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Previous experiments have indicated that the release of oxytocin (OXT) occurs in various hypothalamic and extrahypothalamic brain

areas. In the present study, we investigated in male rats whether swim stress triggers the release of OXT in the central amygdala (CeA), a

key area in processing emotions and stress responses. Further, we examined the physiological significance of OXT released within the

CeA for behavioral responses during forced swimming as well as effects on the local release of selected amino acids including glutamate,

aspartate, arginine, taurine, and GABA, which are thought to modulate processing of emotions. Exposure to a 10-min forced swimming

session caused a significant increase in OXT release (200%, po0.01) within, but not outside, the CeA as monitored by microdialysis.

Administration of the OXT receptor antagonist des-Gly-NH2d(CH2)5(Tyr(Me)2Thr4)OVT via inverse microdialysis into the amygdala

before and during exposure to swimming reduced the floating time by 55% (po0.05) and increased the swimming time by 29%

(po0.05) indicative of a more active stress-coping strategy. Simultaneously, local administration of the OXT receptor antagonist caused a

significant increase in the stress-induced release of the excitatory amino acids glutamate and aspartate, whereas the basal release of these

amino acids remained unchanged. Taken together, these findings demonstrate a significant activation of the oxytocinergic system in the

CeA in response to swim stress. Furthermore, our data indicate that OXT receptor-mediated mechanisms within the amygdala are

involved in the generation of passive stress-coping strategies, which might be mediated at least in part via its inhibitory influence on the

local release of excitatory amino acids during stress.
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INTRODUCTION

The neuropeptide oxytocin (OXT) is well acknowledged to
be involved in the regulation of physiological and
behavioral functions related to female reproduction and
affiliation at the brain level (Richard et al, 1991; Landgraf
and Neumann, 2004), whereas its functions in the male
brain are less well documented. There is, however,
accumulating evidence that OXT released within various
brain regions is a regulator of emotionality and physiolo-
gical stress responses not only in the female rat (Windle
et al, 1997, 2004; Neumann et al, 2000a, 2001; Lightman et al,

2001) but also in males as it plays an important role in
cardiovascular (Callahan et al, 1989) and neuroendocrine
(Neumann et al, 2000b) responses to an acute stressor.
Stress exposure triggers not only OXT secretion into blood
(Lang et al, 1983; Kasting, 1988; Wotjak et al, 1998) but also
within the brain as reflected by increased OXT concentra-
tions in the cerebrospinal fluid (Iványi et al, 1991) and
extracellular space of several brain regions (for review, see
Landgraf and Neumann, 2004). In more detail, it has been
shown that psycho-social or physical stressors like social
defeat, swim, or shaker stress evoke OXT release in various
areas known to be involved in the modulation of stress
mechanisms, including the hypothalamic supraoptic (SON)
and paraventricular (PVN) nuclei where OXT neurons are
localized as well as other limbic brain areas (Nishioka et al,
1998; Wotjak et al, 1998; Engelmann et al, 1999; Ebner et al,
2000; Wigger and Neumann, 2002; Bosch et al, 2004). The
stress-induced patterns of local release of OXT within the
brain, however, are dependent on various factors such as
gender, type of stressor, and the genetically determined
stress susceptibility. For example, our own investigations
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have shown that confrontation with an aggressive con-
specific during social defeatFa psycho-social and emo-
tional stressorFcaused an increased release of OXT within
the septum in male intruders defeated by a male resident
(Ebner et al, 2000), but not in virgin female intruders
defeated by a lactating resident (Bosch et al, 2004), whereas
the same stressor induced a significant OXT release within
the PVN of females (Bosch et al, 2004) but not of males
(Wotjak et al, 1996).
The amygdala is a brain region particularly relevant for

