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Objective:  This study aims to investigate how exercise modulates pannexin 

channels, NLRP3 inflammasome activity, and exercise-induced peptides (irisin 

and interleukin-6), and their collective impact on neuro-muscular function. 

Methods and Materials: This narrative review applied a systematic and 

comprehensive literature search strategy, targeting publications from 2013 to 

2025. The databases used included PubMed, Web of Science, and Scopus. 

Keywords and MeSH terms such as “exercise,” “pannexin channels,” “NLRP3 

inflammasome,” “irisin,” “interleukin-6,” and “neuro-muscular function” were 

employed. Articles were selected based on relevance to the interplay between 

exercise and molecular pathways affecting neuro-muscular performance. Both 

human and animal studies were considered, with emphasis on those presenting 

primary data, although relevant reviews were also included. 

Findings: The review revealed that pannexin-1 channels play a vital role in 

ATP release during exercise, which supports muscle contraction, 

communication, and recovery. Exercise modulates pannexin-1 expression, 

potentially enhancing muscle strength and regeneration. NLRP3 inflammasome 

activation is influenced by exercise intensity and duration, with chronic training 

reducing its basal activation and inflammation, thereby promoting neuro-

muscular adaptation. Novel peptides irisin and interleukin-6, secreted in 

response to exercise, were found to interact with pannexin-1 and NLRP3 

pathways. Irisin enhances energy metabolism, insulin sensitivity, and muscle 

remodeling. IL-6 regulates inflammation and glucose metabolism and may 

exhibit dual roles depending on exercise context. Their interactions with 

pannexin-1 and NLRP3 are emerging areas of study with significant 

implications. 

Conclusion: Exercise modulates critical molecular pathways including 

pannexin-1 channels, the NLRP3 inflammasome, and peptide mediators such 

as irisin and IL-6. These interactions collectively enhance neuro-muscular 
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1. Introduction 

euro-muscular function, the intricate interaction of 

the nervous system and skeletal muscle, is critical for 

the seamless execution of movement and physical activity as 

a whole. Exercise has been recognized for a long time as an 

immensely potent intervention to improve neuro-muscular 

function in a wide variety of populations (1, 2).  

Molecular mechanisms by which exercise achieves these 

desirable effects await exploration, however. There is fresh 

evidence regarding the potential function of pannexin 

channels and NLRP3-inflammatory signaling in exercise 

adaptation, modulating their critical role in maintaining and 

enhancing neuro-muscular performance (3-5). Exercise has 

been found to strengthen muscles, increase nerve conduction 

velocity, and aid in improving motor coordination, all 

contributing to ultimate flawless neuro-muscular 

functioning (6). At the cellular level, exercise induces 

muscle hypertrophy and repair by a variety of mechanisms 

involving enhanced protein synthesis and satellite cell 

activation (6).  

Exercise also has neuroprotective effects, inducing 

neurogenesis and improving cognitive function (7, 8). These 

intricate protective actions highlight the importance of 

elucidating the molecular mechanisms of exercise-induced 

adaptations. Pannexin channels, and pannexin-1 (Panx1) in 

particular, have been proposed as candidate key modulators 

of exercise-induced neuro-muscular performance. These 

hemichannels in gap junction serve a pathway by which 

small ions and molecules from the cytosol enter the 

extracellular space (9-11). Muscle tissue expresses very high 

levels of pannexin-1 and is sure to have an essential role to 

play as a component of excitation-contraction coupling 

activity involved in contraction of muscle (12, 13). Besides, 

it has been shown that pannexin-1 can potentially be 

implicated in the release of ATP that can cause muscle 

contraction and the modulation of inflammatory signals (9, 

14), perhaps via high-intensity interval exercise (15). While 

there is evidence that exercise can modify pannexin-1 

expression and function, the mechanism of this regulation is 

an area of active research (10). The NLRP3 inflammasome, 

a multi-protein complex that cleaves and activates caspase-

1 and also generates pro-inflammatory cytokines such as 

interleukin-1 beta (IL-1β) and interleukin-18 (IL-18), has 

also been the focus of interest with respect to exercise-

induced adaptations (16, 17). Acute exercise may result in 

an acute inflammatory response, but chronic inflammation 

may result in muscle pathology and dysfunction (18). 

