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DISCUSSION

The chapters constituting this thesis, present a wide array of data (fi gure 1), which 

although broad-natured, illustrate one obviously consistent fi nding. Irrespective of the 

more specifi c cellular, molecular and physiological effects, the subsections of this thesis 

present invariably recurring gender-distinctive observations upon multiple levels. Be it 

signal transduction, gene transcription, synaptic plasticity, neurotransmission, neuroge-

nesis or physiological effects on adrenal steroids or body weight regulation, each of the 

chapters provide interesting fi ndings which in themselves warrant further investigation, 

particularly with regard to their implication for pharmacotherapeutic developments since 

also here (section IV) similar observations were evident. Unfortunately however, although 

undoubtedly interesting and challenging, it goes beyond the scope of this thesis to elabo-

rate upon each of these studies and perform additional in-depth experimentation. In this 

dissertation, preference was instead given to a broad large-scale analysis rather than a 

detailed examination of individual aspects. Given this, an attempt was made to create a 

higher overview of the results and to integrate the data into the overall picture. In order 

to do so fi gure 1, a schematic representation of the data, serves to summarize the results 

presented in this thesis. Although the following discussion and concluding remarks may 

at times provide rather bold interpretations of these fi ndings, this is done in an attempt 

to place them within the greater framework of our current knowledge and postulated 

hypotheses, regarding the pathophysiology of stress-exposure, neuronal dysfunction and 

the often-associated disorder, depression. 
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Stress and neuronal dysfunction

A unifying hypothesis.

As stated in introductory paragraphs, exposure to adverse conditions initiates a series 

of adaptive responses organized to defend the stability of the internal environment 

and enhance an organism’s survival. This orchestrated process, referred to as the “stress 

response”, involves various mechanisms, which allow the body to make the necessary 

physiological and metabolic adjustments required to cope with the demands of a homeo-

static challenge. Allostasis, the process of adaptation to daily life events, is promoted by 

stress through maintained stability or homeostasis 1,2. When mediators of allostasis, such 
as glucocorticoids, catecholamines, neurotransmitters (such as serotonin and glutamate) 
and neuropeptides, are released in response to stress, they promote adaptation and their 
effects are generally benefi cial. Nevertheless, conditions characterized by failed shutoff 
when no longer needed, or overuse in response to excessive challenge may lead to cumula-
tive changes that could result in wear and tear, or “allostatic load”, on the body and brain 
2,3. Recent decades have brought many attempts to identify the neurobiological substrates 
and molecular mechanisms that mediate stress-induced neuronal dysfunctions, yet our 
knowledge regarding the cascades of events that ultimately lead to the development of 
pathophysiology remains limited. This thesis provides an attempt to integrate data regard-
ing cellular, molecular and physiological changes in response to repeated footshock stress 
in an effort to shed some light on the neurobiological mechanisms underlying chronic 
stress-mediated adaptations/maladaptations, while highlighting a role for gender in its 
determinism. As different hypotheses have already been proposed however, the following 
paragraphs will provide a brief review of their primary concepts and evaluate how the 
data presented here integrate with these hypotheses. For sake of clarity however, the allo-
static load hypothesis described by McEwen 1 shall be maintained as the general model, 
common to and underlying these alternative potential theories, to which to relate their 
interactions and/or overlap.

The “glucocorticoid hypothesis” of neuronal dysfunctions.