the processing of behavioral and neuroendocrine stress
responses (Aggleton, 1992; Gray, 1996), in particular with
respect to the oxytocinergic system (Neumann et al, 2000b;
Bale et al, 2001). Within the amygdala, a substantial number
of oxytocinergic fibers (Sofroniew, 1983) and OXT receptors
have been localized mainly in the central (CeA) and medial
amygdala (Barberis and Tribollet, 1996; Gimpl and Fahren-
holz, 2001), suggesting that locally released OXT is a
potential mediator of the complex stress response. Indeed,
local blockade of OXT receptors within the amygdala
resulted not only in altered emotionality (Bale et al, 2001;
Neumann, 2002) but also in a disinhibition of the
hypothalamo-pituitary-adrenal (HPA) axis of male rats
(Neumann et al, 2000b). However, in contrast to the female
(Bosch et al, 2004), the release of OXT within the amygdala
has never been monitored in the male animal, which has
also been partly due to the lower density of immunoreactive
fibers and, consequently, to lower extracellular concentra-
tions compared to hypothalamic areas.
On the basis of these observations, the intracerebral

microdialysis experiments of this study were designed in
order to investigate whether (i) OXT release within the CeA
can also be monitored in the male rat, and (ii) exposure to a
robust stressor like forced swimming triggers an increase in
local OXT release within the CeA. Furthermore, we studied
the physiological significance of locally released OXT within
the CeA by administration of a selective OXT receptor
antagonist bilaterally into the CeA using inverse micro-
dialysis concomitantly with stress exposure, behavioral
monitoring, and sampling of dialysates. We investigated
whether OXT within the CeA is involved in the regulation
(iii) of active or passive stress-coping style as reflected by
respective behavioral parameters during forced swimming,
and (iv) of the local release of relevant excitatory and
inhibitory amino acids including glutamate, aspartate,
taurine, and GABA. Since amino acids such as glutamate
and GABA provide the principal sources of synaptic
transmission in the amygdala (Davis et al, 1994; Maren,
1996; Sah et al, 2003), stress-induced changes in amygdala
extracellular levels of these amino acids (Singewald et al,
2000) have been implicated in the modulation of emotional
behavior (Davis et al, 1994).

MATERIALS AND METHODS

Animals

Experiments were performed on adult male Wistar rats
(Charles River, Sulzfeld, Germany) weighing 300–400 g at
the day of surgery. After delivery from the supplier,
the animals were housed in groups of 4–6 in the animal
house for at least 1 week. After surgery, they were

kept individually in transparent polycarbon cages
(20� 28� 35 cm) under controlled standard laboratory
conditions (12 : 12 h light : dark cycle, lights on at 0700
hours, 221C, 60% humidity) with food and water available
ad libitum.

Surgery

All surgical, sampling, and behavioral procedures were
approved by the Committee on Animal Health and Care of
the local governmental administration. Under halothane
(Hoechst, Frankfurt/Main, Germany) anesthesia, microdia-
lysis probes (U-shaped membrane with a molecular cutoff
of 18 kDa) were implanted stereotaxically into the CeA
(Figure 1; implantation coordinates: 1.8mm caudal to
bregma, 3.8mm lateral to the midline, and 9.4mm deep
from the surface of the skull) either unilaterally (experiment
1) or bilaterally (experiment 2) according to the stereotaxic
atlas of Paxinos and Watson (1998). The probes were fixed
to the skull with two jeweler’s screws and dental cement.
The two endings of each probe were connected to
approximately 5 cm long pieces of PE-20 polyethylene
tubing and fixed with dental cement. After surgery, the
animals were injected with depot antibiotics (0.04ml/rat
s.c.; Tardomycel, Bayer, Leverkusen, Germany) to prevent
infections. On the next day, animals were handled for at
least 5min to familiarize them with the experimental
equipment and to minimize nonspecific stress responses
during the experiment.

Microdialysis and Behavioral Procedure

At 2 days after surgery, the microdialysis probes were
perfused with sterile Ringer’s solution (Fresenius, Bad
Homburg, Germany) through the inflow line connected to
a microinfusion pump at a flow rate of 3.3 ml/min for 2 h
prior to the initiation of the experiment. During this period,
sample collection was simulated every 30min to adapt the
animals to the microdialysis sampling.

