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Abstract Despite increasing evidence indicating the essential
involvement of selenium (Se) in the immune system, the effect
of Se deficiency on the regulation of oxidative stress and heat
shock proteins (Hsps) in broiler chickens is still unclear. In the
present study, we established an exudative diathesis (ED)
broiler chicken model caused by Se deficiency. We then ana-
lyzed histological observations and detected the expression
levels of Hsps and antioxidant indexes in immune tissues.
The antioxidant function declined remarkably, and most of
the Hsp expression levels increased significantly in the spleen,
thymus, and bursa of Fabricius of the broiler chicks with ED
(except the messenger RNA (mRNA) levels of Hsp27, Hsp40,
and Hsp70, which decreased in thymus tissues from the treat-
ment groups); therefore, constitutive oxidation resistance and
higher Hsps in broiler chicks with ED caused defects in im-
mune organ morphology and function, as evidenced by abnor-
mal histological structures: red pulp broadening and lympho-
cytes in the cortex and medulla of the thymic lobule decreased
distinctly and distributed loosely. These results underscore the
importance of Se in establishing an immune organ microen-
vironment conducive to normal function.
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Introduction

Selenium (Se) is a nutritionally essential trace element for a
wide range of species [1], including broiler chickens. Se defi-
ciency can cause oxidant stress and induce different tissue
injuries, such as muscle necrosis, pancreas atrophy, and im-
mune or nerve damage [2–5]. The immune system is particu-
larly sensitive to Se deficiency. Previous studies suggested
that Se deficiency could impair the functions of cellular im-
munity and humoral immunity in organisms [3, 6, 7]. The
synthesis of immune globulin and T lymphocyte proliferation
and differentiation [3, 8, 9] declined due to Se deficiency.
Moreover, Zhang et al. proved that injury to the immune or-
gans of chickens was caused by Se deficiency, and they sug-
gested that oxidative stress inhibited immune organ growth
and development and attenuated the immune function of
chickens [10].

Heat shock proteins (Hsps) are known to play important
roles in protecting cellular functions [11]. Hsps are divided
into various types according to their different molecular
weights, and Hsp90, Hsp70, and Hsp40 are important to im-
mune tissues [12]. The overexpression of Hsps will exert its
defensive function when organisms are under a variety of
environmental stressors such as hyperpyrexia, cold stress,
and intoxication [13–15]. Zhao et al. found that the messenger
RNA (mRNA) expression levels of Hsp70, Hsp60, Hsp40,
and Hsp27 increased to protect chicken heart tissue from cold
stress [16]. Banerjee et al. demonstrated that heat stress upreg-
ulated Hsp70 in Chinese hamster lung fibroblast V79 cells
[17]. Li et al. suggested that AVM exposure could cause a
protective stress response by promoting both mRNA and pro-
tein expression of Hsp90, Hsp70, and Hsp60 under in vivo
and in vitro conditions for neurons, thus easing the neurotoxic
effects of AVM to some extent on brain tissues and brain
neurons of pigeons [18]. Hsps also exert important functions
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in immune organs. J. Martimez et al. reported that Trichinella
spiralisHsp60, Hsp70, and Hsp90 were targets of the humoral
immune response in a rat infection model [19]. Habich C.
et al. indicated that Hsp60 plays a regulatory role in innate
immune cells [20]. Wei et al. found that autologous Hsp60
could be considered a danger signal for the innate immune
system; for example, local Hsp60 played an important role
in expression/release in chronic Th1-dependent tissue inflam-
mation [21]. In addition, Willem et al. proposed that Hsps
could prevent or arrest inflammatory damage, and in initial
clinical trials in patients with chronic inflammatory disease,
Hsp-derived peptides have been shown to promote the pro-
duction of anti-inflammatory cytokines, indicating that Hsps
have immunoregulatory potential [22].