One of the most-documented stress-induced biochemical abnormalities regards the gluco-
corticoids, the primary physiologic mediators of allostasis. These adrenal hormones exert 
their cellular effects by acting on selective receptors present in various tissues and organs, 
but their actions, although initially adaptive, may become damaging if their release is 
not properly regulated. Persistent exposure to elevated glucocorticoid concentrations (allo-
static state) has been previously reported in response to chronic stress and in accordance, 
elevated peripheral corticosterone levels and adrenal hypertrophy were also observed here 
following prolonged footshock stress in both male and female rats. These results, indica-
tive of possibly abnormal HPA axis activity, thus establish the ability of this paradigm to 
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induce regulatory abnormalities in this vital stress axis.
     Chapter 2 illustrates that modulation of HPA axis responses to stress appeared to 
include the effects of glucocorticoids, catecholamines, and GR/MR interplay in distinct 
cortical and subcortical structures. Interestingly however, repeated footshock stress dis-
rupted HPA axis regulation in a gender- and/or region-specifi c manner. These observed 
distinctions are a testimony to the complex modulation of this stress response system and 
suggest sexually dimorphic mechanisms to underlie its regulation/dysregulation. Collec-
tively, impaired prefrontocortical and/or hippocampal control over the HPA axis seem to 
represent the mechanism by which repeated footshocks lead to abnormal stress response 
regulation in male rats, whereas imbalanced GR/MR expression, disturbed autonomic 
function, and abnormal amygdala activity could instead illustrate the events involved in 
the development of abnormal HPA axis responses in female rats.
    Impaired regulation of HPA axis activity may thus constitute the mechanism by which 
chronic stress leads to persistently elevated glucocorticoid levels. More importantly how-
ever, the subsequent state of permanently elevated corticosterone concentrations (allo-
static state) has been suggested to mediate the deleterious effects of stress on neuronal plas-
ticity. Accordingly and with reference to the alternatively discussed theories of neuronal 
dysfunction, there are three types of plasticity that are affected by adrenal steroids:
•  Glucocorticoids reversibly and biphasically regulate the excitability of neuronal cells and 
infl uence the magnitude of long-term potentiation 4,5;
• Glucocorticoids participate along with excitatory amino acids in the reversible stress-
induced remodeling of hippocampal apical dendrites; an effect that has interestingly only 
been reported in male animals and not in the female counterpart 6,7;
•  Glucocorticoids participate along with excitatory amino acids in regulating neuroge-
nesis of dentate gyrus granule neurons 8,9. 
    Although effects of stress on LTP and neuronal excitability were not investigated, the 
data presented in this thesis provide direct evidence to substantiate the detrimental role of 
adverse conditions on neuronal plasticity. Specifi cally, chronic stress in male rats was asso-
ciated with signifi cantly reduced phosphorylated CREB immunoreactivity in both corti-
cal and subcortical regions, as illustrated in chapters 2-4. CREB phosphorylation, crucial 
for its ability to bind DNA and modulate gene expression, is essential for the transcription 
of BDNF. Reduced BDNF availability resulting from decreased phospho-CREB might 
thus in turn result in reduced neuronal plasticity, an indispensable feature when faced 
with prolonged stressful conditions. In fact, sustained stressful experiences have indeed 
been associated with reduced neurotrophin expression, a condition that might disturb the 
dynamic equilibrium between intracellular signaling cascades 10,11. 
    In contrast to males, chronically stressed females failed to illustrate reduced CREB 
phosphorylation, raising an intriguing possibility that the differential impact of stress 
on neuronal plasticity may depend on gender-related mechanisms that either potentiate 
or suppress the deleterious infl uences of adverse events. In this case, ovarian hormones 
and their established neurotrophic effects, may protect the female brain against the injuri-
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ous insults of chronic stress by stimulating specifi c intracellular cascades underlying neu-
ronal plasticity and preventing the reduced CREB phosphorylation observed in chroni-
cally stressed males. 

    In addition to negative stress effects on CREB phosphorylation, a suppressive effect of 

repeated stress on hippocampal neurogenesis/survival was also seen. This effect, although 

present in both males and females, was particularly evident in the latter and may also be 

accountable to ovarian hormones since stress has been reported to persistently increase 

