTRACT

Background: One of the most prevalent conditions in gastroenterology is acute
pancreatitis. Acute kidntey damage (AKI) is a significant indicator of morbidity
and mortality and a frequent, major side effect of severe acute pancreatitis (SAP).
Several drug classes may be transported by nanoparticles. Without any issues, the
nutritional and biochemical properties of Moringa oleifera nanoencapsulated
suggested a potential anti-hyperglycemic benefit. Low-dose gamma radiation can
boost the activity of the immune system's effectors and stimulate the immune
system. Aim of the work: This study is designed to evaluate the effect of nano-
Moringa Oleifera leaves extract and/or low dose gamma irradiation on acute
pancreatitis induced by L-arginine on the kidney tissues of rats. Materials and
Methods: Fifty adult male rats were categorized in five separated 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 in order 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) twice at 1-hour intervals, day by another day for 14 days and were
exposed to 0.25 Gy x2/week for 2weeks. The experimental rats were sacrificed
after one day of treatments; kidney functions, plasma insulin growth factor 1
(IGF1) level and C- Reactive Protein (CRP) and plasma pancreatic enzymes (lipase
and amylase) , histopathological and histochemical changes in renal tissue were
evaluated. Results: rats suffered from PC revealed a significant increase in
creatinine, urea, CRP, lipase and amylase while a significant decrease in IGFI,
along with severe renal tissue damage. Treatment of experimental animals suffered
from PC with NM and y-irradiation either alone or combined, a remarkable
decreased creatinine, urea, CRP, lipase and amylase while remarkable increase in
IGF1, resulting in notable amelioration of kidney tissues damage. Conclusion: To
minimize the kidney damage induced by acute pancreatitis, it is recommended to
use nano-Moringa and low y-irradiation, either separately or in combination.
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INTRODUCTION

One of the most prevalent conditions affecting the digestive system that necessitate
hospitalization is acute pancreatitis (AP), which is also linked to a significant amount of
morbidity. The illness starts with acute inflammation that is accompanied by severe stomach
pain, nausea, and vomiting (de-Madaria and Buxbaum, 2023). Acute pancreatitis has an
intolerably high death rate and can quickly progress to systemic inflammation and potentially
multiple organ dysfunction syndrome (MODS) (Agarwal et al., 2016). L-arginine (ARG)-
induced AP was identified as a novel and distinct kind of experimental pancreatitis (Borai et
al.,2017). Tani et al. (1990) described a rat model of necrotizing acute pancreatitis caused by
L-arginine. In this model, 500 mg/100 g was the dosage. Death rates were relatively significant
for doses beyond 500 mg/100 g of body weight. Seventy to eighty percent of the pancreatic
acinar cells necrotized after a single intraperitoneal injection of 500 mg/100 g in three days.

In acute pancreatitis, retrospective investigations identified risk factors for AKI, but
they did not identify the necessity of kidney replacement therapy (Li ef al., 2010; Charilaou et
al., 2018). Devani et al. (2018), found that a history of chronic kidney disease, sepsis,
respiratory failure, intensive care unit admission, older age, and male gender all increased the
risk of AKI. Patients with AP with AKI had a death rate that ranged from 25% to 75% (Lin et
al.,2011). However, Devani et al. (2018), discovered that over the previous ten years, the death
rate among individuals with AKI had decreased threefold. One significant pathophysiologic
event is the early activation of pancreatic enzymes within the acinar cells. This causes the
pancreas and adjacent tissues to autodigest, which sets off a series of events that culminate to
AKI (Pandol et al., 2007). Decreased abdominal pressure, severe kidney vasoconstriction,
hypercoagulability, fibrin deposition in the glomeruli, hypovolemia, hypotension, and fluid
extravasation from the vascular space are all possible outcomes of endothelial damage caused
by the release of activated enzymes and proteases into the systemic circulation. Additionally,
autodigestive acinar damage triggers the release of cytokines and the generation of oxygen free
radicals (Satake ef al., 1991; Zhang et al., 2008).

Morris (2014) defines nanotechnology as the application of knowledge and influence
over matter at dimensions ranging from 1 to 100 nm, where special physical characteristics
enable the development of new applications. The ability of nanotechnology to alter materials
at extremely small scales to get specific properties that would greatly enhance the toolbox of
materials science is the basis for many of its benefits (Omietimi et al., 2023).

Nanotechnology-based herbal medicines offer a lot of potential and special qualities,
like the ability to turn less soluble, poorly absorbed, and unstable ingredients into viable
medications. Thus, delivery systems based on nanotechnology offer a promising way to boost
herbal activity and get past the problems with herbal medication (Sandhiya and Ubaidulla,
2020). Nanotechnology has enormous potential to transform how we identify, treat, and
prevent diseases in the healthcare and medical fields in the future (Malik et al., 2023).

Due to its many medicinal and non-medical applications, Moringa oleifera, also known
as the "tree of life" or "miracle tree," is considered an important herbal plant. For many years,
the herb has been used to treat discomfort, ulcers, liver and heart illness, cancer, inflammation,
and wound. The tree's vital nutrients are utilized in almost every part of it (Pareek et al., 2023).

