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Abstract
Substantial evidence indicates that brain neurons containing and secreting noradrenaline and
corticotropin-releasing factor (CRF) are activated during stress, and that physiological and
behavioural responses observed during stress can be induced by exogenous administration of CRF
and adrenoceptor agonists. This review focusses on the evidence for the involvement of these two
factors in stress-related responses, and the inter-relationships between them. The possible
abnormalities of these two systems in depressive illness are also discussed.
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1. Introduction
There is substantial evidence that neurons in the brain containing and secreting noradrenaline
and corticotropin-releasing factor (CRF) are activated during stress, and that many of the
physiological and behavioural responses observed during stress can be induced by exogenous
administration of CRF and adrenoceptor agonists (Dunn and Berridge, 1990; Owens and
Nemeroff, 1991). This suggests that endogenous secretion of CRF and noradrenaline may both
be involved in the induction of responses observed during stress. This suggestion is supported
by evidence that antagonists of CRF-receptors can attenuate or prevent certain responses
observed during stress. The evidence for this is substantial and has been reviewed extensively
so we will not review it here (Dunn and Berridge, 1990; Owens and Nemeroff, 1991; Smagin
et al. 2001; Heinrichs and Koob, 2004). Instead, this review will focus on the differences
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between the physiological responses to noradrenergic and CRF agonists, and the inter-
relationships between these two neuromediators.

2. Interactions between noradrenaline and corticotropin-releasing factor
(CRF)
2.1 CRF and the Hypothalamo-Pituitary-Adrenocortical (HPA) Axis

CRF is a critical factor in the activation of the hypothalamo-pituitary-adrenocortical (HPA)
axis, which has long been regarded as the characteristic, if not the defining, physiological
manifestation of stress. CRF is secreted by hypothalamic hypophysiotropic neurons whose cell
bodies are located in the hypothalamic paraventricular nucleus with terminals in the median
eminence region of the hypothalamus (Figure 1). The CRF released is then carried in the portal
veins to the anterior pituitary where it acts on CRF receptors (specifically CRF1 receptors) on
corticotrophic cells stimulating the secretion of adrenocorticotrophic hormone (ACTH) (and
β-endorphin) into the peripheral blood circulation. ACTH in turn binds to receptors on cells
of the adrenal cortex stimulating the synthesis and secretion of the adrenal glucocorticoids,
cortisol and corticosterone, the relative amounts of which vary with the species (cortisol
predominates in man and most other animal species, whereas corticosterone is the major
corticosteroid in rodents). CRF-containing neurons are not confined to the hypothalamic
paraventricular nucleus, but are to be found in many other parts of the brain (see Smagin et al.,
2001).

2.2 Noradrenaline-CRF Interactions
Two major interactions have been studied between noradrenergic and CRF-containing neurons
within the brain. Firstly, the hypothalamic paraventricular nucleus receives a major input from
noradrenergic neurons in the nucleus tractus solitarius (A1/A2) and one of lesser magnitude
from the locus coeruleus (A6). It has long been known that noradrenaline can excite CRF-
containing cells in the hypothalamic paraventricular nucleus to activate the HPA axis.
Noradrenaline and adrenoceptor agonists injected directly into the brain alter the
electrophysiological activity of CRF-containing neurons (Saphier, 1993). This effect is thought
to be mediated largely by α1-adrenoceptors, although a role for β-adrenoceptors has not been
excluded (Al-Damluji, 1988, 1993; Plotsky et al., 1989; Saphier, 1989, 1993). It is believed
that noradrenaline may activate CRF-containing neurons in extrahypothalamic regions, but
this has not been clearly established. Secondly, intracerebroventricular (i.c.v.) injection of CRF
into the brain increases the electrophysiological activity of noradrenergic neurons in the locus
coeruleus (Valentino et al., 1983), and increases the metabolism of noradrenaline in the
forebrain (increases in 3-methoxy,4-hydroxyphenylethylene glycol (MHPG: Dunn and
Berridge, 1987; Emoto et al., 1993b), as well as apparent secretion of noradrenaline indicated
by in vivo microdialysis (Lavicky and Dunn, 1993; Emoto et al., 1993a) clearly suggesting
increased release of noradrenaline. Injection of CRF into the region of the locus coeruleus also
results in increased noradrenaline release in the prefrontal cortex and hypothalamus assessed
by microdialysis and voltammetry (see below).

