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Abstract

Stress-induced major depression and mood disorders are characterized by behavioural abnormalities and psychiatric
illness, leading to disability and immature mortality worldwide. Neurobiological mechanisms of stress and mood disorders
are discussed considering recent findings, and challenges to enhance pharmacological effects of antidepressant, and mood
stabilizers. Pharmacological enhancement of ketamine and scopolamine regulates depression at the molecular level,
increasing synaptic plasticity in prefrontal regions. Blood-derived neurotrophic factors facilitate mood-deficit symptoms.
Epigenetic factors maintain stress-resilience in hippocampal region. Regulation of neurotrophic factors blockades stress,
and enhances neuronal survival though it paralyzes limbic regions. Molecular agents and neurotrophic factors also control
behavioral and synaptic plasticity in addiction and stress disorders. Future research on neuronal dynamics and cellular
actions can be directed to obtain the etiology of synaptic dysregulation in mood disorder and stress. For the first time, the
current review contributes to the literature of synaptic plasticity representing the role of epigenetic mechanisms and

glucocorticoid receptors to predict depression and anxiety in clinical conditions.
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Introduction

Stress-induced major depressive (SMD) and major mood
disorder (MMD) are leading cause of illness among chil-
dren and adults worldwide. These prevail lifetime of 17%
of the population across the globe (Kessler et al. 2005).
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World Health Organization estimates that MMD will be the
main cause of disability by 2020. MMD also exacts a very
large economic burden on society, with an estimated cost
of $210.5 billion annually for the treatment expenses
(Greenberg et al. 2015). In addition, 23% of suicide victims
are due to lack of antidepressant treatment during acute
phase of depression (Karch et al. 2009). Developments of
depressions, anxiety and mood disorders are prevalent
among children who are victims of negligence and mal-
treatment. Stressful experience in early life has a long-
lasting effect on brain development and capacity to respond
on later stressful challenges, as the brain adversely regu-
lates neuroendocrine, autonomic, metabolic and immune
system functions (Anda et al. 2010). These vulnerabilities
indicate the limitation of antidepressant treatment, long
response time, and rate of drug efficacy (Gerhard et al.
2016). Most of the patients with mood disorders show the
behavioural abnormalities and psychiatric illness that are
manifested in cognitive dysfunction and memory loss.
Development of anti-depressant drugs in combination with
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a psychotherapeutic solution with response to stress and
mood disorders has been a great challenge for neurosci-
entists from last two decades.

Underlying epigenetic mechanisms considering the
DNA methylation in genes are associated with increased
vulnerability for the development of stressed-induced
depression. Methylation in the serotonin transporter
(SLC6A4), brain-derived neurotrophic factor (BDNF),
glucocorticoid receptor (NR3CI1), and FK506 binding
protein (FKBP5) genes are found to predict depression and
anxiety in clinical samples (Bagot et al. 2014). These genes
act in response to stress, mood disorder and depression
following the development of synaptic plasticity (Weder
et al. 2014). Currently, the blockage of chemo-neural sin-
gling pathways by low-neurotrophic factors has been
considered as an underlying factor for depression, and
mood disorder (Autry and Monteggia 2012). Thus, the
promotional signalling of neurotrophins including nerve
growth factor (NGF) and brain derived neurotrophic factor
(BDNF) is strongly linked with antidepressant response to
TrkB receptors in limbic regions (Castrén and Kojima
2017). Further it is observed that stressed-related atrophy in
limbic region of the brain reduces the brain volume, causes
loss of neurons and glia, and disrupts synapse functions of
patients with depression and mood disorders (Karatsoreos
and McEwen 2013; Duman and Aghajanian 2012). Neu-
rogenesis is needed for antidepressant treatment, depres-
sion pathogenesis, and hypothalamic—pituitary—adrenal
(HPA) axis regulation (David et al. 2009). The synaptic
number and functioning of neurons are decreased in the
pre-frontal cortex (PFC) and hippocampal regions in
patients with depression and mood disorder. BDNF, vas-
cular-endothelial growth factor (VEGF), and insulin-like
growth factor-1 (IGF1) are required for the formation and
maintenance of synaptic connections and neural plasticity
in CNS. Specifically, BDNF couple with glucocorticoids
facilitates synaptic plasticity following morphological and
molecular changes by which depression and anxiety deficit
symptoms are ameliorated (Nestler et al. 2002). Degrada-
tion and inhibition of nuclear factor-B (NF-B) are due to
the performance of I_55B kinases (IKK) acts to phospho-
rylate I_B that plays a significant role in synaptic plasticity
to regulate neuronal morphology (Gutierrez et al. 2005). In
addition, IKK-NF_B signaling pathway enriches hip-
pocampal neuroplasticity, regulating memory consolida-
tion. The availabilities of receptors in the surface of the
membrane and the releasable pool (RRP) of synaptic
vesicles (SVs) are some of the genetic factors maintaining
o-amino-3-hydroxy-5- methyl- 4- isoxazolepropionic acid
(AMPAergic) and vy-amino butyric acid type-A
(GABAAergic) synaptic strength. BLA-ventral hippocam-
pus (VHPC) circuit is also identified in the context of
anxiety-related social interaction, using optogenetic
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manipulations (Allsop et al. 2014). Social loss induces
post-traumatic stress disorders (PSDs), resulting in a
functional increase of mini-excitatory post-synaptic current
(mEPSCs) in NAc-MSNs. Long-term-potentiation (LTP)
during in vitro procedure alters place cell stability and
impedes the consolidation of spatial memory in patients
with stress and mood disorders. Most of these epigenomic
analyses involve molecular and cellular circuits to identify
biomarkers for stress and mood disorders considering
neuroendocrine, immune and central nervous systems
(LaSalle 2011). The function of neural circuits is altered by
low concentrations of cocaine, whereas the presence of
high concentrations of cocaine directly blocks Na™ and K™.
Overall, cocaine increases the levels of extracellular
dopamine activating dopamine receptor (DAR). Changes in
synaptic and intrinsic excitability interact with the shape of
final nucleus accumbens (NAc)-medium spiny neurons
(MSN) output, activating the neural circuit and cocaine-
seeking behavior. So far, ketamine including non-selective
N-methyl-p-aspartate (NMDA) receptors stands out as a
potential agent for the treatments of stress and mood dis-
order resilience, enhancing antidepressant effects in beha-
viours and synaptic plasticity (Subhani et al. 2018).
Treatment of chronic stress and mood disorder with various
antidepressant drugs increases BDNF mRNA at various
protein levels in the limbic region (Calabrese et al. 2011).
Ketamine, as an antidepressant and a biomarker for mood
disorders, promotes neuronal plasticity-related proteins,
neurogenesis, synaptogenesis, neural survival and axon
elongation (Castrén 2013). It is further observed that many
genomic regions are involved in the formation of neural
circuitry projection, functioning, and plasticity, following
the improvement of neuron structures and neuro-develop-
mental processes (Roberson-Nay et al. 2018). For example,
the cell-cell adhensions genes (e.g., CDHs, PCDHAs,
PCDHAI1C/2C) and genes associated with mood and psy-
chiatric disorders (e.g., HDAC4, NRG1) influence the
neural structure and plasticity in DNAm regions. Maresin 1
(MAR1) that is extracted from docosahexaenoic acid
biosynthesized improves insulin resistance (Jung et al.
2018). In presence of depression, MAR1 ameliorates
inflammation and insulin resistance. It also stimulates
AMP-activated protein kinase (AMPK), which enhances
ER stress.

