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Abstract
Background: Nitric Oxide has been recently recognized as an extremely
important molecule in biophysics that has a profound role in the regulation
of various functions in the body. It is abundant and continuously replenished
in the paranasal sinuses of the respiratory system in healthy adults. Studies
have demonstrated that nasal Nitric Oxide levels in the airways increase multi-
fold during humming compared to quiet nasal exhalation. Humming during
exhalation is an integral part of Bhramari Pranayama. Objectives: This review
is to understand how humming is associated with Nitric Oxide production,
and evaluate the suitability of Bhramari Pranayama, and the classical version
of Bhramari Pranayama, which has humming as its integral part, for the
application of maintenance of the airway integrity.Method:We have searched
relevant current scientific literature pertaining to Nitric Oxide, voice production
especially humming. We also reviewed the classical yoga texts where Bhramari
Pranayama is elaborated. We tried to correlate how Bhramari Pranayama
may help to endogenously produce Nitric Oxide and thereby regulate various
respiratory functions. We made special efforts to distinguish between general
and classical versions of the practice of Bhramari Pranayama. Findings:
Experimental evidence suggests that humming significantly influences Nitric
Oxide production. Bhramari Pranayamawhich has humming as its integral part
may therefore facilitate Nitric Oxide production endogenously, both during
inhalation and exhalation, and thereby help in the regulation of respiratory
processes.Novelty: Research to date, has been done on increased expression
of Nitric Oxide during humming (during exhalation). The classical version
of Bhramari Pranayama which also includes humming during inhalation also
known as inhalation phonation, alternating with humming during exhalation
seems to offer a wholesome solution for increased stimulation of Nitric Oxide
as well as the optimal end use of the much sought-after molecule.
Keywords: Nitric Oxide; Humming; Bhramari Pranayama; Para Nasal Sinuses;
Inhalation Phonation
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1 Introduction
Nitric Oxide (NO) is a remarkably simple component which has received a great deal of attention for its versatility and
importance as a key intracellular and intercellular signaling molecule. It is endogenously generated in mammalian cells and
regulates a range of physiological andpathophysiologicalmechanisms. Previously, it was considered as an atmospheric pollutant
with no biological role. However, it was demonstrated independently by Ignarro et al., and Palmer et al., (1), that the endothelial-
derived relaxing factor (EDRF) released from the vascular walls was essentially NO. This led to the possibility that NO might
have a role in our biological systems and enthused further research that has led to a plethora of discoveries. In 1992, Nitric
Oxide was named ”the molecule of the year” and in the year 1998 Furchgott, Ignarro, and Murad were awarded Nobel Prize for
their discoveries concerning NO as a signaling molecule in the cardiovascular system.

NO is involved in several regulatory, protective, and defensive processes and is also secreted in response to inflammatory
processes. It acts as a powerful vasodilator that relaxes the smooth muscle fibers of the vascular wall. It regulates blood vessel
tone; it functions as a biological mediator comparable to neurotransmitters in the neural system. It acts as an important host
defense in the immune system and also acts as a cytotoxic agent in the pathological process, particularly in inflammatory
diseases. NO is produced by various cells throughout the body including the respiratory airways. Recent pathbreaking research
by Weitzberg and Lundberg demonstrated that nasal Nitric Oxide levels in the airways increase considerably during humming
compared to quiet nasal exhalation (2). Taking into consideration the efficacy of NO in the regulation of various crucial
mechanisms, the application of humming has been emphasized for its remarkable capacity to proliferate NO availability. It is an
interesting observation that humming is an integral part of Bhramari Pranayama, (BhPr) an ancient yogic breathing technique.

