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Abstract: One of the controlled breathing techniques mentioned by the Yoga Sutras of Patanjali is
pranayama, and it is becoming a more and more popular subject of modern scientific studies given its
quantifiable physiological and neurobiological outcomes. The paper critically analyzes the underling
mechanisms of pranayama with emphasis being given to respiratory gaseous exchange, carbon dioxide
(CO2) control, the autonomic nervous system control, and neural processing. Controlled breathing changes
the ratio of the oxygen and CO2 thus affecting blood pH, blood vessels tone, and cerebral blood flow,
including the Bohr effect. Breath holding (kumbhaka) also increases CO2 tolerance, which results in
adaptive adjustments in the control of the respiration and neural responsiveness. Moreover, pranayama is
revealed to regulate autonomic activity through enhancement of parasympathetic activity and vagal tone
which leads to lowered stress and better regulation of emotion. There is neurophysiological evidence that
pranayama modifies the brain wave pattern and increases the coordination of neural activity, especially in
attention and cognition related cortical areas. The division of the pranayama into hyperventilation and
hypoventilation practices has offered a physiological explanation of its two-fold effects of stimulation and
relaxation by respiratory alkalosis and acidosis. Even though the existing research confirms the scientific
nature of pranayama, such drawbacks as small samples, variability in methodology, and unstandardized
measures are also considerable. Thus, more extensive and controlled research should be conducted to

determine its clinical effectiveness and mechanisms underlying it in a more definitive manner.

Index Terms - Pranayama, Carbon dioxide regulation, Autonomic nervous system, Brain activity, Respiratory
physiology.

. INTRODUCTION

The voluntary control of breathing by means of controlled breathing inhalation (puraka), exhalation
(rechaka) and holding (kumbhaka) is known as pranayama described in the Yoga Sutras of Patanjali (2.49-
2.53). The effects of pranayama have traditionally been discussed in terms of mental clarity and elimination
of cognitive disturbances, and pranayama is traditionally regarded as a preparation to higher forms of

concentration and meditation. Nevertheless, scientific research in the modern world has taken pranayama
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out of the realms of a mere philosophical concept and transformed it into an object of measurement as a
physiological intervention.

Traditional yogic texts describe pranayama in conceptual terms such as the regulation and cessation of
breath leading to mental clarity. These descriptions, though philosophical in nature, closely align with
modern physiological mechanisms involving respiratory control, autonomic regulation, and neural
activation. This convergence suggests that early yogic knowledge anticipated several principles that are
now being validated through scientific research.

Physiologically, breathing is a key process in the exchange of gases as well as coordination of neural and
cardiovascular activities. Planned breathing is a direct factor in the ratios of oxygen and carbon dioxide in
the body, which are very important to the pH of the blood and blood tissue oxygenation. The alteration of
CO2 concentrations has an impact on vascular tone, especially that of cerebral circulation, that directly
affects the brain functioning and cognitive processes (Zaccaro et al., 2018). As an example, elevated levels
of CO2 will cause vasodilation and accelerated blood flow to the brain, whereas low levels of CO2 will
cause vasoconstriction and diminished blood flow to the brain owing to alterations in the affinity of
hemoglobin (Jerath et al., 2006).

Moreover, pranayama was also found to have a significant effect on the autonomic nervous system. Slow
and controlled breathing increases the parasympathetic system and vagal tone resulting into lowered heart
rate, blood pressure, and stress. This autonomic modulation is what defines the effects of some pranayama
measures as calming some breathing methods and stimulant effects of some breathing techniques by
activating the sympathetic nerves. Besides these physiological reactions, new studies have provided
evidence on the role of pranayama in brain activity with alterations in neural oscillations and functional
connectivity in areas related to attention, emotion, and cognition.

Although evidence on the subject continues to increase in scientific circles, this has led to discrepancies in
the literature attributed to methodology, sample population, and breathing protocols. Numerous research
works are based on short-term intervention and do not have common definitions of pranayama methods.
Hence, it requires a systemic and synthesizing study that will enable the gap between traditional accounts
with contemporary scientific knowledge. In this paper, | will fill this gap by looking at the physiology and
neurobiology of pranayama and the degree to which traditional assertions are validated by scientific
evidence.

2. Objectives of the Study

1. To examine the conceptual alignment between Patanjali’s description of pranayama and its modern
physiological interpretation.

2. To study the physiological and neurobiological processes of pranayama, especially gas exchange and
CO 2 regulation.
To examine the effect of pranayama on the autonomic nervous system and the brain activity.

4. To categorize the pranayama strategies into hyperventilation and hypoventilation and assess their

outcomes.
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3. Literature Review

The current studies offer a significant amount of evidence on physiological and neurological implications
of pranayama. Jerath et al. (2006) elaborate that slow breathing exercises increase the parasympathetic
system and cardiorespiratory efficiency through the reaction of vagal afferents. In their systematic review,
Zaccaro et al. (2018) prove that the process of controlled breathing can influence the activity of the brain,
enhance the vascular tone of the vagus, and decrease stress levels due to autonomic control. Saoji et al.
(2019) also note that yogic breathing positively influences emotional regulation and autonomic stability,
specifically, it enhances parasympathetic dominance.

