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ABSTRACT The differences in physiological and im-
munological parameters and pathological damage to or-
gan tissues exposed to chronic heat stress provide the
basis for evaluating heat resistance of different chicken
breeds (white recessive rock [WRR] and The Ling-
shan [LS]). Ninety broilers of each breed were divided
equally into a chronic heat stress group and a no heat
stress group. The effects of chronic heat stress on the
physiological and immunological parameters of broilers
were analyzed using flow cytometry, ELISA, RT-qPCR,
etc. Under heat stress conditions: (1) H and H/L val-
ues were significantly increased (P < 0.01) in the 2
breeds, and were higher in the WRR broilers than in
the LS broilers at a late stage (P < 0.05). Although the
corticosterone levels were also significantly increased
(P < 0.01) in both breeds, they were lower in the 49 d
WRR broilers than in the LS broilers (P < 0.01). The
number of leukocytes were significantly increased in the
49 d WRR broilers (P < 0.01), whereas the number
of CD3+, CD8+ cells, and erythrocytes were signifi-

cantly reduced (P < 0.05). A significantly (P < 0.01)
lower number of CD3+, CD4+ T-lymphocytes, and
CD4+/CD8+ were present in WRR compared to that
in the LS broilers. (2) The HSP70 transcript was signif-
icantly increased in the WRR broilers (P < 0.01), and
was higher than the level in the LS broilers. The ex-
pression level of HSP70 protein was significantly (P <
0.05) increased in WRR broilers. (3) The WRR broilers
developed cardiac and leg muscle inflammatory cellu-
lar hyperplasia and local inflammatory lesions, as well
as cerebral meningitis and inflammatory hyperplasia of
the brain tissue. The LS broilers developed mild cere-
bral inflammatory hyperplasia and mild inflammatory
cellular proliferation in the leg muscle. In conclusion,
under heat stress conditions, the relative physiologi-
cal and immunological parameters were worse in the
WRR broilers than in the LS broilers. The WRR broil-
ers showed poor heat tolerance as evidenced from the
expression of HSP70 and the extent of histopathological
damages.
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INTRODUCTION

The recessive white feathered or white recessive rock
(WRR) chicken is a fast-growing broiler breed intro-
duced to China. The Lingshan (LS) chicken is a local
quality broiler breed. In hot Chinese summers, tem-
peratures can be very high, and the difference in the
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response of these 2 breeds to heat stress is not clear.
When ambient temperatures rise above 32◦C, the body
temperatures of broilers exceed the normal range. As a
result, their respiratory rate rises from 20 times/min to
120–160 times/min, and there is an increase in the heart
rate. Under these conditions, the broilers typically show
shortness of breath, stretched wings, and reduced feed
intake (Lisanne et al., 2016). Mignon-Grasteau et al.
(2015) showed that the intensity of chronic heat stress
is relatively weak, the duration of stress is relatively
long, and that such instances occur at a higher fre-
quency. Chronic heat stress is common and frequent
in livestock and poultry production.

Studies have shown that chronic heat stress can lead
to changes in the physiology of poultry, which can
affect the production (Van Goor et al., 2015). Such
stress results in decreased appetite, slowed growth, and
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increased morbidity and mortality. Heat stress affects
immune function, number of T cells, secretion of anti-
bodies and cytokines, immunoglobulin concentrations,
and proliferation of lymphocytes (do Amaral et al.,
2010; Wieten et al., 2010). It causes neurological dam-
age and cerebral dysfunction (Lemiale et al., 2008), and
also causes physiological dysfunctions, such as an in-
crease in the plasma corticosterone concentration (Chen
et al., 2013). In addition, heat stress can cause irre-
versible pathological damage to organs (Zhu et al.,
2009). Buttari et al. (2015) studied erythrocyte and
immune system, according to which, under normal
physiological conditions, the content of blood cells in an
animal is maintained in a dynamic balance by constant
depletion and supplementation; this plays an important
role as an immune barrier. The physiological parame-
ters of erythrocyte and leukocytes may, therefore, serve
as a reference in determining whether the immune
system of the animal is affected (Miao and Xiao, 2018).

