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Abstract

Background: Despite investigating silver toxicity in other organs, there is a dearth of literature
about its effect on the pancreas. Objectives: The current study sought to determine if the
antioxidant, anti-inflammatory, and anti-apoptotic properties of sitagliptin (Sit) could protect rats
from pancreatic damage caused by silver nitrate (AgNO3). Materials and methods: In both the
presence and absence of AgNOs, Sit was supplied. Four groups of 32 adult albino rats were formed
as control, Sit (10mg/kg/ day p.o. for 28 days), AgNO3 (20 mg Ag/kg/day in their drinking water
for 28 days), and Sit/AgNO; (sit + AgNO; for 28 days) groups. Pancreatic enzymes and blood
glucose level (BGL) were measured. In addition to pancreatic oxidative stress, inflammatory, and
apoptotic indicators, pancreatic hypoxia-inducible factor 1-alpha (HIF-1a) was assessed.
Pancreatic histopathological examination and antiinsulin immunohistochemical study were carried
out. Results: AgNOs significantly elevated pancreatic enzymes, BGL, pancreatic oxidative stress,
inflammatory, apoptotic biomarkers, and HIF-1a expression. Histopathological indicators of
pancreatic toxicity and low antiinsulin expression were found. Sit substantially improved the
histological image and mitigated the dispersed pancreatic enzymes, BGL, oxidative stress,
inflammatory, and apoptotic indicators, as well as the expression of HIF-1 a. Conclusion: Sit
abrogated AgNO3-induced pancreatic toxicity through modulating HIF-1a.

Keywords: sitagliptin; silver nitrate; pancreatic toxicity; HIF-1a.

Introduction

Silver nitrate (AgNOs3) is a common soluble
silver salt. It has been proven to be an
effective antiseptic for wound treatment for
more than a century, and it is a better
antibacterial agent than several other
antibiotics, such as chlorhexidine and silver
sulfadiazine. In skin wounds, AgNO;
combines with proteins to form a resistant
precipitate . Its antibacterial action
penetrates wounds very deeply, generating,
in tissues, silver salts of silver albuminates
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and chloride. Calluses, warts, and ugly
wound granulations can be removed as a
result of its caustic and astringent actions. It
has hemostatic qualities and could be helpful
in simple surgery!?. Water filtration is yet
another very typical application for AGNO3[!

Ag compounds can get into the body by
ingestion, inhalation, and skin contact. Ag is
regarded as poisonous to both aquatic and
terrestrial species, including humans*®!,
Since AgNOs is corrosive and irritating, it
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leads to cellular electrolytes like sodium and
potassium to leak out. Target cells that are
vulnerable to tissue regeneration are more
susceptible to the cytotoxic effects of
AgNOs. It makes it possible for cells' proteins
to break down, which prevents various types
of cells from proliferating and differentiating
6], Similar effects on uneven membrane
boundaries and cell shrinkage were produced
by AgNO; 7],

Reactive oxygen species (ROS), which are
raised during oxidative stress, have been
related to different biological and clinical
diseases. According to reports, the toxicity of
Ag ions destroys protein thiols and produces
ROS [, Inflammatory cascades that cause
inflammatory cell recruitment and tissue
damage are mediated by reactive oxygen
species (ROS). Oxidative stress is due to
excessive ROS buildup in pathological
circumstances like hypoxia. Pancreatic acinar
cell destruction from severe acute pancreas-
titis is caused by oxidative stress and ROS [,

Hypoxia-inducible factor 1-alpha (HIF-1a), a
component of a heterodimeric transcription
factor, is regarded as the key transcriptional
regulator of the body's response to hypoxia.
Genes involved in glucose and iron
metabolism, as well as cell survival and
proliferation, are also activated by HIF-1a.
NF-«B is required for the transcriptional
regulation of HIF-1a abundance ™%, Most
solid  tumors investigated, including
malignancies of the urinary, gastrointestinal,
mammary, prostatic, and pancreatic systems,
have been found to express HIF-1a
significantly [,

