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Abstract

Stress is a ubiquitous element of modern life, significantly affecting both physical and mental health
through various pathological pathways. This review examines the fundamental mechanisms of stress,
including its disruption of the hypothalamic-pituitary-adrenal (HPA) axis and the induction of oxidative
stress and inflammation mediated by cytokines such as IL-1, IL-6, and TNF-o.. Despite these challenges,
nutraceuticals hold the potential to mitigate stress's impact. This article explores the roles of polyphenols,
flavonoids, adaptogens like Rhodiola rosea and Withania somnifera, omega-3 fatty acids, B vitamins,

Keywords magnesium, and probiotics, highlighting their diverse mechanisms of action. These nutraceuticals exhibit
Stress antioxidant and anti-inflammatory properties, modulate neurotransmitter levels, and promote neurogenesis,
Nutraceuticals offering a robust approach to combat stress-induced conditions. By providing a detailed overview of stress
Flavonoids pathology and nutraceutical interventions, this review aims to enhance understanding of effective stress
Inflammation management strategies. Furthermore, it emphasizes the necessity of future research to fully realize the
Neurotransmitter potential of nutraceuticals in reducing the adverse effects of stress on human health and well-being.

1. Introduction

In understanding the complexities of stress, various neurobiological
pathways come into play, orchestrating responses that extend far
beyond momentary challenges. The intricate interplay of the
hypothalamic-pituitary-adrenocortical (HPA) axis, the limbic system,
and the autonomic nervous system intricately modulate stress
responses (McEwen et al., 2010; Herman et al., 1997; Sapolsky et
al., 2000; McEwen, 2000; de Kloet et al., 2005). Chronic stress,
characterized by prolonged activation of these pathways, can
detrimentally impact health, contributing to allostatic load and
increasing susceptibility to various diseases (Miller et al., 2007,
Juster et al., 2010). Hans Selye’s pioneering work in describing the
‘general adaptation syndrome’ laid the foundation for comprehending
the multifaceted nature of stress and adaptation (Selye, 1950).
Furthermore, the concepts introduced by Selye have evolved,
encompassing the intricate bidirectional communication between the
brain and the periphery, highlighting the role of glucocorticoids and
other stress mediators (Charmandari et al., 2005; Chrousos and Gold,
1992).

1.1 Stress

Stress, a multifaceted phenomenon, encompasses physiological and
psychological responses to challenges or threats, that disrupting the
body’s equilibrium (Lupien et al., 2009). It involves intricate
interactions between the hypothalamic-pituitary-adrenal (HPA) axis,
the sympathetic-adrenal-medullary (SAM) axis, and the immune
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system (Dhabhar, 2014). The HPA axis orchestrates the release of
glucocorticoids, particularly cortisol, which mobilize energy and
modulate immune responses (Sapolsky ef al., 2000). Concurrently,
the SAM axis triggers the release of catecholamines, facilitating
immediate physiological responses (Goldstein et al., 2010). Chronic
stress dysregulates these systems, contributing to various health
problems, including cardiovascular diseases and psychiatric disorders
(McEwen, 1998). Moreover, stress-induced alterations in neural
circuits, such as the prefrontal cortex and amygdala, underlie cognitive
and emotional disturbances (Arnsten, 2009). Understanding stress
mechanisms is crucial for developing interventions to alleviate its
adverse effects and promote resilience.

1.2 Pathological pathways of stress

Pathological pathways involved in stress encompass a complex
interplay of molecular changes and physiological responses (Eugeny
etal., 2019). Stress can lead to various diseases through mechanisms
such as chronic low-grade inflammation, altered ion secretion,
increased epithelial permeability, and dysregulation of the stress
system (Liet al., 2023). The stress response involves immediate and
slower modes mediated by corticosteroid hormones acting on
mineralocorticoid receptors (MRs) and glucocorticoid receptors (GRs)
in the brain, influencing adaptation, recovery, and homeostasis (Liu
et al., 2015). Chronic stress can result in failures of homeostasis,
contributing to conditions like atherosclerosis, non-alcoholic fatty
liver disease, depression, irritable bowel syndrome, and inflammatory
bowel disease. Understanding the common pathways, such as chronic
mild inflammation, AKT, and MAPK signallingnetworks, is crucial
for unravellingthe pathogenesis of stress-related diseases and
developing effective treatment strategies (Melanie et al., 2008;
Bellingrath et al., 2017).
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1.2.1 Hypothalamic-pituitary-adrenal axis (HPA)

