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Abstract

The concept of acquired resilience and its role in medicine and public health has emerged as a central topic
for the new decade. Stress is a response to any environmental adversity (i.e., biological, emotional and
cognitive) but dysregulation of adaptive stress responses which lowers resilience and health, can increase
vulnerability to pathological conditions such as brain disorders, particularly, neuropsychiatric (i.e.,



schizophrenia, depression, anxiety, autism spectrum disorders), and neurodegenerative diseases (i.e.,
Alzheimer’s diseases and Parkinson’s disease). Mild stress can be beneficial by upregulating adaptive
responses which enhance biological performance and protect against subsequent toxic challenges. In
contrast, toxic stress reflecting an inability to cope, results in a dysregulation of adaptive stress response
mechanisms and low resilience which can increase vulnerability to illness. In this context, resilience is the
process of adapting and successfully coping with adverse life events, including chronic stress, socio-
environmental factors, trauma, some type of catastrophe, physical or sexual abuse, negligence or parental
mental illness. Detailed evaluations of biological systems showing acquired resilience reveal an hormetic
biphasic dose response relationship, being reported as the result of either a direct low dose stimulation or
within the context of a preconditioning experimental protocol. The hormetic dose response defines the
expression, amplitude, duration and limitations of the acquired resilience in all biological systems. These
acquired resilience-hormetic dose responses are reported in the pharmacology and nutritional literature
with considerable information now clarifying underlying mechanisms at the level of receptor and cell
signaling pathways. The study of human resilience is still a mostly phenomenological literature which has
only begun to characterize biological factors in resilient individuals that are associated with more
successful coping responses. Integration, optimization and tailoring of such developments to the treatment
of patients offers a profound challenge and opportunities to the progress of biomedical sciences and
therapeutic medicine.
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Hormesis, Resilience and Mental Health: | oo
Enhancing Public Health
and Therapeutic Options

Vittorio Calabrese, Maria Scuto, and Edward Calabrese

Abstract The concept of acquired resilience and its role in medicine and public
health has emerged as a central topic for the new decade. Stress is a response to any
environmental adversity (i.e., biological, emotional and cognitive) but dysregulation
of adaptive stress responses which lowers resilience and health, can increase vulner-
ability to pathological conditions such as brain disorders, particularly, neuropsy-
chiatric (i.e., schizophrenia, depression, anxiety, autism spectrum disorders), and
neurodegenerative diseases (i.e., Alzheimer’s diseases and Parkinson’s disease). Mild
stress can be beneficial by upregulating adaptive responses which enhance biolog-
ical performance and protect against subsequent toxic challenges. In contrast, toxic
stress reflecting an inability to cope, results in a dysregulation of adaptive stress
response mechanisms and low resilience which can increase vulnerability to illness.
In this context, resilience is the process of adapting and successfully coping with
adverse life events, including chronic stress, socio-environmental factors, trauma,
some type of catastrophe, physical or sexual abuse, negligence or parental mental
illness. Detailed evaluations of biological systems showing acquired resilience reveal
an hormetic biphasic dose response relationship, being reported as the result of either
a direct low dose stimulation or within the context of a preconditioning experimental
protocol. The hormetic dose response defines the expression, amplitude, duration
and limitations of the acquired resilience in all biological systems. These acquired
resilience-hormetic dose responses are reported in the pharmacology and nutritional
literature with considerable information now clarifying underlying mechanisms at
the level of receptor and cell signaling pathways. The study of human resilience
is still a mostly phenomenological literature which has only begun to characterize
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biological factors in resilient individuals that are associated with more successful
coping responses. Integration, optimization and tailoring of such developments to
the treatment of patients offers a profound challenge and opportunities to the progress
of biomedical sciences and therapeutic medicine.

Keywords Resilience + Healthy brain + Hormesis * Vitagenes - Plant polyphenols

28.1 Introduction

Resilience, as the ability to adequately adapt and respond to homeostatic perturba-
tions, is a recent emerging concept. Although resilience has been associated with
positive health effects, the neurobiological basis of resilience is still a matter of
investigation and remains an open question.

It is generally recognized now that multiple factors, such as severity and number
of traumatic events during prenatal neurodevelopment and adolescence, timing
of exposure to adversity, developmental history, cognitive flexibility and environ-
mental changes such as toxicant exposure compromise health and wellbeing over
the lifespan. Consistent with this notion, in the attempt to operationalize at cellular
level the neurobiology of stress resistance, cellular resilience describes the ability
of a cell to cope with detrimental metabolic and signaling conditions where cellular
metabolism does not collapse immediately after the hit or enter into cell death.
Rather, this cellular ability puts in motion a programmed cell life program through
stress responsive signaling which promotes a new homeostasis under stress. The
processes of reverting “back to normal” have not been studied so extensively at the
cellular level. The defense and resilience programs include a number of cellular stress
responses, such as rearrangements in energy metabolism, oxidative stress responses,
including hypoxia signaling via HIF-1, the heat shock response via HSF-1, the antiox-
idant response via Nrf-2, stress kinase signaling via JNK and AP-1, DNA damage
responses via p21 or BCL2, and the unfolded protein response/amino acid starvation
response via ATF-4/ATF-6 activation of anti-apoptotic pathways and DNA repair
mechanisms. The actual contribution of these adaptive responses to reestablishing
homeostasis represents an emerging area of interest in need of clarification. Effi-
cient functioning of resilience processes, by enhancing endogenous cellular redox
homeostatic mechanisms, integrate adaptive stress responses via the heat shock and
Nrf2 related pathways (Fig. 28.1), as well as sirtuins via AKT/mTOR signaling, thus
representing a complex operational network under control of genes, termed vita-
genes (Calabrese et al. 2010) (Fig. 28.2), as well as epigenetic changes that leave
a molecular “memory/scar’—mirroring alterations that are the consequence of the
stress experienced by the cell.

These memories might have long-term consequences, both positive (resistance)
and negative (vulnerability), that contribute to chronic and delayed manifestations of
hazard and, ultimately, disease. Compromised adaptive responses to adversity, such
as brain trauma or psychological stresses, i.e., low resilience, can increase vulner-
ability to pathological conditions such as anxiety, depression, post-traumatic stress
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Fig. 28.1 Schematic representation illustrating domains structure of Nrf2-keap1. a Nrf2 contains
seven highly conserved homologous domains (Neh 1-7). Neh1 is a DNA binding protein associated
to sMaf in form of heterodimers which mediates binding to ARE in the promoter region of Nrf2.
Neh2 iskeapl binding protein domain, containing the low affinity DLG motif and high affinity ETGE
motif responsible of ubiquitination and proteosomal degradation of Nrf2. Neh3 is the transactivation
domain recruiting CHD6. Neh4 and Neh5 are transactivation domains that recruit CREB. The
Neh6 and Neh7 domains mediate interaction with B-TrCP and, respectively, RXRa, both negative
regulators of Nrf2. Keapl is divided into five regions: CTR region; BTB region which binds Cul3
ligase responsible of keap1 dimerization; b Kelch (DGR) region consisting of six repeated sequences
that interact with DLG and ETGE of Nrf2, IVR redox sensitive region containing cysteine residues
associated to Nrf2 ubiquitination. NTR region. Nuclear factor-erythroid 2 p45-related factor 2
(Nrf2), Kelch-like ECH-associated protein 1 (keap 1), cAMP response element-binding protein
(CREB)), retinoid X receptor alpha (RXRa), B-transducin repeat-containing protein (B-TrCP), small
musculoaponeurotic fibrosarcoma proteins (sMaf), antioxidant response element (ARE), chromo-
ATPase/helicase DNA-binding protein 6 (CHD6)

disorders (PTSD) (Sexton et al. 2015), and neurodegenerative pathologies (Gupta
et al. 2014), although not everyone exposed to adversity develops these disorders.
Higher-resilient individuals, on the other hand, show an enhanced ability to bounce
back from adverse events, revealing greater emotional and cognitive control and are
more persistent. Linked to the areas of disaster research, the concept of resilience,
applied initially to critical infrastructures, has been consolidated in the process of
prevention for subsequent possible hits (Taleb 2007). In the brain, the corresponding
neurobiological Achilles’ heel is represented by mitochondria, where reduced effi-
ciency of the electron transport chain (ETC), enhancing oxidative stress by ROS and
reducing energy production occurring in response to many hazards, initiates apoptotic
cytochrome C release associated to mitochondrial dysfunction and neurodegenera-
tion. Consistent with this notion, in facing challenges, adaptive responses (hormetic
triggers) such as caloric restriction or increased metabolic demand would generate
an improved mitochondrial function efficiency, which substantially contributes to
the maintenance of homeostasis (Nunn et al. 2016). Hence, the brain is continuously
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Fig. 28.2 Modulation of Nrf2-vitagene pathway by plant polyphenols in the brain. In basal condi-
tions Nrf2 is bound to its inibitor Keapl and is restricted to the cytosol, where it undergoes ubig-
uitination and proteasomal degradation via association with the Cul3-Rbx1 based E3/ubiquitin
ligase complex. Under stress conditions, Nrf2 is released from Keapl and is translocated into the
nucleus where it binds to the phase 2 of ARE in etreorodimeric combination with Maf transcrip-
tion factor in the DNA promoter region. Plant polyphenols are small molecules that reverse stress
and ROS production by activating Nrf2 nuclear translocation and transcription of neuroprotective
vitagenes. The upregulation of vitagene pathway such as HO-1, Hsp70, Trx, sirtuin Sirtl, NQO1, y-
GCS improves brain health and protect against neurodegenerative damage. Nuclear factor-erythroid
2 p45-related factor 2 (Nrf2), Kelch-like ECH-associated protein 1 (Keapl), antioxidant response
element (ARE), heme-oxygenase 1 (HO-1), heat shock protein 70 (Hsp70), thioredoxin (Trx), sirtuin
1 (Sirtl), NAD(P)H: quinone oxidoreductase 1 (NQO1), y-glutamylcysteine synthetase (y-GCS)

adapting to perturbations in bodily homeostasis, and a resilient brain integrates adap-
tive responses that regulate behaviors associated with coping, fear, attention, cogni-
tive flexibility, and emotional regulation (Baratta et al. 2013; Russo et al. 2012).
More generally, high resilient individuals display more effective modulation of brain
circuits involved in emotion and fear (Southwick et al. 2014).

