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ABSTRACT 
 

The Brain-Gut-Skin Axis (BGSA) is a complex bidirectional communication network in which psychological well-being and intestinal 

health directly influence skin health. There exists a strong connection between mental conditions, gut microbiome composition, and skin 

disorders. Studies have shown that people with skin inflammatory conditions also experience mental conditions like depression, along 

with gastrointestinal (GI)tract issues like bloating, constipation, etc. These clinical signs highlight the connection between brain, gut, and 

skin conditions. Dysbiosis disrupts normal physiology; thus, to maintain it, therapeutic interventions are suggested in this article. 

Postbiotics are emerging as a more stable and safer therapeutic alternative. Examples of the compounds that act as postbiotics and have 

shown promising results in treating inflammatory conditions such as atopic dermatitis (AD) and acne are short-chain fatty acids (SCFAs), 

extracellular polysaccharides, microbial cell fragments, cell lysates, vitamins, and teichoic acid. In recent years, a thorough understanding 

of BGSA and the use of emerging compounds like postbiotics is essential for eradicating the inflammatory skin conditions from their 

root. 
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Introduction 

Stokes and Pillsbury first presented the concept of the brain-gut-skin axis 

(BGSA) in the 1930s [1]. They correlated emotional stress, gut physiology, 

and skin conditions on the basis of clinical observations and experimental 

findings. In 2010, the BGSA was defined as a complex bidirectional 

communication network that interrelates neural, endocrine, metabolic, 
immune, and microbial signaling pathways [1]. Firstly, researchers found 

that the circulation of hormones and neurotransmitters is the reason for the 

exclusive communication between the nervous system and immune system. 
Prolactin, growth hormone, and cortisol are the hormones that are secreted 

by the neuroendocrine system. Among the neurotransmitters, epinephrine 

and norepinephrine are released by nerve endings of immune cells [2]. 
Studies have also shown that dopamine, gamma-aminobutyric acid 

(GABA), and serotonin-like neurotransmitters can be produced and/or 

consumed by various types of bacteria.  The brain-gut-skin axis explains 
that gut bacteria cause immune modulation, which affects skin 

inflammation [3]. 

Disfiguring skin conditions such as psoriasis, atopic dermatitis, acne 
vulgaris, and rosacea, once regarded as independent cutaneous disorders, 

are now declared as systemic and microbial dysregulations. The skin 

conditions are also influenced by the composition of the gastrointestinal 

(GI) microbiome; on the other hand, the GI microbiome is affected by these 

integumentary conditions [4]. A comprehensive understanding of BGSA 
may enable us to address the underlying cause of the skin diseases and 

suggest a more precise therapeutic approach [5]. The BGSA presents a 

triangular network of regulation, which implies that a tripartite dialogue 
maintains cutaneous homeostasis.[1]. Gastrointestinal microbial 

disturbance and cutaneous immune modulation are not independent 

triggers; they are actually correlated with the central nervous system, which 
determines disease manifestation, symptom appraisal, and clinical 

variability [6]. Postbiotics, i.e., Gut microbiota-derived metabolites, also 

influence the   BGSA [7]. Thus, this article throws light on the 
internetworking between neuroimmune, endocrine, gut microbiome, and 

skin diseases.  

Biological Architecture of BGSA: 

The BGSA consists of three interlinked systems: (1) the central nervous 

system, including the hypothalamic–pituitary–adrenal (HPA) axis and 

autonomic pathways; (2) the gastrointestinal (GI) tract, including the 
intestinal microbiota and mucosal immune system; and (3) the skin, which 

serves both as a physical barrier and as an active neuroendocrine and 

immune organ. These systems are correlated with one another; 
neuroendocrine signals influence gastrointestinal physiology, changing 

microbial composition and inflammation, highlighting a mechanistic basis 

of BGSA interaction [8]. The BGSA works like a triangular connectivity 

between the parameters of the brain, gut, and skin together, rather than 

seeing these systems separately, which is critical in understanding why 

single-target therapies often fail in treating the skin inflammatory disorders. 

Individualized therapies fail because symptomatic treatment is suggested, 

while it is the hour of need to understand that all the organs are connected 

and have an influence on one another, having an eye on all of these will help 
to understand the disease from its core, and only then right treatment can be 

given [1]. 