A CRF-noradrenergic interaction has also been observed in the study of behaviour during
stress, for example in the multicompartment chamber. The chamber is similar to a hole-board
i.e., a square open field in which there are nine holes into which rats and mice can poke their
noses. The differences are that there are arches separating the nine holes, and small coils of
wire are fixed in the holes just below the floor, and the animals explore (lick, bite, and/or chew)
on this wire. Several different stressful treatments (e.g., tail pinch, footshock and restraint)
each decreased the mean times that rats and mice spend investigating the novel wire coils
(Arnsten et al., 1985; Berridge and Dunn, 1986). In mice, this effect was mimicked by i.c.v.
administration of CRF or the α1-adrenoreceptor agonist, phenylephrine (Berridge and Dunn,
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1986). A CRF-receptor antagonist was able to prevent the behavioural changes induced by
phenylephrine in the multicompartment chamber, whereas the responses to i.c.v. CRF were
not prevented by the α1-adrenoceptor antagonist, prazosin (Dunn and Berridge, 1990). This
suggested that noradrenergic neurons stimulate CRF neurons via α1-adrenoceptors, which in
turn mediate the behavioural responses - the same arrangement involved in HPA activation.
However, β1-adrenoceptor antagonists prevented the i.c.v. CRF-induced changes in behaviour
in the multicompartment chamber (Dunn and Berridge, 1990), as well as in the defensive
withdrawal response (Yang et al., 1990a, b) and the elevated plus-maze (Gorman and Dunn,
1993). These studies indicate that both α1- and β1-adrenoceptors are involved in the responses
to stress in all three behavioural tasks. α1-Adrenoceptors appear to be involved in the activation
of CRF neurons (directly or indirectly). The CRF neurons in turn appear to influence behaviour
(directly or indirectly) via β1-adrenoceptors. Thus, α1-adrenoceptors are involved in the
activation of CRF and hence of the HPA axis, and the behavioural responses, whereas β1-
adrenoceptors are involved only in the behavioural responses whether to stressors or to
exogenous administration of CRF. The locations of the specific α1- and β1-adrenoceptors
involved in these behavioural responses have not been identified, and this interesting serial
involvement of α1- and β1-adrenoceptors has not been further explored.

3. Noradrenergic Systems and the HPA axis in affective disorders
3.1 Noradrenergic Systems and the HPA axis in affective disorders

Longstanding evidence has indicated abnormalities in both noradrenaline and the HPA axis in
anxiety and affective disorders, and specifically in depressive illness. It has long been known
that many depressed patients exhibit elevated urinary and plasma concentrations of cortisol.
Typically around 60–70% exhibit elevated plasma cortisol concentrations (e.g., Tichomirowa
et al., 2005). Also, a large number of studies over 40 years has indicated that in patients with
major depression, the urinary concentrations of the catabolites of noradrenaline (primarily 3-
methoxy,4-hydroxyphenylethylene glycol, MHPG and its sulphated derivative) are elevated
(Koslow et al. 1983), and similar findings have been made for cerebrospinal fluid (CSF)
concentrations of MHPG, and, more recently, for noradrenaline itself (e.g., Wong et al.,
2000). Many depressed patients also exhibit elevated CSF concentrations of CRF (Nemeroff
et al., 1984; Arborelius et al., 1999, however, some depressed patients have lower or unchanged
concentrations (Roy et al., 1987; France et al., 1988; Molchan et al., 1993). Despite the
preponderance of the elevation of these biological measures: plasma and urinary cortisol, CSF
noradrenaline and MHPG, and urinary MHPG, or increased CSF CRF, none of them is a
reliable biological marker for depression.

