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Abstract

Objectives: To study the effect of Selenium nano particles on liver glutathione peroxidase mRNA(GSHPx1 mRNA) gene
expression in broiler chicken. Methods: An in vivo feeding experiment was conducted in 150 broiler chicks. Three replicates
of 10 birds were maintained for each treatment with various levels of Selenium Nano particles (0.075, 0.1125, 0.1875
and 0.225 mg/kg) along with selenium coarse particle (0.15 mg/kg) as control group. The liver sample from different
treatments was analyzed for GSHPx1 mRNA expression. The data were analyzed with Analysis of Variance (ANOVA).
Findings: The liver GSHPx1 mRNA expression was significantly (P<0.05) higher in Selenium nano particles supplemented
groups compared to control group with selenium coarse particles found out by doing RT-PCR in 15 birds, with 1 bird
selected randomly from each replicate contributing 3 birds per treatment. There was 4.3 fold increases in GSHPx1 mRNA
expression in birds supplemented with 0.1875 mg/kg nano selenium. However, when the Selenium nano particles level
was increased to 0.225 mg/kg from 0.1875 mg/kg Selenium nano particles, GSHPx1 mRNA expression was reduced to
0.76 fold when compared with control group of 0.15 mg/kg selenium coarse particles (1 fold). It is concluded that dietary
level of 0.1875 mg/kg Selenium nano particles increased the expression of liver GSHPx1 mRNA gene in broiler chicken.
Application: The selenium nanoparticles can be used to improve the glutathione peroxidase gene expression and thus the

oxidation resistance in broiler chicken.
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1. Introduction

Selenium is an integral part of the glutathione peroxidase,
which helps to control levels of hydrogen peroxide and
lipid peroxides that are produced during normal meta-
bolic activity.

With the recent development of nanotechnology, nano
selenium has attracted widespread attention as nanopar-
ticles exhibit large surface area, high surface activity, high
catalytic efficiency, strong adsorbing ability, and low tox-
icity. Moreover it has been found that the nanoparticles
exhibited 200 percent more bioavailability than the coarse
particles as found in calcium phosphate nanoparticles’.

*Author for correspondence

GSH-Px contributes significantly to the overall anti-
oxidant defense of muscle in broilers and selenium
supplementation of the diet could achieve to decrease
tissue susceptibility to lipid peroxidation and increase
oxidative stability of skeletal muscle?. The birds supple-
mented with nano selenium showed higher glutathione
peroxidase activity in serum and tissue’.

Available literature shows that only little work
seems to have been done to elucidate glutathione per-
oxidase (GSHPx1) mRNA gene expression in broiler
fed supplemental nano selenium. The level of glutathi-
one peroxidase activity is influenced by GSHPx1 gene.
Keeping these points in mind, the present research
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work was carried out to elucidate the effect of selenium
nanoparticles on glutathione peroxidase mRNA gene
expression in broiler chicken.

2. Materials and Methods

2.1 Synthesis of Selenium Nanoparticles

Nano selenium of 30 - 60 nm size and spherical shape was syn-
thesized by water phase solution method* at laboratory level.

2.2 Selenium Nano Particles
Supplementation in Broiler Chicken Diet

To study the effect of graded level of inclusion of Selenium
nano particles on the liver glutathione peroxidase gene
expression, a feeding trial was conducted for 35 days. The
feeding trial had five experimental groups with a control
group (0.15 mg/kg selenium coarse particles) and four
treatment groups with 25 % less (0.1125 mg/kg Selenium
Nano particles), 50 % less (0.075 mg/kg Selenium Nano
particles), 25 % more (0.1875 mg/kg Selenium nano
particles) and 50 % more (0.225 mg/kg Selenium Nano
particles) of control group. The details of the experimen-
tal design are furnished in Table 1.

