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Abstract

N

The study was designed to evaluate the effect of the biologically produced selenium nanoparticles (SeNPs) against streptozotocin (STZ)
induced diabetic using adult male rats. Sixty mg/kg of STZ was injected in rats to induce diabetes. Animals either treated with SeNPs,
selenium oxide (Se0,) or a mixture of SeNPs and Se0, at a dose level of 0.1 mg Se/kg body weight/day. The results demonstrated that se-
lenium or its nano form has antioxidant and catalytic effect and both were able to prevent the histological injury in pancreatic and liver
tissues of rats. This study suggests that Se and SeNPs can ameliorate cellular damage resulting in diabetes and has a protective effect to
minimize the risk of diabetic complications which may be attributed to its free radical scavenging effect.
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Introduction

Diabetes mellitus (DM) is an endocrine metabolic disorder (1). An-
tioxidants have important roles in biological systems by scaveng-
ing free radicals which may lead to oxidative damage of biological
molecules such as proteins, lipids, and DNA. DM is increasing in the
world as a result of population aging urbanization and obesity, con-
tributing to high mortality and morbidity rates. The study of physi-
ological methods of diabetes becomes important for the emergence
of novel therapeutic procedures. DM is a multifactorial disease that
associated with many pathological alterations that affect almost
every part of the body. Oxidative stress increase is an important

contributor in the progression and development of diabetes and

its problems. Diabetes commonly happens with production of free

radicals or impaired antioxidant (2).

Liver is the key organ involved in detoxifying of free radicals and
oxidative stress that occurs in diabetes early stages of. So, means
to decrease the oxidative stress formation are great important in
the treatment of DM (3). In diabetes, glucose is prone to oxidation
resulting in generation of hydrogen peroxide and hydroxyl radical
that consider the most reactive and toxic form of free radicals (3).
DM associated with the production of reactive oxygen species (ROS)

and oxidative stress in presence of hyperglycemia (4). DM reduces
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ability of tissue to utilize carbohydrates, leading to disturbance in
the metabolism of fat and protein (5). Hyperglycaemia is a high
amount of glucose circulates in the blood. Hyperglycaemia leads to
many long-term complications in the eyes, kidneys, nerves, heart,
and blood vessels (6).

Streptozotocin (STZ) leads to deficiency of insulin which consider
as a diabetogenic agent (7). Oxidative stress may occur as conse-
quence of abnormal ratios in glucose and lipid metabolism which
promote hyperglycemia and dyslipidemia leading to the develop-
ment of atherosclerosis and cardiovascular complications in diabet-
ic patient (8). Hyperglycemia in diabetes leads to oxidative stress,
it has been suggested that the nutritional supplementation of anti-
oxidants might reduce the oxidative stress and protect tissue from
ROS damage (9). ROS are capable of reacting with unsaturated lipid
and initiating chain reactions of lipid peroxidation in membranes
(10), leading to serious pathogenesis such as myocardial infraction
(11,12).

Tumor necrosis factor alpha TNF-a has important role in insulin re-
sistance and pathogenesis of type 2 diabetes (13). It also has impor-
tant effects on whole body lipid and glucose metabolism (14, 15).
Studies on TNF-a mediated insulin resistance in cultured cells as
well as in whole organisms have also demonstrated that TNF-« in-
duces insulin resistance, at least in part, through its ability to inhibit
intracellular signaling from the insulin receptor (16, 17). Insulin re-
sistance and type 2 diabetes often occur along with other metabolic

abnormalities like obesity (18) and hypertension (19).

Later discoveries propose that disabled antioxidant status is in-
cluded in oxidative stretch related with diabetes (20). Glutathione
(GSH) has important functions as a direct free-radical scavenger, co-
substrate for glutathione peroxidase activity, co-factor for many en-
zymes and forms conjugate in endo- and xenobiotic reactions (21).
Also, SOD is an antioxidant enzyme that can catalyze the conversion
of two superoxides into H,0, and oxygen. It plays a major role in the
defense system against the cytotoxic effects of superoxide radicals
(22). B-cells were particularly sensitive to reactive oxygen species
due to their low free-radical quenching (antioxidant) enzymes like
catalase, glutathione peroxidase, and superoxide dismutase (23,
24).

