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Abstract: A long standing problem with antidepressant drugs is their delayed onsets of action which has made them
unsatisfactory in the rapid treatment of serious depressions involving agitated and suicidal behavior. Two new approaches
to this problem involve the glutamatergic antagonist, ketamine, recently reviewed, and the acute inhibition of central
stress circuits, which is the subject of the present review. The rationale behind stress-circuit inhibition comes from the
findings that both clinical and experimental depressions are accompanied by increased neural activity in the stress
network together with inhibited activity in regions underlying active motivated behaviors, and that both changes are
reversed by effective antidepressant treatment. It has been shown further that direct pharmacological inhibition of central
noradrenergic stress nuclei produces immediate reversal of depressive-like passive as well as sickness behaviors.
Dipivalyl-6-fluoronorepinephrine (dp6FNE), a brain-permeable pro-drug of 6FNE, a full agonist at inhibitory brain o-
adrenoceptors in brainstem noradrenergic stress nuclei, has been developed and found in preliminary studies to cause
rapid reversal of both passivity and anhedonia as well as anxiolysis without significant hypoactivity in the open field. Low
doses of agonists of glucocorticoid and SHT1A autoreceptors, which respectively inhibit the hypothalamic-pituitary-
adrenal axis and serotonergic stress systems, may also share these effects as well as potentiate the actions of dp6FNE.
Anti-stress effects may also be involved in the rapid therapeutic effects found with intracerebral administration of first
generation antidepressants and may prove helpful in potentiating the therapeutic actions of stimulants.

Keywords: Antidepressants, delayed onset, depression models, stress, brain networks, motivated behavior, autoreceptors,
agonists, targeting, pro-drugs.

INTRODUCTION nucleus (PVH), midbrain serotonergic raphe nuclei and the
periaqueductal grey (PAG), subcortical limbic nuclei of the
amygdala (AMYG) and bed nucleus of the stria terminalis
(BNST), and prelimbic and infralimbic areas of the
prefrontal cortex (PFC) (Table 1) [5,6]. This network
controls various autonomic, neuroendocrine and instinctive
behavioral responses to threatened or actual dangers or
deviations from homeostasis. The autonomic and hormonal
stress responses are well known and have recently been
reviewed [5,6]. The instinctive behavioral responses include
fear [7], freezing [8], agitation and flight [9], aggression [10]
and behavioral passivity [11,12]. There is recent speculation
that these areas may also trigger the aversive emotional
responses of depression in humans including black mood,
pessimism, despair, guilt, worthlessness and demoralization,

Evidence from basic animal research has accumulated to although the evidence for this is still largely indirect [12-14].
suggest the existence of two principal CNS networks
involved in behavioral depression. The first, the stress
network, mediates organismal responses to stress and danger
while the second, the “active” network organizes and
executes motivated active learned or “voluntary” coping
behaviors [3,4]. The stress network consists of a distributed
group of structures including medullary and pontine
noradrenergic and adrenergic nuclei (Al, A2, Cl1, C2, C3
and locus coeruleus or LC), the hypothalamic paraventricular

Until recently there have been no reliably effective
means for the rapid alleviation of serious depressions that
involve highly agitated or suicidal behaviors. Within the past
several years, however, two potential methods have been
discovered. The first was observed in clinical studies of the
glutamatergic antagonist, ketamine, while the second has
been suggested by preclinical research on the behavioral
effects of inhibition of central stress circuits by agonists of
autoreceptors on stress neurons. Each of these methods may
eventually prove to have unique advantages and to be suited
for different patient populations. As there have been several
recent reviews of ketamine treatment [1,2], the present paper
will deal with studies of targeted inhibition of stress circuits.

