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ABSTRACT

Centella asiatica (L.) Urb., traditionally known as Mandukaparni, is a well-known Medhya Rasayana dravya mentioned by Acharya Charaka, used for
its cognitive-enhancing (Nootropic) properties. However, the neuroprotective activity of its primary bioactive triterpenes—Asiaticoside, Madecassoside
and asiatic acid—is often hindered by poor aqueous solubility and limited permeability across the Blood-Brain Barrier (BBB).This review explores the
integration of principles of Ayurvedic Pharmacology with Nanotechnology, specifically focusing on how green-synthesised liposomes can enhance the
Bioavailability of Centella asiatica extracts to nervous tissue. A comprehensive literature survey was conducted across databases including PubMed,
ScienceDirect, and AYUSH Research Portal (2015-2025). The search focused on Classical references of the drug as well as Liposomes, Nano liposomes,
Green liposomal synthesis, and Pharmacokinetic models of BBB bypassing. Modern research indicates that green nano-liposomes, synthesised using
eco-friendly lipids and plant-based surfactants, act as “Yogavahi” agents. These nanocarriers utilize “receptor-mediated transcytosis” to cross the BBB,
significantly increasing the concentration of asiaticoside in the hippocampal region. From an Ayurvedic perspective, this drug delivery resembles the
Sukshma (subtle) and Tikshna (penetrating) Gunas, as well as Ashukari (fast), which are essential to achieve therapeutic concentrations in the Central
Nervous System. We analyse how this targeted delivery modulates neuro-inflammatory pathways (NF-kB, MAPK) and neurotransmitter levels, thereby
validating the traditional Medhya Karma. The integration of Dravyaguna Vigyana with green nanotechnology offers a potent framework for developing
high-efficacy neuroprotective agents. This review highlights that green nano-liposomes not only improve the bioavailability of Centella asiatica but
also provide a scientifically measurable basis for traditional Ayurvedic pharmacodynamics.
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INTRODUCTION

Centella asiatica (L.) Urb., commonly referred to as
Mandukaparni, is a well-known Medhya Dravya mentioned in
classical Ayurvedic textbooks'. It is traditionally indicated for
enhancing Dhi (acquisition), Dhriti (retention), and Smriti
(recall).

The primary challenge in modern neuropharmacology is the
Blood-Brain Barrier (BBB), a highly selective, semipermeable
barrier. Most active phytoconstituents of Mandukaparni, such as
Asiaticoside, are large molecules that lack the Tikshna
(penetrating) property required to cross this barrier effectively.
Despite its potential, the transition from in vitro success to in vivo
efficacy is often halted by the BBB, which excludes
approximately 98% of small-molecule drugs from the Central
Nervous System(CNS). Green nanotechnology, specifically
Nano-Liposomes, has emerged as a premier drug delivery system
(DDS) due to its biocompatibility and ability to encapsulate both
hydrophilic and lipophilic compounds, thereby offering a
biogenic solution to enhance bioavailability.

As per the Ayurvedic Principles, for a drug to reach the deeper
Dhatus (tissues), it must possess Sukshma (subtle) properties.
Nanotechnology essentially reduces the Sthula (gross) nature of
the plant extract to a Sukshma state, enhancing its Gati
(movement) through the micro-channels of the body.

Ayurvedic pharmacology of the drug: Mandukaparni /
Centella asiatica

Rasapanchaka of Mandukaparni?