Currently, the heat shock protein 70 kDa gene
(HSP70) is known to encode one of the most well-
understood HSPs of the HSP family. When a broiler is
subjected to heat stress, HSPs are rapidly induced and
their contents are increased, which rapidly enhances the
heat tolerance capacity of the body (Das et al., 2010). In
addition, HSPs play important roles in cell growth, de-
velopment, differentiation, and protein synthesis (Jason
et al., 2014), and also play a central regulatory role in
the stress response at the level of both tissues and cells.
It has been suggested that the highly conserved evolu-
tionary features of HSPs and their ability to directly
sense the changes in the extracellular environment may
serve as a biological marker for stress response (Khalil
et al., 2011; Manjari et al., 2015).

In the present study, we systematically analyzed the
differences in the main physiological and immunolog-
ical parameters between 2 breeds of broilers. We also
assessed the pathological damages sustained by tissues
and organs of the broilers exposed to heat stress to de-
termine the basis for heat resistance of the 2 varieties
and to establish a foundation for the prevention and
control of heat stress.

MATERIALS AND METHODS

Experimental Animals and Rearing
Conditions

Artificial stress test. Guangdong Wens Food Group
Co. Ltd. (Xinxing county, Yunfu city, Guangdong
province, China) provided 1 d LS broilers (n = 90,
female) and WRR broilers (n = 90, female). These
were reared to 28 d in artificial chambers (Canada
Conviron, PGV36: Height 260 cm × Width 241 cm
× Depth 341 cm). Of the 90 broilers of each breed,
45 were randomly assigned to a heat stress group and
45 to a no heat stress group. Broilers were transferred
to and maintained in cages (9 per cage: H 40 cm ×
W 100 cm × D 80 cm) in an artificial chamber, under
a relative humidity of more than 65%, and were able

to feed and drink ad libitum. The room temperature
was maintained at 34 ± 1◦C, from 9:00 to 18:00 h, and
26 ± 1◦C, from 18:00 to 9:00 h for the heat stress group,
and maintained at a constant 26 ± 1◦C for the no heat
stress group.

Sample Preparation

The heterophil (H), heterophil/lymphocyte (H/L)
value, and the physiological parameter of blood, and
the content of serum corticosterone were measured at
35, 42, and 49 d broilers in the venous blood drawn from
under the wings of the broilers. Eight samples of blood
were used for total RNA extraction and RT-qPCR de-
tection of the HSP70 gene at 42 and 49 d broilers.
Protein extraction was performed from 3 blood sam-
ples chosen randomly from these 8 samples. The HSP70
protein was detected by western blotting. The concen-
trations of CD3+, CD4+, and CD8+ were also mea-
sured at 49 d broilers. The brain, leg muscle, and car-
diac tissue samples were harvested at 49 d from both
the groups and were used for histological analysis. The
histopathological changes in the different organs were
observed before and after the heat stress.

Determination of H and H/L Values

Venous blood samples were collected, and EDTA was
added to the blood as an anticoagulant. Wright-Giemsa
complex staining was performed to prepare the blood
samples for microscopy analysis. The cells were classi-
fied and assayed by Guangzhou Exons Biological Tech-
nology Co. Ltd., following the techniques and calcula-
tions described by Campo and Davila (2002).

Detection of CD3+, CD4+, and CD8+ T Cells

The venous blood samples were collected from the
broilers, and heparin was added to them as an an-
ticoagulant. Flow cytometry was performed to detect
the levels of CD3+, CD4+, and CD8+ T cells in the
blood samples by Guangzhou Exons Biological Tech-
nology Co. Ltd. The procedure used for the experiment
was as follows: 5 μL of CD3+ and CD8+ and 3 μL
of CD4+ antibodies were added to the bottom of la-
beled flow tubes. The heparinized whole blood (50 μL)
was added to each tube and mixed thoroughly by os-
cillation. The mixture was incubated for 15 min in the
dark. Thereafter, hemolysis was performed by adding
2 mL of erythrocyte lysis buffer to each tube and mixing
the contents by oscillation. The mixture was incubated
for another 15 min in the dark. The mixture was then
washed with 2 mL of PBS and centrifuged at 120 ×
g for 5 min. The supernatant was discarded, the cells
were resuspended in 2 mL of PBS, and centrifuged again
at 120 × g for 5 min. The supernatant was discarded
again and the cells were resuspended in 500 μL of PBS
and filtered, and were subsequently used for flow cy-
tometry. Cell-Quest software (FACSCalibur) was used
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Table 1. Primers used for the RT-qPCR detection of the HSP70 gene the chicken-specific
GAPDH gene.