Exploring these neurobiological and epigenetic mecha-
nisms of stress and mood disorders, present review offers
the recent findings, current problems and new challenges
for promoting synaptic plasticity and antistrophic effects to
minimize mental deficits and disorders. An attempt is made
here to underlie pharmacological and pathophysiological
effects in order to establish antidepressant agents, mood
stabilizers and neuroleptic agents for stress and mood
disorders, incorporating balanced neural plasticity.
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Behavioural and neural mechanism

Acute stress is induced during the stress condition con-
sidering the alternation of limbic structures and the
blockage of neural, molecular and metabolic mechanisms.
Stress-related illness alters atrophy of limbic brain struc-
tures and reduces the whole brain structures including
neural plasticity in patients with depression and mood
disorder (Karatsoreos and McEwen 2013). Analysis of
CREB and BDNF has shown the decrement of CREB
providing evidence with a loss of neural plasticity in
patients with depression (Dwivedi et al. 2003). Environ-
mental challenges adopt an organism to exhibit resilience
and vulnerability at the level of the nervous system in
brain. Neural activity during stress provides neural plas-
ticity for indicating resilient coping (Sinha et al. 2016). A
significant level of endocrine increases when subjects are
exposed to highly stressful, violent stimuli, and temporally
distinct patterns of neural activation. Acute functional
neuroplasticity during stress, with distinct and separable
brain networks, underlie critical components of the stress
response defining a role of VmPFC neuro-flexibility in
stress-resilient coping, as shown in Fig. 1. This happens
when brain limbi-striatal activation is increased during
stress whereas the reduction is noticed in ventromedial
prefrontal (VmPFC) and dorsolateral prefrontal cortex
(DLPFC). VmPEFC is one of the critical loci of neuroplas-
ticity in a resilience-coping network in which signals are
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increased due to emotional, behavioral control and active
coping. Childhood trauma, cumulative adversity, and a
history of mood disorders or posttraumatic stress disorder
(PTSD) are associated with blunted VmPFC activation
during emotion or stress exposure, disrupted VmPFC
connectivity with amygdala and poor adaptive coping (Seo
et al. 2014; Gee et al. 2013). DLPFC plays a significant
role for the interpretation of multiple brain disorders due to
its vulnerability to stress and ageing (McEwen and Mor-
rison 2013). It is the region dedicated to high intercon-
nectivity between sensory and motor associated regions of
the brain. It directs “formation of coherent behavioral
sequences towards the attainment of goals” (Fuster 2008).
As DLPFC is exposed to stress, it gets self-modulated
along-with other areas of the attentional network. At the
same time, larger impairment of attentional shifting can be
linked with attenuated functional coupling between
DLPFC and areas of premotor and posterior parietal cortex.
Mood-related circuitries are disrupted in depression by
following the reduction of the prefrontal cortex (PFC) and
hippocampus volume. Volume reduction is correlated with
length of illness and time of treatment of depression,
exposure to stress that causes atrophy, loss of neurons and
glia in the PFC and hippocampus regions (Duman and
Aghajanian 2012). Number and function of the synapse are
disrupted in the case of a patient with depression, as
referred in Fig. 1.
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Fig. 1 Induced stress factors deregulate the structural remodelling of
brain considering synaptic modifiers such as neurotropins and
glucocorticoids disrupt the cognitive ability and decreases the DLPFC
and VmPFC region functioning (a). Neural plasticity occurs, b due to
dysregulation in the pre- and post-synaptic neural receptor modelling,
¢ due to oxidative stress: in which unwanted oxidation of ions causes

factors

Geneticvariation

malfunctioning of transcription process resulting in genetic variation.
d Due to pharmacological and environmental factors:several drugs-
abuses (like cocaine) affects synaptic NAc MSN excitability,
resulting in the development and expression of addictive plasticity
as receptors becomes familiar to these external agents and overgen-
eralize them as self or natural pathway mediator
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Synaptic plasticity that represents the functions of brain
including the ability to sense, access and store information,
is disrupted due to depression and mood disorder (Holtmaat
et al. 2009). Synaptogenesis regulates an interaction
between signaling pathways, disrupting key neural path-
ways in the context of depression (Duman and Aghajanian
2012). Reduction in synaptic plasticity occurs due to HFD-
induced diabetes and insulin resistance causing neuronal
atrophy in cortical and limbic structures (Arnold et al.
2014; Stranahan et al. 2008; Anisman 2009). Consumption
of an HFD causes insulin resistance in cortical and limbic
structures decreasing insulin-dependent stimulation of Akt,
S6 kinase (S6 K), glycogen synthase kinase (GSK)-3f and
mTORCI1 signalling (Arnold et al. 2014). The role of
functional connectivity of the neurons in hippocampal,
cortical, reward, and serotonergic circuits is to maintain
stress resilience and vulnerability (Franklin et al. 2012;
Arnold and Betsholtz 2013). Epigenomic analyses (LaSalle
2011; Autry et al. 2011) or optogenetic neural activation or
silencing (Mei and Zhang 2012) help to identify the
involvement of molecular and cellular circuits of stress and
mood disorder condition. In the domain of resilience, the
normal physiological and behavioural mechanisms are
adapted to suppress psychological stress (Pfau and Russo
2015; Bazak et al. 2009); Cohen and Janicki-Deverts
2009). Functional roles of the neuroendocrine, immune,
and central nervous systems lead to behavioural resilience
to stress. Therefore, resilience is considered an integrated
process by which adaptive mechanisms in multiple systems
promote and develop personalized science and medicine to
combat stress. Indeed this description provides potential
targets to develop biomarkers, specific to the type of stress
(developmental vs. adulthood), sex, and inflammatory
state. It is observed that women are more likely to develop
mood disorder than men (Kessler 2003). Continuing iden-
tification of sex-based pro-resilience markers enables the
development of more effective sex specific treatments, by
which women can recover from mood disorders (Hwang
et al. 2018). Energy metabolism regulates AMPK, which is
a nodal regulator of mTORCI1 signalling and synaptic
protein synthesis. BDNF has a central role in energy
metabolism and cellular respiration (Markham et al. 2012;
Marosi and Mattson 2014).

Metabolic disorders are associated with elevated rates of
depression and risk factors which contribute to social and
traumatic stress (Leone et al. 2012; Luppino et al. 2010;
Mansur et al. 2015). Obesity is developed due to the
presence of glucocorticoids and inflammatory cytokines.
These disorders are linked with the disruption of PFC
circuits and neurotransmitter systems involving serotonin,
dopamine, endocannabinoids and opioids. Feeding, energy
homeostasis, endocrine and neurocrine systems are also
influenced by the gut microbiome in the case of healthy
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behaviour, whereas an imbalanced microbiome-brain
interaction is linked to psychiatric illnesses, including
depression and anxiety (Mayer et al. 2014; Petra et al.
2015). Excessive caloric intake also increases the risk for
uncontrolled excitation of the neuronal activity and stroke,
which is mainly due to compromising the integrity of
blood—brain-barrier (Kanoski et al. 2010). Changes in
synaptic plasticity and neurogenesis enhance with an
enriched environment, exercise and learning, while ageing
and exposure to drugs effect the neural progenitor cells of
the hippocampus. These cells give rise to newborn cells
that migrate into the granule cell layer and mature into
neurons with the morphological and physiological charac-
teristics of adult granule cells (Van Praag et al. 1999).