Type 2 diabetes is treated with the anti-
diabetic drug sitagliptin (SIT). It functions to
inhibit the enzyme dipeptidyl peptidase 4
(DPP-4) in a competitive manner. Plasma
contains DPP-4, a membrane-bound
aminopeptidase that controls inflammation
and glucose homoeostasis 2. This enzyme
degrades the food-induced  digestive
hormones gastric inhibitory polypeptide
(GIP) and glucagon-like peptide-1 (GLP-1).
By preventing the degradation of GLP-1 and
GIP, they are capable of boosting insulin
secretion and inhibiting the secretion of
glucagon by the pancreatic alpha cells. As a
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consequence, blood glucose levels (BGL)
approach normal levels. Sit reduces DPP4
expression in the gut and decreases oxidative
stress and inflammation in acute pancreatitis
via the Nrf2-NF-B cascade 31,

Consequently, this experiment aimed to
explore the possible mitigating effect of Sit
against the pancreatic toxicity induced by
AgNO;3, with a focus on the role of HIF-1a,
as well as the probable mechanisms
mediating its effect.

Materials and methods

Ethics

Rats were handled, given medications, and
sacrificed in agreement with the NIH Guide
for the Care and Use of Laboratory Animals,
which contains recommendations for the
management of experimental animals. The
Faculty of Medicine at Minia University in
Egypt's Institutional Ethical Committee gave
its approval to the study. (Approval No.
8122021).

Chemicals and drugs

Sit was obtained from Multipharma, Egypt.
AgNO3 was obtained from Sigma-Aldrich.
Amylase and lipase colorimetrical kits were
obtained from (Bio-Assay, USA). Reduced
glutathione (GSH) was quantified colorime-
trically using specific kits (Biodiagnostic,
Egypt). Interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-o) measured by
ELISA kits (Elabscience, USA) (Cat.No.: E-
EL-R0015; E-EL-R2856, respectively).
Caspase-3 was evaluated by an ELISA kit
(Cusabio, USA) (Cat.No: CSB-E08857r).
Other  chemicals were commercially
obtained.

Animals and experimental design

The current study involved 32 adult male
Wistar albino rats weighing between 210 and
230 g. The animals were acquired from the
Animal Research Center in Giza, Egypt. Rats
were kept in a suitable standard housing
condition (3 rats per cage), fed chow, and
given access to tap water. A week of
acclimatization was left before starting the
medications. Rats were randomly assigned
into four groups, each with eight rats:

(1) Control group: rats received vehicles
(carboxymethyl cellulose (CMC).
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(2) Sit group: received sitagliptin (10
mg/kg/day) p.o. dissolved in CMC for 28
days (141,

(3) AgNO3 group: silver nitrate (20 mg
Ag/kg/day) was added to their drinking
water. Dosing volume was 4 ml/kg for 28
days [15, 16]

(4) Sit/AgNO3 group: received sitagliptin (10
mg/kg/day) and AgNO3 (20 mg/kg/day) for
28 days.

The doses and duration were selected
according to our pilot study and the
references mentioned previously.

Blood and tissue samples

At the end of the experiment, blood samples
from each rat's tail were taken for
measurement of fasting blood glucose level
(BGL) using the ACCU-CHEK active blood
glucose  metre  (Roche,  Mannheim,
Germany). Rats were then put to sleep using
an IP injection of urethane (25% of a dose of
1.6 g/kg) before being put to death. From the
rats' abdominal aorta, blood samples were
taken. It was then centrifuged for 15 minutes
at 4000g (Janetzki T30 centrifuge, Germany).
The collected sera were then stored for use in
biochemical analysis at -80°C. After being
cleaned with saline, the pancreas was
separated into two sections, with one stored
at -80 degrees Celsius for biochemical study
and the other placed in 10% formalin for
histological evaluation.

Biochemical determination

Estimation of pancreatic enzymes

Serum amylase and lipase were estimated
according to the manufacturer’s recommend-
dations (Bio-Assay, USA).

Estimation of pancreatic oxidative stress
indicators

Pancreatic tissue was homogenized in
potassium phosphate buffer 10 mM, pH (7.4).
The ratio of tissue weight to homogenization
buffer was 1:5. The homogenates were
centrifuged at 4000 g for 10 minutes at 4°C.
The resulting supernatant was used for the
estimation of biochemical parameters.

