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Abstract

Brain-derived neurotrophins factor (BDNF) belongs to the neurotrophins family which acts on
neuronal survival and growth and has been associated with cognition process.  TrkB is the primary signal
transduction receptor for BDNF.  In the present study, hippocampal BDNF and TrkB mRNA were
detected by RT-PCR in 2- and 22-month rats, respectively, which were exposed to different durations of
mild stress protocol of 8-day, 21-day and 28-day chronic unpredictable mild stress (CUMS).  Observation
of exploratory behavior in an open field (OF) test indicated stress levels and changes of spontaneous
activity.  We demonstrated that CUMS induced decrease of BDNF mRNA in two aged groups, but the
increase change of TrkB mRNA compared with those of the control groups.  Moreover, the changes of
BDNF mRNA and TrkB mRNA measured in both the 21-day and 28-day stress groups represent obvious
decrease than those of the 8-day stress groups, and the expression examined in young groups appeared
to be higher than those of the aged group, especially in the 28-day stress groups.  Results of OF test
showed that explicit behaviors in two age groups decreased gradually with the process of stress revealing
a depressive state under the stress condition.  Meanwhile, the behaviors of young rats seemed to be more
active than those of the aged rats, exhibiting weak adaptation to the stress.  The study suggested that
stress paradigm and aging certainly had effect on the regulation of BDNF mRNA and TrkB mRNA which
might be related to damage and protection function of the hippocampus.
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Introduction

Brain-derived neurotrophic factor (BDNF) is
the most widely and abundantly expressed neu-
rotrophin (NT) is involved in neuronal survival and
plasticity in different brain areas (6, 9).  Beside its
classical function, BDNF has been suggested to be
involved in stress-induced hippocampal adaptation

and pathogenesis of depression in the adult animal
(47).  As the central neurotrophic factor (NTF) for
neurons and neurogliocytes, BDNF also plays an
important role in hippocampal aging.  Tyrosine kinase-
coupled receptor (TrkB) is the primary signal transduc-
tion receptor for BDNF.  In fact, the expression of
BDNF and TrkB show significant change under stress
conditions and senescent state.  It was reported that
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significant decreases with age were detected for BDNF
and TrkB mRNAs in many areas of the brain.  Elevation
for BDNF and TrkB mRNAs was found in stress
protocol, and different levels were detected in rat
hippocampus (13, 30, 59).

The hippocampus is one of the important brain
areas that is connected with emotional expression and
cognition function, and it is also an area that is very
susceptible to stress and aging (2, 36).  It is well
established that stress is a conspicuous factor of
neuronal injury and can trigger degenerative cellular
processes in the limbic system (1, 37).  Single or
repeated immobilization stress treatments have been
reported to decrease BDNF mRNA throughout the
hippocampus (16, 32, 53).  Stress is not only involved
in the alternation of the hippocampus function but is
also related to morphological changes of hippoc-
ampus neurons (11, 59).  In contrast, BDNF mRNA
expression measured by in situ hybridization increased
as early as 15 min in most hippocampal regions and
was significantly augmented after 180 min of stress
exposure.  Adlard and Cotman (2004) reported that
the expression of BDNF obviously decreased at 5 and
10 hours after binding stress, but the expression of
TrkB mRNA showed no change in dentate gyrus and
hippocampus after single stress (1).  Previous studies
showed that the levels of BDNF and TrkB mRNAs
were significantly decreased in Alzheimer’s patient
hippocampus compared with normal hippocampus,
which may be lead to neuronal dystrophy and cognitive
impairment and behavior disorder (25, 41, 50).

Although it is recognized that BDNF is the most
important neurotrophic factor in critical CNS
functions, time-course studies of different stress
applications have not yet been investigated in terms
of aging responses.  In the present study, we inves-
tigated whether different time periods of stress might
modify the expression of BDNF and TrkB mRNAs, or
whether there was an age-related change in BDNF
expression in the hippocampus of rats.

