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ABSTRACT

Background: Working memory is responsible for temporary mental workspace and information
bundles. It is essential for learning, reasoning, and functioning; however, it is highly susceptible
to the negative influences of stress, aging, and lifestyle factors. With increased interest around
the world in the use of safe and non-pharmacological ways to boost one's cognitive abilities,
there has been a resurgence of academic renewed inquiry towards two classical Indian systems,
claiming that they can improve one's intellect: first, Medhya Rasayana’, the Ayurvedic category
of herbs for rejuvenation of intellect, and second, Vipassana Meditation, the old technique of
insight meditation.

Objective: This conceptual review aims to combine traditional Ayurvedic and Yogic approaches
to understanding memory with cognitive-neuroscience models and propose a holistic framework
that explains how Medhya Rasayana and Vipassana Meditation affect working memory.
Ayurveda defines cognitive processes as an interplay between Medha (intellect), Dhi
(comprehension), Dhriti (storage), and Smriti (recollection), controlled by factors such as Sattva,
Manas, and Ojas. Medhya dravyas supported pharmacologically include Mandukaparni,
Yashtimadhu, Guduchi, Shankhapushpi, Brahmi, Jyotishmati, and Jatamansi.

Results: The antioxidant, anti-inflammatory, and neuromodulatory activities of Medhya
Rasayana plants are important for synaptic plasticity. Similarly, the effects of Vipassana
meditation and Nadi Shodhana Pranayama are measurable in terms of autonomic function,
attention, and anatomical interconnections between the hippocampus and prefrontal cortex.
Conclusion: This is a scientifically testable integrative model based on pharmacological and
non-pharmacological interventions to enhance working memory.

KEYWORDS: Ayurveda, cognitive enhancement, Dhyana, Medhya Rasayana, Nadi Shodhana
Pranayama, neuroplasticity, Vipassana meditation, working memory.

1. INTRODUCTION

The ability to think requires memory. Individuals rely on memory to help them acquire knowledge and use it in all
aspects of life; they carry along with them all the lessons, faces, and skills acquired throughout their lifetime. The
World Health Organization states that, apart from the body aspect, health involves "a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity"[44]. Memory is one element which
resides quietly in that "mental well-being." It helps an individual retain a sense of self and make him/her able to
function normally. Without memory, people will lose something that contributes towards being healthy and human
beings. There are several models of memory that have been presented in cognitive psychology. However, there is one
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model of memory that appears very important for human thought processes. The working memory could be defined
as a capacity-limited model that is involved in the manipulation of information and learning [41,42]. Working memory
is constantly engaged and challenged by the demands of academic work and the digital era. This type of memory can
be affected by chronic stress, lack of sleep, and normal aging [27]. Cognitive decline has become an important public
health issue because it includes forgetfulness, attention deficit states, and neurodegenerative diseases.

There are also many potential side effects associated with pharmacological cognitive-enhancement drugs. Classical
Indian philosophies have proposed alternative methods that have been independently devised over several thousand
years, but both are focused on the same aim, that is, refining Medha (intellect). First is Medhya Rasayana in Ayurveda.
This is a special type of rejuvenation medicine, traditionally prescribed to enhance the abilities of Dhi, Dhriti, and
Smrriti (grasping, retention, and recall, respectively) [1,5]. The other is yogic practices, Nadi Shodhana Pranayama
(alternate nostril breathing) and Vipassana meditation (an insight observational practice) [8].

Medhya Rasayana focuses on the biochemical and tissue substrate for cognition, Nadi Shodhana Pranayama targets
the autonomic regulation and enhances attentional preparation stage, while Vipassana Meditation addresses the
metacognitive, higher level of attentional control. The combination of these three interventions is scientifically and
theoretically justified. This is based on the assumption that their combination may lead to convergent benefits in terms
of working memory development.

