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Abstract. The purpose of the present study was to investigate 
the role of endoplasmic reticulum (ER)-resident molecular 
chaperone proteins to identify whether these proteins were 
involved in post-traumatic stress disorder (PTSD). The present 
study detected changes of calreticulin (CRT), calnexin (CNX) 
and ERp57 in the amygdala of rats, which may with aim of 
providing a novel insight into the modulation effect of amygdala 
in PTSD. Single-prolonged stress (SPS) was applied to create 
the models of PTSD in rats. The expression levels of CRT, CNX 
and ERp57 were examined using immunohistochemistry or 
immunofluorescence, western blot analysis and reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR). 
The results showed that SPS induced significant changes in CRT, 
CNX and ERp57 expression levels. Furthermore, the expression 
levels of CRT, CNX and ERp57 were significantly upregulated 
when compared to that in the control group after SPS exposure 
by western blot analysis (P<0.05). RT‑qPCR analysis supported 
these results, indicating an upregulation of mRNA expression 
level. Taken together, the present findings suggest that SPS may 
induce changes to the expression of CRT, CNX and ERp57 in 
the amygdala of rats. The present study provides an insight into 
the effects of ER-resident molecular chaperones in the amygdala 
participating in PTSD, and provides the experimental basis and 
a mechanism for the pathophysiology of PTSD.

Introduction

Post-traumatic stress disorder (PTSD) is a long-lasting mental 
disorder that develops after exposure to a traumatic event 
such as traffic collisions, sexual assault, natural disaster, 

or other threats. Symptoms that often last for more than a 
month or even years after the event may include continuous 
disturbing re‑experience of the traumatic event, avoidance of 
trauma‑related cues, hypervigilance and numbing of general 
responsiveness (1,2). However, the pathological mechanisms 
of PTSD is not well clarified, although recent studies indi-
cate that calcium ion disturbances, apoptosis, dysfunction of 
mitochondria or endoplasmic reticulum (ER) are involved in 
PTSD (3-6).

As a multifunctional organelle, the ER participated in 
multiple cellular functions, including production of glycogen 
and steroids, folding and transport of various proteins, seques-
tration of calcium and cell apoptosis (7-9). Physiological and 
pathological stimuli that disrupt ER homeostasis are respon-
sible for dysfunction of ER or ER stress, including perturbation 
of calcium homeostasis, accumulative unfolded or misfolded 
proteins and viral infection. (10-12). Cells cope with ER stress 
via an adaptive unfolding protein response (UPR) (13,14).

Both calreticulin (CRT) and calnexin (CNX) are ER resident 
calcium‑binding chaperones (15-17) and play a vital role in the 
folding of newly synthesized proteins and quality control path-
ways in the ER (16,18). ERp57 belongs to the protein disulfide 
isomerses family (PDIs), participating in the folding of newly 
synthesized glycoproteins, in collaboration with CRT and 
CNX (19-21). As folding proteins and chaperones, CRT, CNX 
and ERp57 also participate in dealing with misfolded proteins 
from the ER via its own unique mechanism (13). These folding 
proteins are important, since fluctuations of intraluminal Ca2+ 
level could affect ER function and induce cell death (22).

As part of the limbic system in brain, amygdala has long 
been considered as a pivotal brain structure responsible for 
anxiety, fear, learning and memory modulation associated 
with emotional events (23-25). Amygdala nuclei encompass 
several structures: Basolateral complex, cortical nucleus, 
medial nucleus, central nucleus, and the intercalated cell clus-
ters (26). Among these nuclei subgroups, the basolateral nuclei 
play a major role in mediating anxiety, emotional arousal and 
memory (27), as indicated by many studies. Therefore, the 
present study focused on observing Single‑prolonged stress 
(SPS)‑induced changes of the basolateral nuclei.