The hypothalamic-pituitary-adrenal (HPA) axis is a critical
neuroendocrine system that governs the body’s response to stress
and regulates numerous physiological processes, including mood
and emotional regulation.When stress is detected, the hypothalamus
releases corticotropin-releasing hormone (CRH), which then
stimulates the pituitary gland to produce adrenocorticotropic hormone
(ACTH) (Hinds ef al., 2022). ACTH, in turn, triggers the adrenal
cortex to secrete cortisol, a glucocorticoid hormone essential for
managing stress by mobilizing energy resources and modulating
immune response (Noorzaid et al., 2023). Numerous studies have
highlighted the HPA axis’s pivotal role in stress responses, noting
that the release of cortisol is a key component. Dysregulation of this
axis is linked to several conditions, such as increased vulnerability to
substance abuse during opioid abstinence, metabolic stress from
specific diets, and heightened susceptibility to inflammatory diseases
like colitis following early life stress (Muir et al., 2022). These
findings underscore the complex relationship between the HPA axis
and stress-related physiological responses, emphasizing its
importance in both normal stress adaptation and the development of
various diseases.

1.2.2 Sympatho-adrenal-medullary (SAM) system

The sympatho-adrenal-medullary (SAM) system is essential in
managing the body’s response to stress, particularly psychological
stress, and its effects on various physiological systems. Studies
indicate that psychological stress triggers an increase in
catecholamines such as adrenaline and noradrenaline, which can impact
hair follicles and contribute to skin conditions like acne (Koji et al.,
2021). Additionally, the SAM system is closely linked with the
hypothalamic-pituitary-adrenal (HPA) axis in mediating stress
responses, with both systems being activated during stressful
situations (Emolio ef al., 2020). Research has also shown the SAM
system’s role in cardiac responses to mental stress, where sympathetic
activation can lead to severe cardiac events and heightened
cardiovascular risk, especially in individuals with panic disorder
(Jayasinghe et al., 2016). Moreover, studies on the relationship
between cardiorespiratory fitness and SAM system reactivity reveal
that fitness levels can affect physiological responses to psychological
stress, with lower-fit individuals exhibiting higher dopamine
reactivity. Understanding the patterns of co-activation between the
SAM system and the HPA axis during stress responses offers valuable
insights into the development of internalizing and externalizing
problems in adolescents, highlighting the importance of examining
SAM-HPA interactions during both stress reactivity and recovery
phases (Martha et al., 2019).

1.2.3 Inflammatory pathways

Stress can activate inflammatory pathways by triggering the
production of pro-inflammatory cytokines like interleukin-1 (IL-1),
interleukin-6 (IL-6), and tumournecrosis factor-alpha (TNF-a). These
cytokines are crucial in immune responses and can influence the
hypothalamic-pituitary-adrenal (HPA) axis, creating a feedback loop
that amplifies stress responses. Inflammatory pathways are
significant in various stress-related conditions (Mario et al., 2022;
Juan et al., 2021). Research indicates that stress exposure can activate
innate NF-kB and NLRP3 inflammasome pathways, leading to

inflammatory responses in different tissues. Additionally, the impact
of psychosocial stress on immune pathways is increasingly recognized
in immune-mediated skin conditions like atopic dermatitis and
psoriasis, emphasizing the link between stress and inflammation.
Furthermore, in Alzheimer’s disease and mild cognitive impairment,
oxidative stress and neuroinflammation play crucial roles, with
genetic factors affecting biomarker levels and cognitive test outcomes.
Polymorphisms in genes related to oxidative stress and inflammation
are associated with these conditions. Understanding these
inflammatory mechanisms in the context of stress can provide
valuable insights for developing targeted treatments for various stress-
related disorders (Taylor et al., 2022; David et al., 2023).