Malondialdehyde (MDA) level, an index of
lipid peroxidation, was measured according
to the method described by Buege and Aust,
1978 1171,
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Total nitrite/nitrate  (NOx), the stable
oxidation end products of nitric oxide, was
used as an index of nitric oxide level and was
detected by the reduction of nitrate into nitrite
by the use of activated cadmium granules,
followed by color formation with the Griess
reagent in an acidic medium €,

Estimation of inflammatory and apoptotic
indicators

The levels of IL-6, TNF-a and caspase-3 in
pancreatic tissue were measured using
ELISA kits and the manufacturer's
instructions.

Real-time reverse transcription poly-
merase chain reaction (RT-PCR) of
pancreatic HIF-1a gene expression

The gene expression of HIF-1a in pancreatic
tissue was tested with the q RT-PCR
technique. 100 mg of frozen tissue in total
were weighed, and 1 ml of Trizol reagent was
used to homogenise it (Invitrogen, USA).
After 5-10 min incubation at 25°C, the
homogenate was mixed with 0.2 ml of
chloroform, rapidly shaken for 15 s, and then
allowed to incubation for 3-min. The mixture
was then centrifuged for 5 minutes at 10,000
xg and 4°C. After getting the top layer of the
mixture, 0.5 ml of isopropanol was applied.
The samples were then centrifuged for 10
min. at 10,000 xg and 4°C. The pellet was
washed, suspended in 1 ml of 75% ethanol,
and the supernatant was drained off. The
residual pellet was centrifuged at 7000 xg for
5minat 4 °C. The majority of the ethanol was
taken out, and the remainder was dried by air.
A 50 pl volume of RNase-free water was
added to a fully dried pellet before it was
dissolved. Spectrometry was used to evaluate
the isolated RNA's quantity and quality. By
measuring the absorbance A260/A280, the
concentrations and purity of RNA were
ascertained. q RT-PCR for the measurement
of mRNA expression was done on (Applied
Biosyst 7500 fast, Techne (Cambridge)
LTD., UK). On an Applied Biosyst 7500
Rapid, manufactured by Techne (Cambridge)
Ltd. in the UK, g RT-PCR was used to
measure the expression of mMRNA quantita-
tively. Following the  manufacturer's
guidelines, RNA extract was reverse
transcribed and q RT-PCR was carried out
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(Thermo Scientific one-step kits, including
ROX Vial, Code No. AB-4104/A). All
primers were purchased from Eurofins
Genomics, Europe. On an Applied Biosyst
7500 Rapid, manufactured by Techne
(Cambridge) LTD. inthe UK, q RT-PCR was
used to measure the expression of mMRNA
guantitatively. Following the manufacturer's
guidelines, RNA extract was reverse
transcribed, and g RT-PCR was carried out
(Thermo Scientific one-step kits, including
ROX Vial, Code No. AB-4104/A). We
bought all of our primers from Eurofins
Genomics in Europe. Every target gene's
level of expression was normalized in
relation to the level of B-actin mRNA
expression. The primer sets used were:
HIF-1a forward: 5-TCC ATTATG AGG
CTG ACC ATC-3' and reverse: 5'-CCATCC
TCA GAA AGC ACC ATA-3'

B-actin forward: 5'- CCC GCG AGT ACA
ACC TTC T-3' and reverse: 5'- CGT CAT
CCATGG CGA ACT-3’

The relative expression of the genes was
calculated using the formula used by
VanGuilder et al., 2008 91, 2 (~AACt). They
were scaled in comparison to controls, with
the value of the control samples set to one.
For all experimental samples, the data was
thus graphically represented as relative
expression vs. control.

Histopathology and immunohistochemical
study

Small samples of pancreatic tail tissue were
quickly preserved in 10% buffered formalin
before being examined under a light
microscope.

Tissues were processed for 1) hematoxylin
and eosin (H&E)®Y, 2) periodic acid Schiff
(PAS)?Y and 3) avidin-biotin peroxidase
immunohistochemistry staining for
estimation of anti-insulin antibodies. The
manufacturer's instructions were followed
using rabbit monoclonal  anti-insulin
antibodies (Abcam, USA, ab181547)% at a
dilution of 1:500, then hematoxylin counter-
staining according to the manufacturer’s
guidelines 21, Positive tissue control: slides
of control rat pancreatic tissue. Negative
control: Slides of control pancreatic tissue
were subjected to the same previous steps,
but without using the primary antibody.
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Image capture

Light microscopy examination of the slices
was done (Olympus, Japan). Using a high-
resolution colour digital camera (Olympus,
Japan) customized for the microscope and
linked to the computer, photomicrographs
were digitally recorded.