Interestingly, exercise has a broad anti-inflammatory effect, 

perhaps by modulating the activity of NLRP3 

inflammasome (17, 19). This two-way effect of exercise on 

inflammation highlights the complex interaction between 

physical exercise and cellular signaling pathways. To this 

complexity is added the effect of novel exercise-induced 

peptides, such as irisin and interleukin-6. Irisin, a recently 

discovered myokine secreted by skeletal muscle in an 

exercise-dependent fashion, elicits a cascade of beneficial 

effects including white adipose tissue browning, improved 

insulin sensitivity, and improved cognitive function (14, 20).  

Interleukin-6, another myokine, possesses pro-inflammatory 

and anti-inflammatory action based on context after exercise 

(21, 22).  

Therefore, explaining how these novel peptides act upon 

pannexin-1 and NLRP3 under exercise may provide 

valuable information about the control of neuro-muscular 

function. Therefore, here, we attempt to highlight the new 

functions for pannexin channels, NLRP3, and novel peptides 

such as irisin and interleukin-6 in the regulation of exercise-

induced neuro-muscular function. We will present the 

existing knowledge on the mechanisms and their 

implications for future health and disease. Specifically, this 

review will include a critical discussion of pannexin-1 

channels and their potential role in neuro-muscular activity, 

specifically the impact of exercise; a detailed analysis of 

NLRP3 and its impact on exercise-induced inflammation 

and how it may be modulated by exercise; and analysis of 

the emerging roles of irisin and interleukin-6 as exercise-

secreted peptides and how they may have the potential to 

interact with pannexin-1 and NLRP3. Lastly, an in-depth 

appreciation of these molecular processes can translate into 

the design of targeted interventions to maximize exercise 

benefits and facilitate overall neuro-muscular wellness. 

2. Methods and Materials 

This review employed a systematic and comprehensive 

strategy to identify, evaluate, and synthesize relevant 

literature from 2013 to 2024 on the effect of exercise on 

pannexins, NLRP3 inflammasome, and novel peptides in 

performance, suggesting therapeutic potential in disease prevention and 

functional improvement. 

Keywords: Exercise, Pannexin-1, NLRP3 Inflammasome, Neuro-Muscular 

Function, Irisin, Interleukin-6, Adaptation 
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neuro-muscular performance. The research strategy was 

specifically designed to capture the most significant and up-

to-date research in this rapidly developing area. PubMed, 

Web of Science, and Scopus were the primary scientific 

databases employed to carry out this review. These 

databases were chosen for their wide coverage of biomedical 

and life sciences literature. The search was conducted using 

a carefully written set of keywords and Medical Subject 

Headings (MeSH) terms to capture a comprehensive yet 

targeted retrieval of relevant articles. Key search terms 

included "exercise," "neuro-muscular function," "pannexin 

channels," "NLRP3 inflammasome," "irisin," and 

"interleukin-6," with appropriate synonyms and related 

ideas. 

To ensure comprehensive coverage, reference lists of 

highlighted articles were meticulously searched for 

additional pertinent studies. Furthermore, review articles on 

related subjects present were read to obtain a general 

overview of the field and to identify potentially seminal 

studies that have helped shape our current understanding of 

the subject. Selection of articles to be included in this review 

had several criteria in ensuring quality and suitability of 

information. Primarily, studies were selected based on 

relevance to the intersection of exercise, pannexin channels, 

NLRP3 inflammasome, new peptides, and neuro-muscular 

functioning. Primary data articles containing original 

research work conducted on humans or animals were utilized 

to ensure inclusion of original information. However, 

noteworthy review articles and meta-analyses were also 

considered for their value in providing broader context and 

synthesizing existing knowledge. The search focus was 

primarily on studies published within the last decade. 

However, acknowledging the importance of foundational 

work, some earlier studies were included if they were 

deemed highly relevant to the topic. Due to resource 

limitations, this review primarily focused on studies 

published in the English language. The. scope of this review 

included a wide array of research that. ranged from 

molecular and cellular studies investigating. pannexin 

channels and NLRP3 inflammasome activation. 

mechanisms, to animal and human studies examining. the 

effects of various exercise modes on. these mechanisms. 