The network underlying motivated active behavior, on
the other hand, involves most of the remaining non-stress
areas of the brain and controls the various sensory, motor,
motivational and cognitive processes involved in active
coping responses [15,16]. These behaviors are generally
learned or “voluntary” in humans and can be motivated by
either positive or “controlled” negative reinforcement
generating approach or escape and avoidance responses,
respectively. Some of the more prominent regions include
the secondary motor cortex (M2), which generates and
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Table 1. Summary of Central Stress Network
CNS Level Nucleus/Region Function

Al /Cl1 glucose regulation, behavioral inhibition

Medulla
A2/C2 baro & chemoreflexes, behavioral inhibition

Pons LC arousal, behavioral inhibition, suppress seizure activity
DR Behavioral inhibition, mood regulation

Midbrain
PAG fight, flight, freezing, passivity, agitation, panic
PVH HPA, SNS outflow, oxytocin, vasopressin release
MPOA body temperature regulation,
DM autonomic responses

Hypothalamus
Arcuate regulation energy expend and feeding
LH regulation energy expend and feeding, orexin
SCN circadian rhythms
Amyg-CeA phasic fear, freezing ,escape/avoidance, autonomic arousal, excitation of HPA axis

Subcortical (Limbic) Amyg-MeA & BLA avoidance, disinhibits amyg & pvh by inhibition of gaba interneurons
BNST prolonged fear and anxiety prolonged, autonomic response
IFL excitation of amyg and HPA

Cortical
PLC inhibition of amyg and HPA

Shows the chief stress nuclei and brain areas at various levels of the CNS along with known functions (see text for references). Abbreviations: Amyg, amygdala; BLA, basolateral
nucleus; CeA, central nucleus; DM, dorsomedial nucleus; HPA, hypothalamic pituitary adrenal axis; IFL, infralimbic cortex; LC, locus coeruleus; LH, lateral hypothalamus; MeA;
medial nucleus; MPOA, medial preoptic area; PAG, periaqueductal grey; PLC, prelimbic cortex; PVH, paraventricular nucleus of hypothalamus; SCN, suprachiasmatic nucleus;

SNS, sympathetic nervous system.

(ORB), mediating reward evaluation and planning [18-20],
the cingulate involved in effort-based decision making
[21,22], the mesocortical and mesolimbic dopaminergic
systems which underlie reward and effort response-decision
making [23], and the lateral septal nucleus (LSEPT), which
organizes primarily positively motivated behaviors [24].

In addition several areas of the ‘“active” network,
including the hippocampus (HIPPO), prelimbic PFC and
(LSEPT) have been shown to inhibit portions of the stress
network, including the PVH and AMYG [5], while several
of the stress areas have been assumed to cause an analogous
inhibition of “active” regions [25-27]. These interactions are
assumed to underlie the reciprocal functional activities of the
two networks [3,28].

This reciprocity can be seen in the mouse brain from the
Fos responses of principal neurons in representative regions
of each network (PVH for the stress and PIR for the “active”
network) after either a stressor (restraint) or a session of
operant responding for water reward (Fig. 1). After 1 hr of
restraint stress, the medial parvocellular neurons of the PVH
show intense activation whereas the pyramidal output cells
of the PIR cortex show somewhat lesser activity whereas
after 40 min of a rewarding behavioral task, the reverse
pattern is observed. This same reciprocity occurs throughout
these networks producing high positive correlations among
the various structures of each network and high inverse
correlations of structures between the two [25,27,29,30]. The
small activation of the “active” network by acute stress that

can be seen above in the PIR with acute restraint stress
appears to be associated with initial attempts at escape as it
disappears as these are extinguished by prolonged or
repeated exposure to an inescapable stressor [25,31].