Morphometrical study

All parameters were assessed in 10 non-
overlapping fields within each slide (three
sections per animal), using power x 400 241,
Quantitative data were collected for three
parameters:

1- Measuring the mean area fraction of anti-
insulin immunoreactivity using Image J 22
software (open-source Java image processing
program) was used. The area fraction was
calculated using a standard measuring frame
that was linked to the monitor screen. The
areas containing positive immunoreaction
tissues were measured (221,

2- Measuring the mean area fraction of PAS
using Image J 22

3- Mean diameter of islets of Langerhans
(um). The average islet core diameter was
measured, excluding the extension areas.

Statistical Analysis

A one-way ANOVA followed by Tukey's
multiple comparison test was used. Results
were displayed as means + SEM. GraphPad
Prism software (version 5) was used for
analysis. A p-value less than 0.05 was set for
significance.

Results

Effect of Sit on pancreatic enzymes in
AgNOs-induced pancreatic toxicity in rats
In Figure 1, the AgNOs group displayed
significant elevations in serum lipase and
amylase enzymes relative to the control and
Sit groups. When compared to the AgNOs
group, the Sit/AgNOs; group showed
significant decreases in serum lipase and
amylase enzymes.

Effect of Sit on oxidative stress indicators
in AgNO; caused pancreatic toxicity in
rats

In comparison to the control and Sit groups,
the AgNOs group had significant increases in
pancreatic MDA and NOx and a significant
decrease in pancreatic GSH. However, when

Mitigating function of sitagliptin in silver
nitrate induced pancreatic toxicity



MJIMR, Vol. 34, No. 3, 2023, pages (132-145). Alietal.,

compared to the AgNOs; group, the significant normalization in oxidative stress
Sit/AgNO; treated group showed a indicators (Table 1).

Table 1: Effect of Sit on oxidative stress parameters in AgNOs induced pancreatic toxicity in rats

Groups Pancreatic MDA Pancreatic GSH | Pancreatic NOXx
(nmol/g tissue) (nmol/g tissue) (nmol/g tissue)

Control 91.05+ 2.68 73.62 +2.40 30.80 + 1.54

Sit 91.97+3.33 73.33+2.93 31.82 +2.05

AgNOs 191.00 + 4.88% 40.12 + 1.24® 62.65 + 2.16%

Sit/AgNO3 102.20 + 5.02° 66.07 + 1.92° 37.15+1.81°

Results represent the mean + SEM (8 rats/group). 2 Significant (P < 0.05) difference from the control
group. ° Significant (P< 0.05) difference from the Sit group. Significant (P<0.05) difference from
AgNOQOa3. [Sit: sitagliptin; AgNO3: Silver nitrate; MDA = malondialdehyde; GSH = reduced
glutathione and NOx = total nitrite/nitrate].

Effect of Sit on BGL in AgNOs induced pancreatic toxicity in rats

In Table 2, the AgNOs group displayed a significant elevation in BGL when compared to the
control and Sit groups. However, the Sit/AgNOs-treated group displayed a significant decrease in
BGL when compared to the AgNOs group.

Table 2: Effect of Sit on liver enzymes and BGL in AgNOs induced pancreatic toxicity in rats

Groups BGL (mg/dl)