Moreover, patients with anxiety have a tone with lost-
conditioned, involving the neural modulation of respective
stimulus in primary cortices and amygdala. Stimulation
representation in sensory organs modulates affective
regions. Anxiety patients overgeneralize the stimulus
altering the perception in a safe context. Altered neural
representations identify neural pathways, participating in
affective modulation following the putamen for gain, the
ACC for loss, and the amygdala for both gain and loss.
Effects are emerged due to fundamental changes in how
patients with anxiety and mood disorder perceive the
stimulus and to what extent they discriminate it from other
stimuli. Affective stimuli induce changes in the represen-
tation of the conditional stimulus via amygdala and pri-
mary sensory regions, making the subjects more prone to
exhibit anxiety symptoms.

Motivation, reward and anxiety are affected by depres-
sion (Pasquali 2012; Moulton et al. 2015). Stress, depres-
sion and anxiety behaviours are regulated by circulating
peptides that include leptin and adiponectin from adipose
tissue and ghrelin from the stomach.

Stress and GC-induced sensitization of neuroinflamma-
tory response promote the development of drug addiction,
macrophages and microglia. This process undergoes mor-
phological transformation from immature to activated
mature with an enlargement of the soma. Hence alterations
in neurotransmitters, intracellular signalling, gene tran-
scription, translation and epigenetic changes duly facilitate
abnormal functioning of the hypothalamic—pituitary—adre-
nal (HPA) axis, leading to induced stress (Anacker et al.
2013; Bremner et al. 2003). Glucocorticoid receptor (GR)
target gene, serum and glucocorticoid-inducible kinase 1
(SGK1 counteract the cortisol-induced reduction in neu-
rogenesis. Activation of GR gene expression in cortisol
increase the power of the SGK1-dependent SGK1 inhibi-
tion of the neurogenic Hedgehog pathway by cortisol.
Glucocorticoid effects on the brain result in downstream
mechanisms causing morphological oligodendrocyte
abnormalities by up-regulating SGKI1. Decreasing the
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proliferation of human hippocampal progenitor cells
involves GK1 as a key enzyme which reduces the neuro-
genesis. Glucocorticoid withdrawal leads to the potentia-
tion and maintenance of GR phosphorylation at the serine
residues S203 and S211. Neurogenesis is important for
antidepressant treatment of SGK1 (David et al. 2009;
Chattarji et al. 2015), and HPA axis regulation (Anacker
et al. 2013; Bryant 2003); DeRubeis et al. 2008). Neuronal
dysfunction and degeneration mechanisms involve lipid
peroxidation product 4-hydroxynonenal. These covalently
modified proteins result in membrane-associated oxidative
stress (Mattson 2009; Calabrese et al. 2009). Ketamine
including nonselective NMDA antagonists has been
investigated as potential agents for the treatments of stress
and mood disorder resilience. Ketamine and other rapid-
acting compounds produce rapid-acting effects targeting
fast-acting ionotropic glutamate receptors. The metabo-
tropic glutamate receptors (G-protein) have also been
examined as potential therapeutic targets for depression.

Role of molecular mechanism for depression

Human brain drops light on the mechanisms of diseases
like dysphoria and anguish that uncover several enzymes
such as phosphatase to treat depressive behaviours. Mito-
gen-activated protein kinase (MAPK) upregulates the hip-
pocampal region of a patient diagnosed with depression
(Magarin and McEwen 1995).

BDNF has antidepressant effects in behavioural models
of depression. Activation of the HPA axis, involving cor-
ticotropin-releasing hormone (CRH) receptor-1 (CRHRI1)
and FK506-binding protein 5 (FKBP5) decreases the
synaptic number and functioning of neurons in the PFC and
hippocampus regions. GLYX-13 (rapastinel) is a com-
pound that gives a positive effect on hippocampal-depen-
dent learning tasks at the glycine site, containing NMDARSs
(Zhang et al. 2008; Cohen et al. 1996; Hunter et al. 2015).
Postsynaptic endocytosis involves mGluRS5- and ol-
adrenergic receptor (AR)-dependent LTDs, where al-AR-
initiated LTD mediates modulation of signalling through
calcium-permeable AMPA receptors. Stress differentially
affects the Gq-receptor-dependent plasticity of excitatory
glutamatergic transmission in the BNST, and glutamate-
activated Gq-linked signalling pathways. Transfer phos-
phate groups to serine or threonine residues containing
carboxy-terminal proline at one side contribute to the high
degree of proline-directed phosphorylation (Huttlin et al.
2010; Lundby et al. 2012). JNKs govern brain morpho-
genesis and axodendritic architecture during development
and regulate important neuron-specific functions such as
synaptic plasticity involving NMDA glutamate receptor
(NMDAR). This lead to activation, calcium influx and

recruitment of AMPARSs that lead to long-lasting changes
in synaptic transmission and memory formation. The
pathophysiological processes of acute brain injuries release
signals of brain-derived antigens. Danger-associated
molecular patterns (DAMPs) are a set of molecular deter-
minants derived from cellular debris, intracellular proteins,
or nuclear DNA/RNA that are released from injured cells
following catastrophic events (Hunter et al. 2015).
Cytokines are exquisitely sensitive molecules that are
produced and released by microglial cells in a context- and
cell-dependent fashion. Chemokines are released by
Damaged CNS cells, such as macrophage inflammatory
protein-la (MIP-la or CCL3), monocyte chemotactic
protein-1 (MCP-1 or CCL2) (Cousijn et al. 2010; Cov-
ington and Miczek 2005), CCLS, or RANTES (Regulated
upon Activation, Normal T cell Expressed, and Secreted)
(Zaremba et al. 2006; Covington et al. 2011; Dwivedi
2009). These diverse signals trigger peripheral immune
cells, causing protective pharmacological and cell-based
therapies. The adaptive immune system is exposed to
myelin antigens (de Vos et al. 2002; Mecha et al. 2013)
which are presented by dendritic cells (DCs) to antigen-
specific T cells, resulting in consequent demyelination of
the CNS (Dwivedi 2009). Actin dynamics and structural
plasticity show the structural remodelling of Cannabinoid
Receptor CB1 by regulating the active levels of WAVEI
protein complex in spinal neurons (Njoo et al. 2015). The
WAVE proteins act as nucleation promoting factor which
further helps in linking upstream signals to the activated
actin related protein 2/3 (ARP2/3), and CBI1 receptor
assembles with GPCR protein in a multiprotein to unfold
its biological actions. Synaptic neurotransmission and
plasticity are also controlled by membrane-derived bioac-
tive phospholipids triggered at different degrees, loci, and
mechanisms of action. Postsynaptic currents induce LPA
which is depended on LPA1/Guai/o-protein/phospholipase
C/myosin light chain kinase cascade at the presynaptic site.
Receptors present in the surface membrane, and the size of
the readily releasable pool (RRP) of synaptic vesicles
(SVs) are the important determinants for maintaining
afferent AMPAergic and GABAergic synaptic strength
(Johnson et al. 2005). Phospholipids act as local messen-
gers in activity-dependent GABAergic STD in a Ca2 + -
dependent, spike-independent manner. LPA signalling
regulates brain-elemental processing, resulting in MLC
phosphorylation, which stimulates the actomyosin con-
tractile apparatus (Moreno-Lopez et al. 2011; Dityatev
et al. 2010) and hence underlying STDs due to the reduc-
tion in RRP of SVs. Changes in the cytoskeleton of actin
are necessary for enabling docking, fusion and exocytosis
of SVs with the plasmalemma (Moreno-Lopez et al. 2011;
Kourrich et al. 2015; Salazar et al. 2009). Psychological
and social factors are responsible for increasing
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inflammatory cytokines in humans. Introduction of cyto-
kine causes sickness in behaviour with characteristics of
depression. Serum levels of the pro-inflammatory cytoki-
nes interleukin (IL)-1B, IL-6 and tumour necrosis factor
(TNF)-o are raised in patients with depression. Antide-
pressant treatment is used to resume the cytokine levels in a
normal manner. Microglia, the brain’s resident innate
immune cells produce inflammatory cytokines. Synaptic
plasticity via regulation of PI3K-Akt signalling is suste-
nance by low levels of TNF-o and IL-1§ support.