estrogen release in intact females 12. While stress-induced elevations of estrogen may pre-
vent footshock-mediated phospho-CREB reduction, it also appears to contribute to the 
disruption of adult neurogenesis, possibility through inhibited production of new hip-
pocampal cells or reduced survival. Ovarian steroids thus seem to simultaneously exert 
both positive and negative infl uences on critical neuronal processes. These fi ndings in turn 
refl ect the gender-related differential mechanisms that govern these complex processes.
    Whereas reduced phosphorylated CREB in males may substantiate deleterious stress 
effects on neuronal plasticity, decreased neurogenesis in females may substantiate its 
deleterious impact on neurogenesis. Both fi ndings illustrate the complex interrelation 
between impaired HPA axis regulation and the neuroplasticity and neurogenesis hypothe-
ses. Another well-documented phenomenon observed in chronically stressed animals how-
ever regards the alternative theory of reversible atrophy of apical dendrites (also known 
as dendritic remodeling) in selective prefrontocortical and hippocampal fi elds. Dendritic 
remodeling however also seems to be related to the deleterious infl uence of stress either 
directly or indirectly via neuronal plasticity 13,14. Although the precise mechanisms under-
lying this morphological alteration remain fragmentary, it is important to note that this 
structural impairment has been reported to occur predominantly in male animals. Given 
the previous fi ndings, stress-induced suppression of CREB phosphorylation seen in males 
only may thus represent a marker of neuronal plasticity impairment underlying possibly 
ongoing dendritic remodeling. This supposition is further substantiated by the more direct 
immunohistochemical evidence of phospho-ERK1/2 accumulation in prefrontocortical 
dendrites and reduced hippocampal calcineurin immunoreactivity, as well as molecular 
fi ndings of abnormal synaptic vesicle-associated proteins expression in these regions in 
response to sustained stress. In line with previous reports of dendritic remodeling in 
males, most of these morphological alterations like phospho-CREB were only detected in 
the prefrontal cortex and hippocampus of chronically stressed males; this in contrast to 
females who failed to demonstrate any indications of such a process, despite the fact that 
they were exposed to identical adverse events. 
    In summary, it is important to acknowledge the fact that glucocorticoids play a fun-
damental role in stress-induced impairments, either directly or indirectly through impair-
ment of neuronal plasticity, suppression of hippocampal neurogenesis/survival or den-
dritic atrophy/remodeling. Despite numerous investigations that point to adrenal steroids 
as primary mediators in these processes however, it is important to recognize that the indi-
rect role played by these hormones is not always alone but often in association with addi
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tion has been associated with persistent ERK phosphorylation, cellular cytoskeleton dis-
ruption and ultimately, impaired neuronal functions 23. Interestingly, and in line with 
these reports, the results in this thesis demonstrate reduced hippocampal calcineurin 
immunoreactivity as well as prolonged phospho-ERK1/2 accumulation in prefrontocorti-
cal dendrites following chronic stress. These observations yield the interesting possibility 
that chronic stress impairs the function of specifi c protein phosphatases but in a region-
dependent manner. Although abnormal phosphatase regulation could lead to persistent 
activation of specifi c protein kinases such as ERK1 and ERK2, reduced calcineurin was 
found in the hippocampus whereas abnormal ERK1/2 phosphorylation occurred in pre-
frontocortical dendrites. Nevertheless, these alterations may represent similar disturbances 
in the same cascade underlying this pathophysiological process. 
     Whereas chronic stress may impair the regulation of critical intracellular pathways by 
inhibiting activity of specifi c region-dependent protein phosphatases leading to prolonged 
kinase activity and neuronal defects, alterations in this signal transduction apparatus may 
in turn play a fundamental role in the prefrontocortical and hippocampal dendritic atro-
phy. Stress-induced phospho-ERK1/2 accumulation in males, was in fact, particularly evi-
dent in the distal parts of prefrontocortical dendrites, which may represent a key event in 
the cascade leading to dendritic remodeling following repeated exposure to adverse condi-
tions. Furthermore, perturbed ERK signaling has been related to cytoskeleton destabiliza-
tion, attributable in part to the ability of these kinases to phosphorylate various synaptic 
proteins. In line with the gender-distinctive phospho-CREB, phospho-ERK1/2, and cal-
cineurin fi ndings as well as reports of dendritic remodeling, this notion is further sup-
ported by altered expression of various synaptic vesicle-associated proteins in chronically 
stressed male but not female rats.
    Like glucocorticoids, the interregulatory effects of glutamate also extend to the neu-
rogenesis hypothesis  8,24,25. Repeated footshock exposure caused marked suppression of 
adult neurogenesis in both genders, yet particularly in stressed females. Although gluco-
corticoids have been proposed as major players involved in the inhibitory action of stress 
on hippocampal cell proliferation, this effect is indirectly due to the fact that granule 
cell precursors lack glucocorticoid receptors. The predominant excitatory neurotransmit-
ter glutamate, however, exerts a direct regulatory effect on neurogenesis. Elevation of 
extracellular glutamate concentrations as well as administration of glutamate analogs has 
been associated with the suppression of cell proliferation, whereas glutamate antagonists 
enhance hippocampal neurogenesis 24. These inhibitory infl uences of glutamate appear 
to depend on the stimulation of NMDA receptors. Chronic stress-mediated enhance-
ment of glutamate release in the hippocampus may elevate extracellular levels of this neu-
rotransmitter, leading to activation of ionotropic receptors and ultimately inhibition of 
neurogenesis in both male and female rats. Interestingly, the stronger suppressive effects of 
chronic stress on hippocampal cell proliferation in female rats may be related to interac-
tions between persistently elevated glutamate and estrogen levels.
    To recapitulate, repeated footshock stress appears to promote specifi c gender- and 
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region-dependent molecular and cellular adaptations/maladaptations. Despite differences 