Gene Primer Sequence (5′-3′) Temperature

HSP70 Forward CGATCTGGCTGCAATTACG 60◦C
Reverse ATTTCCAGAAGCTGCATTGC

GAPDH Forward CGTTGACGTGCAGCAGGAACACT 60◦C
Reverse CTTTGCCAGAGAGGACGGCAGC

to obtain and analyze the data. The flow cytometry
gating was performed according to the flow principle.
The lymphocyte groups were delineated and gated, and
each cell group was analyzed.

Determination of Corticosterone Content

The serum was separated after centrifugation of the
coagulated venous blood samples. The corticosterone
levels in the different serum samples were determined
using enzyme linked immunosorbent assay (ELISA)
kits by Guangzhou Exons Biological Technology Co.
Ltd. Following the instructions of the ELISA kit, serial
dilutions of the standard corticosterone solution were
added to a row of 7 wells (0.1 mL in each well). The
different samples (100 μL) from each group were added
to the individual wells. The enzyme plates were cov-
ered and incubated at 37◦C for 90 min. Thereafter, the
plates were washed by using an automatic plate washer.
Subsequently, 0.1 mL of biotinylated antibody solution
was added to each well, and allowed to bind at 37◦C for
60 min. The wells were then washed once with 0.01 M
TBS or thrice with 0.001 M PBS, each time for 1 min.
The ABC solution (0.1 mL) was then added to each
well, and allowed to react at 37◦C for 30 min. The wells
were then washed once with 0.01 M TBS or 5 times with
0.001 M PBS. Finally, 0.1 mL of equilibrated (i.e., at
37◦C for 30 min) tetramethylbenzidine chromogenic liq-
uid was added to each well and the plate was incubated
at 37◦C in the dark. The addition of the stop solution
(0.1 mL per well) was started when a blue-color gra-
dient was distinguishable to the naked eye in the first
3 to 4 wells of the standard but no such difference in
color was obvious in the other wells (the color reaction
was not allowed to proceed for more than 30 min). The
absorbance was measured at 450 nm with a microplate
reader (BIORAD 680). The concentration of corticos-
terone in each sample was determined using the cali-
bration curve prepared with the absorbance values for
the different dilutions of the standard solution.

Determination of Physiological Parameter
of the Blood Samples

The venous blood samples were collected, and EDTA
was added as an anticoagulant. The different physiolog-
ical parameters of the blood were determined using the
Blood Cell Analyzer by Guangzhou Exons Biological
Technology Co. Ltd.

Expression Analysis of HSP70

Eight blood samples were randomly taken from each
of the treatment groups of both broiler breeds. The cor-
responding wing number (from which the blood sample
was collected) was recorded. RNA was extracted from
each sample. The quantified RNA solution was stored at
–80◦C. The cDNA was prepared by reverse transcrip-
tion using PrimeScript R© RT reagent Kit with gDNA
Eraser (Takara Biomedical Technology (Beijing) Co.,
Ltd.). A pair of primers (Table 1) was designed based
on the HSP70 cDNA sequences (accession number:
J02579) in GenBank (http://www.ncbi.nlm.nih.gov/)
using Primer 5.0 software (Premier Biosoft, Palo Alto,
CA). The amplification of HSP70 gene was performed
and a 259-bp product was obtained. The expression
level was determined by a 2-step quantitative real-time
PCR (RT-qPCR). The reaction mixture was prepared
in 96-well real-time PCR plates and consisted of 1 μL of
cDNA, 0.4 μL of the upstream and downstream primers
(20 μM), 10 μL of SYBR R© Green Realtime PCR Mas-
ter Mix, and 8.6 μL of ddH2O. Each sample was ana-
lyzed in triplicate. If the Ct values of the same sample
differed by more than 0.04, 2 additional reactions were
performed. The cycling conditions used for RT-qPCR
were as follows: 95◦C for 2 min, followed by 40 cycles
of 95◦C for 15 s and 60◦C for 20 s. A melting curve
analysis was performed over a temperature range of 65
to 95◦C (in increments of 0.5◦C).

