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Abstract The activity of catecholaminergic neurons in
the hypothalamus and the medullary visceral zone (MVZ)
in rats in response to restraint water-immersion stress
(RWIS) was measured by use of dual Fos and tyrosine
hydroxylase (TH) immunohistochemistry. In RWIS rats
Fos immunoreactive (Fos-IR) nuclei dramatically increased
in the paraventricular nucleus (PVN), the supraoptic
nucleus (SON), the dorsal motor nucleus of the vagus
(DMV), the nucleus of the solitary tract (NTS), the area
postrema (AP), and the ventrolateral medulla (VLM). A
small number of TH-immunoreactive (TH-IR) and Fos/TH
double-labeling neurons in the PVN, and their absence
from the SON, were observed in both RWIS and non-
stressed rats. More TH-IR neurons were observed in the
MVZ of RWIS rats than in nonstressed rats. In RWIS and
nonstressed rats, the percentage of Fos-IR nuclei in TH-IR
neurons was 38.0 and 14.3% in the DMV, 34.4 and 9.7% in
the NTS, 18.6 and 4.5% in the AP, and 45.7 and 18.9% in
the VLM, respectively. In conclusion, catecholaminergic
neurons in the MVZ are involved in the response to RWIS;
although the PVN and SON also participate in the response
to RWIS, the mechanism is not via catecholaminergic
neurons.
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Introduction

Psychological stressors, for example water-avoidance
stress, evoked strong Fos expression in the hypothalamus
and the medullary visceral zone (MVZ), but no gastric
lesions occurred under these experimental conditions [1].
Restraint water-immersion stress (RWIS), considered to
be a complex of physical and psychological stressors, has
been widely used to study the pathogenesis of stress-
induced gastric lesions [2, 3]. RWIS induced remarkable
Fos expression in the MVZ (including the dorsal motor
nucleus of the vagus (DMV), the nucleus ambiguus (NA),
the nucleus of the solitary tract (NTS), and the area pos-
trema (AP)), and the hypothalamus (including the para-
ventricular hypothalamic nucleus (PVN) and the supraoptic
nucleus (SON)) [4, 5]. Previous studies indicated that the
abnormalities of gastric function induced by RWIS are not
because of the hyperactivity of the hypothalamo—pituitary—
adrenal (HPA) axis but because of the hyperactivity of
vagal parasympathetic efferents, which largely originate in
the DMV and partly in the NA [6-11]. It seems that
hyperactivity of the DMV, NTS, and AP, which constitute
the dorsal vagal complex (DVC), regarded as the primary
nerve center regulating gastric function [12], leads to
gastric lesions. Electrical and chemical stimulation of the
DMYV and NA inhibited gastric motility, however [13, 14].
The PVN and the NTS, DMV, and SON, and the NTS and
DMV are reciprocally connected in rats [15-17]. So, does
the hyperactivity of the higher center, mainly the PVN and
SON, relieve the inhibition of gastric motility mediated by
the primary nerve center? If so, what are the neurotrans-
mitters during RWIS?

Catecholamine is an endogenous neurotransmitter and
might be involved in processing and conducting visceral
nociceptive information [18]. Tyrosine hydroxylase (TH) is
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the rate-limiting enzyme in the biosynthesis of catechola-
mines (dopamine, noradrenaline, and adrenaline) and has
been used as a marker of catecholaminergic (CA) neurons
in the mammalian brain. Osmotic stimulus (i.p. hypertonic
saline) or immobilization [19] and proximal colon disten-
sion [20] evoked Fos protein expression in CA neurons in
specific brain nuclei. The PVN contains a dense network of
CA terminals originating in the medullary visceral zone
CA-cell groups, for example the NTS, the ventrolateral
medulla (VLM), and locus coeruleus (LC) [15, 16, 21, 22].
The functional role of CA phenotypes of the hypothalamus
and MVZ neurons, associated with the brain pathways
activated during RWIS, has, however, not yet been
explored. In this study, to evaluate the role of CA-neurons
in the PVN, SON, DVC, and VLM during RWIS, the
CA nature of activated neurons was determined by a
double immunohistochemical method for colocations of
TH and Fos, which is known as a marker of neural acti-
vation [23].

Materials and methods
Preparation of animals

Male Wistar rats weighing 180-220 g, were obtained from
the Experimental Animal Center of Shandong University
(Jinan, China) and housed two per cage in a room con-
trolled for temperature (22 £ 2°C) under a normal day/
night cycle for at least 7 days before the experiments. The
animals had ad libitum access to pelleted food and tap
water. Before stress, the rats were fasted for 24 h but
allowed free access to water.