Epigenetic factors associated with stress

Stress-induced behaviours and responses facilitate a higher
order relation between the genetic and epigenetic factors.
The effects of stress on physiology, brain, and behaviour
mediate myriad epigenetic or chromatin remodelling
mechanisms, suggesting that one or more HDACSs can get
dysregulated in the neural circuitries causing repression or
silencing of a number of critical genes. Amelioration of the
neuropsychiatric diseased condition is done by HDACS
which restores the normal histone acetylation level around
the affected gene promoters. Psychiatric disorders are
involved in the expression of (Cdk5) in the nucleus
accumbens (NAc).

Directional modification of Cdk5 promoter can be
accomplished by engineering zinc finger protein (ZFP)
transcription factors. DNA-binding proteins recognize a
specific genetic region and fuse to the p65 transcriptional
activation domain of nuclear factor-light-chain-enhancer of
activated B cells (NF_B). Rapid and dynamic responses of
retrotransposons and brain plasticity aim at maintaining the
genomic and transcriptional stability of vulnerable brain
regions like hippocampus (Pfau and Russo 2015). Neuro-
logical and psychiatric disorders result in genome-wide
RNA expression that serves as a transcriptional signature
(Kolb and Gibb 2011).

The detail of classification of molecular receptors based
on symptoms of depression and mood disorder is specified
in Table 1.

Adaptations to particular environments and experiences
are exposed to achieve reproductive success. These are
considered as mal-adaptation to another environment,
resulting in greater allostatic load/overload. Acute psy-
chological stress increases nor-adrenergic activity. Func-
tional deletion in ADRA2B, and a gene coding for the a2b-
adreno receptor, indicating increment in the phasic amyg-
dala responses, and its effect on tonic activity are tested by
using MRI techniques. Neural plasticity elucidates the
molecular and cellular mechanisms that allow the brain to
receive information and make the appropriate adaptive
responses to different environmental, social, behavioural,
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and pharmacological stimuli from other cells. Acute neural
plasticity results in the activation of the excitatory neuro-
transmitter glutamate which causes neuronal depolarization
and increased regulation of intracellular Na™ signals. This
leads to the subsequent activation of N-methyl-p-aspartate
(NMDA) receptors and the influx of Ca2* ions. A sche-
matic for the above explanation is given in Fig. 2.

Increasing number of CNS disorders is being shown to
be caused by primary abnormalities in chromatin regula-
tory proteins.

Role of BDNF, mRNA and protein in stress
and depression

BDNF, VEGF, and IGFl1 play a significant role in
depression. Stress and depression decrease the expression
and function of BDNF in the blood in PFC and hip-
pocampus. BDNF is required for the formation and main-
tenance of synaptic connections (Holtmaat et al. 2009;
Grandjean and Landrigan 2014). Presence of the
BDNFVal66Met allele is sufficient to cause atrophy of
neurons in the hippocampus and medial PFC (mPFC) (Du
et al. 2009). Individuals with BDNFVal66Met allele have
reduced episodic memory and executive function, and also
decreased hippocampal volume. BDNF is linked with
neural plasticity in CNS (Duman et al. 1997). Remodelling
of the hippocampus, prefrontal cortex and amygdala is
coincident with stress-induced changes at the level of
BDNF. Glucocorticoids couple with other molecules acts
in conjunction with BDNF to facilitate the morphological
and molecular changes. Further, the interactions between
BDNF and other systems facilitate synaptic plasticity
within the brain by which depression and anxiety deficit
symptoms can be reversed and ameliorated (Nestler et al.
2002). Stress-induced changes are replicated by the chronic
administration of GCs, following the elevation of cortisol
activation of the hypothalamic/pituitary/adrenal axis in
response to stress in the hippocampus and amygdala
regions (Mitra and Sapolsky 2008; De Lange et al. 2008).
BDNF levels in CA3 return to baseline after recovery from
either an acute or chronic stressor (Lakshminarasimhan and
Chattarji 2012; Egan et al. 2003; Frank et al. 2011), sug-
gesting that hippocampal BDNF levels are highly dynamic.
Neural plasticity in response to stress involves not only the
elevation of GCs, but also requires BDNF, other molecules
and proteins to induce physiological and morphological
changes in neurons for modulating the cellular response to
stress.

Neural circuits are altered following prolonged bouts of
stress and depression. Met carriers exhibit a reduction in
hippocampal volume (Bueller et al. 2006), a decreasing
activity in the ventromedial prefrontal cortex and amygdala
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Table 1 Classification of molecular mechanisms and receptors based on depression and mood disorder

Authors

Molecular and genetic mechanisms

Molecular receptors

Brain regions for stress and
mood disorder

Morrison and Baxter (2012)
McEwen (1999)
Saarelainen et al. (2003)

MAPK1 RNA
BDNF
BDNF and CREB

Cytokines, cellular stressors
Glucocorticoid
TrkB

Hippocampus
ADC, PFC, hippocampus
Hippocampus

Zhang et al. (2008)

Holtmaat et al. (2009)

Kim et al. (2007)
Lalancette-Hébert et al. (2007)

Cytoplasmic membrane
Cytoplasm, chemokines
JNK1

Cytokines, chemokines and
adhesion molecules

de Vos et al. (2002) and Mecha
et al. (2013)

Jauch et al. (2006)
Njoo et al. (2015)

Myelin antigens

Endothelial cells
WAVEI1

Moreno-Lépez et al. (2011) Postsynaptic membrane; GABA

Glycine-site modulator NMDARs
Cytoskeleton receptor. Eukaryotic

Hippocampus, PFC
Hippocampus, PFC

AMPAR Hippocampus

Purinergic receptors-P2 receptors, Hippocampus, visual cortex
ATP

T-cells receptors Hippocampus

BBB CVOs

Cannabinoid receptor CB1; Gg/11 DRG
or G12/13

GABA4Rs; AMPARSs Brainstem; neocortex;

hypothalamus

Fig. 2 Acute Neural Plasticity
a due to epigenetic or
chromosomal dysregulation
leading to malfunctioning of
neural circuitries which affects
the intrinsic cellular excitability.
Intrinsic excitability includes
factors such as k¥ channels
alteration by durgs or others
agents, increases the
depolarization resulting in
increase intake of sodium ions
and hence changes the nuclueys
accumbens

Glutamate

Neurotransmitter

(Soliman et al. 2010). Acute stress modulates the genotype
effects and processing of amygdale in humans. ADRA2B
influences brain processes in the case of acute stress in the
amygdala (Rasch et al. 2009). These context-dependent
genetic characteristics are mediated by the amygdale and
PFC. Endocannabinoid (ECB) signalling is affected by
normal ageing, neuroinflammatory and neurodegenerative
disorders that deteriorate the processing of brain. Different
molecular components forming this signaling system
change substantially the function of the brain and

Closed Chromatin

!