Western Blot Analysis

Eight blood samples were randomly taken from each
of the treatment groups of both the broiler breeds. Of
these, 3 samples were randomly selected for total pro-
tein extraction. The HSP70 protein was detected by
western blotting. The cells were lysed by proper mixing
with the RIPA lysis buffer (Solarbio, consisting 50 mM
Tris-HCl (pH 7.4), 150 mM NaCl, 1% NP-40, 0.1%
SDS), and the homogenate was centrifuged at 12,000 ×
g for 3 to 5 min. The supernatant was collected and the
protein concentration was determined immediately us-
ing a BCA protein quantification kit. The protein sam-
ples were mixed with 5X SDS protein loading buffer,
boiled at 100◦C for 5 min, and electrophoresed on a
5% polyacrylamide gel. After transferring the protein
bands to PVDF membrane, the membrane was incu-
bated in the HSP70 monoclonal antibody (1:1000, Ab-
cam) and secondary HRP-conjugated IgG (1:30,000,
Abcam) sequentially. The blot was developed using

http://www.ncbi.nlm.nih.gov/
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enhanced chemiluminescence reagent to detect the pro-
tein expression.

Pathological Sections

Samples from brain, leg muscle, and cardiac tissues
were harvested from individuals from each of the treat-
ment groups for both the breeds of broilers (WRR:
n = 3, LS: n = 3) when the broilers were 49 d. The sam-
ples were embedded in paraffin and 5-μm serial sections
were cut and stained with hematoxylin and eosin. The
sections were sequentially immersed in xylene twice for
10 min, each time. The sections were then dewaxed and
placed in absolute ethanol twice, each time for 3 min.
The sections were thereafter rinsed with water for 5 min
and stained with hematoxylin for 5 to 15 min. The sec-
tions were then rinsed with water for another 5 min
and placed in 0.5% hydrochloric acid–alcohol mixture
for 10 s. The sections were rinsed with water again and
stained with eosin for 30 to 60 s. Finally, the sections
were decolored in water for 5 min and dehydrated in
a graded series of alcohol—75% ethanol, 85% ethanol,
twice in 95% ethanol, and twice in anhydrous ethanol—
each time for 3 min. The sections were then made trans-
parent by immersing them in xylene twice, each time for
3 min. Neutral resin was used to seal the slices, which
were left to dry naturally. The sections were visualized
under a microscope and photographed.

Data Analysis

The t-test was performed using the SAS 9.0 software
(version 9.0, SAS Institute, Inc., Cary, NC) for compar-
ing the differences in heat tolerance between the differ-
ent breeds under different conditions.

RESULTS

Comparison of H/L Values

The trends of variation in the H and H/L values
for both the breeds of broilers were similar under heat
stress and no heat stress conditions. The trend showed
that initially these values were significantly (P < 0.05,
or P < 0.01) lower in WRR than in LS, but became sig-
nificantly (P < 0.01) higher than those in the LS breed
later on in the experiment; the H and the H/L values
of the 2 types of broilers under heat stress were signif-
icantly (P < 0.05, or P < 0.01) higher than those in
the no heat stress (Figure 1a and c). In the WRR broil-
ers, this difference became obvious in the 35-day-old
broilers, whereas the difference became apparent only
in 42-day-old broilers in the LS broiler breed.

Physiological Parameter of Blood

The trends of variation in the physiological parame-
ter of blood under heat stress and non-stress conditions

Figure 1. Comparison of the H, L, and H/L values in blood samples
from 2 different broiler breeds (WRR and LS) and under different con-
ditions (H-WRR or H-LS means broilers under heat stress). (a) Means
the percentage of heterophil; (b) means the percentage of lymphocyte;
(c) means the ratio of heterophil to lymphocyte. Significant differences
exist in the values with lower case letters in the same cluster, of the
same breed, at the same age (P < 0.05). Highly significant differences
exist in the values with upper case letters (P < 0.01).
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Figure 2. Comparison of the physiological parameter in blood samples from 2 different broilers and under different conditions. (a) Means the
number of erythrocytes; (b) means the number of leukocytes; (c) means the percentage of hematocrit; (d) means the number of platelets; (e)
means the concentration of hemoglobin. Significant differences exist in the values with lower case letters in the same cluster, of the same breed,
at the same age (P < 0.05). Highly significant differences exist in the values with upper case letters (P < 0.01).

were similar for the 2 breeds of broilers. In response
to heat stress, the WRR broilers showed a significant
decrease in the erythrocytes count (P < 0.05) and an
increase in leukocytes count (P < 0.01) in the 49 d indi-
viduals (Figure 2a and b). The LS broilers showed a sig-
nificant decrease in the erythrocytes count, leukocytes
count, hematocrit, and hemoglobin concentrations in

the 35 and 42 d individuals but no significant differ-
ence in 49 d (Figure 2a, b, c, and e).