Stress protocols

Ten rats were randomly divided into two groups in
accordance with the duration of RWIS. RWIS of rats was
performed as previously described [3, 4]. Briefly, under
light ether anesthesia, the four limbs of each rat in the
stressed group were fixed gently but securely to a wooden
board by use of medical adhesive tape. When the rats
were conscious, they were immersed vertically in water
(21 £ 1°C) to the level of the xiphoid for 1 h. Non-
stressed rats, as a control group, were not stressed but
were otherwise under identical conditions. To avoid the
effect of diurnal variations on Fos expression, the
experiment was performed between 9:00 and 11:00 a.m.
All procedures were performed in accordance with the
Japanese Physiological Society’s Guiding Principles for
the Care and Use of Animals in the Field of Physiological
Sciences.
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Tissue processing

At the end of the procedure, the rats were deeply anes-
thetized by intraperitoneal injection of sodium pentobar-
bital (100 mg/kg body weight) and perfused via the
ascending aorta with 200 ml 0.01 mol/L phosphate-buf-
fered saline (PBS, pH 7.4) followed by 500 ml 4% para-
formaldehyde, 0.1% glutaraldehyde, and 14% saturated
picric acid in 0.1 mol/L phosphate buffer (PB, pH 7.4).
After perfusion, the brain was removed and post-fixed at
4°C for 4 h in the same fixative, and then infiltrated with
20% sucrose in 0.1 mol/L PB for 48 h at 4°C. Series of
frozen coronal sections of the hypothalamus and MVZ
were cut at 30 um in a cryostat and collected in 0.01 mol/L
PBS.

Immunohistochemistry

The immunoreaction of Fos plus TH was detected by a dual

immunohistochemical technique. Briefly:

1. Free-floating sections were rinsed in 0.01 mol/L PBS
followed by a preincubation in methanolic 3% H,O,
for 30 min at room temperature to eliminate endoge-
nous peroxidase activity.

2. After rinsing in 0.01 mol/L PBS, the sections were
incubated with blocking buffer containing 5% normal
goat serum and 0.3% Triton X-100 in 0.01 mol/L. PBS
for 30 min, and then were incubated with rabbit anti-c-
Fos antibody (sc-52; Santa Cruz Biotechnology, USA),
diluted 1:2000 in 0.01 mol/L PBS containing 3%
normal goat serum and 0.3% Triton X-100 for 24 h at
4°C.

3. At the end of this incubation period, the sections were
rinsed in 0.1% Triton X-100 in 0.01 mol/L PBS
(PBST) and then incubated with biotinylated goat anti-
rabbit IgG (Zymed Laboratories, USA) for 1 h at room
temperature.

4. Thereafter, the sections were rinsed in PBST followed
by incubation with streptavidin—biotin—horseradish
peroxidase complex (Zymed Laboratories) for 1 h at
room temperature.

5. After several rinses in PBST, the sections were
submitted to a diaminobenzidine hydrochloride (DAB;
Sigma Chemical, St Louis, MO, USA), intensified with
0.05% cobalt chloride and 0.05% nickel ammonium
sulfate for 4-5 min. This method produces a blue-black
nuclear reaction product.

6. The Fos-immunoreactive (Fos-IR) sections were rinsed
and then incubated for 24 h at 4°C with mouse anti-TH
(Boehringer Mannheim, Germany) diluted 1:2000 in
the same antibody diluent as the Fos antibody.
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7. The sections were rinsed and then incubated with
biotinylated goat anti-mouse IgG (Zymed Laborato-
ries) for 1 h at room temperature.

8. Subsequent staining was performed using the above
procedure except for visualization. Cytoplasmic TH-
immunoreactive (TH-IR) neurons were detected with
unintensified DAB that produces a brown reaction
product.

9. Finally, the free-floating sections were mounted on
gelatin-coated glass slides, air-dried, dehydrated in a
series of alcohols, cleared in xylene, and placed under
a coverslip with DPX (Sigma Chemical Co., St Louis,
MO, USA).

Evaluation of immunostaining

Fos-immunoreactivity was identified as dark blue-black
dots deposited in the nuclei, TH-IR neurons appearing in the
cytoplasm as a brown color, and Fos and TH double-labeled
neurons (Fos/TH-IR) as brown perikarya with a dark blue—
black nucleus. Pictures of brain sections were taken under
identical conditions with a Olympus (Japan) BX51 micro-
scope coupled to an Olympus DP70 camera. The nomen-
clature and nuclear boundaries defined in the rat brain
stereotaxic atlas of Paxinos and Watson [24] were used in
this study. For quantitative assessment, the number of
immunoreactive neurons, determined by use of Image-Pro
Plus 6.0 (Media Cybernetics, USA), was counted at three
levels for NTS and DMV: rostral (bregma —12.96 to
—13.32 mm), intermediate (bregma —13.80 to —14.04 mm),
and caudal (bregma —14.52 to —14.76 mm) [25]. The
immunoreactive neurons in other nuclei were counted at
one level, AP (bregma —13.80 to —14.04 mm), VLM
(bregma —12.96 to —14.76 mm), PVN (bregma —1.80
to —1.92 mm), and SON (bregma —0.92 to —1.44 mm).
In each nucleus, three kinds of neurons were counted—
Fos-IR nuclei, TH-IR neurons, and Fos/TH-IR neurons.
The number of immunoreactive neurons was counted in
three near sections per animal and average numbers in
0.01 mm? are reported as the immunoreactivity.

Statistical analysis

Counting was performed on five rats under each condition
and the results obtained from each animal were used to
calculate group the mean £ SEM. Statistical procedures
were performed with SPSS13.0 software (SPSS, Chicago,
IL, USA). Statistical analysis of results from different parts
of the NTS and DMV was performed by two-way analysis
of variance (ANOVA) followed by S—N-K’s post-hoc test,
individually. Statistical analysis of results from the PVN,

SON, AP, and VLM was performed by Student’s ¢ test. The
statistical significance level was set at P < 0.05.

