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Abstract Selenium is an essential element with
antioxidant roles in immune regulation, but there is
little understanding of how Se acts in apoptosis in the
immune organs of birds. The aim of study was to
evaluate the influence of Se deficiency on oxygen
free radicals, NO and apoptosis in immune organ of
chickens. 160 1-day-old chickens were randomly
assigned to two groups of 80 each and were fed on a
low-Se diet (0.032 mg/kg Se) or a control diet
(0.282 mg/kg Se), respectively. OFR production in
blood was determined on days 30, 45, 60 and 75,
respectively. The iNOS-NO system activity in
immune organ (thymus, spleen, bursa of fabricius)
was identified by NO content and NOS activity assay
on days 30, 45, 60 and 75, respectively. Apoptosis was
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measured by DNA ladder analysis, ultrastructural
observations, TdT-mediated dUTP nick end labeling
TUNEL assay and flow cytometric analysis of apop-
totic DNA. The transcription of factor-associated
suicide, caspase-3 mRNA was tested by fluorescence
quantitative PCR. The results showed that OFR
production, NO and inducible NO synthases (iNOS)
activity in the low-Se group were significantly
increased (p < 0.05) than in the control group. In
addition, apoptosis was observed in chicken immune
organ in the low-Se group. The degree and the number
of apoptotic cells rose in a time-dependent manner.
The expression of Fas and caspase-3 mRNA increased
(p < 0.05) than in the control group. It indicated that
the oxidative stress and NO played a causative role in
the apoptosis of immune tissues induced by selenium
deficiency.

Keywords Selenium deficiency - NO - Apoptosis -
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Introduction

Se is an important nutritional trace element, which
contributes significantly to host immune responses and
antioxidant protection (Brigelius-Flohe and Flohe
2003). Se plays a role in protecting cells against free
radicals and oxidative stress (Bansal and Kaur 2005).
Deficiency in Se causes oxidative stress due to the
diminished antioxidant property of this element as
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part of glutathione peroxidase (GSH-Px) (Chigurupati
et al. 2008). Se deficiency has been associated with an
increased expression of genes involved in oxidative
stress, which can significantly impair immune defense
parameters (Rao et al. 2001). In previous study in
mice, low Se intake (0.02 ppm) decreased the number
of B-cells in spleen, accompanied by lower glutathi-
one content but unaltered lipid peroxidation (Vega
et al. 2007). In addition, inadequate Se nutrition is
associated with an increase in reactive nitrogen
species such as NO production, which have been
linked to increased risk of such diseases as cardiomy-
opathy (Tinkel et al. 2012). Many immunological cell
types, including macrophages, synthesize NO, which
regulates their cellular function (Chaturvedi et al.
2010). NO could induce biochemical characteristics of
apoptosis in several cell types (Brookes et al. 2000;
Messmer and Brune 1996). In particular, the caspase
proteolytic enzymes, key mediators for apoptotic cell
death, possess a redox-sensitive cysteine residue in
the catalytic site. NO could modify this enzyme by
S-nitrosylation in vitro and in vivo (Kim et al. 2002),
indicating that biological and chemical NO generation
regulates apoptotic cell death.

Se participates in the fundamental biological
processes ranging from cellular antioxidant defense
to the protection and repair of DNA and apoptosis
(Fischer et al. 2006). Se deficiency causes cell cycle
arrest and increased apoptotic activity by generating
reactive oxygen species (Shen et al. 1999). Irmak
et al’s. (2003) study showed that the apoptotic
response to selenium deficiency was caused by
oxidative stress. Also, at low concentration, selenite
is known to induce apoptosis in cells via a free
radical mechanism (Rao et al. 2001).

In a previous study, we observed that chickens fed
deficient in Se diets exhibited lesions in immune
organs, caused immune organs oxidative stress (a
decrease in the activities of T-AOC, SOD, GSH-Px),
decreased serum IL-1p, IL-2 content and serum TNF
content, indicating that oxidative stress inhibited the
development of immune organs and finally impaired
the immune function of chickens (Zhang et al. 2012).
However, little is known about how Se acts in
apoptosis in the immune organs of chickens. The
aim of study was to evaluate the influence of deficient
levels of dietary Se on oxygen free radicals (OFR),
NO, DNA damage and apoptosis in immune organ of
chickens.
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Materials and methods
Birds and diets