Rasa (Taste): Tikta (Bitter)

Guna (Physical Property): Laghu (Light), Sara (Mobile)

Virya (Potency): Sheeta (Cold)

Vipaka (post-digestive effect): Madhura (Sweet)

Karma (Action): Medhya, Rasayana, Balya(strength giving).
The classical Ayurvedic properties (Rasapanchaka) of
Mandukaparni play a critical role in its behavioural and cognitive
outcomes. When processed using green nanotechnology, these
gross (Sthula) attributes are refined into subtle (Sukshma) actions.
The comparative alignment of these traditional concepts with
modern lipid-based nano-carrier dynamics is structured and
summarised in Table 1.
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Table 1: Ayurvedic Pharmacodynamics and Nano-Liposomal Bioequivalents

channels (Srotas)

Ayurvedic Property Therapeutic Action Nano-Liposomal Mechanism/Counterpart
(Guna/Karma)
Sookshma /subtle Ability to penetrate minute, subtle The small size of the nano-liposomes allows the encapsulated

compounds to easily penetrate these minute biological channels
and highly restrictive structures.

Tikshna (Penetrating)
barriers

Breaking through dense physiological

Ability to pass the tightly sealed endothelial blood-brain barrier
via receptor-mediated transcytosis.

Yogavahi (Catalytic Vector)

nature.

Enhances absorption and potency of
active herbs without losing its own

Phospholipid bilayer vehicle that protects phytoconstituents and
enhances systemic bioavailability.

Sara/Ashukari (Mobile/Fast)

manifestation

Rapid distribution and swift therapeutic

Prolonged half-life in systemic circulation and accelerated
targeted drug delivery to the CNS.

According to P.V. Sharma, Medhya drugs act in accordance with
Prabhava 3. Medha will benefit from drugs that mostly contain
tikta Rasa, laghu, Snigdha guna(unctuous), sheeta virya and
Madhura Vipaka. Tikta Rasa operates as Medhya due to its akasha
and vayu mahabhuta, as well as laghu guna, Deepana (appetiser),
pachana (digestive), and sroto vishodhana (cleanses the channels)
karma. It is mana prasadaniya (pleasing to mind) because it is
sheeta virya and raises tarpaka and avalambaka kapha, therefore
increasing the Dharana shakti (retention capacity).

Phytochemistry of Centella asiatica

The therapeutic efficacy of Centella asiatica is attributed to a
complex matrix of Phytochemicals, most notably a unique class
of pentacyclic triterpenoid saponins known collectively as
centellosides. These Compounds are secondary metabolites
synthesised via the isoprenoid pathway. Chemical constituents
like Asiaticoside, madecassoside, Asiatic acid, madecassic acid,
etc., contribute to its pharmacological activities like wound
healing, anti-inflammatory, hepatoprotective, neuroprotective,
antioxidant activities®.

Medhya Rasayana And Nootropics

Medhya Rasayana is a class of Rasayana (rejuvenating) drugs that
act specifically on Medha (intellect) to promote its function to an
optimal level. And the word Medhya means that which is
beneficial to Medha (Medhaye hitam Medhyam) , produces or
improves Medha in its absence or its deficiency and is purifying®.
In Ayurveda, the term Medha denotes retention and intelligence,
while Rasayana signifies regenerative therapy. Through the
application of Rasayana prayoga, an individual achieves both
physical vitality (through the excellence of Rasa) and peak
cognitive performance. The Charaka Samhita mentions four
definitive Medhya Rasayanas recognised for boosting memory,
intelligence, and neurological health. These classic interventions
comprise Centella asiatica (Mandukaparni juice), Glycyrrhiza
glabra (Yashtimadhu powder), Tinospora cordifolia (Guduchi
juice), and Convolvulus pluricaulis (Shankhapushpi paste)’.

Nootropics are a diverse category of substances that enhance
cognitive faculties like learning and memory, particularly in
impaired states. Derived from the Greek words nous (mind) and
tropein (to turn), these memory and cognitive enhancers function
as potent nerve tonics® They improve brain oxygenation and
promote neurological health by stimulating nerve growth factors’.
These substances are metabolically active, but most nootropics
show no immediate effects after a single dose, requiring an
extended period of use to produce results. They need to penetrate
the blood-brain barrier to improve brain metabolism, and long-
term use is necessary to achieve stable changes '°.

