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Abstract 

The present study was conducted to investigate the protective role of selenium nanoparticles on type-2 diabetes mellitus 
(T2DM) in male rats treated with metformin drug compared to the control. Chromosomal aberrations, DNA fragmentation, 
micronucleus tests as well as comet assay were carried out. Rats were divided into four groups: group1, normal control in 
which the rats were received normal saline solution, group 2, control diabetic group in which the diabetic rats were induced 
using 45mg/Kg body weight Streptozotocin (STZ). Group 3, Metformin treated group in which the diabetic rats were treated 
with a standard oral hypoglycemic agent, metformin (100 mg/kg body weight (b.wt) while, Group 4, selenium nanoparticles 
(SeNPs) treated group, in which the rats were treated with nanoselenium stabilized in liposome (0.1 mg/kg b. wt) orally plus 
metformin. Rats were sacrificed after 21 days following the last injection. The results demonstrated that diabetes caused 
increase in chromosomal aberrations, micronucleus formation, DNA fragmentation as well as DNA damage using comet 
assay, but these parameters decrease in treated animals with metformin. In addition, metformin + nanoselenium combined 
treatment caused decreased in all studied parameters relative to metformin alone. In conclusion, it appeared that SeNPs 
combined with metformin have antidiabetic effect in experimental model of T2DM. This effect could be ascribed to their 
ability in decreasing frequencies of chromosomal aberrations, decreasing the number of micronucleus as well as decreasing 
the percentages of DNA damage. Thus, SeNPs may benefit in clinical purposes especially in enhancing the effect of T2DM. 
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1. Introduction 

Diabetes mellitus is the most common endocrine 
disease in which there is an increase in the level of blood 
sugar over a prolonged period (hyperglycemia) (World 
Health Organization (WHO), 2014). There are many 
symptoms of this disease, such as increased ingestion of 
food, increased thirst, muscular proteolysis, postprandial 
sickness and damage of many organs, such as eyes, nerves, 
kidneys and heart, these symptoms affect the human life as 
a whole. If untreated, diabetes causes many problems, such 
as cardiovascular diseases, kidney failure and eye damage 
(WHO, 2013), diabetic ketoacidosis and nonketetotic 
hyperosmolar coma (Kitabchi et al., 2009). 

There are three types of diabetes mellitus: type 1, 
which results from a failure in the pancreas (WHO, 2013). 
Type 2 (the most common type of diabetes) in which the 
cells do not respond to insulin property, and the number of 
diagnosed cases of this type has increased over the past 
few decades (Olansky et al., 2003), and it forms about 
90% of the diabetes cases (Shi and Frank, 2014) 

distributed equally between women and men (Vos et al., 
2012) and the number is expected to reach 592 million in 
2035 (IDF, 2014). Type 3 is gestational diabetes and this 
type occurs in pregnant women who have diabetes history 
in their family (WHO, 2013). 

The treatment of type 2 diabetes depends on using 
many drugs, such as sulfonylureas, Insulin, peroxisome 
proliferator-activated receptor- γ agonists and metformin. 

Metformin (dimethylbiguanide)  is the most described 
oral drug used in the treatment of type 2 diabetes (The 
American Society of Health-System Pharmacists, 2016; 
Maruthur et al., 2016) to control the blood sugar level with 
or without Insulin in conjunction with life modification, 
such as weight control, special diet and physical activity 
(Sardas et al., 2001). Metformin decreases the resistance 
of insulin, hepatic glucose output and enhances the 
uptaking of glucose (Bailey and Turner, 1996; Nisbet et 
al., 2004); these to decrease fasting and blood glucose by 
20 to 40 percent, decreasing of hemoglobin and body 
weight and increase high density lipoprotein (HDL) 
(Howlett and Bailey, 1999). 
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Selenium (Se) is an important element for health with 
important biological and biochemical functions due to its 
antioxidant properties (Chunying et al., 2006). Se is a 
basic component of Selenoprotein which reduces oxidative 
stress (Rayman, 2012, Ahmed et al., 2016). 