Detection of CD3+, CD4+, and CD8+ T Cells

The trend of variations in the subsets of T-
lymphocytes present in both the breeds of 49 d broilers
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were similar under heat stress and no stress conditions;
the number of CD3+, CD8+ cells, and erythrocytes
were significantly reduced (P < 0.05) under heat stress,
however, a significantly (P < 0.01) lower number of
CD3+, CD4+ T-lymphocytes, and CD4+/CD8+ were
present in WRR compared to that in the LS broilers
(Figure 3).

Comparison of Corticosterone Levels

The trends of variations in the corticosterone concen-
tration in individuals exposed to heat stress and no heat
stress varied between the 2 breeds of broilers. Under no
heat stress, the corticosterone levels in the WRR broil-
ers were significantly (P < 0.01) higher than those in
the LS broilers of 35 and 42 d, but lower in 49 d; how-
ever, under heat stress, the corticosterone levels in the
WRR broilers were significantly (P < 0.01) lower than
those in the LS broilers; moreover; under heat stress,
the cortisol concentrations in both the breeds of broilers
were significantly higher than the respective concentra-
tions under no heat stress (Figure 4a).

RT-qPCR Detection of HSP70

Under heat stress, the expression level of HSP70
mRNA was significantly (P < 0.05) higher in the
42 d WRR broilers compared to the level in the LS
broilers under the same conditions; significant expres-
sion levels were, however, not observed in both the
breeds of broilers under no heat stress; under heat
stress, the expression levels of HSP70 mRNA in the
42 d WRR broilers were significantly (P < 0.01) higher
than the levels under no heat stress; in contrast, the
changes in the expression levels were not significant
(P > 0.05) in the LS broilers (Figure 4b).

Western Blot Analysis of HSP70 Expression
in the Blood Cells of Different Broilers
Under Heat Stress

The results of the western blotting, to determine the
expression of HSP70 in the blood cells, were consistent
with those of the RT-qPCR experiment. Under heat
stress, HSP70 expression level in LS broilers was in-
creased with no significant. For the WRR broilers at
different ages, the expression level of HSP70 in the ex-
perimental group was significantly (P < 0.05) higher
than that under no heat stress (Figure 4c).

Pathological Manifestation of Chronic heat
Stress on Broilers

The observation of the histological sections revealed
that the LS broilers under heat stress had mild inflam-
matory cellular hyperplasia in the brain (Figure 5a and
b), leg muscles (Figure 5e and f), and cardiac (Figure 5i

Figure 3. Comparison of the differences in the immunological
parameter in 49-day-old broilers and under different conditions. (a)
means the percentage of T-lymphocyte subsets; (b) means the ratio of
CD4+ to CD8+. Significant differences exist in the values with lower
case letters in the same cluster, of the same breed, at the same age (P
< 0.05). Highly significant differences exist in the values with upper
case letters (P < 0.01).

and j). The WRR broilers in the experimental group
had cardiac and leg muscle inflammatory cellular hy-
perplasia and local inflammatory lesions (Figure 5g, h,
k, l), as well as cerebral meningitis and inflammatory
hyperplasia of brain tissue (Figure 5c and d).

DISCUSSION

The Level of Corticosterone Suggests the
Degree of Heat Stress

Corticosterone is a glucocorticoid, secreted by the
adrenal cortex. It can inhibit glucose uptake by mus-
cle and adipose tissues, which leads to the decom-
position of muscle protein and adipose tissue. This
phenomenon promotes gluconeogenesis, which provides
sufficient energy for the body to resist stress. This pro-
cess improves the heat stress resistance of the body.
An increase in the plasma corticosterone concentration,
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Figure 4. Comparison of the serum corticosterone levels (ng/mL)
and HSP70 expression in the different broilers and under different
conditions. (a) Means content of serum corticosterone; (b) means the
HSP70 mRNA expression levels; (c) means the HSP70 protein expres-
sion levels, and in the bottom, lane 1: 42-day-old H-WRR, lane 2: 42-
day-old WRR. lane 3: 49-day-old H-WRR, lane 4: 49-day-old WRR,
lane 5: 42-day-old H-LS, Lane 6: 42-day-old WRR, lane 7: 49-day-old
H-LS, lane 8: 49-day-old LS. Significant differences exist in the values
with lower case letters in the same cluster, of the same breed, at the
same age (P < 0.05). Highly significant differences exist in the values
with upper case letters (P < 0.01).

