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Graphical Abstract 

 
Abstract: 
Nanotechnology has revolutionized several scientific disciplines with its ability to engineer 

and modify materials at the nanoscale. Due to its environmental friendliness and prospective 
uses across many industries, green nanoparticle synthesis has attracted much attention. Green 
nanoparticle synthesis produces nanoparticles by using natural resources instead of toxic chem-
icals and energy-intensive processes, such as plants, microorganisms, and biomolecules. Re-
cent trends include utilizing microbes, biomolecules including enzymes and proteins, and plant 
extracts as reducing and stabilizing agents. This process gives nanoparticles unique features 
that increase their potential applications across medicine, catalysis, and agriculture. A notable 
fusion of ancient wisdom and modern science can be seen in applying nanotechnology to Ayur-
veda. Ayurveda focuses on a comprehensive approach to health and well-being, using natural 
medicines and individualized care. Using environmentally friendly nanoparticles, ayurvedic 
may improve treatment outcomes, drug-delivery systems, and diagnostic procedures. The bio-
availability and targeted administration of Ayurvedic medicines may be enhanced using nano-
particles, maximizing their efficacy while reducing potential adverse effects. This review ex-
amines current trends in the environmentally friendly production of nanoparticles, emphasizing  
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its ethical implications and cutting-edge approaches. To develop a creative synergy between 
conventional wisdom and contemporary scientific advancements, it also explores merging nan-
otechnology with Ayurveda, the traditional Indian holistic healthcare system. 
Key-words: Biogenic, Nanoparticles, Drug-Delivery System, Ayurvedic Medicines 
 

Purpose, Rationale, and Limitations 
Purpose: This review article examines the 

potential benefits of combining Ayurveda 
and nanotechnology to address infectious 
diseases. It explores how the holistic prin-
ciples of Ayurveda can complement the in-
novative antimicrobial properties of nano-
technology. The purpose is to propose a 
promising approach for effective and holis-
tic infectious disease management by lever-
aging the strengths of both disciplines. 

Rationale: The convergence of nanotech-
nology and Ayurveda holds immense po-
tential for addressing complex and evolving 
infectious disease challenges. Nanoparti-
cles (NPs), due to their unique properties, 
offer novel antimicrobial solutions that can 
circumvent resistance. They disrupt patho-
gens’ membranes or generate free radicals, 
reducing toxicity, costs, and resistance 
while enhancing drug delivery as well as 
aiding in diagnostics development. Ayur-
veda, rooted in holistic well-being and per-
sonalized care, complements nanotechnol-
ogy’s advancements. Its preventive, nature-
aligned principles align well with nanotech 
solutions. This review explores the synergy 
between Ayurveda and nanotechnology, 
aiming to harness their combined strength 
for effective healthcare solutions. 

Limitations: Combining nanoparticles 
with Ayurveda offers potential but faces 
significant challenges. Safety concerns, his-
torical misalignment, complex formula-
tions, and conflicts with holistic principles 
are prominent. Regulatory barriers, research 
gaps, costs, and accessibility add to the com-
plexity. Balancing benefits and maintaining 
Ayurvedic values demands thorough research, 
ethics, and a cautious approach. 

Introduction: 
Whether caused by intracellular, extracellu-

lar, biofilm-mediated, or medical device-asso-
ciated infections, infectious diseases have al-
ways been a major public health concern, 
claiming millions of lives yearly. Since the in-
vention of antibiotics in the twentieth century, 
the deaths and illnesses caused by these infec-
tious diseases have significantly decreased. An-
timicrobial resistance and the advent of novel 
diseases are influenced by changes in society, 
the environment, technology, and microorgan-
isms [1]. Creating new medicines and modify-
ing chemically existing medications can over-
come bacterial resistance to certain antibiotics. 
The creation of new antimicrobial medications 
does not guarantee that they will defeat the mi-
crobial infection quickly enough to prevent the 
emergence of resistance in the years to come. 
For instance, there are now more hospital and 
nosocomial illnesses caused by Gram-positive 
and Gram-negative bacteria, and the ongoing 
development of antimicrobial resistance with 
the usage of antibiotics at sub-lethal concentra-
tions is posing significant risks to human 
health. As a result, there is a pressing need for 
longer-term, more powerful remedies to this 
challenge [2]. 

