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ABSTRACT
The objective of this study was to investigate the over-expression pattern of heat shock protein 70 (HSP-70) under acute heat-
stressed condition in broilers chicken. In total, 180 broilers chicken were injected intraperitoneally with glutamine (0.75 mg/kg
of BW) or quercetin (5 mg/ kg of BW). Twenty-four hours later, they were heat stressed for 0, 2, 5, and 10 h respectively,
under 40˚C. The HSP-70 mRNA expression were obviously elevated at 2 h of heat stress, and glutamine induced the over
expression of HSP70 in the jejunal mucosa at different heat-stress times (P < 0.05). The present investigation established an
HSP-70 enhanced expression in chicken model by glutamine which explicitly explained the HSP-70 expression under acute
heat stress conditions.
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INTRODUCTION
The present scenario of changing climate with increasing
environmental temperature, heat stress is considered to be
the major cause of loss of production and reduced profit in
the poultry production worldwide (Sejian et al., 2012), and
highly suffering are the tropical and the subtropical zones.
Being a tropical country, Indian poultry sector is also under
pressure due to the slow and steady increase in ambient
temperature. When living organisms experience thermal
stress, the synthesis of most proteins is delayed, but a group
of highly conserved proteins known as heat shock proteins
or heat stress proteins (HSP) is rapidly synthesized (Al-Aqil
and Zulkifli, 2009). These HSP play an important role in the
survival of stressed cells and the stabilization of the internal
environment (Gabai et al., 1997). The first report of HSP
appeared in 1962 after Drosophila salivary gland cells were
exposed to 37 ˚C for 30 min and then returned to their
normal temperature of 25 ˚C for recovery, a “puffing” of
genes was found to have occurred in the chromosome in the
recovering cells (Ritossa, 1962). According to the homology
and molecular weights, HSP can be classified into 3 main
families: HSP90 (~85–90 kDa), HSP70 (~68–73 kDa), and
low molecular weight HSP (~16–47 kDa), (Basu et al.,
2002). Among the HSP, HSP 70 is one of the most
conserved and important protein families and has been
studied extensively (Deane and Woo, 2005; Ming et al.,
2010). Severe stress is destructive to the cell, causing cell
cycle arrest and leading to apoptosis. Adaptation to stress
condition caused by mild stress is usually beneficial to cell.
Stress disturbs cell membrane fluidity that may result in
activation of different signal transduction pathways,
including the Ras single pathways and mitogen activated

protein kinases (MAPK) that among others lead to induction
of heat shock responses (Park et al., 2011). Heat stress
induced increase in intestinal permeability was associated
with massive generalized sloughing of small intestinal
epithelial layer from the villus tips and lysis of intestinal
epithelial cells, indicating that the increase in intestinal
permeability was due to the extensive damage of the
epithelial surface (Lambert, 2009). Heat shock protein 70
play important protective role in preventing the heat-induced
disruption of intestinal barrier and suggested that HSP-
mediated up-regulation of occluding protein expression may
be an important mechanism involved in the maintenance of
intestinal epithelial barrier function during heat stress
(Doklandny et al., 2006).  Supplementation of glutamine, a
non-essential amino acid has been reported to play an
important role in alleviating the heat stress. Glutamine
mainly targets small intestine and improves its integrity
(Larson et al., 2007 and Wu et al., 1996), enterocyte
architecture and population, activation of HSP-70 genes that
ultimately ends with better nutrient availability and heat
tolerance level to the bird during heat stress conditions
Generally chronic heat stress conditions even though cause
mortality and suppress production, they improve the heat
tolerance level at later stages. Studies of the protective
effects of HSP-70 on the intestine mainly focus on rat, mice,
or intestinal epithelial cells in vitro (Ehrenfried et al., 1995;
Wischmeyer et al., 1997; Ren et al., 2001; Ohkawara et al.,
2006). Although heat stress can induce intestinal injury in
broiler chickens (Quinteiro-Filho et al., 2010), yet there is
limited information on HSP-70 activity. While acute heat
stress levels may cause high mortality hence, it is
hypothesized HSP-70 gene expression enhancers like
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glutamine would have synergistic effect especially in acute
heat stress conditions.