Selenium is one of the essential trace elements for human and
animal’s health. It has functions in balancing of the redox system;

improve functions of immune system and acts as anticarcinogenic

(25, 26). Selenium has a powerful antioxidant which effect in dys-
functions happened in diabetes (27). Tremendous number of stud-
ies was focused on the impact of Se on DM in human and animal
models. There is a clear link between certain selenoproteins and
glucose metabolism or insulin resistance. The relationship be-
tween selenium and type 2 diabetes is undoubtedly complex with
possible harmful effect occurring both below and above the physi-
ological range for optimal activity of some or all selenoproteins
(28, 29, 30, 31). The aim of the present study is to explore the effect
of 2 forms of selenium; selenium oxide and selenium nanoparticles
(SeNPs) against streptozotocin (STZ) induced diabetic using adult

male rats.

Material and Methods

Chemicals
Selenium (IV) (sodium selenite), selenium oxide and streptozoto-
cin (STZ) were purchased from sigma chemical CO. (Sigma-Aldrich

chemie GmbH. Germany).

Green synthesis and recovery of selenium nanoparticles
(SeNPs)

Pure SeNPs were prepared using 100 ppm of filter sterilized (Sar-
torius AG, Germany) sodium selenite, Na,SeO.. 5H,0 (Sigma-Al-
drich, Switzerland) and pure mixed culture (1:1) of Lactobacillus
delbrueckii subsp. bulgaricus (L. bulgaricus) (NCAIM B 02206) and
Streptococcus thermophilus (S. thermophilus) (CNCM 1-1670) ob-
tained from the National Collection of Agricultural and Industrial
Microorganisms, Budapest, Hungary according to the method de-

scribed by Prokisch and Zommara (32).

Selenium determination
Selenium determination was carried out in 1 g of dry samples as
previously described (33). The selenium concentration in the stock

SeNPs solution was 320 mg/I with a diameter size of 50-200 nm.

Experimental design

Male rats weighing 150-220g were obtained from the animal main-
tenance unit, Faculty of Science, Kaferelshikh University and ac-
climated to the laboratory conditions for three weeks. They were
maintained at 252C and 12 hours light/12 hour dark cycle. The rats
were raised on standard commercial rat chow and deionized water
ad libitum. The experiment was conducted according to the proto-
col approved by local ethical committee for in vivo animal experi-

ment. The animals were divided randomly to seven groups with 5

Citation: Maher Amer Ali Amer,, et al. (2020). Biochemical and Histopathological Studies on the role of Selenium Nanoparticles and

Selenium Oxide against Chemically-Induced Diabetes in Male Rats. Archives of Nutrition and Public Health 2(2).



Archives of Nutrition and Public Health

Page 3 of 13

rats in each group and fed on the commercial rat chow for 3 weeks
(experiment period). The 1 group had no treatment and served as
a control. The 2™ and 3™ groups received a daily oral dose of sele-
nium (Se0,) and SeNPs at a dose of 0.1 mg/kg body weight, respec-
tively. The 4 group received a single dose by Intraperitoneal (IP)
injection of 60 mg/kg body weight of STZ as described by Singhal et

Figure 1a

etal. (34). The 5" and 6" groups received a single does by L.P injec-
tion of 60 mg/ kg body weight of STZ and received a daily oral dose
(0.1 mg\kg body weight) of selenium (Se0,) or SeNPs, respectively.
The 7t group received STZ followed by a daily oral dose (0.1 mg\kg
body weight) of Selenium (Se0,) and SeNPs combination.

Figure 1b

Figure 1a: Scanning electron micrograph of the biologically produced SeNPs

Figure 1b: Plot showing the x-ray fluorescent spectrum of SeNPs.