Depression and its probable evolutionary forerunner,
sickness behavior [32], have been found to be accompanied
by the stress pattern, i.e., high activity in stress regions with
low activity in the “active” areas. This has been observed
both in depressed patients [13,14,33] and in animal models
of depression and sickness behavior [25,27,31,34]. Fig. (2)
shows examples of this pattern for the representative PVH
and PIR areas of mice after either 2 h endotoxin pretreatment
to induce sickness behavior or 4 daily 15 min sessions of
forced swim stress (RFS), which induces chronic passivity,
an animal analogue of depressive passivity [26,35]. The mice
in these experiments were challenged with a 1 h exposure to
a fresh cage (endotoxin) or a final 15 min swim one hr prior
to anesthesia and perfusion. The “depressive” pattern is
much more pronounced after endotoxin, which causes
complete behavioral inactivity, than following the milder
RFS procedure, which only reduces subsequent swimming,
but is still evident after the latter as well. This same pattern
is found in animals after other procedures thought to model
depressive symptoms including subjection of mice to chronic
subordination stress, intraventricular galanin or reserpine
treatment [25], and exposure of rats to learned helplessness
[31] or forced swimming in the presence of a genetic
vulnerability to anxiety [34].
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Fig. (1). Evidence for the existence of stress and “active” networks in the mouse brain. The expression of Fos in the PVH (upper panels) and
PIR (lower panels) after either 60 min of restraint stress or 40 min of operant responding for water reinforcement are shown for
representative mice. All animals were anesthetized and perfused at 70 min after the start of procedures. The stress preferentially activated the
PVH as well as other regions of the stress network while the appetitive task preferentially stimulated the PIR and other “active” areas. Bar

represents 100 . (Stone, E.A and Lin, Y., Unpublished results).

In support of the notion that this neural pattern is both
specific to and causative for depressive-like behavior, we
have shown that it is reversed for both the stress and “active”
networks in the RFS procedure by several divergent classes
of antidepressant drugs in temporal correlation with their
chronic reversals of immobility (Fig. 3C-E, H-J) [25]. These
findings were consistent with a study by Weiss and
colleagues showing that local infusion of the o2-autoreceptor
agonist, clonidine, to inhibit the hyperactive LC of
chronically tailshocked rats immediately reversed their
increased immobility in the forced swim test [36]. Similarly
Marvel et al. [37] and Gaykema and Goehler [27] have
demonstrated that infusion of a local anesthetic near
hyperactive A2 noradrenergic neurons in the dorsal vagal
complex of endotoxin treated rats immediately reverses their
behavioral inactivity as well as both the increased Fos
responses of their stress regions (PVH, AMYG, BNST) and
the reduced responses of their “active” network structures
[HIPPO, ventral tegmental area (VTA), dorsal striatum and
ventral tuberomammillary nucleus (VIN)]. Similar
behavioral effects, though not completely identical neural
ones, were obtained by immunotoxic lesion of the A2
neurons prior to endotoxin treatment supporting the
hypothesis that the behavioral inactivity caused by the latter
is mediated by the hyperactivity of these cells [38,39].

These findings have suggested that it may be possible to
control symptoms of depression acutely by selective inhibit-
ion of central stress pathways. Our group has confirmed this
in mice by showing that 6-fluoronorepinephine (6FNE), a
synthetic catecholamine that is a selective full agonist for a]-
as well as ap-adrenoceptors [40,41], both of which densely

populate and inhibit LC, and possibly also Al and A2
neurons [42-45], produced immediate anti-immobility and
anti-anhedonic responses when infused near these brainstem
nuclei in mice receiving repeated forced swim, tail
suspension or prior endotoxin administration [46]. The
inhibitory effect of local 6FNE infusion on the activation of
LC neurons during the tail suspension test is shown in Fig.
(4). The compound also disinhibited various other types of
active motivated behaviors including cage escape, wheel
running, and operant responding for water reward [47]
(although it did not increase locomotor activity in the open
field as discussed below). In the above antidepressant tests,
however, the dose-response curves for 6FNE were inverted
U-shaped with responses falling off at higher doses. This
“therapeutic window” may have resulted from diffusion of
higher doses into non-stress brain regions or to the
stimulation of additional receptors. With respect to the latter,
Doze et al. [48] have shown that different o-receptor
subtypes mediate different behavioral functions in rats
during stress with the ajA- promoting anti-immobility
actions and the a]pg, the reverse during forced swim. It is
possible therefore that the pro-immobility ajpg-effect
predominates at higher doses of 6FNE.

