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Abstract

Chronic stress, as seen in post-traumatic stress disorder, can exacerbate existing diseases. Electroacupuncture (EA) has been
proposed to treat chronic stress, although information on its efficacy or mechanism(s) of action is limited. While many factors
contribute to the chronic stress response, the sympathetic peptide, neuropeptide Y (NPY), has been shown to be elevated in
chronic stress and is hypothesized to contribute to the physiological stress response. Our objective was to determine if EA at
acupuncture point stomach 36 (STgg) is effective in mitigating cold stress-induced increase in NPY in rats. Both pretreatment
and concomitant treatment with EA ST3¢ effectively suppressed peripheral and central NPY after 14 d of cold stress (P < 0.05).
The effect was specific, as NPY in Sham-EA rats was not different than observed in stress-only rats. Additionally, the effect of
EA STs6 was long-lasting, as NPY levels remained suppressed despite early cessation of EA STs¢, while exposure to cold
stress was continued. In the paraventricular nucleus (PVN), it was notable that changes in NPY mirrored plasma NPY
levels, and that the significant elevation in PVN Y1 receptor observed with stress was also prevented with EA STzs. The
findings indicate that EA STs¢ is effective in preventing one of the sympathetic pathways stimulated during chronic stress,

and thus may be a useful adjunct therapy in stress-related disorders.
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Introduction

Chronic stress has been linked with cardiovascular disease
and obesity,l’10 and has been shown to depress immune
function, possibly influencing the course of cancer and
infections."' ™ Effectively blocking the stress pathways
remains a challenge, and new therapies are continually
being sought: acupuncture is a possible candidate.
Acupuncture is the most common treatment modality in tra-
ditional Chinese medicine (TCM),"* and electroacupuncture
(EA), the electric stimulation of acupuncture needles, has
been utilized by the Chinese for treating numerous diseases.
According to the World Health Organization, acupuncture
is useful as adjunct therapy in more than 50 disorders
including chronic stress;'> however, the mechanisms by
which EA acts are unclear.

Traditionally, a common TCM acupoint, Zusanli (STze),
has been used in patients for a variety of conditions includ-
ing stress.'* However, reports on mechanisms of EA actions
during stress are limited, and existing studies have focused
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on acute stress rather than chronic stress responses.'®™'®

Experiments during acute stress show that EA ST blocks
chronic stimulation of the hypothalamic- pituitary -adrenal
axis (HPA), and thus might reduce the physiological effects
of the acute stress. Indeed, Sun et al.'” found that EA STs¢
in their rat model was effective at reducing corticosterone
concentrations, and modulated the expression of nitric
oxide synthase;_s, possibly playing a role in protecting
gastric mucosa from acute cold-induced stomach ulcers.
Such studies, while intriguing, do not address the potential
for EA in chronic stress states or its mechanism of action.
Our broad hypothesis is that EA acts through several stress
pathways including the HPA and sympathetic nervous
system (SNS). Initially, we examined the effect of ST35 on
one component of the SNS, neuropeptide Y (NPY).

NPY is primarily synthesized and released by sympath-
etic neurons both centrally and peripherally; it is also
released from platelets in many species.'”~?! Importantly,
plasma NPY is elevated in response to stress, and is
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proposed to contribute to the deleterious physiological
effects of chronic stress.”>* Various stress models have pro-
vided evidence that NPY also increases in brain regions
such as the amygdala and the paraventricular nucleus
(PVN),*** as well as in sympathetic ganglia.**~*® These
stress-induced effects have been mainly attributed to the
action of NPY at the NPY Y1 receptor (Y1R).” Using a pre-
viously established model of non-habituating chronic cold
stress,”” we examined the effect of EA STaq on central and
peripheral NPY in rats.

Methods
Animals

All animal experiments were approved by the Georgetown
University Animal Care and Use Committee. Adult male,
11-12-week-old, Sprague-Dawley rats (Harlan Laboratories,
Inc, Dublin, VA, USA) weighing 290-420 g were included
in this study. The rats were received with 23G round-tip
indwelling jugular vein catheters (JVCs). On receipt, they
were weighed and randomly assigned to one of either four
or five groups depending on the experiment. Animals were
assigned to one or two control groups; a stress-only group;
a Sham-EA group that received the stress treatment and
non-TCM EA; and finally a TCM-EA group.