MATERIALS & METHODS
Experimental birds
One hundred eighty, day old CARIBRO Vishal broiler
chicks were obtained from experimental hatchery section;
ICAR-CARI, Izatnagar, India and the chicks were housed in
multi-tier brooder cages. The temperature was maintained at
35°C when the chickens were at the age of 1 to 3 d old;
afterward, the temperature was gradually reduced until 22°C.
All birds were inoculated with an inactivated infectious
bursal disease vaccine on d 14 and 21 and with a Newcastle
disease vaccine on d 7 and 28. The birds had access to feed
and water ad libitum. up to five weeks of age and reared
under uniform husbandry conditions. The birds died during
the study period were subjected to necropsy examination.
Experimental design
One hundred eighty CARI-BRO Viashal broilers chicken
with similar BW were put into 18 cages (10 birds /cage) and
randomly allocated to 4 treatments, including control,
enhancer and inhibitor at 21 d of age. There were 6 cages per
treatment. These birds were transported into a temperature-
controled metabolic chamber. On 36 days of age, the birds
were injected intraperitoneally with 0.5 ml of saline,
Glutamine (0.75 mg/kg of BW) and quercetin (5 mg/kg of
BW), respectively. After injection, they were put back into
their original cages. Twenty four hours later, all of the
chickens in their original cages were moved to the
environmental chamber set controlled at 40°C. They
suffered from acute heat stress fewer than 40 °C for stress
times that were respectively0, 2, 5, and 10 h.
Sample collection
During the 0, 2, 5, and 10 h in the heat-stress condition,
chickens that weighed similarly in each replicate per
treatment average were selected and immediately killed by
cervical dislocation. Mid segment jejunum samples were
dissected out and collected aseptically, in tubes containing
RNA later solution. The samples were stored at -20 ˚C till
RNA extraction.
mRNA Expression Analysis: The HSP70 mRNA levels in
mucosal samples of jejunum were analyzed by quantitative
real-time reverse transcription PCR. The total RNA was
extracted using Trizol reagent (Invitrogen, Carlsbad, CA)
per the manufacturer’s instructions. One microgram of
amount of RNA from each sample was taken as template
and first strand cDNA was prepared by "Revert Aid" first
strand cDNA synthesis kit (MBI, Fermentas) using random
hexamer primers. Both HSP70 and GAPDH were amplified
in the SYBR Green reaction mixture from the
complementary DNA with specific primers. Housekeeping
gene GAPDH (Glyceraldehyde-3-phosphate dehydrogenase)
was used as endogenous control. The following quantitative
real-time reverse-transcription PCR primers were used:
GAPDH (K01458) forward 5′-GTGTGCCAACCCCCAA
TG TCTCT-3′, reverse 5′- CAGCAGCCTTCACTACCCT

CT-3′; and HSP70 (HM587997) forward 5′-GGCACC
ATCACTGGGCTT-3′, reverse5′-TCCAAGCCATAGGCA
ATAGCA-3′. Amplification was initiated by 2- and 5-min
incubation periods at 50 and 95°C, respectively, followed by
40 cycles at 95°C for 30 sec, 55-59 °C for 45 sec and 72°C
for 45 sec. Relative standard curves were obtained by
plotting the cycle threshold (Ct) obtained after PCR
amplification of serial dilutions of a steady quantity of a
plasmid containing the corresponding complementary DNA.
The PCR products of HSP70 were normalized to the
GAPDH level.

Statistical analysis
All statistical analyses were performed using SPSS software
(version 20). Statistical analyses were performed using the
one-way ANOVA to estimate the effects of treatment and
time, respectively. Differences among means were tested
using Duncan’s multiple range tests. Means were considered
significantly different for values of P < 0.05.