Focus was on investigations into the. function of novel 

peptides, including irisin and interleukin-6, during exercise-

induced adaptations at the neuro-muscular. level. 

 

 

3. Results 

3.1 Exercise and Pannexin Channels 

Pannexin channels, and particularly pannexin-1, are 

promising candidates in the complex interaction between 

exercise and neuromuscular performance. What follows 

reports the actual knowledge regarding pannexin channels, 

and in particular pannexin-1, and their hypothetical role in 

exercise adaptation. Pannexins are a family of 

transmembrane proteins forming large-pore channels in the 

cell membrane, differing from connexins to form gap 

junctions between cells. Of the three members of the 

pannexin family (pannexin-1, pannexin-2, and pannexin-3), 

pannexin-1 is the most widely expressed and found in almost 

all cell types (11). Pannexin-1 channels are permeable to a 

very broad range of molecules, including ions, ATP, and 

small metabolites, and play important roles in cellular 

signaling, inflammation, and potentially the excitation-

contraction coupling in muscle (12, 23, 24). Exercise-evoked 

pannexin-1 channels are currently under investigation. 

Pannexin-1 channels have been suggested to contribute to 

physical activity-evoked release of ATP from muscle cells 

(9, 13). In turn, the released ATP can be a signaling molecule 

that is involved in muscle function and even influence 

various physiological responses to exercise (22). The 

functions of pannexin-1 in muscle contraction, fatigue, and 

recovery are under investigation now. It has been proposed 

in some studies that pannexin-1 is involved in calcium entry 

during muscle contraction and thus regulates muscle force 

production (12, 23). It has been demonstrated that pannexin-

1 channels can associate with proteins involved in calcium 

signaling, but the exact mechanisms of such interaction 

remain to be elucidated (12). The role of pannexin-1 in 

muscle fatigue is unclear; however, opening of the pannexin-

1 channel has been shown to play a significant role in muscle 

regeneration following injury or damage due to intense 

exercise. Satellite cells are myoblasts resident in the muscle 

and, when activated, begin to proliferate and migrate to the 

site of injury where they differentiate to create new muscle 

fibers. Pannexin-1 channels are involved in the control of 

these processes, myoblast fusion and migration, and 

extracellular matrix-myoblast interaction (12, 25). 

Furthermore, as a result of exercise lasting for extended 

periods, repeated pannexin-1 channel stimulation may lead 

to loss of ATP stores in muscle fibers and subsequent 

fatigue. However, activation of pannexin-1 channels is also 

a part of the recovery process after exercise. Released ATP 

can activate the activation of protein kinases such as 

https://jpsad.com
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CaMKII, PKA, and PKC, which phosphorylate pannexin-1 

channels and open them to release more ATP. This feedback 

maintains muscle contraction and supports the recovery 

process (13, 25). The potential role of pannexin-1 in muscle 

recovery following exercise is an area for future studies. The 

exercise regulation of pannexin-1 expression is another 

important feature of this field. There is not much evidence to 

indicate that exercise training can modulate the expression 

of pannexin-1 in skeletal muscle, but the findings are not 

entirely consistent (6). Nevertheless, chronic exercise 

activity can potentially bring about significant adaptations in 

the skeletal muscle system, including changes in muscle 

fiber type, enhanced muscle strength, and enhanced muscle 

endurance. These adaptations have the opening of pannexin-

1 channels at their core. For example, muscle fibers' repeated 

electrical stimulation may lead to the phosphorylation of 

pannexin-1 channels and their opening with release of ATP. 

This may enhance muscle strength and endurance by 

increasing the force-generating ability of muscle fibers. 

Besides, pannexin-1 channel stimulation can influence gene 

expression involved in muscle growth and differentiation 

and lead to muscle hypertrophy and greater muscle mass (11, 

25). Figure 1 demonstrates a summary of exercise effects on 

pannexin-1 channels. However, the potential differential 

effects of various types of exercise (e.g., endurance vs. 

resistance training) on pannexin-1 expression remain 

unclear and must be investigated. Understanding how 

various training protocols influence pannexin-1 

concentrations may provide valuable information regarding 

the mechanisms of exercise-induced adaptations in muscle 

function. 