Since 6FNE is polar and incapable of crossing the blood
brain barrier (BBB), we synthesized a lipid-soluble pro-drug
of it, dipivalyl-6FNE (dp6FNE) (Fig. 5), with the help of the
NIMH Chemical Synthesis and Drug Supply Program, and
tested this compound systemically in several of the above
screens and putative depression models. The addition of
pivalyl groups is known to permit catecholamines to
penetrate the BBB [49]. It was expected that, once inside the
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Fig. (2). Sickness behavior due to endotoxin administration is accompanied by marked activation of the stress system along with suppressed
function of the “active” network. Mice were injected i.p. with lipopolysaccharide, 100 ug/kg, i.p. (B, D), or vehicle (H,O) (A, C), and were
anesthetized and perfused 2 h later during the period of peak behavioral inactivity. The PVH (upper panel) was markedly activated while the
PIR (lower panel) almost completely inhibited (D versus C). Bar represents 100 L. Previously unpublished micrographs from [26].

brain, dp6FNE would be cleaved by tissue esterases to yield
free 6FNE which could then stimulate membranal adrenergic
receptors [50]. We further hypothesized that the freed
catecholamine would preferentially activate the inhibitory
a- and ay-receptors near the LC, Al and A2, relative to the
same receptors in forebrain postsynaptic projection areas
since only the former are likely to be highly sensitive
autoreceptors [51,52]. The selective stimulation of the
brainstem receptors was critical to the targeting strategy
since postsynaptic adrenergic receptors in forebrain
projection areas, in fact, appear to mediate the pro-
immobility and pro-anxiety effects of high levels of
noradrenergic neurotransmission [53,54]. An additional
problem was that dp6FNE will also be taken up and
converted to 6FNE in peripheral tissues, where it will
stimulate cardiovascular o, -receptors possibly causing
adverse clinical effects. We therefore routinely administered
a low dose (0.2 mg/kg) of prazosin, along with the pro-drug,
to selectively block peripheral a;-receptors. This dose is
below that necessary to penetrate the BBB or produce any
known behavioral effect in our mice [55].

Preliminary results thus far have been positive and
indicate that the pro-drug possesses significant anti-
immobility and anti-anhedonic effects in the above screens
and models [56]. Moreover, it is active within minutes of i.p.
injection in two of the paradigms that respond only to
chronic antidepressant treatment - RFS and endotoxin-
anhedonia [35,57] - suggesting a very rapid onset of activity.
Our previous studies with the RFS procedure have failed to
show immediate reversal effects of either DMI, fluoxetine,
buproprion or even ketamine (at 10 mg/kg) in this model
[35]. Higher doses of the NMDA antagonist (50 mg/kg),
however, are effective but also produce stereotypy in our
animals.

A dose-response analysis of systemic dp6FNE in the
above RFS study has shown an inverted “U” curve similar to
that obtained with intracerebral injection of the parent
catecholamine with the effective dose being the lowest one
tested (0.1 mg/kg) raising the possibility of action at still
lower doses. Such high efficacy, if confirmed, would be
advantageous in avoiding side effects. We have also made
preliminary tests with a commercially available congener of
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Fig. (3). A mouse model of chronic depression-like passivity, caused by repeated forced swim stress (RFS), activates the stress and inhibits
the “active” network, and is reversed by chronic treatment with antidepressants. Mice subjected to RFS for 5 d were given daily
administration of vehicle, DMI, fluoxetine (fluox), or tranylcypromine (tranyl) and were processed for Fos immunohistochemistry as above.
Each of the antidepressants reduced activation of the PVH and enhanced it in the PIR compared to the veh treatment. Unpublished
micrographs from [25].