All procedures used in the present study were approved
by the Institutional Animal Care and Use Committee
of Northeast Agricultural University. 160 chickens
(1 day old, laying hens, Weiwei Co. Ltd., Harbin,
China) were randomly divided into two groups (80
chickens per group). The chickens were maintained
either on Se deficient granulated diet (L group, Se
deficient granulated diet including corn, soybean meal
and wheat bran from Longjiang County, Se deficiency
region of Heilongjiang Province in China and blends
material that did not add Se (Weiwei Co. Ltd., Harbin,
China)) or the commercial granulated diet (Control
group, Weiwei Co. Ltd., Harbin, China) for 30, 45, 60,
75 days. The Se contents of Se deficient granulated diet
and basal commercial granulated diet were analysed by
GB/T 13,883-2008 (PONY TEST Co., Beijing, China),
which were contained 0.032 and 0.282 mg/kg Se
(sodium selenite), respectively. The feed and water
were supplied and libitum. Following euthanasia with
sodium pentobarbital, the plasma and immune organ
(including thymus, spleen, bursa of fabricius) were
quickly collected at 30, 45, 60 and 75 days old.

Determination of OFR

Determination of OFR was based on the modified
method of Driver et al. (2000). Bloods were prepared
in ice-cold Locke’s buffer (154 mM NaCl, 5.6 mM
KCl, 3.6 mM NaHCO;, 2.0 mM CaCl,, 10 mM b-
glucose and 5 mM HEPES, pH 7.4), which were
allowed to warm at 21 °C for 5 min. The reaction
mixture containing 10 uM DCFH-DA. After another
30 min of incubation, the conversion of DCFH to the
fluorescent product DCF was measured with a fluo-
rescence spectrophotometer, with excitation wave-
length at 485 nm and emission wavelength at 530 nm.
Background fluorescence (conversion of DCFH to
DCEF in the absence of homogenate) was corrected by
the inclusion of parallel blanks.

NO and inducible NO synthases (iNOS) activity
assay

The immune tissues’ homogenates and serum of each
time point were used for NO and iNOS activity assay.
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The NO content and iNOS activity were determined
using NO and iNOS activity assay kits (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China)
according to the manufacturer’s instructions (Yang
et al. 2006; Zhang et al. 2011).

DNA ladder analysis

The DNA fragmentation pattern (DNA ladder) was
analyzed by agarose gel electrophoresis. DNA in
immune tissue was purified according to the procedure
of Hahnvajanawong et al. (2010). The DNA was
dissolved in TE buffer (10 mM Tris—HCI, pH 8.0,
1 mM EDTA). DNA was then loaded on 1.8 %
agarose gel for electrophoresis analysis. The bands
were visualized by EB staining under UV light.

Ultrastructural observations

For electron microscopy, immune tissue specimens
were fixed with 2.5 % glutaraldehyde in 0.1 M sodium
phosphate buffer (pH 7.2) for 3 hat4 °C, washed in the
same buffer for 1 h at 4 °C and postfixed with 1 %
osmium tetroxide in sodium phosphate buffer for 1 h at
4 °C.The tissues were then dehydrated in graded series
of ethanol, starting at 50 % each step for 10 min, after
two changes in propylene oxide. The tissue specimens
were embedded in araldite. Ultrathin sections were
stained with Mg-uranyl acetate and lead citrate for
transmission electron microscope evaluation.

TdT-mediated dUTP nick end labeling (TUNEL)
Assay

We used in situ cell death detection kit (Roche
Diagnostics GmbH, Mannheim, Germany). The
method distinguishes apoptotic cells from those
undergoing necrosis, because damaged DNA in the
former leads to a different distribution of staining and
nuclear morphology. Paraffin wax-embedded tissue
sections were treated with proteinase K and the
endogenous peroxidase activity was blocked with
hydrogen peroxide. The sections were incubated at
37 °C with the terminal TdT/nucleotide mixture for
1 h. Then, the reaction was stopped and the slides were
rinsed with phosphate buffered saline. Nuclear label-
ing was developed with horseradish peroxidase
and diaminobenzidine. Hematoxylin was used for
counterstaining.

