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Abstract

In this study, Sprague-Dawley rats were immobilized to a frame for 3 hours a day for 21 days to
establish a model of chronic immobilization stress. The body weight and food intake of rats
subjected to chronic immobilization stress were significantly decreased compared with the control
group. Dual-labeling immunofluorescence revealed that the expression of leptin receptor and the
co-localization coeffient in these leptic receptor neurons in the arcuate nucleus of the hypothalamus
were both upregulated, while the number of neuropeptide Y neurons was decreased. Chronic
immobilization stress induced high expression of leptin receptor in the arcuate nucleus and
suppressed the synthesis and secretion of neuropeptide Y, thereby disrupting the pathways in the
arcuate nucleus that regulate feeding behavior, resulting in diminished food intake and reduced

body weight.
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Research Highlights

(1) Leptin receptor expression was increased and neuropeptide Y neuron numbers were decreased
in the hypothalamic arcuate nucleus of rats subjected to chronic immobilization stress.

(2) The regulatory networks affecting feeding behavior in the arcuate nucleus were disrupted in rats
subjected to chronic immobilization stress, leading to a slow increase in body weight and lowered

food intake.

INTRODUCTION

It is well-known that stress events profoundly
affect ingestive behavior™. Chronic or
repeated stress can result in reduction of
food intake and body weight in rats®®®. Nuclei
within the hypothalamus, such as the arcuate
nucleus, ventromedial nucleus,
paraventricular nucleus and lateral

hypothalamic area, generate, integrate and
regulate signals related to food intake, and
form a complex appetite regulatory
network®®. In particular, the arcuate nucleus
of the hypothalamus plays a critical role in the
control of appetite and energy balance®*?.
Neuropeptide Y is the most abundant
neurotransmitter in the brain and is
expressed in the hypothalamus mainly by
neurons in the arcuate nucleus™.
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Leptin, derived from the periphery, crosses the
blood-brain barrier and acts on the hypothalamus, to bind
with leptin receptor to inhibit food intake and lower body
weight™. Among the various brain areas, the arcuate
nucleus has particularly high expression of the leptin
receptor™. In the hypothalamus, the leptin receptor, is
expressed by neuropeptide Y and proopiomelanocortin
neurons, especially in the arcuate nucleus™ . However,
the role of leptin receptor and neuropeptide Y, as well as
the interaction of these molecules, in the control of food
intake and body weight in response to chronic stress is
unknown. In this study, neuropeptide Y and leptin
receptor in rat brain were labeled with double
immunofluorescence for observing their expression in
the hypothalamic arcuate nucleus of rats with chronic
immobilization stress.

RESULTS

Quantitative analysis of experimental animals

A total of 40 Sprague-Dawley rats were used in this study
and were divided into two groups: model group (n = 20;
exposed to chronic immobilization stress for 21 days)
and control group (n = 20; without chronic immobilization
stress). Four rats were housed per cage, with five cages
per group. Because of unsuitable immobilization, two
rats in the model group died on the second day of the
experiment. Therefore, 18 rats from the model group and
20 rats from the control group were included in the final
analysis.

Effects of chronic immobilization stress on changes

in body weight and food intake

Compared with control rats, the body weight and food
intake of rats in the model group were significantly
decreased (P < 0.01 or P < 0.05; Figure 1 and
supplementary Tables 1 and 2 online).

Effects of chronic immobilization stress on leptin
receptor and neuropeptide Y expression in the
arcuate nucleus

Expression of neuropeptide Y in neurons was displayed
by red fluorescence, expression of leptin receptor was
displayed by green fluorescence, and their co-localization
was displayed by yellow fluorescence. There was
substantial expression of neuropeptide Y and leptin
receptor in the arcuate nucleus, and co-localization was
also observed (Figure 2 and supplementary Figure 1
online). Quantitatively, the integrated absorbance for leptin
receptor expression and the co-localization coefficient in
these leptin receptor neurons was significantly increased
in the model group compared with the control group (P <
0.01 or P < 0.05), while the number of neuropeptide Y
neurons was substantially reduced (P < 0.01; Figure 3 and
supplementary Table 3 online).