Results

Effect of RWIS on Fos, TH, and Fos/TH
in the hypothalamus

PVN

Restraint water-immersion stress increased Fos-IR nuclei
to 13.4 + 1.1 (cells per 0.01 mm?) in the PVN compared
with 4.2 4+ 0.7 in nonstressed rats, i.e. 2.2-fold (P < 0.01)
(Fig. 1). The maximum number of Fos-IR nuclei occurred
in the medial parvocellular part (PaMP) and the lateral
magnocellular parts (PaLM) (Fig. 2a, b). Fos-IR nuclei in
the PaMP were heterogeneous in size and had irregular
profiles whereas those in the PaLM were large, round, and
more homogeneous in size. Extensive Fos-labeling of dif-
fuse neurons was also observed in the dorsal cap (PaDC),
and in the ventral (PaV) and posterior (PaPo) subdivisions
of the PVN. TH-IR neurons in the PVN were diffuse and
had fusiform or round profiles with large numbers of TH-
positive processes. TH-IR neurons within the PVN were
mostly located in the periventricular part of the PVN (Pe)
and a few were scattered in the PaV (Fig. 2a, b). In the
PaMP, almost no TH-IR neurons were observed, although
CA-nerve endings were relatively abundant. Overall, there
were no differences between RWIS and nonstressed rats in
TH-IR and Fos/TH neurons. Fos-IR nuclei in the PVN after
RWIS were identified in 13.0 &= 5.5% TH-IR neurons with no
difference compared with nonstressed rats (17.5 & 1.9%)
(P > 0.05) (Fig. 1).
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Fig. 1 Cell counts (cells per 0.01 mm?) of Fos-IR and TH-IR
neurons in the PVN and SON in rats either nonstressed or exposed to
restraint water-immersion stress for 1 h. n = 5 rats per group. Values
are mean = SEM. **P < 0.01 compared with the control group
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Fig. 2 Double
immunohistochemical staining
of Fos-IR and TH-IR neurons in
the PVN (a, b) and SON
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Restraint water-immersion stress for 1 h induced a robust
3.3-fold increase in Fos-IR nuclei in SON (159 + 1.3
vs 3.7+ 1.3 in the control group, cells per 0.01 mm?)
(P < 0.01) (Fig. 1). In contrast with the PVN, after RWIS,
Fos-IR nuclei were evenly distributed in the SON (Fig. 2d).
The labeled neuronal nuclei in the SON were large and
round and similar in size. In the SON, the presence of TH-
IR neurons was completely absent both in nonstressed rats
and in rats stimulated with restraint water-immersion for
1 h. There were, however, large numbers of CA-nerve
endings in the SON (Fig. 2c, d).
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Effect of RWIS on Fos, TH and Fos/TH
in the medullary visceral zone

DMV

In the DMV, there was induction of Fos-IR nuclei in RWIS
rats compared with nonstressed rats (P < 0.05) (Fig. 3).
The occurrence of Fos-IR nuclei was evident from the
rostral to the caudal portions of the DMV (Fig. 4a—f).
There was no significant difference in the number of Fos-
IR nuclei in any portion of the DMV (54 = 2.499,
P = 0.102) (Table 1). TH-IR neurons in the DMV were
rare and had fusiform or round profiles with a few neuronal
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Fig. 4 Double a
immunohistochemical staining

of Fos-IR and TH-IR neurons in

the DVC and VLM of rats either
nonstressed (a, ¢, e, g) or

exposed to restraint water- 4V
immersion stress for 1 h (b, d,
f, h). The insets show higher
magnification (x400) of cells in
the small boxes. Fos-IR is
localized in nuclei, and TH-IR
is found in the cytoplasm. NTS,
nucleus of the solitary tract;
gNTS, gelatinous nucleus of the
solitary tract; cNTS,
commissural nucleus of the
solitary tract; mNTS, medial
nucleus of the solitary tract;
imNTS, intermediate nucleus of
the solitary tract; vNTS, ventral
nucleus of the solitary tract;
vINTS, ventrolateral nucleus of
the solitary tract; dINTS, VINTS
dorsolateral nucleus of the

solitary tract; DMV, dorsal

motor nucleus of the vagus; AP,

area postrema; 4V, 4th ventricle;

CC, central canal

processes (Fig. 4a—f). TH-IR neurons were greater in the
intermediate and caudal portions of the DMV than in
the rostral portion (F,,4 = 4.903, P = 0.016), whereas
for Fos/TH-IR neurons there was no difference in differ-
ent portions of the DMV (F,,4 = 1.460, P = 0.251)
(Table 1). RWIS increased TH-IR and Fos/TH-IR neurons
by 2.2 times and 4.1 times, respectively, compared with the

control group (P < 0.01) (Fig. 3). Overall, Fos-IR nuclei
in the DMV after RWIS for 1 h were identified in
38.0 & 5.3% of TH-IR neurons, a 2.7-fold increase com-
pared with the control group (14.3 £ 4.5%) (P < 0.01),
and TH-IR neurons in the DMV after RWIS were identified
in 17.3 £4.5% of Fos-IR nuclei, a 2.8-fold increase
compared with the control group (6.2 £ 2.2%) (P < 0.05).
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Table 1 Average numbers of Fos, TH, and Fos/TH immunoreactive
neurons in the rostral, intermediate, and caudal parts of the DMV and
NTS induced by restraint water-immersion stress (cells per 0.01 mm?)

