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Abstract

Background: BDNF is a critical regulator of the cognitive functions of the brain. According to the modulatory role of BDNF in the
chronic pain state, this study focused on changes in BDNF expression in the hippocampus and anxiety-like behavior, following an
injury to the sciatic nerve.
Methods: 30 adult male Wistar rats were randomly divided into three subsets as neuropathic, sham, and control. The neuropathic
pain was induced due to chronic constriction injury of the sciatic nerve. Anxiety-like behavior was observed using the open field
and elevated plus-maze tests. The level of BDNF was determined by real-time polymerase chain reaction analysis.
Results: The results showed that the pain threshold decreased two weeks after CCI. Simultaneously, there was a decrease in the
BDNF levels (P < 0.001, F = 15. 03). In addition, the anxiety-like behaviors increased in the open field (P < 0.01, F = 25.67; P < 0.05, F =
23.02) and elevated plus-maze (P < 0.05, F = 6.01; P < 0.001, F = 5.95) tests. In the third week after CCI, the increased pain threshold
was accompanied by an increase in the level of BDNF, latency to leave the first quadrant, number of rearing behaviors (P < 0.05, F =
26.07, F = 24.04), and time spent in open arms (P < 0.05, F = 5.30) while time spent in closed arms decreased (P < 0.05, F = 4.70).
Conclusions: Alteration in BDNF expression is involved in CCI-induced anxiety-like behavior.
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1. Background

Brain-derived neurotrophic factor (BDNF) is a member
of the neurotrophin family. BDNF regulates many impor-
tant brain operations such as synaptic and cognitive func-
tions in the adult brain. Neurotrophins like BDNF are the
secreted proteins whose expression and release are upreg-
ulated by neuronal activity. In the hippocampus, BDNF
modulates glutamatergic and GABAergic activity (1). Fur-
thermore, the increased BDNF expression during cognitive
tasks has been demonstrated in the hippocampus. Clinical
studies have suggested that lower levels of BDNF decrease
the volume of the hippocampus and mediate age-related
cognitive deficits whereas increasing BDNF appeared to
improve hippocampal atrophy and memory function (2).

Alteration in BDNF, synaptic plasticity, and synapse dy-
namics are subsequently involved in anxio-depressive dis-
orders. The neurotrophic theory of depression and anx-

iety suggests that stressful conditions improve BDNF sig-
naling pathway in the hippocampus; however, antidepres-
sant and anxiolytic drugs actuated this pathway (3, 4).

BDNF actively involves in the pathogenesis of neuro-
pathic pain in the spinal cord, but less information is avail-
able about the supraspinal alteration of the BDNF level dur-
ing chronic pain situations (5).

BDNF contributes to the sensitization of pain path-
ways in higher brain centers. It can also be involved in
the maintenance of neuropathic pain. A previous study
suggested that the alteration in supraspinal cytokines and
neurotrophin levels could parallel neuropathic symptoms
(6, 7). However, recent data have indicated that a reduc-
tion in BDNF in the limbic system is associated with pain-
cognition disorders. Another study found that the intrac-
erebroventricular injection of BDNF ameliorated chronic
pain, as well as pain-related anxiety and depression (8).
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Besides distinct outcomes, this assay was conducted
to evaluate the correlation between hippocampal BDNF
expression and the anxiety-related behavior in the sciatic
nerve injury model of neuropathy.

2. Methods

2.1. Animals

Adult male albino Wistar rats weighing 250 - 300 grams
were purchased from Pasteur Institute of Iran and kept in a
12-hour light/dark cycle in a temperature controlled room
(22±2°C) with food and water available ad libitum. The an-
imals were assigned to three experimental groups with 10
animals in each group in a random way. All tests followed
the guidelines of the Committee for Research and Ethical
Issues of the International Association for the Study of Pain
(IASP) and they were approved by the ethics committee of
the university.