This review is about understanding the application of humming in the expression of NO in the airways and its role
in regulation of various functions in the respiratory system. We review certain experiments made on the basis of acoustic
background of humming that enhance the NO expression in the paranasal sinuses. We also make an effort to evaluate the
suitability of BhPr for its ability to enhance theNO expression in the paranasal sinuses. According to the ancient yoga text Hatha
Yoga Pradeepika, BhPr is producing a humming sound, at a sustained low pitch, depicting a female bumblebee. Adding the
dimension of acoustics to breathing in BhPr, make it unique among other pranayamas.The humming sound is produced during
exhalation after a controlled inhalation. This variation of BhPr is done as a prelude to classical version of BhPr. Occlusion of the
external ear canals during humming with shanmukhi mudra, another unique feature of BhPr enhances the effect of humming.
Research on this variation of BhPr has been growing expeditiously. The acoustics and its overt features can be observed and
measured in laboratory conditions which is not common in yoga studies. From various studies done till now it is evident that
BhPr influences multiple systems in the body inclusive of the respiratory system. Expression of NO and its role as a therapeutic
tool for regulation of respiratory system has been implicated in some BhPr studies that is discussed later in this review.

The classical version of BhPr as in the ancient text, Hatha Yoga Pradipika, includes humming during inhalation also,
producing a reverberating sound in high pitch depicting a male bee along with humming during exhalation in a sustained low
pitch depicting a female bumble bee. Breathing a physiological process, completes a respiratory cycle with both inhalation and
exhalation. It can be observed that the dimension of the acoustics differs from humming during exhalation to humming during
inhalation. Experiments made till now have expounded the techniques and efficacy of humming during exhalation and suggest
that there is an enhanced expression of NO in the upper respiratory airways (2). But to the best of our knowledge, humming
during inhalation is an unknown and unexplored domain in scientific research in the context of NO. In this perspective,
encouraged by the extraordinary effect of humming during exhalation in enhancing the expression of NO, we hypothesize
that humming during inhalation as indicated in classical BhPr may provide efficacious delivery of NO to the required regions
of the airways and aid in the optimal level of regulation andmaintenance of the lower respiratory and related functions. Classical
BhPr may provide a wholesome approach to make optimal use of the crucial molecule NO and derive its benefits to a greater
extent.

2 Methodology
In this review we have made an effort to understand the experiments related to the acoustics of humming in enhancing the
expression of NO in the paranasal sinuses. It is done with a brief description of NO in general and role of NO in the respiratory
airways in particular. A comparison of humming and preliminary version of BhPr is made with the help of yoga texts, scientific
literature pertaining to acoustics of humming with reference to literature pertaing to the voice production. A trail is made
to evaluate the suitability of BhPr with specific reference to the acoustics in this context. We also examine relevant literature
pertaining to the classical version of BhPrwhich emphasizes on the acoustics of humming both during inhalation and exhalation
according to the yoga texts and experiments in the literature pertaining to voice production. We hypothesize that the classical
version of BhPr may be a wholesome approach towards enhanced stimulation of NO and provide its effective delivery, to the
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lower airways thereby help in its maintenance.

3 Results and Discussion

3.1 Brief Background of Nitric Oxide

NO is a colorless, odourless, hydrophobic, gaseous molecule that has been recognized as an extremely important molecule in
biophysics. It has a half-life of 3-5 seconds that diffuses easily through cell membranes. It is a free radical characterized by the
presence of an unpaired electron and reacts with several biological compounds which explain its diverse biological effects. NO
is produced by various cells throughout the body. It is synthesized by specific enzymes, semi-essential amino acid L-arginine,
molecular oxygen, and various Nitric Oxide synthase (NOS) enzymes. The synthase NO has two forms: a constitutive form and
an inducible form. The endothelial NOS (eNOS, NOS-I) and neuronal NOS (nNOS, NOS-III), are the two constitutive forms
of NO. These eNOS and nNOS are calcium-calmodulin dependent and are activated rapidly and transiently in response to a
calcium signal. They are produced in small amounts and provide a rapid pulse-like signal. The functions of endothelial NOS
and neuronal NOS are regulated by two distinct types of constitutive NO synthases that have been fully characterized and are
widely distributed in the body.