Additionally, zeatin, quercetin, and kaempferom a rich and uncommon combination
found in Moringa leaves have demonstrated strong antifungal, anti-inflammatory, and
anticancer properties (Patel et al., 2010). These active ingredients may help reduce
hyperglycemia and hyperlipidemia by acting as antioxidants (Abdulkadir ez al., 2015). 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).

It has been demonstrated that low-dose gamma radiation can protect the kidneys; this
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is referred to as radiation-induced preconditioning. Prior to exposure to low-dose radiation in
mouse models, defensive mechanisms (such as angiogenesis and the oxidative stress response)
were triggered, which lessened eventual damage from ischemia-reperfusion injury, which can
impact urea and creatinine levels (Khbouz et al., 2023).

The purpose of this investigation was to explore the potential therapeutic effects of
extract from nano-Moringa oleifera leaves and/or low-dosage gamma irradiation to cure
kidney injury in rats that was caused by acute pancreatitis triggered by L-arginine.

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 process, which was created
and conducted in compliance with the CIOMS and ICLAS International Guiding Standards for
Biomedical Research Regarding Animals (Warnecke et al.,2008).

Radiation Facility:

The gamma cell-40 irradiation was carried out inside the Cairo-based Egyptian
National Center for Radiation Research and Technology (NCRRT). A cesium-1 irradiation
device, the gamma cell-40 is manufactured by Atomic Energy of Canada Ltd. According to
Frey et al. (2015), the experimental animals received 0.25 Gy x2 /week for two weeks at a
dosage rate of 0.423 Gy/min. At the time of the experiment, this was computed using the
Dosimetry Department's guidelines from the NCRRT.

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-HCI 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) to create PLGA-PEG
nano-void. These were then added to the watery PV A solution prior to emulsification with the
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PLGA polymer. To enable the organic solvent to evaporate, the 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 A 0=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 pg/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.

GS5: Nano-Moringa oleifera + gamma irradiated treated (NM + IR): the positive control
animals were treated with NM (50 mg/Kg/day) daily for 14 days and were exposed to 0.25 Gy
x2/week/2weeks.

Rats in each group were given isoflurane anesthesia, and samples of renal tissue and
blood serum were taken after a day of treatment. In order 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 kidney 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 Kidney Functions:
1.Estimation of Creatinine:

The kinetic method of Murray (1984) was used to measure creatinine using a
commercial kit from SPINREACT Company in Spain.
2.Estimation of Urea:

A commercial kit from SPINREACT Company in Spain was used to quantify urea using
the kinetic approach (Kaplan, 1984).

Estimation of Insulin-Like Growth Factor 1 (IGF-1):
IGF1 levels were measured using a commercial kit that was bought from the CUSABIO
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Company in the United States.
Estimation of C- Reactive Protein(CRP):
A commercial kit from My BioSource Inc. in San Diego, California, USA, was used to
measure the level of C-reactive protein.
Plasma Pancreatic Enzymes Activities:
A) Lipase Activity:

A diagnostic kit from the Salucea Company was used to measure the lipase activity in
plasma (Moss, 1999).

B) Amylase Activity:

A diagnostic kit from the Salucea Company was used to measure the amylase activities
in plasma (Winn-Deen et al., 1988).

Histological and Histochemical Analysis:

Renal samples were submerged in 10% neutralized formalin prior to being dehydrated
and preserved in paraffin wax. For histological analysis, sections (5 um) were cut using a
microtome, mounted on glass slides, and stained with hematoxylin and eosin stains (H & E)
(Bancroft et al., 1996). Collagen fibers were stained by using Masson’s Trichrome (Mao et al.,
2016). Amyloid- protein was detected by Congo red technique (Bancroft and Gamble, 2008).
Paraffin-positive slides were stained with 5 pg/ml propidium iodide and 50 pg/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:

The statistics package for Windows, version 15.0, was used for all statistical analyses
(SPSS Software, Chicago, IL). Results for continuous variables were presented using the
average standard error. The values were compared using one-way analysis of variance
(ANOVA), and p values less than 0.05 were considered 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) 1s 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 (Figure 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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e

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:
-The kidney Functions:

A group of rats suffering from PC revealed a significant increase in creatinine (105%)
and urea (32.53%) levels in comparison with the control group.

Treatment of experimental animals, suffered from PC with NM and y-irradiation either alone
or combined, a remarkable decrease in in creatinine (-30.49%, -14.63% and -32.93%
respectively) and urea (-19.42%,-22.45% and -17.87% respectively) levels 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 creatinine and urea levels in adult male albino rats suffering from pancreatitis.

Parameter Creatinine(mg/dl) Urea(mg/dl)
Time One day One day
Mean+ % % Mean+ S.E % %
Groups S.E change | change change | change
(©€) (19 (©) PC)
Control (C) 0.40+0.04 0 % -51.22% 8.69+1.81 0% - 24.55%
Positive 0.82+0.05 | 105% 0% 64.53£1.82 | 32.53% 0%
control (PC) a a
Nano-Moringa | 0.57+£0.02 | 42.5% | - 30.49% 52+0.73 b 6.80% | -19.42%
(NM) ab
Gamma- 0.70+0.03 | 75% -14.63% | 50.04+0.95 | 2.77% | -22.45%
irradiated a b
|__group (IR)
NM+IR 0.55+£0.01 | 37.5% | -32.93% 53=1.53 b 8.85% | -17.87%
ab

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.