Figure 1 Schematic drawing (Paxinos and Watson, 1998) and a
representative enlargement of a microphotograph of a cresyl-stained
coronal section of the rat brain showing localization of the tip of the
membrane of a microdialysis probe (arrowhead) within the CeA (gray
shaded area). ot, optic tract. Scale bar, 250 mm.

Intra-amygdaloid oxytocin and stress coping
K Ebner et al

224

Neuropsychopharmacology



The forced swimming procedure has been described in
detail previously (Ebner et al, 1999). Briefly, the rats were
forced to swim for 10min in a cylindrical Plexiglas tank
(30 cm in diameter) filled to a depth of 40 cm with tap water
(20711C) during ongoing microdialysis. In experiment 2,
the behavior of the animals was monitored by a video
system and scored by a trained observer blind to the
animals’ treatment. The duration in which the animals
displayed one of the three following behaviors was
measured by pressing preset keys on a PC that included
an automatic timing process: (1) struggling, defined as
movements during which the forelimbs broke the water’s
surface (eg scratching along the wall); (2) swimming,
defined as movement of the animal induced by movements
of the fore and hind limbs without breaking the water
surface; and (3) floating defined as the behavior during
which the animal used limb movement just to keep its
equilibrium without any movement of the trunk.

Experimental Protocols

Experiment 1: Effects of forced swimming on the release of
OXT within the amygdala. After termination of the initial
2 h perfusion period without sampling, five consecutive 30-
min dialysates were collected directly into Eppendorf tubes
containing 10 ml of 0.1 N HCl, shock frozen, and stored at
�201C until assay. Dialysates 1 and 2 were taken under
basal (undisturbed) conditions. At the beginning of the
third dialysis interval, animals (n¼ 13) were transferred
from their home cages to the swim tank for 10min during
ongoing microdialysis, and thereafter they were gently dried
using a towel and returned to their home cages. Dialysates 4
and 5 were again taken under undisturbed conditions.

Experiment 2: Effects of an OXT receptor antagonist
within the amygdala on swim behavior and the local
release of amino acids. In two additional groups of animals,
microdialysis probes were implanted bilaterally into the
CeA. After 2 days, five consecutive 30-min microdialysis
samples were collected after an initial 2 h perfusion period
as described in experiment 1. During perfusion period 1,
animals of both groups were dialyzed bilaterally with
Ringer’s solution, and during perfusion period 2, either
with Ringer’s solution (controls, n¼ 5) or Ringer’s solu-
tion containing the OXT receptor antagonist des-Gly-
NH2d(CH2)5(Tyr(Me)2Thr4)OVT (10 mg/ml, Dr M Manning,
Toledo, USA; n¼ 6). At the beginning of the third dialysis
interval, rats were forced to swim for 10min under ongoing
microdialysis without disconnecting them from the dialysis
line, and their behavior was recorded by a video system and
scored by a trained observer blind to the animals’
treatment. After the 10-min stress exposure, the animals
were returned to their home cages and microdialysis was
further continued with Ringer’s solution in all animals.
During a 40-min retrodialysis period, an estimated amount
of approximately 1.3 ng antagonist was delivered into the
surrounding extracellular space (Engelmann et al, 1992).

Histology

At the end of the experiment, animals were killed by an
overdose of halothane. Brains were removed from the skull,

shock frozen in dry ice chilled n-methylbutane (Carl Roth
GmbH, Karlsruhe, Germany), and stored at �201C. For
histological verification of the microdialysis probe place-
ment, brains were sectioned in a cryocut (Microm HM 500,
Walldorf, Germany) and 25 mm coronal sections were
stained with cresyl violet (Figure 1).