4. The Feed-Forward Loop
When we reviewed the CNS effects of CRF (Dunn and Berridge, 1990), we noted that because
noradrenergic neurons in the brain can excite CRF-containing neurons in the hypothalamic
paraventricular nucleus to secrete CRF, and CRF can excite noradrenergic neurons this
arrangement could create a positive feedback loop which could result in a vicious cycle which
we speculated might underlie panic. More recently, Koob (1999) suggested that the
noradrenergic excitation of paraventricular nucleus CRF neurons and the projection of some
of these neurons to the locus coeruleus could create a “feed-forward” loop that could lead to
anxiety disorders and result in depressive illness. In our view, if such a feed-forward system
existed, it would need to be carefully controlled, otherwise any stressful stimulus, however
innocuous, would activate the feed-forward system and thus trigger depression (Dunn et al.,
2004).

The anatomical relationships between the CRF and noradrenergic systems in the brain are
complex and incompletely understood. In particular, the site(s) at which i.c.v. CRF acts to
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activate the locus coeruleus-noradrenergic neurons has/have not been unequivocally identified,
and there may well be multiple sites. It is likely that the brain stem A1 and A2 nuclei are also
activated by i.c.v. CRF because metabolite studies and in vivo microdialysis indicate
pronounced activation of noradrenergic terminals in the hypothalamus (Dunn and Berridge,
1987; Shimizu and Bray, 1989; Emoto et al., 1993b; Lavicky and Dunn, 1993; Smagin et al.,
1994), although there is a limited projection from the locus coeruleus to the hypothalamic
paraventricular nucleus.

The known relationships between the hypothalamic paraventricular nucleus CRF-containing
neurons and the brain stem noradrenergic neurons are depicted in Figure 1. Noradrenergic
neurons in the A1 and A2 nuclei constitute the major projection to the hypothalamic
paraventricular nucleus, but there is a smaller projection from the locus coeruleus (A6, Fig. 1)
both projections activating α1-receptors (Aston-Jones et al., 1991). It is not known whether
CRF-containing cells elsewhere in the brain receive specific noradrenergic inputs, although
noradrenergic terminals are found in almost all parts of the brain, so it is certainly possible.
The principal projection for the CRF-containing neurons of the hypothalamic paraventricular
nucleus is the median eminence of the hypothalamus, the major pathway for HPA axis
activation. Nevertheless, there is a small projection from the hypothalamic paraventricular
nucleus to the brain stem in various parts of the pons, including areas close to the locus
coeruleus (Aston-Jones et al., 1986,1991;Valentino et al., 1992). This projection could provide
the descending branch of a locus coeruleus-paraventricular nucleus-locus coeruleus feedback
loop (see Figure 1).

As indicated by Koob (1999), the hypothalamic paraventricular nucleus is only one of several
possible sites that could provide links between noradrenaline and CRF release. Other potential
sources of CRF in the locus coeruleus and the pericoerulear region are Barrington’s nucleus,
the nucleus paragigantocellularis, and the central nucleus of the amygdala (Valentino et al.,
1992; Van Bockstaele et al., 1998). In the regulation of behaviour, the more interesting
possibilities are the links between the locus coeruleus and several structures innervated by the
dorsal noradrenergic bundle, including the cerebral cortex, hippocampus, lateral septum,
central nucleus of the amygdala, and the bed nucleus of the stria terminalis, structures that
could form noradrenaline-CRF loops to the locus coeruleus. Several of these structures are
likely to be involved in stress-related behavioural responses. For example, there are substantial
locus coeruleus-noradrenergic projections to the amygdala, and CRF-containing cells in the
central amygdaloid nucleus project caudally to the brain stem in the general region of the locus
coeruleus (Koegler-Muly et al., 1993). A similar case can be made for the lateral septum and
the bed nucleus of the stria terminalis.