Rats were housed one per cage in a controlled environ-
ment at a constant temperature (23°C) and maintained in
a 12-h light/dark cycle with free access to water and
regular rat chow. Catheter care was conducted on the day
after the animals had arrived, and then again on days one
and seven of the experiment. Maintenance consisted of
drawing back on the catheter with a 1-cm® sterile syringe
utilizing a 23G blunt tip sterile stainless steel needle
(Small Parts, Inc, Seattle, WA, USA), followed by instilling
0.1mL of the Harlan recommended lock solution:
5mL 100% sterile glycerin (Fisher Scientific, Pittsburgh, PA,
USA) with 5 mL 1000 U/mL heparin sodium.

All animals were acclimated similarly for four days
before the onset of interventions. Acclimation included
three minutes of touch and placing the animal twice a
day in a cotton sock, which was subsequently used in the
study to briefly hold the animal during the acupuncture
procedures. The control animals received no further treat-
ments once the experiment was begun.

Acupuncture

Sham-EA needling

Acupuncture treatment for the Sham-EA group consisted of
placing the animal into the sock that had been utilized for
acclimation. Sterile, stainless steel, acupuncture needles
measuring 34G (0.22 mm) and 1inch (25 mm) (Millennia,
Shanghai, China) were inserted bilaterally into a randomly
designated non-TCM acupuncture point on the back, 2 cm
lateral to the tail region.

TCM acupuncture needling
The rats in the TCM EA group received acupuncture treat-
ments utilizing the same sock and needles as described
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above. However, in this cohort, the location of the needles
was at TCM point Zusanli (Stomach, STzs) on bilateral
hind legs of the animal. These points were identified
using rat mapping for TCM acupuncture (kindly provided
by the laboratory of Dr Lixing Lao, University of
Maryland School of Medicine, Baltimore, MD, USA).

EA treatments

Once the acupuncture needles described above were inserted
bilaterally, they were attached to electrodes. Animals were
then singly placed in new cages with electrodes threaded
through the cage lid. Electrodes were then attached to a
power source (Model AWQ-104L, purchased from UPC
Medical Supplies, St Gabriel, CA, USA) and the points
were stimulated for 20 min at a frequency of 10 Hz with
2 mA output, and a pulse width of 0.1 s for 20 min, based
on previous findings.’**' The animals did not receive food
or water for the duration treatment. All acupuncture treat-
ments occurred between 09:00 and 12:00 depending on the
experiment, and were administered either 30 min before
the stressor or 30 min after the animals had acclimated to
ambient room temperature, in their home cages.

Two EA STs¢ paradigms were assessed: PRE (EA prior to
initiation of stress) - to determine whether pretreatment
with EA could diminish the stress response, animals received
20 min of either Sham or EA ST3¢ treatment for five days prior
to 10 d of cold stress. Control (1 =7), Sham-EA (n = 10),
Stress (n = 7), EA ST36 (n = 10); and POST (EA begins follow-
ing exposure to stress) - to determine whether EA treatment
after initial exposure to stress effectively diminishes the stress
response, rats received Sham or EA ST54 treatment for 20 min
following one hour of cold stress for 14 d. Control (n = 7),
Sham-EA (n = 13), Stress (n =7), EA ST (n =13). In this
model, animals received one-hour cold stress, were then
returned to their home cage for 30 min at room temperature,
followed by 20 min of Sham or EA ST34. To assess whether
the effects of EA ST3¢ were long lasting, we ceased treatment
in four animals from the POST Sham-EA and EA ST, groups
four days before the experiment ended, while continuing
with stress.

Stress

Animals were randomly assigned to treatment groups. Cold
stress was carried out as previously described.*® Briefly,
animals were placed in cages with 1cm deep crushed ice
for one hour per day for 14 d. Following cold stress,
animals were returned to their home cage.

NPY enzyme-linked immunosorbent assay

Blood was obtained via the JVCs using 23G blunt stainless
steel needles (Small Parts Inc) in 3-mL sterile syringes. In
general, 1.3 mL of whole blood was collected in 1.5-mL ethy-
lenediaminetetraacetic acid tubes and centrifuged at 4°C at
400g for six minutes to in order to separate out the platelet
contribution of NPY, followed by centrifugation at 4°C
at 10,000g for two minutes in order to isolate the NPY
fraction presumably from sympathetic nerves.>> Plasma
was extracted using 200 mg C-18 sep-columns (Y-1000;
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Bachem, San Carlos, CA, USA). NPY plasma levels were
measured by enzyme-linked immunosorbent assay (5-1145;
Bachem), according to the manufacturer’s procedure.