This seems plausible, as the literature on Ayurvedic pharmacology, Nadi Shodhan Pranayama technique, and
Vipassana Meditation are quite separate from one another; there have been few attempts to create models where all
three are united under one neuroscience-based approach related to working memory specifically. This study aims to
fill this knowledge gap. This is a conceptual review that does not create any primary data. The purpose of this article
is to integrate traditional knowledge with contemporary scientific literature into an integrated biological,
psychological, and spiritual approach and future directions for interventional research.

2. Working Memory:

Working memory has been most successfully described within the multicomponent framework proposed by Baddeley
and Hitch, who break down the concept into four subsystems: the central executive, a supervisory system that allocates
attention of limited capacity; the phonological loop, dealing with temporary retention and repetition of auditory
information; the visuospatial sketchpad, processing visual and spatial information; and, finally, the newly added
episodic buffer, which integrates information from all these subsystems and connects it with long-term memory
[41,42]. This review specifically discusses the central executive component, as it controls executive attention. It is the
ability to attend to task-relevant information, resist distractors, and update working memory. Thus, the core
neuropsychological processes related to working memory include encoding (registering of information), updating
(replacing outdated information with new information), inhibitory control (suppression of irrelevant distractors),
cognitive flexibility (flexible shifting between mental sets), and sustained attention (maintenance of focus over time).
Attention in the present moment is favorably necessary for each of these processes, and if any distraction or lack of
attention in the present moment, usually referred to as "mind wandering," negatively impacts working memory
performance [39]. The capacity of working memory is often measured through complex span tasks, such as the
Automated Operation Span Task, which involves simultaneous storage and processing of information and represents
an index of executive attention control [43]. Notably, The capacity of working memory has been established to be a
state-dependent, modifiable capacity that is negatively impacted by phases of high stress and can be either protected
or increased through attentional training [27,29]. This is a key premise of the proposed integrative model.

3. Memory in Ayurveda: Medha

Medha is described in classical literature as a complex of intellectual abilities together with three sub-abilities that are
connected with each other: dhi (ability to grasp, gain information, or, as in the case of encoding process), dhriti (ability
to memorize, which is analogous to consolidation and maintenance), and smriti (ability to recall, storage to retrieval)
[1,6]. Cognitive functioning are regulated by Manas (mind) working with the help of the substrate called Sattva ( the
attribute of clarity, one of the three Gunas of mind along with Rajas and Tamas Guna) and supplied with Ojas, the
subtle essence of well-nourished Dhatu-sara considered for mental stamina, resilience, and clarity.

The Charaka Samhita and Ashtanga Hridaya state that Buddhi (intellect) consolidates information from the senses,
memory traces, and the will to direct proper action, effectively equating it with higher-order executive control. From
the Ayurvedic perspective, cognitive efficiency results from the proper functioning of the interaction between the three
doshas. For example, Vata regulates the initiation and transmission of nerve impulses and is hence important for
attentional flexibility; Pitta regulates discriminating ability and analysis, while Kapha confers structural stability for
retention. Specifically, Charaka Samhita states that memory is strengthened by the proper function of Vata and Kapha,
while Pitta provides cognitive sharpness and intellectual acuity. Disturbance in these three doshas causes impairments
in Dhi, Dhriti, and Smriti [1,2,3]. The above described tri-doshic model of cognition is the foundation for Medhya
Rasayana treatment: because Medhya Rasayana herbs have exerts differential actions on doshas and cognitive abilities
(such as Sheeta-Virya, Madhura-Vipaka herbs like Yashtimadhu and Shankhapushpi help in Kapha strengthening and
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Dhriti/retention, while Ushna-Virya, Tikta-Rasa herbs like Guduchi help in Pitta strengthening and Dhi/Smriti) [1],
traditional Ayurvedic pharmacology already conceptualizes a differentiated multi-component model of memory, very
similar to Baddeley's model.