Moreover, Brown and Gerbarg (2005) document that techniques of yogic breathing like Sudarshan Kriya
have a great impact in reducing anxiety, depression, and stress by controlling the neurophysiological
processes. Pal et al. (2004) discovered that slow pranayama exercises enhance cardiovascular variables
such as the heart rate variability which show an improved autonomic balance. Likewise, this study was
supported by Telles et al. (2013) who confirmed that varied pranayama practices generate varied effects on
the oxygen consumption and metabolic activity, implying a varied pathway of action at the physiological
level.

researches also reinforce such results. Mondal (2024) hypothesises that pranayama has the effect of
activating respiratory and chemoreceptors, which act on brainstem and higher cortical centres. Sharma et
al. (2020) noted that pranayama enhances the pulmonary functions and the strength of the respiratory
muscles in healthy persons. Furthermore, Bhavanani et al. (2014) found that slow breathing exercises
increase oxygen saturation, and it decreases cardiovascular stress indicators.

Even neurophysiological research reveals that pranayama has an influence on the functioning of the brain.
According to research conducted by Streeter et al. (2012), there is an effect of yogic breathing on gamma-
aminobutyric acid (GABA), which is one of the major factors that affect the state of anxiety and mood.
Moreover, Peng et al. (2004) managed to prove that controlled breathing averts the cardiorespiratory
synchronization and as well as increases the autonomic regulation.

Even with these results, there are certain weaknesses in the current literature. Most of the studies use small
sample sizes and brief intervention periods, which restrict the externalization of findings. Also, there are
no standardized guidelines on various pranayama methods, and therefore, the results may vary. Besides
this, some of the traditional propositions, including activation of inactive brain regions, are not substantially
empirically supported. The following gaps aid the realization that more rigorous, large scale, and controlled
experimental research is needed to establish the mechanisms and clinical uses of pranayama with a more

definite verdict.
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4. Conceptual and Scientific Convergence of Pranayama

The concept of pranayama, as described by Patanjali in the Yoga Sutras of Patanjali, emphasizes the
regulation and cessation of breathing as a means to achieve mental clarity and heightened states of
concentration. Classical sutras (2.49-2.53) define pranayama as the deliberate control of inhalation,
exhalation, and retention of breath, ultimately leading to a state where the fluctuations of breath are
minimized. While these descriptions are expressed in philosophical language, they correspond closely to
measurable physiological processes identified in modern scientific research.

From a physiological perspective, controlled breathing directly influences the exchange of gases,
particularly oxygen (O2) and carbon dioxide (CO:), which play a crucial role in maintaining blood pH and
cellular metabolism. Changes in CO: levels significantly affect vascular tone; increased CO: leads to
vasodilation and enhanced cerebral blood flow, whereas decreased CO: results in vasoconstriction and
reduced oxygen delivery due to alterations in hemoglobin affinity (Zaccaro et al., 2018). This provides a
scientific basis for the traditional claim that pranayama enhances mental clarity, as improved cerebral
circulation is associated with better cognitive performance and neural efficiency.

A central component of pranayama is kumbhaka (breath retention), which is described in classical texts as
a key step toward achieving deeper states of awareness. Scientifically, breath retention increases tolerance
to elevated CO: levels (hypercapnia), which stimulates chemoreceptors and activates adaptive responses in
the respiratory and nervous systems. This process enhances the efficiency of oxygen utilization and
promotes stability in neural signaling pathways (Jerath et al., 2006). The training of the body to tolerate
higher CO: levels can also lead to improved autonomic regulation, particularly through increased
parasympathetic activity and vagal tone, which are associated with relaxation and emotional stability (Saoji
etal., 2019).

Furthermore, the classical notion of “removal of the covering of light” (Yoga Sutra 2.52) can be interpreted
scientifically as the enhancement of neural activity and cerebral perfusion. Modern neurophysiological
studies indicate that controlled breathing influences brain wave patterns and promotes synchronization of
neural oscillations, particularly in regions associated with attention, awareness, and emotional regulation
(Zaccaro et al., 2018). These findings suggest that pranayama facilitates improved communication between
different brain regions, thereby enhancing cognitive and emotional functioning.

Another important aspect of pranayama is its influence on the autonomic nervous system. Slow and
controlled breathing practices activate the parasympathetic nervous system, leading to reductions in heart
rate, blood pressure, and stress levels. In contrast, rapid breathing techniques stimulate the sympathetic
nervous system, resulting in increased alertness and physiological activation. This dual mechanism aligns
with the classification of pranayama into calming and stimulating practices, as observed in both traditional
teachings and modern physiological studies (Jerath et al., 2006).