Immunohistochemistry analysis

Animals were anesthetized using 30-50 mg/kg pentobarbi-
tal (intraperitoneally). Brain hemispheres were harvested
and cut in half for immunohistochemistry and quantitative
reverse transcription polymerase chain reaction (RT-PCR)
analysis. Tissues were post-fixed with 10% buffered forma-
lin, paraffin-embedded and prepared as 5 um-thick sagittal
sections. Slides were deparaffinized with xylene and rehy-
drated through a graded alcohol series, starting with 100%
EtOH and ending with 60% EtOH. Slides were immersed
in 10 mmol/L citrate buffer (pH 6.0) with 0.05% Tween at
98°C for 20 min. Horseradish peroxidase (HRP)-conjugated
antirabbit secondary antibody (Envision-Plus; DAKO USA,
Carpinteria, CA, USA) was applied, and the HRP was
detected using DAB chromagen (DAKO USA). Similarly
treated serial sections with the primary antibody omitted
were used as negative controls.

Sections were visualized with the CRi Nuance FX micro-
scope and pictures were taken with the CRi Nuance v2.6.0
camera (Caliper Life Sciences, Hopkinton, MA, USA). The
PVN was identified using rat brain rnap,34 in consultation
with a neuroanatomist (Dr Nabil Azzam), and semiquanti-
tatively analyzed for positive NPY staining via the MDS
Analytical Technologies Metamorph v7.5.5.0 (Sunnyvale,
CA, USA).

Quantitative realtime RT-PCR
Total RNA was isolated from resected brain PVN using the

method.*® One microgram of RNA per sample was used
for cDNA synthesis via the iScript cDNA synthesis kit
(Bio-Rad, Hercules, CA, USA). Realtime RT-PCR was done
using the ICycler iQ Detection System (Bio-Rad). The PCR
reactions were carried out using TaqMan Universal PCR
Master Mix and predesigned primers and fluorescein-labeled
probes (Applied Biosystems, Foster City, CA, USA). The
primers were as follows. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH): 5 CCTTCATTGACCTCAACTAC 3, 5’
GGAAGGCCATGCC AGTGAGC 3'; NPY: 5 CAGAGGC
GCCCAGAGCAG 3/, 5 CAGCCCCATTCGTTTGTTACC 3;
Y1R: 5 CTCTTGCTTATGGRGATGTGA 3', 5 CTGGAAGT
TTTTGTTCAGGAAYCCA 3'. The results were calculated
by the comparative threshold method using GAPDH as an
endogenous reference gene, according to the Applied
Biosystems ABI PRISM 7700 User Bulletin no. 2.

Statistical analysis

Data are presented as mean + SEM and analyzed by
one-way analysis of variance with Tukey multiple ¢-test or
Kruskal -Wallis post-test depending on the sample size to
compare between treatment groups using GraphPad Prism
v4 (GraphPad Software, La Jolla, CA, USA). P < 0.05 was
considered statistically significant for the indicated n per

group.

Results
Effect of EA on plasma NPY in chronically stressed rats

Control values for platelet-poor plasma NPY were compar-
able (within normal levels) in both PRE and POST groups
on the pretreatment day (day 1, Figure 1a, left and right
panels). By day 14, NPY was significantly higher in the
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Figure 1

Day 14 postcold stress |

14 days cold stress,
10 days Sham-EA or EAgss

Effect of EA given before and after stress on plasma NPY in chronically stressed rats. (a) Plasma NPY levels on days 1 (pre-treatment), and 14, respect-

ively. PRE-treatment (left panel); POST-treatment (right panel). By day 14, plasma NPY levels in the stress + Sham-EA, and the stress-only groups were signifi-
cantly higher than the control animals (*P < 0.05) in both PRE and POST groups. In sharp contrast, EA ST3¢ prevented this increase and NPY was not different
from control plasma NPY levels, indicating that EA ST, is effective when given either before or after the stressor. (b) Long-term effects of EA STz on plasma NPY
in chronically stressed rats. The plasma NPY levels in the stress-only animals were significantly elevated when compared with control animals (*P < 0.05). NPY in
the stress + Sham-EA and stress + EA ST35 animals was not significantly different from controls, despite cessation of EA on day 10. The interesting reduction in
NPY in the stress + Sham-EA animals four days after cessation of EA may relate to the addition of acute pain/stress-induced NPY caused by the Sham-EA over
days 1-10. NPY in stress + EA ST animals were not significantly different from controls, despite cessation of EA on day 10, suggesting that the effects of EA