The expression of NO (eNOS) in the endothelial cells is the most important vasodilator mechanism responsible for the
maintenance of proper vasomotor function. It is expressed by endothelial cell lining in response to agonists or shear stress. Its
physiological role ranges frommany other cells and tissue functions, especially in the respiratory, nervous, and immune systems.
It promotes the proliferation of smooth muscle cells, platelet aggregation, white blood cell adhesion, and inflammation thereby
initiating and aggravating the vascular disease. In patients exposed to vascular risk factors, impaired endothelium-dependent
relaxations caused by aging, smoking, diabetes, hypercholesterolemia, hypertension, and sedentary lifestyle are detectable even
before any morphological changes could be perceived in the blood vessel wall.

NO (nNOS) is readily expressed through the central nervous system. It has a role in the neural control of cerebral circulation.
nNOS is also expressed in peripheral autonomic nerves which modulate blood vessel tone. When over expressed, NO is
neurotoxic, andwhile dysfunctional nNOS signalling has been implicated in cerebrovascular disease states such as ischemia, and
migraine, as well as neurodegenerative conditions such as Alzheimer’s disease and Parkinson’s disease. In cerebral circulation,
maintenance of endothelial NO is a crucial strategy in the prevention of cerebrovascular disease and stroke. Endothelial
dysfunction in the cerebral circulation may contribute to neurologic diseases.

A third isoform, inducible NOS (iNOS, NOS-II) is not expressed in resting cells but is expressed under pathological
conditions as an immune responsemediator in white blood cells, epithelial cells, and other cells in response to proinflammatory
cytokines. This isoform of NOS is calcium-calmodulin independent, and NO synthesis is transcriptionally controlled and
steroid-sensitive. Once the enzyme is activated, it will produce large amounts of NO for a prolonged period and in high
concentrations. NO (iNOS) and its reaction products are cytotoxic to viruses, bacteria, tumour cells, and at the same time
possibly to host cells too. Whether the upregulated iNOS during inflammation is beneficial or harmful to the host has been
debated. Inhibiting iNOS may be considered in the treatment of inflammatory diseases (3).

3.2 Nitric Oxide in Paranasal Sinuses

In 1991, NO was detected in exhaled breath in the human breath analysis. The exhaled NO levels exhibited increased levels in
asthmatic patients. These observations prompted further research on NO in the respiratory system. Upper airways were found
to be the main origin of respiratory NO in healthy adults. This review pertains to NOS in the respiratory airways and its role
in the respiratory system. NO concentration in the lower airways is reported to be 20 times lower than in the upper airways in
normal subjects.

The para sinuses in the upper airways were found to be the main production site of NO synthesis. It yields very high
concentrations, (3000-25000 ppb) with an only minor contribution from the lower airways and oral cavity in healthy subjects.
Interestingly, all three isoforms of NOS are available in the upper respiratory tract. eNOS and nNOS are expressed in
parasympathetic neurons innervating nasal vessels, endothelial cells, and ciliated epithelial cells. The NOS found in the
paranasal sinuses is predominantly calcium-independent, a characteristic usually attributed to the NOS-II, but studies showed
that it is constitutively expressed and not inhibited by steroids, the latter being typical features of constitutive NOS. Interestingly,
the high expression of NOS-II was found in healthy sinus epithelium. NO, a calcium-independent inducible NOS was found in
the epithelial cells lining the sinuses of healthy subjects. Strong NOS immunoreactivity was found apically in those cells in the
range of 25 ppm, the highest permissible atmospheric pollution levels for NO. It was surprising at that time to find NOS-II in
healthy tissue as it was believed till then that this enzymewas only expressed in inflamed tissues or activated in white blood cells.
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This form of NOS is produced continuously in large quantities in the normal sinus epithelial cells, as indicated by the presence
of this gas in nasally derived air. NO has been involved in several functions in both the upper and lower airways. NO maintains
the physiological homeostasis and regulates the airway inflammation through the expression of three NOS isoforms. NO may
also regulate the nasal airway resistance to airflow (NAR). It also seems to humidify and warm the inhaled nasal airflow (4).