In addition, pranayama is closely associated with the nasal cycle, an ultradian rhythm characterized by
alternating airflow between nostrils. Traditional yogic practices emphasize unilateral nostril breathing,

which has been shown to influence brain hemispheric activity and autonomic balance. Scientific studies
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suggest that such breathing patterns can modulate neural activity and improve physiological regulation,
further supporting the connection between classical concepts and modern science (Saoji et al., 2019).

Overall, the convergence between traditional descriptions of pranayama and modern scientific findings
highlights a consistent underlying mechanism: controlled breathing serves as a tool to regulate
physiological processes that directly influence mental and cognitive states. While ancient texts describe
these effects in symbolic and experiential terms, contemporary research provides measurable explanations
through mechanisms involving gas exchange, autonomic modulation, and neural activity. However, despite
this alignment, it is important to acknowledge that some traditional claims remain insufficiently validated
and require further empirical investigation. Future research should focus on integrating advanced
neuroimaging techniques and standardized protocols to strengthen the scientific understanding of

pranayama and its applications.

5. Physiological and Neurobiological Mechanisms of Pranayama

5.1 Components and Gas Exchange Mechanism

Pranayama is composed of breathing in, breathing out, suspension of breath and involuntary suspension of
breath. These processes control oxygen and carbon dioxide exchange that are vital in maintaining blood
pH and the metabolism in the cells. High levels of carbon dioxide cause vasodilation and increase cerebral
blood flow, and low levels cause vasoconstriction (Zaccaro et al., 2018). The effect of breath retention is
the increased tolerance to carbon dioxide and increased efficiency in respiration.

Figure 1 :Gas Exchange and CO: Regulation during Pranayama
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5.2 Hyperventilation and Hypoventilation Practices

Pranayama practices fall under hyperventilation and hypoventilation. The tricks of hyperventilation like
Kapalabhati and Bhastrika decrease the levels of carbon dioxide and result into respiratory alkalosis and
neural excitability. Such exercises stimulate the nervous system but can also be harmful such as making
one feel dizzy and also constricting the bronchi when done in excess (Jerath et al., 2006). Conversely, the

hypoventilation method like Ujjayi and Bhramari raises the amount of carbon dioxide in the blood leading

IJCRT26A4033 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | i896


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 4 April 2026 | ISSN: 2320-2882

to respiratory acidosis and decreased neural excitability. The practices facilitate relaxation, boost cerebral

flow, and meditative (Zaccaro et al., 2018).

5.3 Neurophysiological Effects

Pranayama also affects the work of the brain through the regulation of neural activity and autonomic

activity. EEG research indicates that certain methods result in changes in frequency of 12 Hz to 33 Hz,

which implies that it activates brain areas that are related to attention and thinking. Pranayama also has an

impact on the limbic system, which helps to regulate the emotions and reduce stress (Zaccaro et al., 2018).

The nasal cycle, an ultradian cycle, which can be described as an alternating airflow in each nostril, is also

associated with the different brain hemisphere activation. Unilateral breathing methods are another

indication of therapeutic potential such as the decrease in intraocular pressure and the enhancement of

autonomic balance. Diaphragmatic breathing improves the vagal tone and increases the relationship

between respiratory system and the neural system.

6. Findings

1. Pranayama has quantifiable physiological effects, as it changes blood carbon dioxide (CO2) levels that
govern blood pH, vascular tone and blood flow to the brain.

2. Controlled breathing directly influences the autonomic nervous system, increasing parasympathetic
activity and improving vagal tone.

3. Hyperventilation techniques (e.g., Kapalabhati, Bhastrika) stimulate the nervous system through reduced
CO: levels and increased neural excitability.

4. Hypoventilation techniques (e.g., Ujjayi, Bhramari) promote relaxation and meditative states by
increasing CO- levels and inducing vasodilation.

5. Pranayama enhances respiratory efficiency and contributes to improved cardiorespiratory function.

6. Neurophysiological evidence indicates that pranayama modulates brain wave patterns, supporting

cognitive performance and emotional regulation.

7. The traditional pranayama practices are directly correlated with the physiological processes current in

the scientific world.

7. Conclusion

The pranayama can be explained as the breathing intervention with a scientific basis impacting various

body systems, such as respiratory chemistry, autonomic processes, and brain activity. It is also the

modulation of carbon dioxide, which has a central role in controlling the vascular responses and neural

activity and hence justifies the stimulatory effect and the relaxing effect of various pranayama practices.

The following observations made on the improvements in vagal tone, emotional stability, and cognitive

functioning suggest that pranayama is not just a traditional activity but a measurable and functioning

process on physiological processes. Nevertheless, the existing literature is still weak in terms of

methodological discrepancies, small samples, and absence of a standard breathing regimen, despite such

optimistic results. A lot of research is done on the short-term outcomes, and the long-term effects are not

well investigated. Consequently, the studies in the future need to focus on controlled experimental studies,
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bigger sample size, and incorporation of more sophisticated neuroimaging tools to build more solid

empirical data and improve clinical utility of pranayama.
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