A recent paradigm shift in operationalizing resilience has moved away from the
focus on the non-emergence of pathology or symptoms after exposure to adver-
sity, to include “resilient-conductive” factors such as personality traits, confidence,
flexibility, optimism, or emotional liability, which can help promote positive subjec-
tive appraisal, negotiation, adaptation, or management of adverse situations with
increased coping (Kalisch et al. 2015). Yet, information on the neurobiological corre-
lates of these complex psychosocial and spiritual factors is lacking (Pietrzak et al.
2010). Individual traits such as subjective well-being (both hedonic or eudaimonic)
could also be protective factors against adversity (Di Fabio et al. 2015). Hedonic
well-being refers to cognitive evaluation of life satisfaction and positive affect,
whereas eudaimonic well-being is related to the determination of life-meaning and
self-actualization. Resilience is related to both types of well-being (Di Fabio et al.
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2015). Positive affect is thought to facilitate resilience by broadening one’s attention
and coping abilities, and by decreasing susceptibility to disease through increased
vagal control (Oveis et al. 2009). The overlap between measures of positive affect
and resilience has also been observed in various conditions such as chronic pain
(Strand et al. 2006) or brain trauma. The identification of neurobiological correlates
associated with resilience endophenotype may therefore be a critical first step in the
identification of individuals with increased vulnerability to develop diseases. Iden-
tifying brain signatures of resilience as biomarkers of vulnerability to stress-related
diseases can have implications for the development of training interventions, such as
preconditioning or post conditioning effects associated to hormesis, which increase
effective coping and management of stress conditions.

In the brain, a resilient neuronal cell does not necessarily correspond to a
healthy cell, as in the case of a cancerous phenotype being very resilient towards
chemotherapy. In some tumor cells, high resilience mechanisms lead to a resistance
to drugs despite being exposed to the same concentrations as their neighboring cells.
Such changes can be long-term, or even permanent, constituting cellular biological
memories associated with beneficial outcomes, as in the context of cellular hormesis.
Such beneficial outcomes, particularly with respect to ischemia—reperfusion, can be
seen where an initial stressor makes cells more resilient to subsequent stress to organs.
Here, the so called “pre-conditioning”, or alternatively after an adverse situation, a
subsequent stressor “post-conditioning”, are used and developed, both experimen-
tally and clinically (Smirnova et al. 2015). Long-term effects can however also be
detrimental and lead to adverse outcomes, especially when exposure is of limited
duration, as in the case of mixture toxicities.

The underlying strategy of hormesis in these cases entails the upregulation of
adaptive mechanisms that results in the development of biological resilience. New
resilient phenotypes will conform to the quantitative and temporal features of the
hormetic dose-time response relationship, often within a preconditioning context.
While the amplitude of induced resilience is modest, being about 30-60% greater than
the control group/background at maximum, and the duration of resilience is limited,
it appears possible to significantly extend the duration of the resilience in some
models depending on preconditioning stimulation methods (Gidday 2015). Similar
insights on increasing the amplitude of the resilient phenotype remain to be explored.
Since Parkinson’s Disease (PD) onset and progression is highly age dependent, it is
important to recognize that preconditioning-induced hormetic resilience decreases
profoundly with age in a variety of animal models. However, some success has
been achieved in restoring pathway functions via various exercise schemes, dietary
modifications and pharmacological approaches (Calabrese et al. 2015, 2016, 2018b).

Ultimately, the concept of resilience is difficult to operationalize, since it encap-
sulates many divergent behavioral phenotypes. Indeed, the study of human resilience
is still a mostly phenomenological literature which has only begun to characterize
biological factors in resilient individuals that are associated with more successful
coping responses. Thus, integration, optimization and tailoring of such develop-
ments to the treatment of patients offers a profound challenge and opportunities to
the progress of biomedical sciences and therapeutic medicine. In the subsequent
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6 V. Calabrese et al.

sections, we aim to provide evidence for possible prevention and early interven-
tion approaches targeting humans and animals, and their correlation with environ-
mental stressors, that can reduce the risk of brain disorders (i.e., neurodegenerative
and neuropsychiatric disorders) and foster resilience mechanisms which maintain
cellular homeostasis in response to stressors or adverse life experiences.

28.2 Resilience and Brain Health in Early Life

A growing field of recent research is focusing on the concept of resilience in the
context of early brain health and its role in successful aging in order to elucidate
neuroprotective resilient pathways and activation of stress responses against stress-
related neuropsychiatric and neurodegenerative disorders. In this context, resilience
is an active brain process that involves adaptive synaptic plasticity and cellular coping
mechanisms to face the negative effects of stressful early experiences (i.e., physical
and sexual abuse, socio-emotional neglect and maltreatments) (Russo et al. 2012;
Southwick et al. 2014). In contrast, low resilience and high vulnerability to stressful
or traumatic experiences, in particular during the prenatal neurodevelopment period
and adolescence, alter brain circuits to affect sensory systems, network architec-
ture and neuronal mediators involved in threat detection, emotional regulation and
reward anticipation. These alterations leave a molecular mark on the genome in the
form of epigenetic modifications that result in a “biological embedding” of these
stressful life events throughout the life course, contributing to the development of
mental illness such as psychiatric (i.e., depression, anxiety and post-traumatic stress
disorder (PTSD)) and neurodegenerative disorders (i.e., Alzheimer’s diseases) both
in humans and animal models (Gravitz 2018; Teicher et al. 2016; Lesuis et al. 2018;
Cohen et al. 2013). Moreover, preclinical studies reported that early life interven-
tions modulate aversive memory reconsolidation in the dorsal hippocampus and may
program the resilience or vulnerability to psychopathologies of traumatic memories
later in life in rodents (Couto-Pereira et al. 2019). On the other hand, the identification
of pro-resilience predictive pathways that confer neuroprotection by restoring cellular
homeostasis following genetic, epigenetic and environmental stressors has been asso-
ciated with positive mental outcomes such as reduced depression and mortality risk
(Gooding et al. 2012) thus promoting lifespan and well-being (Jeste et al. 2013).
Psychological resilience is the ability to bounce back after a stressful or traumatic
event (Southwick et al. 2012) and accounts for whether or not an individual develops
a mental illness such as psychiatric and post-traumatic stress disorders (Cathomas
et al. 2019). The epigenome may drive adaptive response mechanisms to environ-
mental stressors or traumatic events, on the interface between dynamic environmental
changes and the inherited genome, possibly allowing an “epigenotoxic effect” (Szyf
2007). Epigenetic modifications such as DNA methylation, DNA hydroxymethyla-
tion, histone modification, miRNA expression have been widely described to mediate
the effect of these stressful experiences and to be involved in the vulnerability to
depression (Januar et al. 2015), as well as for other stress-related brain disorders
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(Nestler et al. 2016). Within this context, epigenetic alterations especially during
early life sensory period provide a “molecular memory” to neuroplastic responses of
environmental stressors and are central to the generation of vulnerable or resilient
endophenotypes throughout life (Franklin et al. 2012; Silberman et al. 2016). The
imprint from earlier exposures to adverse events, which can manifest as an epige-
netic scar (rendering cells more sensitive) or resilience (more tolerant), needs to be
considered to understand real-life exposures and measure risk. Sometimes the results
of stressors are “bad memories,” such as mutations, or other functional impairments
that may predispose to disease or lead to adverse lifetime, or even transgenerational,
outcomes. The fine line between resilience and maladaptation may need to be defined
according to the situation. In the context of transgenerational transmission of early
stress and mental disorder (i.e., schizophrenia, bipolar disorder and severe depres-
sion), a longitudinal cohort study reported early preventive strategies for transmission
of risk or resilience from a parent with severe mental illness to their infant: stress-
sensitivity, caregiving representation and quality of parent-infant interaction leading
to the possibility of decreasing rate of mental illness in offspring (Harder et al. 2015).

Interestingly, a recent study suggested that early maternal care can epigenetically
reprogram the behavior of offspring for their entire lifetime through modulation of
neuroplasticity, neurogenesis, cell survival, resilience and specific stress response
genes later in life (Vogel Ciernia et al. 2018). On the other hand, many studies
reported that early maternal deprivation leads to epigenetic changes (i.e., histone
acetylation and DNA methylation) in specific imprinted genes causing attention-
deficit/hyperactivity disorder (ADHD), such as anxiolytic-behavior, hyperactivity as
well as learning and memory deficits in adolescent rats and in maltreated children
(Naumova et al. 2019).

Compelling evidence supports the crucial contribution provided by epigenetic
memory in the form of changes to the DNA methylation pattern that could protect
(offer resilience) or contribute to pathogenesis and cellular vulnerability to long-
term subsequent stressors (Tyagi et al. 2015). Moreover, a recent study suggested
that short- and long-term neonatal exposure to early life adversity induces epigenetic
changes in dopaminergic molecular pathways and thus can alleviate or aggravate
depressive-like symptoms in animal models of chronic stress later in life (Kohler
et al. 2019).

All this highlights the importance of resilience and epigenetic processes to coun-
teract vulnerable traits in humans and animal models of mental disorders. Hence, the
epigenome may contribute to rendering the system more resistant to the development
of neurodegenerative and psychiatric diseases occurring at a later stage of life.
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8 V. Calabrese et al.

28.2.1 Neurobiology of Brain Resilience

Recently, a large amount of evidence sheds light on the neurobiological factors
underlying stress resilience, with particular emphasis on the hypothalamic—pituitary—
adrenal (HPA) axis, brain-derived neurotrophic factor (BDNF), serotoninergic (5-
HT), glutamatergic and y-aminobutyric acid (GABA) systems (Faye et al. 2018).
Modulating these receptors may promote resilience or vulnerability during stressful
events.

28.2.1.1 Hypothalamic-Pituitary Axis

A neurobiological factor required for adaptive stress regulation is the hypothalamic-
pituitary axis (HPA axis). The HPA axis is the central neuroendocrine pathway
involved in response to stress and adaptation in humans and in animal models
(Bomholt et al. 2004). The system is subject to diurnal circadian fluctuations and is
also sensitive to both acute and chronic stress. Therefore, the HPA axis is important
for understanding resilience or vulnerability to stress. Thus, individuals perceive
stressful events differently, and when the stress response becomes overactive, the
recovery mechanisms fail to work, leading to increased susceptibility to stress.
Some individuals are less vulnerable to stress than others and are deemed resilient.
When faced with adversity, people with low resilience are at risk of mental illnesses.
Conversely, people who are able to integrate well socially, mentally or physically
despite exposure to stress or adversity demonstrate resilience. It is important to
note that childhood stress and trauma alter the HPA axis and its long-term dysreg-
ulation is associated with increased risk of adverse health outcomes. In addition,
recent findings indicate that a dysregulation of the HPA axis induced by chronic
stress in aged subjects correlates with negative health outcomes, such as a higher
risk for mood disorders (i.e., anxiety and depression) and cognitive disorders (i.e.,
Alzheimer’s disease), where individuals are predisposed to the effects of unstable
emotional regulation (Kuhlman et al. 2018; Janak et al. 2015; Bao et al. 2018; Gupta
et al. 2014).

In response to challenge or threat, the HPA axis produces a cascade of hormones
leading to the release of corticotropin-releasing hormone (CRH) and adrenocorti-
cotropic hormone (ACTH), which are neuropeptides from the hypothalamus and the
pituitary, respectively. Lastly, this pathway culminates in the secretion of glucocor-
ticoids and release of cortisol (or corticosterone in rodents) from the adrenal cortex.
Diurnal cortisol is a physiological biomarker of HPA axis activity that contributes
to stress resilience. Accordingly, altered diurnal or stress-induced secretion of the
hormone cortisol (i.e., higher diurnal cortisol levels), combined with lower resilience
resources (i.e., emotion dysregulation and poor social support), could predispose
older adults to negative health outcomes (Gaffey et al. 2016). Thus, circulating
cortisol levels change due to both environmental and endogenous influences. Several
lines of evidence reveled that, in older adults, blunted diurnal cortisol secretion has
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been associated with frailty (Johar et al. 2014), whereas lower diurnal cortisol is
correlated with longevity (Noordam et al. 2010).