Table 1. Experimental design for in vivo feeding
experiment in broiler chicken

GROUPS DIETARY CHICKS /
TREATMENT TREATMENT

Control - Se | Basal diet + 0.15mg/ | 30

CP kg selenium coarse
particles

Selenium Basal diet + 0.1125 30

Nano mg/kg Selenium Nano

particles - 25 | particles

Selenium Basal diet + 0.075 mg/ | 30

Nano kg Selenium Nano

particles - 50 | particles

Selenium Basal diet + 0.1875 30

Nano mg/kg Selenium Nano

particles + 25 | particles

Selenium Basal diet + 0.225 mg/ | 30

Nano kg Selenium Nano

particles + 50 | particles

CP = Coarse particle Se = selenium

In this experiment 150 day old broiler chicks (COBB
- 400) belonging to a single hatch were purchased from
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a commercial farm. Three replicates of 10 birds were
maintained for each treatment. The experimental birds
were housed individually in four tiered, well ventilated
battery cages provided with artificial lighting. The birds
were fed ad libitum quantity of their respective experi-
mental rations in separate feed troughs. Clean drinking
water was provided ad libitum. The required amount of
Selenium Nano particles were prepared in the laboratory.
The experimental rations were formulated as per specifi-
cation for broiler chicken®. The ingredient composition of
basal diet is presented in Table 2.

2.3 Glutathione Peroxidase mRNA
Expression in Liver Sample of Broiler
Chicken

On 35" day of feeding experiment, birds were slaughtered
by Halal method and liver samples were collected from 15
birds with 1 bird randomly selected from each replicate
contributing 3 birds per treatment and immediately pro-
cessed for RNA isolation.

Table 2. The ingredient composition of basal diets

Ingredients, g/kg | Starter, 0 - 21 | Finisher, 22- 35

days days
Maize 588 599.2
Bajra - 33
Vegetable oil 24 35
Soya bean meal 269 222
Fish meal 97 90
Lysine 1 -
Methionine 1 0.8
Vitamin- mineral | 20 20
mixture

Provided per kilogram of diet: Vitamin A 1500 IU,
Vitamin D3 200 IU, Vitamin E 10 IU, Vitamin K3’Vitarnin
B,, 0.01 mg, Biotin 0.15 mg, Choline 1100 mg, Folic
acid 0.55 mg, Niacin 30 mg, Pantothenic acid 10 mg,
Pyridoxine 3.5 mg, Riboflavin 3.5 mg, Thiamine 1.8 mg,
Copper 8 mg, Iodine 0.35 mg, Iron 80 mg, Manganese 60
mg, Zinc 40 mg.

2.4 Protocol Followed for RNA Isolation for
PCR

RNA isolation was done according to the procedure out-
lined by®. Liver sample was collected and homogenised
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in mortar and pestle and mixed with 1ml Trizol reagent
by pipetting out for 10 -15 times. It was incubated for
5-10 min at room temperature. 200 pl of chloroform was
added and shaken vigorously by hand for 30 seconds. It
was incubated at room temperature for 5 min. The mix-
ture was centrifuged in ice at 12000 RPM for 15 min at
4 °C. The aqueous phase was transferred to a clean tube
and 500 pl of isopropanol was added to it and slightly
inverted followed by incubation at -20 °C for 30 min. It
was then centrifuged at 12000 RPM for 20 min at 4 °C and
the supernatant was discarded and to the pellet, 1 ml of
70 % ethanol was added. Then it was centrifuged at 12000
RPM for 15 min at 4 °C the supernatant was discarded.
The pellet was air dried and about 20 ul of Nuclease Free
Water was added into it and it was processed for cDNA
synthesis immediately.