in gender specifi c adaptations however, glucocorticoid-glutamate interactions may repre-

sent primary mediating factors for development of neuronal abnormalities in rats of both 

gender since the results presented here illustrate 1) the role of glucocorticoids and the 

HPA axis activity 2) the interaction of the latter with the neuronal dysfunction hypotheses 

of dendritic remodeling, neuronal plasticity, and neurogenesis 3) the effects of glucocorti-

coids in relation to the mediator glutamate and 4) the direct and indirect regulatory inter-

actions between the latter and the hypotheses of dendritic remodeling, neuronal/synaptic 

plasticity and neurogenesis.
 

Stress and psychopathology

Gender differences extend beyond sole stress sensitivity. In fact, the central role played 

by stress in psychopathology has lead to marked gender dimorphisms in the prevalence 

of a wide range of psychiatric disorders. Depression and anxiety, for instance, are more 

than twice as common in women than in men, although the neurobiological mechanisms 

underlying this gender-differential susceptibility remain obscure. As stated in chapter 1, 

the latter may be partly due to the fact that the pathophysiological mechanisms involved 

in the treatment of such disorders are also poorly understood. However, given the marked 

gender differences observed in adaptations/maladaptations to chronic stress, an intrigu-

ing possibility holds that similar differences may also characterize the molecular and cel-

lular dysfunctions underlying the development of these disorders in men and women. If 

this holds true and gender-specifi c mechanisms are involved in the dimorphic prevalence 

of psychopathologies, then antidepressants used to ameliorate these conditions may also 

have different effects in men and women. Several studies have in fact reported that women 

respond better to SSRIs while men react better to tricyclic agents 26,27. This supports the 

hypothesis of gender-differential response to antidepressant medications and indirectly 

substantiates the possibility of gender-dimorphic pathophysiological mechanisms under-

lying psychopathology in men and women. However, since women still benefi t from tri-

cyclic agents while men show high response rates to SSRIs, this does not disprove the 

original hypothesis and suggests that antidepressants may act at different levels in men and 

women, to infl uence gender-specifi c targets and lead to the correction of those molecular 

or cellular defects responsible for the occurrence and maintenance of psychiatric disorders. 

In an attempt to verify the validity of the presented results against the above and current 

hypotheses of depression and psychopathology, the fi nal section of this thesis discusses 

data regarding the ability of different antidepressants to attenuate stress-related neuronal 

changes.