1.2.4 Interplay of different pathways of stress

The interplay between the HPA axis, SAM system, and inflammatory
pathways orchestrates the body’s response to stress, creating a
complex network of interactions (Figure 1). When stress is perceived,
the hypothalamus initiates the release of corticotropin-releasing
hormone (CRH), stimulating the pituitary gland to release
adrenocorticotropic hormone (ACTH), which in turn prompts the
adrenal glands to produce cortisol. Simultaneously, the sympathetic
nervous system activates the adrenal medulla, leading to the release
of adrenaline and noradrenaline. These hormones mobilize energy
resources and prepare the body for immediate action. Additionally,
stress triggers the release of pro-inflammatory cytokines, which can
influence the HPA axis and exacerbate stress responses. This intricate
interplay regulates various physiological processes, including
metabolism, immune function, and cardiovascular activity, highlighting
the interconnectedness of these pathways in the body’s adaptive
response to stress.

2. Role of nutraceuticals in stress management
2.1 Polyphenols

Polyphenols, abundant in various plant-based foods, are renowned
for their potent antioxidant properties, which combat oxidative stress
and inflammation, consequently ameliorating the effects of stress.

2.1.1 Resveratrol

Resveratrol, found notably in grapes and berries, activates the SIRT1
pathway, which enhances mitochondrial function and diminishes
oxidative stress (Baur and Sinclair, 2006; Howitz et al., 2003).
Through SIRT1 activation, resveratrol promotes cellular stress
resistance by deacetylating and activating PGC-1a., a pivotal regulator
of mitochondrial biogenesis and antioxidant defense (Lagouge ef al.,
2006; Park et al., 2012).

2.1.2 Epigallocatechin gallate (EGCG)

EGCG, a catechin present in green tea, manifests neuroprotective and
anti-inflammatory effects (Panickarand Anderson, 2011). By
modulating the NF-«xB pathway, EGCG reduces the production of
pro-inflammatory cytokines while enhancing antioxidant enzyme
expression through the Nrf2 pathway (Thimmulappaer al., 2002;
Smith and Luo, 2004).

2.2 Flavonoids

Flavonoids, a diverse group of phytonutrients, exert robust
antioxidant and anti-inflammatory effects.
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Figure 1: Interplay of pathological pathways of stress.
2.2.1 Quercetin

Quercetin, abundant in apples and onions, combats oxidative stress
and inflammation (Di Carlo ez al., 1999). Through scavenging reactive
oxygen species (ROS) and activating the Nrf2 pathway, quercetin
enhances antioxidant defencesand inhibits the NF-xB pathway,
thereby reducing pro-inflammatory cytokine production (Reay et
al., 2010; Cho and Leung, 2007).

2.2.2 Luteolin

Luteolin, found in celery and green peppers, possesses
neuroprotective and anti-inflammatory properties (Kim et al., 2015).
By modulating the NF-kB and MAPK pathways, luteolin inhibits
pro-inflammatory cytokine production while enhancing antioxidant
defencesthrough Nrf2 pathway activation (Xu et al., 2014).

2.3 Adaptogens

Adaptogens, natural substances aiding the body’s adaptation to stress,
exert a normalizing effect on bodily processes.

2.3.1 Rhodiola rosea

Rhodiola rosea, an adaptogenic herb, enhances stress resilience by
modulating cortisol levels and improving mood (Darbinyan et al.,
2000). Through HPA axis modulation, it reduces cortisol production
while increasing serotonin and dopamine levels, thereby enhancing
mood and cognitive function (Spasov et al., 2000; Olsson et al.,
2009).

2.3.2 Ashwagandha

Ashwagandha (Withania somnifera) alleviates stress and anxiety by
modulating the HPA axis and bolstering antioxidant defenses (Chan-
drasekhar et al., 2012). By decreasing cortisol levels and increasing
endogenous antioxidants such as superoxide dismutase (SOD) and
glutathione peroxidase, ashwagandha confers stress resilience
(Archana and Namasivayam, 1999; Bhattacharya et al., 2000).