2.2. Chronic Constriction Injury (CCI) Surgery

The chronic constriction injury (CCI) model intro-
duced by Bennett and Xie was used to induce neuropathic
pain (9). Briefly, the rats were anesthetized using sodium
pentobarbital (40 mg/kg intraperitoneally) and a neat cut
was made in the left thigh. After the sciatic nerve showed,
four loose ligatures were made around the nerve using 4-0
chromic tread. The ligatures were placed at an interval of 1
mm. The rats endured sham surgery where the left sciatic
nerve was exposed with no ligatures.

2.3. Acetone Spray Test for Acute Cold Hypersensitivity

The acetone test was used to measure cold allodynia
following a modification described by Vissers and Meert
(10). A drop of acetone was applied to the plantar hind paw.
The time spent with reactions such as licking, lifting, and
shaking of the paw was monitored using a stopwatch for
a period of 90 seconds. The frequency of foot withdrawal
was expressed as the percentage, according to the below
formula: the number of trials as foot withdrawals divided
by the number of total trials multiplied by 100. The acetone
test was carried out on the days 14 and 21 after CCI or sham
surgery.

2.4. Open Field Test (OFT)

According to the methods described previously (11), the
rats were examined by the open field apparatus. For 5
minutes, the latency to leave the first quadrant, the num-
ber of line crossings, and the number of rearings (upright
posture) were recorded and calculated using a computer-
based video tracking system (Ethovision 1.6 Noldes, Wan-
inggen). The total numbers of crossings and rearings were

respectively identified as motor and exploratory activities
of the rats. The latency to depart the first quadrant was con-
sidered as the quantity of anxiety. The OFT was achieved on
the days 14 and 21 after CCI or sham surgery. The maze was
cleaned after each trial.

2.5. Elevated Plus Maze (EPM) Test

The anxiety-like behaviors were assessed by using the
EPM test, according to the methods described by Filho
et al. (12). The parameters were determined in video
records as the total time spent in closed and open arms and
the number of non-protected head-dipping (NPHD) move-
ments during a 5-min period for each animal (Ethovision
1.6 Noldes, Waninggen). The rats’ entries were considered
when all four paws were inside the arm. When the rat put
its head over the left or right border of the maze in an open
arm, the non-protected head-dipping movements were de-
bated to occur and the NPHD was recorded. The EPM test
was carried out on the days 15 and 22 after CCI or sham
surgery. The maze was cleaned after each trial.

2.6. Real-Time Quantitative PCR Procedure

The hippocampus tissue was frozen in liquid nitrogen
to be ready for total RNA extraction and reverse transcrip-
tion. Trizol (Invitrogen, Carlsbad, CA) was used for the to-
tal RNA isolation. 2 µg RNA was reverse transcribed us-
ing Super-Script™ II Reverse Transcriptase (Invitrogen) and
0.5 µg random hexamers (Promega, Madison, WI) in a 50
µL final volume. Real-time PCR was performed according
to the manufacturer’s instructions. Double-strand DNA
was discovered by applying a Light-Cycler rapid thermal
cycler System (Roche Diagnostics, Mannheim, Germany)
and SYBRGreen. The PCR reaction was configured in a to-
tal volume of 20 µL with 2 µL of cDNA and 2 µL of Light
Cycler DNA Master SYBR Green I (Roche Diagnostics). The
BDNF was quantified by using forward AGCTGAGCGTGTGT-
GACAGT and reverse ACCCATGGGATTACACTTGG primers,
while for β-actin quantitation, noted as the internal con-
trol, forward GGGAAATCGTGCGTGACATT and reverse CG-
GATGTCAACGTCACACTT primers were used. The PCR pro-
gram included the following conditions: the initial denat-
uration step for 30 seconds at 95°C, followed by 45 cycles of
a 1 second denaturation step at 95°C, a 10 second annealing
step at 58°C, and a 10 second extension step at 72°C (all tem-
perature transition rates were 20°C/s). At the end of each
cycle, the fluorescence acquisition was measured by SYBR
Green. Finally, in order to identify primer specificity, the
samples experienced an increasing temperature from 70°C
to 95°C at 2°C/s with continuous fluorescence monitoring.
For each PCR product, a dissociation curve was obtained
by melting curve analysis at the specific temperature. The
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analysis was achieved by Light Cycler Relative Quantifica-
tion Software and each sample was examined in duplicate.
The samples containing no template were considered as
negative controls in the tests.