DMV NTS

Unstressed RWIS 1h Unstressed RWIS 1h

Fos-IR
Rostral 154+ 04 34408 18+03 3.440.1%°
Intermediate 2.9 £ 0.9 3.7 £0.7%* 1.8 +£03 4.7 + 0.6%°
Caudal 12402 22408 1.1+£09 21402+
TH-IR
Rostral 05+01 0.8+£0.1%%* 0.6+0.0 1.2 4 0.1%**
Intermediate 0.8 & 0.2 2.1 & 0.6*%° 1.7 £ 0.1 2.0 & 0.1%*°
Caudal 114+03 254054 13+0.1 1.8+ 0.1%P
Fos/TH-IR
Rostral 02401 03=£0.1%* 0.14+00 0.4+ 0.1%*
Intermediate 0.1 + 0.0 0.6 £ 0.1%%* 0.1 0.0 0.6 £ 0.1%*"
Caudal 02401 1.04+03%* 0.1+0.0 0.7%0.1%

Means in a column of the rostral, intermediate, and caudal portions of
the DMV or the NTS of Fos-IR, TH-IR, and Fos/TH-IR neurons
without a common letter are significantly different at P < 0.05,
performed by two-way analysis of variance (ANOVA) followed by
S—-N-K’s post-hoc test

*#* P <0.01, * P < 0.05 compared with the control group

NTS

Restraint water-immersion stress for 1 h dramatically
increased the number of Fos-IR nuclei in the NTS com-
pared with that in nonstressed rats (P < 0.05) (Fig. 3). The
occurrence of Fos-IR nuclei was evident in the rostral to
caudal portions of the NTS. Fos expression was greater in
the intermedial portion of the NTS than in the rostral and
caudal parts (F,,4 = 3.760, P = 0.037) (Table 1). Fos-IR
nuclei were mainly confined to the intermediate (iNTS),
ventrolateral (VINTS), and gelatinous subnuclei (gNTS)
(Fig. 4a—f), with a few stained cells observed in the ventral
(VNTS) and the medial subnuclei (mNTS) (Fig. 4a—f). TH-
IR perikarya in the NTS were fusiform or round or trian-
gular in profile with a number of long neuronal processes.
Most TH-IR and Fos/TH-IR in the NTS were localized in
the iNTS, vINTS, and gNTS (Fig. 4a—f). TH-IR and Fos/
TH-IR neurons were greater in RWIS rats than in non-
stressed rats (P < 0.01) (Fig. 3). Numbers of TH-IR neu-
rons were significantly different in the different portions of
the NTS (F,,4 = 43.637, P = 0.000), and the number of
Fos/TH-IR neurons was greater in the intermediate and
caudal portions of the NTS than in the rostral portion
(Fp24 = 1460, P = 0.251) (Table 1). Overall, Fos-IR
neurons in RWIS rats were identified in 34.4 &+ 2.4% of
TH-IR neurons, whereas in nonstressed rats they repre-
sented 9.7 &+ 1.6% of OT-IR neurons, i.e. a 3.6-fold
increase (P < 0.01). In addition, TH-IR neurons in RWIS
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rats were identified in 12.9 4+ 0.8% of TH-IR neurons,
whereas in nonstressed rats they represented 4.5 £+ 0.6% of
Fos-IR neurons, i.e. a 3.0-fold increase (P < 0.01).

AP

Fos immunoreactive nuclei were distributed evenly within
the AP (Fig. 4c, d). Fos expression in the AP was signifi-
cantly increased by RWIS for 1 h (3.8 & 0.3 cells per
0.01 mm?) compared with expression in nonstressed rats
(1.1 £ 0.2 cells per 0.01 mmz), ie. 3.5-fold (P < 0.01)
(Fig. 3). TH-IR perikarya in the AP were round with few
evident neuronal processes (Fig. 4d). There was no dif-
ference in the number of the TH-IR neurons in RWIS
(6.1 £ 0.6 cells per mm?) and nonstressed rats (5.9 £+ 1.3
cells per mm?) (P > 0.05). The number of Fos/TH double-
labeled neurons was significantly increased by RWIS for
1 h compared with that in nonstressed rats, i.e. 4.5-fold
(P < 0.01) (Fig. 3). The percentage of Fos-IR neurons
among the total number of TH-IR neurons in RWIS and
nonstressed rats were 18.6 & 6.1 and 4.5 + 1.3% respec-
tively, i.e. 4.1-fold (P < 0.01).