Materials and Methods

Animals

Sixty-four male Sprague-Dawley rats, young
rats (2 months) and aged rats (24 months), were
obtained from the Animal Experiment Center of
Binzhou Medical University, and were housed for 1
week before experiments under constant tempera-
ture (21 ± 1°C with 52 ± 2% humidity) and lighting
regiments (light on from 07:00 AM to 07:00 PM).
Light, food pellets and water were freely available
throughout the experiments except when the CUMS
procedure required deprivation.

Young and aged rats were randomly divided

into four subgroups respectively, 8-day stress group,
21-day stress group, 28-day stress group and control
group (n = 8).  Animals were housed individually in
conventional caging.  The experimental rats were
subjected to chronic unpredictable mild stress for 8,
21 and 28 days, respectively, and at the end of the
stress protocol, they were sacrificed after behaviors
test (between 9 and 11 AM), convenient for the col-
lection of hippocampus.  This work followed the
regulations for the administration of affairs concern-
ing experimental animals (48) and the experiments in
the present study were designed to minimize the
number of animals used and their suffering.

Chronic Unpredictable Mild Stress (CUMS) Paradigm

The CUMS paradigm was designed to maximize
the unpredictable nature of the stressors (40, 54)
which consisted of eight stress procedures including
24-h water deprivation, 24-h food deprivation, 5-min
tail suspension, 2-h restraint, 5-min forced swim in
cold water (4°C), 5-min hot environment oscillation
(30 min, 45°C), continuous overnight illumination
and 5-second inescapable foot-shock (30 min, 30 volt
intensity and 5 sin interval).  During the stress period,
the stressors were carried into execution in random
order in the experimental animals once per day for 8
days, 21 days and 28 days, respectively.  The control
group unstressed animals were handled daily and on
the day of the experiment they were sacrificed at the
same time as the stressed ones.

Sucrose Test

Sucrose test was most commonly used to measure
anhedonia in chronic stress literatures (5, 8, 28, 55).
In the present study, we used the one-bottle sucrose
intake test which improved on the previous basic
work (20, 21, 22).  Before the experiments, all rats
were trained to drink sucrose solution.  In this test, the
rats were first deprived of food and water for 24 h and
they were then provided with 1% sucrose solution,
and consumption was measured by comparing the
bottle weight before and after the test after 24 h.
During the CUMS protocol, the sucrose intake and
bodyweight were measured once a week.

Open Field (OF) Test

OF box is a 90 × 90 × 45 cm wooden box, which
is used to study cognitive and emotional reactions by
observing the animal’s behaviors (44), with its bottom
divided into 5 × 5 squares and the square in the middle
of the bottom is the center square while others are
peripheral squares.  During the period of stress, rats
of two age groups were observed by OF test performed
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was performed by t-test between the young and aged
groups.  One-way ANOVA was used to analyze the
different expression of BDNF and TrkB mRNA during
different stress groups.  A difference of P < 0.05 was
considered statistically significant.

Results

Change of Body Weight

The results showed that there was no significant
difference on body weight between the 8-day and the
control groups both in the young and aged groups.
Whereas, it was noted that the weights of the 21-day
and 28-day groups were lighter than those of the
control groups, and the weights of aged rats subjected
to 28-day stress were down-regulated 21.5% ± 2.5%
(P < 0.001), and the young rats inhibited 18.0% ±
3.7% (P < 0.001), relative to the control rats (Table
1).

Sucrose Consumption Measured in both the Young and
Aged Stress Groups

The sucrose consumption measured in both the
young and aged stress rats was obviously less than
that in the control groups (P < 0.05) which represented
a downtrend during the stress period.  The aged 28-
day and 21-day stress rats drank significant less than
the rats of the 8-day stress group, as was also detected
in the young group (P < 0.001).  Meanwhile, comparing
with the basic line, the control rats increased their
consumption and kept the high levels throughout the
study (Figs. 1 and 2).