therefore, indicates higher stress resistance. Our results
show that the corticosterone concentration of WRR
broilers was lower than LS broilers under heat stress,
and the concentration of 49 d WRR broilers was sig-
nificantly (P < 0.01) decreased under no heat stress.
This result indicated significant breed-specific differ-
ences that the stress resistance of WRR broilers had
become weak in 49 d. Under heat stress, the serum
concentrations of corticosterone in the WRR and LS
broilers were significantly (P < 0.01) higher than in
the broilers that were not exposed to stress, at 35, 42,
and 49 d. Under heat stress, the broilers breathed with
opened beaks and were prone to diarrhea, which re-
sulted in the loss of a large quantity of water and led
to dehydration. Vodyanoy (2015) observed a structural
transformation of human and rat erythrocytes at ele-
vated temperatures. As heat stress is prolonged, in vivo
endotoxin can directly damage the erythrocytes, and
cause liver and kidney damages (Bouaziz et al., 2007).
This phenomenon inhibits the production of erythro-
poietin, which leads to a decline in the number of ery-
throcytes. Heat stress can easily lead to imbalances in
the intestinal flora. Mucosal damages can cause a large
number of bacteria and endotoxins to enter the blood
stream, and cause a reduction in the number of leuko-
cytes. When the heat stress is further prolonged, the
immune system can be gradually stimulated to gener-
ate more leukocytes. The increase in the hematocrit and
hemoglobin concentration is related to vomiting, diar-
rhea, and other similar symptoms. We observed signifi-
cant differences in the physiological parameter of blood
in the 2 breeds of broilers under heat stress and no
heat stress, which indicated that significant differences
exist between the 2 breeds. Under different conditions,
the difference in the physiological parameter of blood
appeared at 49 d in the WRR broilers, whereas such
difference appeared at 35 and 42 d in the LS broilers.
The results indicated that WRR broilers were still in
the heat stress state at 49 d, whereas the change in the
physiological parameter of blood had become more sta-
ble in the LS broilers, indicating a level of physiological
adaption to the conditions. These results show that the
LS broilers have stronger resistance and tolerance to
heat stress than the WRR broilers.

The Immune Response and Tissue
Inflammation Caused by Heat Stress

When chickens are exposed to heat stress, the content
of lymphocytes and monocytes in the blood decreases
and the number of heterophils increases, i.e., the H/L
ratio increases (Aengwanich and Suttajit, 2010; Ruell
et al., 2014). The present study showed that the vari-
ation in the trend of H and H/L values was similar in
the 2 breeds of broilers under heat stress and no heat
stress conditions. The difference in the specific values
indicated that the breed-specific differences were sig-
nificant. The H and H/L values in the heat-stressed
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Figure 5. Histopathological section visualized by hematoxylin-eosin (HE) staining (×100). (a) Means the brain tissue of LS, (b) means the
brain tissue of H-LS, (c) means the brain tissue of WRR, (d) means the brain tissue of H-WRR, (e) means the crosscut leg muscle tissue of LS,
(f) means the crosscut leg muscle tissue of H-LS, (g) means the crosscut leg muscle tissue of WRR, (h) means the crosscut leg muscle tissue of
H-WRR, (i) means the crosscut cardiac tissue of LS, (j) means the crosscut cardiac tissue of H-LS, (k) means the crosscut cardiac tissue of WRR,
and (l) means the crosscut cardiac tissue of H-WRR.