Flow cytometric analysis of apoptotic DNA

Immune tissues were dissected from each chick and
immediately minced with surgical scissors. The cell
suspensions was filtered through a 300-mesh nylon
mesh, washed twice with cold phosphate buffered
saline. The following assays were carried out at a
concentration of 1.5 x 10° cells/mL. The cells with
hypodiploid DNA were determined by cell cycle
studies. After treatment, the cells were harvested and
washed with PBS, fixed by adding ice-cold 70 %
ethanol dropwise and stored at 4 °C overnight. The
fixed cells were washed and suspended in 1 mL PBS.
Following the addition of 200 pL phosphate citrate
buffer (pH 7.8) to the cells, these were incubated for
60 min at room temperature. After centrifugation, the
cells were resuspended in 0.5 mL propidium iodide
(PD) stain (10 mg PI (Sigma-Aldrich, USA), 0.1 mL
Triton-X 100 and 3.7 mg EDTA in 100 mL PBS) and
0.5 mL RNase A (50 pg/mL), incubated for 30 min in
dark. The PI fluorescence was measured through a FL-
2 filter (585 nm) and 10,000 events were acquired. The
flow cytometric analysis was performed on BD-LSR
flow cytometer (BD Biosciences, Canada). Cell debris
characterized by a low FSC/SSC was excluded from
analysis. The data analyzed by Cell Quest software
(BD Biosciences, Canada) and mean fluorescence
intensity was obtained by histogram statistics.

Quantification of factor-associated suicide (Fas),
caspase-3 mRNA

Total RNA was isolated from tissue samples using
Trizol reagent according to the manufacturer’s
instructions (invitrogen). The RNA concentrations
were determined using the GeneQuant 1300.

Reverse transcription reaction (40 pL) consisted of
the following: 10 pg of total RNA, 1 pL of M-MLV
reverse transcription, 1 pL of RNase inhibitor, 4 pL of
dNTP, 2 pL of Oligo dT, 4 pL of dithiothreitol, and
8 uL of 5x buffer. The procedure of the reverse
transcription was according to the manufacturer’s
instructions (Invitrogen). The reverse transcription
products (cDNA) were then stored at —20 °C for PCR.

To design primers, we used the chicken Fas,
caspase-3 mRNA GenBank sequence with accession
number of NM_001199487, NM_204725, respec-
tively. Chicken B-actin (GenBank accession number
L08165) as a housekeeping gene was used as an
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Table 1 Gene-special

. Gene
primers for Fas, caspase-3

Accession number

Primer (5’ —3') Product size (bp)

and B-actin used in the real- Fas
time quantitative reverse
transcription PCR

NM_001199487

5'-GCACTCGGTTTGGAGGTTGT-3' 197
5'-CGTGGCATTCCTGCTTCTT-3’
5'-CTGAAGGCTCCTGGTTTA-3' 104
5'-TGCCACTCTGCGATTTAC-3'
5'-ACCGCAAATGCTTCTAAACC-3' 93
5'-CCAATCTCGTCTTGTTTTATGC-3

Caspase-3  NM_204725
B-Actin L08165
150 =
Control Group
L Group
*

100

[,
o
1

OFR production
(relative fluorescent intensity)

o
[

Fig. 1 Effects of Se deficiency on the OFR production in blood.
*indicated that there were significant differences (p < 0.05)
between the control group and the L group at the same time
point. Each value represented the mean + SD of five
individuals

internal reference. Primers (Table 1) were designed
using the Oligo 6.0 Software, and were synthesized by
Invitrogen Biotechnology Co. Ltd. in Shanghai, China.
Real-time quantitative reverse transcription PCR
was used to detect the expression of Fas, caspase-3
gene in thymus, spleen, bursa of fabricius by using
SYBR Premix Ex TaqTM (Takara), and real time PCR
work was done in the ABI PRISM 7,500 real-time
PCR system (Applied Biosystems). The program was
one cycle at 95 °C for 30 s and 40 cycles at 95 °C for
5 s and at 60 °C for 34 s. Dissociation curves were
analyzed by Dissociation Curve 1.0 Software (Applied
Biosystems) for each PCR reaction to detect and
eliminate the possible primer-dimer and non-specific
amplification. The mRNA relative abundance was
calculated according to the method of Pfaffi (2001).

Statistical analysis
Statistical analysis of all data was performed using

SPSS for Windows (version 13; SPSS Inc., Chicago,
IL, USA). When a significant value (p < 0.05) was
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obtained by two-tailed paired Student’s 7 test. Data are
expressed as mean + SD.