28.2.1.2 BDNF Pathway

It is well documented that stress is a common risk factor for a great range of
brain disorders by targeting brain-derived neurotrophic factor (BDNF). BDNF is
a potent neurotrophic factor implicated in synaptic plasticity, neurogenesis, memory
processes and neuronal stress resistance (Marosi et al. 2014). Downregulation of
BDNF expression has been associated with neuronal atrophy and death occurring
in neurological disorders (Murer et al. 2001), and chronic stress typically decreases
BDNF hippocampal expression (Smith et al. 1996). Reduced levels of BDNF have
been reported not only under normal aging conditions but also in neuropathological
conditions such as Alzheimer’s disease (AD). Yet, experimental findings provide
evidence on how the BDNF-TrkB pathway involved in neuroplasticity modulates
stress vulnerability and resilience. Reduced BDNF-TrkB signaling contributes to
vulnerability of B amyloid-related effects on cognition in the pathogenesis of AD
(Devi et al. 2015).

28.2.1.3 Serotonin Pathway

Serotonin or 5-hydroxytryptamine (5-HT) is an important monoamine neurotrans-
mitter implicated in stress resilience and vulnerability. 5-HT is synthetized in the
body from the essential amino acid tryptophan (TRP) by the enzyme tryptophan
hydroxylase (TRH). This neurotransmitter contributes to brain development and to
the maintenance of normal brain function (Nordquist et al. 2010). Thus, low TRP
leads to low 5-HT levels in the brain or exposure to psychosocial stress, which
promotes the etiology of mood disorders in humans and animals (Gutknecht et al.
2015; Caspi et al. 2003). On the other hand, elevated levels of 5-HT are associated
to neurotoxicity (Dell’Osso et al. 2016). Moreover, the 5-HT transporter gene is
another actor of neurotransmission homeostasis and plays a role in modulating an
individual’s vulnerability or resilience to stress (Lesch et al. 1996). Stress induce
alterations in the serotonin system are associated with structural and functional
epigenetic changes in the brain. In this regard, epigenetic modifications such as
hypermethylation in HTR2A, HTR3A and 5SHHT serotoninergic genes are associated
with childhood trauma and psychiatric disorders in adulthood (Schechter et al. 2017,
Kang et al. 2013). Serotonin 5-HT A receptors have been proposed as key mediators
of serotonergic signaling in the hippocampus (Savitz et al. 2009). Chronic stress
reduced the levels of 5-HT 4 receptors in different brain areas and increased the risk
of depression in vulnerable patients and animals (Watanabe et al. 1993). On the other
hand, high levels of hippocampal 5-HT 5 receptors represent a molecular marker that
exerts resilience actions on limbic functioning and serotonergic homeostasis in the
face of stress (Zurawek et al. 2019).
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10 V. Calabrese et al.
28.2.1.4 Glutamate Pathway

Glutamate is the main excitatory neurotransmitter in the central nervous system
(CNS), and under physiological conditions, plays an important role in synaptic
plasticity, learning, memory and emotional responses (Lin et al. 2019). Accumu-
lating evidence suggests that less resilience is associated with dysregulation in gluta-
matergic neurotransmission (i.e., phencyclidine (PCP), ketamine, and N-methyl-d-
aspartate (NMDA) and a-amino-3-hydroxy-5-methyl- 4-isoxazole propionic acid
(AMPA) receptors), which induces microglial activation, neuronal damage or death
by excitotoxicity and in the end leads to the pathogenesis of numerous neuropsy-
chiatric disorders such as schizophrenia, depression, autism, and neurodegenera-
tive diseases (Reus et al. 2018). Notably, glutamate neurotransmission, including
neurotransmitter synthesis, signaling, and glutamate receptor functions and expres-
sion seem to be involved in both stress vulnerability and resilience. Chronic stress
decreased resilience and consequently the levels of glutamatergic neurotransmission
of AMPA receptors, in animal models of depression (Li et al. 2018).

28.2.1.5 GABAergic Pathway

The y-Aminobutyric acid (GABA), the major inhibitory neurotransmitter in the brain,
progressively decreases during stress in animals (Zhang et al. 2016) and humans
(Schiiretal. 2016). Dysfunction of GABAergic neurotransmission is implicated in the
development of stress-induced psychiatric disorders in both clinical and preclinical
research (Jacobson et al. 2007; Albrecht et al. 2017). Notably, GABAergic neurons
in the nucleus accumbens of the limbic system are correlated with the resilience
and vulnerability to chronic stress for major depression (Zhu et al. 2017). Interest-
ingly, the GABAg(;) subunit is expressed as different isoforms, and in the brain the
predominant isoforms are GABAg1,) and GABAg(ip). These isoforms, GABAg1y)
and GABAg( ), exhibit differential cognitive and conditioned fear responses and
regulate stress resilience or vulnerability to psychiatric illness in animal models
(O’Leary et al. 2014). Several lines of evidence suggest that upregulation of the
GABA, receptor al subunit in the ventral hippocampus increases resilience in
animal models of juvenile stress and can lead to the development of stress-related
psychopathologies (Ardi et al. 2019). The impact of basolateral amygdala activation
on synaptic plasticity in the hippocampus, under conditions of heightened stress,
induces alterations in the GABAergic system in limbic and prefrontal cortical areas.
Thus, reducing GABAergic inhibition of specifically the axon initial segment of prin-
cipal neurons within the basolateral amygdala represents a protective factor against
traumatic stress on hippocampus-dependent cognitive and plasticity functions in rats
(Saha et al. 2018).
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28.2.2 Mitochondrial Resilience

It is well established that genetic predispositions, epigenetic changes as well as
various environmental influences (comprising adverse life events such as childhood
maltreatment, migration, or chronic stress) contribute to mental illness vulnerability.
Mitochondrial stress occurring in response to many oxidative injuries, impairment
of energy metabolism and calcium homeostasis that initiates apoptotic cytochrome
C release is associated with mitochondrial dysfunction and neurodegeneration
(Mosconi et al. 2011). On the other hand, mitochondria dynamically interact with
each other and respond to different stressors to generate signals of resilient adap-
tation. Within the cell, mitochondria are in close proximity to the cell nucleus and,
in response to environmental signals, undergo dynamic, morphological and func-
tional changes leading to the production of biochemical signals to which the cell
and its plastic epigenome evolved molecular sensitivity (Picard et al. 2013; Shaugh-
nessy et al. 2014; Houtkooper et al. 2013). Recently, studies have in fact demon-
strated the existence of a functional crosstalk between mitochondria and nuclear
epigenome as a new aspect of bidirectional mito-nuclear communication: mito-
chondria are essential mediators of epigenetic processes and, conversely, changes
in the epigenome regulate mitochondrial function. Consequently, their functions are
fundamental aspects of cellular health (Matilainen et al. 2017). Accordingly, recent
studies of gene-stress-interaction demonstrated that downregulation of cacnalc gene
expression promotes mitochondrial resilience against oxidative stress in neuropsy-
chiatric disorders (Michels et al. 2018). Mitochondria synthesize and metabolize
stress hormones (i.e., glucocorticoids and catecholamines). It is interesting to note
in the context of stress resilience that stress hormones display a biphasic role in
regulating mitochondrial function, i.e., a hormetic mechanism. An integrative view
of chronic stress targeting mitochondrial bioenergetics thus opens new opportunities
to study mechanisms of resilience adaptation across the lifespan.

Consistent with this concept, mitochondria regulating energy homeostasis and
brain resilience adaptation processes represents a major marker of brain health
(Picard et al. 2018a). Importantly, chronic stress induces mitochondrial damage and
dysfunction in various brain regions, with impairment of neurotransmission under-
lying development and progression of neurodegenerative and neuropsychiatric patho-
genesis. Moreover, prolonged exposure to glucocorticoids causes respiratory chain
dysfunction, increased ROS generation, mitochondrial structural abnormalities,
apoptosis and cell death in skeletal muscle cells and hippocampal neurons (Picard
et al. 2018a). In light of this, glucocorticoids should be regarded as mitokines, i.e.,
mitochondria-derived hormones, mediating mitochondria-to-mitochondria commu-
nication among distant sites throughout the organism (Picard et al. 2018b). Notably,
moderate mitochondrial stress can enhance mitochondrial antioxidant capacity
through upregulation of antioxidant enzymes and, hence, increase resilience to
metabolic stress (Lee et al. 2010), with impact on lifespan in mice (Schriner et al.
2005).
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12 V. Calabrese et al.

28.2.3 Regional Specificity of Brain Resilience
and Vulnerability to Stress: A Neuroimaging
Approach

In recent years, neuroimaging techniques have become an increasingly important
tool to study neural correlates of adaptive and non-adaptive behavior. Neuroimaging
studies, such as functional magnetic resonance imaging (fMRI) and electroen-
cephalography (EEG), provided substantial evidence of both brain structure and
function in supporting vulnerability or resilience to stress in different neurological
disorders.

Resilience is associated with morphological changes of brain regions involved in
cognitive and affective processes related to the cortico-limbic system and plays an
essential role in preserving mental function and physiological trajectories of brain
network. In this context, higher levels of resilience are related to distinct morpholog-
ical alterations in brain regions involved in executive control and emotional arousal
networks, suggesting individuals with low resilience may have compromised cortico-
limbic inhibition, making them more vulnerable to stress or trauma (Gupta et al.
2017).

Interestingly, the connectivity of these brain regions modulates resilience and
vulnerability processes during stress or brain trauma (i.e., early life trauma, child-
hood maltreatment) (McEwen et al. 2016a). Accordingly, these brain regions are
implicated in the storage of cognitive control, memory consolidation, neurogen-
esis as well as emotion regulation (McEwen et al. 2016b). The structural changes
in the brain induced by chronic stress play a critical role in the pathophysiology
of both neurodegenerative and neuropsychiatric disorders in animal and humans
(Ebertowska et al. 2020; Kawaike et al. 2019). In addition, alterations observed in
the cytoarchitecture of the hippocampus and amygdala have been related to stress
resilience and vulnerability in animal models of PTSD (Cohen et al. 2014).