2.7. Statistical Analysis

Mean comparisons of data on the cold withdrawal
threshold (acetone spray test), BDNF levels, the OFT and
EPM test parameters were made with one-way ANOVA fol-
lowed by Tukey post hoc test with SPSS21. P < 0.05 was con-
sidered significant.

3. Results

3.1. Pain Behavioral Evaluation

A one-way ANOVA test was used to compare the re-
sponse rates to acetone drop between sham and CCI ani-
mals. The Post hoc analysis revealed that cold hypersensi-
tivity after CCI significantly developed within 14 days (P <
0.001, 20.28 ± 5.07) and reduced on the day 21 (P < 0.001,
16.8 ± 4.8). No statistical differences were noted in the
sham group compared to the control group (12.3 ± 3.60,
11.16 ± 3.06, 8 ± 3.26). Data are shown in Figure 1.
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Figure 1. Comparison of cold allodynia between CCI, on days 14 and 21 after surgery,
sham, and control groups. **P < 0.01 and***P < 0.001 indicate the difference between
the groups. Data are expressed as mean ± SEM of ten animals per each group.

3.2. Open Field Test

An open field test was carried out to assess the neu-
ropathic pain-related anxiety-like behavior. The ANOVA
showed differences between the groups in the latency to

leave the first quadrant (P < 0.01, F = 25.67) and the num-
ber of rearings (P < 0.05, F = 24.04). The CCI group on day 15
showed an increase (14.1±0.63). Post hoc analysis revealed
rearing activity in the CCI group on day 15 (12 ± 0.28) was
less than that in the sham group (23 ± 0.34) and the CCI
group on day 22 (26 ± 0.3). There were no differences in
the number of line crossings between the groups (Figure
2).

3.3. Elevated Plus-Maze Test

The elevated plus-maze test was performed to investi-
gate the effect of the peripheral neuropathy on anxiety-
like behavior. One-way ANOVA showed that on day 15, the
CCI group spend more time in the closed arms (240.86 ±
12.26) compared to the sham group (150.23 ± 10) and the
CCI group on day 22 (180.89 ± 12). Additionally, the CCI
group on days 15 and 22 spend less time in open arms (2.79
± 0.85, and 10.46 ± 2.05, respectively) compared to the
sham group (22 ± 1.28). The CCI group showed decreased
frequency of NPHD movements on days 15 and 22 (0.3 ±
0.01 and 0.89 ± 0.02, respectively) compared to the sham
group (1.8 ± 0.02) (Figure 3).

3.4. Real-Time Quantitative PCR Analysis

The changes in the BDNF levels in the hippocampus
were investigated by using real-time PCR on days 15 and 22
after CCI or sham surgery. One-way ANOVA showed that the
rats in the CCI group expressed significantly a lower level
of BDNF mRNA (3.82 ± 0.79) compared to the sham group
(12.05 ± 0.27), and pain alleviation in the third week was
associated with increased level of mRNA BDNF (8.2 ± 0.63)
(Figure 4).

4. Discussion

Our results showed that chronic constriction injury of
the sciatic nerve is associated with anxiety-like behavior. In
addition, we found that CCI could alter BDNF expression in
the hippocampus on days 15 and 22 after injury, and proba-
bly provide an explanation for anxiety disturbance caused
by chronic pain. We selected this time point because the
maximum pain sensation occurred two weeks after CCI.
However, it was considered that the fibers began to regen-
erate from the third week and this regenerative activity is
linked to the increasing pain threshold in the CCI model (9,
13). Many clinical assays have identified that chronic pain is
related to cognition and mood disorders (13). However, the
exact mechanism by which the chronic pain induces these
deficits has not been clarified.