Quantification of OXT and Amino Acids in Dialysates

The concentration of OXT was measured in lyophilized
microdialysates by a highly sensitive and selective radio-
immunoassay (detection limit: 0.01 pg/sample; crossreactiv-
ity of the antiserum with other related peptides, including
arginine vasopressin, was less than 0.7%) using synthetic
OXT (Sigma, St Louis, MO, USA) as a standard and
iodinated peptide (specific activity 2.200 Ci/mmol; NEN,
USA) as a tracer. The intra-assay coefficient of variation at
relevant concentrations of the standard curve was between 7
and 10% (for a detailed description, see Landgraf et al,
1995).
In experiment 2, the amino-acid content in microdialy-

sates collected from the left and right amygdala of each rat
was determined separately by high-performance liquid
chromatography (HPLC) and fluorimetric detection
(Merck-Hitachi, Tokyo, Japan) after derivatization with
o-phthaldialdehyde (OPA) as previously described
(Singewald et al, 1995). In the present study, 75 ml of a
mixture of 80 ml dialysate and 20 ml OPA reaction mixture
was injected. The reproducibility of the derivatization was
controlled by addition of S-carboxymethyl-1-cysteine as an
internal standard. Blank samples were treated identically
and showed a negligible amount of the respective amino acid.

Statistics

Experimental subjects were included in the statistical
analysis only if the microdialysis probes have been localized
in the respective target brain area (Figure 1). Statistical
analysis was performed using a computer software package
(GB-Stat 6.0, Dynamic Microsystems, Silver Springs, USA).
Raw data of the microdialysates were logarithmically
transformed (to fit to Gaussian distribution) and submitted
to a two-way ANOVA with repeated measures (group�
time) followed by a Newman–Keuls (OXT, experiment 1) or
Fisher’s LSD post hoc (amino acids, experiment 2) analysis.
For the statistical analysis of the amino acids in micro-
dialysates sampled bilaterally from the left and right
amygdala, we used the average of the two samples if both
probes were placed correctly, or the data from the correctly
placed probe. Behavioral measures were tested by Mann–
Whitney U-test. Data are presented as means7SEM.
Significance was accepted if po0.05.

RESULTS

Histological analysis revealed that in nine out of 13 rats of
experiment 1 and in all 11 rats of experiment 2, the
implanted microdialysis probes were localized within the
CeA (Figure 1). Misplaced probes were localized dorsal
(n¼ 3), or dorsal and anterior to the amygdala (n¼ 1). One
control animal of experiment 2 had missing values and was
therefore not included in the statistical analysis.
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Experiment 1: Effects of forced swimming on the release of
OXT within the amygdala. As shown in Figure 2, forced
swimming caused a significant increase in the OXT content
of microdialysates collected from the CeA, which remained
significantly elevated up to 60min after the onset of the
stressor (two-way ANOVA, factor group� time; F4,44¼ 3.09,
p¼ 0.02). In contrast, OXT content in microdialysates
sampled outside the amygdala remained at prestress levels
throughout the dialysis period (Figure 2).

Experiment 2: Effects of an OXT receptor antagonist
within the amygdala on swim behavior and the local
release of amino acids. Administration of the OXT receptor
antagonist bilaterally into the CeA significantly affected the
animals’ behavior during forced swimming. As illustrated in
Figure 3, animals treated with the OXT receptor antagonist
showed a reduced floating behavior (p¼ 0.02) and an
increased time spent swimming (p¼ 0.02) compared to
controls. In contrast, the duration of struggling was similar
in both groups (p¼ 0.10).
Forced swimming caused a significant increase in the

local release of various amino acids as reflected by a higher
concentration of aspartate, glutamate, and taurine in
microdialysates sampled during perfusion periods 3 and 4,
compared to dialysates sampled under basal conditions
(Figure 4). In contrast, the release of arginine and GABA
was unaffected by exposure to swim stress.
Local administration of the OXT receptor antagonist into

the CeA did not alter basal release patterns of any of the
amino acids measured within the amygdala. In contrast, the
forced swimming-induced release of the excitatory amino
acids glutamate (factor group� time, F4,32¼ 4.92, p¼ 0.003)
and aspartate (F4,32¼ 3.24, p¼ 0.02) was significantly
increased. The release of taurine, arginine, and GABA
within the CeA was not influenced by local administration
of the OXT receptor antagonist during swimming.