The diabetic state of rats was confirmed by determination of blood
glucose level after seven days of the STZ treatment. At the end of
experiment, over-night fasted rats were anaesthetized with 1% iso-
flurane and their blood was collected in heparin vacutainer’s coated
tubes, the sera were separated by centrifugation at 4000 rpm for 15
min and kept frozen for biochemical determination. Liver and pan-
creas were quickly removed, weighted and blotted perfused with
cold saline to exclude the blood cells then, blotted on filter paper
and stored at - 202C for subsequent biochemical analysis. A portion
of liver and pancreas tissues were homogenized in ice cold 0.05 mM
potassium phosphate buffer (pH 7.4), centrifuged at 6000 rpm for
15 minutes and the supernatant was collected and kept at - 202C
for further analysis. A portion of liver and pancreas was taken and

stored in cooled formal saline for histopathological examinations.

Biochemical analysis

Blood glucose, insulin levels were estimated using kits supplied
by Spin react and Abcam rat insulin ELISA Kkit, respectively. Liver
malondialdehyde (MDA) concentration was determined accord-
ing to the method described by Ohkawa et al. (35). Liver and heart
superoxide dismutase (SOD) activity was determined according to
the method described by Nishikimi et al. (36). Glutathione (GSH)

in liver and heart homogenate was determined according to the

method described by Paglia and Valentin (37). Total antioxidant ca-
pacity (TAC) in liver homogenate was determined according to the
method described by Koracevic et al. (38).

Molecular investigation by real time PCR

Extraction of samples RNA (Liver and pancreas) were done using
RNA extraction kits (Thermos Scientific, Fermentase, #K0731)
then converted to to cDNA using reverse transcription kits (Ther-
mos Scientific, Fermentase, EP0451). After quantify the concentra-
tion of RNA and cDNA automatically by Q5000 (UV-Vis spectropho-
tometer Q5000\USA) to be sure that the concentrations are pure
enough to conduct real time PCR for very pure samples, we run real
time PCR with syber green to measure expression of mRNA of tar-
get gene in liver and pancreas with B-actin as an internal reference
gene according to the protocol (Thermo Scientific, USA, Ko221) and
gene specific primers. The web based tool primer3 (http\\www.
Genom.wigenome.wi.mit.edu) based on published rat sequences
to ensure primer sequence is unique for template sequence we
checked similarly to other known sequence with blast (www.ncbi.
nlm.gov\blast\Blast.cgi) the final reaction mixture was placed in
step one plus real time thermal cycler (Applied Biosystems, Life
Technology, USA).
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Histological studies

Pancreas and liver were washed in saline and fixed in 10% neutral
buffered formalin for 24h. Ascending grades of ethyl alcohol were
then used to dehydrate the samples, and Xylene was used as the
clearing agent. The samples embedded in wax at 602C and blocked
for cutting into 4 um thick section). Haematoxylin and Eosin rou-
tine stain was used to study the morphological and pathological
changes in all studied groups (Bancroft and Stevens 1996). Immu-
nohistochemical staining of insulin paraffin sections were mounted
on coated slides and stained for insulin detection in insulin produc-
ing cells, de-paraffinzed slides and bring to distilled water, then
incubated in citrate buffer solution (pH 6.0) at 100°C. The slides
were rinsed with large amount of H,0, and washed by phosphate-
buffered saline (PBS, pH 7.4). The slides then incubated with pri-
mary antibody (monoclonal insulin antibody) obtained from Cell
Signaling (USA) at 4°C for overnight using a humid chamber. The
2" day the slides incubated with peroxidase- conjugated second-
ary antibodies for one hour at room temperature. The slides were
incubated in media containing Avidin-Biotin Complex (ABC) for
30min. The slides washed and stained with 3,3’-diaminobenzidine-
tetrahydrochloride-dihydrate (DAB) as chromogen using kits ob-
tained from RXD systems, Inc. (USA). Then the slides were washed,
immersed in hematoxylin as a counterstain, dehydrated, mounted
by rinse and covered by cover slips for demonstrating under the
light microscopy (Montgomery et. al. 2012).

Statistical analysis

All data were expressed as mean * standard error (SE). The sta-
tistical significance was evaluated by one way analysis of variance
(ANOVA). Values were considered statistically significant when P
value of less than 0.05 (P<0.05).