3.3 NO in Sinus Host Defense

From the immuno-histochemical studies, it is noted that iNOS is constantly expressed apically in the paranasal sinus epithelium.
This is the enzyme that is used by the white blood cells to produce NO in defense of invasion of viruses, bacteria, or fungi and
helps to keep the sinuses sterile. NO could also act as a defense mechanism in the upper airways by modulating the ciliary
motility and low levels ofNO can be linked toweakenedmucociliary activity (5). Numerous bacteria andmany airway pathogens
are sensitive to NO gas in concentrations as low as 100 ppb (6), and the level of NO in the healthy maxillary sinuses is much
higher than this. Nasal NO levels are generally very low in patients suffering from sinusitis of different etiology. Primary ciliary
dyskinesia (PCD), chronic rhinosinusitis (CRS), and cystic fibrosis are prominent examples of such disorders, characterized by
susceptibility to sinus infections and NO release in the nasal airways is virtually absent. However, if the reduced sinus NO is a
cause or consequence of sinusitis in these disorders remains to be clarified. It is speculated that lack of NO would decrease the
resistance to sinus infections. Altogether it is suggested that NO is involved in sinus host defense to keep them sterile under
normal conditions.

3.4 NO as an Aerocrine Messenger

Research over the past few years has shown that NO produced in the paranasal sinuses has a dual function. The high local
concentration ofNO in the sinusesmay act as host defense and contribute tomaintaining the sterility of the nasal cavities (7). Part
of the gas leaked to the nasal cavity is diluted in the inhaled breath and is transported by the airstream to the lungs. It is tempting
to conjecture that the production of NO in the paranasal sinuses has the purpose of modulating lung function in humans
which reduces pulmonary vascular resistance and thus the workload of the heart (6). NO inhaled from a proximal source will
affect pulmonary vessels in contact with ventilated alveoli, thereby improving ventilation/perfusionmatching and also reducing
vascular resistance. This physiological effect of NO has been termed “aerocrine mediator” to elucidate the airborne transport
of the biological messenger connecting the upper and the lower airways in the respiratory tract and providing pulmonary
ventilation.Major volume of NO that is produced in the para nasals is transported to the lower airways during normal breathing
in a diluted form as low as 10-100 ppb which is observed to reduce pulmonary vascular resistance and facilitate alveolar oxygen
transfer into the bloodstream. The volume of the release of NO and transportation through auto inhalation to the lower airways
may vary with the volume of breath intake due to various reasons such as airway disease, shallow breathing, wrong postures,
and stress. Reduced NO can also lead to disorders in the sinuses as well as the lower airways.

3.5 Paranasal Sinuses, Humming, and, Nitric Oxide

Studies by Maniscalco et al. reported that basal NO levels in healthy subjects increase significantly during humming compared
to silent exhalation.The paranasal sinuses, notably the maxillary sinus, are an important source of NO. Their research revealed
that humming increases NO output 15 folds more than quiet exhalation (8).This is caused by humming-induced air oscillation
which increases air exchange between the paranasal sinuses and the nasal cavity. The paranasal sinuses occur in four pairs,
hollow, air-filled cavities located on either side of the nose in the skull bone. Importantly, the epithelium of themaxillary sinuses
located in the skull just below the eyes contains an enzyme that produces large amounts of NO. The paranasal sinuses form a
compartmentalized reservoir of NO. They communicate through small outlets known as ostia, through which fluids and gases
pass in both directions. Several studies in recent times offermany crucial and interesting findings. It is observed that the volume
of the sinus cavities and their connectivity via the sinus ostia to the nasal cavity renders them acoustically Helmholtz resonators
with the neck corresponding to the ostia. The sinusoidal alternating acoustic pressure due to humming, forces the air plug in
the Helmholtz resonator neck (ostium of the paranasal sinus) to vibrate, consequently expelling NO from the paranasal sinuses
to the nasal cavity. Experiments have revealed that this evacuation varies with the frequency.The resonance betweenHelmholtz
frequency and frequency of the humming is one of the important factors contributing to a higher volume of NO evacuation.
Maintaining the sustained frequency of humming is said to contribute to achieving the Helmholtz resonance frequency. The
release of NO peaks when the humming sound is produced at the narrow range of fundamental frequency of the voice (both
males and females). The average fundamental frequency of the vocal folds during voice production is in the range of 100-150
Hz for males and 180-250 Hz for females. Another factor that contributes to the evacuation of NO is the size of the ostia. The
acoustic component of breath during humming seems to rapidly wash out NO from the sinuses. The endothelial cells of the
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sinuses can replenish the depleted levels of NO when there is a gap of just three minutes between two humming sessions (9).
It is also to be noted that research carried out till now pertains to humming during the exhalation phase of breathing or

exhalation phonation. It has been demonstrated that the techniques of exhalation phonation may enhance the expression of
NO.