Lower plasma cortisol level and enhanced inhibi-
tion of the hypothalamo-pituitary-adrenal (HPA) axis are 

Effects of calcium-dependent molecular chaperones and 
endoplasmic reticulum in the amygdala in rats  

under single-prolonged stress
BING XIAO,  JIAN-GANG WANG,  FANG HAN  and  YU-XIU SHI

Department of Histology and Embryology, Basic Medical Sciences College, China Medical University, 
Shenyang, Liaoning 110122, P.R. China

Received May 21, 2017;  Accepted October 17, 2017

DOI: 10.3892/mmr.2017.7976

Correspondence to: Professor Yu-Xiu Shi, Department of 
Histology and Embryology, Basic Medical Sciences College, China 
Medical University, 77 Puhe Road, Shenyang, Liaoning 110122, 
P.R. China
E-mail: shiyuxiu223@sina.com

Key words: post-traumatic stress disorder, single prolonged stress, 
amygdala, calreticulin, calnexin. ERp57



XIAO et al:  EFFECTS OF CALCIUM-DEPENDENT MOLECULAR CHAPERONES IN A RAT MODEL OF PTSD 1100

neuroendocrinological mark of PTSD (28). SPS paradigms 
were shown to induce these changes and widely used in the 
studies of PTSD (29-31). In this study, we also created animal 
models by exposure to SPS. The purpose of this work was to 
investigate whether CRT, CNX and ERp57 were involved in 
dysfunction of amygdala on rats exposed to SPS using immu-
nofluorescence, western blot and qPCR to assess the changes, 
which might provide novel insights into the pathogenesis of 
PTSD and experimental basis for new treatments.

Materials and methods

Animals. Eighty male Wistar rats weighing 150-160 g at the 
start of the study, were supplied by Changsheng Biotechnology 
Co., Ltd. (Liaoning, China). Rats were housed 2-3 animals 
per plastic cage on a 12 h light‑dark schedule at 22±2˚C with 
free access to water and food for 7 days. All procedures were 
conducted in conformity with Guidance for the Care and Use 
of Laboratory Animals, the National Institute of Health. The 
study was approved by the Ethics Committee of Laboratory 
Animal Welfare and Ethics (China Medical University) All 
efforts were made to reduce the number of animals used and 
to minimize animal suffering during the experiment.

Grouping and model establishment. Animals were divided 
randomly into four groups: 1) the control group (Cont); 
2) SPS 1 day group; 3) SPS 7 days group; 4) SPS 14 days 
group. Control animals remained in their home cages with 
no handling for 7 or 14 days and were sacrificed at the same 
time as the SPS groups. The SPS-rats underwent the SPS 
procedure on the first day and remained in their cages until 
sacrifice. The SPS protocol was based on a combined plural 
stress paradigm (29,30): Immobilization (compression with 
plastic bags) for 2 h, followed by forced swimming for 20 min 
in a plexiglass cylinder (40 cm depth; 23±2˚C), and then rest 
for 15 min, ether anesthesia until loss of consciousness at last. 
Cervical dislocation was used as the method of sacrifice.

Measurement of animal body weight. The body weights of 
both the control and SPS groups' rats were recorded every 
other day, and then the body weight growth curve was drawn 
based on the average weight in each group of rats.

Perfusion based sections. Rats of each group were perfused 
via left ventricle and fixed with 250 ml of pre‑cold heparinized 
0.9% saline, followed by 300 ml of 4% paraformaldehyde 
in 0.01 M phosphate buffer (pH 7.2). Then the brain tissues 
were rapidly separated and fixed in 4% PFA for 6 h at 4˚C, 
and were immersed in a 30% sucrose solution in 0.01 M 
phosphate‑buffered saline (PBS; pH 7.2) at 4˚C after then. 
Tissues were fast frozen in liquid nitrogen and sectioned 
coronally. Frozen sections (12 µm) were prepared for 
immunohistochemistry or immunofluorescence analysis using 
a cryostat (CM 3050; Leica, Mannheim, Germany).

Immunofluorescence analysis of CRT. After being washed with 
0.01 M PBS for three times, the sections of each group were 
incubated with 5% bovine serum albumin (BSA) for 30 min 
to block non‑specific staining at room temperature (RT). 
The sections were then incubated with mouse monoclonal 

anti‑CRT antibody (1:200; Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA) in 0.01 M PBS overnight at 4˚C. After 
being washed with PBS for three times, the sections were 
incubated with Cy3‑conjugated goat anti‑mouse IgG (1:50; 
Boster, Wuhan, China) for 2 h at RT. After being washed with 
PBS, slices were then mounted with glycerin and observated 
by fluorescence microscope.