Complementary DNA (cDNA) was synthesised from
the isolated RNA by using the cDNA synthesis kit using
random hexa primers following the procedure outlined

by’. Template RNA (8 pl), Random Hexa Primer (1ul),
Nuclease Free Water (3 pl) were taken in eppendorf tubes
and centrifuged briefly and then incubated at 65 °C for
5 min. The mixture was kept in — 20 °C. Reaction Buffer
(3.5x) (4 pl), Ribolock RNase Inhibitor (1 pl), 10 mM
dANTP mix (2 ul), Revert Aid H minus (1 pl) and M-MuLv
Reverse Transcriptase (12 pl) were mixed gently and cen-
trifuged. Random hexa primer was incubated for 5 min
at 25 °C followed by 60 min at 42 °C. The reaction was ter-
minated by heating at 70 °C for 5 min. then; synthesised
cDNA was stored at 20 °C until further study.

The Polymerase Chain Reaction (PCR) on synthesised
cDNA was carried out according to”. Master mix (12.5
ul), Forward primer (1 ul), Reverse primer (1 ul), cDNA
(2 ul) and Nuclease Free Water (8.5 pL) were mixed and
run on 2 % agarose gel for electrophoresis with ethidium
bromide in 1x Tris acetate EDTA buffer by following the
reaction conditions of 60 cycles at 95 °C for 10 seconds
followed by 95 °C for 5 seconds and 60 °C for 31 seconds

Table 3. The sense and antisense primer sequences of glutathione peroxidase and reference genes

Gene Primers Primers sequences (5  3) Amplicon Reference
position size (bp)
Forward TTGTAAACATCAGGGGCAAA

Glutathione 140 14

. Reverse TGGGCCAAGATCTTTCTGTAA

peroxidise

Gluceraldehyde | Forward CCTCTCTGGCAAAGTCCAAG

- 14

Sphosphate ' 1 ree CAACATCAAATGGGCAGATG 180

dehydrogenase
Forward TGCGTGACATCAAGGAGAAG

- i 244 15

P - actin Reverse TGCCAGGGTACATTGTGGTA

Figure 3. The relative expression of mRNA of glutathione peroxidase gene

im liver as a result of nano selenium supplementation in broiler

chickoen

Effect of nano selenium on mRNA of glutathione peroxidase expression
in liver

obrbNDWwhbUG

Figure 1. The relative expression of mRNA of glutathione peroxidase gene in liver as a result of nano selenium

supplementation in broiler chicken.
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and then run at 4 °C for final extension as prescribed by®.
Finally, the gel documentation was done to document the
presence of bands to verify the PCR product.

Gene expression was measured by real-time PCR
analysis using the Real Time PCR system ABI PRISM
7300 (Applied Biosystems, CA, USA) with SYBR Premix
Ex Taq™ (Perfect Real Time, Takara, Shiga, Japan). The
thermal cycle was as follows: 1 cycle at 95 °C for 10 sec-
onds, and 60 cycles at 95 °C for 5 seconds and 60 °C for
31 seconds as denoted by®. The primers used are given in
the Table 3.

3. Statistical Analysis

Data were analysed with analysis of variance (ANOVA)
as per the procedure of statistical analysis system (SPSS)>.

4, Results

4.1 Liver Glutathione Peroxidase mRNA
Expression in Liver Sample of Broiler
Chicken

The cycle threshold (C) values obtained as a result of real
time PCR for the target gene (glutathione peroxidase) and
reference gene (glyceraldehyde phosphate dehydrogenase
(GAPDH)) were used to obtain the relative quantification
(R) using the formula outlined by™. The cycle threshold
is the value which gives the number of cycles needed to
achieve amplification. The low ct indicates only low num-
bers of cycles are needed for the amplification indicating
better expression. So C value is inversely proportional to
the fold of gene expression. The relative quantification of
gene expression is calculated as

R = ZfAACt

Where,

Act is obtained by subtracting the ct (reference) from
ct (target). AAct is obtained by subtracting the Act of con-
trol from Act which was obtained from the calculation.
This is delta-delta approximation method. After getting
the R (Relative gene expression) value, the values are
plotted in the form of column diagram. Each (R) value
denoted for different treatments in the column diagram
denotes the number of fold increase in gene expression
compared to control group whose expression is denoted
as 1. The relative expression of mRNA of glutathione
peroxidase gene in liver as a result of Selenium Nano par-
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ticles supplementation in broiler chicken is depicted in
Figure 1.