VLM

Restraint water-immersion stress for 1 h dramatically
increased the number of Fos-IR nuclei in the VLM from
1.2 4+ 0.1 to 2.0 & 0.2 cells per 0.01 mm? compared with
that in nonstressed rats, i.e. 1.7-fold (P < 0.01) (Fig. 3).
The occurrence of Fos-IR nuclei was evident from the
rostral to the caudal portions of the VLM, mainly
the C1/A1 cell groups (Fig. 4g, h). TH-IR perikarya in the
VLM were fusiform or polygonal in profile with a number
of long neuronal protrusions, some of which projected into
the ventrolateral region of the NTS. TH-IR neurons and
Fos/TH double-labeled neurons were mainly located in the
C1/A1 cell groups (Fig. 4g, h). Likewise in the case of the
AP, there was no difference in the number of the TH-IR
neurons in nonstressed rats and rats stimulated with RWIS
(P > 0.05), and the number of Fos/TH double-labeled
neurons was significantly increased in rats stimulated with
RWIS compared with nonstressed rats (P < 0.01) (Fig. 3).
RWIS activated 45.7 & 2.3% of TH-IR neurons, com-
pared with 18.9 £ 2.8% in nonstressed rats, i.e. 2.4-fold
(P < 0.01).

Discussion

Restraint water-immersion stress evoked marked neuronal
activation in specific populations of brain neurons assessed
by Fos expression. The most intense Fos-IR neurons were
observed in the PVN, SON, DMV, NTS, AP, and VLM, a
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pattern consistent with that reported previously by us under
similar conditions [3, 4]. These results indicate that these
nuclei are important in mediation of signals induced by
RWIS. Using double labeling, the characterization of these
activated neurons in the PVN, SON, DVC, and VLM, on
the basis of their morphological aspects and chemical
coding, reveals that RWIS activates the MVZ CA-cell
groups, which may project to the PVN and SON. In the
following text, each of these nuclei will be discussed
separately in more detail.

Psychological and physical stressors induce activation
of different neuron populations in the hypothalamus

These results demonstrate that, in the hypothalamus, the
marked activation of neurons induced by RWIS encom-
passes mainly the SON, the PaMP, and the PalLLM, in
agreement with the importance of the hypothalamus in
response to a variety of stimuli. c-fos mRNA and Fos
protein were strongly induced in the SON and the two
subdivisions of the PVN, PaMP, and PalLM after osmotic
stimulus (i.p. hypertonic saline) [26, 27]. Cold-restraint
for 3 h induced gastric lesions and evoked substantial Fos
protein expression in the PVN [28, 29]. The Fos protein
expression induced by RWIS occupied mainly the mag-
nocellular parts of the SON and PVN, and, to a lesser
extent, the parvocellular part of the PVN [30, 31]. Water-
avoidance stress for 1 h induced numerous Fos-IR cells in
the dorsal and the medial parvocellular parts of the PVN,
and only a few Fos-IR cells were observed in the Pe, the
parvocellular portion of the PVN, and the SON, iNTS,
and Al cell groups in the MVZ [32, 33]. These results
indicate that psychological stressors, for example water-
avoidance stress, or only restraint stress or immobilization
stress, evoke strong Fos-induction in the parvocellular
portion of the PVN, except the SON. However, the
physical stressors, including the osmotic stimulus, the
cold stress, and the heat stress, induce extensive Fos
activation in the SON and the magnocellular part of the
PVN. RWIS, a mixture of physical and psychological
stressors, activated the SON and the parvocellular and
magnocellular parts of the PVN, which is consistent with
the results reported above.

The role of CA-neurons in the hypothalamus
during RWIS

In the hypothalamus, TH-labeled immunoreactive peri-
karya were the smallest population of cells in the PVN, and
in the SON the presence of TH-IR perikarya was com-
pletely absent in both control rats or rats stimulated with

RWIS. This indicates that hypothalamus CA-neurons are
not important in mediation of signals induced by RWIS.
The distribution and incidence of TH-IR perikarya in the
hypothalamus in rats upon RWIS is consistent with pre-
vious results [19, 34]. However, the functional significance
of these neurons in the PVN or SON is not yet fully
understood. This different TH ratio in the neuroendocrine
activation of the PVN expands previous studies showing
different activation of TH-containing neurons in response
to a variety of stimuli. For example, exposure to different
states of arousal [35] and administration of glucose anti-
metabolite 2-deoxy-D-glucose can induce increased activity
of CA phenotype cells in the PVN [36]. These data suggest
that TH-containing neurons in the PVN might be involved
in more functional circuits in response to different stress-
ors. However, the functionality of TH neurons in the
hypothalamus and the phenotypic nature of activated neu-
rons in RWIS rats can only be clarified by further studies.

The role of CA-neurons in the DVC and VLM
during RWIS

Many recent studies have indicated that the DMV is
important in integration of the gastric dysfunctions induced
by a number of stressors. Cold-restraint for 3 h induced
gastric lesions and evoked substantial Fos protein expres-
sion in the DMV [28, 29]. Our results showed that the Fos-
IR nuclei occupied the rostral to the caudal portions of the
DMV, mainly the intermedial subdivision. This result is in
agreement with our previous report [5]. The expression
patterns of Fos in different subdivision of the DMV suggest
that neuronal activity in the different portions of the DMV
are not the same during RWIS. Results from previous
studies indicate that the vagal excitatory pathway origi-
nates in the rostral and intermediate subdivision of the
DMV whereas the vagal inhibitory pathway originates in
the caudal DMV [26, 37, 38]. RWIS for 1 h activated the
DMV, especially the intermediate DMV, the vagal excit-
atory pathway, and then resulted in a series of gastric
functional disorders.