WRR broilers were significantly higher at 35 and 49 d
than in the individuals under no heat stress conditions.
The LS broilers under heat stress showed no significant
differences in the H and H/L values when compared
to individuals that were not stressed at 49 d. These
findings indicate that the LS broilers have higher resis-
tance to heat stress. The CD3+ T cells in the peripheral
blood represent the overall level of the immune system.
The CD4+ T cells are helper lymphocytes, whereas the
CD8+ T cells are inhibitory lymphocytes, which have
a synergistic effect in the resistance to infections. To
some extent, the CD4+/CD8+ ratio reflects the reg-
ulatory function of the cellular immune system. The
normal CD4+/CD8+ ratio is 1.5. A reduced ratio indi-
cates a decrease in the immune function. A high number
of CD4+ T cells indicate a stronger immunity, which is
not prone to infection, as the immune response is trig-
gered swiftly by the invasion of the microorganisms. A
high level of CD8+ T cells indicates a decrease in im-
munity and that the chicken requires a vaccine against
pathogens (Zhang et al., 2015).

We observed that the trends of variations in the T-
lymphocyte subsets for both the breeds of broilers were
similar under heat stress and no heat stress; however,
significantly lower numbers of cells were observed in
WRR compared to those observed in the LS broilers.
These results indicate significant breed-specific differ-
ences. Under heat stress conditions, only the numbers of
CD3+ and CD8+ T cells were significantly lower than

those under no heat stress in the WRR at 49 d. How-
ever, no significant change was detected in the LS broil-
ers, and however, a significantly (P < 0.01) lower num-
ber of CD3+, CD4+ T-lymphocytes, and CD4+/CD8+
were present in WRR compared to that in the LS
broilers, indicating that broilers of the LS breed
have stronger heat resistance than those of the WRR
breed.

With the onset of stress, the sympathetic-adrenal
medullary system is stimulated in order to maintain or
increase the blood supply to vital organs. The secretion
of angiotensin II and aldosterone also increases, which
results in an increased resistance to vasoconstriction.
These effects lead to cardiac contractions and enhanced
heart rate, which can damage the cardiac tissues. We
observed inflammatory cellular hyperplasia in the car-
diac tissues of the WRR and LS broilers. In addition,
local inflammatory lesions were observed in the car-
diac tissues of the WRR broilers. Our results showed
that the heat stress caused pathological damage to the
cardiac tissues of the broilers. Lemiale et al. (2008)
demonstrated that heat stress can cause neurological
damage and brain dysfunction. We also observed
inflammatory cellular hyperplasia in the brain tis-
sues of both the WRR and LS broilers. In addi-
tion, the WRR broilers had developed severe menin-
gitis symptoms, which indicated that chronic heat
stress caused greater pathological damages to the WRR
broilers.
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The Role of HSP70 in Inflammation or
Immune Response

Heat stress increases the activity of heat stress
transcription factors, which result in the rapid increase
in the transcription of HSP70 gene. This leads to a
high level of HSP70 expression in the cells and an
increase in the content of the HSP70 protein (Ogura
et al., 2007; Loc et al., 2013; Achary et al., 2014). The
high temperature environment induces the production
of HSP70 in brain tissues, liver, lung, heart, and leuko-
cytes (Zulkifli et al., 2002; Zhen et al., 2006). Sohn
et al. (2013) extracted mRNA from blood and tested
the concentration of the HSP70 gene. The mRNA
extraction from the blood reduces the harm incurred
on the experimental animals and facilitates the ease of
sampling. Our results showed that the expression level
of HSP70 mRNA was significantly higher in the WRR
broilers than in the LS broilers under heat stress. How-
ever, no differences were observed in individuals under
no heat stress. In WRR broilers under heat stress,
the expression level of HSP70 mRNA was significantly
higher than that under no heat stress. However, there
was no significant difference in the LS broilers. In
addition, the western blot results were also consistent
with the expression trend observed using RT-qPCR.
These results consist with those of the assessment of
HSP70 expression in the blood of broilers exposed to
chronic heat stress (Sohn et al., 2013), wherein the
authors reported elevated levels of the protein.

In conclusion, we observed significant differences in
the physiological and immunological parameters be-
tween the 2 breeds of broilers under heat stress and
no heat stress conditions. In particular, breed-specific
differences were more prominent under the heat stress
condition. The LS breed showed a stronger resistance
to heat stress as revealed by most of the parameter.
Chronic heat stress caused histopathological damages
in both the breeds of broilers; however, the WRR broil-
ers were found to have sustained more severe tissue
damage.
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