ST last several days. NPY, neuropeptide Y; EA, electroacupuncture



(Figure 1a). In contrast, EA at ST3s prevented the
stress-induced increase in NPY. Indeed, NPY levels in the
EA STs¢ rats were not different from controls, but were sig-
nificantly lower than the Sham-EA and stress-only animals
(Figure 1a). These findings were consistent in both the
PRE and POST EA STs¢ animals, indicating that EA STs4
is effective in preventing the rise in plasma NPY, whether
given following or prior to the stress.

To investigate if the effects of acupuncture on the plasma
NPY levels are transient or long lasting, we also analyzed
NPY levels in animals where EA treatments were stopped
during the last four days of cold stress in POST animals.
At day 14, as previously seen, NPY in the stress-only
animals was significantly greater than seen in the control,
non-stressed group (P < 0.05), while EA ST3¢ was not differ-
ent from controls (Figure 1b). The Sham-EA group was also
not different from controls; this was different from the NPY
levels observed in the animals receiving Sham-EA for the
entire experiment (Figure 1b).

Effects of EA on NPY Y1R expression in the PVN

Central NPY immunoreactivity was examined by immuno-
histochemistry in tissue from the PVN. There were signifi-
cant increases in NPY in the PVN of stress-only and
Sham-EA groups (Figure 2a), and the effect of EA STs¢ to
prevent the increase in NPY protein was similar to effects
observed in PVN NPY mRNA (Figure 2b). The changes in
gene expression mirrored the effects observed in the
plasma (Figure 1). However, these changes in the brain
NPY were different than those observed in the adrenal
glands, where NPY mRNA expression was not different
between the groups (data not shown).

As the YIR is considered the predominant receptor for
NPY action in the PVN during chronic stress,’” YIR
mRNA expression was examined in the PVN from control
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Figure 3 Effect of EA on NPY Y1 receptor mRNA expression in the PVN of
chronically stressed rats. NPY Y1 receptor expression (normalized by
GAPDH) was significantly higher in the stress + Sham-EA and stress-only
animals when compared with the controls (*P < 0.05). EA STz prevented
the stress-induced increase in NPY Y1 receptor. NPY, neuropeptide Y; EA,
electroacupuncture; PVN, paraventricular nucleus; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase

and stressed animals. There was a significant induction of
Y1IR mRNA in the PVN of stress-only animals (P < 0.05
from controls), which was prevented by EA STz
(Figure 3). YIR mRNA was also significantly increased by
Sham-EA (P < 0.05 from controls), further confirming the
specificity of the EA STz The Y2 receptor did not vary
between the groups, supporting the findings that the Y1R
effect was specific (data not shown).

Discussion

The current study demonstrates that EA specifically at ST 34
is effective in preventing the chronic stress-induced increase
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Figure 2 Effect of EA on NPY protein and message in the PVN of chronically stressed rats. (a, b) NPY immunohistochemistry in the PVN. NPY immunoreactivity
was significantly higher in the stress + Sham-EA and stress-only animals when compared with the control group (*P < 0.0001). EA ST3¢ prevented this increase.
(c) NPY mRNA expression in the PVN. NPY mRNA (normalized by GAPDH) was also significantly higher in stress and stress + Sham-EA than either control or
stress + EA ST animals (®P < 0.05). NPY, neuropeptide Y; EA, electroacupuncture; PVN, paraventricular nucleus; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase
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in circulating and central NPY. In separate experiments, the
cold stress-induced three-fold increases in plasma NPY were
blocked by both pre- and post-treatment with EA at STz
(but not with Sham-EA). In addition, this effect appears to
be long lasting, providing suppression of NPY for four
days after EA ceased. Finally, these changes in peripheral
NPY were also observed in NPY protein in the PVN of
the hypothalamus. This ability to block NPY has elucidated
a potential mechanism of action for acupuncture’s efficacy
in treatment of chronic stress. We have therefore added to
the literature by reporting for the first time that both PRE-
and POST- EA STj¢ are effective in preventing the chronic
stress-induced increases in plasma and PVN NPY, and
that the effect may be long lasting.