The nucleus of the solitary tract is the major recipient of
visceral afferent information arising from various regions
of the gastrointestinal tract. Previous studies showed that
when rats were exposed to RWIS, their body temperature
decreased and gastric functions became abnormal [5, 39].
This information is relayed in the NTS and activates NTS
neurons, which provide direct inhibitory and excitatory
inputs to the DMV and then, in turn, control gastric func-
tions via their efferent projections in the vagus nerve
[40, 41]. Fos-IR nuclei in RWIS rats mainly occupied the
intermediate portion of the NTS, then the caudal and rostral
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NTS, probably because the intermediate and caudal potions
receive the afferent information from gastrointestinal
receptors whereas the rostral NTS is important in regulat-
ing the gustatory information [42].

The postrema area also receives inputs from the vagal
sensory fibers of the stomach. The number of Fos-IR nuclei
was significantly increased by RWIS compared with that in
nonstressed rats. This result may imply that the AP is
involved in responses to the incoming sensory information
during RWIS.

The ventrolateral medulla is also a visceral motor
nucleus and the vagal parasympathetic neurons innervating
the stomach are partly located in the VLM [12]. Fos-IR
nuclei in the VLM were found in the entire rostral-caudal
column including the C1/A1 cell groups, and the number of
the Fos-IR nuclei was significantly different in nonstressed
rats and rats exposed to RWIS for 1 h, in agreement with
results for proximal colon distension in rats [20].

In the MVZ, the marked activation of CA-neurons
induced by RWIS encompasses mainly the NTS (A2/C2)
and VLM (A1/C1), next the AP, and a few TH-IR were
found in the intermediate and caudal portions of the DMV.
In RWIS rats and nonstressed rats, the percentage of Fos-
IR nuclei in TH-IR neurons was respectively 38.0 and
14.3% in the DMV (i.e. a 2.7-fold increase), 34.4 and 9.7%
in the NTS (i.e. a 3.6-fold increase), 18.6 and 4.5% in the
AP (i.e. a 4.1-fold increase), and 45.7 and 18.9% in the
VLM (i.e. a 2.4-fold increase) (all the P < 0.01). Many
previous studies have found that CA-neurons of the
MVZ were involved in processing and conducting visceral
nociceptive information. Proximal colon distension
induced Fos in approximately 74 and 42% of CA-neurons
in the VLM and the NTS, respectively [20]. RWIS induced
substantial Fos protein expression in noradrenergic neu-
rons of the MVZ (A1/A2 cell groups) [43]. Water-avoid-
ance stress for 1 h induced a small amount of Fos protein
expression in imNTS and Al cell groups [33, 34]. These
data strongly suggest that CA-neurons in the MVZ are
related to stress-responsive signal transduction. There was
no difference of Fos/TH-IR neurons in RWIS rats in the
intermediate, caudal, and rostral portions of the NTS
and DMV, and this may be due to that all portions of
these nuclei take part in the stress-responsive signal
transduction.

However, our observation that RWIS induces a quick
increase of TH neurons in the both DMV and NTS than for
the unstressed rats, while there was almost no change in the
AP and VLM. The quick increase of the TH neurons may be
due to that at least some portion of the RWIS effects on TH
mRNA are directly related to NTS and DMV activation
during the RWIS session. The differences in the number
changes of TH neurons in the different nuclei may be due to
a large, stable pool of TH mRNA at basal conditions [44].
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CA-neurons in the DVC and VLM project to the PVN
and SON

A1/C1 and A2/C2 cell groups in the MVZ are intercon-
nected with the hypothalamus and major afferent innerva-
tion of the PVN originates in noradrenergic ascending
fibers arising from the VLM and NTS [16, 17]. The VLM
and NTS are reciprocally connected in rats [15]. In our
study, a dense network of CA-terminals and CA neuronal
processes were found in the hypothalamus and MVZ. Thus,
the extensive connections of the CA-neurons in the hypo-
thalamus and MVZ suggest that RWIS-induced CA neu-
ronal activation might trigger the activation of complex
circuitry involved in the modulation of gastric dysfunction.

In conclusion, the marked activation of neurons in the
DVC and VLM induced by RWIS provided direct evidence
that hyperactivity of the parasympathetic nervous system
caused gastric dysfunction during RWIS [2]. The patterns
of activated neurons in the different subdivisions of the
NTS and DMV may also reflect their different roles in
modulating gastric function. Activation of the CA-neurons
in the MVZ may imply that the afferent and efferent limbs
of the functional responses are associated with gastric
dysfunction. A robust increase in Fos-IR nuclei in the PVN
and SON induced by RWIS implies that the PVN and SON
are important in the mediation of signals during RWIS. But
a few of TH-IR neurons in the PVN and their absence in
SON indicate that the CA-neurons in the PVN and SON
may be not related to the stress-responsive signal trans-
duction, and the phenotypic nature of the activated neurons
in the hypothalamus must be further studied.

Acknowledgments The authors would like to thank Prof. Xi-Yun
Cui and Dr. Yu-Yu Zhang for technical assistance. This work was
supported by the National Science Foundation of China (Nos.
30770277, 30970354, 31071920).