The present study followed chronic constriction injury
by OFT and EPM tests since they measure anxiety-like be-
havior, movement control, and cognitive mapping.
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Figure 2. The effect of chronic constriction injury on open field test (OFT) on days 15 and 22 after surgery. Latency to leave the first quadrant (A), the number of total crossings
(B), and the number of rearing behaviors (C) were measured. *P < 0.05 and **P < 0.01 indicate the difference between the groups. Data are expressed as mean ± SEM of ten
animals per each group.

The current study demonstrated that neuropathic
pain could induce anxiety-like behavior. Recent studies
have confirmed that neuropathic pain might initiate affec-
tive disturbances (14). Data of our OFT showed that CCI
surgery has a little effect on motor function, implying that
anxiety-like behaviors after sciatic nerve injury are not re-
lated to motor dysfunction.

The findings of this study indicated that the BDNF level
reduced in the hippocampus while the pain threshold was
at the minimum. The hippocampus, which is required for
the regulation of mood and cognition in humans and ani-
mals, is also responsible for modulating the transmission
of pain and is an important site of BDNF action. Hippocam-
pal network activity upregulates BDNF levels in the hip-
pocampus (15, 16).

BDNF-related pathways are involved in the etiology

of some mood disorders and the development of spatial
learning and memory (17, 18).

BDNF is also involved in the modulation and progres-
sion of neuropathy. In accordance with our data, some
results showed that the changes in supraspinal cytokines
and neurotrophins are connected with neuropathic pain
manifestations (19, 20). Recent investigations have shown
that BDNF reduction in the limbic system may result in
pain-emotion disorders. These changes could be regulated
by increasing the BDNF level (21).

This study showed that behavioral changes in OFT and
EPM tests might be partly due to the BDNF reduction in
neuropathic rats. In particular, we showed that in the sec-
ond week, CCI anxiety-like behavior was associated with
downregulation of BDNF expression in the hippocampus.
Alteration of the BDNF level is associated with the patho-
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Figure 3. The effect of chronic constriction injury, on the elevated plus maze (EPM) test, on days 15 and 22 after surgery. The total time spent in the closed arms (A), total
time spent in the open arms (B) and the number of non-protected head-dipping movements (NPHD) (C) were evaluated.*P < 0.05, **P < 0.01, and ***P < 0.001 indicate the
differences between the groups. Data are expressed as mean ± SEM of ten animals per each group.

physiology of several neurological and psychiatric disor-
ders (22). Previous studies suggested that anxiety and
depression decreased the expression of BDNF in the hip-
pocampus and antidepressant treatment could reverse
this effect (21, 23, 24).

Our data showed that whenever pain is alleviated spon-
taneously, BDNF expression increases and neuropathic
rats show improvement in anxiety-like behavior. How-
ever, some studies conducted during three weeks after
chronic pain induction failed to illustrate any relation-
ship between chronic pain and anxiety or depression dis-
orders while other assays indicated anxiety and depressive
symptoms in some rodent models. It was considered that
different chronic pain models provided time-dependent
anxiety- or depression-like phenotypes (21).

While the effects of CCI are at least in part reversible

(9), we showed that following pain reduction at the end of
the third week, there was an increase in BDNF expression.
Accumulating evidence shows that pain alleviation could
reverse the functional and morphological alterations after
peripheral nerve injury in chronic pain syndrome. Success-
ful chronic pain treatment appeared to have a protective
effect, thus regulation responses could decrease the CCI-
induced pain comorbidity (13). In agreement with our re-
sult, previous studies revealed that some antidepressants
used for chronic pain treatment had an anxiolytic effect
and upregulated the expression of BDNF in the hippocam-
pus of neuropathic rats (23-25).

4.1. Conclusion

The current study found that chronic pain induces
anxiety-like behavior and causes changes in hippocampal
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Figure 4. Expression of BDNF mRNA in the CA1 region of hippocampus via real-time
PCR after probe trial of Morris water maze task on days 15 and 22 after CCI or sham
surgery. **P < 0.01 and ***P < 0.001 indicate the differences between the groups. Data
are presented as means ± SEM of four animals per each group.

BDNF expression when pain threshold is minimum. How-
ever, this effect could be the reason why the pain was nat-
urally alleviated and BDNF expression increased in the sci-
atic nerve injury state.
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