Results

Rat’s growth and body weight gain

Figure 2 shows body weight gain (g) and body weight gain (%)
of rats treated with Se0,, SeNPs, streptozotocin (STZ), STZ along
with Se0,, SeNPs or Se0, + SeNPs. The illustrated data clearly show
that the weight of the STZ rats (Group 4) significantly decrease
com-pared to the control (G 1) and the rats treated with SeO2 (G
2) or SeNPs (G 3). Although the rats treated with STZ along with Se
resulted in pronounced low body weight gain compared to control
(G 1), the Se treatments had protective effect on rat’s body weight
loss (G 5, 6, 7).
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Figure 2: Body weight gain of experimental rats groups.

Biochemical analysis

Blood level of glucose, insulin and Homa IRI

Animal groups Glucose Insulin Homa-IRI
G1 (control) 72.0+1.38* | 6.90+0.11° | 6.20+0.122

G2 (STZ control) 265+3.22° | 390 £0.15" | 3.24 +0.14°
G3 (Se0,) 74.0+1.18* | 6.50+0.17°| 6.31+£0.17°

G4 (SeNPs) 76.8+1.02% | 6.36+0.12° | 6.16 +0.12°

G5 (STZ+SeO0,) 113 £ 3.44¢ | 5.44 +0.08% | 5.16 + 0.08°
G6 (STZ+SeNPs) 136+2.21¢ | 5.04 £0.11° | 4.70 + 0.10¢
G7 (STZ+Se0,+SeNPs) | 108 £ 1.82° | 5.60 * 0.1¢ | 5.33+0.14¢

abdata within column with unlike superscript letters are signifi-
cantly different at P <0.05.

Data are mean = SE for 5 replicates.

Insulin resistance by homeostasis model assessment (HOMA)

The insulin resistance index (IRI) was derived using the homeosta-

sis model assessment (HOMA) as follows: HOMA-IRI= fasting insu-
lin (uIU/ml) x fasting glucose (mg/dl)/(22.5 x 18)

Table 1: Shows the effect of various treatments on glucose, insulin

and Homa-IRI va

Level of MDA, SOD, GSH, TAC values

lues.

Animal groups MDA SOD GSH TAC

Animal groups 33.00+ | 1593+ 32.00 £ 119.08 =
0.91° 1.28 1.45 6.91

G1 (control) 63.32 £ 590 + 12.82 65.90 +
0.86° 0.60° +1.78° 5.58°

G2 (STZ control) | 32.20+ | 17.61+ | 3425+ | 130.50+
0.82° 1.332 2.67° 7.832

G3 (Se0,) 3286+ | 1720+ | 3038+ | 12190z
0.67° 0.75° 2.04 8.29*
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G4 (SeNPs) 40.70+x | 11.16+ | 2682 107.36 =
0.74¢ 1.44¢ 1.59¢ 6.27¢

G5 (STZ+Se0,) 49.78+ | 12.70+ | 21.67 101.90 =
0.874 1.49¢ 1.31¢ 4.82¢

G6 (STZ+SeNPs) 40.20 14.40 28.03 112.30 =
+0.81°¢ £0.97% | £1.234 5.17%*

Data are mean * SE for 5 replicates.
abdata within column with unlike superscript letters are signifi-
cantly different at P <0.05.

Table 2: Effect of various treatments on MDA,
SOD, GSH, TAC concentrations in rat’s liver.

Animal groups TNF -a gene
Pancreas Liver
G1 (control) 1.0 £ 0.02° 1.02 £0.012
G2 (STZ control) 17.15+£0.12° 14.52 +0.23°
G3 (Se0,) 0.91 +0.02° 0.96 + 0.042
G4 (SeNPs) 0.89 = 0.06° 0.97 £0.012
G5 (STZ+SeO0,) 12.82 + 0.24¢ 10.48 = 0.06°
G6 (STZ+SeNPs) 7.26 +0.10¢ 6.73 + 054¢
G7 (STZ+Se0,+SeNPs) 3.39+0.05¢ 2.48 £1.09°

Data are mean * SE for 5 replicates.
abdata within column with unlike superscript letters are signifi-
cantly different at P <0.05.

Table 3: Effect of various treatments on rat’s

pancreas and liver TNF-a value.