4.3 Electrophysiological studies with CRF
Valentino’s group has focussed on a potential direct action of CRF on locus coeruleus
noradrenergic neurons. As indicated above, their initial study indicated electrophysiological
activation of locus coeruleus noradrenergic neurons following i.c.v. application of CRF
(Valentino et al., 1983). However, only 9 of 14 cells recorded showed such an effect, and this
result was not statistically significant (Valentino et al., 1983). Subsequent studies have shown
electrophysiological activation of locus coeruleus neurons by direct local application of CRF
into the locus coeruleus (Curtis et al., 1997; Page and Abercrombie, 1999). Curtis et al.
(1997) demonstrated increases in electrophysiological activity following direct application of
CRF into the locus coeruleus, and indicated that the dose necessary to activate locus coeruleus
neurons locally was 200-fold lower than that effective intracerebroventricularly. Anatomical
studies have indicated apposition of CRF-containing terminals with tyrosine hydroxylase-
containing neurons in the locus coeruleus (indicating that they are likely to be noradrenergic
cells), and retrograde tracing studies from the locus coeruleus indicated neurons
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immunoreactive for CRF in the nucleus gigantocellularis and the hypothalamic paraventricular
nucleus (Valentino et al., 1992; Van Bockstaele et al., 1996).

Limited binding of radiolabelled CRF was observed in the region of the locus coeruleus in
primates (Millan et al., 1986), and of radiolabelled sauvagine in primates (Sánchez et al., 1999)
and rats (Primus et al., 1997), suggesting the presence of CRF1 receptors. An in vitro study
with horizontal slices from rat brain stem indicated that CRF appears to exert a direct effect
on locus coeruleus neurons decreasing K+ conductance via CRF1 receptors (Jedema and Grace,
2004).

However, an extensive study by Borsody and Weiss (1996) found that the first few seconds of
the response of locus coeruleus-noradrenergic neurons to the local application of CRF was
inhibitory, with excitation occurring only much later (Borsody and Weiss, 1996). Another
electrophysiological study found that stimulation of the central amygdaloid nucleus produced
a transient (10–20 ms) excitation of locus coeruleus-noradrenergic neurons followed by an
inhibition for more than 2 seconds (Bouret et al., 2003). The early response (but not the later
one) was prevented by the local application into the locus coeruleus of the CRF antagonist, α-
helical CRF9-41, suggesting that this response was induced by release of CRF. Interestingly,
there appears to be a substantial peripheral component to the delayed activation of the locus
coeruleus-noradrenergic neurons, because the electrophysiologic activation was sensitive to
the peripherally acting ganglionic blocker, chlorisondamine, and the largely peripherally acting
β-adrenoceptor blocker, timolol (Borsody and Weiss, 1996). This may reflect changes in blood
pressure, and may indicate a role for CRF in regulating blood pressure (it is to be noted that
CRF possesses vasodilatory properties on peripheral blood vessels: Lei et al., 1993).

4.4 Microdialysis and Chronoamperometric Studies
As indicated above, several studies have shown increases of brain noradrenaline metabolism
in many brain regions following i.c.v. injection of CRF. Microdialysis studies have shown
increases in cortical and hippocampal noradrenaline following application of CRF either i.c.v.
(Lavicky and Dunn, 1993; Emoto et al., 1993a; Lee et al., 1994) or directly into the locus
coeruleus (Smagin et al., 1994; Schulz and Lehnert, 1996). Smagin et al. (1997) showed that
α-helical CRF9–41 injected into the region of the locus coeruleus of rats antagonized the
increase in microdialysate concentrations of noradrenaline collected from the medial prefrontal
cortex induced by acute immobilization.