In humans, several studies demonstrated that chronic stress or traumatic experi-
ences in childhood maltreatment (i.e., parental neglect, early deprivation, physical,
sexual and emotional abuse) are associated with morphological alterations in specific
brain regions. Specifically, there is increased atrophy of neurons in the hippocampus,
prefrontal and parietal cortex, involved in memory, selective attention, and executive
function (Bremner et al. 2005; Gupta et al. 2017). Similarly, these negative events
cause hypertrophy of neurons in the amygdala involved in emotional processing
and arousal, fear conditioning, anxiety and aggression as well as diminished striatal
response to anticipated reward. This leads to increased vulnerability and develop-
ment of neuropsychiatric and neurodegenerative illness (Guo et al. 2018). More-
over, animal studies have shown smaller amygdala volumes associated with lower
levels of resilience, in keeping with neuroimaging findings demonstrating that amyg-
dala volume is reduced in individuals who have been exposed to early adverse life
events or maltreatment. For example, smaller amygdalae have been observed in
individuals undergoing conditions of childhood poverty (Luby et al. 2013), as well
as in adolescents having experiences of childhood maltreatment (Edmiston et al.
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Executive Function and Emotional Arousal Control Network Systems involved in the regulation of Resilience

Posterior
Parietal Cortex

Anterior Cingulate
Cortex

Hippocampus

Dorsolateral
A I
Prefrontal Cortex mygdala Subgenual
Cingulate Cortex

Executive Control System Network Emotional Arousal System Network

Fig. 28.3 Regions involved in the executive control and emotional arousal functions. Executive
Control Network System: Dorsal-lateral Prefrontal Cortex, Posterior Parietal Cortex. Emotional
Arousal System Network: Anterior Cingulate Cortex, Subgenual Anterior Cingulate Cortex,
Amygdala and Hippocampus

2011). Smaller amygdala volumes have been also observed in individuals exposed
to childhood adversities such as physical abuse, neglect, or being raised in poor
households (Hanson et al. 2015) and in PTSD populations compared to healthy
controls (Depue et al. 2014). These studies indicate that impaired executive control
and emotional arousal networks in critical cortico-limbic structures, such as the
dorsal-lateral prefrontal cortex, posterior parietal cortex, and respectively anterior
cingulate cortex, anterior mid-cingulate cortex, subgenual anterior cingulate cortex,
amygdala and hippocampus, show inhibition in response to trauma, suggesting that
they may play a critical role in the mediation of low resilience or vulnerability to
disease (Fig. 28.3).

Moreover, a recent study demonstrated that glucocorticoid receptor stimulation by
early maternal stress and long-term gene expression changes induced aberrant DNA
methylation in prefrontal cortex of rats (Urb et al. 2019). A few neuroimaging studies
have investigated the response to adversity as a “proxy” of resilience, reporting quite
important resilience-related differences in brain structure (DeYoung et al. 2010).
Retrieval of emotionally-valenced words in females with histories of early abuse has
been linked to decreased blood flow in the inferior parietal cortex (Bremner et al.
2003). In an emotional Stroop task, there was decreased parietal cortex activity in
females with histories of PTSD and abuse (Bremner et al. 2004). The parietal cortex
is a key region of the executive control network, and is associated with inhibitory
control, attention, working memory, planning, and response (Uddin et al. 2011).
Therefore, the findings are consistent with the hypothesis that high resilient individ-
uals may be better able to engage the executive control network, including its role in
inhibitory functions in relation to real or perceived challenge to their homeostasis.

The emerging links between neurogenesis and mental health support the idea
that improving resilience represents a neurogenic strategy to treat patients suffering
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14 V. Calabrese et al.

from major depression, schizophrenia, and neurodegeneration (Apple et al. 2017).
Neurogenesis plays a critical role in the synaptic plasticity of brain functions, such as
olfactory discrimination, memory formation, and fear extinction (Shors et al. 2001;
Alonso et al. 2006; Pan et al. 2012). In this context, it has been reported that stressful
or traumatic events induce glucocorticoid release and decrease adult hippocampal
neurogenesis (Snyder et al. 2011). Animal studies of early maternal and social depri-
vation reveal stress enhanced neurogenesis in the dentate gyrus of the hippocampus
and in the amygdala. In fact, mice exposed to early life stress exhibited a reduction in
amygdala/hippocampus-dependent fear memory because they have reinforced stress
resilience to cope with future stressors and maintain a normal homeostatic state (Daun
et al. 2020). Accordingly, dysfunction of adult neurogenesis enhances vulnerability
of the hippocampus, and development of age-related neurodegenerative diseases, as
well as neuropsychiatric diseases. On the contrary, enhancing neurogenesis confers
resilience to stress by regulating the processing of both cognitive and emotional func-
tions. Animal studies reported that increasing hippocampal neurogenesis promotes
resilience to chronic social defeat stress by moderate exercise (Nguemeni et al. 2018)
and inhibiting ventral dentate gyrus (Anacker et al. 2018). Brain imaging data of the
hippocampus in patients and stress-induced animal models with either depression or
anxiety disorders indicated a remarkable reduction in region volume and dendritic
spine numbers. By contrast, larger hippocampal volumes could be a biological marker
of resilience, whereas, loss of hippocampal neural plasticity (e.g., loss glial cell and
smaller neuronal cell nuclei) after chronic stress is a determinant factor to the patho-
physiology of depression in vulnerable human and animal models (Park et al. 2019;
Carboni et al. 2018).

Additionally, a recent report suggested that hippocampal proteomic changes are
associated with protein alterations involved in mitochondrial and metabolic pathways
and lead to increased vulnerability or resilience to stress-induced depression and
anxiety in stressed rats (Tang et al. 2019). Recently, several studies have correlated
increased amygdala reactivity as a protective factor that promotes resilience to depres-
sion following early life stress (Yamamoto et al. 2017). In contrast, others studies
have revealed that high emotional resilience is associated with lower levels of connec-
tivity in the ventral amygdala network independent of depression status. Instead,
lower depression symptoms were associated with higher connectivity between the
amygdala and dorsal frontal networks in older adults (Leaver et al. 2018). In addi-
tion, repeated stress induces a pro-inflammatory state by increasing the amygdala’s
neuronal and microglial activation, which triggers anxiety-like behaviors in rodents
(Munshi et al. 2020).

Taken together, these data showed brain network connectivity in the main brain
regions such as hippocampus, amygdala as well as prefrontal and parietal cortex
in response to stress or trauma and how neural factors are involved in increasing
resilience or vulnerability after stressful events across the lifespan. A history of
stress exposure can have a lasting impact on future stress reactivity in different brain
regions. Finally, the elucidation of brain region alterations will undoubtedly lead to
more effective and better tolerated treatment approaches to enhance resilience and its
use as a potential biomarker of healthier adulthood adaptations to childhood trauma.
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28.3 Plant Polyphenols Improve Resilience and Brain
Health via “Vitagenes”

Emerging research has focused on brain resilience, for neuroprotection, elicited by
plant polyphenols through the activation of the Nrf2-vitagene signaling pathway
(Figs. 28.1 and 28.2). The latter encodes redox sensitive genes, such as heme
oxygenase-1 (HO-1), heat shock proteins (Hsps), thioredoxin and sirtuin system,
termed vitagenes which are involved in preserving brain health and cellular home-
ostasis in response to stress or trauma in major neuropsychiatric and neurodegen-
erative disorders (Calabrese et al. 2010; Trovato et al. 2014, 2016a). Increasing
evidence suggests that plant polyphenols (i.e., resveratrol, hydroxytyrosol, oleu-
ropein, sulforaphane, curcumin, as well as gingko biloba) may exert healthy benefits
acting in a hormetic-like manner through the modulation of vitagenes, making the
hormesis concept fully applicable to the field of nutrition (Scuto et al. 2019a, b;
Amara et al. 2020a; Trovato et al. 2016b, 2018; Calabrese et al. 2014, 2018a).

Interestingly, recent in vitro and in vivo studies suggest that Hydroxytyrosol
(HT) and Oleuropein (OLE) inhibit the inflammatory response and induce brain
resilience to aging process through different pathways regulated by several members
of the sirtuin family (e.g., Sirtl, Sirt2, Sirt3 and Sirt6) (Leri et al. 2020; Zhi et al.
2018; Gallardo-Fernandez et al. 2019; Corpas et al. 2019a). The thioredoxin system
(Trx/TrxR) is an important thiol/disulphide redox controller ensuring the cellular
redox homeostasis and resilience to mental illness (Calabrese et al. 2012; Amara et al.
2020b; Dang et al. 2019). In this context, some studies showed that HT induces neuro-
protection and cellular antioxidant defenses via activation of the Keap1-Nrf2-TRXR1
pathway (Peng et al. 2015).

Sulforaphane is an herbal isothiocyanate enriched in cruciferous vegetables
obtained in high concentrations from broccoli seeds and sprouts. Recently, it has been
reported that sulforaphane induces health benefit by upregulation of Nrf2 pathway
against oxidative stress and inflammation in prenatal prevention of autism spec-
trum disorder as well as for the early treatment of young children with this disorder
(Nadeem et al. 2019). Preclinical studies suggested that intake of 0.1% sulforaphane
during juvenile and adolescence protect against inflammation and stress depression-
like behaviors via Nrf2 signaling and confers stress resilience in adulthood (Yao
etal. 2016). Moreover, a recent paper has suggested that lower levels of BDNF-Nrf2
pathway are strongly associated with oxidative stress and vulnerability to depression
in rats. On the other hand, activating Nrf2 translocation restored redox homeostasis
and induced resilience to stress (Bouvier et al. 2017).

Several studies have reported the antioxidants, anti-inflammatory and cognitive
resilience properties of resveratrol (3,5,4'-trihydroxy-trans-stilbene), a polyphenol
found in red wine presently under clinical trial against neuropsychiatric and neurode-
generative disorders. Recent compelling evidence indicated that resveratrol improves
brain resilience and proteostasis through the activation of Sirtl pathway against
amyloid and tau pathologies caused by accumulation of aberrant proteins in AD
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mouse models as well as in lymphocytes of AD patients (Corpas et al. 2019b; Cosin-
Tomas et al. 2019). Curcumin is a polyphenol compound extracted from the rhizome
of Curcuma longa Linn (family Zingiberaceae) commonly used as a spice to color
and flavor food. Increasing evidence demonstrated that curcumin promotes resilience
and may prevent the emergence of a range of anxiety-like symptoms in individuals
during exposure to chronic social stress (Aubry et al. 2019) as well as depression-
like behaviors in rats (Huang et al. 2011). Recently, Ginkgo biloba extracts showed
effectively as an alternative medicine for treatment and prevention of neurodegen-
erative and neuropsychiatric illness and acts in a hormetic-dose response manner
(Calabrese et al. 2020). Moreover, several studies reported the beneficial effects of
Ginkgo biloba extracts in modulating fear memory retrieval through serotoninergic,
GABAergic, and glutamatergic receptors in the dorsal hippocampal formation, by
enhancing cognitive function and resilience in psychiatric disorders (Gaiardo et al.
2019). Taken together these data indicate that brain resilience is an active protective
process that involves a set of neural and cellular mechanisms leading to avoid some
of the negative consequences of excessive stress therefore improves mental health.
Finally, in the field of neuroprotection, moderate and chronic consumption of low
doses of plant polyphenols could be considered as a promising “natural preventive
medicine” which confers resilience through the activation of stress responsive vita-
genes. By activating neuroprotective cascades such interventions could be effective
to prevent neuroinflammation, promote brain resilience and improve brain health in
aging-related cognitive decline as well as in neuropsychiatric disorders in humans.