Changes of Behaviors in OF Test

Though the aged rats showed more weakly
exploratory behavior than the young rats, there was no
significant difference between the young and aged rat
behaviors before stress (0 day).  The CUMS paradigm
increased the time spent in the center square both in the
young and aged rats groups.  Meanwhile, the quadrant
crossing, grooming and vertical movement represented
pronounced decrease compared with the control groups

on day 0, 8, 15, 21 and 28 during the stress.  Each
animal was placed in the center of the OF box and was
observed for 3 min.  The indices of test included the
number of square crossing; grooming numbers, time
spent on the center square, vertical movement scores
and numbers of stools.  All indices were observed
and recorded by two persons who did not know the
purpose of this test.  OF box was cleaned up after each
test session.

Measurement of mRNA Levels by RT-PCR

The rats in every group were sacrificed by
decapitation after the test.  Hippocampal tissues were
obtained from the rats.  Total mRNA was extracted
from 50-100 mg hippocampus according to the
instruction of TRIzol kit (Invitrogen, Carlsbad, CA,
USA).  The RT-PCR kit was purchased from Promega
(Madison, WI, USA).  The primers of BDNF and TrkB
were synthesized by Sbsgene Company (Shanghai,
PRC) and the sequences of the primers were
5’AGTGATGACCATCCTTTTCCTTAC3’plus5’CCTC
AAATGTGTCATCCAAGGA3’ (196 bp, for BDNF)
and 5’GGCCAAGAATGAATATGGTAA 3’plus
5’TTGAGCTGGCTGTTGGTGAT 3’ (485 bp, for trkB)
a n d  5 ’ C A C A G C T A G A G G G A A A T C G 3 ’ p l u s
5’CACACAGAGTAGTTGCGCTC3’ (348bp, for β-
actin).  Reactions were performed in 50 µl containing
1 µl AMV Reverse Transcriptase, 1 µl TflDNA
polymerase, 2 µl 25 mM MgSO4, 2 µl primers, 1 µl
dNTP Mix, 10 µl 5 × Reaction Buffer, 31 µl Nuclease-
Free Water.  Then the cycling process was 45°C for 45
min (1cycle), 94°C for 2 min (1cycle), 94°C for 30 sec,
55°C for 1 min, 68°C for 2 min (30 cycle), 68°C for 7
min (1cycle), and 4°C soak.  Then the PCR products
were analyzed by electrophoresis and the density ratio
of target genes to β-actin band delegated the expression
quantity of target genes.

Statistical Analysis

SPSS 11.0 software was used in this study.
Mean and SEM were calculated from 8 animals per
group for BDNF and TrkB.  The quantitative data
were expressed as Means ± SD and statistical analysis

Table 1.  Measure of body weight of young and aged animals

Groups Young groups Aged groups

Control 228 ± 21.60 514 ± 51.10
8-day stress 215 ± 15.20 487 ± 32.30

21-day stress   189 ± 31.80**   453 ± 21.60**
28-day stress   187 ± 19.40**   431 ± 35.50**

Data are expressed as the means ± SD (n = 8).  **P < 0.001 indicated a significant difference as compared with the control
group (Student’s t-test).
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(P < 0.01).  The OF indices of the aged 21-day and 28-
day groups were significant less than those of the
young groups (P < 0.05), and it was noted that the aged
animals represented obviously depression state after
21 days of stress, but the young ones showed weakly
adaptive state to the stress representing an resumed
excitatory state (Tables 2 and 3).

Age-Related Changes of the BDNF mRNA Levels

Measured in the Hippocampus

RT-PCR was performed in the hippocampus to
examine discrete modifications of the BDNF mRNA
levels in this region in response to 8, 21 and 28 days
CUMS.  In this study, an increase expression of
BDNF mRNA was found in both the young and aged
rats compared to the control groups, respectively (P <
0.001).  Aged rats subjected to different durations of