Neuroimmune Mechanisms Linking Brain, Gut, and Skin Health: 

 Psychological strain triggers the hypothalamic–pituitary–adrenal (HPA) 

axis, increasing the release of corticotropin-releasing hormone (CRH), 

adrenocorticotropic hormone (ACTH), and cortisol, which can influence the 
skin barrier and worsen inflammatory dermatoses. Simultaneously, gut 

microbiota alterations impact immune signaling, including cytokines such 

as Interleukin (IL)-1, IL-6, IL-23, Interferon(TNF)-α,  C-reactive protein, 
and the availability of neurotransmitters [9]. The human GI tract hosts over 

100 trillion microorganisms, which significantly exceeds the coding 

potential of the human genome[10]. Bacteroidetes ,   Firmicutes   , 
Actinobacteria , and Proteobacteria are considered healthy microbes. 

Akkermansia, Bifidobacterium, and Escherichia are also important genera 

of bacteria[10]. Chronic cutaneous inflammatory diseases, such as atopic 

dermatitis (AD), rosacea, acne, and psoriasis, are linked with activation of 

the HPA axis, modulation of immune function, and emotional distress. As 
a result, of which skin produces cytokines and neuropeptides that influence 

gut function and psychological well –being [11]. 

Gut Microbiota as the Central Regulator in BGSA: 
Gut and skin microbial populations play a significant role in skin health and 

immunity by strengthening the barrier and lowering inflammation. Skin 

inflammatory conditions are caused mainly due to dysbiosis [12]. Gut 
microbial flora primarily consists of six major phyla. [13]. The colon, part 

of the GI tract, is the largest harbor of bacteria, having more than five 

million different genes of 1000 to 1500 bacterial species. Bacteroidetes, 
Firmicutes, Actinobacteria, Proteobacteria, Fusobacteria, Cyanobacteria, 

and Verrucomicrobia are a few among them [14]. Disruption of these 

microbial communities triggers immunological modulation of local and/or 
systemic immune responses [15]. These flora play a role in digestion, 

immunity, mood, brain function, vitamin production, and preservation of 

the intact intestinal lining. Disruption of this delicate ecology, which is 
caused by poor diet, stress, and antibiotics, results in various health 

conditions [16]. In addition, researchers found that intestinal commensals 

affect vagus nerve function by producing neuroactive molecules and 
neurotransmitters [17].   

Clinical Relevance of BGSA: 
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The co-morbidity of mental conditions like depression and abdominal 
bloating has been seen in patients with some chronic skin conditions like 

acne and psoriasis [18]. Take acne as an inflammatory skin condition, 

studies have shown that over 1300 adults with acne experienced GI 
symptoms like constipation, halitosis, and gastric reflux [19]. Thus, there 

exists a tripartite interaction under the BGSA whose understanding is 

crucial for maintaining physiological equilibrium [12]. Prevention and 
management of both psychiatric disorders and dermatological conditions is 

possible by understanding this axis [5]. Multiple studies have revealed that 

disruption of any aspect of BGSA can increase the risk of developing 
inflammatory conditions like acne [20]. By understanding the core concept 

of BGSA holds the strong promise of getting in-depth knowledge about 

mental illness, gut health, and skin conditions due to the intricate 
communication network it represents. By spotting out individualized 

variations in microbiota composition and metabolite profiles, clinicians can 

suggest the specific needs for specific patients [21]. 
Therapeutic Interventions Targeting BGSA: 

Prebiotics alter both the composition and/or function of the gut microbiota 

and provide health benefits. They are indigestible dietary supplements that 

increase gut health by promoting the growth or activity of gut microbiota in 

the last part of the intestine, i.e., colon. Oligosaccharides (OSCs), fructans, 

resistant starches, galactooligosaccharides(GOS), and 
fructooligosaccharides (FOS) are the different forms of these dietary 

supplements that actually feed probiotics in the body and thus indirectly 

help to improve the skin barrier and lower inflammation [4]. Probiotics have 
potential benefits in mental and dermatological health, along with the GI 

tract.  Dietary and microbial factors play a crucial role in the prevention and 

treatment of both mental and skin diseases. Probiotics show their 
mechanism of action by immune modulation, meaning by lowering 

proinflammatory cytokines and promoting anti-inflammatory ones [5]. But 

due to a high level of inter-individual heterogeneity, one strain of probiotics 
may be beneficial for one person but can be dangerous for another [22]. As 

the probiotics fall under the umbrella of food supplementation, they are 

manufactured under a less pharmaceutical-grade environment, and there are 
chances of substandard dosage forms and dosages of these products [23]. 