Studies have demonstrated that the expression of Hsps was
correlated with the Se content in organisms [23, 24], and Se
deficiency could induce oxidative stress. Based on these pre-
vious results, we sought to evaluate the effect of a low-Se diet
on the immune organs of broiler chicks and to discuss the role
of Hsps in immune organs of broiler chicks with Se deficien-
cy. Although studies have addressed the effect of Se on anti-
oxidant function in chicken immune organs and morphology
changes, no studies have explored the effects on the immune
organs of ED chickens. Therefore, the aim of this research was
to investigate the parameters of oxidative stress, the expres-
sions of Hsps, and tissue damage in broiler chick immune
organs of ED due to Se deficiency.

Materials and Methods

Poultry and Tissue Collection

All procedures used in the present study were approved by the
Institutional Animal Care and Use Committee of Northeast
Agricultural University. One hundred and fifty broiler chicks
(1 day old; Weiwei Co. Ltd., Harbin, China) were randomly
divided into two groups (75 chickens per group). The
chickens were maintained either on a diet supplemented with
Se through the addition of 0.2 mg/kg Se (C group) via sodium
selenite or on a Se-deficient granulated diet (L group, from the
Se-deficient region of Heilongjiang Province in China, con-
taining 0.008 mg/kg Se) until the broiler chicks exhibited ED
onset. Feed and tap water were supplied ad libitum. In this
study, when the symptoms of Se deficiency occurred in the L
group at 20 days, we collected the samples. Following eutha-
nasia, the immune tissues (including the spleen, thymus, and
bursa of Fabricius) were quickly collected. The tissues were
excised immediately on an ice-cold plate, washed in a physi-
ological saline solution, and then divided into three portions:
one stored at −80 °C until required to isolate the RNA and
proteins, one fixed in 4 % buffered formaldehyde for

histopathological examination, and the rest to determine the
indexes of oxidative stress.

Histopathological Examination

To find the pathologic changes in immune organs caused by
Se deficiency, the lesions were recorded and compared at the
end of the experiment and were collected and fixed in 10 %
buffered formalin for histopathological examination. Later,
paraffin-embedded tissue sections were cut at 5-μm thick-
nesses, stained with H.E. and examined under a microscope.

Histological alterations were scored as (−), no histopathol-
ogy; (+), histopathology in <20 % of the fields; and (++),
histopathology in 20–60 % of the fields. This categorization
was modified from methods described by Bernet and Figuei-
redo [25, 26].

Determination of Antioxidant Enzyme Activities

The tissues (spleen, thymus, and bursa of Fabricius) were
homogenized (1:10 w/v) with a glass Teflon homogenizer
(Heidolph SO1 10R2RO) in physiological saline. The homog-
enate was centrifuged at 700×g for 30min at 4 °C to obtain the
postmitochondrial supernatant to measure glutathione-
peroxidase (GSH-Px) and inducible nitric oxide synthase (i-
NOS) ac t iv i t i e s , n i t r i c ox ide (NO) , GSH, and
malondialdehyde (MDA) content levels.

Design of Primers and Quantitative PCR

Total RNAwas isolated from the tissue samples using TRIzol
reagent according to the manufacturer’s instructions
(Invitrogen, China). The dried RNA pellets were resuspended
in 50 μl of diethyl-pyrocarbonate-treated water. The concen-
tration and purity of the total RNA were spectrophotometri-
cally determined at 260 nm/280 nm according to the spectro-
photometer (Gene Quant 1300/100, General Electric Compa-
ny, USA). First-strand complementary DNA (cDNA) was
synthesized from 5 μg of total RNA using oligo dT primers
and superscript II reverse transcriptase according to the man-
ufacturer’s instructions (Roche, USA). The synthesized
cDNAwas diluted five times with sterile water and stored at
−80 °C before use.

Primer Premier Software (PREMIERBiosoft International,
USA) was used to design specific primers for Hsps based on
known chicken sequences (Table 1). Quantitative real-time
PCR was performed on an ABI PRISM 7500 Detection Sys-
tem (Applied Biosystems, USA). The reactions were per-
formed in a 20-μl reaction mixture containing 10 μl of 2×
SYBR Green I PCR Master Mix (TaKaRa, China), 2 μl of
either diluted cDNA, 0.4 μl of each primer (10 μM), 0.4 μl of
50× ROX reference Dye II, and 6.8 μl of PCR-grade water.
The PCR procedure for Hsps was 95 °C for 30 s followed by
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40 cycles of 95 °C for 15 s, 60 °C for 30 s, and 60 °C for 30 s.
The melting curve analysis showed only one peak for each
PCR product. Electrophoresis was performed with the PCR
products to verify primer specificity and product purity. The
relative mRNA abundance was calculated according to the
method of ΔΔCt, which accounts for gene-specific efficien-
cies and was normalized to the mean expressions of the above-
mentioned index.