Results
Mortality rate of chickens

At 30 days of age during the experiment (L group),
there were disease and death in chickens. Disease
chicken showed poor feathering, pancreatic degener-
ation, nutritional muscular dystrophy, and necrotic
lesions in different tissues. The mortality rate in L
group at 3045 days was 3.75 %, 45-60 days was
6.67 % and 6075 days had no death chicken.

Changes of the OFR

The effect of Se deficiency on the OFR production in
blood is shown in (Fig. 1). The OFR production of
blood was significantly increased (p < 0.05) in L
groups than in control groups from 30 to 75 days
of age. As the experiment progressed, a significant
increase in the OFR production of blood was observed
for chickens that were fed a Se-deficient basal diet.

Changes of NO production and iNOS activity

The NO production was measured by calculating the
production of nitrite, a more stable product of NO in
the culture medium. The effects of Se deficiency on
the NO production in immune tissues and serum were
shown in (Fig. 2). The NO productions of immune
tissues and serum were significantly increased
(»p < 0.05) in L groups than in control groups from
30 to 75 days of age.

The effects of Se deficiency on the iNOS activity in
immune tissues and serum were shown in (Fig. 3). The
iNOS activities of immune tissues and serum were



Biometals (2013) 26:355-365 359
Fig. 2 Effects of Se _A B
deficiency on the NO B 3- =
production in serum and '% : Eg‘tml Group . * % 25 Control Group *
immune tissue. a Result of 3 roup ey %’ 2.0 - L Group
effects of Se deficiency on E 2 % % m x £
NO production in thymus. - e e o =z 154 * e
b Result of effects of Se § oo e o 5 e
deficiency on NO § 14 ﬁ == e B 101 o
production in spleen. 3 "'“ E ﬁ 3 05 ﬁ
¢ Result of effects of Se 5 e e e g : =
deficiency on NO O o = == o 00 ]
production in bursa of = 30d 45d 60d 75d z 30d 45d 60d 75d
fabricius. d Result of effects Thymus Spleen
of Se deficiency on NO c D
production in serum. %‘ 4- 40 -
Asterisk in a-d indicated 5 Control Group - EZ Control Group *
that there were significant Ry L Group * ° *
differences (p < 0.05) S 31 * § 304 o
between the control group = * * ) 5 ﬁ
and the L group at the same S 21 o o s 20 4 e
time point. Each value b e 2 2 ey
represented the mean = SD _g 14 ':m':': Foeied <} ﬁ
of five individuals ° e B o G

= 30d 45d 60d 75d

Bursa of Fabricius Serum
Fig. 3 Effects of Se A B
deﬁc%enc.y on the iNOS 3 2.5 Control Grou -é 20 B3 Control Group % - *
activity in serum and s P 5 &3 L Group
immune tissue. a Result of o 201 g’ 1.5 1
. . £

effects of Se deficiency on S 154 é
iNOS activity in thymus. g > 1.0
b Result of effects of Se S ‘§
deficiency on iNOS activity § g 05+
in spleen. ¢ Result of effects o »
of Se deficiency on iNOS o o
activity in bursa of fabricius. = € 00- N
d Result of effects of Se 30d 45d 60d 75d
deficiency on iNOS activity Spleen
in serum. Asterisk in a— C D 25 -
d indicated that there were 5 257 . = B3 Control Group *
significant differences g 2.0 EB Control Group £ 204 E3 LGroup "
(p < 0.05) between the £ L Group 2
control group and the L é 154 > 151
group at the same time point. 2 é
Each value represented the 2 101 8 104
mean %+ SD of five 2 )
individuals @ °51] B | EH || h

Z 0.0- 3 0-

30d 45d 60d 75d
Bursa of Fabricius

significantly increased (p < 0.05) in L groups than in DNA ladder analysis

control groups from 30 to 75 days of age. As the

experiment progressed, a significant increase in the
iNOS activity of immune tissues and serum was
observed for chickens that were fed a Se-deficient

basal diet.

The biochemical hallmark of apoptosis, typical for-
mation of 200 bp DNA fragments shown as ladders
on agarose gels, was observed in immune tissues of

Se deficiency chicken in a time-dependent manner
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Fig. 4 Effects of Se deficiency on DNA fragmentation by
(1.8 %) agarose gel electrophoresis. a Result of Se deficiency on
DNA fragmentation of thymus. b Result of Se deficiency on
DNA fragmentation of spleen. ¢ Result of Se deficiency on DNA

(Fig. 4). Kinetic analysis of DNA fragmentation
revealed that the formation of 200 bp DNA fragments
in chicken immune tissues became apparent at 30 days
under the Se deficiency conditions.