Moreover, to identify the best strain of bacteria, its dosages in colony-

forming units(CFU), and the time (how long it should be taken), a more in-
depth study is required [24]. 

Postbiotics are preparations of inanimate microorganisms and/or their 

components that confer a health benefit [25].  They contain inactivated 
microbial cells or cell fragments, with or without metabolites. They are light 

in weight, soluble chemical entities that are produced after the implication 

of a deliberate process to terminate cell viability. Examples of postbiotics 
that have been extensively researched are short-chain fatty acids (SCFAs), 

cellular lysates, vitamins, teichoic acid, microbial cell fragments, and 

extracellular polysaccharides [26].  They have demonstrated an effect in 
protecting the gut barrier. lowering inflammation, decolonizing the 

pathogens. They have researched evidence to be safely used even in the 

sensitive areas of the body, like the vagina and the mouth [27]. Essential 
microbial metabolites include butyrate, propionate, and acetate, which are 

SCFAs, indole derivatives, and tryptophan metabolites, which play a role in 
preserving gut barrier integrity, regulating inflammation, and affecting 

systemic physiology [26]. Among these, SCFAs, which are unbranched 

fatty acids, about 90%, are produced by the gut microbiome [28]. Around 
5% SCFAs, like isobutyrate, isovalerate, and 2-methylbutanoate, are 

branched-chain (BCFAs) and are produced when amino acids like valine, 

leucine, and isoleucine are metabolized [29]. BCFAs in the gut decrease 
when people eat more insoluble fiber. High BCFAs levels are linked with 

mental diseases like depression, and high BCFAs levels are related to 

hypercholesterolemia [28].   
 Postbiotics are less likely to cause infections or immune reactions they are 

more beneficial for people with compromised immune systems and 

damaged skin barrier. Bioactive molecules among postbiotics have shown 
various therapeutic actions against acne, rosacea, psoriasis, atopic 

dermatitis (AD), and vitiligo problems. They exhibit wound healing, UV-

protective, and immunomodulatory qualities. They are beneficial to balance 
and enhance skin resilience, and thus are used in topical formulations, such 

as moisturizers, cleansers, and serums for people with sensitive skin [26]. 

According to pre-clinical and clinical research, postbiotics have a potential 
therapeutic effect in treating skin disorders like atopic dermatitis and acne. 

Lipoteichoic acid (LTA), which is a crucial part of the Gram–positive 

bacterial cell wall, plays its role in the inhibition of melanogenesis [12]. The 
supplementation of butyrate-producing bacteria in experimental mouse 

models has elevated their serum butyrate levels, reduced inflammation,  and 

improved skin conditions.[30]. 
Conclusion: 

The brain-gut-skin axis is a critical triangle for understanding systemic and 
enteric systems' roles in dermatological diseases. By thoroughly digesting 

the concept of BGSA, more precise and individualized therapeutic 

techniques can be suggested. Gut dysbiosis can promote systemic 
inflammation and alter stress levels, which impacts skin disease severity. 

The skin, in turn, releases cytokines and neuropeptides that can impact both 

gut function and psychological well-being. This feedback loop mediated by 
hormones, neurotransmitters, immune factors, and microbial metabolites is 

central to the pathophysiology of psychodermatologic conditions such as 

acne, atopic dermatitis, psoriasis, and rosacea. These conditions can be 
improved by using prebiotics, probiotics, and postbiotics. They exhibit 

wound healing, UV-protective, and immunomodulatory qualities. They are 

beneficial to balance and enhance skin resilience. Fully unlocking the 
potential concept of BGSA will ultimately pave the way for safer, more 

accessible, and highly targeted interventions in chronic disease 

management. 
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