Plasma Insulin Growth Factor 1 (IGF1) level and C- Reactive Protein CRP:

A group of rats suffering from PC revealed a significant decrease in IGF1 level (- 49.29
%) while a significant increase in CRP level (304.71%) in comparison with the control group
was recorded.

Treatment of experimental animals, suffered from pancreatitis with NM and y-
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irradiation either alone or combined, a remarkable increase in IGF1 levels (32.47%, 50.75%
and 41.94% respectively) was observed. In contrast a remarkable decrease in CRP level (-

68.23%, -66.14% and -69.44%, respectively) were revealed when compared to the PC group
(Table 3).

Table 3: Effect of nano-Moringa oleifera leaves extract and/or low doses of gamma irradiation
on IGF1 and CRP levels in adult male albino rats suffering from pancreatitis.

Parameter IGF1(ug/n) CRP (mg/L)
Time One day One day
Mean+ S. E %0 % Mean= 5. E %o %o
Groups Change | Change change | change
© | @) © ®C

Control (C) 9.17£0.35 | 0.0% | 79.20% | 14.45£1.32 0% -75.29%

Positive control | 4.65=0.112| -4929 | 0.0% |58.48+x1.59| 304.71% 0%

PO % a
Nano-Moringa |6.160.072>| -32,82%| 32.47% | 18.58+1.55| 28.58% -
(NM) b 68.23%
gamma- 7.01+0.063"| -23.56% | 50.75% | 19.80+0.50| 37.02% | -66.14%
irradiated group ®
IR
Nano- Moringa |6.60+0.03%(-28.03% | 41.94% | 17.87+0.47| 23.67% | -69.44%
(NMAIR) ®

Ligands as in table 2

Plasma Pancreatic Enzymes (lipase and amylase) Activities:

A group of rats of the PC revealed a significant increase in lipase (102.49%) and amylase
(38.91%) activity in comparison with the control group. Treatment of experimental animals,
suffered from pancreatitis with NM and y-irradiation either alone or combined, a significant
decrease in lipase (-46.02%, -46.18% and -33.26%, respectively) and amylase activity
(25.87%,-23.76%, and -25.23%, respectively) were noted when compared to the PC group
(Table 4).

Table 4: Effect of nano-Moringa oleifera leaves extract and/or low doses of gamma irradiation
on lipase and amylase activity in adult male albino rats suffering from pancreatitis.

Parameter Lipase(U/ml) Amvlase(U/ml)
Time One day One day
Mean+ S. E % % Mean+ S. E % %
change | change change | change
Groups ©) ®ro) ©) PC)
Control | 38.50£1.06 | 0.0% |[-50.62% | 2722.25=49.2 | 0.0% | -28.01%
(C) 0
Positive | 77.96£1.04 |102.49%| 0.0% | 3781.58+36.52 | 38.91% | 0.0%
control 2 @
ro)
Nano- 42.08+1.45 | 9.3% |[-46.02% | 2803.17+45.09 | 2.97% | -25.87%
Moringa b b
(M)
IR 41.96+1.23 |108.99% | -46.18% | 2902.67+7.51 | 6.63% | -23.76%
b ab
Nano- 52.03£1.77 | 35.14% | -33.26% | 2827.50+48.04 | 3.87% | -25.23%
Moringa ab b
(NM+IR)

Ligands as in table 2
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Histological Results of the Kidney Tissue:
The Control Group:

The renal cortex of the control adult male albino rat exhibits normal architecture. Renal
tubules encircled the dense, rounded structures that were known as renal corpuscles. Each
glomerulus is surrounded by narrow Bowman's space and Bowman's capsule.

The primary components of the cortical tubules are the distal and proximal convoluted
tubules. The proximal tubules consist of simple cuboidal epithelium and narrow lumens with
intensely stained cytoplasm. The distal convoluted tubules are differentiated from the proximal
by the absence of brush borders, larger defined lumens and less affinity to stain (Fig. 5 A).
Sections in the kidney cortex tissue of rats of the PC group showed congested and lobulated
glomeruli. Interstitial hemorrhage and necrotic areas containing inflammatory cells were
recorded (Fig. 5 B). Sections in the liver tissue of the NM treated group showed nearly normal
appearance of glomeruli, proximal and distal convoluted tubules. At the same time, the
hemorrhage was still detected (Fig. 5C). On the other hand, sections in kidney cortex tissue
from IR treated group showed well-developed kidney architecture (Fig. 5D). At the same time,
sections from the kidney tissue of the NM+IR treated group showed nearly normal appearance
of most convoluted tubules b ongested (Fig. 5 E).