DISCUSSION

The results of the present study demonstrate that OXT
release within the CeA of male rats can be monitored using

microdialysis in conjunction with a highly sensitive radio-
immunoassay both under stimulated and basal conditions.
OXT is released within the CeA in response to an
ethologically relevant stimulus, as exposure of male rats to
swim stress caused an increase in neuropeptide release.
Furthermore, administration of an OXT receptor antagonist
via inverse microdialysis into the CeA with simultaneous
behavioral testing revealed that endogenous OXT released
within the amygdala is involved in the generation of a
passive stress-coping strategy, at least during forced
swimming. Possible mechanisms of these behavioral actions
might include the regulation of local release patterns of
relevant excitatory amino acids, as OXT receptor blockade

Figure 2 Effects of forced swimming on OXT content in five
consecutive 30-min dialysates collected within (n¼ 9, black circles) or
outside (n¼ 4, white circles) the CeA of conscious, freely moving male rats
under basal conditions and during forced swimming (FS, gray shaded bar;
10min at 201C). Data are expressed as meansþ SEM. Individual data
points at the time point during forced swimming are indicated by X.
**po0.01 vs dialysates 1 and 2; #po0.05, ##po0.01 vs respective value
in the outsider group (two-way ANOVA followed by Newman–Keuls post
hoc test).

Figure 3 Effect of an OXT receptor antagonist applied bilaterally into the CeA on active and passive stress-coping parameters during 10-min forced
swimming as indicated by the time the animals spent swimming, struggling, and floating (meansþ SEM). Either vehicle (Ringer’s solution, n¼ 5) or the OXT
receptor antagonist (des-Gly-NH2d(CH2)5(Tyr(Me)2Thr4)OVT; 10mg/ml, 3.3 ml/min, n¼ 6) was applied bilaterally into the CeA via inverse microdialysis.
*po0.05 vs vehicle-treated controls (Mann–Whitney U-test).
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also increased the stress-induced release of glutamate and
aspartate within the CeA.
It is of note that we were able to detect OXT content in

microdialysis samples from the CeA, thus allowing for the
first time monitoring of the dynamics of local release
patterns (Landgraf and Neumann, 2004) and, specifically,
the rise in local nonapeptide in response to stress. Since
neuropeptides such as OXT only become biologically active
after their release into the extracellular space, attempts to
measure intracerebral release focus on approaches that are
able to determine concentrations and their fluctuations in
the extracellular fluid including intracerebral microdialysis.
In this way, OXT release has been monitored in several
in vivo studies mainly focusing on somato-dendritic release
within the hypothalamic SON and PVN under physiological
or pharmacological conditions (Moos et al, 1989; Neumann
et al, 1993a, b; Nishioka et al, 1998; Ludwig et al, 2002;
Wigger and Neumann, 2002; for review, see Landgraf and

Neumann, 2004). In contrast, only a few reports are
available demonstrating fluctuations in the release of OXT
within extrahypothalamic brain regions like the septum
(Neumann and Landgraf, 1989; Landgraf et al, 1991; Ebner
et al, 2000) or the olfactory bulb (Kendrick et al, 1988a, b)
under physiologically relevant conditions. Sparse innerva-
tion and consequently low concentrations of OXT in the
extracellular fluid make quantification of local in vivo
release within these limbic brain regions difficult. However,
with respect to stress coping, we could previously
demonstrate OXT release within the septum of male rats
in response to social defeat (Ebner et al, 2000). Further-
more, within the CeA of virgin and lactating female rats,
OXT release could be monitored under basal conditions
(Bosch et al, 2004), although exposure to a psycho-social
stressor (maternal defeat) did not elevate intra-amygdaloid
release of OXT (Bosch et al, 2004). Thus, the present study
provides the first evidence that a relevant stressor like