Control 82.88+ 3.33

Sit 76.25 + 2.96
AgNO; 229.80+ 19.34%
Sit/AgNOs 114.80+ 4.169°

Results represent the mean + SEM (8 rats/group). 2 Significant (P < 0.05) difference from the control
group. ° Significant (P< 0.05) difference from the Sit group. Significant (P<0.05) difference from
AgNO:s. [Sit: sitagliptin; AgNO3: Silver nitrate; BGL: blood glucose level].
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Figure 1: Effect of Sit on serum pancreatic enzymes in AQNO3 induced pancreatic toxicity in
rats. Results represent the mean + SEM (8 rats/group). 2 Significant (P < 0.05) difference from the
control group. ° Significant (P< 0.05) difference from the Sit group. *Significant (P<0.05) difference
from AgNO:s. [Sit: sitagliptin; AgNOa: Silver nitrate].
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Figure 2: Effect of Sit on pancreatic inflammatory and apoptotic markers in AGQNO3 induced
pancreatic toxicity. Results represent the mean = SEM (8 rats/group). 2 Significant (P < 0.05)
difference from the control group. ° Significant (P< 0.05) difference from the Sit group. cSignificant
(P<0.05) difference from AgNOQs. [Sit: sitagliptin; AgNOQOs: Silver nitrate; TNF-a: tumor necrosis
factor-alpha; IL-6: Interleukin-6].
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Figure 3: Effect of Sit on pancreatic HIF-1 a expression in AgNO3z induced pancreatic toxicity
in rats. Results represent the mean + SEM (8 rats/group). 2 Significant (P < 0.05) difference from
the control group. PSignificant (P< 0.05) difference from the Sit group. ‘Significant (P<0.05)
difference from AgNO:s. [Sit: sitagliptin; AgNOs: Silver nitrate; HIF-1 a: hypoxia-inducible factor
1-alpha].
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Meandiameter of islets

Fig 4: Representative photomicrographs of rat pancreatic tissue. a—b) control group & c-d) Sit
group showing the same morphological picture. a&c) Showing the pancreatic lobules (L). The
interlobular septum (S) separates these lobules (L). b&d) showing pancreatic lobules forms of
exocrine portion (ac); composed of closely packed secretory acini and the pale-stained area;
endocrine portion (islets of Langerhans (IL). Islets of Langerhans consist of endocrine cells
arranged into cords that have both pale (yellow arrow) and dark (black arrows) stained cells. Blood
sinusoids (green arrows) are seen between these cells. Pancreatic acini formed of pyramidal-shaped
acini. Acinar cells display intense basal basophilia (red arrows) and apical acidophilia (blue arrow).
e-g) AgNOs group showing e) distorted lobular architecture, wide inter-lobular septa and dilated
intralobular duct retained secretion (d). f) Dilated interlobular blood vessels (BV). g) showing
Islet’s of Langerhans cells with reduced its cellularity (IL). Some distorted acini appear with small
dense nucleus (black arrow). Others lost their basal basophilia (green arrow). The circles showing
large melanomacrophages. h-i) Sit/AgNO3 group showing h) More or less normal pancreatic
lobules (L). i) Less notable dilated blood vessels (BV) are observed. Islet of Langerhans (gl)
showing apparent increase in its cellularity. Most Langerhans cells appear with vesicular nuclei.
Almost all acini retain their apical acidophila and basal basophilia. The circle showing small
melanomacrophage. H&E, scale bar: a, ¢,e,h X 200 um; b, d, f, g, i X 50 um.

j) Histogram showing the mean diameter of islets of Langerhans (mm) in all studied groups.
Results represent the medh + SEM (8 rats /group). 2 Significant (P < 0.05) difference from the
control group. ®Significant (P< 0.05) difference from the Sit group. cSignificant (P<0.05) difference
from AgNO:s. [Sit: sitagliptin; AgNO3: Silver nitrate].
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Fig 5: Representative photomicrographs of rat pancreatic tissue of PAS & Anti insulin
immunostaining. PAS staining showing a&b) control and Sit groups respectively showing the
same positive PAS reaction in the BMs of pancreatic acini (black arrow). Notice the staining of the
cytoplasm of these acini (star). C) AgNO3 group showing interruption and separation of the BMs
at many sites (dash black arrow). Some acinar cells (star) show less PAS reaction (star). d)
Sit/AgNO3 group showing less interruption and separation of the BMs at few sites (dash black
arrow). Most acinar (star) cells show more PAS reaction (star). PAS, scale bar x 50 um
Anti-insulin staining showing n) Negative control for anti-insulin. a&b) control and Sit groups
respectively displaying positive cytoplasmic B-cells staining (circles) occupying most of the islet’s
cells with negative reaction in the acini (stars). ¢) AgNOs; group showing few positive
immunostained f cells in apparently shrunken islet. d) Sit/AgNO3 group showing positive reaction
in apparent more numerous 3 cells (circle. Notice the insulin positive cells lining acinar cells
(rectangle) connecting to the islets. Immunohistochemistry, counterstained with H, scale bar x 50
um. e) Histogram showing the mean area fraction for antiinsulin in all studied groups. Results
represent the mean = SEM (8 rats /group). 2 Significant (P < 0.05) difference from the control group.
bSignificant (P< 0.05) difference from the Sit group. °Significant (P<0.05) difference from AgNO:s.
[Sit: sitagliptin; AgNOs: Silver nitrate]. f) Histogram showing the mean area fraction for PAS in
all studied groups. Results represent the mean + SEM (8 rats /group). 2 Significant (P < 0.05)
difference from the control group. ° Significant (P< 0.05) difference from the Sit group. cSignificant
(P<0.05) difference from AgNOa. [Sit: sitagliptin; AgNO3: Silver nitrate].
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Effect of Sit on inflammatory and
apoptotic indicators in AgNO; caused
pancreatic toxicity in rats

