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A B S T R A C T

Objective. – To study the expressions of insulin-like growth factor 1 (IGF-1) and IGF-1 receptor in the

hippocampal CA1 region of posttraumatic stress disorder (PTSD) rats.

Methods. – Forty healthy adult male Wistar rats were adopted. The internationally established single

prolonged stress (SPS) method was used to set up the PTSD rat model and the immunohistochemical

(IHC) method was applied to detect the expressions of IGF-1 and its receptor in the hippocampal CA1

region of PTSD rats.

Results. – After SPS stimulus, the expression of IGF-1 protein in the rat hippocampal CA1 region

increased with the development of PTSD and reached the maximum on the 14th day, which is

statistically different from that of the control group (P < 0.05); While the expression of IGF-1 receptor

protein showed no significant difference on the 1st day and 7th day before and after stress (P > 0.05), but

slightly decreased on the 14th day and 28th day than before (P < 0.05).

Conclusion. – After stress, the expression of IGF-1 receptor didn’t grow in pace with that of IGF-1

accordingly, but slightly lowered instead. This indicates that IGF-1 receptor may affect the positive role of

IGF-1 to some degree and meanwhile involve the pathophysiological process of cognitive changes of PTSD.
�C 2017 Elsevier Masson SAS. All rights reserved.

R É S U M É

Objectif. – Étudier l’expression du facteur de croissance 1 de l’insuline (IGF-1) et du récepteur d’IGF-

1 dans la région CA1 de l’hippocampe des rats soumis au syndrome de stress post-traumatique (SSPT).

Méthodes. – Sur quarante rats Wistar adultes adultes sains, la méthode de stress prolongé unique (SPS)

établie à l’échelle internationale a été utilisée pour mettre en place le modèle PTSD et la méthode

immunohistochimique (IHC) a été appliquée pour détecter les expressions de l’IGF-1 et de son récepteur

dans la région CA1 de l’hippocampe des rats PTSD.

Résultat. – Après stimulation SPS, l’expression de la protéine IGF-1 dans la région CA1 de l’hippocampe

du rat a augmenté avec le développement du SSPT et a atteint le maximum le 14e jour, ce qui est

statistiquement différent de celui du groupe témoin (p < 0,05). Alors que l’expression de la protéine du

récepteur d’IGF-1 n’a montré aucune différence significative le 1er jour et le 7e jour avant et après le stress

(p > 0,05), elle a légèrement diminué les 14e et 28e jours précédents (p < 0,05).

Conclusion. – Après le stress, l’expression du récepteur de l’IGF-1 n’a pas augmenté par rapport à l’IGF-

1 en conséquence, mais a été légèrement diminuée. Cela indique que le récepteur de l’IGF-1 peut affecter

le rôle positif de l’IGF-1 dans une certaine mesure et implique le processus pathophysiologique des

changements cognitifs du SSPT.
�C 2017 Elsevier Masson SAS. Tous droits réservés.
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1. Introduction

As public emergencies like natural disasters, major traffic
accidents, violent and terrorist activities increase constantly, the
incidence of disorders related with psychological stress is rising
year by year. And posttraumatic stress disorder (PTSD) is a kind of
stress disorder characterized by the most severe clinical symp-
toms, worst prognosis and strongest possibility of brain damage.
Currently, there is still no consensus regarding PTSD on the
mechanism of changes in cognition, emotion and memory and
other aspects. Some people hold that the formation of PTSD is
influenced by dysfunction of emotional system [2,12,18,22], while
some deem that the reason patients appearing symptoms like
flashbacks, nightmares, or forcing to recall traumatic situations is
simply because of their weakening cognitive control function
[13,14,23]. To date, nevertheless, most studies tend to hold that
some specific areas of brain, such as over-activation or inhibition of
hippocampus and amygdala, result in neuroendocrine disorder
and abnormal gene expression, but the mechanism involved
mediating stress response remains unclear.