Excitation

Increased depolarisationdue
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peripheral tissues. Bioactivity of ECB-based therapeutics
varies on the basis of the patient’s age (Velayudhan et al.
2014). Cannabinoid and ECB-related receptors in neurons
and glial cells change independently in response to a
neurological disease (Lidsky and Schneider 2003). Immune
cells that invade the brain parenchyma also express
receptors and contribute to cells (Hegde et al. 2010).
Deregulation affects neuronal, endocrine and immune cell
signalling (Russell and Kahn 2007; Gu and Yakel 2011).
The CB1 receptor is the serine kinase mammalian target of
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rapamycin (mTOR). As a molecular integrator, mTOR
enables both cellular-nutrient sensing and energy home-
ostasis through ERK/MAPK-Akt pathway. mTORCI has a
role in regulating synaptic plasticity and cognitive func-
tions, including memory, through mechanisms that depend
on de novo protein synthesis.

Stress induced molecular pathways
for cognitive impairment

Symptoms of stress disorders are characterized by impaired
cognitive function alongside enhanced emotion through the
hypothalamic—pituitary—adrenal (HPA) axis. Although the
hippocampus, amygdala, and prefrontal cortex are distinct
in their associations with the severity of cognitive and
emotional symptoms of stress disorders, there are signifi-
cant bidirectional connections between these areas. Early
investigations into cellular mechanisms underlying these
cognitive deficits are focused on the hippocampus (Martin
et al. 2000), and reduces the density of dendritic spines
(Chen et al. 2010). Stress and mood disorder affects dif-
ferent structural and neurochemical plasticity, and also
increases activation in the ventromedial prefrontal cortex
(vmPFC), hippocampus and amygdala regions, implicating
stress-related vulnerability to chronic health conditions
(Liston et al. 2006). Allostatic load enables patients with
mood disorder to cope with stressful experiences. Abnor-
malities constitute a neural vulnerability that combines
neural risk factors with maladaptive neural responsiveness
to stress. Neural factors establish an association between
behavioural and neural measures for the amygdala and
hippocampus regions. This association reflects plasticity in
brain activation as magnitudes change in stress symptoms
over time. Human vulnerability to stress depends on
amygdala’s predisposition and hippocampal plasticity
(Morrison and Baxter 2012) that affects memory by
selectively impairing the stability of place cell firing rates
(Sandi and Pinelo-Nava 2007). Age and sex-dependent
differences are observed in terms of behavioural activity,
plasticity and response to stress in the dentate gyrus (Zit-
man and Richter-Levin 2013; Protopopescu et al. 2005).
Stress affects both principal cells and interneurons (Yarom
et al. 2008). Pubertal dentate gyrus differs due to basal
excitability, suggesting sex-related differences in effects of
stress on behaviour. Underlying mechanisms of the long-
evity and selectivity of the impact of PS are explored
considering sex-specific epigenetic, brain structural and
behavioral changes (Schmidt and Duman 2010). Mecha-
nisms mediating transgenerational programming of stress
responses and pathologies help to explain the generational
persistence of human behaviors in families and populations
exposed to long-term adversity. Stressful experiences in
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early life can have long-lasting effects on brain develop-
ment and capacity to respond to later stressful challenges,
as the brain regulates neuroendocrine, autonomic, meta-
bolic and immune system functions in an adverse way
(Anda et al. 2010). Adult brain possesses the ability to
show reversible structural and functional plasticity to
stressful experiences. Social defeat induces PSDs and
functional increase in mEPSCs in NAc MSNs. Changes in
dendritic spine density and morphology are thought to
underlie important aspects of experience-dependent plas-
ticity (Holtmaat et al. 2009). Effects of stress on the
structure and function of neurons within the meso corti-
colimbic brain systems regulate mood and motivation
(Christoffel et al. 2011). Recently, there is a focus on drug-
induced changes in synaptic excitability and much less
attention to intrinsic excitability factors. Intrinsic factors
including K* channels are altered by cocaine forcing
neuronal excitability adaptations in the nucleus accumbens
(NAc). Brain circuit activity emerges from constant inter-
actions between synaptic and intrinsic cellular excitability
factors.

Environmental events and risk factors contribute to
depression through the convergence of molecular and cel-
lular mechanisms. This mechanism disrupts neuronal
function and morphology including the synaptic deficit,
resulting in dysfunction of the circuitry for mood regula-
tion and cognitive function (Duman and Duman 2015).
This happens due to the lack of reliable biomarkers of
MDD and treatment response. Exposure to stress hormones
elicits a complex repertoire of plasticity mechanisms in the
different sub-regions of the hippocampus. Acute stress and
acute glucocorticoid elevation produce impairment in long-
term potentiation (LTP) and primedburst potentiation
(Felix-Ortiz et al. 2013). Input from the entorhinal cortex to
the dentate gyrus is ramified by the connections between
the dentate gyrus and CA3 pyramidal neurons within the
hippocampus. Dentate gyrus-CA3 system that adapts
structural plasticity plays a role in the memory of
sequences of events (Lisman and Otmakhova 2001). This
pyramidal cell undergoes a reversible remodeling of their
dendrites (McEwen 2010), along with dentate granule
neuron dendrites (Gould et al. 1990). The co-expression of
MR and GR in the same neurons gives rise to heterodimer
formation (Joéls 2006; Karst et al. 2005). Stress reduced
LTP in vitro alters place cell stability and impedes the
consolidation of spatial memory. Stress selectively impairs
the consolidation of spatial memory, without altering the
sensory-motor systems. After stress, place cells show an
increased tendency to change their firing rate without
changing their prefer firing location. Steroid hormones are
intercellular mediator and neurotransmitter system partic-
ipate in structural plasticity. Electrical stimulation of the
BLA disrupts the induction of long-term potentiation
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(LTP), as a measure of synaptic plasticity in the hip-
pocampal CAl sub-region (Vouimba and Richter-Levin
2005). However, the role of p25 is to generate plasticity in
the hippocampus after repeated stress in an amygdala-de-
pendent manner. p25/Cdk5 dependent phosphorylation on
Ser211 activates GR (Griff et al. 2012) while increasing
GR phosphorylation expression of histone deacetylase 2
(HDAC2) (Gréaff et al. 2012; von Arnim et al. 2010).
HDAC?2, in turn, suppresses the expression of genes for
learning and memory (Griff et al. 2012), suggesting a
mechanism for an elevated p25 generation that leads to
cognitive impairment. Blockade of p25 generation protects
the hippocampus from the detrimental effects of repeated
stress. This pathway activates the excitatory neurotrans-
mitter glutamate and regulates intracellular signalling
cascades. Using optogenetic manipulations, a pivotal role
of the BLA—ventral hippocampus (VHPC) circuit has been
identified in the context of anxiety-related social interac-
tion, precisely behaviours and optogenetic excitation
(Allsop et al. 2014; Taliaz et al. 2011). Stress modulates
the connection and interaction between BLA and hip-
pocampus (Allsop et al. 2014). Similarly, BLA shows
distinctive neural function in fear and reward conditioning.
Further, BLA neurons are capable of encoding experiences
with both negative and positive emotional valences
(Namburi et al. 2015) and reward learning and addiction
conditions (Koob 2009; Venero and Borrell (1999); Mer-
curio et al. 1999). A specific micro-circuits and synaptic
mechanisms mediate these effects of stress in the BLA
(Anisman and Matheson 2005). Intrinsic factors that are
located in the soma, dendrites and axon modulate mem-
brane excitability. This phenomenon is explained in Fig. 3.