Figure 2 depicted significant increases in
pancreatic TNF-a, IL-6 levels, as well as
caspase-3 activity, in the AgNOs; group
compared to the control and Sit groups. In
comparison to the AgNO; group, the
Sit/AgNOs group had significantly lower
pancreatic TNF-a, IL-6 levels, and caspase-3
activity.

Effect of Sit on gene expression of HIF-1a
in AgNO; caused pancreatic toxicity in
rats

The AgNOs group had significantly increased
HIF-1a expression relative to the control and
Sit groups, while the Sit/AgNO; group had
significantly decreased HIF-1o expression
relative to the AgNOs group (Figure 3).

H&E results

The control and Sit groups showed the same
morphological picture. The pancreatic
lobules were composed of both endocrine
(Islets of Langerhans) and exocrine
(pancreatic acini) parts. The interlobular
septum separated these lobules and contained
blood vessels and ducts. Regarding the
endocrine portion, the islets of Langerhans
(pale-stained areas among the exocrine
portion) consisted of endocrine cells arranged
into cords that have both pale and dark-
stained cells. Blood sinusoids were noticed
among the cells. The exocrine part was
formed of closely packed secretory acini.

Pyramidal-shaped cells made up pancreatic
acini. Acinar cells displayed intense basal
basophilia and apical acidophilia. In contrast,
the AgNO; group showed distorted lobular
architecture, widening interlobular septa, and
dilated intralobular ducts that retained
secretion. Dilated interlobular blood vessels
were also noticed. Islets of Langerhans cells
were seen with reduced cellularity. Some
distorted acini appeared with small, dense
nuclei. Others lost their basal basophilia. On
examining wide fields of sections, large
melanomacrophages (aggregates of highly
pigmented phagocytes) were frequently seen.
Furthermore, the Sit/AgNOs group showed
more or less normal pancreatic lobules.
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Dilated blood vessels were found to be less
noticeable. The Islet of Langerhans displayed
an apparent increase in its cellularity. Most
Langerhans cells appeared to have vesicular
nuclei. Almost all acini retained their apical
acidophila and basal basophilia. Small
melanomacrophages were also observed
(Figure 4).

PAS staining in the control and Sit groups
revealed the same positive PAS reaction in
the basement membranes (BMs) of
pancreatic acini and in the cytoplasm of these
acini (star). The AgNOs; group displayed
interruption and separation of the BMs at
many sites. Some acinar cells displayed less
reaction. In contrast, the Sit/AgNOs; group
showed less interruption and separation of
these BMs at a few sites, and most acinar
cells showed more PAS reaction if compared
with the AgNO; group (Figure 5A).

Anti-insulin immunostaining in the control
and Sit groups showed positive cytoplasmic
cell staining, occupying the majority of the
islet cells, with a negative reaction in the
acinar cells in this study. Meanwhile, the
AgNO3 group showed a few positive
immunostained [ cells in apparently
shrunken islets. In contrast, the Sit/AgNO;
group exhibited a positive reaction in the
apparent more numerous [ cells, and it was
interesting to notice the insulin-positive cells
lining the acinar cells connecting to these
islets (Figure 5B).

Quantitative morphometric findings
There were highly significant differences in
the mean diameter of islets, the mean area
fraction of PAS, and anti-insulin expressions
in the AgNOs group relative to the control
and Sit groups. However, the Sit/AgNO3
group revealed a highly significant difference
in all these parameters relative to the AQNO3
group (Figure 4 & 5).

Discussion

Silver ions (Ag+) dissociate from various
salts and silver particles %1, Since silver has
not yet been recognised as a trace metal, it
appears that it is not necessary for human
physiology . Consequently, it is thought
that exposure to silver is undesirable.
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This study aimed to explore AgNOs-induced
pancreatic  toxicity and the possible
protective effect of Sit against this toxicity.