Fig. (4). Inhibition of the LC during tail suspension (TST) by prior infusion of 6FNE in the 4th ventricle. Mice were infused with either
vehicle solution (n. saline) (center panel) or 10 nmoles of the catecholamine (right panel) 3 min before being suspended by the tail for 6 min
followed 70 min later by anesthesia and perfusion. Fos and tyrosine hydroxylase (TH) were double immunostained and visualized with alexa
fluor-labeled secondary antibodies (green, Fos; red, TH). TST stress resulted in marked expression of Fos throughout the entire LC which

was completely blocked by the prior 6FNE infusion. Bar is 50 1. Unpublished micrographs from representative animals in [47].

dp6FNE, dipivalyl-epinephrine (dipivefrin), whose parent
catecholamine (epinephrine) is also a full agonist at the
above two a-receptors [41] and have found it to also have
rapid anti-immobility effects in this procedure. We have not
tested  oy-selective  adrenergic  agonists, such as
phenylephrine, since, unlike 6FNE and epinephrine, most of
these compounds are known to be partial agonists at brain
a;-adrenoceptors [41,58] and have much weaker effects in
disinhibiting motivated behaviors after intracerebral infusion

[59].
OH

Fig. (5). Chemical structure of dipivalyl-6-fluoronorepinephrine
(dp6FNE), synthesized for the project by the NIMH Chemical
Synthesis and Drug Supply Program.

It should be emphasized that 6FNE and its pro-drug have
only been tested in animal screens of antidepressant action or
putative models of depression. There is still controversy as to
the validity of these preclinical tests and their ability to
predict clinical efficacy in patients [60,61]. However, it
should also be noted that there has been good agreement
between tests involving very different forms of depressive-
like behaviors including passivity, anhedonia and anxiety
and that the presumed mechanism of action of these agents
as inhibitors of central stress circuit activity is consistent
with present notions of the neural basis of depressive
behavior.

The rapid actions of dp6FNE and dpEPI in the RFS and
endotoxin paradigms coupled with earlier demonstrations of
rapid anti-immobility actions of intracerebral clonidine and
6FNE and rapid therapeutic actions of intravenous ketamine
in depressed patients [62] argue against the widely held
dogma that antidepressant effects require chronic treatment
and instead suggest that immediate alleviation of symptoms
may be feasible. This concept is also supported by previous
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preclinical demonstrations of rapid anti-learned helplessness
actions  of intracerebrally = administered  classical
antidepressants [63], and a rapid anti-immobility effect of ivt
DMI in the mouse RFS test [46]. As discussed below there is
some evidence that chronic stressors that trigger depression
retard the uptake of antidepressants by the brain which these
intracerebral injections circumvent [46]. This notion is also
consistent with reports of a rapid return of depressive
symptoms following an abrupt discontinuation of
antidepressant treatment [64,65]. Taken together these
findings suggest that the delayed synaptic or neurogenic
changes that result from chronic administration of
antidepressants [66] may not be essential for the alleviation
of depressive symptoms although they may be required for
more persistent functional changes [67]. Brain penetrating
pro-drugs that can selectively inhibit central stress circuits
may therefore represent a promising addition to a new
emerging class of rapidly acting antidepressants.

USEFULNESS IN THE RAPID TREATMENT OF
ANXIETY WITH MINIMAL SEDATION

Although designed primarily for antidepressant action,
dp6FNE and its congeners may also be effective in the rapid
treatment of anxiety with minimal sedative effects. An
anxiolytic effect of 6FNE was observed adventitiously in
tests for a possible motor effect of the drug in the open field
[42]. Acute ivt infusion in mice that had just been captured
from an open field and manually restrained for the injection,
was found to reverse the subsequent freezing behavior and
avoidance of the central area of the field that is observed
when the injected animals are replaced in the field without
drug treatment suggestive of an immediate anti-anxiety
effect. No reduction in subsequent overall locomotion was
observed. This effect was confirmed in the above
preliminary studies with dp6FNE, in which a significant
dose-dependent increase in center field time accompanied by
only a borderline reduction in total locomotion was found
after ip. administration. This action of the prodrug is
consistent with its hypothesized selective inhibition of
central stress circuits.