Adrenal steroids are important mediators for remod-
elling of hippocampal neurons during repeated stress
(Sousa et al. 2000a, b). Glucocorticoids also synergize with
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excitatory amino acids to promote excitotoxic damage and
impairment of energy generation through inhibition of
glucose uptake (Sapolsky 1992). Neural plasticity of
antidepressant is observed in molecular and cellular
mechanisms (Duman 2014; Christoffel et al. 2011).
Nucleus accumbens (NAc) is linked with mood and anxiety
disorders and dendritic spine plasticity that underlies neu-
ropsychiatric disorders, such as depression, anxiety, and
drug addiction (Holtmaat et al. 2009; Russo et al. 2010).
Dysfunction of the mesolimbic dopaminergic reward
pathway, including the ventral tegmental area (VTA)
dopaminergic cells is linked to neuropsychiatric disorders
(Krishnan et al. 2007). Increased firing rates of VTA
dopaminergic neurons after social defeat are accompanied
by increased release of brain-derived neurotrophic factor
(BDNF). NAc shell is considered to be a limbic-motor
interface that is responsible for integrating the salience of
rewarding and aversive stimuli through its target brain
regions (Chen et al. 2010). Glucocorticoids, excitatory and
inhibitory neurotransmitters, and neurotrophic factors are
some of the mediators of neural plastic. These mediators
operate in a nonlinear network and perform biphasic
actions and reciprocal interactions leading to disruption
and pathophysiology (McEwen 2006). Cellular and
molecular mechanisms of anxiety-like behavior have been
studied to understand how the brain responds to stressors.
Stress hormones modulate function within the brain by
changing the structure of neurons. Molecular mechanisms
control behavioral and synaptic plasticity in addiction and
stress disorders.
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Drugs and molecular mechanisms for neural
plasticity

Neural plasticity plays an important role in the treatment of
mood disorder, depression and stress. Glucocorticoid sig-
nalling is essential for neuronal plasticity to stress and
antidepressant treatment (Arango-Lievano et al. 2015). In
other words, antidepressant treatment increases neural
plasticity and structural remodelling of brain considering
synaptic modifiers such as neurotrophins and glucocorti-
coids that deregulate risk factors of stress. BDNF increases
glucocorticoid receptors (GR) for suppressing the devel-
opment of stress. A TrkB-MAPK pathway is sustained GR
phosphorylation at BDNF sites, which is transcribed the
genetic plasticity. Coordinated actions between BDNF and
glucocorticoids promote neuronal plasticity. Glucocorti-
coids deteriorate the structure and function of brain circuits
affecting perception, cognition and mood. Remodelling of
neuron disrupts cognitive ability and enhances stress-me-
diated peaks of glucocorticoids (Pariante 2006). Stress-
sensitive pathways influence GR function initiating a cel-
lular pathway to modulate GR activity during stress.
Moreover, fluoxetine prevents the neuroplasticity of
chronic stress by priming GR phosphorylation at BDNF-
sensitive sites. Disruption of GR which is primed by BDNF
explains antidepressant resistance through neural plasticity
at the molecular and cellular levels. Prolonged medications
of antidepressants increase synaptic plasticity in adult
hippocampus and enhance expression of neurotrophic
factors.

Time-dependent cholinergic induction establishes
dynamic hippocampal synaptic plasticity through electrical
stimulation. Input activity of septal cholinergic through an
optogenetic approach provides different types of hip-
pocampal schaeffer collateral (SC) which is added to CAl
synaptic plasticity. Cholinergic input affords different
types of plasticity at different synapses, subject to local
glutamatergic activity in each spine with respect to time
and context. Input is provided through either its ion
channel receptor (o7 nAChR) or the G-protein coupled
with another receptor (mAChR). This directly induces
hippocampal synaptic plasticity considering time and
context in a dependent manner. A non-competitive NMDA
antagonist has antidepressant effects in behaviours and
synaptic plasticity. As a high-affinity NMDA receptor
antagonist, ketamine has a rapid-albeit transitory-antide-
pressant effect in patients with major depression (Berman
et al. 2000; Taliaz et al. 2011). Ketamine, as a nonselective
NMDA receptor channel blocker, facilitates antidepressant
actions with fewer side effects (Iadarola et al. 2015).
Ketamine is dissociative anaesthetic used for surgical
procedures in young and old humans. Acute ketamine
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treatment stimulates a rapid cascade of molecular and
cellular events that underlie the long-lasting synaptic and
behavioural responses. Contrarily, ketamine’s psy-
chotomimetic effects prevent its use as a chronic antide-
pressant (Berman et al. 2000). NMDA, as tetrameric
membrane inserted protein receptor, comprises both NR1
and NR2 or NR3 subunits (Nishi et al. 2001). NR2 subunits
contain NR2B, which is a major subunit in neocortex and
hippocampus (Monyer et al. 1994), associated with
synaptic plasticity and cognitive functions (von Engelhardt
et al. 2008; Van Praag et al. 1999). Expression of NR2B
receptor is affected in depression integrating with the cel-
lular basis of learning and memory. Long-term potentiation
(LTP) of synaptic transmission is one of the prime candi-
dates for mediating learning and memory, and other forms
of experience-dependent plasticity (Malenka and Bear
2004).

Increased proteins are significant for neuronal plasticity.
Neuroplasticity molecules modulate in different brain
regions after chronic administration of the novel antide-
pressant agomelatine (Calabrese et al. 2010). Neuronal
plasticity is associated with depression as a result of the
modified expression of proteins for cellular resiliency.
Antidepressant drugs regulate these expressions in order to
achieve relevant clinical effects. Chronic treatment with
agomelatine MT1/MT2 receptor and 5-HT2C receptor
antagonist affects the brain-derived neurotrophic factor
(BDNF), fibroblast growth factor (FGF-2), and activity
regulated cytoskeleton-associated protein (Arc). Antide-
pressant action is contributed by neuroplasticity molecules,
as it follows a circadian rhythm. mRNA and protein
expression of BDNF modulates fibroblast growth factor
(FGF-2) and gene expression (Turner et al. 2006; Saal et al.
2003) and enhances antidepressant treatment (Bachis et al.
2008; Leutgeb et al. 2004). Chronic treatment with
agomelatine does not affect mRNA, but mRNA is reduced
by venlafaxine. Proteins are increased with prolonged
treatment of this drug following adaptive changes in hip-
pocampal and cortical areas. Major changes are found in
the hippocampus, where agomelatine produces a stable in-
crease of the neurotrophin mRNA after chronic treatment.