 High selenium level in blood plasma has been 
correlated with prevention of several diseases, such as 
cancers, cardiovascular diseases, muscle disorders as well 
as diabetes mellitus (Navarro-Alarco´n and Lo´pez-
Martı´nez, 2000). 

The relation between selenium and T2DM is 
controversial (Wang et al., 2016). So untreated diabetes 
causes oxidative stress which leads to complications of the 
disease and the antioxidant intake is considered as being 
favorable for the therapy of diabetes (Mueller et al., 2009), 
and results in decreasing insulin, homeostasis model of 
assessment-insulin resistance, serum high-sensitivity C-
reactive protein, and increasing the quantitative insulin 
sensitivity check index score as well as the concentration 
of the total antioxidant capacity (Farrokhian et al., 2016). 
It is clear that Selenium plays a protective role against 
T2DM (Steinbrenner and Sies, 2009). 

Furthermore, it has been found that the half-life of 
some therapeutics can be improved by conjugating them to 
nanocarriers (Makhluf et al., 2008; Liu et al., 2012). It is 
obvious that selenium nanoparticles (SeNPs) have been 
considered a promising tool in drug therapies of type 2 
diabetes; this is due to its low toxicity and high therapeutic 
properties (Rao et al., 2014). 

SeNPs have been widely studied because they have 
advanced biological activity and high photoelectric 
performance, antioxidant activity, anticancer, and immune-
system enhancements (Gao et al., 2002; Gates et al., 
2002).  By comparing Se with SeNPs, it was found that 
SeNPs can serve as a potential chemopreventive agent 
with reduced risk of Se toxicity (Zhang et al., 2005; Wang 
et al., 2007). 

The purpose of the present study is to investigate the 
action of nanoselenium, combined with metformin, on the 
induction of chromosomal aberrations, formation of 
micronuclei and DNA fragmentation in streptozotocin 
induced T2DM rats compared to those healthy controls. 

2. Materials and Methods 

2.1. Experimental Animals  
For the present study, adult female albino rats of 

Westar Strain weighing 180- 200 g were obtained from the 
Holding Company for Biological Products and Vaccines 
(VACSERA, Cairo, Egypt). After an acclimatization 
period of one week, the animals were classified into four 
groups of equal average body weight and housed in wire-
bottomed cages in room under standard condition of 
illumination with 12 hours light-dark cycle at 25+1 C̊. 
They were provided with water and rodent chow ad 
libitum. All animals received care in compliance with the 
Egyptian rules of animal experiments which were 
approved by the ethical committee of medical research of 
the National Research Centre, Cairo, Egypt. 
 

2.2. Induction of Diabetes  

Rats were fasted for 18 – 24 h before induction diabetes 
by using streptozotocin (STZ) from Sigma. St. Louis, MO, 
USA. (CAS no 18883-66-4). The rats received a single 
intra-peritoneal (i. p) injection of 45 mg/Kg/wt of STZ, 
which was freshly prepared and dissolved in 0.05 M citrate 
buffer, pH 4.5 as described previously (Wei et al., 2003). 
Blood glucose was contoured every 2 days using an Accu-
chek blood glucose meter (Roche Diagnostics, Basel, 
Switzerland). Rats with blood glucose levels > 15 Mm 
(200mg/dl) for 7 consecutive days were considered 
diabetic. 
2.3. Experimental Design  

Rats were divided into four groups: group1, a normal 
control group in which the rats received normal saline 
solution; group 2, a diabetic control group in which the 
rats were diabetic using Streptozotocin (45mg/Kg b.wt) 
and left untreated; group 3, a group treated with Metformin 
in which the diabetic rats were treated with a standard oral 
hypoglycemic agent, metformin from Merck, CAS no 657-
24-9, USA (100 mg/kg b.wt) (Kosegawa et al., 1999); and 
group 4, selenium nanoparticles (SeNPs)-treated group, in 
which the rats were treated with nanoselenium stabilized in 
liposome (0.1 mg/kg b. wt) orally (Loeschner et al., 2014) 
in addition to metformin treatment. After 14 days of daily 
treatment, overnight fasting animals euthanized under mild 
ether anesthesia. 
2.4. Biosynthesis of Selenium Nanoparticles 