One of the promising efforts to address this 
challenging and dynamic pattern of infectious 
diseases is the use of nanotechnology. Nano-
technological applications in medicine have 
yielded an entirely new field of technology set 
to bring momentous advances in the fight 
against a range of diseases [3]. Nanoparticles 
(NPs) are defined as “particulate dispersions, or 
solid particles with a size in the range of 10-
1000 nm.” This small size range gives them 
specific properties such as a high surface area 
and enhanced reactivity [4]. NPs consisting of 
metals and metal oxide may be promising anti-
microbial agents to which pathogens may not 
develop resistance. These NPs use various anti-
microbial mechanisms against pathogens; they 
may disrupt the cell membrane directly or form 
free radicals. 
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Compared to conventional antibiotics, 
nanostructured antimicrobial agents help re-
duce toxicity, overcome resistance, and lower 
costs. In addition, nano-sized drug carriers are 
also available, which can efficiently administer 
the antibiotics by improving the therapeutics 
and pharmacokinetics of the drug. Nanotech-
nology also assists in developing fast, accurate, 
and cost-effective diagnostics for the detection 
of pathogenic microbes. Thus, the horizon of 
the potential applications of nanotechnology 
needs to be widened. The Indian traditional 
medical system known as Ayurveda is crucial 
for overall health. It emphasizes harmony be-
tween the mind, body, and spirit while consid-
ering each person’s individuality. Ayurveda, 
rooted in natural medicines and individualized 
care, emphasizes prevention over cure. Its guid-
ing concepts promote harmony with Nature and 
the self by guiding lifestyle, nutrition, herbal 
medicines, and therapeutic procedures. The im-
portance of Ayurveda rests in its tried-and-true 
knowledge, which offers a comprehensive ap-
proach to health that is embraced by all cultures 
and continues to inspire well-being on many 
levels. 

Green Synthesis: 
Green synthesis produces nanoparticles (NPs) 

using microorganisms, including human cell 
lines, fungi, bacteria, plants, algae, and biocom-
patible biomolecules.  

Many phytochemicals found in plants, includ-
ing tannins, alkaloids, flavonoids, saponins, and 
other metabolites, play a significant role in the 
production of nanomaterials and have im-
portant implications for developing future can-
cer therapies. Herbal extracts offer a potential 
method to produce nanomaterials through safer 
pathways. The idea of “Green Chemistry” for 
“Sustainable Development” has been exten-
sively researched during the past ten years[5]. 
Sustainable development is defined as growth 
that satisfies present requirements while simul-
taneously maintaining a balance with the capac-
ity of future generations to meet their own 
needs[6]. Sustainable growth is crucial for 
many chemistry-based industries because it 
raises issues such as pollution as well as incon-
siderate utilization of natural resources[7]. The 
three most crucial conditions for green produc-
tion of NPs are the choice of a green or ecolog-
ically conscious solvent (the most frequently 

used being ethanol, water, and their mixes), an 
acceptable non-hazardous reducing agent, and a 
safe chemical for stabilization. A wide variety 
of synthetic processes have been employed to 
create nanoparticles, the most common being 
physical, chemical, and biosynthetic. Chemical 
treatments typically cost too much money and 
require dangerous and poisonous chemicals, 
which pose several environmental problems[8]. 
Green synthesis, in contrast, is a secure, bio-
compatible, and environmentally sound tech-
nique for creating NPs for various functions, in-
cluding biomedical ones [9]. This “green syn-
thesis” has been accomplished using microor-
ganisms and plants. However, it has been fre-
quently used to synthesize various NPs from 
parts of plants, such as stems, leaves, roots, 
fruits, and seeds [10]. Indeed, NPs with specific 
sizes, shapes, and content can be made using 
plant extracts. Additionally, the large variety of 
phytochemicals included in their extract may 
serve as organic stabilizers or reducing agents 
for forming NPs. It is widely acknowledged 
that plant-derived NPs have a lower risk of hav-
ing negative side effects on people than chemi-
cally produced NPs do. They also have a high 
biological potential and can be used in various 
fields, including food science and technol-
ogy, bioengineering, agriculture, cosmetics or 
nanomedicine, and human health protection. 
[11] 

Plant extracts are used to reduce metal ions 
under specific conditions, which results in the 
creation of metal nanoparticles utilizing plants. 
Three stages make up the synthesis process: (1) 
the activation phase, in which the phytoconstit-
uents in the plant extracts reduce the metal ions 
prior to nucleation; (2) the growth phase, in 
which NPs put together to form larger-sized 
NPs; and (3) the termination phase, in which the 
final NPs with a particular shape are produced. 
This method is straightforward, economical, 
environmentally beneficial, and uses safe sol-
vents and non-toxic capping/stabilizing agents. 
This process often yields metal nanoparticles 
(NPs) with high surface functionalities, increas-
ing the likelihood of agglomeration. Therefore, 
capping agents—such as natural polymers—are 
typically employed to prevent agglomeration 
and regulate the ultimate size of the nanoparti-
cles. 