Ultrastructural changes

No ultrastructural change was observed in control
group (Fig. 5a, c, e). Widened intercellular space
between lymphocytes was observed in L groups. The
mitochondria of lymphocytes from immune tissues of
L group were enlarged and vacuolated with degener-
ating cristae. The apoptotic cells showed typical
condensed nuclei with horseshoe-like or crescent-
shaped cytoplasmic organelles with inconspicuous
structure. Nuclei and organelles of some cells were
unclear (Fig. 5b, d, f).

TUNEL assay

TUNEL assay revealed that apoptotic cells had brown-
stain nuclei, which showed morphologic changes of
condensed and irregular nuclei. There were increased
frequencies of occurrence of apoptotic cells in L group
when compared with that of control groups from 30 to
75 days of age (Fig. 6).

@ Springer

fragmentation of bursa of fabricius. M: DNA Marker DL2000;
1-4: DNA in control group from 30, 45, 60, 75 days
respectively; 5-8: DNA ladder patterns in L group from 30,
45, 60, 75 days respectively

Induction of apoptotic cells

The effects of Se deficiency on the percentage of
apoptotic cells in lymphocyte of immune tissues were
shown in (Fig. 7). The percentage of apoptotic cells of
immune tissues were significantly increased (p < 0.05)
in L groups than in control groups from 30 to 75 days of
age. As the experiment progressed, a significant increase
in the percentage of apoptotic cells of immune tissues
was observed for chickens that were fed a Se-deficient
basal diet.

Effects of Se deficiency on the mRNA levels of Fas
and caspase-3 in immune tissues of chickens

The effects of Se deficiency on the mRNA levels of
Fas in immune tissues were shown in (Fig. 8). The
mRNA levels of Fas gene in immune tissues were
significantly increased (p < 0.05) in L groups than in
control groups from 30 to 75 days of age.

The effects of Se deficiency on the mRNA levels of
caspase-3 in immune tissues were shown in (Fig. 9).
The mRNA levels of caspase-3 gene in immune
tissues were significantly increased (p < 0.05) in L
groups than in control groups from 30 to 75 days
of age.
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Fig. 5 Effects of Se deficiency on the ultrastructural changes in immune tissue. a Thymus of control group. b Thymus of L group.
¢ Spleen of control group. d Spleen of L group. e Bursa of fabricius of control group. f Bursa of fabricius of L group

Discussion

Selenium is essential for optimum immune response
and influences the innate and acquired immune
systems. Se deficiency could cause various lesions,
including encephalomalacia and exudative diathesis in
chicken. Se concentrations affect oxidative status
because of its known antioxidant nature in the tissues.
Se-deficient animals show diminished antioxidant
defense mechanism and increased oxidative stress
(Griveau et al. 1995). Hoffmann et al. (2010) reported
impaired activation and differentiation of T-cells in
mice fed a Se-deficient (0.08 ppm Se) diet, while ROS
levels in T-cells of the Se-deficient mice were not
increased. On the other hand, Shrimali et al. (2008)
detected increased ROS levels in T-cells from mice
with genetically impaired biosynthesis of selenopro-
teins. It was found that the removal of selenium from
the culture medium induced human T-leukemia ROS
production and also lipid hydroperoxides (Saito et al.
2003). In a previous study (Zhang et al. 2012), we
observed that the activities of T-AOC, SOD and GSH-
Px decreased, while the XOD activity increased in

serum and immune tissue of Se deficiency chicks,
compared to the corresponding control ones. These
results indicate the effects of oxidative stress on the
immune functions of Se deficient chickens. In the
present study, a statistically significant increase in the
levels of OFR in the case of Se-deficient was observed,
as compared to the chickens supplemented with the
Se-adequate diet. A significant increase in ROS
and peroxidation inside the cells in the case of Se
deficiency has also been reported earlier (Kaushal and
Bansal 2007; Saito et al. 2003).