Liposomes- Green Liposomes- Green Nano-Liposomes

Liposomes are spherical vesicles made of lipid bilayers
(Phospholipids and cholesterol)!!. which are able to encapsulate
both water -soluble and lipid -soluble compounds (similar to cell

membranes )'2. When exposed to water, lipids tend to self-
assemble, thereby forming vesicles. The hydrophilic interaction
between the two polar groups and the Van der Waals interaction
between the hydrocarbon tails and with water (hydrophilic
interaction and hydrophobic effect) lead to the formation of a
lipid-based vesicular structure 3. Liposomes can be prepared with
natural and/or synthetic phospholipids. Natural Phospholipids are
widely obtained from plant sources, such as soybean, canola,
sunflower, wheat germ and from animal sources such as egg yolk
and milk'*. In contrast, various types of synthetic phospholipids
can be obtained from natural lipids by modifying the hydrophobic
and hydrophilic regions of phospholipid molecules.

Green Liposomes are lipid vesicles synthesised using plant-
derived phospholipids. Unlike chemical synthesis, “Green”
synthesis uses eco-friendly surfactants. The plant extract is
encapsulated within a phospholipid bilayer. The drug is
introduced into the liposome through mechanisms such as pH
gradient technique or other transmembrane gradients, allowing it
to diffuse into the liposome's. This bilpid layer protects the
phytochemicals from enzymatic degradation in the systemic
circulation. They serve as biocompatible delivery systems for
bioactive compounds; sometimes, their larger size can limit their
ability to cross highly restrictive biological barriers. Also
increases the half-life (t'2) of the active compounds, ensuring a
steady supply that reaches the brain’s vasculature.

The phrase Nano-Liposomes has been introduced to refer
specifically to nanoscale lipid vesicles, as liposome is a general
term covering many classes of lipid vesicles in the size range from
tens of nanometers to several micrometres. Compared with
Liposomes, Nano-Liposomes provide more surface area and have
the potential to increase solubility, improve bioavailability, and
enable controlled release with precise targeting of the
encapsulated ingredient 617,

BBB penetration (srotogamitva)

The Blood-Brain Barrier (BBB) is a highly selective
semipermeable border of endothelial cells that regulates the
transfer of solutes and chemicals between the circulatory system
and the central nervous system, thus protecting the brain from
harmful or unwanted substances in the blood . It allows the
passive diffusion of some small molecules, as well as the
selective, active transport of various nutrients, ions, organic
anions, and macromolecules such as glucose and amino acids that
are crucial to neural function . i.e. the capillary endothelium of
the brain prevents the entry of 100% of large -molecule
neurotherapeutics and more than 98% of all small-molecule
drugs.

The most successful strategy for liposome delivery to the brain
consists of binding a biologically active ligand (peptides,
antibodies or small molecules) to the liposomes' surface to
receptors on the surface of the BBB. In this way, liposomes can
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enter the CNS by receptor -mediated transcytosis. The addition of
Polyethene Glycol (PEG) improves the biodistribution and
pharmacokinetics of liposomes in the brain by prolonging their
circulation time and stabilising them, thereby protecting them
from phagocytosis. Transferrin (Tf) liposomes are commonly
used as a ligand for BBB targeting. It recognises the Tf Receptor
(TfR), a transmembrane glycoprotein overexpressed on brain
endothelial cells®.

Green Nano liposomes and their Ayurvedic perspective

In Ayurveda, a Yogavahi is a substance that enhances the
properties and absorption of a drug when combined with other
drugs, without losing its own properties. Acharya Charaka
describes Ghee as the best yogavahi as it has the unique ability to
inherit the qualities of the drugs processed with it?!. Acharya
Sushruta emphasises the use of Sneha dravyas to reach the
sookshma srotas??. Green Nano-Liposomes, being fat molecules,
are yogavahi ( which enhances drug delivery /synergistic drug
delivery), possess sookshma guna (since they have a smaller
nanoparticle size) can enter the system easily, have Ashukari guna
(rapid systemic drug distribution) and are srotogami (enter the
target tissue or organ / especially less permeable structures like
blood-brain barrier (BBB) .