Five slides were randomly selected from each group and 
five visual fields in the basolateral amygdala were randomly 
selected from each slide (magnification, x400). We recorded 
the fluorescent intensity of CRT-immunopositive cells to 
evaluate the average fluorescent intensity using a Meta 
Morph/DPIO/BX41 morphology image analysis system.

Immunohistochemical analysis of CNX and ERp57. After 
being washed with PBS three times, the sections of each 
group were incubated with 5% BSA for 30 min to block 
non‑specific staining at RT. The sections were then incubated 
with goat polyclonal anti‑CNX antibody (1:200; Santa Cruz 
Biotechnology, Inc.) or mouse monoclonal anti-ERp57 anti-
body (1:200; Santa Cruz, USA) overnight at 4˚C. The sections 
were incubated with rabbit anti‑goat IgG (1:50; Boster) or goat 
anti‑mouse IgG (1:50; Boster) for 2 h at 37˚C and then with 
streptomycin‑avidin‑biotin‑peroxidase complex (SABC) for 
20 min at 37˚C. The sections were washed three times with 
PBS after each of incubation and subsequently incubated with 
3,3'‑diaminobenzidine (DAB).

Five slides were randomly selected from each group and 
five visual fields in the basolateral amygdala were randomly 
selected from each slide (magnification, x400). We recorded 
the optical density (OD) of positive cells in each field to eval-
uate the average OD value. The OD of immunoreactivity of 
CNX or ERp57-immunopositive cells were analyzed using a 
MetaMorph/DPIO/BX41 morphology image analysis system.

Western blot analysis to detect CRT, CNX and ERp57. Rats 
of each group were decapitated, and the brains were removed 
rapidly and the basolateral amygdala was separated imme-
diately on ice. After being washed twice with cold 0.01 M 
PBS, the tissues were homogenized with RIPA Lysis buffer 
respectively. The supernatant liquor was collected, and then 
concentration of protein was measured respectively via BCA 
kit. Equal amounts of protein (50 µg/lane) prepared from 
each tissue was separated by 10% (w/v) SDS-PAGE (110 V) 
and transferred onto a PVDF membrane via electroblotting 
for 70 min at 350 mA. After being blocked with 5% dried 
skim milk in 0.05% Tween-20-TBST at RT for 3 h, the 
membrane was incubated with mouse anti‑CRT (1:500), goat 
anti-CNX (1:500) or mouse anti-ERp57 (1:200; all Santa Cruz 
Biotechnology, Inc.) overnight at 4˚C.

The membrane were washed three times with 0.01 M TBST 
and incubated with the HRP‑conjugated secondary antibody 
for 2 h at RT. Then the blots were visualized by enhanced 
chemiluminescence (ECL; Beyotime Biotechnology, Jiangsu, 
China). To confirm equal protein loading the same blots were 
reincubated with antibodies against GAPDH (1:1,000; Boster). 
Immunoreaction for GAPDH was also detected by the ECL. 
The OD were analyzed on the Gel Image Analysis System. 
The levels of proteins were evaluated by calculating the OD 
ratio of CRT/GAPDH, CNX/GAPDH and ERp57/GAPDH.
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Quantitative real‑time reverse transcription‑PCR to detect 
CRT, CNX and ERp57. Total mRNA from the basolateral 
amygdala of each group was extracted according to the 
protocol of Trizol (Takara Biotech, Otsu, Japan) and 1 µg 
of total RNA was reverse transcribed into cDNA. Then the 
cDNA was used as a template in RT-PCR amplifications 
performed via a SYBR Real-Time PCR kit (Takara Biotech, 
Dalian, China). The following primers were used: CRT (upper, 
5'‑TTC TTG GAC GGA GAT GCC TG‑3' and lower, 5'‑GGT 
CCC CGT AGA ATT TGC CA‑3'), CNX (upper, 5'‑CCG GGA 
GGC TCG AGA TAG A‑3' and lower, 5'‑ATC CAC CCT GAC 
AGA GAC CC‑3'), GAPDH (upper, 5'‑GGC ACA GTC AAG 
GCT GAG AAT G‑3', and lower, 5'‑ATG GTG GTG AAG ACG 
CCA GTA‑3'). All primers were synthetized by Shenggong 

Biotech Company (Shanghai, China) according to the serial 
number from Genbank. The results were analyzed using the 
Rotor Genne PCR‑3000 (Corbett Research, Sydney, Australia). 
Relative mRNA levels were calculated using the 2-∆∆Ct method 
and normalized against.