With further research, people began to link insulin with
cognition. Most scholars deem that brain insulin has a protective
effect on cognitive function [3,7]. Widely distributed in the brain,
IGF-1 is overlapped with insulin on molecular structure, receptor
and function. They have a high homology and both of them play an
important role in cell proliferation, apoptosis and tumorigenesis.
IGF-1 is involved in regulating hippocampal neurogenesis and
formation of abnormal neural network as well as affecting the
excitability of hippocampal neurons [16]. Nakajima et al. [17], in
studying the effect of chronic stress on the perception of rat,
discovered that chronic stress leads to a high expression of IGF-1 in
the brain cortex and liver of rats, suggesting that IGF-1 is involved
in the body anti-stress mechanism. Nowadays, the role of IGF-1 as
an effective factor in neurogenesis processes associated with
central nervous system (CNS) and peripheral nervous system (PNS)
has been well known better than before and mechanisms of this
factor about how it plays a role in this regard becomes more and
more hot [1,4].

Therefore, we hypothesized that IGF-1 and its receptor may be
involved in the incidence, development and prognosis of PTSD [21]
and thereby the increase or decrease of their expression may be
one of the mechanisms leading to the cognitive, emotional and
memory changes in PTSD. Thus in this study, to explore the
possible pathological mechanism of PTSD, animal model was
adopted to study the expression of IGF-1 and its receptor in the
hippocampal CA1 region of PTSD rats as well as their relationship
with cognitive, emotional and memory changes.

2. Methods and materials

2.1. Experimental animal

The protocol for this study was approved by the institutional
animal care and use committee of Shihezi University and all animal
treatments were carried out at Shihezi University. All experiments
were performed in accordance with the Guidelines for the Care and
Use of Mammals in Neuroscience and Behavioral Research. Forty
6-week-old male Wistar rats (weighing 180g � 25 g) provided by
the Experimental Animal Center of Xinjiang Medical University were
used. All animals revealed no abnormality through general physical
examination. They were fed in animal room under a regulated
temperature of 20 to 238C and a humidity of 50% to 60% and had free
access to food and water. The feeding box was paved with soft
sawdust inside to reduce foot irritation. Before the experiment, rats
were provided 12/12 hour controlled light strictly, stroked daily for
3 minutes and helped to adapt to environment for one week. During
the experiment, unnecessary suffering was minimized for experi-
mental animals.

2.2. Methods

2.2.1. Experiment grouping
All rats were randomly divided into five groups, namely: post-

stress 1d group (the 1st day, 8 rats), post-stress 7d group (the 7th
day, 8 rats), post-stress 14d group (the 14th day, 8 rats), post-stress
28d group (the 28th day, 8 rats) and normal control group (normal,
8 rats).

2.2.2. The establishment of PTSD rats model
Based on the reference, the internationally mature SPS method

[6,11] was employed to set up the animal model, which is
specifically as below. The rats were first wrapped completely from
head to tail and then bound with tape for 2 hours so that its body
cannot move, but 3–5 holes were reserved near the nose to
facilitate breath. After a break of two minutes, the rats were forced
to swim for 20 minutes in a transparent rectangular tank made of
food-grade plastics (400mm � 200mm � 350 mm, water depth
300 mm, water temperature 22 � 28C). Then, following a 15-minute
break, the rats were placed in a box with an appropriate amount of
99.5% ether until they showed such symptoms as shortness of breath,
staggering and loss of consciousness. Afterwards, they were removed
to a well-ventilated cage (not the one for feeding) until their
consciousness was recovered before being put back to the original
feeding cage. And this method was the criterion for the animal
affected with PTSD in this study.

2.2.3. Preparation of Brain Specimens
Rats from the 1st day, 7th day, 14th day, 28th day and normal

groups were taken for heart perfusion to draw their brains.
First, 1.5 mL 0.1% chloral hydrate anesthesia was injected into

the rats and then their abdominal cavity was cut open to expose
their heart. The perfusion needle was inserted from cardiac apex
into the left ventricle and to the aorta end. Then, the right atrial
appendage was cut open and 250 mL ice saline (48C) was infused
rapidly until incision effluent from the right atrial appendage
becomes crystal clear and liver pale. Then, 250 mL 4% precooled
paraformaldehyde solution (48C) was infused. The total infusion
time was controlled around 1.5 hours. Brains were surgically
removed from the rats and rapidly frozen in liquid nitrogen and
stored at �808C until use.

2.2.4. Detection of the Expressions of IGF-1 and IGF-1 Receptor in
Hippocampal CA1 Region by Immunohistochemsy

Some samples of corresponding brain regions were taken out
and placed in the 4% paraformaldehyde solution (48C) for 24 hours.
After dehydration, transparency, wax dipping, paraffin embedding
and wax block precooling, the brain tissue was subject to serial
coronal sectioning with a thickness of 3 mm. All brain slices were
selected at regular intervals. Six hippocampal slices were taken
from about the same position of each rat. These brain slices were
dried and saved for the subsequent immunohistochemistry.