 

Figure 1. Overview of the effects of exercise on the pannexin-1 channel. 
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3.2 Exercise and NLRP3 

NLRP3 is an intracellular multicomponent structure that 

is a key player in the immune response and now an 

undisputed key player in the area of exercise-induced 

adaptation. Activation of this complex triggers the discharge 

of pro-inflammatory cytokines interleukin-1 beta (IL-1β) 

and interleukin-18 through a process known as pyro ptosis 

(26, 27). Such inflammatory mediators, while necessary to 

fight infection, are involved in tissue damage in chronic 

inflammatory disorders (18, 19). 

The relationship between exercise and NLRP3 activation 

is multifaceted and complex, with acute exercise exerting 

both activating (19) and inhibitory (17) effects depending on 

the intensity and duration of exercise. Acute exercise can 

activate NLRP3 in certain tissues, which can lead to acute 

muscle damage and inflammation (17, 28). This activation is 

attributed to mechanisms such as cellular stress and the 

generation of reactive oxygen species during high-intensity 

exercise (27, 29). Moderate exercise, on the other hand, may 

exert an anti-inflammatory effect by downregulating NLRP3 

activation (19). This downregulation can be in the form of 

enhanced production of anti-inflammatory cytokines or 

inhibition of pro-inflammatory signaling cascades (21, 30). 

Chronic exercise training will increase long-term 

adaptations of the body that are able to modulate the 

activation of NLRP3 inflammasome. Chronic exercise will 

lower the basal level of activation of the NLRP3 

inflammasome such that there is less chronic inflammation 

(16, 19). In line with this, exercise has also been reported to 

reduce NLRP3 activation and resultant inflammation in old 

individuals, pointing towards NLRP3-inflammatory 

response being key to exercise adaptation of neuro-muscular 

tissue (31). Exercise training may potentially induce muscle 

function and well-being via repression of NLRP3-

pyroptosis, a form of programmed death of muscle cells 

(32). This action might be particularly critical to prevent 

sarcopenia, which is loss of muscle mass due to age. The 

association is further complicated by the presence of an 

interaction of pannexin channels with NLRP3 (32). During 

extended exercise activity of long duration, NLRP3-

mediated inflammation has the ability to trigger extreme 

adaptations within the neuro-muscular system. For instance, 

IL-1β release can cause satellite cell proliferation and 

differentiation, the cells that play a role in muscle growth 

and regeneration. Also, inflammation augments remodelling 

of neuro-muscular tissues and plays a role in strength and 

endurance acquisition (33). 

However, studies are ongoing as to how different types of 

exercise with different volumes and intensities influence 

NLRP3 activation and association with pannexin-1, and the 

precise mechanisms need to be researched. This is important 

as it has been shown that over-activation or chronic 

activation of NLRP3 may result in the development of 

neuro-muscular disease. For example, in intervertebral disc 

degeneration, NLRP3 activation through mechanical stress 

can lead to apoptosis, inflammation, and extracellular matrix 

degradation of disc tissue (34). Similarly, in type 2 diabetes 

and obesity, NLRP3 activation has been shown to play a role 

in the onset of insulin resistance and muscle atrophy (35). 

But other research has not found a direct correlation between 

pannexin-1 and exercise performance (36), and further 

research is needed to understand these complicated 

interactions. Figure 2 shows the effect of exercise on 

NLRP3. 

https://jpsad.com
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Figure 2. Overview of the effects of exercise on NLRP3 

 

3.3 Exercise and Novel Peptides 

3.3.1 Irisin 

Irisin has been found in 2012 and has since become a 

major contributor in exercise physiology. This small peptide 

is a product of a large fibronectin type III domain-containing 

protein 5 (FNDC5), and it is released predominantly by 

muscle cells in a tightly controlled manner by exercise (21). 