28.4 Conclusions

Aging is one of the most challenging public health issues and it is considered as
a “cellular danger response” to environmental stressors or injury leading to the
development of neurodegenerative disorders. Emerging research has focused on
how biological resilience may be elicited by consumption of phytonutrients, partic-
ularly vitamins and plant phenols. These interfere with multiple signaling pathways
involved in protein homeostasis, DNA repair, metabolism regulation, and antioxi-
dant defenses in response to environmental stressors. Accordingly, the prevalence of
harmful stressful events, or so-called “black swans,” may contribute to establishing
a particularly resilient or vulnerable endophenotype.

Resilience comprises different physiological parameters, epigenetic modulators
and neurobiological markers. In this review, we have provided a brief overview of
some biological mechanisms underlying stress resilience and have explored how
resilience changes throughout age. The neurobiological network represented by the
HPA axis, BDNF, Serotonin, Glutamate and GABAergic pathways operate as the
first line of response to stress or challenges by promoting resilience and preserving
mental health against the onset of brain disorders such as depression and anxiety,
but they also slow neurodegeneration across the lifespan in both human and animal
models. Epigenetic mechanisms are a key to understanding the effects of early stress
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in childhood, such as poverty, maltreatment, maternal social and nutritional depriva-
tion, familial genetic as well as sexual abuse. In light of this, identifying personalized
biomarker signatures of resilience can help us characterize biologically vulnerable
individuals (e.g., maltreated children). Relevant to this, psychobiological challenge
tasks designed to evoke a resilient behavioral response, neuromodulation strategies
visualized by neuroimaging of circuits that mediate resilience, together with antiox-
idant interventions enhancing resilience, are all fundamental preventive strategies
aimed to operationalize resilience as a multifactorial determinant of brain health for
translation into a clinical setting. Finally, neural signaling pathways activated by
healthy lifestyles, such as moderate physical exercise, caloric restriction, intermit-
tent fasting, heat shock response and antioxidant polyphenols, can also stimulate
mitochondrial biogenesis in neurons in the brain, thereby facilitating neuroplasticity
and hormetic-resilience pathways that modulate aging and longevity in humans.

Further studies are necessary, however, to evaluate the real importance of the
neurobiological mechanisms impacting on target genes, as well as on epigenetic and
mitochondrial pathways in specific brain regions. These studies will help to elucidate
resilience factors, which promote brain health in response to stress, and to unravel the
potential therapeutic interventions able to effectively increase resilience and improve
stress management in vulnerable populations.

Acknowledgements EJC acknowledges longtime support from the US Air Force (AFOSR
FA9550-13-1-0047) and ExxonMobil Foundation (S18200000000256). VC wants to dedicate this
manuscript to beloved Silvestro and Lorenzo Calabrese.

Declaration of Conflicting Interests The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this article.

References

Albrecht A, Miiller I, Ardi Z, Caliskan G, Gruber D, Ivens S, Segal M, Behr J, Heinemann U,
Stork O, Richter-Levin G (2017) Neurobiological consequences of juvenile stress: a GABAergic
perspective on risk and resilience. Neurosci Biobehav Rev 74(Pt A):21-43

Alonso M, Viollet C, Gabellec MM, Meas-Yedid V, Olivo-Marin JC, Lledo PM (2006) Olfac-
tory discrimination learning increases the survival of adult-born neurons in the olfactory bulb. J
Neurosci 26:10508-10513

Amara I, Scuto M, Zappala A, Ontario ML, Petralia A, Abid-Essefi S, Maiolino L, Signo-
rile A, Trovato Salinaro A, Calabrese V (2020a) Hericium erinaceus prevents DEHP-induced
mitochondrial dysfunction and apoptosis in PC12 cells. Int J Mol Sci 21(6):Pii: E2138

Amara I, Timoumi R, Annabi E, Di Rosa G, Scuto M, Najjar MF, Calabrese V, Abid-Essefi S
(2020b) Di (2-ethylhexyl) phthalate targets the thioredoxin system and the oxidative branch of
the pentose phosphate pathway in liver of Balb/c mice. Environ Toxicol 35(1):78-86

Anacker C, Luna VM, Stevens GS, Millette A, Shores R, Jimenez JC et al (2018) Hippocampal
neurogenesis confers stress resilience by inhibiting the ventral dentate gyrus. Nature 559:98-102

Apple DM, Fonseca RS, Kokovay E (2017) The role of adult neurogenesis in psychiatric and
cognitive disorders. Brain Res 1655:270-276

;-é: 487779_1_En_28_Chapter TYPESET [_|DISK [_|LE CP Disp.:29/6/2020 Pages: 25 Layout: T1-Standard




Author Proof

616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668

18 V. Calabrese et al.

Ardi Z, Richter-Levin A, Xu L, Cao X, Volkmer H, Stork O, Richter-Levin G (2019) The role of
the GABAA receptor Alpha 1 subunit in the ventral hippocampus in stress resilience. Sci Rep
9(1):13513

Aubry AV, Khandaker H, Ravenelle R, Grunfeld IS, Bonnefil V, Chan KL, Cathomas F, Liu J,
Schafe GE, Burghardt NS (2019) A diet enriched with curcumin promotes resilience to chronic
social defeat stress. Neuropsychopharmacology 44(4):733-742

Bao AM, Swaab DF (2018) The human hypothalamus in mood disorders: the HPA axis in the center.
IBRO Rep 14(6):45-53

Baratta MV, Rozeske RR, Maier SF (2013) Understanding stress resilience. Front Behav Neurosci
8(7):158

Bomholt SF, Harbuz MS, Blackburn-Munro G, Blackburn-Munro RE (2004) Involvement and role
of the hypothalamo-pituitary-adrenal (HPA) stress axis in animal models of chronic pain and
inflammation. Stress 7:1-14

Bouvier E, Brouillard F, Molet J, Claverie D, Cabungcal JH, Cresto N, Doligez N, Rivat C, Do
KQ, Bernard C, Benoliel JJ, Becker C (2017) Nrf2-dependent persistent oxidative stress results
in stress-induced vulnerability to depression. Mol Psychiatry 22(12):1795

Bremner JD, Vythilingam M, Vermetten E, Southwick SM, McGlashan T, Staib LH, Soufer R,
Charney DS (2003) Neural correlates of declarative memory for emotionally valenced words in
women with posttraumatic stress disorder related to early childhood sexual abuse. Biol Psychiat
53(10):879-889

Bremner JD, Vermetten E, Vythilingam M, Afzal N, Schmahl C, Elzinga B, Charney DS (2004)
Neural correlates of the classic color and emotional stroop in women with abuse-related
posttraumatic stress disorder. Biol Psychiat 55(6):612-620

Bremner JD, Vermetten E, Schmahl C, Vaccarino V, Vythilingam M, Afzal N, Grillon C, Charney
DS (2005) Positron emission tomographic imaging of neural correlates of a fear acquisition and
extinction paradigm in women with childhood sexual-abuse-related post-traumatic stress disorder.
Psychol Med 35(6):791-806

Calabrese EJ (2016) Pre- and post-conditioning hormesis in elderly mice, rats, and humans: its loss
and restoration. Biogerontology 17(4):681-702

Calabrese V, Cornelius C, Dinkova-Kostova AT, Calabrese EJ, Mattson MP (2010) Cellular stress
responses, the hormesis paradigm, and vitagenes: novel targets for therapeutic intervention in
neurodegenerative disorders. Antioxid Redox Signal 13(11):1763-1811

Calabrese V, Cornelius C, Leso V, Trovato-Salinaro A, Ventimiglia B, Cavallaro M, Scuto M, Rizza
S, Zanoli L, Neri S, Castellino P (2012) Oxidative stress, glutathione status, sirtuin and cellular
stress response in type 2 diabetes. Biochim Biophys Acta 1822(5):729-736

Calabrese V, Scapagnini G, Davinelli S, Koverech G, Koverech A, De Pasquale C, Salinaro AT,
Scuto M, Calabrese EJ, Genazzani AR (2014) Sex hormonal regulation and hormesis in aging
and longevity: role of vitagenes. J Cell Commun Signal 8(4):369-384

Calabrese EJ, Dhawan G, Kapoor R, Iavicoli I, Calabrese V (2015) What is hormesis and its
relevance to healthy aging and longevity? Biogerontology 16(6):693-707

Calabrese V, Santoro A, Trovato Salinaro A, Modafferi S, Scuto M, Albouchi F, Monti D, Gior-
dano J, Zappia M, Franceschi C, Calabrese EJ (2018a) Hormetic approaches to the treatment of
Parkinson’s disease: perspectives and possibilities. J Neurosci Res 96(10):1641-1662

Calabrese V, Santoro A, Monti D, Crupi R, Di Paola R, Latteri S, Cuzzocrea S, Zappia M, Giordano
J, Calabrese EJ, Franceschi C (2018b) Aging and parkinson’s disease: inflammaging, neuroin-
flammation and biological remodeling as key factors in pathogenesis. Free Radic Biol Med
1(115):80-91

Calabrese EJ, Calabrese V, Tsatsakis A, Giordano JJ (2020) Hormesis and ginkgo biloba (gb):
numerous biological effects of GB are mediated via hormesis. Ageing Res Rev 10:101019

Carboni L, Marchetti L, Lauria M, Gass P, Vollmayr B, Redfern A, Jones L, Razzoli M, Malki K,
Begni V, Riva MA, Domenici E, Caberlotto L, Mathé AA (2018) Cross-species evidence from
human and rat brain transcriptome for growth factor signaling pathway dysregulation in major
depression. Neuropsychopharmacology 43(10):2134-2145

:-é: 487779_1_En_28_Chapter TYPESET [_|DISK [_]LE [/] CP Disp.:29/6/2020 Pages: 25 Layout: T1-Standard




Author Proof

669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
71
712
713
714
715
716
77
718
719
720

28 Hormesis, Resilience and Mental Health: Enhancing Public Health ... 19

Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harrington H, McClay J, Mill J et al (2003)
Influence of life stress on depression: moderation by a polymorphism in the 5-HTT gene. Science
301:386-389

Cathomas F, Murrough JW, Nestler EJ, Han MH, Russo SJ (2019) Neurobiology of resilience:
interface between mind and body. Biol Psychiatry 86(6):410-420

Cohen MM, Jing D, Yang RR, Tottenham N, Lee FS, Casey B (2013) Early-life stress has persistent
effects on amygdala function and development in mice and humans. Proc Natl Acad Sci USA
110:18274-18278

Cohen H, Kozlovsky N, Matar MA, Zohar J, Kaplan Z (2014) Distinctive hippocampal and amyg-
dalar cytoarchitectural changes underlie specific patterns of behavioral disruption following stress
exposure in an animal model of PTSD. Eur Neuropsychopharmacol 24(12):1925-1944