4. Medhya Rasayan Pharmacodynamic Profile

Table 1 presents the classical Rasapanchaka (five pharmacodynamic attributes: Rasa, Guna, Virya, Vipaka, Prabhava)
composed with Karma (pharmacological action), Doshaghna Karma (dosha-pacifying action), and Rogaghnata
(therapeutic indications) of seven principal Medhya Rasayana herbs, accumulated from the Charaka Samhita, Sushruta
Samhita, Ashtanga Hridaya, Bhavaprakasha Nighantu, and the Ayurvedic Pharmacopoeia of India, as assembled in
contemporary Dravyaguna reviews [1,2,3,6,9].

Herb Botanical Rasa Guna Virva Yipaka Prabhava Karma Doshaghna Rogaghnata
Name Karma (Indications)
Centella Tikta, Laghu, Sheeta | Madhura Medhya Medhya, Balya, | Pitta-Vata Smriti-pasha.
Mandukaparni asiatica Kashaya Sara Twachya. shamaka Unmada, Twak
Raktashadbaka toga, Vrana
Glycyrrhiza Madhura Guru, Sheeta | Madhura Medhya, Medhya, Vata-Pitta Kshaya.
Yashtimadhn glabra Snigdha Chakshushya, shamaka Netraroga.
Balya, Manodaurbalya
Tinospora Tikta, Guru, Ushna Madhura Medhya, Medhya, Balya, | Tridoshahata Jwara, Smrifi-
Gudughi cordifoha Kashaya Smigdha Deepana. (Kapha-Pitta nasha
Medhya, Manasa | Vata-Pitta Unmada,
Shankhapushpi Convolvulus Tikta Smigdha, | Sheeta | Madhura | Medhya Shamaka, shamaka Apasmara.
usicanli Picshi Nidcai M iy
Bacopa Madhura, Laghu, Sheeta Madhura Medhya Medhya, Kapha-Vata Apasmara.
Brahmi monmisr Tikta. Sara Rasayana. shamaka Unmada,
Kashaya Syamva. Mehabara
Matiprada,
Celastrus Tikta. Laghu, Ushna Madhura Shirogata Medhya, Vata-Kapha Manodaurbalva,
Jyotishmati paniculams, Kam Tikshna, Medhya Natabara shamaka Sthaulya,  Twwk,
Snigdha (external), 088
Deepana
Nardostachys. Tikta, Laghu, Sheeta Kat Medhya, Medhya, Vata-Pitta Unmada,
Jatamansi Iatamanst. Kashava, | Snigdha Nidrajanana | Hridya, Yamya | shamaka .
Madhura Nidrasanana, %
n

Table 1 clearly shows that out of seven, five herbal drugs (Mandukaparni, Shankhapushpi, Brahmi, Guduchi,
Jyotishmati, and Jatamansi) carry the specific Medhya Prabhava, which is a distinct and non-derivable cognitive effect
that traditional pharmacology states cannot be predicted by knowing just the Rasa, Guna, Virya, and Vipaka alone,
equivalent to modern pharmacology’s concept of “receptor-specific mechanism of action [7]. The predominant
characteristics of these herbs are Tikta (bitter) and Kashaya (astringent) Rasa, Laghu (light) Guna, and Madhura
(sweet) Vipaka, which are traditionally known to pacify Pitta and Vata and nourish brain tissue (Majja Dhatu)[6,9].