DISCUSSION

In this study, the body weight and food intake of rats
subjected to chronic immobilization stress were
significantly lower than in the control group, which is in
agreement with results obtained by other laboratories®®®
as well as previous studies conducted by our own
research group™™*®.
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Figure 1  Effects of chronic immobilization stress on body weight (A) and food intake (B) in rats.

Data at each point are represented as mean + SEM. The number of mice in control group and model group are 20 and 18,
respectively. °P < 0.05, °P < 0.01, vs. model group using independent samples t-tests.
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Model group

Control group

Figure 2 Double immunofluorescence labeling for neuropeptide Y and leptin receptor in the arcuate nucleus of rats by confocal
imaging.

In each figure, leptin receptor was labeled with green fluorescence (ll, labeled by Alexa Fluor 488), neuropeptide Y was labeled
with red fluorescence (I, labeled by Alexa Fluor 594), and co-localization of neuropeptide Y and leptin receptor is represented by
the yellow fluorescence (lll).

Arrows indicate the third ventricle of the cerebrum. Scale bars: 50 pm.
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Figure 3  Effects of chronic immobilization stress on leptin receptor and neuropeptide Y (NPY) expression, and on their
co-localization in the arcuate nucleus of rats.

The integrated absorbance, number and co-localization coefficients of NPY and leptin receptor, and the co-localization of NPY
and leptin receptor were detected and analyzed with Zeiss LSM510 Meta System.

Co-localization refers to the area of NPY co-expressed with leptin receptor, that is the overlapping sites of green and red
fluorescence in the images (um?).

Data at each point were represented as mean + SEM. 2P < 0.05, "P < 0.01, vs. the control group using independent samples
t-tests.
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Neuropeptide Y and leptin receptor were expressed in
the arcuate nucleus, and their co-localization was also
observed. Statistical analysis showed that the number of
neuropeptide Y neurons in the arcuate nucleus of rats
subjected to chronic immobilization stress was
decreased significantly compared with control rats, which
is consistent with previous studies™*?%, In contrast, the
expression of leptin receptor in the arcuate nucleus of
rats subjected to chronic immobilization stress was
increased significantly compared with control rats. This is
evidence that higher expression of leptin receptor can
suppress secretion of neuropeptide Y, thereby disrupting
signaling within the ingestion pathway in the arcuate
nucleus of the hypothalamus; possibly one reason why
body weight increased although food intake was reduced
in rats subjected to chronic immobilization stress.
However, some studies have shown that expression of
neuropeptide Y mRNA is increased in the arcuate
nucleus of rats with chronic stress, concomitant with
diminished food intake®®?2. This was probably
associated with disrupted neuropeptide/neurotransmitter
signaling resulting from the chronic stress. Whether
elevated leptin/leptin receptor signaling activates other
nerve pathways in the arcuate nucleus, such as the
proopiomelanocortin system, is unknown. Furthermore,
the interactions between the different pathways in the
arcuate nucleus which control ingestive behavior and
body weight after chronic immobilization stress are also
unclear and require further study.

In summary, chronic immobilization stress modulates the
expression of neuropeptide Y and leptin receptor in rats.
Immunofluorescence for leptin receptor increased
substantially in the arcuate nucleus of rats subjected to
chronic immobilization stress compared with control rats,
while neuropeptide Y expression decreased. The results
show that higher expression of leptin receptor in the
arcuate nucleus suppresses secretion of neuropeptide Y,
likely contributing to reduced body weight and lowered
food intake induced by chronic immobilization stress.

MATERIALS AND METHODS

Design
A randomized, controlled, animal experiment.

Time and setting

The experiment was performed at the Laboratory of
Traditional Chinese Medicine Diagnosis in Beijing
University of Chinese Medicine, China from October
2009 to May 2010.