Blood glucose and insulin

Glucose in diabetic rats significantly increased compared with con-
trol rats (p <0.001) after using of selenium, its nanoparticles and
combination of it. Significant decrease in blood glucose compared
with normal control (table and figure).blood insulin in diabetic
group decreased significantly compared with control group after
administration selenium, selenium nanoparticles and its combi-
nation led to a significant increase in this index respectively when
use selenium and its nanoparticles show no significant changes in

blood insulin compared with normal control in group 3, 4.

Oxidative stress biomarkers

A significantincrease in MDA in diabetic liver rats compared to con-
trol liver rats compared to diabetic liver rats. No significant changes
were found in MDA level when using selenium in group 3, selenium

nanoparticles group 4 compared to normal control group.

A significant decrease in SOD in diabetic liver rats compared to
control liver rats at after administration (se, its nanoparticles) and
their combination led to increasing in liver sod level respectively
compared to diabetic liver rats.in group 3, group 4 no significant
changes in SOD level compared to normal control. A significant de-
creasing in diabetic liver TAC level compared to TAC liver of normal
control. A significant increasing in TAC level after administration
of combination selenium, its nanoparticles and Se0,, its nanoparti-
cles respectively compared to diabetic group insignificant changes
in TAC liver level in group 3 and 4 compared to normal control. a
significant decreasing in diabetic liver GSH level compared to GSH
liver of normal control but returned increasing after administra-
tion of combined selenium and its nanoparticles respectively.no
change in group 3,4 .A significant increasing in TNF- a liver level
in diabetic rats compared to normal control after administration
(Se, its nanoparticles) and their combination led to decreasing in
TNF-a comparing to diabetic rats. A significant increasing in TNF-
o pancreas level in diabetic rats compared to normal control after
administration (se, its nanoparticles) and their combination led to

decreasing in TNF-a comparing to diabetic pancreas

Histopathological Findings: Pancreatic tissues

The effect of Se on rat’s pancreatic tissues is shown in Figure. 2
Normal histological architecture is seen in the pancreatic islet of
the control group (Figure 2-1) which shows the endocrine portion
of the pancreas form of many small cluster of cells called islet of
Langerhans, the islet are seen as pale staining groups of cell embed-
ded in a darker staining exocrine tissue consist of the acini, which
are appear shaped of short tubular groups of pancreatic cells at the
tip of interlobular ducts, the acinus cell has a big basal spherical
nucleus, the islet cells are well differentiated into edge small dark

nuclei and mostly pale nuclei with large cytoplasm (Figure 2-2).

In untreated diabetic rats degenerative and necrotic changes were
consistently found, such a shrunken or reduced islets of Langer-
hans surrounded by hyprechromatic epithelial cells of acini. The
nucleus of the necrotic cells indicated marginal hyperchromasia;
the median blood vessels (arrows) between the islet cells were also
seen. (Figure 2-3) the reduction of islet of Langerhans size (double
arrows), surrounded by hyperchromatic epithelial cells of acini (ar-
row) as well as necrotic cells (ne) and dilated interlobular duct (di)
(Figure 2-4) ) in the SeNPs treated group, however, the majority of
the cells of islets of Langerhans were protected, increase size and

number of the islets, the cells of islets are rounded nuclei with large

Citation: Maher Amer Ali Amer, et al. (2020). Biochemical and Histopathological Studies on the role of Selenium Nanoparticles and

Selenium Oxide against Chemically-Induced Diabetes in Male Rats. Archives of Nutrition and Public Health 2(2).



Archives of Nutrition and Public Health

Page 6 of 13

cytoplasm and the blood vessels were invasive between them,
presence of secretion in the interlobular duct (se) . Figure (2-5)
shows the pancreases of diabetic rat treated with Se revealing pro-
liferating islet cells. The section shows also eosinophilic active cells
with hyperchormatic nuclei, other with necrotic cells and marked

dilation of interlobular duct surrounded by infiltrating lymphocyte

cells were still observed. Figures (2-6) and (2-7) show a case of
diabetic rat pancreas treated with SeNPs + SeO2 revealing enlarged
size of islets of Langerhans with proliferating islet cells and well
differentiates and recovering of exocrine pancreas. The acini cells
appeared with rounded basal nuclei and mild defatted intercalated
duct.