 Nanoselenium was prepared according to the method 
of Dwivedi et al.(2011) by a simple wet chemical method. 
Sodium selenosulphate (Na2SeSO3) (Sigma. St. Louis, 
MO, USA) precursor reacted with different organic 
carboxylic acids in aqueous medium by using polyvinyl 
alcohol to stabilize selenium nanoparticles. Then, the 
synthesized nanoparticles were separated from their 
solution by centrifugation at 15,000 rpm and redispersed in 
aqueous medium with a sonicator. 
2.5.  Characterization of Selenium Nanoparticles 

Characterization of selenium nanoparticles was carried 
out by examination of a sample under Transmission 
Electron Microscope (TEM) (JEOL-100 CX). 
2.6. Liposome Preparation 

Elemental selenium nanopartiacles in molar ratio7:2 
were used to prepare neutral mutilamellar vesicles using 
the method of Kim et al. (1985). Briefly, 10 mg of high 
purity L-alpha-diapalmitoyl phosphatidyl choline (DPPC) 
from (Lipoid KG-Germany) and 1 mg of selenium were 
transferred to 50 ml round bottom flask. Then, 15 ml of 
Chloroform was added, and the flask was shaken until all 
lipids dissolved in Chloroform. The solvent evaporated 
under vacuum using rotary evaporator until a thin dry film 
of lipids was formed. The flask left under vacuum for 12 h 
to ensure the evaporation of all traces of chloroform. 10 ml 
of buffer (10 mM Trizma, pH 7) added to the flask in 
mechanically shaken for 1 h at temperature of 45 ̊C. The 
suspension centrifuged at 8000 rpm for 20 min and the 
supernatant discarded. The liposome re-suspended in 10 
ml buffer solution. Control liposome was prepared 
following the same classical method as before using only 
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aliquots of 10 mg of DPPC. The concentration of free 
selenium/ml of buffer was adjusted to be 1/mg/ml. 
2.7. DNA Fragmentation Assay 

DNA fragmentation was measured by 
spectrophotometer using diphenylamine (DPA) method, 
according to the method of (Perandones et al., 1993) with 
some modifications. Samples of liver were homogenized 
in lyses buffer containing 5mM Tris–HCl, pH 8.0, 20mM 
EDTA and 0.5% Triton X-100. Then, centrifuged at 
1500×g for 20 min. Pellets were resuspended in 0.5N 
perchloric acid and 5.5N perchloric acid was added to 
supernatant, centrifuged again at 1500×g for 10 min to 
remove proteins. Samples were heated at 90 ◦C and after 
cool reacted with diphenylamine (DPA) for 16–20h at 
room temperature. Absorbance was measured at 600 nm 
using a UV-double beam spectrophotometer (Shimdazu 
160 A). DNA fragmentation in samples = (fragmented 
DNA in supernatant.)/[(fragmented DNA in supernatant 
intact + DNA in pellet)] were expressed as percentage of 
total DNA appearing in the supernatant fraction. 
2.8.  Detection of Oxidative DNA Damage (Comet Assay)  