Western Blotting

Equal amounts of protein were resuspended in SDS-PAGE
buffer (62.5 mM Tris-HCl, pH 6.8, 2 % SDS, 10 % glycerol,
5 % 2-mercaptoethanol, 1 mM PMSF) and boiled in a water
bath for 5 min. Lysates were stored at −20 °C until further
analysis. The proteins were separated under reducing condi-
tions for 2 h at 120 V in 12 % SDS-polyacrylamide gels, and
the gels were transblotted onto PVDFmembranes at 100 V for
2 h. The membranes were blocked overnight in high salt buff-
er (50 mM Tris base, 500 mM NaCl, 0.05 % Tween-20) con-
taining 5 % bovine serum albumin and then incubated for 1 h
with anti-Hsp60 (1:1500), -Hsp70 (1:1500), and -Hsp90
(1:1000), followed by incubation with HRP-conjugated sec-
ondary antibodies (Pierce), goat anti-mouse, or anti-rabbit
(1:2000). The protein bands were visualized by ECL, and
the relative optical densities (arbitrary units) were obtained
by normalizing each band for the β-actin band.

Statistical Analysis

All data were statistically analyzed using the SPSS statistical
software for Windows (version 13; SPSS, Chicago, IL, USA).
When a significant value (P<0.05) was obtained by T test
analysis of variance, further analysis was performed. All data
showed a normal distribution and passed equal variance test-
ing. Differences between means were assessed using Tukey’s
honest significant difference test for post hoc multiple com-
parisons. Data are expressed as the mean±standard deviation.

Differences were considered to be significant at P<0.05 and
highly significant at P<0.01.

Results

Histological Analysis

The general histological examination indicated that immune
organs exhibited different changes due to Se deficiency (the
histopathological changes were summarized in Table 2). We
found that there were no obvious changes in the samples from
the C group. Spleen tissues from the control group showed
normal histological structures with red pulp and white pulp
(Fig. 1a). In contrast, as shown in Fig. 1b–d, the number of
lymphocytes in spleen tissues from the L group decreased, and
we found a loosely distributed periarterial lymphatic sheath,
full splenic sinus clearance, and broadening of the red pulp.
We also observed lymphocyte necrosis (Fig. 1c) and cellular
edema (Fig. 1d).

Thymus tissues from the control group showed normal
histological structures with the cortex and medulla (Fig. 1e).
However, we observed that the lymphocytes in the cortex and
medulla of the thymic lobule decreased distinctly and were
loosely distributed, and the volume of the thymus nodules
became larger in thymus tissues from the L group (Fig. 1f).
The medulla of the thymic lobule shrank, and capillary ectasia
was observed (Fig. 1g). Figure 1h shows that the cell nuclei of
lymphocyte pyknosis and fragmentation appeared in thymus
tissues from the L group.

Bursa of Fabricius tissues from the control group showed
normal histological structures (Fig. 1i). The cortex and medul-
la of the thymic lobule thinned, the lymphocytes were ar-
ranged sparsely, and reticular cells became hyperplastic
(Fig. 1j).We observed that the volume of the lymphoid follicle
diminished, the connective tissue among follicles increased,
and the membrane epithelium appeared in a zigzag pattern in
the bursa of Fabricius tissues from the L group (Fig. 1k). As
shown in Fig. 1l, the lymphocytes in the lymphoid follicular
medulla decreased obviously in the bursa of Fabricius tissues
from the L group.