1724

Materials

All experiments were performed on male Sprague-Dawley
rats (8 weeks old, weighing 180-210 g; Beijing Weitong
Lihua Research Center for Experimental Animals, license
No. SCXK (Jing) 2006-0009), and were carried out in
accordance with the Guidance Suggestions for the Care
and Use of Laboratory Animals, formulated by the Ministry
of Science and Technology of China®!. A total of 40 rats
were housed in a room with routine care at 21-22°C, at a
relative humidity of 30—40%, under a 12-hour light-dark
cycle, and were allowed free access to food and water for
1 week.

Methods

Establishment of chronic immobilization stress
model

The rats were bound to the special binding frame (20 cm
length x 10 cm width x 2.8 cm thickness, made of wood).
The upper platform was 22 cm in length and 6.6 cm at its
widest part. In the upper platform, there were two
adaptable soft bands for fixing the rat's chest and waist)
for 3 hours per day for 21 consecutive days, as described
previously®®. Binding time points were random. Body
weight and food intake were monitored and recorded
every day.

Sampling

Rats were anesthetized with chloral hydrate (350—

400 mg/kg) and perfused transcardially via the
ascending aorta. Following perfusion, all brains were
removed quickly and postfixed for 12 hours in 4.0%
paraformaldehyde, then immersed sequentially in 20%
and 30% sucrose solution in 0.1 mol/L PBS (pH 7.4-7.6)
at 4°C for dehydration. Brains were sectioned with a
freezing microtome (Leica-CM 1900, Heidelberger,
Germany) at a thickness of 30 um in the coronal plane,
and sections containing the arcuate nucleus were
selected®,

Double immunofluorescence detection of
neuropeptide Y and leptin receptor expression in the
arcuate nucleus of the hypothalamus

The primary and secondary antibodies were diluted in
0.05 mol/L Tris buffered saline containing 0.5% Triton
X-100 and 2% donkey serum (Millipore Corporation,
Billerica, MA, USA). Sections were rinsed in 0.05 mol/L
Tris buffered saline, then incubated for 1 hour at 37°C in
0.05 mol/L Tris buffered saline containing 0.5% Triton
X-100. Thereafter sections were rinsed and incubated for
1 hour in 0.05 mol/L Tris buffered saline containing 0.5%
Triton X-100 and 10% donkey serum at room
temperature to block nonspecific binding. After drawing
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off the blocking solution, sections were incubated with
rabbit anti-neuropeptide Y polyclonal antibody (1:500;
Millipore Corporation) overnight at 4°C in the refrigerator.
Then, sections were rinsed with 0.05 mol/L Tris buffered
saline containing 0.5% Triton X-100 and 2% donkey
serum. Subsequently, sections were incubated with
Alexa Fluor 594 donkey anti-rabbit IgG (1:200; Invitrogen,
California, CA, USA) for 4 hours at room temperature
away from light. Then, sections were rinsed and
incubated with diluted goat anti-leptin receptor polyclonal
antibody (1:50; Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA) for 40 hours at 4°C in the dark. Then
sections were incubated with Alexa Fluor 488 donkey
anti-goat 1gG (1:200; Invitrogen) for 4 hours at room
temperature away from light. Then, sections were rinsed
and mounted onto glass slides and coverslipped with
antifade mounting medium (Vector H-1500). In each
group, nine or ten sections were examined with a ZEISS
LSM510 META confocal imaging system (Zeiss,
Germany) to determine integrated absorbance, neuron
numbers, co-localization coefficients of neuropeptide Y
and leptin receptor and the area of neuropeptide Y and
leptin receptor colocalization. Colocalization coefficient
represents the relative number of colocalizing pixels in
channel 1 or 2, compared to the total number of pixels
above threshold.

Statistical analysis

Statistical analysis was performed with SPSS 17.0
software (SPSS, Chicago, IL, USA). Comparison of two
groups was evaluated by independent samples t-tests. P
value less than 0.05 was considered a significant
difference.
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