5. Major Yogic Practices

5.1.Nadi Shodhana Pranayama

The alternate nostril breathing technique is traditionally described as a pranayama practice that intends to cleanse both
the Ida and Pingala Nadis. These are considered the primary channels of the body that represent the cooingl (lunar)
and heating (solar) qualities, thus creating an equilibrium between the balancing functions of the body and mind. From
a technical point of view, the practitioner alternately blocks one nostril while breathing through the other in a particular
ratio (1:1, 1:2, or 1:3:2 for inhalation, retention, and exhalation, respectively) [22,26]. Current physiologically
controlled research supports many historical assertions. Studies have found that Nadi Shodhana results in an increase
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in parameters related to parasympathetic activity (measured in terms of HRV parameters such as RMSSD, HF power,
and total power) and a decrease in sympathetic activity (measured in terms of the LF/HF ratio), signifying a shift
towards autonomic balance [22,26]. Parasympathetic activation results in a lower resting heart rate and blood pressure,
and the known calming effects of slow deep breathing on the CNS [24,25]. Importantly, for the current model, a
number of studies have shown that there are parallel changes in cognitive parameters (sustained attention, reaction
time, and problem-solving speed), in addition to quality of life and psychological state over 12 weeks of practice [22].
Telles et al have shown that certain nostril breathing practices can affect attentional performance acutely, provided
experimental support for the breath-attention connection [23]. In terms of mechanism, Nadi Shodhana practice is
postulated to facilitate working memory and significant executive function through an indirect pathway of autonomic
regulation mediated by vagal activity, which decreases the physiological load on the prefrontal-hippocampal circuitry
[27].

5.2.Dhyana (Meditation)

According to the Yoga Sutra of Patanjali, Dhyana is the seventh limb of the eight-fold path of Ashtanga Yoga. It can
be explained as "Tatra pratyaya-ikatanata dhyanam" meaning an uninterrupted flow of cognitive activity (pratyaya)
towards a single object continuously and without any interpretation of the outer or inner environment [5]. In other
words, Dhyana is a technique where Dharana (concentration on a single point) becomes increasingly refined until one
is able to maintain it continuously without any break and even without any self-awareness of the process of meditation.
This leads to Samadhi (absorptive unity). Dharana-Dhyana-Samadhi is a graduated training of free-flow attentive
stability and cognitive purification (Chitta Shuddhi), which forms the Samyama technique explained in the Patanjali
Yoga Sutra.

5.3.Vipassana Meditation

Vipassana is a method of insight meditation based on the Satipatthana Sutta and Abhidhamma texts of Theravada
Buddhism, which means "to see things as they really are.” It is a systematically organized practice by Shri S. N.
Goenka. The practice provides sustained, open, non-judgmental observation of bodily sensations (vedana), emotions,
and thoughts as they arise and pass, without reacting to any craving or aversion. Vipassana daily practice cultivates
metacognitive skills, the ability to observe one's own attention and detect mind-wandering, which may interfere with
the completion of ongoing tasks, along with emotional regulation, achieved through repeated exposure to and
observation of temporary states of mind. Since attention control and disengagement are key executive functions of
fundamental working memory, Vipassana Meditation training provides a plausible mechanism for improving working
memory, which has been proven by neuroscientific studies, as reviewed below.

6. Mechanism of Working Memory

Combining the psychological practices of Nadi Shodhana Pranayama and Vipassana Meditation with working
memory function; all of these techniques provide training in non-elaborative awareness and attention to the present
moment, therefore addressing the primary limitations of the central executive system. It is susceptible to mind
wandering. It has been demonstrated experimentally that even minimal mindfulness attention training (such as just
four sessions) can result in better performance in working memory and constant attention tests in novice meditators
due to the minimization of mind-wandering [38]. An ecologically relevant example is a study that showed
improvements in working memory capacity and graduate record examination reading comprehension in conjunction
with proportional reductions in self-reports of mind wandering, which directly focuses on the present moment [39].
Further evidence for this mechanism is provided by the programmatic research of Jha et al. in high-stress military
populations, in which working memory capacity measured using complex span tasks decreased significantly over
eight weeks of high demand prior to deployment in a control group that did not practice mindfulness training, whereas
groups who had practiced mindfulness training or even increased their working memory capacity, the extent of
improvement being directly proportional to the time invested in practicing present-moment attention training
[27,28,29]. At least a "minimum dose" (approximately four weeks of short-form training) is needed to show
improvement, signifying a cumulative effect of training on present-moment attention control rather than merely a
temporary state effect [29]. Further work by Jha using the attention network task paradigm indicated that mindfulness
training specifically alters the orienting and executive attention networks, which are key subsystems involved in
working memory maintenance [40]. The findings presented above establish present-moment attention not just as a
phenomenon associated with meditation but as the basic psychological mechanism for the positive effects of Vipassana
and other present-oriented breathing techniques on WM.