 According to the method of Singh et al. (1988), 0.5 g 
of crushed samples were transferred to 1 ml ice-cold PBS. 
This suspension was stirred for 5 min and filtered. Cell 
suspension (100 μl) was mixed with 600 μl of low-melting 
agarose (0.8% in PBS). 100 μl of this mixture was spread 
on pre-coated slides. The coated slides were immersed in 
lyses buffer (0.045 M TBE, pH 8.4, containing 2.5% SDS) 
for 15 min. The slides were placed in electrophoresis 
chamber containing the same TBE buffer, but devoid of 
SDS. The electrophoresis conditions were 2 V/cm for 2 
min and 100 mA. Staining was done using 20μg/ml 
ethidium bromide at 4°C. A total of 100 randomly 
captured comets from each slide was examined at 400 x 
magnification using a fluorescence microscope connected 
to CCD camera to an image analysis system [komet 5 
image analysis software developed by Kinetic Imaging, 
Ltd. (Liverpool, UK)]. A computerized image analysis 
system acquires images, computes the integrated intensity 
profiles for each cell, estimates the comet cell components 
and, then, evaluates the range of derived parameters. To 
quantify the DNA damage, Tail Length (TL), the 
percentage of migrated DNA (Tail DNA %) and Tail 
Moment (TM) were evaluated. Tail length (length of DNA 
migration) is related directly to the DNA fragment size and 
presented in micrometers. It was calculated from the centre 
of the cell. Finally, the program calculates tail moment. 
2.9. Bone Marrow Chromosomal Aberration Assay 

At first, the mice were injected with 4 mg/kg b.wt. 
colchicine two hours before sacrifice. Metaphase cells 
were prepared according to the standard technique of 
Preston et al. (1987). Bone marrow cells were aspirated 

from both femurs of each animal; then, the cells were 
centrifuged at 1000 rpm for 10 min. and resuspended in 
pre-warmed (37°C), hypotonic solution (0.075M 
potassium chloride) for 20 min at 37°C. The samples were 
centrifuged and fixed in cold 3:1 methanol: glacial acetic 
acid. Each sample was washed five times fixative. The 
slides were stained in 10% buffered Giemsa (pH 7.0), air-
dried and mounted in DPX. Chromosome aberrations were 
identified according to criteria described by Savage 
(1975).                        
2.10. The Micronucleus Test 

Bone marrow slides were prepared according to the 
method described by Hayashi et al. (1983). The bone 
marrow was washed with 1 ml of fetal calf serum and then 
smeared on clean slides. The slides were left to air-dry and 
then fixed in methanol for 5 minutes followed by staining 
in May-Grunwald- Gemisa for 5 minutes then washed in 
distilled water and mounted. For each animal, at least 2000 
polychromatic erythrocytes (PCEs) per animal were 
examined for the presence of micronuclei. 
2.11. Statistical Analysis  

Statistical analysis was carried out with SPSS software. 
Data were analyzed using one-way analysis of variance 
(ANOVA) followed by Duncan's post hoc test for 
comparison between different treatments. The values were 
expressed as mean ± S.E and differences were considered 
as significant when < P 0.05. 

3. Results 

3.1. Chromosomes Examination  

The analysis of bone marrow chromosomes in diabetic 
animals depicted various types of chromosomal 
aberrations, which included gap, break, deletions, 
fragments, centromeric attenuations and endomitosis as 
structural aberrations as well as polyploidy and 
prediploidy as numerical aberrations.  

The results in table 1 represent the chromosomal 
aberrations analysis and showed that the frequencies of 
structural and numerical chromosomal aberrations were 
significantly increased (P< 0.05) in diabetic animals (STZ-
challenged group) comparing to control group. In contrast, 
the diabetic animals treated with Metformin had 
significant (P< 0.05) decreases in the frequencies of all 
structural and numerical chromosomal aberrations than 
diabetic group. In addition, metformin/nanoselenium 
group had the lowest frequencies of most structural 
aberrations (gap, fragment, endomitosis, C.A, total 
structural aberrations) and total numerical chromosome 
aberrations relative to Metformin group.  
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Table 1. Effect of metformin and nanoselenium treatments on the frequency of chromosome aberrations in STZ- induced diabetic rats 

Total 
aberrations 

Numerical aberrations Structural aberrations 
Treatment 

Total Polyploidy Preidiploidy Total Endomitosis Centromeric 
ttenuation Fragment Deletion Break Gap 