Statistical analysis. All the experiment results were analyzed 
by one‑way analysis of variance (ANOVA) using SPSS 23.0 
software. All data were expressed as means ± standard error. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Decreased animal body weight after SPS stimuli. Compared 
with the normal control, rats after SPS stimuli presented 
loss of appetite. Accordingly, the body weight growth curve 
reflected this difference. As shown in Fig. 1, rats in the control 
group showed a normal increase in body weight over time, 
rats in the model group presented lighter weight after stimula-
tion (P<0.05).

Immunofluorescence staining analysis results of CRT. CRT-ir 
was were shown in Fig. 2. via immunofluorescence staining. 
The CRT-ir was located in cytoplasm (Fig. 2A-D). In the Cont 
group, weak fluorescent intensity of CRT‑positive cells was 
shown in Fig. 2A, and that of SPS rats were significantly strong 
compare to the Cont group (P<0.01) (Fig. 2E).

Immunohistochemical staining analysis results of CNX and 
ERp57. As was shown in Fig. 3, CNX and ERp57 widely 
distributed in the cytoplasm, and also around the nucleus of 
cells in immunohistochemical staining. Evaluation of CNX 
and ERp57 by immunohistochemical indicated a stronger 
positive immunoreaction in the SPS model groups compared 
with the Cont group. As shown in Fig. 3I, the histogram indi-
cated this change.

Western bloting analysis protein expression levels. Molecular 
weights of CRT, CNX and ERp 57 were 64, 90, and 57 kDa, 
respectively, showing clear bands detected by western blot. 
Evaluated by calculating the OD ratio of CRT/GAPDH, 
CNX/GAPDH and ERp57/GAPDH, the level of protein 
expression indicated a marked upregulation after SPS stimuli 
and peaked at SPS 7 days group compared with that of the 
Cont group (P<0.05) (Fig. 4).

Quantitative real‑time PCR analysis results of CRT, CNX 
and ERp57. Certain expression of CRT, CNX and ERp 57 
mRNA presented in amygdala neurons of normal control rats 
(Fig. 5). The levels of CRT, CNX and ERp 57 mRNA were 
normalized with GAPDH mRNA. The expression of CRT, 
CNX and ERp 57‑ mRNA appeared an obvious increase 
after exposure to SPS and began decline on SPS 14‑day 
(P<0.05) (Fig. 5).

Discussion

PTSD is an emotional illness and has long been thought to involve 
a dysfunction in reaction to fear-related stimulation. Many 

Figure 2. Presentation of CRT expression in the basolateral amygdala in the 
each group (A‑D; magnification, x400). A, Cont group; B, SPS 1 day group; 
C, SPS 7 days group; D, SPS 7 days group) Quantitative analysis results of 
fluorescent intensity (E) *P<0.05 vs. the Cont group. CRT, calreticulin; SPS, 
single-prolonged stress.

Figure 1. The body weight growth curve of the control and SPS group. Rats 
in the normal control group showed natural growth and the body weight 
increased relatively quickly. The results indicated slower increase in the SPS 
groups compared with those in the normal control group and statistically 
significant (*P<0.05 vs. the Cont group). SPS, single‑prolonged stress.
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lines of evidence confirmed the crucial role of amygdala in the 
processing of fear‑related expression based on investigations on 
animals and humans (24,25), and multiple studies have indicated 
the basolateral amygdala as a key area for regulating stress‑related 
memory (27,32).

Figure 3. Presentation of CNX and ERp57 expression in the basolateral amygdala in each group. (A‑C and G) CNX; (D‑F and H) ERp57 (magnification, x400). 
(A and D) Cont group; (B and E) SPS 1 day group; (C and F) SPS 7 days group; (G and H) SPS 7 days group semi-quantitative analysis results of optical 
density (I) *P<0.05 vs. the Cont group, #P<0.05 vs. the Cont group. CNX, calnexin; SPS, single‑prolonged stress.