7. Neurobiological Mechanism

The intersection of neuroimaging and electrophysiology studies permits the determination of brain areas and neural
networks through which Medhya Rasayana and contemplative Vipassana intervention may influence working
memory. The hippocampus is associated with learning and memory. In patients who underwent eight weeks of
mindfulness training, there was an increase in the density of gray matter in the posterior cingulate cortex and
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cerebellum [33]. It was established earlier in a cross-sectional study of meditators that an increase in cortical thickness
occurred in attentional and sensory-related brain areas, including the prefrontal areas [34]. The prefrontal cortex, in
which the central executive functions are located, demonstrates brain plasticity related to changes in the top-down
control of attention during meditation practice [35,37]. The anterior cingulate cortex, responsible for the processing
of conflict and correction of errors, and the amygdala, playing a part in threat assessment and stress reaction,
demonstrate different activities: reduced gray matter density in the amygdala correlating with a low level of perceived
stress after mindfulness meditation training [33]. Decreased activity of the amygdala and reduced activity of the default
mode network, which is responsible for self-referential mind-wandering, are consistently documented correlates of
consistent meditation practice, habitually consistent with reduced task-irrelevant cognitive interference and improved
working memory maintenance [35,36,37].

Electrophysiological studies on Vipassana meditators have revealed changes in P3/P3a event-related potential
components, which are neural markers of attentional and cognitive processing. This indicates enhanced attentional
engagement and reduced automatic responses to distractors during meditation practice. In addition, occipital gamma-
band activation suggests heightened perceptual clarity during meditation practice [30,31,32].Systemic level changes
include neuroplasticity, which refers to the experience-dependent reorganization of the structure and functioning of
the brain, and synaptic plasticity, that is, changes in the strength of synaptic connections due to neuronal activity. In
addition, chronic elevation of cortisol, known to suppress hippocampal-prefrontal functioning, is downregulated by
Nadi Shodhana through its effect on the autonomic nervous system, as well as by the stress-reducing effect of
Vipassana meditation and the adaptogenic action of herbs such as Ashwagandha and Guduchi [18,19,27]. Increased
vagal activity is another common physiological response to Nadi Shodhana Pranayama and Vipassana meditation,
which adds additional convergence to the autonomic functioning associated with cognitive resilience [22,24].

8. Medhya Rasayana Action

8.1.Neuroprotection

Phytochemistry and pharmacology have supported the Medhya classification with three overlapping mechanisms. The
mechanism of neuroprotection has been elucidated for Bacopa monnieri (Brahmi). The key active ingredients found
in this plant, bacosides A and B, facilitate dendritic arborization and synaptic repair and protect cortical neurons
against beta-amyloid-induced cell death in preclinical models. This supports a plausible mechanistic bridge between
traditional Medhya classification and modern neurodegeneration research [15,16,17]. Literature reviews regarding the
treatment of Alzheimer's disease with Medhya Rasayana containing medicinal plants confirm that such plants inhibit
acetylcholinesterase, amyloid-modulating, and promote neurogenesis [20,21].

8.2.Antioxidant Action

The antioxidative and anti-inflammatory effects exhibited by Medhya Rasayana plants have been attributed to
flavonoids, triterpenoid saponins (asiaticoside and madecassoside in Mandukaparni), and alkaloids, which act as
scavengers of free radicals and prevent damage due to oxidative stress and energy depletion related to over-excitation
[6,9]. Guduchi and Yashtimadhu also exhibit immunomodulatory effects, promoting macrophage function and
balancing cytokines, indirectly lowering the burden of neuroinflammation [9]. Sesquiterpenes found in jatamansi
(jatamansone) are known to have sedative and adaptogenic properties.