References

1. Bonaz B, Taché Y (1994) Water-avoidance stress-induced c-fos
expression in the rat brain and stimulation of fecal output: role of
corticotropin-releasing factor. Brain Res 641:21-28

2. Ai HB, Zhang ZD (1990) Studies on the mechanism of gastric
mucosal injury induced by water-immersion stress in rats. Acta
Physiol Sin 42:496-502

3. Garrick T, Buack S, Bass P (1986) Gastric motility is a major
factor in cold restraint-induced lesion formation in rats. Am J
Physiol Gastrointest Liver Physiol 250:191-199

4. Zhang YY, Zhu WX, Cao GH, Cui XY, Ai HB (2009) c-Fos
expression in the supraoptic nucleus is the most intense during
different durations of restraint water-immersion stress in the rat.
J Physiol Sci 59:367-375

5. Zhang YY, Cao GH, Zhu WX, Cui XY, Ai HB (2009) Com-
parative study of c-Fos expression in the rat dorsal vagal complex
and nucleus ambiguus induced by different durations of restraint
water-immersion stress. Chin J Physiol 52(3):143-150



J Physiol Sci (2011) 61:37-45

45

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Cho CH, Qui BS, Bruce IC (1996) Vagal hyperactivity in stress
induced gastric ulceration in rats. J Gastroenterol Hepatol
11:125-128

. Hayakawa T, Takanaga A, Tanaka K, Maeda S, Seki M (2003)

Cells of origin of vagal motor neurons projecting to different
parts of the stomach in the rat: confocal laser scanning and
electron microscopic study. Anat Embryol (Berl) 207:289-297

. Lee CH, Jung HS, Lee TY, Lee SR, Yuk SW, Lee KG, Lee BH

(2001) Studies of the central neural pathways to the stomach and
Zusanli (ST36). Am J Chin Med 29:211-220

. Okumura T, Namiki M (1990) Vagal motor neurons innervating

the stomach are site-specifically organized in the dorsal motor
nucleus of the vagus nerve in rats. J Auton Nerv Syst 29:157-162
Okumura T, Uehara A, Okamura K, Namiki M (1990) Site-spe-
cific formation of gastric ulcers by the electric stimulation of the
left or right gastric branch of the vagus nerve in the rat. Stand J
Gastroenterol 25:834-840

Zhang YY, Zhu WX, Ai HB (2009) The expression of c-Fos in
the rat hypothalamus-pituitary-adrenocortical axis induced by
different durations of restraint water-immersion stress. J Shan-
dong Norm Univ Nat Sci 24(2):122-124

Cheng SB, Lu GQ (1996) Progress in the study of the dorsal
motor nucleus of the vagus nerve. Prog Physiol Sci 27:13-18
Sun HZ, Zhao SZ, Cui XY, Ai HB (2009) Hindbrain effects of L-
glutamate on gastric motility in rats. Gastroenterol Res 2:43-47
Sun HZ, Zhao SZ, Cui XY, Ai HB (2010) Effects and mecha-
nisms of L-glutamate microinjected into nucleus ambiguus on
gastric motility in rats. Chin Med J 123(8):1052-1057

Yu D, Gordon FJ (1996) Anatomical evidence for a bi-neuronal
pathway connecting the nucleus tractus solitarius to caudal ven-
trolateral medulla to rostral ventrolateral medulla in the rat.
Neurosci Lett 205:21-24

Tucker DC, Saper CB, Ruggiero DA, Reis DJ (1987) Organiza-
tion of central adrenergic pathways: I. Relationships of ventro-
lateral medullary projections to the hypothalamus and spinal
cord. J Comp Neurol 259:591-603

Sawchenko PE, Swanson LW (1982) The organization of nor-
adrenergic pathways from the brainstem to the paraventricular
and supraoptic nuclei in the rat. Brain Res 257:275-325

Dang XR, Wang WB (2001) Catecholaminergic neurons in the
nucleus tractus solitary transmitting visceral nociceptive infor-
mation project to the parabrachial nucleus. Chin J Neuroanat
17:235-238

Pirnik Z, Kiss A (2005) Fos expression variances in mouse
hypothalamus upon physical and osmotic stimuli: co-staining
with vasopressin, oxytocin, and tyrosine hydroxylase. Brain Res
Bull 65:423-431

Wang LX, Martinez V, Larauche M, Tache Y (2009) Proximal
colon distension induces Fos expression in oxytocin-, vasopres-
sin-, CRF- and catecholamines-containing neurons in rat brain.
Brain Res 1247:79-91

Cunningham ET Jr, Bohn MC, Sawchenko PE (1990) Organi-
zation of adrenergic inputs to the paraventricular and supraoptic
nuclei of the hypothalamus in the rat. J Comp Neurol
292:651-667

Cunningham ET Jr, Sawchenko PE (1988) Anatomical specificity
of noradrenergic inputs to the paraventricular and supraoptic
nuclei of the rat hypothalamus. J Comp Neurol 274:60-76
Herrera DG, Robertson HA (1996) Activation of c-fos in the
brain. Prog Neurobiol 150:83-107

Paxinos G, Watson C (2005) The rat brain in stereotaxic coor-
dinates, 5th edn. Elsevier Academic Press, Burlington