3.6 Humming vs Bhramari Pranayama

Humming has been part of the ancient technique of yogic breathing, Bhramari Pranayama (BhPr). It is classified as swara
pranayama as it includes the dimension of acoustics in breath regulation. BhPr is generally practiced by humming during
exhalation in a sustained low pitch emulating a female bee. Generally, in BhPr, humming is produced during exhalation
preceded by controlled inhalation. Humming is performed using one of the nasal consonants [m], [n], or [η]. These nasal
consonants, whenhummed are said to producemaximumresonance.Humming is performed at a sustained lowpitch to emulate
the buzz of a female bee which coincides with the fundamental frequency of human voice production across genders (10).

Occluding the external ear canal with middle fingers or by applying shanmukhi mudra is another important feature of BhPr.
This mudra is carried out using all the fingers; thumbs of both hands to occlude the two ear canals, forefingers to place on the
closed upper eyelids, the middle fingers on the nasal bridge to perceive the facial vibration and to partially block and regulate
the passage of the breath and lastly, the ring, and the little fingers to be placed on the upper and lower lips (11). Occluding ear
canals enhance the perceived loudness of acoustic vibrations of the self-produced humming (12).

According to the classical variation in the ancient text, Hatha Yoga Pradipika, BhPr is performed by humming during both
inhalation and exhalation; a quick inhalation, making a reverberating sound like a male black bee, and slow exhalation while
softlymaking the sound of a female black bee in a low pitch alongwith shanmukhimudra. It is also classified as one of the ashtha
kumbhakas (eight pranayamas with breath retention). It is classified as a kumbhaka, as breath retention between inhalation and
exhalation is performed.

Literature about speech/voice production has termed humming during exhalation as exhalation phonation and humming
during inhalation as inhalation phonation. Both types of humming are used for therapeutic purposes in voice production.
During phonation, the vocal folds come sufficiently close, which increases trans-glottal pressure causing the vocal folds to vibrate
thereby creating a modulated airflow. It is also observed that the vibratory cycle of the vocal folds during inhalation phonation
is a reversal of exhalation phonation. During exhalation phonation, breath flows upwards from the lungs and moves towards
the nasal and oral cavities. During inhalation phonation, breath flows towards the lungs from the upper airway. Literature about
voice production report that the natural pitch of humming during inhalation is higher than the humming during exhalation
due to the lengthening and thinning of vocal folds. The acoustic component of humming during inhalation is said to be less
sonorous and harsher sounding and has lesser clarity than the exhalation humming. Manipulation of the sinus and/or oral/
pharyngeal cavities during inhalation phonation increases resonance than during the exhalation phonation (13). Studies have
noted that the fundamental frequency of the inhalation phonation is higher than the exhalation phonation on an average of 5.1
semitones; for men, the increase is from 101 Hz to 133 Hz and for women, 202 Hz to 289 Hz. An increase of more than 50%
airflow during inhalation phonation than the exhalation phonation is also observed in these experiments (14).

It is also postulated that nasal Nitric Oxide output is considerably greater during inhalation than exhalation in healthy
adults (6).The ostial opening of the sinuses which oscillate to acoustic vibration is said to respond to humming during inhalation
similar to humming during exhalation as already observed in various experiments (15). Humming during inhalation is observed
to facilitate effective transportation of NO produced to the lower airways. A general widening of the supraglottis and the larynx
assuming a lower neck position during inhalation phonation is observed, perhaps to facilitate the increased airflow into the
lungs. This denotes that the increased pressure, volume, and intensity of the sound may cause a higher volume of airflow into
the lungs thereby increasing the volume of NO. It is opined that the inhalation maneuver creates a negative pressure in the
sinuses thereby forcing NO-containing gas out of the cavities into the posterior oropharynx and effectively transported to the
lungs. The supply of gases between the nose and sinuses to the lungs, during inhalation and exhalation, is said to be powered
by an efficient aerodynamic system (16).