The plasma NPY stress-induced response was noted at
14 d, but not at seven days (data not shown), supporting
the role of NPY as contributing to the chronic response to
stress. These findings support the previous work showing
that cold stress increases NPY in plasma.**~** EA has
been demonstrated to decrease NPY in other physiological
stress conditions, including diabetes and chronic food
restriction. Lee et al.® found that acupuncture at STz
decreased NPY expression in the hypothalamus of rats
with streptozotocin diabetes, reducing diabetic hyperpha-
gia. Tian et al.*® reported that EA decreased expression of
gastric ghrelin and hypothalamic NPY in chronic
food-restricted rats when compared with their controls.
Our studies extend these reports by showing that EA ST
is also effective at blocking central and plasma NPY
during chronic stress. In addition, we determined that
when EA was withdrawn during cold stress, NPY continued
to be low in EA STz4 rats. No other studies have demon-
strated these potentially long-lasting effects of EA STg.

Another important aspect of this work is the central
effects of EA ST on NPY in the PVN, which mirrored
that of the NPY in the plasma. The chronically stressed
animals had significantly higher YIR mRNA expression
when compared with the control animals; the increase was
prevented by EA STs. These central effects of EA STz
make the overall effects more compelling and relevant,
since changes in brain NPY have also been postulated in
humans during times of stress.*!

It is unclear at what point the EA STs¢ may block the
central and peripheral response to release NPY during
chronic stress; however, we speculate that EA ST;, may
act to block one or more pathways. Indeed, other studies
in our lab indicate that EA ST5¢ is also effective in blocking
the HPA (unpublished results), which may also modulate
the NPY response. This, in addition to the potential effect
of EA ST36 to block the SNS, may comprise an important
mechanism to suppress HPA and sympathetic outflow in
response to chronic stressors.

In our model of chronic cold stress, peripheral and central
NPY levels were significantly increased, which is in accord-
ance with other reports.'”” 2" Thus, one of the mechanisms
by which EA reduces chronic stress may be by suppressing
the NPY pathway and reducing the stress-induced increase
in central Y1R; however, in the absence of the protein data,
conclusions on the receptors have to be viewed with
caution. This study suggests that EA STs is effective in

preventing one of the sympathetic pathways stimulated
during chronic stress, and thus may be a useful adjunct
therapy in treating chronic stress-related disorders.

Author contributions: LE was the primary researcher. This
work was based on her ideas and expertise in stress and
acupuncture; all the acupuncture was conducted by her;
and most of the manuscript was written by her. RE and
DP carried out the RT-PCR along with JT who also contrib-
uted with his expertise in NPY. They assisted in writing the
methods section for RT-PCR. EC assisted with the immuno-
histochemistry and helped in writing this section of the
paper. NA assisted with the location of the PVN; as a neu-
roanatomist he contributed by examining the brain slices
and determining the correct locations of the various
nuclei, especially the PVN which was of interest in this
work. Part of the work was conducted in HA’s physical
lab. SEM oversaw the project, assisted greatly with writing
and editing of the manuscript and contributed to the
study design.

ACKNOWLEDGEMENTS

The research was funded by the American Association of
Nurse Anesthetists (AANA) doctoral fellowship award to
LE and NIH/NCCAM grant no. K07-AT001193-02 NIH/
NCCAM to HA.

REFERENCES

1 Benson SL, Arck PC, Tan S, Mann K, Hahn S, Janssen OE, Schedlowski
M, Elsenbruch S. Effects of obesity on neuroendocrine, cardiovascular,
and immune cell responses to acute psychosocial stress in
premenopausal women. Psychoneuroendocrinology 2009;34:181-9

2 Dallman MF, Pecoraro N, Akana SF, La Fleur SE, Gomez F, Houshyar H,
Bell ME, Bhatnagar S, Laugero KD, Manalo S. Chronic stress and obesity:
a new view of ‘comfort food’. Proc Natl Acad Sci USA
2003;100:11696-701

3 Ernst E, Weihmayr T, Schmid M, Baumann M, Matrai A. Cardiovascular
risk factors and hemorheology. Physical fitness, stress and obesity.
Atherosclerosis 1986;59:263 -9