Zhou SY, Lu YX, Yao H, Owyang C (2008) Spatial organization
of neurons in the dorsal motor nucleus of the vagus synapsing
with intragastric cholinergic and nitric oxide/VIP neurons in the
rat. Am J Physiol Gastrointest Liver Physiol 294:G1201-G1209

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Sharp FR, Sagar SM, Hicks K, Lowenstein D, Hisanaga K (1991)
c-fos mRNA, Fos, and Fos-related antigen induction by hyper-
tonic saline and stress. J Neurosci 11(8):2321-2331

Sagar SM, Sharp FR, Curran T (1988) Expression of c¢-fos protein
in the brain: metabolic mapping at the cellular level. Science
240(4857):1328-1331

Bonaz B, Taché Y (1994) Induction of Fos immunoreactivity in
the rat brain after cold-restraint induced gastric lesions and fecal
excretion. Brain Res 652:56-64

Wang LX, Cardin S, Martinez V, Tache Y (1996) Intracerebro-
ventricular CRF inhibits cold restraint-induced c-fos expression
in the dorsal motor nucleus of the vagus and gastric erosions in
rats. Brain Res 736:44-53

Plessis I, Mitchell D, Niesler C, Laburn HP (2006) c-Fos
immunoreactivity in selected brain regions of rats after heat
exposure and pyrogen administration. Brain Res 1120:124-130
Tsaya HJ, Li HY, Lin CH, Yang YL, Yeh JY, Lin MT (1999)
Heatstroke induces c-fos expression in the rat hypothalamus.
Neurosci Lett 262:41-44

Monnikes H, Schmidt BG, Tache Y (1993) Psychological stress-
induced accelerated colonic transit in rats involves hypothalamic
corticotropin-releasing factor. Gastroenterology 104:716-723
Bonaz B, Tache Y (1994) Water-avoidance stress-induced c-fos
expression in the rat brain and stimulation of fecal output: role of
corticotropin-releasing factor. Brain Res 641:21-28

Pirnik Z, Mravec B, Kiss A (2004) Fos protein expression in
mouse hypothalamic paraventricular (PVN) and supraoptic
(SON) nuclei upon osmotic stimulus: colocalization with vaso-
pressin, oxytocin, and tyrosine hydroxylase. Neurochem Int
45:597-607

Asmus SE, Newman SW (1994) Colocalization of tyrosine
hydroxylase and Fos in the male Syrian hamster brain following
different states of arousal. J Neurobiol 25:156-168

Briski KP (1998) Glucoprivic induction of Fos immunoreactivity
in hypothalamic dopaminergic neurons. Neuroreport 9:289-295
Cruz MT, Murphy EC, Sahibzada N, Verbalis JG, Gillis RA
(2007) A reevaluation of the effects of stimulation of the dorsal
motor nucleus of the vagus on gastric motility in the rat. Am J
Physiol 292:R291-R307

Krowicki ZK, Burmeister MA, Berthoud HR, Scullion RT, Fuchs
K, Hornby PJ (2002) Orexins in rat dorsal motor nucleus of the
vagus potently stimulate gastric motor function. Am J Physiol
283:G465-G472

Zhang YY, Zhu WX, Sun YG, Ai HB (2007) The relationship
between hypothermia and gastric ulcers induced by restraint
water-immersion stress in rats. J Biomed Eng Res 26(3):282-284
(290)

Rogers RC, McTigue DM, Herman GE (1996) Vagal control of
digestion: modulation by central neural and peripheral endocrine
factors. Neurosci Biobehav Rev 20:57-66

Rogers RC, Herman GE, Travagli RA (1999) Brainstem path-
ways responsible for oesophageal control of gastric motility and
tone in the rat. J Physiol 514:369-383

Harrison TA (2001) Chorda tympani nerve stimulation evokes
Fos expression in regionally limited neuron populations within
the gustatory nucleus of the solitary tract. Brain Res 904:54-66
Maruyama M, Matsumoto H, Fujiwara K, Noguchi J, Kitada C,
Fujino M, Inoue K (2001) Prolactin-releasing peptide as a novel
stress mediator in the central nervous system. Endocrinology
142:2032-2038

Chang MS, Sved AF, Zigmond MJ, Austin MC (2000) Increased
transcription of the tyrosine hydroxylase gene in individual locus
coeruleus neurons following footshock stress. Neuroscience
101:131-139

@ Springer



	The role of catecholaminergic neurons in the hypothalamus and medullary visceral zone in response to restraint water-immersion stress in rats
	Abstract
	Introduction
	Materials and methods
	Preparation of animals
	Stress protocols
	Tissue processing
	Immunohistochemistry
	Evaluation of immunostaining
	Statistical analysis

	Results
	Effect of RWIS on Fos, TH, and Fos/TH in the hypothalamus
	PVN
	SON

	Effect of RWIS on Fos, TH and Fos/TH in the medullary visceral zone
	DMV
	NTS
	AP
	VLM


	Discussion
	Psychological and physical stressors induce activation of different neuron populations in the hypothalamus
	The role of CA-neurons in the hypothalamus during RWIS
	The role of CA-neurons in the DVC and VLM during RWIS
	CA-neurons in the DVC and VLM project to the PVN and SON

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