RESULTS & DISCUSSION
The mRNA expressions of HSP 70 in jejunal mucosa are
represented in Table 1. There was no significant difference
in HSP70 mRNA expression before heat stress compared
with that of the control; HSP70 mRNA expression was
significantly upregulated in the jejunal mucosa of the
enhancer group after 2 hour of heat exposure (P < 0.05). The
mRNA expression of HSP70 in the inhibitor group was only
significantly lower than that of the control after 5 h of heat
stress (P < 0.05). The amounts of HSP70 mRNA in the
enhancer were significantly higher than those in the inhibitor
and control (P < 0.05). A significant difference from heat-
stress times on the expression of HSP70 was also detected (P
< 0.05). In the present study, the acute heat exposure (40°C)
model was employed and glutamine (Gln) was used to
establish an HSP-70 enhanced expression model in broiler
chickens under acute heat stress for varied time periods. The
results show significantly increased HSP-70 fold expression
in the enhancer group during heat exposure and are in line
with the findings of Hao et al., 2012 which indicated Glu
enhanced HSP-70 expression under heat stress with
increased durations. Cia et al. (1991) also revealed that Glu
induces the heat shock proteins expression. The gradual
increase in HSP-70 expression from 0 hours to 10 hours
duration reflects the combating strategies of bird to improve
the digestive efficiency in response to acute heat stress
exposure which is important for survival. This study also
confirms that pretreatment with Glu induces a significant
increase in HSP-70 mRNA expression in the jejunal mucosa
under heat stress. The results of the present study concur
with previous studies that Gln supplementation could
stimulate an increase in HSP-70 protein or mRNA
expression after heat stress (Ehrenfried et al., 1995;
Wischmeyer et al., 2001). We established an HSP-70
overexpression chicken model by glutamine.
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TABLE 1: Levels of heat shock protein 70 mRNA expression in the jejunal mucosa of broilers under heat stress
Time (hours) Control Enhancer Inhibitor P - value
0 1.361A±0.447 1.592A±0.414 1.001A±0.312 0.145
2 2.061Aa±0.319 6.365Cc±0.436 3.741Db±0.417 0.031
5 3.628Cb±0.618 4.012Bc±0.513 1.131Ba±0.412 0.027
10 2.853Ba± 0.312 4.101Bb±0.404 2.252Ca±0.351 0.035
P - value 0.023 0.034 0.025
A–CMeans in the same column with no common superscripts differ significantly (P < 0.05).

acMeans in the same row with no common superscripts differ significantly (P < 0.05).

In recent years, studies have found that there is some
correlation between high-temperature stress on the chicken
pathological lesion and the expression of HSP-70 (Bao et al.,
2004; Sun et al., 2007). The intestine is susceptible to heat
stress, hypoxia, and other environmental factors, which
result in mucosal damage. Studies found that a variety of
stress factors in the intestinal tract, such as endotoxins,
arsenite, ethanol, and ischemia may stimulate the production
of HSP-70 (Beck et al., 1995; Stojadinovic et al., 1995;
Tsuruma et al., 1999; Tsukimi and Okabe, 2001). The results
of the current study demonstrate the overexpression of HSP-
70 may increase alkaline phosphatase activity which is
thought to play an important role in the maintenance of
normal intestinal barrier function (Bates et al., 2006). Its
change may reflect the change in intestinal digestion and
absorption; however, the underlying mechanism is not clear.
Glutamine (Gln) is a non-essential amino acid and
considered to be essential nutrient during heat stress
conditions. It is known to be protective of the intestinal
epithelium and a potent enhancer of the synthesis of HSP
both in vivo and in vitro (Wischmeyer et al., 1997; Kojima
et al., 1998). The major site of dietary Gln absorption is
small intestine (Souba, 1993; Tapiero et al., 2002) and its
absorption increases many folds during stress (Souba et al.,
1990). The down regulated pattern observed with HSP-70
expression in jejunum of birds treated with quercetin (HSP
inhibitor) appraises that it inhibits not only HSP-70
induction but also the cytoprotection provided by Gln
supplementation (Wischmeyer et al., 1997). The proposed
mechanism may probably be, that quercetin inhibits
activation of one of the genes involved in dealing with
resulting damage.

CONCLUSION
The present investigation established an HSP-70 enhanced
expression in chicken model by glutamine which explicitly
explained the HSP-70 expression under acute heat stress
conditions. However, future studies are required to realize
the underlying physiological mechanisms between HSP-70
and protective under acute heat stress conditions.
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