3.84±0.30P

d 1.67±0.21bP

c 0.33±0.21P

b 1.33±0.21P

b 2.17±0.40P

d 0.67±0.21P

c
  0.50±0.22P

c
  0.17±0.16P

c 0.33±0.21P

c
P  0.33±0.21P

c
 0.67±0.21P

c
 Control 

25.50±0.56P

a 7.17±0.30P

a 2.50±0.22P

a 4.67±0.21P

a 18.33±0.42P

a
P  3.67±0.21P

a 4.50±0.22P

 a 2.50±0.22P

a
 2.67±0.33P

a 2.67±0.21P

a 3.67±0.21P

a D 

11.34±0.42P

b 2.17±0.16P

b 0.67±0.21P

b 1.50±0.22P

b 9.17±0.47P

b 2.00±0.26P

b 2.33±0.21P

b  1.50±0.22P

b 1.33±0.21P

b 1.50±0.22P

b 2.00±0.26P

b 
 

D+M 
 

5.83±4.77P

c 1.33±0.21P

c 0.33±0.21P

b 1.17±0.16P

b 4.50±0.34P

c 1.17±0.30P

c 0.83±0.16P

c 0.50±0.22P

c 1.17±0.23P

b 1.46±0.19P

b 1.17±0.30P

c D+M+Se 

D: Diabetic rats by using streptozotocin (STZ); D+M: Diabetic group treated with metformin drug; D+M+Se: Diabetic group treated with 
metformin and nanoselenium particles.  All data are expressed as mean ± SEM. Means bearing different letters superscripts are significantly 
different at (P < 0.05). 

3.2. Influence of Diabetes on the DNA Damage (Comet 
Assay) 

The DNA damage resulted from diabetes was 
investigated by comet assy. the lengths of the comets 
(DNA tails) depended on the effect of diabetic in rats, 
longer tails indicating more DNA damage.  

Figure 1 shows representative examples of diabetic 
rats. Control liver rat cells showed no tails (Figure A). 
Tails appeared in diabetic rats (Figure B) and were 
substantially less in diabetic treatment one (Figures C and 
D). The mean value of tail length in Diabetic group was 
increased rapidly and significantly more than that of their 
controls, as shown in table 2, and more DNA damage was 
observed in the tail when compared with control group 
(Figure 1).  

As shown in table 2, the extent of DNA damage, 
measured in TM, increased rapidly in diabetic group when 
compared to control. Treated groups with metformin or 
metformin+ nanoselenium showed a significant decrease 
in comet TM values when compared to diabetic group 
(P<0.05) but is still a significant increase compared with 
the control.  

The maximum extent of DNA damage, increased 
rapidly in diabetic group when compared to control. Then, 
the extent of damage decreased significantly (P<0.05) in 
both treated groups with metformin or 
metformin+nanoslenium but it did not reach the control 
level. 

  Figure 1. Effect of metformin, nanoselenium treatments in STZ- 
induced diabetic rats on bone marrow DNA as detected by comet 
assay. (A) Normal untreated cell; (B) diabetic cell,  (c) diabetic rat 
treated with metformin and (D) diabetic rat treated with 
nanoselenium and metformin. 

Table 2. Comet parameters in liver cells of metformin, 
nanoselenium treatments in STZ- induced diabetic rats as 
measured by comet assay. 

D: Diabetic rats by using streptozotocin (STZ); D+M: Diabetic 
group treated with metformin drug; D+M+Se: Diabetic group 
treated with metformin and nanoselenium particles.  All data are 
expressed as mean ± SEM.  Means bearing different letters 
superscripts are significantly different at (P < 0.05). 

3.3. Micronucleus Test 

The effect of diabetes and treatments with metformin 
and nanoselenium on micronucleated polychromatic 
erythrocytes (MnPCEs) formation in the bone marrow 
cells of male rats is shown in Figure 2. In this Figure, it is 
demonstrated that there were few formations of MN in rats 
belong to control group (3.33±0.21), but MN formation 
significantly increased (P<0.05) in diabetic animals 
(26.00±0.25) comparing to control group. Meanwhile, 
treated groups with metformin significantly reduced the 
MNPCE when compared with diabetic group. 
Additionally, MNPCE in the combined metformin and 
nanoselenium (14.00±0.25) significantly reduced more 
than the group treated with metformin alone (20.67±0.33).  