4 James WP, Rigby N, Leach R. Obesity and the metabolic syndrome: the
stress on society. Ann N Y Acad Sci 2006;1083:1-10

5 Koch FS, Sepa A, Ludvigsson J. Psychological stress and obesity. | Pediatr
2008;153:839-44

6 Pacak K, Nedvidkova J, Horvath M, Frantik E, Husek P, Pacovsky V.

High cardiovascular reactivity to psychological challenge associated

alternatively with high density of beta-adrenergic receptors or with high

resting level of catecholamines. Act Nerv Super (Praha) 1989;31:96-9

Siervo M, Wells JC, Cizza G. The contribution of psychosocial stress to

the obesity epidemic: an evolutionary approach. Horm Metab Res

2009;41:261-70
8 Vicennati V, Pasqui F, Cavazza C, Pagotto U, Pasquali R. Stress-related
development of obesity and cortisol in women. Obesity (Silver Spring)
2009;17:1678-83
9 Vieweg WV, Julius DA, Bates J, Quinn JF 3rd, Fernandez A, Hasnain M,
Pandurangi AK. Posttraumatic stress disorder as a risk factor for obesity
among male military veterans. Acta Psychiatr Scand 2007;116:483 -7
10 Vitaliano PP, Scanlan JM, Zhang J, Savage MV, Hirsch IB, Siegler IC. A
path model of chronic stress, the metabolic syndrome, and coronary
heart disease. Psychosom Med 2002;64:418-35
11 Kruk J, Aboul-Enein HY. Psychological stress and the risk of breast
cancer: a case-control study. Cancer Detect Prev 2004;28:399 -408

12 Kojima M, Wakai K, Tokudome S, Tamakoshi K, Toyoshima H,
Watanabe Y, Hayakawa N, Suzuki K, Hashimoto S, Kawado M, Suzuki
S, Ito Y, Tamakoshi A. Perceived psychologic stress and colorectal cancer

~



Eshkevari et al. Acupuncture in stressed rats 23

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

mortality: findings from the Japan Collaborative Cohort Study.
Psychosom Med 2005;67:72-7

Castera L, Constant A, Bernard PH, de Ledinghen V, Couzigou P.
Psychological impact of chronic hepatitis C: comparison with other
stressful life events and chronic diseases. World | Gastroenterol
2006;12:1545-50

Deng L, Yijun G, Shuhui H, Xiaoping J, Yang L, Rufen W. Chinese
Acupuncture and Moxibustion. Beijing: Foreign Languages Press, 1997
World Health Organization. Acupuncture: Review and Analysis Reports on
Controlled Clinical Trials. WHO Library Cataloguing-in-Publication Data.
Geneva: WHO, 2003:1-87

Han SH, Yoon SH, Cho YW, Kim CJ, Min BI. Inhibitory effects of
electroacupuncture on stress responses evoked by tooth-pulp stimulation
in rats. Physiol Behav 1999;66:217 -22

Sun JP, Pei HT, Jin XL, Yin L, Tian QH, Tian S]J. Effects of acupuncturing
Tsusanli (ST36) on expression of nitric oxide synthase in hypothalamus
and adrenal gland in rats with cold stress ulcer. World | Gastroenterol
2005;11:4962-6

Yang CH, Lee BB, Jung HS, Shim I, Roh PU, Golden GT. Effect of
electroacupuncture on response to immobilization stress. Pharmacol
Biochem Behav 2002;72:847 -55

Heilig M. The NPY system in stress, anxiety and depression.
Neuropeptides 2004;38:213 -24

Heilig M, Thorsell A. Brain neuropeptide Y (NPY) in stress and alcohol
dependence. Rev Neurosci 2002;13:85-94

Ericsson A, Hemsen A, Lundberg JM, Persson H. Detection of
neuropeptide Y-like immunoreactivity and messenger RNA in rat
platelets: the effects of vinblastine, reserpine, and dexamethasone on
NPY expression in blood cells. Exp Cell Res 1991;192:604-11

Kuo LE, Czarnecka M, Kitlinska JB, Tilan JU, Kvetnansky R, Zukowska
Z. Chronic stress, combined with a high-fat/high-sugar diet, shifts
sympathetic signaling toward neuropeptide Y and leads to obesity and
the metabolic syndrome. Ann N Y Acad Sci 2008;1148:232-7

Vitetta L, Anton B, Cortizo F, Sali A. Mind -body medicine: stress and its
impact on overall health and longevity. Ann N Y Acad Sci
2005;1057:492-505