Table 2.  Open field test of young animals

Control group 8 day stress 15 day stress 21 day stress 28 day stress

SQ 61.57 ± 8.23 39.16 ± 5.53* 25.42 ± 2.34** 27.24 ± 1.44** 24.06 ± 3.21**
VM 39.75 ± 5.32 26.07 ± 3.84* 21.46 ± 3.14** 17.52 ± 4.29** 16.33 ± 1.57**
GN 46.28 ± 6.44 30.67 ± 8.01* 29.56 ± 5.25** 30.91 ± 2.07** 16.57 ± 7.09**
TS 2.91 ± 0.65 3.99 ± 0.86* 4.86 ± 1.27** 5.31 ± 0.82** 4.66 ± 1.17**

Data are expressed as the means ± SD (n = 8).  *P < 0.05, **P < 0.001 indicated a significant difference as compared with
the control group (Student’s t-test).  SQ: Number of square crossing.  VM: Vertical movements.  GN: Grooming numbers.
TS: Time spending in center square.

 Table 3.  Open field test of aged animals

Control group 8 day stress 15 day stress 21 day stress 28 day stress

SQ 47.33 ± 4.08 24.16 ± 7.66* 17.21 ± 5.06** 12.64 ± 3.08** 11.47 ± 1.55**
VM 27.81 ± 4.49 16.47 ± 6.01* 11.85 ± 2.17** 6.49 ± 4.08** 6.98 ± 1.42**
NG 34.63 ± 6.24 22.07 ± 7.11* 18.35 ± 4.96** 8.45 ± 3.01** 9.06 ± 1.12**
TS 2.13 ± 0.57 3.34 ± 1.29* 5.07 ± 2.34** 5.66 ± 1.56** 5.54 ± 0.57**

Data are expressed as the means ± SD (n = 8).  *P < 0.05, **P < 0.001 indicated a significant difference as compared with
the control group (Student’s t-test).  SQ: Number of square crossing.  VM: Vertical movements.  GN: Grooming numbers.
TS: Time spending in center square.

Fig. 1. Effects of different CUMS paradigms on sucrose con-
sumption measured in the young groups (Means ± SD)
(n = 8).  **P < 0.001, compared with the control group
(Student’s t-test).  In the three young CUMS groups,
sucrose intake was significantly diminished compared
to control group, which was continuously kept at a high
intake level.
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Fig. 2. Effects of different CUMS paradigms on the sucrose
consumption measured in the aged groups (Means ± SD)
(n = 8).  **P < 0.001, compared with the control group
(Student’s t-test).  In the three aged CUMS groups,
sucrose intake was significantly diminished compared
to the control group, which was continuously kept at a
high intake level.
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CUMS, particularly the animals exposed to 28 days
stress, exhibited a significant inhibition of BDNF
mRNA.  The expression of BDNF mRNA also showed
a significant decrease in young CUMS groups, but it
represented no difference between 21-day and 28-day
unpredictable stress (P = 0.23) reflecting a light ad-
aptation to the stress condition.  Moreover, the BDNF
levels observed in aged rats displayed remarkable
lower levels than those of the young rats in the three
CUMS groups (Fig. 3).

Effect of Stress Duration on TrkB mRNA Expression

CUMS application resulted in a significant

elevation for TrkB mRNA in both the young and aged
groups.  Rats exposed to 21-day and 28-day stress
represented a remarkable increase of TrkB mRNA
compared with the control groups (P < 0.001), and
they also showed higher levels than those of the 8-day
stress groups (P < 0.05).  Meanwhile, the TrkB mRNA
levels observed in the aged rats were lower than those
measured in the young groups in different periods
of CUMS conditions (Fig. 4).