2.4 Triterpenoid saponins

Triterpenoid saponins modulate stress responses through their anti-
inflammatory and neuroprotective properties.
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2.4.1 Ginkgo biloba

Ginkgo biloba flavonoids and terpenoids enhance cerebral blood
flow, reduce oxidative stress, and improve cognitive function
(Kennedy and Scholey, 2003; Ahlemeyer andKrieglstein, 2003). By
enhancing endothelial nitric oxide synthase (eNOS) activity and
scavenging ROS, they protect neurons from oxidative damage, thereby
enhancing cognitive function and mood (Ude et al., 2013; Weinmann
etal, 2010).

Table 1: Nutraceuticals and their role in stress management

2.4.2 Astragalus

Astragalus saponins bolster immune function and reduce
inflammation, safeguarding against stress-induced immune
suppression and oxidative damage (Cho and Leung, 2007; Liu and
Sun, 2006). By enhancing immune cell proliferation and activity and
inhibiting pro-inflammatory cytokine production, astragalus saponins
support immune health and stress resilience (Block and Mead, 2003;
Panossian and Wikman, 2010).

S.No. | Phytochemicals Mechanism of action References
Polyphenols
1. Resveratrol Activates the SIRT1 pathway, enhancing mitochondrial function and Park et al.,, 2012
reducing oxidative stress.
2. Epigallactocatechingallate Modulates NF-xB pathway, reducing pro-inflammatory cytokine Smith and Luo, 2004
production and enhancing antioxidant enzyme expression through
Nrf2 pathway activation.
Flavonoids
3. Quercitin Scavenges ROS inhibits NF-xB pathway and enhances antioxidant Cho and Leung, 2007
defencesthrough Nrf2 pathway activation.
4. Luteolin Modulates NF-xB and MAPK pathways, inhibiting pro-inflammatory Xu et al, 2014
cytokine production and enhancing antioxidant defencesthrough Nrf2
pathway activation.
Adaptogens
5. Rhodiola rosea Modulates cortisol levels, and enhances mood and cognitive function by Olsson et al., 2009
HPA axis modulation.
6. Ashwagandha Modulates HPA axis, reduces cortisol levels, and bolsters antioxidant Bhattacharya et al.,
defences. 2000
Triterpenoid saponins
7. Ginkgo biloba Enhances cerebral blood flow, reduces oxidative stress, and improves Weinmann et al., 2010
cognitive function.
8. Astragalus Bolsters immune function, reduces inflammation, and supports stress Cho and Leung, 2007
resilience.
Other nutraceuticals
9. Omega-3 Fatty acids Modulate neurotransmitter systems, reduce inflammation, and promote Su et al, 2015
cognitive health.
10. B-vitamins Support cognitive health and alleviate stress by modulating neurotrans- Bottiglieri et al., 2000
mitter systems.

2.5 Other nutraceuticals

Additional nutraceuticals, aside from the major categories, exhibit
significant anti-stress properties.

2.5.1. Omega-3 fattyacids

Omega-3 fatty acids, notably eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) found in fish oil, reduce inflammation
and enhance neuronal function (Su et al., 2015; Grosso et al., 2014).
By modulating neurotransmitter systems and inhibiting pro-
inflammatory mediators, omega-3s alleviate stress and promote
cognitive health (Bloch and Hannestad, 2012; Freeman et al., 2006).

2.5.2. B Vitamins

B vitamins, particularly B6, B9 (folate), and B12, are essential for
neurotransmitter synthesis and homocysteine regulation (Bottiglieri

et al., 2000; Morris, 2008). By supporting neurotransmitter synthesis
and reducing homocysteine levels, B vitamins alleviate stress and
enhance mood.

3. Conclusion

This paper explores the pathways of stress, emphasizing the complex
interaction between physiological responses and neural circuitry.
By clarifying the role of the hypothalamic-pituitary-adrenal axis
and the sympathetic-adrenal-medullary axis, and their effects on
cognitive and emotional functioning, it highlights the multifaceted
nature of stress-related disorders. Additionally, the examination of
nutraceutical therapeutics presents promising strategies for stress
management, providing a comprehensive approach to modulate
oxidative stress, inflammation, and neuroplasticity. With increasing



awareness of the mind-body connection, incorporating nutraceutical
interventions into clinical practice offers significant potential for
enhancing resilience and improving mental well-being.
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