Studies employing in vivo chronoamperometry have confirmed that i.c.v. CRF activates locus
coeruleus-noradrenaline neurons as indicated by increased noradrenaline release in the
hippocampus and frontal cortex (Zhang et al., 1998). However, our chronoamperometric
studies have indicated substantial delays in the release of noradrenaline in the hippocampus in
response to CRF injected locally into the locus coeruleus (Palamarchouk et al., 2000; 2002).
In rats anesthetized with urethane, we found that injection of CRF (90–100 ng) into the region
of the locus coeruleus stimulated apparent noradrenaline release in the hippocampus. This
noradrenergic response occurred most frequently when the injection sites were in or very close
to the locus coeruleus or in the medial part of the adjacent parabrachial nucleus. However,
there was a mean delay in the response of around 6–7 minutes and the peak noradrenaline
concentration was not reached until 13 minutes, slower than would be expected if CRF acted
directly on receptors on noradrenergic neurons in the locus coeruleus (Palamarchouk et al.,
2000). Significantly, glutamate injected into the same sites (through the same cannulae)
induced responses within 30 seconds which peaked after about 1 minute.

The latter study was performed in rats anesthetized with urethane, and thus it is possible that
the delay was an artifact of the anesthesia. To rule out this possibility, a procedure was
developed for recording noradrenaline chronoamperometrically from the hippocampus in
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freely moving animals. The results of these technically difficult experiments resembled quite
closely what we had observed in urethane-anesthetized rats. The increase in hippocampal
noradrenaline did not start until around 7 minutes after CRF infusion, and peaked around 16
minutes. By contrast, the response to glutamate occurred within 1 minute and peaked around
7 minutes (Palamarchouk et al., 2002).

Thus the chronoamperometric results suggest that the functional connections between CRF-
containing neurons in the region of the locus coeruleus and locus coeruleus- noradrenergic
neurons resulting in their activation are indirect. An indirect input would permit local
modulation of CRF input to locus coeruleus-noradrenergic neurons. An example of such local
modulation would be inhibition of locus coeruleus neurons via a GABAergic projection from
the nucleus prepositus hypoglossi acting on GABAA receptors within the locus coeruleus
(Valentino et al., 1992). Indeed, the benzodiazepine, chlordiazepoxide, attenuated the effects
of CRF administered into the locus coeruleus on the release of noradrenaline in the medial
prefrontal cortex and hypothalamus (Swiergiel et al., in press). From a physiological
perspective, it may not be critical whether the effects of CRF on noradrenergic neurons are
direct or indirect. However, whether the net effect of CRF on locus coeruleus-noradrenergic
activity is excitatory or inhibitory is important.

5. The Feed-Forward Loop and Chronic Stress
5.1 Sensitization or Desensitization

A role for a feed-forward loop in depression or any other behavioural disorder, would require
a sensitization somewhere in the circuit. Such a sensitization should be expressed as an
augmentation in the behavioural response(s) to stress or any event precipitating the depression.
But, most studies using chronic or repeated stress models in animals have shown
desensitization. For example, immobilization repeated daily for 6 days decreased the basal
concentrations of microdialysate noradrenaline in the hypothalamic paraventricular nucleus
(Pacak et al., 1992), and in the central nucleus of the amygdala (Pacak et al., 1993). We have
made similar observations using chronic footshock or restraint in rats, and chronic footshock
in mice (Swiergiel et al., 2007a, 2007b, see below). However, the responses to acute
immobilization were of similar magnitude in repeatedly immobilized and untreated rats in both
the hypothalamic paraventricular nucleus (Pacak et al., 1992) and the central nucleus of the
amygdala (Pacak et al., 1993). Consistent with this, Curtis et al. observed that daily footshock
for five days desensitized the electrophysiologic activation of locus coeruleus-noradrenaline
neurons by CRF (Curtis et al., 1995). Moreover, repeated forced swims decreased the
electrophysiological responses of serotonergic cells in the dorsal raphe nucleus (Price and
Lucki, 2001). However, other studies found that the effects of repeated stress on the responses
to CRF to be dose-dependent, such that sensitization occurred to low doses, and desensitization
only to very high doses (3 μg) (Curtis et al., 1995, 1999).