After dewaxing, de-xylene, removal of endogenous peroxidase
activity and antigen retrieval successively, the selected paraffin
sections were dripped primary antibody (Rabbit Anti-Rat IGF-1
and Rabbit Anti-Rat IGF-1 Receptor) respectively. The blank control
group (only adding phosphate buffer) and antibody specificity
control group (adding primary antibody or secondary antibody
(Goat Anti-Rabbit IgG) only) were established. All sections were
conducted immunohistochemical staining simultaneously. After
added with primary antibody, sections were placed into a wet box
overnight under 4 8C and in the next day incubated at 37 8C for
30 minutes after being rewarmed at 37 8C, washed with PBS for
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3 times (5 minutes per time) and added with biotin-labeled
secondary antibody drop by drop successively. Then, these sections
were conducted DAB coloration, hematoxylin redyeing, dehydra-
tion and transparency successively. Finally, they were mounted
with neutral resin and detected with microscopy. Four sections
were taken from each rat to observe the hippocampus by
400-times optical microscope, wherein 10 vision fields (� 400)
were taken continuously to capture images. By the image analysis
software ImagePro Plus 6.0, the integrated optical density (IOD)
and area of positive expression positions in each vision field were
measured to obtain the average optical density (mean densi-
ty = IOD/area). Finally, the arithmetic mean of average optical
density values of 10 vision fields was obtained.

2.2.5. Expressions of IGF-1 and IGF-1 Receptor in Hippocampal
CA1 Region measurement by real-time florescent quantitative PCR

The other samples of corresponding brain regions were reduced
to powder by comminuting the frozen tissue in liquid nitrogen
with a pestle. Total RNA was extracted from the brain tissues using
trizol reagent according to the manufacturer’s protocol (Ambion,
US). Briefly, 1 mg tissue powder were homogenized in 0.01 mL
trizol reagent at room temperature. A first strand cDNA synthesis
kit (Sangon Biotech Co., Ltd, Shanghai, China) was used for cDNA
synthesis according to the manufacturer’s instructions. Gene
sequences for primer design were obtained by Sangon Biotech
Co., Ltd. (Shanghai, China). The primers were dissolved in 100 mL of
distilled water after centrifugation at a speed of 10,000 rpm for
20 seconds. The solution was centrifuged again at a speed of
5,000 rpm for 10 seconds and stored as stock at �20 8C with the final
concentration of 100 mM. The working concentration was 5 mM
stored at �4 8C. The primer sequences are listed in Table 1. The PCR
conditions for IGF-1, IGF-1 Receptor and internal gene b-actin were
the same as for the two-step method by ABI Prism 7500 sequence
detection system (Applied Biosystems, US): the reaction volume
was denatured at 95 8C for 2 minutes first, followed by 40 cycles of
denaturing at 95 8C for 20 seconds, and annealing at 60 8C for
30 seconds and elongating at 68 8C for 1 minute.

The analysis was conducted by the integrated software to
determine Ct value by negative control and baseline and to
determine the validness of Ct value according to the dissolution
curve. The triplicate reactions were performed in parallel for each
sample, and the average Ct value was calculated. The negative
control reaction was also performed for each round of PCR. The
ratio of IGF-1(R)/b-actin (T/S) was calculated by the formula of
2�DCt; and DCt ¼ CtIGF�1ðRÞ�Ctb-actin; relative T=S ratio ¼ 2�DDCt ¼
2� DCtIGF�1af; Rð Þ�DCtb-actin

� �

2.2.6. Statistical Method
The statistical software SPSS 19.0 was used for data analysis.

Data were expressed as mean � standard deviation (SD). The mean
values of animals in each group were detected with the least
significant difference method (LSD) and correlation between groups
by Spearman. All statistical tests were two-tailed ones, the
significance level was set at 0.05 and various tests were free of
special calibration.
Table 1
PCR primers list.