NO is a small signaling molecule with important
regulatory effects in many tissues. The NO reacts with
molecular oxygen and other biological targets, which
allow it to function as a rapidly reversible, specific,
and local signal transduction molecule as well as a
nonspecific mediator of tissue damage (Gonzalez et al.
2009; Inoue et al. 2003). It is catalyzed by one of the
three isotypes of NO synthases (NOS)-endothelial
NOS (eNOS), neuronal NOS (nNOS), or iNOS
(Nathan 1992). Both nNOS and eNOS are constitutive
isoforms. However, iNOS 1is generally not expressed
under normal conditions and can be induced by
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Fig. 6 Effects of Se deficiency on the TUNEL assay in immune tissue. a Thymus of control group. b Thymus of L group. ¢ Spleen of
control group. d Spleen of L group. e Bursa of fabricius of control group. f Bursa of fabricius of L group

._.A a €3 Control Group * E 40 = E 41 B3 Control Group =
2 44 E3 LGrowp = E3 Control Group i £3 L Group o
‘5 E s04 E3 L Group ‘é’ 30 4
£ 7 b 8
L o 20- o 207
s 7 5 5
3™ g1
< < <
0 Lo - . socsns AR o Lo o e e vt o Loy oy e hose
30d 45d 60d 75d 30d 45d 60d 75d 30d 45d 60d 75d
Thymus lymphocytes Spleen lymphocytes Bursa of Fabricius lymphocytes
Fig. 7 Effects of Se deficiency on the apoptotic rate in bursal of fabricius lymphocytes. *a—c indicated that there were
lymphocytes of immune tissue. a Result of effects of Se significant differences (p < 0.05) between the control group and
deficiency on apoptotic rate in thymic lymphocytes. b Result of the L group at the same time point. Each value represented the
effects of Se deficiency on apoptotic rate in splenic lympho- mean + SD of five individuals
cytes. ¢ Result of effects of Se deficiency on apoptotic rate in
various cytokine. The induction of iNOS expression routes. At the cellular level, nitrosative stress has been
may be a vital means of establishing a host defense, the linked to the inhibition of cell growth and apoptosis. In
overproduction of NO by iNOS has been implicated in particular, the caspase proteolytic enzymes, key
various pathophysiologic processes (Zhang et al. mediators for apoptotic cell death, possess a redox-
2011). NO can act as an antioxidant through diverse sensitive cysteine residue in the catalytic site. NO
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Fig. 8 Effects of Se deficiency on the mRNA levels of Fas in
immune tissues. a Result of effects of Se deficiency on the
mRNA levels of Fas in spleen. b Result of effects of Se

deficiency on mRNA levels of Fas in spleen. ¢ Result of effects
of Se deficiency on mRNA levels of Fas in bursa of fabricius
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expression

Caspase-3 mRNA relative
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Fig. 9 Effects of Se deficiency on the mRNA levels of caspase-
3 in immune tissues. a Result of effects of Se deficiency on the
mRNA levels of caspase-3 in spleen. b Result of effects of Se
deficiency on mRNA levels of caspase-3 in spleen. ¢ Result of
effects of Se deficiency on mRNA levels of caspase-3 in bursa of

could modify this enzyme by S-nitrosylation in vitro
and in vivo, indicating that NO generation regulates
apoptotic cell death (Kim et al. 2002). However, the
effects of Se deficiency on NO production of immune
tissues in poultry have been not studied so far. In
present study, we investigated the change of NO and
iNOS production caused by Se deficiency. The results
showed an increase of NO production and iNOS
activity in serum and immune tissue of Se deficiency
chicks, compared to the corresponding control ones.
It indicated that under Se deficiency condition, the
antioxidant defense system would be undermined
in vivo, and oxygen free radicals were accumulated,
which would release a large number of inflammatory
mediators, and the latter would stimulate the increase
in the expression of iNOS and excessively release NO.