Table 2 Histological analysis of the broilers immune tissues exposed to
Se deficiency

Groups Organs

Thymus Spleen Bursa of Fabricius

C groups − − −
L groups ++ + +

− no histopathology, +, histopathology in <20 % of the fields, ++ histo-
pathology in <20–60 % of the fields

Table 1 Gene-specific primers used in real-time quantitative reverse-
transcription PCR

Gene Sequence

Hsp27 F: 5′-ACACGAGGAGAAACAGGATGAG-3′
R: 5′-ACTGGATGGCTGGCTTGG-3′

Hsp40 F: 5′-GGGCATTCAACAGCATAGA-3′
R: 5′-TTCACATCCCCAAGTTTAGG-3′

Hsp60 F: 5′-AGCCAAAGGGCAGAAATG-3′
R: 5′-TACAGCAACAACCTGAAGACC-3′

Hsp70 F: 5′-CGGGCAAGTTTGACCTAA-3′
R: 5′-TTGGCTCCCACCCTATCTCT-3′

Hsp90 F: 5′-TCCTGTCCTGGCTTTAGTTT-3′
R: 5′-AGGTGGCATCTCCTCGGT-3′
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Fig. 1 H&E staining revealed characteristic histopathological changes in
the broiler chick spleen, thymus, and bursa of Fabricius with ED. a
Spleen tissue of the control group (×200). b Spleen of broiler chickens
in the low-dose group (×400). The lymphocytes in the spleen were
significantly decreased. c Spleen of broiler chickens in the low-dose
group (×400). Spleen tissue was identified with the emergence of
lymphocyte necrosis (black arrow) and the loose arrangement of PALS
cells. d Spleen of broiler chickens in the low-dose group (×400). Spleen
tissue showed serious histopathological changes, such as red pulp
broadening, the emergence of tawny hemosiderin (blue arrow),
increases in the splenic sinus gap (black arrow), and lymphocyte
necrosis. e Thymus tissue of the control group (×200). f Thymus of
broiler chicks in the low-dose group (×400). Thymic corpuscles
magnified. The lymphocytes in the thymic lobule cortex and medulla
were significantly decreased and arranged loosely. g Thymus of broiler

chickens in the low-dose group (×400). The thymic lobule medulla
shrank, and angiotelectasis was present. h Thymus of broiler chicks in
the low-dose group (×400). Thymus tissue was identified with the
emergence of lymphocyte necrosis and nucleus fragmentation and
pyknosis (black arrow). i Bursa of Fabricius tissue of the control group
(×200). j Bursa of Fabricius of broiler chickens in the low-dose group
(×400). The lymphoid follicle medulla and cortex became thin, and
reticular cell hyperplasia was observed. k Bursa of Fabricius of broiler
chickens in the low-dose group (400×). Bursa of Fabricius tissue was
identified via the reduction of lymphoid follicle volume and a zigzag
membrane epithelium. l Bursa of Fabricius of broiler chickens in the
low-dose group (×400). Bursa of Fabricius tissue showed significant
histopathological changes, such as a decrease in lymphoid follicle
medulla cells and fibrous connective tissue hyperplasia
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Analysis of the Effect of Low Dietary Se on the Oxidation
Resistance Indexes in Immune Organs in Chickens

To determine the effect of low dietary Se on the oxidation
resistance indexes in immune organs in broiler chicks, we
measured the activities of i-NOS, GSH-PX, and contents of
MDA, NO, and GSH (Fig. 2). The levels of MDA and NO
significantly increased (P<0.01) in the L groups in the im-
mune organs. The level of MDA in the bursa of Fabricius
changed the most, and the levels of NO exhibited the most
changes in the thymus organs between the L groups and the C
groups (P<0.05). The activities of GSH-PX and the level of
GSH significantly decreased (P<0.01) compared with the C
groups. However, the activity of i-NOS levels in the L group
were significantly increased in the spleen and bursa of

Fabricius (P<0.01) andwere significantly increased to a lesser
degree in the thymus (P<0.05).