Corpas R, Grinan-Ferré C, Rodriguez-Farré E, Pallas M, Sanfeliu C (2019a) Resveratrol induces
brain resilience against alzheimer neurodegeneration through proteostasis enhancement. Mol
Neurobiol 56(2):1502-1516

Corpas R, Solana E, De la Rosa A, Sarroca S, Grifidn-Ferré C, Oriol M, Corbella E, Rodriguez-
Farré E, Vina J, Pallas M, Bartrés-Faz D, Gomez-Cabrera MC, Sanfeliu C (2019b) Peripheral
maintenance of the axis SIRT1-SIRT3 at youth level may contribute to brain resilience in middle-
aged amateur rugby players. Front Aging Neurosci 17(11):352

Cosin-Tomas M, Senserrich J, Arumi-Planas M, Alquézar C, Pallas M,Martin-Requero A, Suiol
C, Kaliman P, Sanfeliu C (2019) Role of resveratrol and selenium on oxidative stress and expres-
sion of antioxidant and anti-aging genes in immortalized lymphocytes from alzheimer’s disease
patients. Nutrients 11(8):pii: E1764

Couto-Pereira NS, Lampert C, Vieira ADS, Lazzaretti C, Kincheski GC, Espejo PJ, Molina VA,
Quillfeldt JA, Dalmaz C (2019) Resilience and vulnerability to trauma: early life interventions
modulate aversive memory reconsolidation in the dorsal hippocampus. Front Mol Neurosci
28(12):134

Dang R, Guo YY, Zhang H, Jiang P, Zhao MG (2019) Predictable chronic mild stress promotes
recovery from LPS-induced depression. Mol Brain 12(1):42

Daun KA, Fuchigami T, Koyama N, Maruta N, Tkenaka K, Hitoshi S (2020) Early maternal and
social deprivation expands neural stem cell population size and reduces hippocampus/amygdala-
dependent fear memory. Front Neurosci 29(14):22

Dell’Osso L, Carmassi C, Mucci F, Marazziti D (2016) Depression, serotonin and tryptophan. Curr
Pharm Des 22(8):949-954

Depue BE, Olson-Madden JH, Smolker HR, Rajamani M, Brenner LA, Banich MT (2014) Reduced
amygdala volume is associated with deficits in inhibitory control: a voxel- and surface-based
morphometric analysis of comorbid PTSD/mild TBI. Biomed Res Int 2014:691505

Devi L, Ohno M (2015) TrkB reduction exacerbates Alzheimer’s disease-like signaling aberrations
and memory deficits without affecting f-amyloidosis in SXFAD mice. Transl Psychiatry 5(5):e562

DeYoung CG, Hirsh JB, Shane MS, Papademetris X, Rajeevan N, Gray JR (2010) Testing predictions
from personality neuroscience. Brain structure and the big five. Psychol Sci 21(6):820-828

Di Fabio A, Palazzeschi L (2015) Hedonic and eudaimonic well-being: the role of resilience beyond
fluid intelligence and personality traits. Front Psychol 6:1367

Ebertowska A, Ludkiewicz B, Melka N, Klejbor I, Morys J (2020) The influence of early postnatal
chronic mild stress stimulation on the activation of amygdala in adult rat. ] Chem Neuroanat
8(104):101743

Edmiston EE, Wang F, Mazure CM, Guiney J, Sinha R, Mayes LC, Blumberg HP (2011)
Corticostriatal-limbic gray matter morphology in adolescents with self-reported exposure to
childhood maltreatment. Arch Pediatr Adolesc Med 165(12):1069-1077

Faye C, Mcgowan JC, Denny CA, David DJ (2018) Neurobiological mechanisms of stress resilience
and implications for the aged population. Curr Neuropharmacol 16(3):234-270

Franklin TB, Saab BJ, Mansuy IM (2012) Neural mechanisms of stress resilience and vulnerability.
Neuron 75:747-761

:-é: 487779_1_En_28_Chapter TYPESET [_|DISK [_]LE [/] CP Disp.:29/6/2020 Pages: 25 Layout: T1-Standard




Author Proof

722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
77

J

772

20 V. Calabrese et al.

Gaffey AE, Bergeman CS, Clark LA, Wirth MM (2016) Aging and the HPA axis: stress and resilience
in older adults. Neurosci Biobehav Rev 68:928-945

Gaiardo RB, Abreu TF, Tashima AK, Telles MM, Cerutti SM (2019) Target proteins in the dorsal
hippocampal formation sustain the memory-enhancing and neuroprotective effects of Ginkgo
biloba. Front Pharmacol 7(9):1533

Gallardo-Fernandez M, Hornedo-Ortega R, Cerezo AB, Troncoso AM, Garcia-Parrilla MC (2019)
Melatonin, protocatechuic acid and hydroxytyrosol effects on vitagenes system against alpha-
synuclein toxicity. Food Chem Toxicol 134:110817

Gidday JM (2015) Extending injury- and disease-resistant CNS phenotypes by repetitive epigenetic
conditioning. Front Neurol 2(6):42

Gooding PA, Hurst A, Johnson J, Tarrier N (2012) Psychological resilience in young and older
adults. Int J Geriatr Psychiatry 27:262-270

Gravitz L (2018) Drawing on the brain’s resilience to fight Alzheimer’s disease. Nature
559(7715):S8-S9

Guo Z, Liu X, Xu S, Hou H, Chen X, Zhang Z, Chen W (2018) Abnormal changes in func-
tional connectivity between the amygdala and frontal regions are associated with depression in
Alzheimer’s disease. Neuroradiology 60(12):1315-1322

Gupta A, Kilpatrick L, Labus J, Tillisch K, Braun A, Hong JY, Ashe-McNalley C, Naliboff B,
Mayer EA (2014) Early adverse life events and resting state neural networks in patients with
chronic abdominal pain: evidence for sex differences. Psychosom Med 76(6):404—412

Gupta D, Morley JE (2014) Hypothalamic-pituitary-adrenal (HPA) axis and aging. Comp Physiol
4(4):1495-1510

Gupta A, Love A, Kilpatrick LA, Labus JS, Bhatt R, Chang L, Tillisch K, Naliboff B, Mayer EA
(2017) Morphological brain measures of cortico-limbic inhibition related to resilience. J Neurosci
Res 95(9):1760-1775

Gutknecht L, Popp S, Waider J, Sommerlandt FM, Goppner C, Post A, Reif A, van den Hove D,
Strekalova T, Schmitt A, Colagco MB, Sommer C, Palme R, Lesch KP (2015) Interaction of brain
5-HT synthesis deficiency, chronic stress and sex differentially impact emotional behavior in
Tph2 knockout mice. Psychopharmacology 232(14):2429-2441

Hanson JL, Nacewicz BM, Sutterer MJ, Cayo AA, Schaefer SM, Rudolph KD, Shirtcliff EA,
Pollak SD, Davidson RJ (2015) Behavioral problems after early life stress: contributions of the
hippocampus and amygdala. Biol Psychiat 77(4):314-323

Harder S, Davidsen K, MacBeth A, Lange T, Minnis H, Andersen MS, Simonsen E, Lundy JM,
Nystrom-Hansen M, Trier CH, Rghder K, Gumley A (2015) Wellbeing and resilience: mecha-
nisms of transmission of health and risk in parents with complex mental health problems and
their offspring—The WARM Study. BMC Psychiatry 9(15):310

Houtkooper RH, Mouchiroud L, Ryu D, Moullan N, Katsyuba E, Knott G, Williams RW, Auwerx J
(2013) Mitonuclear protein imbalance as a conserved longevity mechanism. Nature 497:451-457

Huang Z, Zhong XM, Li ZY, Feng CR, Pan AJ, Mao QQ (2011) Curcumin reverses corticosterone-
induced depressive-like behavior and decrease in brain BDNF levels in rats. Neurosci Lett
493(3):145-148

Jacobson LH, Kelly PH, Bettler B, Kaupmann K, Cryan JF (2007) Specific roles of GABA (B(1))
receptor isoforms in cognition. Behav Brain Res 181(1):158-162

Janak PH, Tye KM (2015) From circuits to behaviour in the amygdala. Nature 517(7534):284-292

Januar V, Saffery R, Ryan J (2015) Epigenetics and depressive disorders: a review of current progress
and future directions. Int J Epidemiol 44(4):1364—1387

Jeste DV, Savla GN, Thompson WK, Vahia IV, Glorioso DK, Martin AS, Palmer BW, Rock D,
Golshan S, Kraemer HC, Depp CA (2013) Older age is associated with more successful aging:
role of resilience and depression. Am J Psychiatry 170:188-196

Johar H, Emeny RT, Bidlingmaier M, Reincke M, Thorand B, Peters A, Heier M, Ladwig KH
(2014) Blunted diurnal cortisol pattern is associated with frailty: a cross-sectional study of 745
participants aged 65 to 90 years. J Clin Endocrinol Metab 99(3):E464-E468

;-é: 487779_1_En_28_Chapter TYPESET [_|DISK [_|LE CP Disp.:29/6/2020 Pages: 25 Layout: T1-Standard




Author Proof

773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825

28 Hormesis, Resilience and Mental Health: Enhancing Public Health ... 21

Kalisch R, Muller MB, Tuscher O (2015) A conceptual framework for the neurobiological study of
resilience. Behav Brain Sci 38:¢92

Kang H-J, Kim J-M, Stewart R, Kim S-Y, Bae K-Y, Kim S-W et al (2013) Association of
SLC6A4 methylation with early adversity, characteristics and outcomes in depression. Prog
Neuropsychopharmacol Biol Psychiatry 44:23-28. https://doi.org/10.1016/j.pnpbp.2013.01.006

Kawaike Y, Nagata J, Furuya T, Koriyama C, Nakamura M, Sano A (2019) Working memory-
related prefrontal hemodynamic responses in university students: a correlation study of subjective
well-being and lifestyle habits. Front Behav Neurosci 13(13):213

Kohler JC, Groger N, Lesse A, Guara Ciurana S, Rether K, Fegert J, Bock J, Braun K (2019) Early-
life adversity induces epigenetically regulated changes in hippocampal dopaminergic molecular
pathways. Mol Neurobiol 56(5):3616-3625

Kuhlman KR, Geiss EG, Vargas I, Lopez-Duran N (2018) HPA-axis activation as a key moderator of
childhood trauma exposure and adolescent mental health. ] Abnormal Child Psychol 46(1):149—
157

Leaver AM, Yang H, Siddarth P, Vlasova RM, Krause B, St Cyr N, Narr KL, Lavretsky H (2018)
Resilience and amygdala function in older healthy and depressed adults. J Affect Disord 237:27—
34

Lee HY, Choi CS, Birkenfeld AL, Alves TC, Jornayvaz FR, Jurczak MJ, Zhang D, Woo DK,
Shadel GS, Ladiges W, Rabinovitch PS, Santos JH, Petersen KF, Samuel VT, Shulman GI
(2010) Targeted expression of catalase to mitochondria prevents age-associated reductions in
mitochondrial function and insulin resistance. Cell Metab 12:668—-674