Basal locus coeruleus-noradrenergic activity may be elevated in depressed patients, consistent
with the elevations of CSF MHPG and noradrenaline (Koslow et al., 1983; Maas et al., 1987;
Gold and Chrousos, 1999). This would be consistent with the increased tyrosine hydroxylase
activity reported to occur in the locus coeruleus of depressed suicide victims (Zhu et al.,
1999). The only data suggesting that depression might be related to adaptations in locus
coeruleus-noradrenergic neurons and its interactions with CRF are the results of chronic
antidepressant treatments in rodents. For example, Grant and Weiss (2001) showed that several
different antidepressant treatments (desipramine, imipramine, sertraline, phenelzine, and
mianserin) reduced the basal electrophysiological activity of locus coeruleus-noradrenaline
neurons, as well as the response to sensory stimulation. With regard to noradrenergic-CRF
interactions, Curtis and Valentino (1994) reported that chronic imipramine treatment
diminished the electrophysiological responses of locus coeruleus-noradrenergic neurons to
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CRF. However, the inferences of these results for the changes associated with depression and
for the feed-forward model are indirect.

Whether behavioural responses are sensitized or desensitized may depend on the specific
behavioural model studied. In the acoustic startle reflex, often used to study anxiety-like
responses, behavioural sensitization can be observed. The acoustic startle reflex appears to be
mediated by both CRF1 and CRF2 receptors (Risbrough et al., 2003). It has been reported that
footshock treatment leads to a sensitized excitatory effect of CRF on the acoustic startle reflex
on the following day. Also, olfactory bulbectomy enhanced sensitization of the acoustic startle
reflex to acute or repeated footshock (McNish and Davis, 1997). This response could be
mediated by a disinhibition of the bed nucleus of the stria terminalis or the central nucleus of
the amygdala (Gewirtz et al., 1998). We can only conclude that persistent stress may lead to
dysregulation of the subsequent stress response, but the mechanisms of such changes remain
unknown.

We have recently studied the effects of chronic stress in both rats and mice, on the subsequent
behavioural responses to CRF. In rats, acute footshock (20–25 1-s 0.5 mA shocks in 20 min)
or restraint (4 h) decreased floating in the Porsolt forced swim test (see Table 1). However,
chronic footshock (repeated daily for 15 days) consistently increased the time spent floating
in the forced swim test, consistent with depression-like activity (Swiergiel et al., 2007a).
However, chronic restraint (4 h per day for 14 days) decreased floating, although this effect
fell short of statistical significance (Swiergiel et al., 2007a). These results are consistent with
the existing literature, in particular the report of Platt and Stone (1982) who found that in rats
chronic footshock increased, whereas chronic restraint decreased floating in the forced swim
test. In our experiments, acute footshock also decreased floating in chronically footshocked
rats. Of particular interest, i.c.v. CRF (100–300 ng) increased floating, mimicking the effect
of footshock, but not that of restraint (Swiergiel et al., 2007a).

Interestingly, the results in mice were similar (see Table 1), but there was one important
difference (Dunn and Swiergiel, 2008). As in rats, acute footshock and acute restraint decreased
floating, although the former effect was not statistically significant. Also, chronic footshock
increased floating, whereas chronic restraint decreased floating, although the latter effect did
not reach statistical significance in mice (Dunn and Swiergiel, 2008). The most important
difference was that, whereas in rats i.c.v. CRF (100 ng) increased floating consistent with a
depression-like activity and mimicking the effects of acute footshock and restraint (Swiergiel
et al., 2007a), in mice, i.c.v. CRF decreased floating (Swiergiel et al., 2007b). The differences
in the two species in their responses to CRF may be attributable to their innate responses to
water and restraint (see Dunn and Swiergiel, 2008).