The current experiment proved the pancreatic
toxicity related to the soluble silver salt,
AgNO3, through the elevated pancreatic
markers. Despite investigating silver toxicity
in other organs, there is a dearth of literature
about its effect on the pancreas. An earlier
study by Tiwari et al., 2021 %1 examined the
effect of prenatal exposure to silver
nanoparticles (AgNPs) in mice and proved
pancreatic and renal damage later in life. As
a result, Ag+ had an effect on the pancreas,
causing an increase in pancreatic enzymes.
They are good indicators for pancreatic
injury diagnosis. The development of
hydrolytic enzymes following pancreatic
damage that hydrolyze phospholipids to
arachidonic acid and lysophospholipids with
a cytotoxic effect may be associated with
elevated levels of pancreatic enzymes.
Additionally, there is necrosis and deformed
acinar cells, which cause the pancreatic
enzymes, primarily amylase and lipase, to
rise 271 It is remarkable that Sit markedly
increased the serum levels of lipase and
amylase.

The present work showed marked pancreatic
oxidative injury with AgNOs in the form of
elevated pancreatic MDA and NOx with
decreased GSH. The toxicity of Ag+ destroys
protein thiols and produces ROS Bl
Oxidative stress is due to excessive ROS
buildup in pathological circumstances like
hypoxia. Due to the extremely low
expression of anti-oxidant enzymes in
pancreatic islet cells, the pancreatic tissue is
more vulnerable to oxidative stress than other
tissues. In pancreatic injury, oxygen-free
radicals are produced as a result of the
damage to acinar cells. The pancreas and
liver are connected anatomically, physiolo-
gically, and hemodynamically. The liver
becomes afflicted as a result of ROS from
pancreatic injury reaching it through the
blood circulation, which causes a reduction in
the liver's capacity to remove free radicals
and an increment in the body's response to
oxidative stress?®.  Our findings are
consistent with those of Gueroui and
Kechrid, 2016 ¢, who found that AgNOs is
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a major cause of oxidative injury in the rat
brain, contributing to the development of
cytotoxicity. The present result showed that
Sit-treated rats had significantly improved
oxidative stress parameters, which coincides
with earlier studies reporting the antioxidant
effect of Sit in different tissues (brain 2%,
testes%, and uterus®Y). Kong and his
coworkers, 2021B21 also support current
results, as they reported that Sit reduced
oxidative damage and marked autophagy
associated with severe acute lung injury on
top of acute pancreatitis in mice.

BGL was significantly higher in the AgNO3
group, indicating that Ag+ has a significant
effect on glucose homeostasis. This clearly
demonstrates that exposure to AgNO; causes
harm to the pancreas, which disrupts the
organ's normal endocrine function!?l,
Because of the strong interaction between the
exocrine and endocrine sections of the
pancreas B3, the endocrine function with
AgNO; was also degraded, as evidenced by
the following identified changes: the islets of
Langerhans appeared with less cellularity,
which was confirmed by the immune-
histochemical study. Sit significantly impro-
ved BGL via boosting insulin production and
decreasing glucagon secretion by the
pancreatic alpha cells by preventing the
hydrolysis of GLP-1 and GIP. As a
consequence, BGL got closer to average I,

In the present experiment, AgNOs signifi-
cantly elevated pancreatic TNF-a and IL-6
levels as markers of inflammation, indicating
pancreatic injury. These findings are
consistent with previous research indicating
that pancreatic injury is associated with
inflammatory cytokine release . TNF-a is
one of the key mediators of inflammation. It
first appeared during the early stages of the
disease along with an increase in the
pancreatic endothelial cells' permeability. On
the other hand, it promotes the creation and
release of other cytokines that start the
generation of lymphocytes and neutrophils.
Additionally, IL-6 plays a role in the body's
immunological response because T-cells
generate it, and this pro-inflammatory
cytokine stimulates the immune system when
an infection, injury, or tissue damage results
in inflammation. Numerous investigations
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showed a strong connection between
pancreatic damage and the level of 1L-6[228.34]

Sit's anti-inflammatory ability is evident in
our findings, as Sit significantly reduced
TNF-0, IL-6 levels. This supported by
Abdelzaher and her colleges, 2020 B% who
reported that Sit was protective against
testicular injury mostly by its anti-oxidative
stress, and  anti-inflammatory  roles.
Additionally, Wadie et al., 2022 B51 noticed
that Sit potentiated the effect of insulin in
improving TNF-a, IL-6 levels in cardiac
dysfunction in diabetic rats.