FUTURE DIRECTIONS

Direct Assay of the Selective Inhibitory Targeting of
Stress Nuclei

Thus far the hypothetical selective targeting of stress
nuclei with peripheral o-agonists has only been suggested
from indirect behavioral studies. Future studies are therefore,
necessary to test this more directly by assaying neural
activation immunohistochemically in various stress and
motivational brain regions after systemic administration of a
range of doses of the pro-drug before stressful as well as
nonstressful conditions.

Avoiding the Stimulation of Cardiovascular B-Adrenoceptors

As described above, all previous experiments have
included a low-dose of prazosin (0.2 mg/kg) to block the
stimulation of cardiovascular and other peripheral o;-
receptors by OFNE after administration of dp6FNE,
However, this may not be necessary if central a-
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autoreceptors near or on brainstem noradrenergic neurons
prove to be more sensitive to the agonist than a-receptors on
cardiovascular structures. There is some indirect support for
this possibility in that the systemic dose of the congener,
dipivalyl-norepinephrine (dpNE) that is necessary to
significantly raise arterial pressure in dogs (0.16 mg/kg)
appears to be about 10 fold greater than the dose of dp6FNE
necessary to reduce immobility in the RFS test in mice (0.1
mg/kg), if equivalent doses for the 2 species are computed
(mouse dose = 6X dog dose) [68,69]. NE and 6FNE have
been shown to have similar affinities for cardiovascular a-
receptors [40,69].

Potentiating the Efficacy of dp6FNE by Blockade of
o;z—Receptors

As discussed above, oyp-receptor activation by
catecholamines increases depressive like-behaviors and may
interfere with the antidepressant properties of 6FNE [48]. It
will therefore be of interest to examine whether
coadminstration of dp6FNE with a selective 1B antagonist,
such as (+)cyclazosin [70], augments the behavioral effects
of the pro-drug and reduces its minimal effective dose or
widens its therapeutic range.

Multiple Agonist Cocktails

The positive results with dp6FNE have encouraged
exploration of other autoreceptor agonists to selectively
inhibit other types of stress neurons so as to achieve a more
complete inhibition of this network. Two such candidates are
the glucocorticoid receptors (GR) on medial parvocellular
corticotrophin releasing factor (CRF)-containing neurons of
the PVH and the SHT1A autoreceptors of serotonergic raphe
neurons. GRs are known to potently inhibit CRF -containing
neurons controlling the hypothalamic-pituitary-adrenal
response to stress [71], long implicated depressive
behavioral and neural changes [72]. Two groups have, in
fact, reported that low doses of glucocorticoids can produce
marked and rapid clinical antidepressant actions [73,74].
With regard to SHT1A autoreceptors, these are known to
potently inhibit the functional activity of serotonergic
neurons and block the output of this system to several limbic
stress areas which have been implicated in chronic post-
stress anxiety syndromes [75-78]. In exploratory
experiments, we have tested a cocktail made up of low doses
of three agonists, dp6FNE, corticosterone for GR and 8-
hydroxy-N,N-dipropyl-2-aminotetralin ~ (8OHDPAT) for
SHT1A receptors and have observed a more effective
reversal of RFS immobility than with dp6FNE alone as well
as one that persists with repeated administration. While
combining 3 agonists can produce the multiple drug
interactions of polypharmacy, it should be recognized,
nonetheless, that the mammalian brain utilizes as many
as100 different neurotransmitters each having 5 or more
receptors [79,80]. Attempting to control a syndrome as
complex as depression with only a single drug, therefore,
may be overly simplistic and could be one of the reasons
why current antidepressants have proven unsatisfactory.