Discussion

In the present study, we investigated the effect
of different durations of chronic unpredictable stress

Fig. 3. BDNF mRNA expression detected by RT-PCR in the control groups (unstressed, 0 day) and in both the young and aged three
CUMS model groups.  Total RNA was isolated from the hippocampus and assayed for BDNF mRNA after 8, 21 and 28 days
stress.  A: Representative electrophoretograms illustrating the expression of BDNF mRNA in the young stress groups and the
control group (0 day).  B: Expression of BDNF mRNA in the aged stress groups and the control group (0 day).  C: Quantitative
analysis of BDNF mRNA at different time points after stress.  The results were calculated as the intensity of the lane of each
transcript over the intensity of the β-actin (internal standard) band and expressed as the means ± SEM.  ##P < 0.001 vs. the young
control group.  *P < 0.05 and **P < 0.001 vs. the aged control group.  n = 7-8 rats per time point studied under independent
stress conditions.
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on the expression of BDNF and TrkB mRNAs in the
hippocampus of both young and aged rats.  An open
field test was used in the evaluation of the change
of rat behaviors (17, 52), and sucrose test was used
to measure anhedonia.  Three different durations of
CUMS, 8-day, 21-day and 28-day stress, all resulted
in decreased expression of BDNF mRNA but an
elevation for TrkB mRNA in the hippocampus.  BDNF
and TrkB mRNA levels detected in the aged groups
were lower than those of the young groups, and the
expression levels changed more obviously in the 21-

day and 28-day stress groups than in the 8-day stress
group comparing with the control groups.  During the
CUMS protocol, animal behavior of the stress group
displayed a decrease tendency, and stressed rats
consumed less sucrose solution compared with the
control groups.

The chronic unpredictable stress paradigm is a
validated model subjected by using several stress
methods in random order (56).  Animal behaviors,
such as exploratory behavior, cognitive reaction and
excreting behavior, clearly changed in response to

Fig. 4. TrkB mRNA expression measured by RT-PCR in the control groups (unstressed, 0 day) and in both young and aged CUMS
groups.  Total RNA was isolated from the hippocampus and assayed for TrkB mRNA after stress.  A: Representative
electrophoretograms showing the expression of TrkB mRNA in the young stress groups and the control group (0 day).  B: TrkB
mRNA expression in the aged stress groups and the control group (0 day).  C: Line chart representing the results of quantitative
analysis of TrkB mRNA after different stress sessions.  The results were calculated as the intensity of the lane of each tran-
script over the intensity of β-actin (internal standard) band and expressed as the means ± SEM.  #P < 0.05 and ##P < 0.001 vs.
the young control group.  *P < 0.05 and **P < 0.001 vs. the aged control group.  n = 7-8 rats per time point studied under
independent stress conditions.
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stressful conditions (3, 7) and resulted in depressive
stated in chronic mild stress (31).  This study showed
that both young and aged stress rats displayed a
decrease in square crossing, grooming behavior and
increased retention time in the center square compared
with the control groups representing an inhibition
of activities and an increase in emotional disorders.
Animals showed little interest in, and weak adaptabil-
ity to, new surroundings under CUMS state.  Moreover,
behaviors of aged animals inhibited more obviously
than those observed in the young groups reflecting a
weaker tolerance to stress.  Stress has effects on the
function of pre-frontal cortex and limbic system which
are closely bound up with cognition and behavioral
response (19).  The hippocampus is one of the brain
areas that are highly sensitive to the stress and
senescence, and its dysfunction could enhance the
susceptive of animals to stress, which might act on
further stress injury and behaviors disorder.

Decrease consumption for sucrose solutions is
considered as the maker of hyposensitivity to anhe-
donia (5, 21, 22, 28, 56).  Our study showed that the
stress time duration and senescence were two factors
that tied up with the decrease of sucrose solution.  The
results showed that aged rats exposed CUMS con-
sumed less sucrose than young rats and when compared
with the control group.  Meanwhile, the rats subjected
to 21-day and 28-day stress drank more than the 8-day
stress groups, and consumption of both young and
aged rats was lower throughout the paradigm
exhibiting distinctive anhedonia.

After the last session of 8, 21 and 28 days
CUMS, respectively, BDNF mRNA in the hippoc-
ampus exhibited an obvious reduction compared to
the control groups, and elevation for TrkB levels was
observed in both the young and aged CUMS groups.
A significant difference was observed between the
young and aged stress groups, and the rats exposed to
21-day and 28-day stress resulted in lower expression
of BDNF mRNA and higher TrkB levels than those of
the 8-day stress groups.  Such a stress-time dependent
reduction in hippocampal BDNF mRNA and TrkB
mRNA possibly contributed to the hippocampal
neuronal atrophy and stress impairment protection.