Figure 4 Concentration of the amino acids glutamate, aspartate, GABA, arginine, and taurine in 30-min microdialysates (meansþ SEM) obtained from the
CeA of male rats before, during, and after forced swimming (FS, gray shaded bars). During dialysis periods 2 and 3, either vehicle (Ringer’s solution, open
circles, n¼ 4) or Ringer’s solution containing the OXT receptor antagonist des-Gly-NH2d(CH2)5(Tyr(Me)2Thr4)OVT (OTA, black circles, n¼ 6) was used as
perfusion fluid. At the beginning of dialysis period 3, the animals were forced to swim for 10min (201C). þ po0.05, þ þ po0.01 vs basal; # po0.05 vs
respective value in the vehicle-treated controls (two-way ANOVA followed by Fisher’s LSD post hoc test).
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forced swimming triggers local OXT release in males.
Interestingly, exposure to swimmingFa complex physio-
logical and psychological stressor (Abel, 1994)Ftriggers
not only OXT secretion into blood (Lang et al, 1983, Wotjak
et al, 1998) but also OXT synthesis (Wotjak et al, 2001) and
release within the SON and PVN in males (Wotjak et al,
1998) and females (Wigger and Neumann, 2002). Thus, the
question arises as to the origin of OXT measured in
dialysates from the CeA. The fact that the stress-induced
increase in extracellular OXT concentration was restricted
to the area of the CeA, but was not found outside that region
(Figure 2), excludes the possibility of unspecific diffusion,
for example, from hypothalamic nuclei discussed before
(Landgraf and Neumann, 2004). Furthermore, our finding is
consistent with immunohistochemical studies demonstrat-
ing a relatively dense plexus of OXT-containing terminals
mainly in the central amygdaloid nucleus (Sofroniew, 1983).
These fibers have been found to originate predominantly
from the PVN, since OXT fiber density decreases drama-
tically in all OXT projection sites after lesioning this
hypothalamic area (De Vries and Buijs, 1983; Van Leeuwen
and Caffe, 1983).
With respect to the possible physiological significance of

OXT released within the amygdala, it is important to
mention that OXT receptors and OXT-binding sites have
been localized throughout the amygdala, with particularly
high density in its central part (Elands et al, 1988;
Tribollet et al, 1988; Kremarik et al, 1993; Yoshimura et al,
1993; Condés-Lara et al, 1994). In general, in contrast to
females, physiological functions of brain OXT are less well
documented in males. Various studies imply a critical role
for OXT in the regulation of physiological and behavioral
processes related to learning/memory, emotionality, and
stress coping (Argiolas and Gessa, 1991; Richard et al,
1991; Engelmann et al, 1996, Gimpl and Fahrenholz, 2001;
Landgraf and Neumann, 2004). Here, we applied the
selective OXT receptor antagonist bilaterally into the CeA
to investigate the receptor-mediated behavioral effects of
OXT during forced swimming. Previous studies proved
this approach useful for investigating the behavioral
significance of endogenously released neuropeptides such
as vasopressin within the amygdala (Ebner et al, 2002). In
the present study, blockade of the oxytocinergic neuro-
transmission/neuromodulation in the amygdala by local
antagonist treatment significantly pronounced the active
stress-coping style with prolonged swimming and reduced
floating behavior (Figure 3), which suggests that endogen-
ous OXT is involved in the promotion of a rather passive
stress-coping strategy. This is in line with neurochemical
and behavioral studies demonstrating a pivotal role of
OXT within the CeA in the regulation of emotional
behaviors, as it acts as an endogenous anxiolytic (Bale
et al, 2001; Neumann, 2002), and also demonstrating that
local OXT inhibits the stress-induced activity of the male
HPA axis (Neumann et al, 2000b). Thus, summarizing
these behavioral and physiological effects within the CeA,
our data suggest that OXT may contribute to general
sedation to prevent excessive stress responses (Windle
et al, 2004).
Although precise information regarding the penetration