Figure 2. Frequencies of micronucleated polychromatic 
erythrocytes (MPCEs) in rat bone marrow cells in all experimental 
groups.

Tail 
moment 
(unit) 

DNA 
% 

Tail 
length 
µm 

Untailed 
% 

Tailed 
% Treatment 

2.84± 
0.41P

d 
1.33± 
0.22P

d 
2.16± 
0.09P

c 
97.67± 
0.33P

a 
2.33± 
0.33P

d 
Control 

34.65± 
2.41P

a 
6.57± 
0.28P

a 
5.27± 
0.18P

a 
79.0± 
0.58P

d 
21.0± 
0.58P

a D 

19.25± 
1.66P

b 
4.27± 
0.15P

b 
4.5± 
0.29P

b 
82.33± 
0.33P

c 
17.67± 
0.33P

b D+M 

13.19± 
1.88P

c 
3.47± 
0.26P

c 
3.77± 
0.28P

b 
85.0± 
0.58P

b 
15.0± 
0.58P

c D+M+Se 
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3.4. DNA Fragmentation  

The effects of nanoselenium and metformin drug on 
diabetic rats were investigated by DNA fragmentation 
assay (Figure 3). The result demonstrated that fragmented 
DNA, in the control group (8.33±0.33), was lower than 
that in the other treated groups. Also, fragmented DNA in 
diabetic animals (24.33±0.33) was significantly higher 
than that of the control group (P< 0.05). On the other hand, 
treated animals with metformin decreased the DNA 
fragmentation comparing with diabetic animals (P<0.05). 
In addition, the combined treatment with metformin 
/nanoselenium (12.17±0.47) decreased the fragmentation 
of DNA compared to the treatment with metformin alone 
(18.33±0.33) (P<0.05).  

Figure 3. Percentages of DNA fragmentation in rat liver cells in 
all experimental groups. 

4. Discussion 

The present study indicated that the administration of 
STZ increased genetic alterations (micronuclei frequency, 
fragmented DNA, as well as chromosomal aberrations). 
The genotoxic effects of STZ, observed in the present 
study, are in agreement with the results obtained from 
previous studies (Vikram et al., 2007; Attia et al., 2009).0T 0T 
Also, 1TMartínez-Pérez0T1T et al. (2007)0T found that there were 
high levels of micronucleus frequency in type 2 diabetes 
with no microvascular or macrovascular complications. In 
addition, Corbi et al. (2014) indicated that there is an 
association between T2DM and DNA Damage by studying 
the frequency of micronucleated polychromatic 
erythrocytes. This genotoxicity may be due to the presence 
of hyperglycemia condition in T2DM that caused 
production of reactive oxygen species (ROS) (Pham-Huy 
et al., 2008; Robertson, 2004). Accumulation of ROS 
caused an oxidative stress, which plays a crucial role in 
cellular mechanism of tissue injury in a wide spectrum of 
disease states. It may lead to a constant threat to all living 
organisms and antioxidant defense system is employed by 
the body to eliminate it (Ceconi et al., 2003). In addition, 
stress causes increase resistance of insulin and disturbance 
in pancreatic β-cell function (Houstis et al., 2006). 

 Oxidative stress can attack all types of 
macromolecules including DNA by attacking the cell 
membrane, nucleus and then genetic materials, which 
leads to chromosomal aberrations (Attia, 2010; Otton et 

al., 2004). DNA oxidative damaging occurs due to 
modifications in nucleotide bases or sugars, these 
modifications lead to mutations which may cause 
formation of tumors if they occur in somatic cells 
(Selvakumar et al., 2006), then early aging may occur 
which leads to death (Rehman et al., 1999).  