In mice, we also performed the tail-suspension test (Swiergiel et al., 2007b). The results were
in most cases the same as for the forced swim test. However, chronic footshock decreased
(nonsignificantly) the time spent immobile, whereas in the forced swim test chronic footshock
increased floating (Swiergiel et al., 2007b). In both rats and mice, acute footshock in chronically
footshocked animals induced smaller responses in brain noradrenaline, and in plasma ACTH
and corticosterone (Swiergiel et al., 2007b; Dunn and Swiergiel, 2008).

6. Summary
It can be concluded that both noradrenaline and CRF are involved in behavioural responses in
stress. However, CRF appears to be responsible for a wider spectrum of responses than
noradrenaline, although in many cases, both molecules are involved. We have reviewed the
interactions between neurons containing noradrenaline and CRF in the brain. Even with our
present limited knowledge, these interactions appear to be extensive and complex. We also
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assessed the “feed-forward” model of CRF-noradrenergic interactions that has been proposed
to underlie stress-related disorders, particularly depression. Currently there is relatively little
evidence for a sensitized CRF-noradrenergic loop as the basis for depression. In most studies
the noradrenergic responses to repeated stressful treatments exhibit desensitization. Typically,
responses to CRF administration in chronically stressed animals also indicate a desensitization.
However, results with the acoustic startle response appear to indicate sensitization to CRF.
Such a sensitization may form the basis of some stress and anxiety-related disorders. However,
the current evidence does not support sensitization as the major mechanism; desensitization is
more frequent.
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Fig. 1.
A simplified diagram indicating the two major ascending noradrenergic projection systems,
the dorsal locus coeruleus (LC, A6) system, and the ventral A1/A2 system and their interactions
with hypothalamic paraventricular nucleus (PVN), corticotropin-releasing factor (CRF)-
containing neurons. Although the ascending axons are intermingled in the upper brain stem,
the dorsal system largely innervates the telencephalon and the cerebellum, whereas the ventral
A1/A2 system innervates the diencephalon and basal forebrain. CRF-containing cells in the
hypothalamic paraventricular nucleus provide the principal regulation of the HPA axis by
secreting CRF in the median eminence region which stimulates pituitary ACTH release, thus
activating the HPA axis. Nevertheless there is a small noradrenergic projection from A6 to the
hypothalamic paraventricular nucleus, and a reciprocal small CRF projection from the
hypothalamic paraventricular nucleus to the area of the locus coeruleus. These two small
projections may form a loop that could constitute a mutual excitation (feed-forward loop) of
the major noradrenaline and CRF projection systems.

Dunn and Swiergiel Page 12

Eur J Pharmacol. Author manuscript; available in PMC 2009 March 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Dunn and Swiergiel Page 13

Table 1
A summary of the behavioural results from rats and mice subjected to chronic and acute footshock or restraint and
i.c.v. administration of CRF in the Porsolt forced swim test (rats and mice), and in the tail-suspension test (mice only).
The arrows indicate the direction of the changes; parentheses indicate that the trends were not statistically significant.
In most cases the results were obtained from multiple experiments. For full details see Swiergiel et al. (1997ab), and
Dunn and Swiergiel (2008), from which this table is derived.

Mouse Forced Swim Test

Acute Treatment None Acute Footshock Acute Restraint Icv CRF

Chronic Treatment

None (↓) ↓ ↓

Chronic Footshock ↑ ↓ ↓ 0

Chronic Restraint nd nd

Mouse Tail Suspension Test

Acute Treatment None Acute Footshock Acute Restraint Icv CRF

Chronic Treatment

None ↓ ↓ ↓

Chronic Footshock (↓) (↓) 0 0

Chronic Restraint ↓ nd ↓ nd

Rat Forced Swim Test

Acute Treatment None Acute Footshock Acute Restraint Icv CRF

Chronic Treatment

None ↓ ↓ ↑

Chronic Footshock ↑ ↓ 0 0

Chronic Restraint (↓) nd ↓ nd
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