Effect of Dietary Se on the mRNA Levels of Hsps
in the Immune Tissues of Chickens

To determine the effect of Se deficiency on the distribution of
the Hsp mRNA in the immune tissues, quantitative PCR
(qPCR) was performed, and the results are shown in Fig. 3.
The mRNA levels of Hsp60 and Hsp90 significantly in-
creased (P<0.05) in the immune tissues from the L group
(Fig. 3c, e), indicating that Hsps, as a type of stress protein,
would be increased in immune organs when the broiler chicks
faced the stress of Se deficiency. Both Hsp60 and Hsp90
changed the most in the spleen tissue. Interestingly, the

Fig. 1 (continued)
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mRNA levels of Hsp27, Hsp40, and Hsp70 significantly in-
creased in the spleen and bursa of Fabricius tissues (P<0.05)
but decreased in thymus tissues (P<0.05) in the L group
(Fig. 3a, b, d). These three Hsps changed most in the spleen,
similar to the other two Hsps.

Effect of Dietary Se on Hsp Protein Expression
in the Immune Tissues of Chickens

The protein levels of Hsps in immune tissues were tested
using western blot. As shown in Fig. 4, Se deficiency treat-
ment significantly increased the expression of Hsp60, Hsp70,
and Hsp90 in thymus and spleen tissues in the L group.Mean-
while, compared with the control group, the expression of
these Hsps in the bursa of Fabricius from the L group in-
creased, but not significantly.

Discussion

Se deficiency may cause various health problems, such as ED,
muscle necrosis, pancreas atrophy, and a series of disease in
chickens. The effects of Se can be partially attributed to the

properties of antioxidants that promote effective oxygen-free
radical scavenging. Some reports clarified that a deficiency in
Se might be the cause of certain diseases that develop from the
harmful effects of free radical production [27]. Hsps are a
group of highly conserved cellular stress proteins and play a
pivotal role in the protection and maintenance of several vital
cellular functions. Due to the lack of an effect of Se deficiency
in broiler chick immune organs, we designed experiments to
investigate the pathological changes, antioxidative parame-
ters, and Hsps on immune organs of broiler chicks under Se
deficiency. In the present study, the results showed that Se
deficiency causes immune organ lesions and is responsible
for the levels of NO, MDA content, and Hsps upregulation
in the thymus, spleen, and bursa of Fabricius; meanwhile, the
activities of i-NOS, GSH-Px, and the levels of GSH de-
creased. Our work sought to better understand the mecha-
nisms of Se deficiency that induced abnormalities in broiler
chicks by studying the immune tissues.

The antioxidative/oxidative parameters are valuable to as-
sess oxidative damage. GSH-Px is considered to be the first
line of cellular defense against oxidative damage [28]. Our
results showed that compared with the control groups, the
activity of GSH-Px and the content of GSH in the immune

Fig. 2 Analysis of the effect of
low dietary Se on the oxidation
resistance indexes in immune
organs (a). The activity of GSH-
Px in the immune tissues of
broiler chickens with ED was
significantly decreased in
immune tissues. b The activity of
i-NOSwas significantly increased
in the low-dose group compared
with the control group. c–e The
levels of NO, GSH, and MDA
were significantly changed in
immune tissues from low-dose
groups. Asterisk significant
differences (P<0.05) between the
control group and the low-dose
group; each value represented the
mean±SD of six individuals
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organs of broiler chicks with ED significantly decreased. The-
se results were similar to those of previous studies. Sunde and
Hadley found that the activities of Gpx1 in the kidney and
heart and Gpx4 in the liver were reduced in Se-deficient poul-
try [29]. Yao et al. found that Se deficiency could reduce the
activity of GSH-Px in chickenmuscles [30].When the activity
of GSH-Px was attenuated, excessive free radicals produced
in the organism would attack polyunsaturated fatty acids and
cause lipid peroxidation (LPO) to form lipid peroxide, such as
MDA. In this study, compared to the control group, MDA
content increased by greater than one or two times in the
low-Se groups for immune organs, suggesting that a large
amount of LPO occurred in the broiler chicks with ED. Liu
et al. indicated that the MDA level increased in the chicken
livers from the Se-deficient group (P<0.05) [31]. Sun et al.
also reported that Se deficiency caused the MDA content to
increase in the chicken kidney [32] and intestinal tract [33].
Our results indicated that the effect of Se deficiency on im-
mune tissues was similar to other organs in chickens. NO is a
highly reactive free radical with an unpaired electron. NO is
produced by a family of NO synthases (NOSs), especially i-
NOS. Excessive NO was involved in lipid peroxidation-
mediated injury and ultimately converted into peroxynitrite,
which increased oxidative stress and cell injury. Tinkle et al.