Figure 4. Western blot analysis of CRT, CNX and ERp57 (A). Quantitative 
analysis results of fluorescent intensity of optical density (B). *P<0.05 vs. control 
group, #P<0.05 vs. the Cont group, &P<0.05 vs. the Cont group. CRT, calreticulin; 
CNX, calnexin; ER, endoplasmic reticulum; SPS, single-prolonged stress.

Figure 5. Quantitative real-time PCR Analysis Results of CRT, CNX and 
ERp57. *P<0.05 vs. the Cont group, #P<0.05 vs. the Cont group, &P<0.05 vs. the 
Cont group. CRT, calreticulin; CNX, calnexin; ER, endoplasmic reticulum; 
SPS, single-prolonged stress.
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As a second messenger molecule in the cell, calcium ion 
plays an important role in development and participating 
in many cellular processes. The majority of intracellular 
calcium ion is stored in the lumen of the ER. Calcium ion 

homeostasis play a vital role in functionating of ER, and 
disturbance of calcium homeostasis caused by various 
factors disrupt correct protein folding, which could induce 
an accumulation of misfolded proteins, or ER stress (13). Our 
previous work has indicated that SPS induces Ca2+ overload 
in the amygdala neurons of rats after SPS stimuli (33). In 
this study, we detected changes of Ca2+ buffering protein. As 
the master regulator of protein quality-control system and 
molecular chaperones in the ER, CRT and CNX appeared 
significant upregulation in the amygdala neurons after SPS 
stimuli, and peaked at SPS 7 days. It appears resonable to 
suppose that the changes of CRT and CNX are compensatory 
up-regulation to provide cytoprotection in response to Ca2+ 

overload. ERp57 participates in the folding of newly synthe-
sized glycoproteins and dealing with misfolded proteins from 
the ER via its own unique mechanism, in concert with CRT 
and CNX (13,19-21). We also detected changes of ERp57 
in the amygdala neurons in this study. Similarly, the results 
showed that ERp57 upregulated significantly after SPS stim-
ulation. It appears resonable to suppose that all these changes 
are compensatory in order to alleviate cell damage, however, 
this compensatory capacity is limited. Then downregulation 
of these proteins appeared at SPS 14 days when it beyond its 
own compensatory capacity.

In this study, we investigated changes of CRT, CNX and 
ERp57 in the amygdala of rats to find these ER-resident 
molecular chaperone whether or not participate in PTSD, 
using immunofluorescence, western blot and real‑time PCR 
to measure the protein and mRNA levels. Taken together, 
we found CRT, CNX and ERp57 upregulated significantly in 
the amygdala of rats after exposure to SPS. The results of 
qPCR are consistent with western blot. It appears resonable 
to suppose that that Ca2+ overload after SPS stimuli induced 
accumulation of misfolded protein, which lead to upregulation 
of CRT, CNX and ERp57 in order to deal with accumulation of 
misfolded protein by folding once again to ease cell damage. 
Nevertheless, excessive misfolded or unfolded proteins 
resulted in dysfunction of ER in amygdala neurons, which 
might be involved in pathogenesis for abnormality of affect and 
behavior induced by PTSD. This findings provide new insight 
into the pathogenesis of PTSD. However, it remains unclear as 
to whether the changes of chaperones proteins serve as 
a trigger or a consequnce of amygdala neuron dysfunction 
now.

Up till now, the pathological mechanisms of PTSD are 
not yet understood in spite of extensive investigations. PTSD 
may induce series of biological and functional abnormalities 
of the amygdala and other brain regions, which results in 
dysfuction of brain finally. The present study shed some 
light on the effects of ER-resident molecular chaperone 
participating in PTSD, which might provide experimental 
basis and a mechanism for the pathophysiology of PTSD. 
Further studies on the regulatary mechanisms of molecular 
chaperone on neuronal function in PTSD also should be 
included. So, there is a need for more in-depth research on 
PTSD.
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