Fig. 5(A-E): photomicrographs from sections of the kidney cortex tissues of different
experimental groups of adult male albino rats, stained with hematoxylin and eosin showing A:
the control group with normal architecture of the kidney cortex consisting of glomeruli (g),
proximal (px) and distal (ds) convoluted tubules. B: the PC group with congested and
lobulated glomeruli (g). Interstitial hemorrhage (J) and necrotic (A) areas contain
inflammatory cells are recorded. C: the NM treated group with nearly normal appearance of
glomeruli, proximal and distal convoluted tubules while the hemorrhage () is still detected.
D: the IR treated group with well-developed kidney architecture. E: the NM+IR treated group
with nearly normal appearance of most convoluted tubules, but the glomeruli (g) are still
congested. (H&E stain, A, B, C and D X 400)
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Collagen Fibers:

Figure 6(A) revealed that the control group's proximal and distal convoluted tubule
walls, glomeruli, and Bowman's capsules were supported by thin collagen bundles.

Meanwhile, experimental animals of the PC group demonstrated significantly higher
levels of collagen fibers in the kidney cortex, particularly in the Bowman's capsules, the
basement membranes of the convoluted tubules, and the brush borders. (Fig.6 B).

Furthermore, section in the renal cortex tissue of the NM treated group showed to some
extent normal collagen fibres distribution with moderately staining affinity in Bowman's
capsules, glomeruli and brush borders of the proximal convoluted tubules (Fig. 6 C).

On the other hand, section in the renal cortex tissue of the IR treated group showed
nearly moderately stained and normal distribution of collagen fibres in the kidney cortex (Fig.
6 D).

At the same time, section in the kidney cortex tissue of the NM+IR treated group
showed a collagen fiber distribution that was almost normal (Fig. 6 E).

Fig. 6(A-E): photomicrographs from sections of the kidney cortex tissues of different
experimental groups of adult male albino rats, stained with masson trichrome showing A: the
control group with normal distribution of collagen fibers. Notice: thin collagen bundles
supporting the Bowman's capsules (Bc¢), glomeruli (g) and walls of the proximal (px) and distal
convoluted tubules(ds). B: the PC group with highly increased collagen fibers (f) deposition
in the kidney cortex. C: the NM treated group with some extent normal collagen fibres (f)
distribution. D: the IR treated group with nearly moderately stained and normal distribution of
collagen fibers (f) in the kidney cortex. E: the NM+IR treated group with thin scattered
collagen fibres which support the glomeruli and convoluted tubules.
(Masson trichrome (MT)stain, A, B, C and D X 400)
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Histochemical Results of The Kidney Tissue:
Amyloid p — Protein:

Figure 7 (A) represents faintly stained deposition of f— amyloid in the kidney cortex
tissue of albino rats of the control group.

Meanwhile, section in the kidney cortex tissue of the PC group showed densely
stained - amyloid (Ap) proteins in most convoluted tubules (Fig. 7B).

Furthermore, section in the renal cortex tissue of the NM treated group showed
comparatively to some extent faintly stained - amyloid (AB) deposition in convoluted tubules
and glomeruli (Fig. 7 C).

While sections in the kidney cortex tissue of the IR treated group showed mild to
moderate deposition of - amyloid (AB) protein in convoluted tubules and glomeruli (Fig. 7 D)

At the same time, section in the kidney tissue of the NM+IR treated group showed
faintly stained p — amyloid deposition in the convoluted tubules and glomeruli (Fig. 7 E).
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SV N RN L
E ‘%‘f‘_. ',""’&'.i"‘-}"éa' A -
Fig. 7(A-E): photomicrographs from sections of the kidney cortex tissues of different
experimental groups of adult male albino rats, stained with congo red n showing A: the control
group with faintly stained - amyloid protein in the convoluted tubules and glomeruli. B: the
PC group with densely stained - amyloid (AB) proteins (A ) in most convoluted tubules. C:
the NM treated group with comparatively to some extent faintly stained - amyloid (AB) plaque
and its deposition in convoluted tubules and glomeruli. D: the IR treated group with mild to
moderate staining of B- amyloid (AB) plaque deposition in convoluted tubules and glomeruli.
E: the NM+ IR treated group with faintly stained B—amyloid deposition in the convoluted
tubules and glomeruli. (Congo red stain, A, B, C and D X 400)
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Apoptosis:

Section in the kidney cortex tissue of albino rat of the control group showed green
viable cells in glomeruli and convoluted tubules (Fig. 8 A). While section in the kidney tissue
of the BC group showed increased apoptotic cells in glomeruli and convoluted tubules (Fig. 8
B).

Moreover, section in the kidney tissue of the NM treated group showed aggregation
of apoptotic cells especially in convoluted tubules (Fig. 8 C).

Furthermore, section in the kidney tissue of the IR treated group showed somewhat
apoptotic cells were observed either in glomeruli or in convoluted tubules (Fig. 8 D).

Meanwhile, section in the kidney tissue of the NM+IR treated group showed few
apoptotic cells in glomeruli and convoluted tubules (Fig. 8 E).