The interaction between irisin and exercise intensity has 

been a topic of great interest in areas where it has been 

proposed to be a consequence of greater elevation in irisin 

than would be achieved through moderate-intensity exercise 

(17). Cumulative episodes of repeated exercise training 

would also cause a larger capacity for irisin production by 

the body and potentially to long-term changes in a direction 

towards good health with time (6). The exact mechanism 

through which exercise leads to irisin release remains 

obscure but is most likely through a process of PGC-1α 

upregulation, gene transcriptional coactivator of energy 

metabolism gene (37). Exercise-activated irisin release 

would be involved in muscle contraction and fatigue through 

influencing mitochondrial function, glucose uptake, and 

inflammation (38). Furthermore, long-term exercise training 

brings about strong neuro-muscular adaptations such as 

muscle type shifting to an adaptive type, muscle strength, 

and endurance. These are achieved through irisin release and 

opening of channels in pannexin-1 and affect gene 

expression, protein synthesis, and metabolism in muscle (11, 

37). For example, exercise-activated irisin would lead to 

browning of white adipose tissue in contributing to 

generation of heat and metabolizing calories (20). Such a 

"browning effect" would lead to an elevation in energy 

exertion and would make irisin a therapeutically amenable 

target for health in metabolically. In addition to affecting 

muscle tissue, irisin is also found to regulate glucose uptake 

and metabolism in muscle tissue to induce increased insulin 

sensitivity (21, 30). Beyond affecting muscle tissue, irisin is 

also found to have effect on brain function and defense in 

some capacity with studies showing it may be beneficial to 

memory and anti-inflammation in the brain (8, 39). The 

potential interaction between irisin and pannexin-1 channels 

and NLRP3 is a new area of study with potential to shed 

more information about complex processes of exercise 

adaptation. Pannexin-1 channels responsible for ATP release 

have potential to indirectly affect irisin release through 

pathways of exercise signaling. The release of ATP through 

pannexin-1 is heightened with intense activity (9). NLRP3 is 

https://jpsad.com
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a primary mediating factor of inflammation. Another layer 

of complexity is added to this process. While exercise has 

variable effects on NLRP3 activation with duration and 

severity of activity differing based on circumstances, long-

term training in this activity may be a factor in contributing 

to reduced baseline inflammation (19). The potential anti-

inflammatory effect of irisin is responsible for this regulation 

of inflammation with exercise activity and an interaction of 

irisin release and NLRP3 regulation of inflammation with 

routine physical activity is suggested (17). It is important to 

note, however, although this interaction between irisin, 

pannexin-1 channels, and NLRP3 is fascinating, this area of 

study is in its infancy. Exactly how these elements are 

involved with one another and how they work to have effect 

on exercise adaptations is yet to be discovered. Figure 3 is a 

summary of how exercise impacts irisin. 

 

Figure 3. Overview of the effects of exercise on irisin 

 

3.3.2 Interleukin-6 

Interleukin-6 Interleukin-6 (IL-6), a major muscle-

secreted myokine in exercise work, has emerged as an 

essential piece in clarifying multifaceted physiological 

responses to physical work. Muscle contraction is the major 

stimulus for IL-6 secretion by muscle fibers, and physical 

work intensity and duration are critical in regulating its 

expression (22). Intense physical work has been found to 

cause a tremendous surge in IL-6 production relative to 

moderate physical work (17). Moreover, long-duration 

training in exercise has been found to challenge the body to 

produce IL-6 to a larger magnitude, a long-term adaptive 

response to prolonged physical work (22). A number of 

potential pathways are likely to be responsible for coupling 

muscle contractions and IL-6 release including shifts in 

intracellular calcium balance, disruption in glucose supply, 

and production of reactive oxygen species (40). The 

purported function of IL-6 in exercise adaptation is complex 

and is the focus of active investigation. The most intriguing 

area of investigation is its influence on muscle metabolism. 

IL-6 plays a part in glucose metabolism and glucose uptake 

in skeletal muscle and possesses the potential to improve 

insulin sensitivity (21, 29, 30). The potential influence of 

metabolism would improve the body's ability to utilize 

glucose for fuel in response to exercise and result in 

improved endurance and performance. IL-6 is also involved 

in "browning" white fat to transform it into brown fat tissue 

more metabolically advanced in generating heat and 

consuming calories (19, 41). The browning effect would 

enhance burning calories and loss of adipose tissue and 

render IL-6 a viable therapeutic target in terms of metabolic 

health. Interestingly, whereas IL-6 is classically considered 

a pro-inflammatory cytokine, its production in response to 

exercise has a more complex function. Production of IL-6 in 

response to exercise might be anti-inflammatory in nature 

(42, 43) and possibly underlying the reported reduction in 

chronic, low-grade inflammation in response to regular 

https://jpsad.com
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physical activity (19). Such an anti-inflammatory effect 

would be beneficial in repairing muscle and in recovery 

post-exercise and in eliciting the adaptive response leading 

to improved strength and endurance with duration. The 

interaction between IL-6, pannexin-1 channels, and NLRP3 

is a new field of study with a potential to offer useful insight 

into the complex process of adaptations induced by exercise. 