Extension to Stimulants

Although depressed patients are known to have reduced
levels of daily activity that are clearly restored by successful



Controlling Depression with Anti-Stress Drugs

antidepressant treatment, stimulants have generally not been
found to be effective treatments, even though these drugs can
markedly inhibit the activity of the LC [81]. Possible reasons
are that these drugs also activate other regions of the stress
network, such as the PVH [82], and increase the
concentration of NE at forebrain postsynaptic adrenergic
receptors thought to mediate anxiety and passive behaviors.
If correct, it might be possible to improve their antidep-
ressant efficacies by combining them with compounds that
inhibit stress circuits. This appears to be supported by recent
findings of enhanced clinical antidepressant activity resulting
from the combined administration of modafinil and
fluoxetine, an SSRI with chronic anti-stress actions [83],
compared to the effect of the SSRI alone [84].

Following this strategy, we have explored the effects of
combinations of modafinil with either dp6FNE or the alpha-
2 agonist, clonidine, in the treatment of mouse chronic RFS-
passivity and endotoxin-sickness models. The results have
been encouraging in that dp6FNE appears to potentiate the
ability of modafinil to increase active swimming behavior in
RFS treated animals while high doses of clonidine appear to
dramatically potentiate the reversal of sickness-induced
behavioral inactivity by this stimulant. These pilot
observations suggest that there are new possibilities
involving the use of anti-stress compounds in the presence or
absence of stimulants that may lead to new rapid and
effective forms of antidepressant treatment.

New Studies with Classical Antidepressants Given
Intracerebrally

As discussed above, previous investigations have shown
that classical antidepressant compounds can have rapid and
effective antidepressant effects in rodent models of passivity
or helplessness behavior [63] when administered
intracerebrally rather than systemically [46,63]. It has also
been found that depressed patients can have reduced
concentrations of antidepressants in their brains and that
chronic stressors that trigger depressive behaviors in rodents
can impair the brain uptake of one of these, DMI, in mice
[46]. These findings, which have been largely ignored, raise
the possibility that the classical agents may also be capable
of selectively inhibiting central stress circuits if present
centrally in sufficient concentrations or locations. Future
efforts to devise new methods to improve brain penetration
and uptake as well as to assess immediate actions of these
well tested compounds on the stress and “active” networks
are therefore warranted.

Homology of Animal and Human Brain Networks

It has been demonstrated that the human brain possesses
two opposing functional networks, a task-positive (TPN) and
a default mode (DMN) circuit [85]. The TPN comprises a
group of cortical structures including the intraparietal sulcus,
frontal eye field, precentral sulcus, middle temporal region,
orbital gyrus, secondary motor area, dorsolateral prefrontal
cortex and insula which are active during attention-
demanding cognitive tasks that lead to active coping
responses. The DMN, on the other hand, is composed of the
posterior cingulate cortex, lateral parietal cortex, medial
prefrontal, superior frontal, inferior temporal cortex,
parahippocampal gyrus cortex and cerebellar tonsils and
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shows its greatest activity during mind wandering, negative
self evaluation and associated negative emotions [86]. The
two networks have reciprocal antagonistic functions such
that each is inhibited during conditions that activate the
other. The fact that the TPN is involved in cognitive
preparations for active coping responses and includes several
cortical regions that we have found to be strongly activated
during motivated active behaviors, (M2, dorsolateral
prefrontal, orbital, temporal and parietal cortex [29])
suggests that the human TPN is homologous to the “active”
network of the mouse. The fact that the DMN circuit is
suppressed during active attention-demanding cognitive
tasks leading to active coping [86], but is highly active
during maladaptive negative self evaluations suggests that it
may be partly related to the rodent stress network. However,
there is still insufficient data on the activity of human stress
systems in the brainstem, hypothalamic and subcortex during
non-task related activities to clarify the relationship between
the DMN and the stress network.

In light of the goal of targeting central stress circuits for
selective inhibition by peripheral pharmacological agents, it
would be of special interest to determine the effects of
dp6FNE and its congeners, with and without stimulants, as
well as classical and newer generation antidepressants on the
activity of the TPN and DMN networks in primate models.
Such an approach could both lead to a more rapid
confirmation of the successful targeting of these systems
which would facilitate the development of new treatments as
well as clarify the evolution and relationship of these circuits
across mammalian species.
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