N B

Fig. 8(A-E): photomicrographs from sections of the kidney cortex 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 cells in glomeruli (g) and convoluted
tubules (|).B: the PC group with increased apoptotic cells in glomeruli (1) and in convoluted
tubules (A). C: the NM treated group with aggregation of apoptotic cells, especially in
convoluted tubules. D: the IR treated group with apparently somewhat apoptotic cells are
observed either in glomeruli (1) or in convoluted tubules (A). E: the NM+ IR treated group
with few apoptotic cells in glomeruli (1) and convoluted tubules (A).

(Propidium iodide and acridine orange stain A, D X 100- B, C& E X 250).
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DISCUSSION

Acute pancreatitis can result in a systemic illness that can cause death or malfunction
of several organs (Rehman et al., 2021). Acute kidney damage is a systemic consequence of
acute pancreatitis (AP) (AKI). In patients with AP, the development of acute renal injury raises
treatment costs, morbidity, and mortality (Ugurlu and Tercan, 2023).

Sahoo et al. (2007) stated that tools and materials with a high level of specificity for
interactions with the body that are subcellular (i.e., molecular) are used in medicine and
physiology when using nanotechnology. Nanotechnology in healthcare and medicine has
enormous potential to transform how we identify, treat, and prevent illnesses. Future medical
and healthcare applications of nanotechnology have enormous promise to transform how we
identify, treat, and prevent illnesses. (Malik et al., 2023).

Extracts from Moringa oleifera effectively lower the synthesis of inflammatory
mediators (Fard et al.,2015; Arulselvan et al., 2016).

According to Lau ef al. (2021), A small amount of infrared radiation is required for life,
acknowledging that the natural production of reactive oxygen species (ROS) is adequate to
power defense mechanisms and produce radiation hormesis, a beneficial effect on health.

This study used biochemical parameters, histopathological, and histochemical studies to
demonstrate the potential therapeutic role of nano-Moringa oleifera leaf extract and/or low
dose gamma irradiation against kidney injury caused by acute pancreatitis induced by L-
arginine.

The Biochemical Measurements:
The kidney Functions:

In the current investigation, a group of rats with pancreatitis showed significantly
higher levels of urea and creatinine after just one day of treatment compared to the control
group. The current results are consistent with those of Disoukey et al. (2023), who found that
acute pancreatitis caused by L-arginine significantly increased creatinine and urea levels when
compared to the control group. Hypoxemia, the release of pancreatic amylase from the injured
pancreas, and disruption of renal microcirculation may all be contributing factors to acute
kidney injury linked to AP. These results agree with the results of Mayumi ef al. (2002) and
Amy et al. (2014). According to Pando et al. (2021), variations in blood urea have been
suggested as a risk factor for AP problems.

In this investigation, as compared to the PC group, rats with pancreatitis treated with
nano-Moringa and y-radiation, either separately or in combination, showed a significant
decrease in creatinine and urea levels after one day of treatment. According to Onah et al.
(2016), M. oleifera was shown to significantly prevent lead-induced kidney damage, as
evidenced by a decrease in kidney lipid peroxidation, an increase in kidney antioxidant
enzymes (CAT, SOD, and GST), and a decrease in kidney damage markers (creatinine, urea,
and uric acid). The stabilizing function of the cell membrane, which stops enzyme leakage and
restores the integrity of the cells, may be the reason for MO's decrease in the indicators of
kidney injury (Pari and Karthikesan, 2007). Quercetin and kaempferol may be the cause of
MO's protective effects (Selvakumar and Natarajan, 2008), vitamin A, and ascorbic acid
(Toppo et al., 2015).

By lowering inflammation and oxidative stress, low doses of gamma radiation (e.g., <
0.5 Gy) may trigger protective kidney mechanisms that subsequently normalize creatinine and
urea levels( Khbouz et al., 2023).

IGF1land CRP:

In this study a group of rats suffering from PC revealed a significant decrease in IGF1
level while a significant increase in CRP level in comparison with the control group.

The protein known as insulin-like growth factor 1 (IGF-1) is a member of the IGF axis.
Insulin secretion and sensitivity are regulated by IGF-1, which also affects B-cell mass.
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Numerous studies demonstrate the intimate connections between glucose metabolism,
including pancreatic disorders, and the IGF axis. IL-6 and TNF-a are two examples of pro-
inflammatory cytokines that hinder the IGF-1 axis's function (Osman et al., 2025).

Abdelzaher et al. (2021) revealed that rats given L-arginine injections had lower
insulin levels, a sign of Langerhans islet degeneration. Additionally, AP puts islets at risk for
an excessive release of cytokines, which contribute to the development of hyperglycemia and
may worsen the inflammatory response. Insulin resistance and increased hepatic
gluconeogenesis are caused by the intricate interactions between hormones and cytokines
under stress (Dungan et al., 2009). Acute glucotoxicity and intracellular glucose overload can
be caused by stress hyperglycemia, according to experimental and clinical data (Yang ef al.,
2022a). In chronic pancreatitis, elevated oxidative stress may be the cause of the concurrent
rise in insulin and blood glucose levels. This supported the findings of Rains and Jain (2011);
Zardooz et al. (2012),; Ayuob and ElBeshbeishy (2016) and Zheng et al. (2018) who reported
that Insulin resistance resulted from oxidative stress raising serum glucose and insulin levels.