The above information seems to support that the features of classical BhPr during inhalation may aid in better utilization
of NO in the airways of the respiratory system. But to the best of our knowledge, research pertaining to humming during
inhalation in the context of NO is yet to be done. Experiments with alternate exhalation humming and inhalation humming
are also essential. As the exhalation part of BhPr is very encouraging, the corresponding inhalation part may also yield a similar
outcome and aid in the better utility of NO to enhance health benefits.

Humming is an exceptional mechanism when volitionally performed in a certain way as reported by various studies, can
stimulate a many-fold increase in NO production than during quiet exhalation. Humming enhances the NO concentrations
in the para sinuses from the range of up to 20 ppm to the range of 200 ppm or more which is known to serve as anti-fungal
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also. Higher concentration of NO aids in better maintenance of para sinuses, which is critical to supply continuous NO to
the lower airways of the respiratory system. The increased level of NO seems to be useful to treat nasal ailments such as
chronic rhinosinusitis (CRS) caused by immune disorder by fungi. However, the role of an excessive amount of NO produced
in inflammation which remains elusive is to be carefully examined in this context.

A case reported by Eby, George A. of a subject with chronic rhinosinusitis treated with antirhinoviral, antiherpetic, and oral
antibiotics and oral decongestants was ineffective. He was administered humming at a low pitch, 60-120 times in four sessions
per day for four days. As a result, all rhinosinusitis symptomswere essentially eliminatedwithin four days (17).Interestingly BhPr
also seem to have a similar effect on chronic rhinosinusitis. (CRS) A randomized controlled study of CRS was conducted, with
BhPr as intervention. The study recruited 60 patients who were randomly divided into two groups, one received conventional
treatment, and the other group was given to practice BhPr humming during exhalation. The patients were advised to practice
BhPr twice a day and were followed up at 1, 4, and 12 weeks using the Sino-Nasal Outcome Test (SNOT-22 score). The results
were analysed and the individual SNOT-22 scores at 1st, 4th, and 12th weeks were compared with the baseline SNOT scores.
There was a statistically significant improvement in scores by the 4th week (p= 0.0008) and it continued until the 12th week (p<
0.00001) (18).Apart from chronic rhinosinusitis,(CRS) BhPr was also found to be effective in improving the pulmonary function
of the chronic obstructive lung disease (COPD) patients. In a study done on COPD patients, with BhPr as an intervention for
12 weeks, a significant reduction in dyspnoea among the patients was observed (19). It is also hypothesized that, BhPr prevents
coagulopathies and morbidity due to Covid-19, by enhancing the expression of NO and increased carbon dioxide by extended
exhalation along with alkaline pH (8).

Nitric Oxide is an important biomarker in exhaled breath, as it is investigated in various pulmonary and non-pulmonary
diseases. Measurement of NO in exhaled breath is used as a clinical tool to measure airway inflammatory diseases including
asthma. The nasal NO was observed to be lower in aliments such as primary ciliary dyskinesia (PCD) and cystic fibrosis (CF)
due to obstruction of the paranasal sinuses. In these ailments measuring exhaled NO during humming is recommended as it
increases the sensitivity of the blocked condition of the ostiomeatal complex (20).

Scientific research on acoustics of humming in the context of expression of NO in the para sinuses has made it possible to
understand the efficacy of this technique to a great extent. It is also observed that the existing anatomy of the para nasals,
maxillary sinuses, in particular, operate as Helmholtz resonators. These structures would resonate, when hummed at the
fundamental frequency of voice at constant pressure, , due to which production of NO would be at peak level. Typically,
humming per se does not define the pitch or the consistency of the pitch that is to be maintained. However, BhPr specifically
indicates the pitch of the humming, and the consistency of the pitch to be maintained. These specifications seem to match with
the observations made in the experiments of humming during exhalation that have proven to produce the highest level of NO.
Based on these observations we argue that BhPr could be a better option in comparison to humming to efficient increase of
expression of NO in the paranasal sinuses.