The limbic-hypothalamopituitary-adrenal
(LHPA) axis plays an important role in stress con-
ditions and its high accommodation center is the
hippocampus closely connected with cognitive
function, emotion expression and explicit behaviors.
It was confirmed that stress resulted in the elevation
of glucocorticoids (GCs), the key hormones involved
in stress adaptation in the hippocampus, and in the
enhanced hippocampal sensitivity for stress (14, 29,
38).  Previous studies have indicated that 3-h incu-
bation of hippocampal neurons with glucocorticoids
depresses activity-dependent expression of BDNF

mRNA (12, 34).  Lauterborn et al. reported that ad-
renal hormones inhibited in vivo BDNF expression
(31).  Senescence and stress both resulted in the in-
crease of the corticosterone (24, 33) which led to the
hyperfunction of hippocampus and functional deficit
of learning, memory and cognition.  Meanwhile, the
hippocampal neuron atrophy that is induced by
sustained high concentration of GCs has effect on the
decrease of BDNF mRNA expression (10, 49).

BDNF is a neurotrophic factor involved in
critical CNS function as well as in synaptic trans-
mission and plasticity.  Since BDNF also acts as the
important NT in neurons survival, maintenance and
growth (51, 57, 58), its deficiency may result in
retraction or atrophy of dendrites (26).  The present
study showed that CUMS caused a distinct decrease
BDNF mRNA response to stress compared to control
rats.  Previous studies showed that chronic repeated
stress resulted in the down-regulation of BDNF
production which might be implicated in the patho-
physiology of depression (4, 15, 23, 35).  In our study,
we demonstrated that the long-term stress and
senescence had explicit effect on the expression of
BNDF mRNA both of which resulted in the decrease
levels of BDNF.  High density of GCs could be in-
duced by both stress and aging and they could interact
with alkaline phosphatase (AP) and nuclear tran-
scription factor-κ B (NF-κB), which possibly made
contribution to the down-regulation of BNDNF mRNA
expression (24, 43, 60).

Now it is acknowledged that the decreased
expression of BDNF production and the increased
expression of TrkB mRNA in response to chronic
repeat stress could have beneficial effect on neuronal
function and survival (18, 42).  Acute stress acts as
the rapidly increasing expression of BDNF mRNA
and protein to provide an excited organism with a
degree of protection for hippocampus in a short time.
If the excitation was not attenuated, secondary
neuronal damage would occur (39) which would
involved in neuronal atrophy and degeneration and
in the reduction of BDNF.  Thus, the observed up-
regulation of TrkB mRNA might be a further com-
pensatory adaptation to prolonged stress-induced
down-regulation of BDNF.  Up-regulation of TrkB
could possibly make the neurons of the hippocampus
more responsive to lower levels of BNDF than are
induced by chronic stress (42, 45).

Previous studies showed that the induction of
BDNF and TrkB mRNA detected in the hippocampus
of AD was substantially lower than that seen in normal
adult cellular tissues (25, 27, 46), and the spread of
BDNF in the AD hippocampus was similar to that in
naturally aging animals suggesting that a low content
of BDNF in the brain was one of the reasons for cog-
nitive disorder and weak responsiveness to stress.  In
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the present study, we demonstrated that the expressions
of BNDF mRNA and TrkB mRNA detected in the
aged stress groups were significantly contrary to those
measured in the young groups, confirming previous
work.

In conclusion, stress paradigm and aging
certainly had effect on the regulation of BDNF mRNA
and TrkB mRNA which might be involved in the
damage and protection function for hippocampus.
Clearly, further study will be necessary to explore the
mechanisms in up/down-regulation of BDNF ex-
pression in different brain areas in order to further
understand the complexities of neuronal responses
to stress.
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