Figure 3: Pancreatic tissues histopathological slides of STZ induced diabetic
rat’s treated with Se02 or SeNPs. (H&E stain (Bar = 50um)).

Histology of liver

Figure (3) shows the effect of Se on rat’s pancreatic tissues. The
control rat liver, showing normal hepatocytes having round nuclei
with prominent nucleolus and smoothly cytoplasm, hepatic central
vein and mild dilated hepatic sinusoids attached with Kupffer’s

cells and few necrotic cells was present (Figure 3-1). Control rat

liver show hepatic central vein (cv), normal hepatocytes have
rounded nuclei with prominent nucleolus and smoothly cytoplasm.
Mild dilation of the hepatic sinusoids (s) attached with Kupffer’s
cell (k). Also, few necrotic cells (ne) were present. (Figure3-2) In

case of diabetic rat liver administrated STZ, showing a focal area
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of proliferating and infiltrating lymphocytes at portal tract includ-
ing portal artery, large hemorrhage, two dilated bile duct and most
hepatocytes were necrotic rat liver administrated STZ,. In case of
diabetic rat, liver shows area of infiltrating lymphocyte formed a
nodule at the central vein surrounded by small proliferating hepa-
tocytes and some necrotic one (Figure 3-3) Diabetic rat liver shows
area of infiltrating lymphocyte (L) formed a nodule at the central
vein surrounded by small proliferating hepatocytes and some ne-
crotic one(ne). Figure (3-4) shows another case of diabetic rat liver
treated with STZ revealing hemorrhage large dilated central vein
surrounded by group of a apoptotic hepatocytes spread among ne-

crotic. (Figure 3-5). In case of diabetic rat, liver treated with SeO,

shows reduction of the infiltrating lymphocytes with wide por-
tal tract and sinusoid and reduction of the necrotic hepatocytes
(Figure 3-6). Normal hepatocytes in diabetic rat liver treated with
SeNPs showing mild dilatation of portal tract with few in filtrating
lymphocytes regenerative hepatocytes were taken their architec-
ture. The presence of two normal bile ducts (bd).

Figure (3-7) shows diabetic rat liver treated with SeNPs + SeO,, re-
vealing mild dilation of the hemorrhage portal tract, few infiltrat-
ing lymphocytes, few necrotic hepatocyte and well appearance of

the hepatocytes with rounded nuclei and activated cytoplasm.

Figure 4: Liver tissues histopathological slides of STZ induced diabetic
rat’s treated with Se0, or SeNPs. (H&E stain (Bar = 50um).
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Immunohistological findings

Figure (4) shows immunostaining section of STZ induced diabetic
rat’s pancreas treated with SeO3 or SeNPs. Figure (4-1) shows a
section of the rat pancreas used as a negative control of the immu-
nostain where no interaction was seen due to the absence of the
1ry insulin polycolonal antibody. Paraffin section of the control rat
pancreas shows brown granules present in the cytoplasm of 3-cells
of the islet cells due to the interaction of AB- AG of 1ry insulin poly-
colonal antibody indicated to the B cell with moderate expression
and a negative blue color cell indicated to the alpha cell (Figure
4-2). In diabetic rat pancreas the section shows brown granules of
islet cells due to the interaction of AB-Ag of Iry insulin polycolonal
antibody indicating insulin expression with moderate expression
of the reduction of 3-cell numbers and negative blue color cell indi-
cated to the alpha cell at the periphery of small islets. (Figure 4-3)
In diabetic rat pancreas treated with SeNPs show brown granules of
islet cells due to the interaction of AB-Ag of 1ry insulin polycolonal
antibody, an increased insulin expression and increased number of
islet of Langerhans, proliferation of alpha cells was seen as a blue
color cell at the periphery of islet. Interestingly, SeNPs treatment