CHAPTER 8

The monoamine hypothesis of depression.

Despite extensive investigation to defi ne the pathophysiological mechanisms underlying 
complex, heterogeneous affective disorders, the etiological factors underlying develop-
ment of depression and anxiety are not yet fully understood. The monoamine hypothesis 
of depression, coined over 30 years ago, suggests defi cient central nervous system mono-
amine neurotransmission as the underlying biological basis for depression, particularly 
serotonin and norepinephrine. Since stimulation of the monoaminergic system has indeed 
been associated with improvement or resolution of depressive symptoms, various classes 
of antidepressants were developed to increase monoamine levels within the synaptic cleft, 
by either inhibiting their degradation or blocking their reuptake. 
    With respect to aforementioned efforts to evaluate theories of neuronal dysfunction, 
citalopram-, tianeptine- and reboxetine-induced adaptations were examined in male and 
female rats to establish their role in correcting neuronal impairments and determine 
potential implications of the monoamine hypothesis in psychopathological development. 
Regardless of intensive investigations however, no conclusive affi rmation of a primary dys-
function in specifi c monoaminergic systems in subjects with major depressive disorders 
has yet emerged. Likewise the data presented here fail to confi rm a primary dysfunction 
in a specifi c monoaminergic system, although the data do illustrate a clear potential for 
monoaminergic modulation (via antidepressant administration) to exert strong infl uences 
on neuronal function. Interestingly the therapeutic effect seems to be largely attributable 
to indirect effects on neuronal plasticity as detailed below. 

The neuroplasticity hypothesis of depression.