reported that Se deficiency is associated with an increase in
reactive nitrogen species (RNS), such as NO and peroxynitrite
production [34]. Zhao et al. noted that Se deficiency induced
higher levels of NO and i-NOS in the pancreas of chickens [5].
Similar to these prior studies, our results showed that com-
pared with the control groups, the levels of NO and i-NOS
were significantly increased in the immune tissues of broiler
chicks with ED. These results might explain the large extent of
oxidative damage that occurs in Se-deficient broiler chickens.

Hsps are indispensable for maintaining normal cell func-
tion and directing the cell response [11]. Therefore, it is nec-
essary to monitor Hsp expression levels in multiple tissues or
organs. Hsps are upregulated in response to various forms of
stress, such as oxidative stress and xenobiotic stresses. For
example, Chen et al. indicated that Se deficiency induced
the high expression of Hsps [35]. Liu et al. found that the
levels of Hsp60 and Hsp70 significantly increased in the
brains of common carp after exposure to atrazine, chlorpyri-
fos, and in combination [36]. Hsps are also considered to be
biomarkers of immunological stress. Compared with the con-
trol group, most of the mRNA expression levels of Hsps were
promoted in the thymus, spleen, and bursa of Fabricius of Se-
deficient broiler chicks. Meanwhile, the protein levels of
Hsp60, Hsp70, and Hsp90 were upregulated in the spleen

Fig. 3 Effects of Se deficiency
on Hsps mRNA expression in
broiler chick immune tissues The
results are from at least five
independent experiments. Data
are represented as the mean±SD
(n=6). Bars with different
superscript letters represented
statistically significant differences
(P<0.05) between the control
group and the low-dose group
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and thymus. This indicated that an Se-deficient diet promoted
the immune response as a type of stress. Mahmoud et al. noted
that Pi deficiency might affect major cellular biochemical
pathways via Hsp protein expression in broiler chicks [37].

It was interesting that in the present study, the protein levels of
Hsp were not always consistent with Hsp mRNA expression.
Several reasons may cause this difference: first, pre-mRNA
splicing can influence subsequent RNA synthesis, resulting in

Fig. 4 The levels of Hsp60, Hsp70, and Hsp90 in broiler chick immune
tissues. a The results are from at least five independent experiments. Data
are represented as the mean±SD (n=6). Bars with different superscript

letters represented statistically significant differences (P<0.05) between
the control group and the low-dose group. b Immunoblotting of Hsp60,
Hsp70, Hsp90, and β-Actin in broiler chick immune tissues
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a change in translational yields; second, many other mecha-
nisms also activate the Hsp response when the organism un-
dergoes a stressful situation [38]; and third, the high produc-
tion of Hsps may be energetically expensive and could cause a
negative effect if the high level of Hsps was not necessary to
offset protein denaturation [39, 40]. Furthermore, in this study,
the bursa of Fabricius was not consistent with the spleen and
thymus. This difference depended on the different sensitivities
to Se deficiency among immune organs. In the present study,
the results showed that the mRNA levels of Hsp27 and Hsp40
were decreased by Se deficiency, yet their levels were in-
creased in other organs.We observed that the degrees of injury
in the thymus tissues from the L groups were more serious
than those in the spleen and the bursa of Fabricius tissues with
the naked eye and with a light microscope. Using the methods
and standards described by D. Bernet, J. Mallatt, and A.
Figueiredo-Silva to assess the degrees of injury, we obtained
the results shown in Table 2. The structural damage of organs
was closely related to their functions. The seriously injured
organizational structure might lead to the reduction of Hsp
mRNA expression levels in the thymus. Hsp27 and Hsp 40
are small Hsps, and their main functions are protecting the
organism from oxidative stress [41]. When the broiler chicks
underwent oxidative stress due to Se deficiency, other mech-
anisms might have caused the decrease in the mRNA levels of
these two types of Hsps. Similar results were reported in pre-
vious studies. For example, Soldes OS et al. indicated that the
level of Hsp27 decreased in esophageal adenocarcinomas [42]
and Lo Muzi L et al. noted that decreased Hsp27
immunoexpression was found in aggressive and less differen-
tiated oral squamous cell carcinoma [43]. Compared to the
spleen and the bursa of Fabricius tissues, the mRNA expres-
sion of Hsp27 and Hsp40 in the thymus tissues showed a
different trend. On the one hand, it showed that the thymus
might be different from the spleen and the bursa of Fabricius
in facing oxidative stress; on the other hand, it implied that the
injury to the thymus was more serious than to the spleen and
the bursa of Fabricius.