It is commonly recognized that C-reactive protein (CRP) levels react to inflammation,
infection, and damage in any part of the body. C-reactive protein, or CRP, is primarily
categorized as an acute phase reactant, or marker of inflammation. However, studies are
beginning to show that CRP plays a significant role in inflammation. CRP is mostly produced
by IL-6-dependent hepatic biosynthesis and is the main downstream mediator of the acute-
phase response (APR) after an inflammatory event (Pradhan et al., 2001).

Zhao et al. (2020) reported that acute pancreatitis (AP) frequently results in an increase
in the level of blood C-reactive protein. Al-Hashem (2021) found that toxic dosages of L-
arginine promoted pancreatic tissue damage and raised pro-inflammatory mediators like TNF-
while decreasing the anti-inflammatory cytokine IL-10.

Treatment of experimental animals, suffered from pancreatitis with NM and y-
irradiation either alone or combined, a remarkable increase in IGF1 levels was observed while
a remarkable decrease in CRP level were revealed when compared to the PC group.

The ability of Moringa oleifera to reduce inflammation has been proven. The anti-
inflammatory qualities of several bioactive components found in M. oleifera extrac (Kooltheat
et al., 2014; Arulselvan et al., 2016). Experiments have demonstrated that Moringa oleifera
extracts decrease the generation of proinflammatory mediators and NO in LPS-stimulated
macrophages (Kou ef al., 2018).

Osman et al. (2025) discovered that LDR was associated with reduced levels of various
circulating markers of inflammation, including CRP concentrations, and increased levels of
the anti-inflammatory cytokine IL-10. Intriguingly, LDR (0.5-1.5 Gy) exhibits anti-
inflammatory properties and promotes the production of cytokines (IL-10) by endothelial cells,
polymorphonuclear leukocytes, and macrophages all of which are involved in the
inflammatory response. LDR administered to both lungs is thought to be helpful at this phase
because it functions as a potent anti-inflammatory drug that inhibits the production of
proinflammatory cytokines (Conti et al., 2020).

Plasma Pancreatic Enzymes (lipase and amylase) Activities:

In the present study, a group of rats suffered from pancreatitis revealed a significant
increase in lipase and amylase activity after one day of treatment in comparison with the
control group. These results are consistent with those of Disoukey et al. (2023) who
demonstrated how serum biochemical markers were impacted 24 hours and 7 days following
an injection of L-arginine-induced pancreatitis. When compared to the control group, they
discovered that serum lipase and amylase levels had dramatically increased. The imbalance
between the oxidant and antioxidant systems with damage in the experimental model of acute
pancreatitis (AP) may be the cause of the increase in lipase and amylase levels. Oxygen free
radicals (OFR) damage proteins and lipids in biofilms and induce lipid oxidation in cell
membranes, protein cell solutes, DNA, and macromolecules in the nucleus when activated
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leucocytes increase the production of ROS in AP. Additionally, the inherent defense system
causes cell membrane damage when the production of ROS increases in acute pancreatitis
(Ozgul et al., 2019; Disoukey et al., 2023 ). Yang et al. (2022 b) showed that adipose lipolysis
and elevated levels of unsaturated fatty acids were caused by pancreatic lipase interstitial
leakage. These harmful fatty acids can accelerate the development of the disease and ultimately
lead to multi-organ failure by inducing an inflammatory storm and the excessive release of
inflammatory markers. Acute pancreatitis is a pancreatic inflammatory disease that affects both
nearby tissues and distant organs (Mallick et al., 2019).

In this study NM+IR treated group showed a significant decrease in lipase, amylase
activity after one day of treatment when compared to the PC group.

Devy et al. (2024) revealed that administering Moringa oleifera flower extract to obese
Wistar white rats lowers their serum lipase and amylase levels, improving pancreatic function.
It was shown unequivocally that Moringa oleifera leaves had strong antioxidant properties and
that they significantly inhibit pancreatic lipase and a-amylase. They also reported that, out of
all the solvent extracts, the M. oleifera leat hydroalcoholic extract had a high concentration of
flavonoids and polyphenols (Swamy and Meriga, 2020).

Kilicheva (2023) verified that gamma radiation decreases the production of the
pancreatic enzymes lipases and amylases as well as their release into the blood, depending on
the dosage.

Histopathological Changes in the Kidney Tissue:

In the current study sections of the PC group's kidney tissue examined under a
microscope revealed lobulated and congested glomeruli. While the other proximal convoluted
tubules reflected necrotic cells, some of the distal convoluted tubules represented apoptotic
nuclei. Necrotic regions with inflammatory cells and interstitial hemorrhage were seen.
Elevated creatinine and urea are indicators of these alterations. The damage seen in the renal
tissue was indicated by these biochemical markers.