Since the monoamine hypothesis left various questions unaddressed (effi cacy, selectivity, 
mode of action and therapeutic delay of antidepressants), scientists searched for alterna-
tive theories to explain the pathophysiological processes underlying depression and other 
related disorders. The data illustrated in this thesis support the different theories proposed 
for neuronal dysfunctions and are in line with recent theories linking stress and depression 
via neuroplasticity 28,29. Specifi cally the results illustrate how stress affects functional and 
structural neuronal integrity by inducing alterations at the molecular and cellular levels; 
molecular changes included modifi ed gene expression, protein synthesis and phosphory-
lation and cellular changes included dendritic remodeling and/or atrophy, reduced neu-
rogenesis, and perhaps neuronal death. These effects sketch a theoretical mechanism by 
which sustained stress may reduce neuronal plasticity and lead ultimately to selective cor-
tical-limbic abnormalities. This in turn supports the notion of stress-induced depression 
through negative neuroplasticity effects, but how then does the monoamine hypo-thesis 
fi t into this framework?
    To answer this question it must fi rst be reiterated that these forms of neuronal plasticity 
are crucial for proper functioning of the brain as illustrated by the fact that 
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numerous psychiatric disorders are characterized by reduced hippocampal neurogenesis 
and neuronal atrophy. The results presented here illustrate inhibitory effects of chronic 
stress on these parameters. Reduced BrdU-immunoreactivity could indicate decreased 
neurogenesis/survival while altered phospho-CREB, phospho-ERK1/2 and calcineurin 
levels may suggest overall disturbed neuronal plasticity. The fi ndings support a potentially 
pathologic role of stress in neuronal impairment, but more importantly, illustrate gender 
specifi city with regards to explicit cellular plasticity impairments; signifi cantly reduced 
BrdU-immunoreactivity occurred in females whereas reduced CREB phosphorylation, 
phospho-ERK1/2 accumulation, and abnormal calcineurin levels developed in males. 
Interestingly however, pharmacotherapeutic agents based on monoamine modulation also 
counteracted some stress-induced effects in a sex specifi c manner as they reversed stress-
induced reduction of BrdU-immunoreactivity in males but not females. Together these 
fi ndings support the initial hypothesis regarding differential gender-dependent mecha-
nisms underlying the injurious infl uence of repeated stress on the brain. The fact that anti-
depressant treatment resulted in specifi c gender-dimorphic adaptations also supports the 
subsequent hypothesis that these gender-differential neurobiological mechanisms might 
dictate distinct pharmacotherapeutic responses in males and females. The fact that mono-
aminergic-modulating drugs exert gender specifi c actions on stress-induced adaptations/
maladaptations however is a tribute to the potential implication of these monoaminergic 
neurotransmitters in the pathophysiological mechanisms of stress as well as their potential 
role in mediating therapeutic response.
    Despite conceptual differences, the monoamine and cellular neuroplasticity hypotheses 
of depression do not exclude one another. In fact, like the theories proposed for neuronal 
dysfunction, there seems to be some overlap. For instance, even though the exact mecha-
nisms underlying stress-induced suppression of neuroplasticity are not yet fully known, 
recent reports have implicated serotonin in the regulation of neuronal plasticity as well 
as adult hippocampal cell proliferation 30. While stimulation of serotonergic activity posi-
tively affects neurogenesis and neuronal plasticity, it is interesting that stress negatively 
affects these very same processes. Although most substantial evidence to support a role 
for monoamine systems is provided by antidepressant modes of action, circumstantial fi n-
dings such as these also support a role for monoamine defi ciencies in depression. 
    Despite their monoaminergic properties, antidepressants act through different me-
chanisms to exert their therapeutic effect and thereby illustrate the interrelation of the 
hypotheses of depression. While some antidepressants act directly on the cause of neuro-
nal dysfunction (i.e. glutamate and glucocorticoids), others act indirectly through mecha-
nisms that stimulate compensatory adaptations. The former class may include tianeptine, 
previously classifi ed as a serotonin reuptake enhancer but recently emerging as a glutama-
tergic agent. If this latter mode of action constitutes the primary mechanism for tianep-
tine’s therapeutic effects, it raises an interesting possibility that tianeptine’s ability to pre-
vent stress-induced reduction of hippocampal neurogenesis in males might hold direct 
refe-rence to the previously discussed glutamate-mediated deleterious effects on neuronal 
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plasticity. Antidepressants such as citalopram or reboxetine, respectively selective sero-
tonin and norepinephrine reuptake inhibitors, may instead exert their benefi cial effects via 
indirect mechanisms. Since reports of specifi c serotonergic and noradrenergic neurotrans-
mission defi ciencies in depression are not unequivocally explicit, enhanced monoaminer-
gic activity might not prevent or correct abnormalities underlying psychopathology deve-
lopment but rather promote new adaptations that recompense impaired brain functions 
caused by those dysfunctions. 
    Although stress acts in part through elevated glucocorticoid and extracellular glu-
tamate levels to suppress neurogenesis and induce dendritic remodeling, monoamine 
reuptake inhibitors might not interfere directly with such glutamate- and corticosteroid-
mediated effects to compensate stress-induced dysfunctions. They may instead poten-
tiate monoamine functions to indirectly promote the birth of new hippocampal cells or 
stimulate dendritogenesis in cortical and subcortical regions. Such compensatory rather 
than preventive/corrective effects might also explain why depressed subjects successfully 
treated with these antidepressants may experience a relapse of symptoms upon termina-
tion of medication. The fact that all antidepressants examined here attenuated stress-
induced reduction of hippocampal cell proliferation in male rats only and not in females 
is interesting, but at the same time puzzling. The prospect remains that this effect might 
be mediated by stress-induced elevation of ovarian hormones. To the best of our current 
knowledge however, none of the antidepressants included in these studies have shown any 
established effect on the reproductive axis under both basal and stress conditions. By the 
same token although not measured, it might suggest that the antidepressants were also 
unable to prevent stress-induced elevations of estrogen release and thus ineffective in pre-
venting inhibition of hippocampal neurogenesis. 