Natural and drug rewards act on common neural plas-
ticity mechanisms with AFosB as a key mediator (Nestler
et al. 2001; Olausson et al. 2006). Drug-abuses induce
neuroplasticity following a natural reward pathway through
nucleus accumbens (NAc), resulting in the development
and expression of addictive behaviour. Drugs activate the
mechanisms of plasticity causing a change in the NAc. It’s
spinogenesis leads to the initial development of short-term
expression of sensitized Amph reward, but it is not critical
for continued expression of enhanced drug reward (Balfour
et al. 2004). As a common neural pathway, mesolimbic
dopamine (DA) system in the NAc plays a central role
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(Kelley 2004). The role of dopamine D1 receptors (DIR)
for sexual experience enhance neural plasticity because
NAc AFosB induction increases spine density in DIR-
containing neurons (Kim et al. 2009; Zhang et al. 2002).
Repeated sexual behaviour is highly rewarding (Tenk et al.
2009), and therefore, it causes sensitized drug-related
behaviours, including cross-sensitization to amphetamine
(Amph)-induce locomotor activity (Bradley and Meisel
2001; Zachariou et al. 2006). Abstinence from sexual
experience is found to be critical for enhanced Amph
reward, NAc spinogenesis (Pitchers et al. 2010; Nestler
2008), and glutamate receptor trafficking (Colby et al.
2003). Natural and drug rewards are not only converged on
the same neural pathway, but also they are united on the
same molecular mediators (Nestler et al. 2001).

Therapeutic solution with dual perspective

Major depression is a chronic and debilitating illness that
affects approximately 1 in 5 people. Low rates of efficacy,
therapeutic time lag, and an undesirable side effect limit
the currently available treatments. Behavioural and neu-
ronal deficits of chronic stress and depression are notably
reserved by the glutamate NMDA receptor antagonist
ketamine (Gerhard et al. 2016). The fundamental philoso-
phy and pathophysiology of depression are still incomplete.
Evidence for depression that is associated with atrophy of
neurons in cortical and limbic brain regions that control
mood and emotion is required for clinical and basic
research studies (Duman and Aghajanian 2012). Rapid
improvement in depressive symptoms is observed from
Antagonists of the N-methyl-p-aspartate (NMDA) receptor,
notably ketamine. Ketamine leads to rise in Synaptic
connections in the PFC and reverses the deficits caused by
chronic stress.

Changes in the neural circuits that serve as controlling
influential action are induced by stress. The development of
addiction and relapse vulnerability is affected by stress.
Stress and stress hormones can be assisted by a switch from
goal-directed to habit action. Acute stress factors rehabil-
itate habitual responding to drug-related cues triggering
relapse to addictive behaviour. Mechanism including cog-
nitive process contributes to the effects of stress on
addictive behaviour and could have important implications
for the treatment of addiction. An acute stressor re-estab-
lishes accessible drug-taking habits, hence increasing the
risk of relapse to addictive behaviour.

GCs regulate abused behaviour of the drug to a subse-
quent pro-inflammatory challenge. Glia and its-derived
neuroinflammatory mediators play key roles in the devel-
opment of drug abuse to mediate pro-inflammatory
cytokines (Rice and Barone Jr. 2000). Macrophages and

microglia undergo a spectrum of activation states, pro-
ducing varying blends of pro- and anti-inflammatory
products. Stressors and pro-inflammatory components
contribute identical signature of cytokine in CNS (Maier
2003; Nguyen et al. 1998). Moderate duration of stress
elevates different levels of pro-inflammatory cytokines in
brain (O’Connor et al. 2003). The neuroimmune microen-
vironment (NM) exhibits an increase in activation of the
glial marker, whereas, delay in activation of NM during
stress does not influence tonic induction of increased levels
of cytokines.

Medication of drugs for cell proliferation
and survival of neurons

A number of newborn neurons, the proliferation of cells
and the survival of newborn neuron are influenced by
antidepressant treatment (Nakagawa 2002). Downregula-
tion of neurogenesis largely happens due to the block of
treatment of antidepressant which is caused by stress.
Blockade of intruder stress and maternal separation are
tested (Berners-Lee and Fischetti 2001; Nguyen et al.
2000) to find out neurotrophic factors in the development
and neuronal survival. Antidepressant treatment upregu-
lates BDNF and decreases its expression bringing a serious
consequence for the function of limbic brain structures
(Duman et al. 2000). Ketamine and scopolamine emerge as
rapid antidepressant actions both at the molecular, cellular
and neural levels. Ketamine and other NMDA receptors
increase mTORCI1 signalling through activation of Akt and
ERK which increases syn-aptic number and function in the
PFCS52 (Zhou et al. 2014). Ketamine acts via blockade of
NMDA resulting in disinhibition of glutamate neurons.
mTORCI signalling pathway regulates protein translation
following alterations in neuronal activity for synaptic
plasticity (Northoff and Panksepp 2008). Molecular sig-
nalling underlies change in PFC pyramidal neurons,
enhances the number and function of dendritic spines fol-
lowing ketamine treatment. Moreover, treatments are now
being designed to increase synaptic plasticity and to oppose
the cellular effects of stress and depression through gluta-
matergic agents. GluN1 that contains glycine-binding sites
presents in almost all neurons throughout development,
whereas GIuN2 that is generated by four different genes
(GluN2A, B, C, & D) produces unique physiological,
biochemical, pathophysiological properties (Shors 2006)
throughout the forebrain.
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Drugs, medication and clinical treatment
for preventing major depressive disorder

A significant proportion of major depressive disorder
(MDD) patients continues to experience cognitive impair-
ment. Erythropoietin (EPO), as an antidepressant drug,
alleviates MDD (Lovinger and Kash 2015) related to the
impairment of verbal memory and attention. EPO, as a
glycoprotein, is synthesized by the kidney and acts as a
hormone in the regulation of erythropoiesis. It crosses the
blood—brain-barrier and exerts antidepressant and neuro-
protective effects while enhancing hippocampus-dependent
memory and neuro plasticity (Lovinger and Kash 2015).
Lisdexamfetamine dimesylate (LDX) that is a pharmaco-
logically inactive prodrug of p-amphetamine improves
executive dysfunction related to Attention Deficit Hyper-
activity Disorder (ADHD) treatment in adults after full or
partial remission of MDD (Martin and Wang 2010). Clin-
ically, it has been observed that erythropoietin including
minocycline, insulin, antidiabetic agents, angiotensin-con-
verting enzyme inhibitors, S-adenosyl methionine, acetyl-
L-carnitine, alpha lipoic acid, omega-3 fatty acids, mela-
tonin, modafinil, galantamine, scopolamine, N-acetylcys-
teine, curcumin, statins, and coenzyme alleviate cognitive
dysfunction in MDD. Serotonin [5-hydroxytryptamine (5-
HT)] and noradrenaline reuptake inhibitors, and electro-
convulsive seizures increase adult neurogenesis for
antidepressant treatment (Margineanu et al. 1994). Vor-
tioxetine (LuAA21004) acts as an antagonist of the 5-HT3
and 5-HT7 serotonin receptors, a partial agonist of the
5-HT1B serotonin receptor, agonist of the5S-HT1A recep-
tor, and inhibits the serotosnin transporter (Kyzar and
Banerjee 2016).