Leri M, Scuto M, Ontario ML, Calabrese V, Calabrese EJ, Bucciantini M, Stefani M (2020) Healthy
effects of plant polyphenols: molecular mechanisms. Int J Mol Sci 21(4):pii: E1250

Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, Benjamin J, Miiller CR, Hamer DH,
Murphy DL (1996) Association of anxiety-related traits with a polymorphism in the serotonin
transporter gene regulatory region. Science 274(5292):1527-1531

Lesuis SL, Hoeijmakers L, Korosi A, de Rooij SR, Swaab DF, Kessels HW, Lucassen PJ, Krugers
HJ (2018) Vulnerability and resilience to Alzheimer’s disease: early life conditions modulate
neuropathology and determine cognitive reserve. Alzheimers Res Ther 10(1):95

LiMX, Zheng HL, Luo Y, He JG, Wang W, Han J, Zhang L, Wang X, Ni L, Zhou HY, Hu ZL, Wu PF,
Jin Y, Long LH, Zhang H, Hu G, Chen JG, Wang F (2018) Gene deficiency and pharmacological
inhibition of caspase-1 confers resilience to chronic social defeat stress via regulating the stability
of surface AMPARs. Mol Psychiatry 23(3):556-568

Lin CH, Hashimoto K, Lane HY (2019) Editorial: glutamate-related biomarkers for neuropsychiatric
disorders. Front Psychiatry 5(10):904

Luby J, Belden A, Botteron K, Marrus N, Harms MP, Babb C, Nishino T, Barch D (2013) The effects
of poverty on childhood brain development: the mediating effect of caregiving and stressful life
events. Jama Pediatr 167(12):1135-1142

Marosi K, Mattson MP (2014) BDNF mediates adaptive brain and body responses to energetic
challenges. Trends Endocrinol Metab 25:89-98

Matilainen O, Quirés PM, Auwerx J (2017) Mitochondria and epigenetics—crosstalk in homeostasis
and stress. Trends Cell Biol 27(6):453-463

McEwen BS (2016a) In pursuit of resilience: stress, epigenetics, and brain plasticity. Ann N'Y Acad
Sci 1373(1):56-64

McEwen BS, Nasca C, Gray JD (2016b) Stress effects on neuronal structure: hippocampus,
amygdala, and prefrontal cortex. Neuropsychopharmacology 41(1):3-23

Michels S et al (2018) Downregulation of the psychiatric susceptibility gene Cacnalc promotes
mitochondrial resilience to oxidative stress in neuronal cells. Cell Death Discov 4:54

Mosconi L, de Leon M, Murray J, Lu J, Javier E, McHugh P, Swerdlow RH (2011) Reduced
mitochondria cytochrome oxidase activity in adult children of mothers with Alzheimer’s disease.
J Alzheimers Dis 27:483-490

Munshi S, Loh MK, Ferrara N, DeJoseph MR, Ritger A, Padival M, Record MJ, Urban JH,
Rosenkranz JA (2020) Repeated stress induces a pro-inflammatory state, increases amygdala

:-é: 487779_1_En_28_Chapter TYPESET [_|DISK [_]LE [/] CP Disp.:29/6/2020 Pages: 25 Layout: T1-Standard



https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1016/j.pnpbp.2013.01.006

Author Proof

826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878

22 V. Calabrese et al.

neuronal and microglial activation, and causes anxiety in adult male rats. Brain Behav Immun
84:180-199

Murer MG, Yan Q, Raisman-Vozari R (2001) Brain-derived neurotrophic factor in the control human
brain, and in Alzheimer’s disease and Parkinson’s disease. Prog Neurobiol 63:71-124. https://
doi.org/10.1016/s0301-0082(00)00014-9

Nadeem A, Ahmad SF, Al-Ayadhi LY, Attia SM, Al-Harbi NO, Alzahrani KS, Bakheet SA (2019)
Differential regulation of Nrf2 is linked to elevated inflammation and nitrative stress in monocytes
of children with autism. Psychoneuroendocrinology 23(113):104554

Naumova QY, Rychkov SY, Kornilov SA, Odintsova VV, Anikina VO, Solodunova MY, Arintcina
IA, Zhukova MA, Ovchinnikova IV, Burenkova OV, Zhukova OV, Muhamedrahimov RJ, Grig-
orenko EL (2019) Effects of early social deprivation on epigenetic statuses and adaptive behavior
of young children: A study based on a cohort of institutionalized infants and toddlers. PLoS ONE
14(3):e0214285. https://doi.org/10.1371/journal.pone.0214285

Nestler EJ, Pena CJ, Kundakovic M, Mitchell A, Akbarian S (2016) Epigenetic basis of mental
illness. Neuroscientist 22(5):447-463

Nguemeni C, McDonald MW, Jeffers MS, Livingston-Thomas J, Lagace D, Corbett D (2018) Short-
and long-term exposure to low and high dose running produce differential effects on hippocampal
neurogenesis. Neuroscience 15(369):202-211

Noordam R, Gunn DA, Tomlin CC, Rozing MP, Maier AB, Slagboom PE, Westendorp RG,
van Heemst D, de Craen AJ (2010) Leiden longevity study group. Cortisol serum levels in
familial longevity and perceived age: the Leiden longevity study. Psychoneuroendocrinology
37(10):1669-1675

Nordquist N, Oreland L (2010) Serotonin, genetic variability, behaviour, and psychiatric disorders—a
review. Ups J Med Sci 115(1):2-10

Nunn AV, Guy GW, Bell JD (2016) The quantum mitochondrion and optimal health. Biochem Soc
Trans 44(4):1101-1110. https://doi.org/10.1042/BST20160096

O’Leary OF, Felice D, Galimberti S, Savignac HM, Bravo JA, Crowley T, El Yacoubi M, Vaugeois
JM, Gassmann M, Bettler B, Dinan TG, Cryan JF (2014) GABAB(1) receptor subunit isoforms
differentially regulate stress resilience. Proc Natl Acad Sci USA 111(42):15232-15237

Oveis C, Cohen AB, Gruber J, Shiota MN, Haidt J, Keltner D (2009) Resting respiratory sinus
arrhythmia is associated with tonic positive emotionality. Emotion 9(2):265-270

Pan YW, Chan GCK, Kuo CT, Storm DR, Xia Z (2012) Inhibition of adult neurogenesis by inducible
and targeted deletion of ERKS mitogen-activated protein kinase specifically in adult neurogenic
regions impairs contextual fear extinction and remote fear memory. J Neurosci 32:6444-6455

Park SC (2019) Neurogenesis and antidepressant action. Cell Tissue Res 377(1):95-106

Peng S, Zhang B, Yao J, Duan D, Fang J (2015) Dual protection of hydroxytyrosol, an olive oil
polyphenol, against oxidative damage in PC12 cells. Food Funct 6(6):2091-2100

Picard M, Shirihai OS, Gentil BJ, Burelle Y (2013) Mitochondrial morphology transitions and
functions: implications for retrograde signaling? Am J Physiol Regul Integr Comp Physiol
304:R393-406

Picard M, McEwen BS, Epel ES, Sandi C (2018a) An energetic view of stress: focus on
mitochondria. Front Neuroendocrinol 49:72-85

Picard M, McEwen BS (2018b) Psychological stress and mitochondria: a systematic review.
Psychosom Med 80(2):141-153

Pietrzak RH, Johnson DC, Goldstein MB, Malley JC, Rivers AJ, Morgan CA, Southwick SM (2010)
Psychosocial buffers of traumatic stress, depressive symptoms, and psychosocial difficulties in
veterans of operations enduring freedom and Iraqi Freedom: the role of resilience, unit support,
and postdeployment social support. J Affect Disord 120(1-3):188-192

Reus GZ, de Moura AB, Silva RH, Resende WR, Quevedo J (2018) Resilience dysregulation in
major depressive disorder: focus on glutamatergic imbalance and microglial activation. Curr
Neuropharmacol 16(3):297-307

Russo SJ, Murrough JW, Han MH, Charney DS, Nestler EJ (2012) Neurobiology of resilience. Nat
Neurosci 15:1475-1484

:-é: 487779_1_En_28_Chapter TYPESET [_|DISK [_]LE [/] CP Disp.:29/6/2020 Pages: 25 Layout: T1-Standard



https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1016/s0301-0082(00)00014-9
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1371/journal.pone.0214285
https://doi.org/10.1042/BST20160096
https://doi.org/10.1042/BST20160096
https://doi.org/10.1042/BST20160096
https://doi.org/10.1042/BST20160096
https://doi.org/10.1042/BST20160096
https://doi.org/10.1042/BST20160096
https://doi.org/10.1042/BST20160096
https://doi.org/10.1042/BST20160096

Author Proof

879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930

28 Hormesis, Resilience and Mental Health: Enhancing Public Health ... 23

Saha R, Kriebel M, Volkmer H, Richter-Levin G, Albrecht A (2018) Neurofascin knock down in
the basolateral amygdala mediates resilience of memory and plasticity in the dorsal dentate gyrus
under stress. Mol Neurobiol 55(9):7317-7326

Savitz J, Lucki I, Drevets WC (2009) 5-HT(1A) receptor function in major depressive disorder.
Prog Neurobiol 88(1):17-31

Schechter DS, Moser DA, Pointet VC, Aue T, Stenz L, Paoloni-Giacobino A et al (2017) The
association of serotonin receptor 3A methylation with maternal violence exposure, neural activity,
and child aggression. Behav Brain Res 325(Pt B):268-277. https://doi.org/10.1016/j.bbr.2016.
10.009

Schriner SE, Linford NJ, Martin GM, Treuting P, Ogburn CE, Emond M, Coskun PE, Ladiges W,
Wolf N, Van Remmen H, Wallace DC, Rabinovitch PS (2005) Extension of murine life span by
overexpression of catalase targeted to mitochondria. Science 308:1909-1911

Schiir RR, Draisma LW, Wijnen JP, Boks MP, Koevoets MG, Joéls M, Klomp DW, Kahn RS, Vinkers
CH (2016) Brain GABA levels across psychiatric disorders: a systematic literature review and
meta-analysis of (1) H-MRS studies. Hum Brain Mapp 37(9):3337-3352. https://doi.org/10.1002/
hbm.23244

Scuto M, Di Mauro P, Ontario ML, Amato C, Modafferi S, Ciavardelli D, Trovato Salinaro
A, Maiolino L, Calabrese V (2019a) Nutritional mushroom treatment in meniere’s disease
with coriolus versicolor: a rationale for therapeutic intervention in neuroinflammation and
antineurodegeneration. Int J Mol Sci 21(1):pii: E284

Scuto MC, Mancuso C, Tomasello B, Laura Ontario M, Cavallaro A, Frasca F, Maiolino L, Trovato
Salinaro A, Calabrese EJ, Calabrese V (2019b) Curcumin, hormesis and the nervous system.
Nutrients 11(10):pii: E2417