caused marked increase in the number of insulin immunopositive

cells and appearance of single -cell was spread extra the islet have
diffuse pale brown color between the exocrine acini. Figure (4-4)
shows pancreas of diabetic rat treated with SeO, showing brown
granules of islet cells due to the interaction of AB-Ag of 1ry insulin
polycolonal antibody with decreased of insulin expression while an
increased number of proliferating 3-cell and alpha cells was seen as
blue color cell at periphery of islet. Also, there are numerous of sin-
gle B-cell was spread extra the islet have a diffuse pale brown color
between the exocrine acini. Figure(4-5) the rat pancreas treated
with Se show brown granules of islet cells due to the interaction
of AB-Ag of 1ry insulin polycolonal antibody, a decreased of insulin
expression while an increased number of proliferating 3-cells and
a-cells was seen as a blue color cell at the periphery of islet. Also,

invasive of a-cells between the 3-cells was seen in enlarged islet

Also, invasive of alpha cell between B-cells was seen in enlarged
islet. In case of diabetic rats pancreas treated with SeNPs and SeO,
showing interaction of AB-Ag of 1ry insulin polycolonal antibody,
an increase of insulin expression and increased number of islet of
Langerhans. Also, reduction of alpha cells was seen as a blue color
cells at the periphery of islets (Figure 4-6).

Figure 5: Inmunohistological slides of STZ induced diabetic rat’s pancreatic
tissues treated with SeO2 or SeNPs(DAB stain (Bar = 50um).
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Discussion

The effect of selenium oxide and selenium nano particles on blood
parameters was studied during the experimental period. There is
increasing evidence of therapeutic effect of Se0, and SeNPs against
diabetic disease. The present study demonstrate anti-diabetic action
of selenium and its nanoparticles with upgrading of metabolic risk
factors, oxidative stress and inflammatory cytokine . Se0O, nanopar-
ticles structure support a role as antioxidant or a biological free rad-
ical scavenger. Oxidative stress referred to as a reactive oxygen spe-
cies (ROS)/antioxidant imbalance, occurs when the net amount of
ROS exceeds the antioxidant capacity. Oxidative stress happen due
to elevation in generation of ROS, followed by antioxidant systems
depression. Production of ROS are derived from various oxidation
pathways that leading to cellular deregulation. superoxide anion
(0s,), hydrogen peroxide (H,0,) and hydroxyl radical (HO.), which
results in the production of other free radicals for example, nitric
oxide (NO) and peroxinitrite (ONOO.), also called reactive nitrogen
species (RNS) (34,35). (36,37). The study showed that hyperglyce-
mia increases the production of hydroxyl radical in the liver of dia-
betic rats (38). Additionally, oxidative stress due to hyperglycemia
and inflammation result in diabetic nephropathy (39). selenium
benefit in diabetes as result of the Se0, is characterized by mono--
disperse particles that are single crystals with few twin boundaries
that responsible for the free radical scavenging(40). Furthermore,
Se nanoparticles stimulate SOD activity (41,42). On the other side,
Se is an essential trace ele-ment possessing chemopreventive, car-
dioprotective, antiproliferative effects (43) and colitis dysfunctions
(44, 45). Our data showed a significant rise in oxidative stress and
a reduction in antioxidant enzymes. Moreover, ROS have avital role
in the hepatic glucose production and regulation. The anti-diabetic
drugs that act through inhibition of hepatic gluconeogenesis pro-
duce concurrent antioxidant effects beneficial in the treatment of
diabetes. Atioxidant potential decrease and complications of diabe-
tes increase which include blindness, cardiovascular disease, neph-

ropathy, and nerve damage (46).

Lipids are reported as one of the primary targets of ROS. Hydroper-
oxides have toxic effects on cells both directly and through degra-
dation to highly toxicity may also react with transition metals like
iron or copper to form stable aldehydes, such as malondialdehyde
(MDA), that damage cell membranes (47) Increased level of MDA in
diabetics suggests that peroxidative injury may be involved in the
development of diabetic complications. The increase in lipid peroxi-
dation is also an indication of decline in defense mechanisms of en-