and diffusion rate of the infused antagonist compound via
inverse microdialysis are lacking, the OXT antagonist most

likely diffused to neighboring subregions of the amygdala.
In this context, it is important to note that the amygdala is a
structure of anatomically distinct subsystems representing a
complex inter-related network involved in the processing of
various physiological functions (Adelheid et al, 1995;
Pitkänen et al, 1997). OXT-binding sites have been detected
in several subregions of the amygdala (Barberis and
Tribollet, 1996; Gimpl and Fahrenholz, 2001), although a
number of studies (see above) suggested that the CeA is a
specific target region for OXT. The behavioral effects
observed may be based on the ability of OXT to alter the
electrical activity of amygdala neurons. Condés-Lara et al
(1994) showed that, in vivo, nearly 50% of recorded neurons
in the amygdala, mostly in the central nucleus, responded to
iontophoretic application of OXT by a change of their firing
rate discharge, suggesting the presence of functional
receptors.
Neuropeptides like OXT may function, in general, as

intracerebral neuromodulators rather than as neurotrans-
mitters (Landgraf and Neumann, 2004), and this may hold
true also within the amygdala. In this context, it is of note
that other neurotransmitter systems were modulated by
locally released OXT. Both excitatory and inhibitory amino
acids, among them glutamate and GABA, which provide the
principal sources of synaptic transmission in the amydala,
are possible candidates. Interestingly, in response to swim
stress, the release of glutamate, aspartate, and taurine was
found to be elevated within the CeA (Figure 4), whereas
local GABA release remained unchanged. As local treatment
with the OXT receptor antagonist during forced swimming
further enhanced the intra-amygdaloid release of glutamate
and aspartate compared to Ringer-treated control rats
(Figure 4), an inhibitory influence of locally released OXT
on these excitatory neurotransmitter systems within the
amygdala is suggested during a physiological stress
response. However, this modulatory effect was restricted
to the stimulated state during stressor exposure (and
elevated local release of OXT), but could not be found
under basal conditions. Thus, the functional interaction
between OXT and these neurotransmitter systems seems to
be highly relevant for stress coping and is in accordance
with the finding of endogenous OXT promoting a rather
passive behavioral coping style within the amygdala. Since
excitatory amino acid neurotransmission within the amyg-
dala is stress sensitive (Singewald et al, 2000) and seems to
be critically involved in behavioral regulation, including the
mediation and expression of stress- and anxiety-related
behaviors (Adamec et al, 1999; Walker et al, 2002), it is
tempting to speculate that the interplay between these
systems within the amygdala modulates the behavioral
responses to acute stress. These data are also consistent
with the demonstration of reduced depolarization-induced
glutamate and aspartate release from SON tissue after OXT
application (Currás-Collazo et al, 2003). In contrast, the
release of the inhibitory amino acids GABA and taurine was
not affected by local OXT antagonist treatment, which is
interesting, as swim stress itself did not alter the local
release of GABA.
However, as various studies implicate a pivotal role for

the GABAergic system within the amygdala in emotional
behavior (Davis et al, 1994; Shekhar et al, 2003), it is
important to exclude technical limitations of our study. We
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were able to monitor GABA concentrations in the extra-
cellular fluid under basal conditions, which were clearly
above the detection limit of the HPLC. Thus, any stress- or
treatment-related alterations in local GABA release patterns
would have been detected.
In summary, the results of the present study demonstrate

that under forced swimming conditions OXT is released
within the CeA of male rats. Furthermore, such locally
released OXT modulates the behavioral stress response as it
promotes a passive stress-coping style, probably by its
inhibitory effects on the local release of the excitatory
amino acids glutamate and aspartate.
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