Minocycline is a tetracycline antibiotic commonly used
to treat acne, infections of the respiratory trait, and mild
rheumatoid arthritis. It promotes hippocampal neurogen-
esis and exerts anti-apoptotic and anti-inflammatory
activities, reducing the expression of pro-inflammatory
cytokines (e.g. IL-1B, IL-6, IL-2, TNF-o, INF-y) and up-
regulating anti-inflammatory cytokines (e.g. IL-10). The
muscarinic cholinergic system is involved in the patho-
physiology of MDD (McEwen and Gianaros 2011).
Scopolamine is a potent muscarinic antagonist, which
promotes a rapid antidepressant effect (Drevets et al.
2013; Leweke et al. 2012). These clinical procedures play
a significant role in the neuro progressive nature of MDD
to reduce pro-inflammatory status related to poor neu-
rocognitive performance. Impaired insulin signalling and
insulin resistance have been documented to play an
important role in the pathogenesis of MDD to enrich
synaptic plasticity and cellular survival (Craft et al. 2004;
Koay et al. (2014); Rei et al. 2015) in the hippocampus
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and medial temporal cortex (Hou et al. 2017). These
regions are responsible for hypertension, physiological
and functional impairment of memory, and depression.
Angiotensin-converting enzyme (ACE) inhibitors modu-
late immune properties and suppress cytokine production
(e.g.IL-1, TNF-a), through the interference with NF-kB
activation (Andersson et al. 2002; Kettenmann et al.
2011).

Acetyl-L-carnitine (ALC) produces both carbohydrate
and lipid metabolism exerting its’ role in the amelioration
of the insulin-resistant state. ALC enhances neuronal
metabolism in the mitochondria and counteracts against
glutamate-mediate  neurotoxicity and hypothalamic-
adrenocortical hyperactivity. As a pineal gland hormone,
melatonin influences the maintenance of circadian rhythms
and affects energy metabolism (Tocharus et al. 2014;
Holzel et al. 2009). Modafinil is used as a stimulant-like
agent for the treatment of excessive sleepiness in nar-
colepsy. It has a pleiotropic mechanism for targeting sev-
eral neuro-transmitters, including serotonin, GABA,
glutamate, orexin, and histaminergic systems (Gerrard and
Kandlikar 2007; Mitra et al. 2005). Like modafinil,
galantamine is a cholinergic agent and a modulator of
potent nicotinic receptor. It modulates other neurotrans-
mitter systems, including monoamines, glutamate, and
GABA (Colovic et al. 2013; Young et al. 1998). Psychi-
atric disorders are treated by using N-acetylcysteine
(NAC). It acts as a modulator of synaptic glutamate
through the cysteine-glutamate exchanger, while increasing
glutathione and oxidative defences, enhances neurogenesis
and mitochondrial function, decreases pro-inflammatory
cytokines, and regulates apoptosis (Samuni et al. 2013).
Statins are prescribed to low down the blood cholesterol to
prevent cardiovascular illnesses. Simvastatin may have
anxiolytic and antidepressant like effects in stress-related
murine models (Kapahi et al. 2010) whereas atorvastatin
increases hippocampal BDNF levels in rodents (Ludka
et al. 2013). Coenzyme Q10 (CoQ10) that protects differ-
ent cell types, acts as a redox modulator for stabilizing
membrane and mitochondrial electron transport chain
(Johnson et al. 2003). Adaptations of multiple intracellular
pathways and signalling lead to neural plasticity upon
antidepressant treatment. cAMP-CREB cascade con-
tributes to actions of chronic antidepressant treatment
(Duman et al. 2000), acting as a tricyclic antidepressant
(TCA) reuptake inhibitors and monoamine oxidase inhi-
bitors (MAOIs). TCA has side effects that include
drowsiness and sedation, memory and cognitive impair-
ments, dry mouth, and increased heart rate (Holtmaat and
Svoboda 2009). Blocking of GABA-A receptor increases
glutamate transmission (Hao et al. 2018; Holmes and
Wellman 2009). Facilitation of AMPA receptor enhances
synaptic delivery connecting with a molecular mechanism



Cognitive Neurodynamics (2019) 13:219-237

231

to treat cognitive impairment (Knafo et al. 2012; Laufer
et al. 2016), as cell adhesion molecules and growth factor
signalling are critical for brain development and synaptic
plasticity. Since synaptic plasticity is essential for learning
and memory, any alteration in synaptic plasticity harms
synaptogenesis, synaptic maturation, cellular and neural
pathways to develop multiple cognitive deficits (Dityatev
et al. 2000; Morentin et al. 2014). IFGL enhances LTP in
hippocampal regions and facilitates AMPAR delivery at
synapses on activation of NMDA receptors (NMDARs).
Long-lasting increase in PKC activity provides synaptic
and behavioural effects of FGL (Cambon et al. 2004;
Govindarajan et al. 2006).

Conclusion and future perspective

Human brain has a considerable degree of plasticity and
resilience on reception of increased stress and mood dis-
orders. Allostatic control systems adversely affect brain-
body disorder in presence of unabating fatigue. Limbic
regions are associated with SMD. Amygdala, which is
responsible for neuronal growth, becomes hyperactive
during chronic stress. Most of the molecular and cellular
mechanisms have also been taken into clinical considera-
tion to extrapolate neural plasticity in response to the
deficit of learning and memory, fear, anxiety, mood dis-
order, stress depression and drug abuse. One of the
promising parts of neural plasticity is that the neural
alternations that are reversible referring to neuronal atro-
phy and cell loss. Ketamine which is a drug of abuse causes
euphoric and psychotomimetic effects. Persistent use of it
causes neuronal damage. It also helps to develop a thera-
peutic agent and paradigm for drug discovery. One theory
states that NMDA receptors on the pyramidal neurons are
targeted by ketamine that causes a homeostatic response in
the absence of neuronal activity. Stress and mood disorder
disrupt memory processing by impairing the ability of the
hippocampus to store stable place cell firing. Most of the
research highlights the role of amygdala projection neurons
and their outputs in modulating stress-induced plasticity
mechanisms in the hippocampus and mPFC. Another
challenge is to identify the genetic changes that are asso-
ciated with mood and behavioural disorder. The psychiatric
disease shows a disruption in normal plasticity mechanism.
The role of epigenetic mechanisms and neurogenesis is to
recover the neural disruptions in the limbic regions.
Further molecular investigations including studies on
epigenetic regulation need to be performed clinically for
developing relevant models to control stress disorder.
BDNF and other neurotrophic factors have a subject of
potential challenges for neuroscience research to address
difficulties in drug delivery, efficacy and side effects.

Further studies are required to characterize different
mechanisms of NMDA antagonists in antidepressant effi-
cacy. Findings to the study of NMDA antagonists will
provide a therapeutic efficacy with minimization of side
effects associated with ketamine. Further investigations are
to be made on cellular actions of stress and depression
considering available interneuron subtypes in the PFC and
the influence of ketamine on synaptic plasticity. Many
neural mechanisms are affected by cognitive therapy and
medication. Brain morphology is altered by cognitive
therapy in context to chronic fatigue syndrome. Adaptation
of brain to behavioural and pharmaceutical therapies is
important for future research. Additional research might be
conducted to delineate the pathways by which dimensions
of social relationships and networks may affect the brain.
Does stress-induced transition from goal-directed drug use
to compulsive drug-taking depend on the intensity and type
of stress? Poor prediction ability of PTSD based on acute
stress symptoms is a clinical challenge for early identifi-
cation of a stress-induced vulnerability. Cellular mecha-
nism influencing cocaine-induced enhancement of K+
currents is still under investigation. Longitudinal studies of
spine and neuronal dynamics may pave the way for clari-
fication of etiologies of synaptic dysregulation during
mood disorder.
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