Name Primer sequence PCR product

length (bp)

IGF-1 forward: 50- CAGGCAGGTATGCTAGGAGC -30 224

reverse: 50- TCAAGGTATTTCCCAGTGCC -30

IGF-1R forward: 50- GTCCTTCGGGATGGTCTA-30 369

reverse: 50- AACTTGTTGGCATTGAGGT-30

b-actin forward: 50- TCAGGTCATCACTATCGGCAAT -30 432

reverse: 50- AAAGAAAGGGTGTAAAACGCA -30
3. Results

3.1. Effect evaluation of PTSD Rat Model

In the response rate test (Fig. 1a), the PTSD group scored
significantly higher than the control group (P < 0.01), indicating an
increased awareness. In the open field test (Fig. 1b), the PTSD group
had fewer behaviors like shuttling and standing than those of the
Fig. 1. Effect evaluation on PTSD model. a: the response rate scores. The response

rate to the capture of the PTSD group was higher than that of the control group

(*P < 0.05); b: the open field-test scores. The PTSD group showed significant

difference in the crossing, standing and grooming behaviors compared with the

normal control group (*P < 0.05, #P < 0.01); c and d: the water maze test scores. The

learning impairments induced by the combined stress in rats. Escape latency is to

find a hidden platform during 5 consecutive days training. The PTSD group spent

more time to find the hidden platform than the control group. (*P < 0.05). There

were differences in the times of the target quadrant and the crossing platform

between the PTSD group and the control group (*P < 0.05, #P < 0.01).



Fig. 2. Expressions of IGF-1 and IGF-1 Receptor in Hippocampus. a: the immunohistochemistry results. The IHC staining of the IGF-1 and IGF-1 receptor expression in the

hippocampal CA1 region of the PTSD group and the normal control group. The differences of the integrated optical density (IOD) were statistically significant between the

control group and PTSD group (*P < 0.05, #P < 0.01). The IGF-1 receptor protein expression levels of mean optical density in the hippocampal CA1 region on the 1st d before

and after stress and the 7th d after stress didn’t show significant difference (P > 0.05), which, however, decreased slightly on the 14th d and 28th d than before (*P < 0.05); b:

the qRT-PCR results. The effects of SPS stress on the expression of IGF-1 mRNA and IGF-1R mRNA of rats in hippocampal. Compared with control group, the expression of IGF-1

mRNA increased with significant association (P < 0.05). However, IGF-1R mRNA increased, but there was no significant association along with time passing by (P > 0.05).
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control group (P < 0.05), indicating a decreased desire to explore.
In the water maze test (Fig. 1c and 1d), within five days of learning,
the latency of rats in the control group significantly reduced,
whereas that of PTSD rats decreased not so notably (P < 0.05),
revealing that the learning ability of PTSD rats lowered. In the sixth
day of the water maze test, compared with rats in the control
group, PTSD rats were slower in discovering the platform for the
first time, and had fewer times of crossing the platform, having
difference in statistics (P < 0.05).

3.2. Expressions of IGF-1 and IGF-1 Receptor in Hippocampus

The expressions of IGF-1 and IGF-1 receptor in the hippocam-
pus of the post-stress 1st day, 7th day, 14th day and 28th day
groups as well as the normal control group were measured. It can
be seen from Fig. 2a that IGF-1 was mainly distributed within
cytoplasm. With time passing by after stress, the mean optical
density in hippocampal CA1 region increased with varying degrees
than those of the control group (P < 0.05). IGF-1R protein was also
mainly distributed in the cytoplasm. However, as time became
longer after stress, the IGF-1R expression levels of mean optical
density in the hippocampal CA1 region on the 1st day before and
after stress and the and 7th day after stress didn’t show significant
difference (P > 0.05), which, however, decreased slightly on the
Table 2
Correlation between Expressions of IGF-1and IGF-1 Receptor.

IGF1 IGF1R

Spearman’s rho IGF1 n = 5 Correlation coefficient 1.000 �0.400

Sig. (2-tailed) 0.505

IGF1R n = 5 Correlation coefficient �0.400 1.000

Sig. (2-tailed) 0.505

Analysis of Spearman rank correlation between the expression of IGF-1 protein and

that of IGF-1 receptor protein of the post-stress 1st d, 7th d, 14th d and 28th d

groups and the normal control group was conducted. The analysis results indicate

that the two types of protein have no correlation (r = �0.400, P > 0.05).
14th day and 28th day than before (P < 0.05). It can be seen from
Fig. 2b that the expressions of IGF-1 mRNA and IGF-1R mRNA in the
hippocampus variation tendency as same as the immunohis-
tochemistry results shows. As shown in Table 2, analysis of
Spearman rank correlation between the expression of IGF-1
protein and that of IGF-1 receptor protein of the post-stress 1st
day, 7th day, 14th day and 28th day groups and the normal control
group was conducted. The analysis results indicate that the two
types of protein have no correlation (r = �0.400, P > 0.05).