The cysteine-aspartic acid protease (caspase-
cascade) family includes caspase-3 B¢, The
execution phase of cell apoptosis is primarily
characterized by the sequential activation of
caspases by a variety of triggers B, The
current study found a significant increase in
caspase-3 in the AgNO; group. AgNO;
induced large frequencies of cellular
apoptosis as a result of all the silver metal
complexes B8, Sit improved the apoptotic
marker caspase-3 significantly as Sit has an
anti-apoptotic action, which has been
confirmed by various studies 3 3% 351,

Hypoxia-inducible factor 1-alpha (HIF-1a), a
component of a heterodimeric transcription
factor, is regarded as the key transcriptional
regulator of the body's response to hypoxia.
Genes involved in glucose and iron
metabolism, as well as cell survival and
proliferation, are also activated by HIF-1a
(19 The present study revealed that AgNO3
significantly increased HIF-1a expression.
Eom et al,, 2013 B9 found that AgNPs
increased the expression of HIF-1a due to the
oxidative stress caused by AgNPs. As the
same, AgNO; increased oxidative stress,
followed by increased HIF-l1o expression
through attenuating its protein accumulation
and downstream expression. In addition to
the development of oxidative stress, the
increase in HIF-1a expression was linked to
the induction of apoptosis and inflammation.
This supports the multiple publications that
indicated a substantial correlation between
the rise in oxidative stress, apoptosis, and
inflammatory markers and the boost in HIF-
la in different organs % 40411,
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The wvon Hippel-Lindau protein, that is
essential for degradation of HIF-1a, became
inactive in the mice with impairment of
pancreatic beta-cell function “2. HIF-1a is
quickly  destroyed under  normoxic
circumstances by the ubiquitin-dependent
proteasome 26S route following hydroxy-
lation and ubiquitination. Contrarily, it is
generally accepted that HIF-1a accumulates
under hypoxic circumstances as a result of
hydroxylation inhibition 31,

Running in the same stream, in the present
results, Sit repressed HIF-la expression,
which accompanied the decrease in oxidative
injury, apoptosis, and inflammatory markers.
That action emphasised the function of HIF-
lo suppression in preventing AgNOs injury
to the pancreas. This coincides with
Abdelzaher et al., 2020 B% who stated that Sit
decreased HIF-1a expression in the testicular
ischemia reperfusion model in rats.

The current biochemical markers were
confirmed by the histological results. As
various morphological changes were
detected in pancreatic tissue, they affected
both the endocrine and exocrine portions.
The pancreatic acini were distorted and
appeared to have small, dense nucleoli. Many
acini lost their basal basophilia. Melano-
macrophages were frequently observed
among the sections in the AgNOs group in
pancreatic tissue. Several lines of evidence
suggested that melanomacrophages centres
were aggregates of highly pigmented
phagocytes settled mainly in the kidney and
spleen, and occasionally the liver of many
vertebrates and they demonstrated that these
cells resembled the mammalian germinal
centre architecturally, which led to the theory
that they were crucial to the humoral adaptive
immune reaction (4441,

Histologically, all the previously mentioned
pathological changes were ameliorated in Sit-
treated rats. Surprisingly, the current study
found insulin-secreting cells in pancreatic
acini that are nearly as numerous as the
"apparent normal islets" of Langerhans. This
may suggest the role of pancreatic cells in the
regeneration of B cells. According to Okuno
et al., 2007 81, pancreatic acinar cells may
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serve as a source of autologous transplantable
insulin-secreting cells for the treatment of
type 1 diabetes because they were shown to
be capable of trans-differentiating into
insulin-secreting cells in animals with
diabetes.

Conclusion

Through the control of HIF-1a, sit has
powerful ameliorative benefits against the
pancreatic toxic impact of AgNOs. These
effects include a reduction in oxidative stress,
inflammation, and apoptosis. We believe that
our findings will shed light on future research
and have therapeutic implications for its
application to lessen the aforementioned
pancreatic toxicity in those receiving
AgNO3.
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