zymatic and nonenzymatic antioxidants (48). GSH detoxify foreign

radicals, act as coenzyme in several enzymatic reactions, and also
prevent tissue damage (49). As a consequence of increased oxida-
tive status, GSH showed the frequent alteration in its concentra-
tion. Plasma GSH/GSSG showed a significant decrease in type 2
diabetes as compared to normal (50). the antioxidant potential of
Se0, nanoparticles and selenium might be a mechanism for their
In fact, Our results showed that Nano- selenium administration
increased the liver antioxidant activity and defense mechanism
through increasing GSH concentration, decreases MDA concentra-
tion, increase catalase and SOD activity as compared to control and
selenium groups Moreover, Nano- selenium administration caused
a significant increase TAC as compared to control and selenium
groups while no changes have been seen in group 3,4 compared
to control group. One of the most accepted hypotheses of Se an-
tioxidant activity is the ability of Se to keep the glutathione in the
reduced form where glutathione has the ability to detoxify the ROS.
The action of Se is achieved by the selenium-containing enzyme
GSH-Px protects cells against ROS all this results agreed with a
(51). Our current study show that administration of Selenium in
the nano size (Nano Se) possess a more potent antioxidant activ-
ity as the GSH content and TAC ,the ability of the nanoparticles to
offer several pharmacokinetic advantages, such as specific drug
delivery, high metabolic stability, high membrane permeability, im-
proved bioavailability, improved bioavailability, and long duration
of action. The physicochemical properties of nanoparticles, such as
size, surface charge, and hydrophobicity, affect their mucosal ab-
sorption characteristics, and smaller nanoparticles show higher
trans cellular uptake than do larger ones (52). Insulin regulates
metabolism by controlling the uptake and consumption of glucose
in organs such as the liver and kidney and in adipose tissue and
skeletal muscle. This regulation is achieved by controlling the ac-
tions of various metabolic enzymes. Increased oxidative stress as
well as reduction in antioxidant capacity could be related to the
complications in patients with diabetes such as oxidative DNA

damage and insulin resistance (53).

Studies on the biological activities of selenium and its nano-forms
revealed that hollow spherical nanoparticles of selenium have
strong antioxidant properties (54). Similar studies declared that
nano-selenium has the ability to act as an antioxidant with reduced

risk of ordinary selenium toxicity (55).

To provide more effective Se dosing regimens, nanoparticle for-
mulations have been developed. The concept is that the Se nano-

particles provide a slow release of Se ions, there by reducing acute
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toxicity. A few studies have demonstrated lower toxic potency of
Se nanoparticles than of dissolved ionic Se species. This suggests
that to some extent, Se from nanoparticles is less bioavailable (56)
In addition, nanoparticles have a very large surface to volume ratio
and are known to bind to e.g., proteins, and reactions may be cata-

lyzed by the nano particle surface (57).

The chronic hyperglycemia can directly promote an inflammatory
state, where the increase in cytokines can lead to destruction of the
pancreatic 8 cells and mal- function of the endocrine pancreas in
both type 1 and type 2 diabetes (58). Commonly, type 1 and type 2
DM are considered inflammatory processes (58) as there is a signif-
icantincrease in IL-6, [L-18, IL-1 and TNF-a in the blood of patients
with this disease (60). TNF-a also has important effects on whole
body lipid and glucose metabolism (61). And TNF-a have been de-
fined as an autocatalytic mechanism that can lead to programmed
cell death (apoptosis) (62).the diabetic state induces an increase
of TNF-a and of its receptor TNF-R1 in the liver (63). The onset of
diabetes is accompanied by development of major biochemical and
functional abnormalities in the liver, including alterations in carbo-
hydrate, lipid, and protein metabolism, and changes in antioxidant
status (64).

Conclusion

The present work indicates that DM-induced severe biochemical
and histochemical changes in the liver and pancreas and SeNPs
have a protective effect and minimize the risk of diabetic complica-
tions. This protection may be due to the free radical scavenging ef-
fect of this metal effect. selenium in its ordinary or nano form have
antioxidant and catalytic effect beyond their activity on detoxifying
free radicals by remaining active in tissues for extended periods
through moving spontaneously between the oxidized and reduced
state and their ability on. However, further studies are needed to
get a deep insight into the hypoglycemic activity of SeNPs and/or
the possible toxicity increases after SeNPs are administered for a

long time before starting any clinical trials.
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