Stojanovi’c et al. (2024) discovered that the kidneys of rats fed L-arginine had tubular
deposits, inflammatory infiltration, vascular congestion, tubular degeneration, and sporadic
cell necrosis. Following L-arginine-induced AP, the peritoneal cavity undergoes a multitude
of processes, such as fluid and cell extravasation, enzyme leakage, and inflammatory
activation. The observed acute kidney injury was most likely caused by this type of fluid
extravasation to the peritoneal cavity (also known as third spacing), which decreased the
glomerular filtration rate. Kudari et al. (2007) stated that histopathological analysis of the
kidneys in the AP group revealed patchy areas of interstitial hemorrhage and vacuolization of
the tubular lining epithelium, primarily in the subcapsular region. A few tubules pointing
toward the medullary area displayed tubular lining epithelial necrosis, which is indicative of
early acute tubular necrosis.

Sections of the kidney tissue of albino rats with pancreatitis treated with nano-Moringa
after a day of treatment in the current study revealed proximal and distal convoluted tubules
and glomeruli that appeared almost normal, although the hemorrhage was still visible. In this
investigation, reduced levels of urea and creatinine in the group supplemented with nano-
Moringa after pancreatitis induction demonstrated the anti-inflammatory and antioxidant
properties of nano-Moringa.

Wijayanti et al. (2023) showed that MO leaf extract can lessen gentamicin-induced
nephrotoxicity. The low levels of necrosis and degeneration in the renal tubular cells suggest
that co-administration with MO leaf extract and gentamicin has a nephroprotective effect. It
has been demonstrated that the antioxidant chemicals lower the risk of kidney damage brought
on by gentamicin use (Mahmood et al., 2014; Tavafi, 2013). The anti-inflammatory and anti-
oxidative qualities of M. oleifera help to explain this observation. High concentrations of
carotene, ascorbic acid, iron, methionine, and cysteine are seen in M. oleifera (Jiwuba et al.,
2016). M. oleifera contains terpenoids, glycosides, flavonoids, tannins, and saponins, all of
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which have antibacterial, anti-carcinogenic, and antioxidant qualities. Additionally, these
components enhance the immunological response (Davinelli et al., 2015).

In this study, sections in the kidney tissue of the IR group showed well developed
kidney architecture but some tubules were dilated and some of the glomeruli were still
lobulated.

Moreover, section in the kidney tissue of albino rat suffering from pancreatitis treated
with nano-Moringa and irradiation after one day of treatment showed nearly normal
appearance of most convoluted tubules but the glomeruli were still congested.

Abbas et al. (2022), revealed that, in addition to its hypolipidemic effect and
enhancement of oxidant-antioxidant status, the combination of Moringa leaf extract and y-
radiation exposure produced super-additive cytotoxic effects on cancer cells and super-
relieving effects on hematological and renal testing parameters. Soliman et al. (2020), revealed
that mice fed methotrexate and protected by Moringa had kidneys with tubules and glomeruli
that were essentially normal.

In the current study, experimental animals of positive control rats suffering from
pancreatitis after one day of treatment revealed highly increased collagen fibers in the kidney
cortex, particularly in the Bowman's capsules, the basement membranes of the convoluted
tubules, and the brush borders.Michatek et al. (2023) found that increased collagen
accumulation following cerulein injection in pig kidneys stained with Masson's trichrome
indicated interstitial fibrosis. In response to an increase in reactive oxygen species, collagen
fibers can be seen or absent using Masson's trichrome staining. This is significant because it
has the potential to boost extracellular matrix synthesis (Mondal, 2017).

In the current study, sections in the kidney tissue of rats treated with nano- Moringa
showed to some extent normal collagen fibres distribution with moderately staining affinity in
Bowman's capsules, glomeruli and brush borders of the proximal convoluted tubules after one
day of treatment.

These results are in accordance with those of Kamel ef al. (2023) who discovered that
the fibrotic region in the Masson trichrome-stained section was used to measure the
tubulointerstitial fibrosis score in renal tissues. The decrease in the fibrotic score demonstrated
that there was no sign of fibrosis in the renal tissues of the MOE-treated group.

In this study, sections in the kidney tissue of IR group showed nearly normal distribution
of collagen fibres in the kidney cortex after one day of treatment. These results are in
accordance with those of Nakatsukasa et al. (2008) who discovered that oxidative stress and
pro-inflammatory cytokines, two major causes of fibrosis in AP-associated kidney injury, are
suppressed by low dose gamma irradiation.

Exposure to LDR for four weeks considerably improved renal dysfunction and
decreased pathological alterations, including fibrosis, in a study involving type 2 diabetic mice.
The antioxidant transcription factor Nrf2, which lowers oxidative stress and inhibits collagen
formation, was upregulated in the protective effects (Shao et al., 2014).

Because low doses of radiation suppress inflammation and oxidative stress, they can
lessen glomerular and tubulointerstitial fibrosis (Klaus ef al., 2021).

In this study, sections of rats suffering from pancreatitis and treated with nano- Moringa
and irradiation showed nearly normal distribution of collagen fibers after one day of treatment.