Se deficiency further enhances the severity of
apoptosis by further increasing the ROS, caspase
activity and down regulating anti-apoptosis genes

Control Group
B3 L Group

B3 Control Group
B3 L Group

a0

B3 Control Group
E3 L Group

S
1

(5]
L

Fas mRNA relative expression
o

s0d
Bursa of Fabricius

30d 45d

60d
Spleen

45d 75d

lymphocytes. *a—c indicated that there were significant differ-
ences (p < 0.05) between the control group and the L group at
the same time point. Each value represented the mean £ SD of
five individuals

B3 Control Group
E3 L Group

expression

Caspase-3 mRNArelative

60d

45d
Bursa of Fabricius

45d 60d 30d 75d

Spleen

75d

fabricius lymphocytes. *a—c indicated that there were significant
differences (p < 0.05) between the control group and the L
group at the same time point. Each value represented the
mean £ SD of five individuals

(Verma et al. 2008). Reduction of O, produces
superoxide, peroxides, and hydroxyl free radicals,
each of which have various essential cellular functions
including the oxidation of fatty acids and alcohols,
hydroxylation reactions, and the implementation of
phagocytosis (Neve 1991). However, excessive
cellular levels of these ROS may produce oxidative
damage. ROS have been shown to play an important
role in triggering apoptosis (Stewart et al. 1999).
Apoptotic cells display a characteristic fragmentation
pattern of DNA into distinct segments that can be
visualized as a ladder of bands by gel electrophoresis.
However, the DNA ladder formation is not ultimately
required or causatively linked to the death process.
Accordingly, Se deficiency was reported to induce
DNA damage, particularly DNA strand breaks and
base damage (Rikiishi 2007). Se deficiency in a
majority of DNA damaging experiment, activates
DNA damage signals and induces apoptosis in NIH
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3T3 cells, suggesting that DNA damage plays a major
role in selenite-induced apoptosis (Zhou et al. 2003).
Saito et al. (2003) reported that the type of cell death
caused by Se deficiency was necrotic rather than
apoptotic. Some research showed that apoptosis or a
syncretic process of apoptosis and necrosis was
induced by Se deficiency (Cheng et al. 2003; Zeng
2002). Peng et al. (2011) suggested that low Se diet
restrained the development of bursa of fabricius by
cell cycle arrest and apoptosis. In the present study, the
microscopic examination of chicken immune tissues
in Se deficiency group revealed morphological
changes typical of apoptosis such as membrane blebs
and overall shrinkage of cells (Fig. 5b, d, f). TUNEL
revealed that apoptotic cells with brown-stained nuclei
were observed with increased frequency of occurrence
in Se deficiency groups in comparison with that of
control groups from 30 to 75 days of age (Fig. 6).
In accordance with these morphological changes,
apoptosis was further confirmed by the observation of
Se deficiency inducing both DNA fragmentation
(Fig. 4) and hypodiploid DNA (Fig. 7). The number
of apoptotic chicken immune tissues’ lymphocytes
induced by Se deficiency rose in time-dependent
manner. It indicated that Se deficiency induced
oxidative stress plays a major role in its potential to
cause DNA damage and to induce apoptosis.
Likened to cellular suicide, apoptosis is an actively
driven process with distinct morphological and bio-
chemical features. Cell shrinkage, nuclear and cyto-
plasmic condensation, chromatin fragmentation, and
caspase and tumour necrosis factor (TNF) activation
are all hallmarks of apoptotic cell death (Kaiser et al.
2008). Fas, a 45 kDa type I membrane protein that
belongs to the TNF/nerve growth factor (NGF)
receptor superfamily, has an important role in apop-
tosis during development and in defence of multi-
cellular organisms (Wu et al. 2008). It is the activation
of caspases that ultimately results in apoptotic cellular
degradation, while caspase-3 is the major effector
protease involved in the apoptotic process (Nicotera
et al. 2003). Se also alters cell survival genes, such as
Bcl-2 (Cheng et al. 2003) and induces caspase
activation (Nunes et al. 2003). Kaushal and Bansal
(2007) found a significant increase in the expression of
genes Bcl-2, caspase-3 and caspase-9, which were
involved in different apoptotic pathways, thus direct-
ing towards the molecular mechanism of male germ
cell apoptosis in response to Se deficiency-induced
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oxidative stress. Jaspers et al’s. (2007) study indicated
that Se deficiency enhanced human bronchial epithe-
lial cells apoptosis and caused a greater level of
activated caspase-3. In our study, a statistically
significant increase in the levels of Fas and casp-
ased-3 in the case of Se-deficient was observed, as
compared to the chickens supplemented with the Se-
adequate diet.

In conclusion, the present study clearly showed that
selenium deficiency increased the OFR production,
NO production and the activity of iNOS, and eventu-
ally induced apoptosis of immune tissues. These
results strongly indicate that the oxidative stress and
NO play a causative role in the apoptosis of immune
tissues induced by selenium deficiency.
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