Muscle pannexin-1 channels are responsible for ATP release 

to control IL-6 production (13). Exercise-induced IL-6 

release has the potential to stimulate satellite cell 

proliferation and differentiation in muscle development and 

repair (11, 44). Pannexin-1 channel effects are also involved 

in gene profile and muscle synthesis of proteins in muscle to 

result in enhanced muscle endurance and muscle strength 

(11). How channels are involved in exercise-induced IL-6 

release is unknown and merits in-depth studies (10). 

Exercise has variable effects on NLRP3 activation, where 

repeated training may result in decreased basal NLRP3 

activity (19). The potential anti-inflammatory effect of IL-6 

is potentially involved in this NLRP3 control of 

inflammation in response to regular physical activity (17), 

and it suggests a potential interaction between IL-6 

production and NLRP3 inflammation control in response to 

regular physical activity. The inflammatory process has 

potential to positively or negatively influence neuro-

muscular tissue. A moderate NLRP3 activation is involved 

in muscle remodeling and adaptability and has potential to 

cause development of neuro-muscular disease in case of 

long-term or excessive activation (11). The influence of 

exercise effect is represented in Figure 4. Overall, more 

studies are necessary to make definitive links between IL-6, 

pannexin-1 channels, and NLRP3, and to define specifically 

how physical exercise controls them. When progress in this 

area is made, new information about underlying molecular 

processes for positive impact of physical exercise on muscle 

metabolism, inflammation response, and overall health can 

be provided. 

 

Figure 4. Overview of the effects of exercise on interleukin-6 
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4. Discussion and Conclusion 

Exercise has deep influences on neuro-muscular 

performance by stimulating pannexin channels (specifically 

pannexin-1), the NLRP3 pathway, and novel exercise-

derived peptides such as irisin and the myokine IL-6. 

Exercise-stimulated pannexin-1 activation and ATP release 

can influence muscle contraction, fatigue, and recovery. In 

addition, pannexin-1 expression could be controlled by 

exercis. Exercise, however, has a very deep influence on 

NLRP3 activation in neural and muscular tissues. The 

pathway also has a double role in exercise-induced 

inflammation and neuro-muscular adaptation. Additionally, 

novel exercise-induced peptides like irisin and interleukin-6 

are able to act on pannexin channels and NLRP3 to influence 

the overall neuro-muscular exercise response. 

Even with improved knowledge regarding the impact 

exercise has on the body at a molecular level, improvement 

is necessary. To gain the ability to tailor its benefits, further 

study in major pathways such as pannexin-1 (Panx1), 

NLRP3, and myokines such as interleukin-6 (IL-6) and irisin 

is essential. Scientists have to investigate if the blockade of 

Panx1 attenuates the release of IL-6 with exercise to ensure 

an immediate link. Furthermore, the function of NLRP3—a 

central inducer of inflammation—must be explored under 

different levels of exercise and over time to determine if 

chronic exercise suppresses its activity, possibly via the IL-

6 pathway. Irisin, which induces the browning of calorie-

storing white fat to energy-expending brown fat, must also 

be explored to determine the precise molecular mechanisms 

through which it functions in muscle and fat tissue. 

Interestingly, both genders will have to be involved in future 

research to consider the potential for variability and go 

beyond acute response to identify the chronic effect of 

prolonged exercise on these systems. By considering these 

factors, researchers can follow the complex interaction 

between Panx1, NLRP3, IL-6, and irisin, following the 

molecular chain reaction started by exercise. This further 

information can lead the way to personalized exercise 

routines founded on one's biology and potentially to new 

drugs that mimic the therapeutic effects of exercise in 

persons who cannot exercise. Unraveling these molecular 

relationships will ultimately enable us to maximize the 

disease-prevention, metabolic, and quality-of-life-

promoting potential of exercise throughout life. 
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