The fold change in GSHPx1 Mrna gene expression in
Selenium Nano particles treatment was compared against
control group (0.15 mg/kg selenium coarse particles)
where fold of expression was considered as 1. Birds sup-
plemented with nano selenium had significant (p < 0.05)
level of liver GSHPx1 mRNA gene expression compared
to control group. At a dietary nano selenium level of 25
% more (0.1875 mg/kg), there was 4.3 fold increases in
GSHPx1 gene expression. However, when the supple-
mental Selenium nano particles level was elevated to
0.225 mg/kg, increase was just 0.76 fold.

5. Discussion

Many studies have shown that expression of glutathione
peroxidise is regulated by dietary selenium level'. However,
there was no appreciation of the expression of the GPx1 gene
affected by nano selenium in the liver of broiler chicken. In
the results of this study, the liver GSHPx1 mRNA expres-
sion was significantly higher in Selenium nano particles
supplemented groups compared to control group. There
was 4.3 fold increases in GSHPx1 mRNA expression in
birds supplemented with 0.1875 mg/kg Selenium nano par-
ticles. However, when the Selenium nano particles level was
increased to 0.225 mg/kg from 0.1875 mg/kg nano selenium,
GPx1 mRNA expression was reduced to 0.76 fold, indicat-
ing that at higher level Selenium Nano particles reduced the
expression of GPx1 gene.

A dose-dependent effect of supplemental Selenium
was found on the expression level of GSH-Px1'2. An
optimal level of Selenium can increase GSH-Px1 mRNA
expression, while higher doses of selenium inhibit its
expression. One explanation for this phenomenon is the
toxicity of selenium, which maybe partly due to the for-
mation of the selenite ion free radical. Excessive selenite
radical ions, together with abundant glutathione, can
generate superoxide anions and produce other types of
reactive oxygen species. Abundant reactive oxygen spe-
cies could lead to fragmentation or degeneration of DNA,
RNA, proteins and other biological macromolecules, and
cause cellular and bodily injury’®. Therefore, selenium has
a dual role in animals. The role selenium plays depends
on the amount and form of selenium supplemented in the
diet. In this study, the highest expression level of GSH-Px1
mRNA in the liver was observed in broiler chicken fed
with the diet of 0.1875 mg/kg nano selenium.
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When the Selenium nano particles level was increased
to 0.225 mg/kg from 0.1875 mg/kg Selenium Nano par-
ticles, GSHPx1 mRNA expression was reduced to 0.76
fold when compared to the control group with 0.15 mg/
kg selenium coarse particles (1 fold), indicating that at
higher level Selenium nano particles reduced the expres-
sion of GSHPx1 gene.

6. Conclusion

The expression of liver glutathione peroxidase gene was
found out by using qRT - PCR and the relative fold of
expression in treatment groups compared to the control
group indicated that 25 % (0.1875 mg/kg0.1875 mg/kg
nano selenium) more Selenium nano particles 0.1875 mg/
kg showed 4.3 fold of increase in glutathione peroxidase
gene expression compared to the control group. When the
Selenium nano particles level was increased to 0.225 mg/
kg from 0.1875 mg/kg Selenium Nano particles, GSHPx1
mRNA expression was reduced to 0.76 fold when com-
pared to the control group with 0.15 mg/kg selenium
coarse particles, indicating that at higher level Selenium
Nano particles reduced the expression of GSHPx1 gene.
Therefore, it is concluded that a dietary level of 0.1875
mg/kg Selenium Nano particles increased the expres-
sion of liver GSHPx1 mRNA gene which is important in
improving the oxidation resistance in broiler chicken.
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