Organ structure is the basis of its functions. Histologi-
cal changes in animal tissues provide a rapid method for
detecting the effects of irritants. In this study, histological
observations showed that the volume of thymus corpus-
cles became larger and the lymphocytes in the cortex and
medulla of thymic lobules decreased distinctly and were
loosely distributed in the thymus tissues of broiler chicks
from the L group. The main cause of the decline in the
thymus visceral index might be the decrease in the cortex
and medulla lymphocytes of the thymic lobules. The thy-
mus is the main immune organ, so the normal structure of
thymus is the basis of the organism’s maintenance of nor-
mal immune function. The impaired development of thy-
mus lymphocytes induced by Se deficiency was associat-
ed with damage to thymic corpuscles. Aita et al. reported

that thymic corpuscles might take part in the cellular im-
munologic response and could secrete thymic hormone
[44]. Molinero et al. suggested that there were type II
thyroxine 5′-deiodinases in both lymphocytes and the ma-
trix cells of the thymus, and when Se was lacking, the
damaged activity of type II thyroxine 5′-deiodinase might
influence the development and function of thymus cells
[45]. Therefore, histological changes in the thymus caused
by Se deficiency might result in changes in the biological
function of the thymus. The number of lymphocytes in
spleen tissues also decreased in the L group, and there
was sparse distribution of the periarterial lymphatic
sheath, full splenic sinus clearance, and broadening of
the red pulp. Similar to our results, Liu et al. discovered
that AVM altered the structure of pigeon spleen tissues, as
evidenced by red pulp broadening, mangy tawny hemo-
siderin emergence, lymphocyte necrosis, and nucleus
fragmentation in spleen tissues [15]. In the present study,
histological observation showed that the spleen structure
was damaged, indicating that the function of the spleen is
influenced by Se deficiency by changes in its structure. In
the present study, the lymphocytes in the thymus and the
bursa of Fabricius decreased, manifesting in the reduction
of spleen follicles and the constriction of PALS in the L
group was connected with lesions in the thymus and bursa
of Fabricius. The bursa of Fabricius, the characteristic
immune organ in poultry, is where B lymphocytes under-
go differentiation and maturation. In this study, histopath-
ological observation showed that Se deficiency decreased
lymphocytes at different levels, and the lymphocytes were
loosely arranged in the cortex and medulla of the lym-
phoid follicle in the bursa of Fabricius. Similar to our
results, Marsh et al. indicated that the lymphocytes de-
creased in the bursa of Fabricius of chickens with Se
deficiency [7]. The ripe B lymphocytes in the bursa of
Fabricius decreased, and the immune globulin synthesized
in the organism decreased as well. The morphological
findings in this study indicated that a series of lesions in
Se-deficient immune organs influence normal physiologi-
cal function.

Conclusion

In summary, the present study showed that Se deficiency
could lead to oxidative injury and alterations in the histology
and morphology of the immune organs of broiler chickens.
We speculated that increased Hsps in the immune organs of
broiler chickens might play roles in protecting immune organs
due to Se deficiency. Meanwhile, we observed that the mRNA
expression levels of Hsp27, Hsp40, and Hsp70 decreased id-
iosyncratically in the thymus. However, our results provided
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complementary data concerning the effect of Se deficiency on
immune organs in broiler chickens.
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