Moreover, ROS damage the cell by different pathways, 
such as advanced formation of advanced glycation end 
production, hexosamine pathway, protein kinase and lipid 
peroxidation (Piconi et al., 2003), which is a result of 
attacking ROS to the residues of polyunsaturated fatty acid 
of cell membrane. The imbalance between production of 
ROS and the ability of antioxidant to detoxify their effect 
cause oxidative stress (Echtay, 2007; Roberts and Sindhu, 
2009).  

By using comet assay, the present study revealed that 
diabetes cause DNA damage. This result is similar to that 
obtained from the study of Sardas et al. (2001) who 
reported increase in oxidative DNA damage in type 1 and 
type 2 diabetes, and these damage was higher in type 2 
diabetes compared to type 1 diabetes. Also, Marra et al. 
(2002) found that oxidative stress is increased in diabetes 
and this leads to cardiovascular disease.  

Diabetic animals treated with Metformin showed 
decrease of most frequencies of structural and numerical 
chromosome aberrations and reduced the incidence of MN 
formation in PCEs in the diabetic animals. These may be 
due to the lowering of blood glucose by Metformin as a 
result of stimulating insulin releasing from functioning 
pancreatic beta cells (Chunying et al., 2006; Kirpichnikov 
et al., 2002) and hepatic glucose output as well as 
enhancing peripheral glucose uptake (Bailey and Turner, 
1996), these to decrease fasting blood glucose by 20 to 
4%, decrease body weight, decrease low density 
lipoprotein and increase high density lipoprotein (Howlett 
and Bailey, 1999). Therefore, a diabetes patient has three 
times normal rate of gluconeogenesis but metformin 
reduces this by one-third (Hundal et al., 2000). Metformin 
increased the insulin sensitivity and reduced the oxidative 
stress levels and the activity of catalase and superoxide 
dismutase when compared with diabetes rats (Vilela et al., 
2016). So, the dual therapy with metformin drug promotes 
more benefits to oxidative stress control in rats. 

The current data revealed that the treatment with SeNPs 
in addition to metformin drug resulted in a significant 
reduction in the genetic alterations (micronucleus 
formation, chromosomal aberrations) as well a comet 
assay.  This may be due to the antioxidant property of a 
compound which could play a significant role in 
decreasing the nuclear injury caused by diabetes (Adler et 
al., 2009). These observations are consistent with those of 
Abdelaleem et al. (2016) who found that selenium 
nanoparticles possesses antioxidant and anti-diabetic 
activities by decreasing oxidative stress biomarkers as well 
as blood glucose level. Similarly, Ahmed et al. (2016) 
found that selenium nanoparticles have antidiabetic 
potency, repression of oxidative stress, potentiating of the 
antioxidant defense system, and inhibition of pancreatic 
inflammation. So, selenium plays a protective role against 
type 2 diabetes (Steinbrenner and Sies, 2009). The 
protective roles of selenium in mammalian cell are due to 
its function in the active site of many antioxidant enzymes, 
such as thioredoxin reductase, glutathione and GR (Flora 
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et al., 2002). Dietary selenium may cause an increase in 
glutathione peroxidase, which has the ability to detoxify 
ROS (Köhrle and Gärtner, 2009) that can interfere with 
insulin signaling and result in regulation of glucose levels 
and prevention of diabetes (Goldstein et al., 2005). 
Selenium is also a basic component of selenoprotein, an 
important enzyme in the body which protects from 
oxidative stress and inflammation (Rayman, 2012). 

The nutritional deficiency of selenium causes muscular 
dystrophy, endemic fatal cardiomyopathy, and chronic 
degenerative diseases when used alone or in combination 
(Rayman, 2002).  

5. Conclusion  

In conclusion, the present study demonstrated the 
antidiabetic potential of SeNPs delivered in liposomes in 
the experimental model of T2DM. This effect appeared in 
decreasing the frequencies of chromosomal aberrations, in 
addition to decreasing the number of MNPCEs as well as 
repairing damaged DNA which is represent in DNA 
fragmentation assay and comet assay. Thus, SeNPs may 
benefit in clinical purposes, especially in enhancing the 
effect of T2DM. 
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