4. Discussion

Studies have demonstrated most of the PTSD patients suffer
social and behavioral abnormalities owing to the hippocampal
atrophy in these people [5]. Numerous theories have been
published on the causes of atrophy; yet, there are not certain
evidences on the intervention of apoptosis in hippocampal
atrophy [24].

The incidence of PTSD is directly related to mental trauma.
Nowadays, because of ethical issues with the molecular studies in
human models, different animal models including predator stress,
single prolong stress (SPS), etc. have been suggested for studying
the causes of hippocampal atrophy in PTSD. And as we all know
that PTSD is regarded as a unique diagnosis according to the
disease classification given by Diagnostic and Statistical Manual
(Fifth Edition, DSM-5), which is deemed as the most authoritative
diagnostic system. PTSD has the following four core symptoms:

� pathological recurrence of traumatic events;
� continued avoidance of trauma-related events and selective

amnesia of traumatic experiences;
� heightened state of arousal;
� feeling or emotional numbness [21].

So, behavioral variation in rats on SPS is considered as a
symptom of this disorder. The PTSD animal model reveals strong



Y. Zhang et al. / Annales Médico-Psychologiques 175 (2017) 889–893 893
similarity with PTSD patients behaviorally and physiologically,
expressed by such phenomena as increased negative feedback
inhibition of hypothalamic-pituitary-adrenal axis system (HPA
axis), strengthened acoustic startle response (ASR), continued
preservation of conditioned fear response and spatial memory
impairment. We have established PTSD animal model through SPS
method. As shown in Fig. 1a, b and c, stressed rats showed an
increased awareness, a lowered desire to explore and learning and
memory loss, which mimics the clinical symptoms of PTSD
patients relatively well. Our experiment results are similar to those
in previous studies.

Prevention of cell-programmed death may be caused by various
molecular mechanisms like neurotrophins, growth factors synthe-
sis and expression adjustment of apoptotic regulators [10]. The
expression of IGF-1 is high in the developing brain tissue, decreases
after adulthood and increases when adult brain is suffered from
internal and external environmental stimulates or injury
[9,15,20]. This research result has been verified again in the
researches of Rusch et al. [19] and ours. In this study, the
expressions of IGF-1 and IGF-1 receptor in rat hippocampal CA1
region were detected through the immunohistochemistry method
and meanwhile the mean optical density (IOD/area) was measured
with the software Imagepro Plus 6.0. As shown in Fig. 2a, b and
Table 2, after SPS stress the IGF-1 expression in the hippocampal
CA1 region of the 1st day, 7th day, 14th day and 28th day groups is
higher than that of normal group and peaked in the 14 day group.
These results are similar to those in previous research results.
Afterwards, we studied the expression of IGF-1 receptor further,
finding that the expression level of IGF-1 receptor on the 1st day
and 7th day before and after stress showed no significant
difference, but decreased slightly on the 14th day and 28th day
than before. Then, we conducted Spearman correlation analysis on
the expressions of IGF-1 and its receptor, which revealed that the
expression of two proteins has no correlation. Recent studies
demonstrated that IGF-1 possesses insulin-like biological activity,
which plays an important role in promoting anabolism of brain as
well as formation of synapse and brain myelination. All we know is
that a declined level of insulin-like growth factor may promote the
development of cognitive dysfunction [8]. Rusch’s et al. paper [19]
tends to make readers believe that the increase of IGF-1 has an
effect on the improvement of patients’ cognitive function.
However, our research discovered that the expression of IGF-1
receptor didn’t increase simultaneously with that of IGF-1 and they
are not related, although IGF-1 has protective effects on stress.
Thus, it is concluded that IGF-1 receptor may limit the positive role
of IGF-1 to a certain extent and may be involved in the
pathophysiological process of PTSD in cognitive function changes.
In fact, it is still unknown and requires further researches to verify.
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