Furthermore, Abd-Elhakim et al. (2021) found that MOE's antioxidant and anti-
inflammatory qualities are thought to be the source of the anti-fibrosis mechanism. The ethanol
extract of MO leaves inhibited fibrogenesis by decreasing the expression of a tissue inhibitor
of metalloproteinases called "TIMP1." Flavonoids and phenolic acids, two kind of
polyphenols, are abundant in the dried leaves of Mo.

Gamma irradiation at low levels can reduce lipid peroxidation and improve antioxidant
defences, thereby mitigating radiation-induced oxidative stress in the kidneys and pancreas
(Nakatsukasa et al., 2008).
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The Histochemical Changes in the Kidney Tissue:

In the present study, experimental animals treated with L- arginine and suffering from
pancreatitis, the kidney tissue sections showed densely stained B-amyloid (AP) proteins in most
convoluted tubules after one day of treatment.

These results agree with those of Iglesias-Fortes et al. (2024), He stated that B-cell
damage brought on by acute pancreatitis results in abnormal human amylin (amyloidogenic)
production. Amylin aggregates in the pancreatic islets and travels to the kidneys through
extracellular vesicles or circulation. According to in vivo research, mice that overexpress
human amylin form amylin aggregates in their renal tubules and glomeruli, which are linked
to characteristics of diabetic nephropathy such as inflammation and glomerulosclerosis.

In the current work, sections in the kidney cortex tissue of NM group showed
comparatively to some extent faintly stained B-amyloid plaque and its deposition in convoluted
tubules and glomeruli after one day of treatment.

The most polyphenol-rich part of Moringa oleifera is its leaves, which are mostly
composed of quercetin, kaempferol, and chlorogenic acid (Vergara-Jimenez et al., 2017).
Polyphenols prevent several amyloidogenic proteins linked to kidney disease from fibrillating
(Ruan et al., 2022).

In the current study, sections in the kidney tissue of the IR group showed mild to
moderate deposition of B-amyloid (AB) plaque in convoluted tubules and glomeruli after one
day of treatment .One well-known treatment for localized amyloid deposits in organs such as
the kidney is radiotherapy. Radiotherapy is already used to stabilize amyloid deposits in
systemic amyloidosis. Fractionated low-dose radiation slows the formation of amyloid in
organs such as the kidneys and heart (Coelho et al., 2022).

In the present study, sections in the kidney tissue of the NM+IR treated group showed
nearly normal deposition of f—amyloid in the convoluted tubules and glomeruli after one day
of treatment.Whole-body irradiation showed positive effects in rodent models of diabetic
kidney disease, including decreased amyloid precursor protein (APP) expression, enhanced
glucose metabolism, and decreased renal inflammation (Paithankar ef al., 2023).

In the present study, sections in the kidney tissue of rats suffered from pancreatitis after
one day of treatment showed increased apoptotic cells in glomeruli and convoluted tubules.

These results are aligned with those of Li et al. (2023) who showed that systemic
inflammatory response syndrome (SIRS), which is brought on by severe acute pancreatitis,
releases reactive oxygen species and pro-inflammatory cytokines like TNF-a, IL-6, and IL-1,
which encourage renal tubular cell death. This inflammatory reaction exacerbates endoplasmic
reticulum stress and mitochondrial malfunction in kidney cells, which results in programmed
cell death (Liu et al., 2025).

In the current work, sections in the kidney tissue of the NM treated group showed
aggregation of apoptotic cells especially in convoluted tubules after one day of treatments.

These findings were supported by the study which conducted by Akter et al. (2021)
who stated that Moringa leaf methanol extract also demonstrated protective effects against
nephrotoxicity caused by nickel and gentamicin, most likely by lowering oxidative stress and
apoptosis.

In the present work, sections in the kidney tissue of the IR treated group showed
somewhat apoptotic cells were observed either in glomeruli or in convoluted tubules.

These results are supported by the study of Chen et al. (2025) They reported that LDR
was found to lower oxidative stress markers like MDA and activate antioxidant defenses (e.g.,
SOD, GSH, and CAT) to lower apoptosis in kidney cells. This protective effect was also noted
in doxorubicin-induced nephrotoxicity, where LDR pretreatment markedly reduced the
expression of important pro-apoptotic markers, Bax and caspase-9.

In this study, sections in the kidney tissue of the NM+IR showed few apoptotic cells in
glomeruli and convoluted tubules after one day of treatment.
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These results agree with those of Meles ef al. (2025) who demonstrated that Moringa
leaf extract inhibited interstitial inflammation and tubular epithelial cell necrosis, as seen by
histological slides that displayed intact renal tubules and fewer apoptotic bodies.

In cisplatin-induced nephrotoxicity, rutin, a flavonoid, and LDR (0.03 Gy) dramatically
decreased urea and creatinine levels, suggesting better kidney function and less apoptotic
damage (Radwan and Abdel Fattah, 2017).

CONCLUSION

Overall, the current investigation discovered that nano- Moringa,low dose y-irradiation
either alone or combined ameliorated physiological, histopathological and histochemicals
alterations, improved kidney functions, and decreased creatinine, urea, CRP, lipase and
amylase while remarkable increase in IGF1, to counteract the kidney impairment brought on
by AP.
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