Carrasco GA, Van de Kar LD. Neuroendocrine pharmacology of stress.
Eur ] Pharmacol 2003;463:235-72

Thorsell A, Heilig M. Diverse functions of neuropeptide Y revealed using
genetically modified animals. Neuropeptides 2002;36:182-93

Nankova B, Kvetnansky R, Hiremagalur B, Sabban B, Rusnak M, Sabban
EL. Immobilization stress elevates gene expression for catecholamine
biosynthetic enzymes and some neuropeptides in rat sympathetic
ganglia: effects of adrenocorticotropin and glucocorticoids. Endocrinology
1996;137:5597 - 604

Cavadas C, Silva AP, Mosimann F, Cotrim MD, Ribeiro CA, Brunner HR,
Grouzmann E. NPY regulates catecholamine secretion from human
adrenal chromaffin cells. | Clin Endocrinol Metab 2001;86:5956-63

28 Bernet F, Dedieu JF, Laborie C, Montel V, Dupouy JP. Circulating
neuropeptide Y (NPY) and catecholamines in rat under resting and stress
conditions. Arguments for extra-adrenal origin of NPY, adrenal and
extra-adrenal sources of catecholamines. Neurosci Lett 1998;250:45-8

29 Zukowska-Grojec Z, Vaz AC. Role of neuropeptide Y (NPY) in
cardiovascular responses to stress. Synapse 1988;2:293 -8

30 Lao L, Zhang RX, Zhang G, Wang X, Berman BM, Ren K. A parametric
study of electroacupuncture on persistent hyperalgesia and Fos protein
expression in rats. Brain Res 2004;1020:18-29

31 Zhang RX, Lao L, Wang X, Fan A, Wang L, Ren K, Berman BM.
Electroacupuncture attenuates inflammation in a rat model. | Altern
Complement Med 2005;11:135-42

32 Zukowska-Grojec Z, Neuropeptide Y. A novel sympathetic stress
hormone and more. Ann N Y Acad Sci 1995;771:219-33

33 Li L, Jonsson-Rylander AC, Abe K, Zukowska Z. Chronic stress induces
rapid occlusion of angioplasty-injured rat carotid artery by activating
neuropeptide Y and its Y1 receptors. Arterioscler Thromb Vasc Biol
2005;25:2075-80

34 Paxinos G, Watson C. The Rat Brain in Stereotactic Coordinates. 2nd edn.
Sydney: Academic Press, 1998

35 Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem
1987;162:156-9

36 Zukowska-Grojec Z, Dayao EK, Karwatowska-Prokopczuk E, Hauser GJ,
Doods HN. Stress-induced mesenteric vasoconstriction in rats is
mediated by neuropeptide Y Y1 receptors. Am ] Physiol 1996,270(Part
2):H796-800

37 Han S, Chen X, Cox B, Yang CL, Wu YM, Naes L, Westfall T. Role of
neuropeptide Y in cold stress-induced hypertension. Peptides
1998;19:351-8

38 Han S, Chen X, Yang CL, Vickery L, Wu Y, Naes L, Macarthur H,
Westfall TC. Influence of cold stress on neuropeptide Y and sympathetic
neurotransmission. Peptides 2005;26:2603 -9

39 Lee D, Jang MH, Kim EH, Kim CJ. Acupuncture decreases neuropeptide
Y expression in the hypothalamus of rats with streptozotocin-induced
diabetes. Acupunct Electrother Res 2004;29:73 -82

40 Tian XY, Wang F, Tian DR, Zou Y, Wang SW, Guan LL, Shi YS, Chang
JK, Yang ], Han JS. Electro-acupuncture attenuates stress-induced
defecation in rats with chronic visceral hypersensitivity via serotonergic
pathway. Brain Res 2006;1088:101-8

41 Zhou Z, Zhu G, Hariri AR, Enoch MA, Scott D, Sinha R, Virkkunen M,
Mash DC, Lipsky RH, Hu XZ, Hodgkinson CA, Xu K, Buzas B, Yuan Q,
Shen PH, Ferrell RE, Manuck SB, Brown SM, Hauger RL, Stohler CS,
Zubieta JK, Goldman D. Genetic variation in human NPY expression
affects stress response and emotion. Nature 2008;452:997 -1001

(Received June 23, 2011, Accepted September 2, 2011)