8.3.Neurotransmitter Modulation

At the neurotransmission level, clinical and pre-clinical research has demonstrated that Medhya Rasayana botanicals
modulate different neural networks involved in memory acquisition and retrieval processes. Bacosides affect
cholinergic transmission and thereby presumably enhance synaptic communication under the control of acetylcholine,
which is important for learning and memory [16,17]. Brahmi plant extracts have also been shown to increase serotonin
in brain tissue, which is responsible for mood stabilization and consequently for memory consolidation.
Shankhapushpi contains alkaloids that affect serotonin function, and some Medhya dravyas are hypothesized to
modulate GABAergic receptors to prevent over-stimulation of neurons and facilitate the formation of stable attentional
states required for working memory [6]. In support of these hypotheses, randomized controlled trials confirm the
effects of the botanicals on memory: Bacopa extract increases free recall memory and the rate of information
processing in 6-12 weeks of use [10,11,12,13,14], BacoMind extract increases memory performance in elderly
individuals [45], and standardized extracts of Ashwagandha improve cognitive functions and decrease perceived stress
and cortisol levels [18,19].

Together, all these properties make the use of Medhya Rasayana a scientifically sound approach towards providing

the physiological basis for the working memory process, i.e., synaptic health, neurotransmitter balance, and protection
against oxidative damage.
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9. Research Gap

Despite independent evidence accumulation, there are three key limitations that restrict the field. The first limitation
is the absence of any combined intervention studies that link Medhya Rasayana therapy to Vipassana and Nadi
Shodhana Pranayama; current studies only look at these interventions in separate trials, which does not allow for an
empirical analysis of additive or synergic effects. The second limitation is the scarcity of conceptual models that would
include both classical Ayurveda, Yoga, and cognitive neuroscience; while current reviews are mostly concerned with
either pharmacology or neuroscience, it is unusual to find reviews where both approaches are linked together in one
mechanistic model. Third, there is a lack of interdisciplinary research tools. There are insufficient numbers of
randomized controlled trials with sufficient samples, standardized preparations of the herbs used, and validated
outcome measures in the form of working memory performance.

10. Future Directions

Further research is recommended using randomized controlled trials with adequate power and factorial designs
(Medhya Rasayana Vipassana Meditation, Nadi Shodhana Pranayama combined interventions, and control/placebo
conditions). This design could use a standardized herbal preparation and a validated test for assessing working memory
(Automated Operation Span Task). Simultaneous EEG recording with P3/P3a waves, theta/gamma oscillations, fMRI
of hippocampal and prefrontal gray matter volume, and default mode network connectivity would provide
neurobiological evidence for our hypotheses about convergence. Biomarker assessment (cortisol, inflammatory
cytokines, and BDNF) would be helpful in differentiating the effects through the neurotrophic, anti-inflammatory, and
stress axis mechanisms. Longitudinal studies spanning months to years are required to determine whether early
improvements are constant and whether combined intervention protects against age-related cognitive decline.

11. CONCLUSION

Working memory capacity is the functional core of higher-order cognition. This review demonstrates that the concepts
of Medha, Dhi, Dhriti, and Smriti in Ayurveda and Pranayama and Dhyana in yoga all represent the same construct
of a trainable multi-component cognition system. Medhya Rasayana herbs such as Mandukaparni, Yashtimadhu,
Guduchi, Shankhapushpi, Brahmi, Jyotishmati, and Jatamansi provide biological plausibility as neuroprotective,
antioxidative, and neurotransmitter-modulatory agents to protect the physiological foundation of memory. Nadi
Shodhana Pranayama and Vipassana meditation help train autonomic regulation and present-time attentional control.
As a result, the developed integrative bio-psycho-spiritual model produces hypotheses related to neuroprotective,
stress axis, and attentional pathways, which deserve to be tested experimentally. Such research holds clinical potential
for students, high-stress professionals, and older adults and provides a scientifically grounded bridge between classical
Indian knowledge systems and integrative cognitive enhancement science.
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