NF-kB, Pathway and MAPK Pathway

NF-«kB (Nuclear Factor of Kappa Light-Chain Enhancer of
Activated B cells) is a family of transcription factor protein
complexes that control DNA transcription, cytokine production,
and cell survival. In a state of neurotoxicity, NF-«xB, is activated
and moves into the cell nucleus, triggering the release of pro-
inflammatory cytokinin like TNF -a and IL -1B%. MAPK
Pathway /Mitogen-Activated Protein Kinases are a family of
enzymes that manage the cell’s response to external stressors.
This pathway regulates cell proliferation and apoptosis;
overactivation leads to neuronal loss in the hippocampus?.

DISCUSSION

The integration of Green nanotechnology with Dravyaguna
principles effectively overcomes the limitation in the
bioavailability of neuroprotective triterpenes from Centella
asiatica. Since the BBB is lipid-rich, the liposomal “lipid-coat”
allows the Mandukaparni bioactives to dissolve through the
barrier—a process analogous to how Sneha (fats) are used in
Nasya therapy to reach the head (Shiras).

The Green Liposomes act as Yogavahi, enhancing the
bioavailability of Mandukaparni without altering its therapeutic
potency. Properties like sookshma and ashukari, which are
correlated with the nanoscale dimensions of drugs, permit the
drug to penetrate minute channels and achieve rapid therapeutic
action in the brain. The nano-liposomes deliver asiaticoside
directly to the brain, where it inhibits NF-xB translocation. By
turning off this pathway, chronic neuroinflammation is reduced,
thereby preserving cognitive function. The green nano-liposomes
modulate MAPK signalling to prevent stress- induced neuronal
death. This stabilises the Medhya karma, allowing for better
neurotransmitter signalling and memory retention. By modulating
NF-«xB, and MAPK Pathway, its nootropic /Medhya Rasayana
karma is substantiated.

By utilising eco-friendly lipids and plant-based surfactants, green
nano-liposomes act as biomimetic carriers that navigate the
highly restrictive brain capillary endothelium. Once across the
barrier, the targeted delivery of active centellosides like
asiaticoside suppresses the translocation of nuclear factor-kappa
B (NF-xB) and downregulates the mitogen-activated protein
kinase (MAPK) cascades. The complete mechanism of this
targeted transport and subsequent cellular pathway modulation is
illustrated in Figure 1."

[Step 1: Green nano-liposome] - phospholipid bilayer ("yogavahi" vehicle) - core: asiaticoside /
triterpenes ("sukshma" size) - surface: targeting ligands |

|

[Step 2: Blood-Brain Barrier bypassing] - ligand binds to endothelial receptor (tfr) - crosses via
receptor-mediated transcytosis ("srotogamitva')

|

[Step 3: Hippocampal neuroprotection] - inhibits nf-kb translocation —» blocks pro-
inflammatory cytokines (tnf-a, il-1B) - modulates MAPK cascades —P> inhibits neuronal
apoptosis and preserves memory.

Figure 1: Schematic representation of green nano-liposomal Centella asiatica bypassing the Blood-Brain Barrier (BBB) via receptor-mediated
transcytosis and its subsequent neuroprotective mechanism inhibiting downstream neuro-inflammatory (NF-kB) and apoptotic (MAPK)
pathways in the hippocampus

CONCLUSION

The integration of Green Nano-liposomes with Centella asiatica
provides a scientific validation for the traditional concepts of
Sukshma Guna and Srotogamitva. This synergy enables
Mandukaparni to fully manifest its Medhya Karma by
successfully crossing the Blood-Brain Barrier. This review
suggests that “Nano-Dravyaguna” is a vital frontier for the global
acceptance of Ayurvedic pharmacology.
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