Sexton MB, Hamilton L, McGinnis EW, Rosenblum KL, Muzik M (2015) The roles of resilience
and childhood trauma history: main and moderating effects on postpartum maternal mental health
and functioning. J Affect Disord 174:562-568

Shaughnessy DT, McAllister K, Worth L, Haugen AC, Meyer JN, Domann FE, Van Houten B,
Mostoslavsky R, Bultman SJ, Baccarelli AA, Begley TJ, Sobol RW, Hirschey MD, Ideker T,
Santos JH, Copeland WC, Tice RR, Balshaw DM, Tyson FL (2014) Mitochondria, energetics,
epigenetics, and cellular responses to stress. Environ Health Perspect 122:1271-1278

Shors TJ, Miesegaes G, Beylin A, Zhao M, Rydel T, Gould E (2001) Neurogenesis in the adult is
involved in the formation of trace. Nature 410:372-376

Silberman DM, Acosta GB, Zorrilla Zubilete MA (2016) Long-term effects of early life stress
exposure: role of epigenetic mechanisms. Pharmacol Res 109:64-73

Smirnova L, Harris G, Leist M, Hartung T (2015) Cellular resilience. Altex 32(4):247-260

Smith MA (1996) Hippocampal vulnerability to stress and aging: possible role of neurotrophic
factors. Behav Brain Res 78(1):25-36

Snyder JS, Soumier A, Brewer M, Pickel J, Cameron HA (2011) Adult hippocampal neurogenesis
buffers stress responses and depressive behaviour. Nature 476:458-461

Southwick SM, Charney DS (2012) The science of resilience: implications for the prevention and
treatment of depression. Science 338:79-82

Southwick SM, Bonanno GA, Masten AS, Panter-Brick C, Yehuda R (2014) Resilience definitions,
theory, and challenges: interdisciplinary perspectives. Eur J Psychotraumatol 5:25338

Strand EB, Zautra AJ, Thoresen M, Odegard S, Uhlig T, Finset A (2006) Positive affect as a
factor of resilience in the pain-negative affect relationship in patients with rheumatoid arthritis.
J Psychosom Res 60(5):477-484

Szyf M (2007) The dynamic epigenome and its implications in toxicology. Toxicol Sci 100(1):7-23.
Epub 2007 Aug 3. Review. PubMed PMID: 17675334

Taleb NN (2007) The black swan: the impact of the highly improbable. Random House

Tang M, Huang H, Li S, Zhou M, Liu Z, Huang R, Liao W, Xie P, Zhou J (2019) Hippocampal
proteomic changes of susceptibility and resilience to depression or anxiety in a rat model of
chronic mild stress. Transl Psychiatry 9(1):260

:-é: 487779_1_En_28_Chapter TYPESET [_|DISK [_]LE [/] CP Disp.:29/6/2020 Pages: 25 Layout: T1-Standard



https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1016/j.bbr.2016.10.009
https://doi.org/10.1002/hbm.23244
https://doi.org/10.1002/hbm.23244
https://doi.org/10.1002/hbm.23244
https://doi.org/10.1002/hbm.23244
https://doi.org/10.1002/hbm.23244
https://doi.org/10.1002/hbm.23244
https://doi.org/10.1002/hbm.23244

Author Proof

931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983

24 V. Calabrese et al.

Teicher MH, Samson JA, Anderson CM, Ohashi K (2016) The effects of childhood maltreatment
on brain structure, function and connectivity. Nat Rev Neurosci 17(10):652-666

Trovato Salinaro A, Cornelius C, Koverech G, Koverech A, Scuto M, Lodato F, Fronte V, Muccilli
V, Reibaldi M, Longo A, Uva MG, Calabrese V (2014) Cellular stress response, redox status,
and vitagenes in glaucoma: a systemic oxidant disorder linked to Alzheimer’s disease. Front
Pharmacol 6(5):129

Trovato Salinaro A, Pennisi M, Di Paola R, Scuto M, Crupi R, Cambria M T, Ontario ML, Tomasello
M, Uva M, Maiolino L, Calabrese EJ, Cuzzocrea S, Calabrese V (2018) Neuroinflammation and
neurohormesis in the pathogenesis of Alzheimer’s disease and Alzheimer-linked pathologies:
modulation by nutritional mushrooms. Immun Ageing 14(15):8. https://doi.org/10.1186/s12979-
017-0108-1

Trovato A, Siracusa R, Di Paola R, Scuto M, Fronte V, Koverech G, Luca M, Serra A, Toscano
MA, Petralia A, Cuzzocrea S, Calabrese V (2016a) Redox modulation of cellular stress response
and lipoxin A4 expression by Coriolus versicolor in rat brain: relevance to Alzheimer’s disease
pathogenesis. Neurotoxicology 53:350-358

Trovato A, Siracusa R, Di Paola R, Scuto M, Ontario ML, Bua O, Di Mauro P, Toscano MA, Petralia
CCT, Maiolino L, Serra A, Cuzzocrea S, Calabrese V (2016b) Redox modulation of cellular stress
response and lipoxin A4 expression by Hericium erinaceus in rat brain: relevance to Alzheimer’s
disease pathogenesis. Immun Ageing 9(13):23. https://doi.org/10.1186/s12979-016-0078-8

Tyagi E, Zhuang Y, Agrawal R, Ying Z, Gomez-Pinilla F (2015) Interactive actions of Bdnf methy-
lation and cell metabolism for building neural resilience under the influence of diet. Neurobiol
Dis 73:307-318

Uddin LQ, Supekar KS, Ryali S, Menon V (2011) Dynamic reconfiguration of structural and
functional connectivity across core neurocognitive brain networks with development. J Neurosci
Off J Soc Neurosci 31(50):18578-18589

Urb M, Anier K, Matsalu T, Aonurm-Helm A, Tasa G, Koppel I, Zharkovsky A, Timmusk T, Kalda
A (2019) Glucocorticoid receptor stimulation resulting from early life stress affects expression
of DNA methyltransferases in rat prefrontal cortex. J Mol Neurosci 68(1):99-110

Vogel Ciernia A, Laufer BI, Dunaway KW, Mordaunt CE, Coulson RL, Totah TS, Stolzenberg
DS, Frahm JC, Singh-Taylor A, Baram TZ, LaSalle JM, Yasui DH (2018) Experience-dependent
neuroplasticity of the developing hypothalamus: integrative epigenomic approaches. Epigenetics
13(3):318-330

Watanabe Y, Sakai RR, McEwen BS, Mendelson S (1993) Stress and antidepressant effects on
hippocampal and cortical 5-HT1A and 5-HT2 receptors and transport sites for serotonin. Brain
Res 615(1):87-94

Wei Z, Amiel Rosenkranz J (2016) Effects of repeated stress on age-dependent GABAergic
regulation of the lateral nucleus of the amygdala. Neuropsychopharmacology 41(9), 2309-2323

Yamamoto T, Toki S, Siegle GJ, Takamura M, Takaishi Y, Yoshimura S, Okada G, Matsumoto T,
Nakao T, Muranaka H, Kaseda Y, Murakami T, Okamoto Y, Yamawaki S (2017) Increased amyg-
dala reactivity following early life stress: a potential resilience enhancer role. BMC Psychiatry
17(1):27

Yao W, Zhang JC, Ishima T, Dong C, Yang C, Ren Q, Ma M, Han M, Wu J, Suganuma H, Ushida
Y, Yamamoto M, Hashimoto K (2016) Role of Keap1-Nrf2 signaling in depression and dietary
intake of glucoraphanin confers stress resilience in mice. Sci Rep 6:30659

Zhi LQ, Yao SX, Liu HL, Li M, Duan N, Ma JB (2018) Hydroxytyrosol inhibits the inflam-
matory response of osteoarthritis chondrocytes via SIRT6-mediated autophagy. Mol Med Rep
17(3):4035-4042

Zhu Z, Wang G, Ma K, Cui S, Wang JH (2017) GABAergic neurons in nucleus accumbens are
correlated to resilience and vulnerability to chronic stress for major depression. Oncotarget
8(22):35933-35945

Zurawek D, Gruca P, Antkiewicz-Michaluk L, Dziedzicka-Wasylewska M (2019) Resilient pheno-
type in chronic mild stress paradigm is associated with altered expression levels of mir-18a-5p and
serotonin 5-ht(1a) receptor in dorsal part of the hippocampus. Mol Neurobiol 56(11):7680-7693

:-é: 487779_1_En_28_Chapter TYPESET [_|DISK [_]LE [/] CP Disp.:29/6/2020 Pages: 25 Layout: T1-Standard



https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-017-0108-1
https://doi.org/10.1186/s12979-016-0078-8
https://doi.org/10.1186/s12979-016-0078-8
https://doi.org/10.1186/s12979-016-0078-8
https://doi.org/10.1186/s12979-016-0078-8
https://doi.org/10.1186/s12979-016-0078-8
https://doi.org/10.1186/s12979-016-0078-8
https://doi.org/10.1186/s12979-016-0078-8
https://doi.org/10.1186/s12979-016-0078-8
https://doi.org/10.1186/s12979-016-0078-8

Author Proof

Author Queries

IChapter 28 I
IQuery Refs. | Details Required Author’s response
AQl Kindly note that reference citations Michels et al. (2017), Aubry
et al. (2018) have been changed to Michels et al. (2018), Aubry
et al. (2019), so that these citation matches the list.
AQ2 References ‘Calabrese et al. (2018b), Corpas et al. (2019b), Gupta

and Morley (2014), Trovato et al. (2016b)’ are given in list but not
cited in text. Please cite in text or delete them from list.




MARKED PROOF

Please correct and return this set

Please use the proof correction marks shown below for all alterations and corrections. If you
wish to return your proof by fax you should ensure that all amendments are written clearly

in dark ink and are made well within the page margins.

Instruction to printer Textual mark Marginal mark
Leave unchanged - under matter to remain
Insert in text the matter i New matter followed by

indicated in the margin
Delete

Substitute character or
substitute part of one or
more word(s)

Change to italics

Change to capitals

Change to small capitals
Change to bold type

Change to bold italic
Change to lower case
Change italic to upright type

Change bold to non-bold type

Insert ‘superior’ character

Insert ‘inferior’ character

Insert full stop
Insert comma

Insert single quotation marks

Insert double quotation marks

Insert hyphen

Start new paragraph
No new paragraph
Transpose

Close up

Insert or substitute space
between characters or words

Reduce space between
characters or words

[ through single character, rule or underline
or
- through all characters to be deleted

[ through letter or
———- through characters

— under matter to be changed
under matter to be changed
under matter to be changed
under matter to be changed

N

under matter to be changed
Encircle matter to be changed
(As above)

(As above)

[ through character or
A where required

(As above)

(As above)
(As above)

(As above)

(As above)

(As above)
I
—
L

linking”  “characters
N’

[ through character or
A where required

between characters or
words affected

A or k®

of or S

new character / or

new characters /

+EHLE T

Y or Y

under character
e.g.\;’ or \Z

A

over character
e.g. /2(