CONCLUDING REMARKS

To conclude upon these results and the discussions of the previous paragraphs, it is evident 
that there is no clear single hypothesis governing stress-induced effects/defects and subse-
quent psychopathology. Looking back, it appears considerable overlap and integrated con-
nections exist between the glucocorticoid and glutamate hypotheses of neuronal dysfunc-
tion as well as the monoaminergic and neuroplasticity theories of depression. Figure 2 
illustrates how each system is in some way interlinked with the other, although the precise 
manner of interregulation may vary. In this thesis the deleterious effects often associated 
with stress and depression are present but dependent upon circumstances such as gender. 
Markers of disturbed neuronal plasticity for instance are evident in males, whereas indica-
tions of HPA axis overactivity and compromised neurogenesis are predominant in females. 
Nevertheless, despite these complex interrelations, it seems there are gender-specifi c paths 
that are preferentially affected and regardless of the divergent stress effects on multi levels, 
albeit systemic, molecular or cellular, the fi nal result is in both cases deleterious.
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Impaired regulation of HPA axis activity for instance, common to both genders may con-
stitute the mechanism by which chronic stress leads to persistently elevated glucocorticoid 
levels and PVN activation, although the data shows gender-dependent means of attain-
ment. Impaired prefrontocortical and/or hippocampal control over the HPA axis seem to 
represent the mechanism by which repeated footshocks lead to abnormal stress response 
regulation in male rats, whereas imbalanced GR/MR expression, disturbed autonomic 
function, and abnormal amygdala activity could instead illustrate the events involved in 
the development of abnormal HPA axis responses in female rats (fi gure 1,2). 
    On a more cellular/molecular level, stress-induced effects of neuronal plasticity and 
synaptic integrity seem to represent a possible mechanism by which this effect is realized 
in males given the changes observed in their general gene expression, specifi c second mes-
senger signalling cascade members and synaptic vesicle associated proteins. Considering 
the potential role of these proteins and functional neurotransmission in BDNF activity, 
the data may represent indirect indications for impaired neurotrophic plasticity in males. 
In view of the lesser effects observed on these parameters in females, it raises the interest-
ing possibility that the differential impact of stress on neuronal plasticity may depend on 
gender-related mechanisms that either potentiate or suppress the deleterious infl uences 
of adverse events. Dependent upon the interpretation, in the case of the latter, ovarian 
hormones and their established neurotrophic effects, may protect the female brain against 
the insults of chronic stress by stimulating specifi c intracellular cascades underlying neu-
ronal plasticity and preventing the reduced neuronal plasticity (CREB phosphorylation) 
observed in chronically stressed males. On the other hand, these neurotrophic effects 
might have a paradoxically damaging effect if these “blocked” neuronal/synaptic changes 
are required in order to attain an adaptive response. After all, neurogenesis/proliferation 
was predominantly affected in these females. Whatever the pathway however, both dys-
regulations seen in the genders are known to contribute to fi nal volumetric changes often 
reported in stress and psychopathology.
    The fi nal question regarding the sensitivity of the sexes remains and unfortunately it is 
not as unambiguous as one might desire. In view of the data presented here and illustrated 
in fi gures 1 and 2, the answer to this seems to depend on the parameter of interest, since 
both sexes appear to be affected albeit through different mechanisms. In view of the future 
of stress research, it would be of interest from a clinical perspective to further pursue 
the neurobiological substrates and neurochemical profi les underlying effects of stress in 
both genders. As illustrated by the antidepressant data, each gender should be evaluated 
independently to determine the stress and/or treatment response and thus new avenues of 
therapeutic approach. The data presented here offer ample indications to argue for further 
investigations of the role of steroid hormones in multi-level research. With this in mind 
the paramount message is that fi ndings associated with one gender cannot be automati-
cally extrapolated to the other; and that which may appear “negative” in one could repre-
sent a physiological condition in the other and vice versa.
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Figure 2.

Schematic representation of gender-distinctive modes of chronic stress-responsivity. Both genders illustrate stress effects on 
various levels of neuronal (dys)function although the precise mechanism of interregulation is gender-dependent.
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