Another limitation of humming is that, it does not seem to provide for efficient delivery of additional NO released by
humming to the lower airways. It is postulated that the prime purpose of expression ofNO in the para nasals sinuses is to provide
NO through auto inhalation to regulate pulmonary functions. It is also suggested that due to short lifetime of a few seconds to
NO and diffusion distance, increased endogenous NO supply at low-dosage may be necessary to improve pulmonary effect in
the lungs (21). Optimal supply of NO is also necessary to maintain ventilation to perfusion ratio matching, decrease pulmonary
vascular resistance and thereby decrease the workload of the heart. Depletion of NO availability is known to adversely affect
the these functions and also immunity of the airways leading to various diseases and infections.

In recent clinical trials, to overcome the depletion of physiological inhaled endogenous NO and treat consequent ailments,
exogenous NO is resorted to. The exogenous NO is administered via mechanical drug delivery systems, many systems with
include acoustics, are used extensively. This Inhaled Nitric Oxide is utilized to manage pulmonary arterial hypertension and
ventilation-perfusion mismatch associated with cardiac pulmonary ailments. However extensive use of inhaled exogenous NO
is limited by logistical and financial barriers. Observationsmade in the experiments of acoustics of humming during exhalation
may help in understanding better management of drug delivery system.

We hypothesize that humming during inhalation may supply optimal quantity of NO to the upper and lower airways of the
respiratory system.Humming during inhalationmay efficiently supplyNO to the sinuses to treat upper airway diseases. Regular
practice of BhPr may help to strengthen the respiratory system and can be a preventive measure to many ailments. In classical
version of BhPr, both exhalation and inhalation humming are alternatively done to complete a breathing cycle. Breath is held
in-between inhalation and exhalation. In pranayama techniques according to the yogic texts, holding the breath in-between
inhalation and exhalation is said to be very effective. Holding breath after inhalation may give enough time for gas exchange in
the lungs and improve ventilation/perfusion ratio matching. Further, holding the breath after exhalation may provide time for
the paranasal sinuses to replenish NO after evacuation. We need further experiments to understand this phenomenon and its

https://www.indjst.org/ 382

https://www.indjst.org/


Ushamohan et al. / Indian Journal of Science and Technology 2023;16(5):377–384

application for clinical purposes.
The technique of classical BhPr, adding the dimension of specific acoustics to both inhalation and exhalationwith appropriate

breath-holding in-between may tremendously enhance the expression of NO and cater to its effective end use. This may help
to maintain and efficiently regulate the respiratory system; it may also strengthen the respiratory system to boost its overall
efficacy.

4 Conclusion
Inhalation of endogenous NO expressed in the upper airways of the respiratory system, can markedly affect a wide range of
processes related to the physiology and pathology. The respiratory airways are provided with the paranasal sinuses that has a
significant biological role of producing the major part of NO. NO is involved in regulation of many crucial functions like being
the host defense and regulation of pulmonary functions. Experiments have shown that implementing the humming during
exhalation and simple yogic concepts of BhPr, offers a unique opportunity to enhance the capacity of the existing anatomical
structure in endogenous generation of additional NO. We propose that the other part of classical BhPr i.e., humming during
inhalation as defined by the yogic texts may also offer similar results. Understanding the relevance of physical aspects like
frequency, resonance and geometry of the paranasal sinuses for NO release in enhancing the prime purpose of the physiological
functioning seem tomake an enormous difference.This calls for additional studies as it is expected that further advances in this
direction may ameliorate the role of NO in fine tuning the regulatory functions, measurement methods, drug delivery systems.
Advances in this direction may pave way to development of diagnostic, therapeutic and monitoring processes of several critical
respiratory diseases and perhaps help in promoting better health.
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