Depending on where the NPs are created, ei-
ther extracellular or intracellular synthesis is 
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used to produce them utilizing microorganisms. 
Intracellular or extracellular biomolecules/en-
zymes aid in the process. Metal ions are trans-
ported into microbial cells through intracellular 
enzymes to create NPs during intracellular mi-
crobial production. The process of extracellular 
microbial production entails the build-up of 
metal ions beyond the microbial cell mem-
brane, which are subsequently reduced by ex-
tracellular enzymes. Metal ions are produced 
into phosphate, carbonate, sulfide, and phyto-
chelatin (metal ions binding to peptides) deriv-
atives in microbial systems through volatiliza-
tion via ethylation or methylation and direct re-
dox reactions. [12] 

For instance, it has been shown that adding 
chloroauric acid to the cellular milieu of spe-
cific cancer cells can cause the cells to produce 
plasmonic gold nanoparticles. [13] Addition-
ally, several recent studies have shown that 
green synthesized AgNPs exhibit anti-cancer 
potential against various cancer cell lines in 
vitro. Aside from that, metal nanoparticles 
(NPs) have been effectively used for many 
years to treat different viral infections. More re-
cently, they have demonstrated potential utility 
in several diagnostic, prophylactic, and thera-
peutic endeavors during the COVID-19/SARS-
CoV-2 pandemic. [12]. 

Ayurveda and Its Importance: from An-
cient to Modern Times: 

Metal and mineral nanomedicines are a gold 
mine in the Ayurvedic medical system. 
Rasashastra, a branch of Ayurveda, focuses on 
the creation and therapeutic use of nanomedi-
cines, particularly metallic as well as mineral 
NPs. These minerals and metals are repeatedly 
heated while being treated with a variety of or-
ganic components, and the resultant mineral or 
metal ashes are said to be organically oriented 
nanoparticles. The term “Bhasma” in Ayurveda 
refers to these produced organometallic or or-
gano-mineral nanoparticles [14]. These prepa-
rations are said to have a variety of biological 
effects and to be safe for human consumption. 

Ayurvedic principles were not scientifically 
evaluated sufficiently by the Indian scientific 
community, resulting in poor interdisciplinary 
collaboration. As a result, this idea was prema-
turely put to rest until it was recently revived 
with more solid supporting data. The new in-
sight is that effective use of Ayurveda requires 

a deeper comprehension of its basics. Fortu-
nately, this knowledge has led to the possibility 
of a pro-Ayurvedic generation that is impulsive 
and argumentative [15]. The scientific presen-
tation of Ayurveda was necessary for its prolif-
eration worldwide, along with the reduction of 
semantic hurdles that prevented people from 
understanding it. Fortunately, a few individuals 
in the new genre have been moved to see this 
fact and act as translators, communicating in a 
language that is shared by both parties and re-
covering the connection between Ayurveda and 
science while preserving its original fla-
vor.[16], [17] 

Only lately have the true value and potential 
of nanomedicine been understood. Although 
there are many uses for nanomedicine, its main 
applications now include the diagnosis of dif-
ferent diseases that are challenging to detect 
with the currently available conventional tech-
niques, as well as the development of effective 
and biosafe drug-delivery mechanisms for site-
specific targeting with the aim of treating dis-
eases [18]. Furthermore, with the potential to 
create fabricated cells, enzymes, and genes, na-
nomedicines can be used to study cellular mo-
tions and molecular modifications frequently 
linked to diseased disorders [19]. Nanomedi-
cines can also be considered nanoscale carrier 
systems that transport many substances, includ-
ing medications, antibodies, diagnostic 
agents, imaging agents, and others. Research-
ers in the medical field now use nanotechnol-
ogy, a state-of-the-art technology, to lower the 
size of medication carriers for an effective line 
of combat against diseases. The development of 
highly successful medical treatment procedures 
is where nanotechnology’s grand commercial 
and scientific potential in human health care 
lies[20]. One key benefit of nanotechnology is 
its adaptability, which allows for the creation 
nanomedicines in various forms, including den-
drimers, liposomes, nanoparticles, and nano-
crystals, to satisfy the demands of specific bio-
medical applications [21]. 

Numerous cancers, autoimmune disorders, 
tonsillitis, jaundice, anemia, persistent cysts in 
the ovaries, and other infectious diseases can be 
successfully treated with Bhasma[11]. Table 1 
lists a few of the Bhasma that are used to cure 
various diseases: 
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Table 1: Different Bhasma Formulations as Treatments  
BHASMA  MAIN INGREDIENT TARGET TREATMENTS REFERENCES 

Abhraka 
Bhasma 

Mica Chronic cough, anemia, and tropical sprue [22] 

Lauha Bhasma Fe  Hematinic, chronic fever, breathlessness, 
anti-aging 

[22], [23] 

Naga Bhasma Pb  Diarrhea, spleen enlargement and diabetes [24] 

Rajata Bhasma Ag  Irritable bowel syndrome, acidity, pitta dis-
orders 

[25], [26] 

Ras-Sindoor Hg Syphilis, genital disorders, and for rejuvena-
tion 

[27] 

Shankh 
Bhasma 

Calcium carbonate or 
oxide (conch shells) 

Indigestion, flatulence, abdominal pain, 
vomiting, belching, diarrhea, belching and 
gastritis 

[28] 

Swarna 
Bhasma 

Au Tuberculosis, diabetes mellitus, rheumatoid 
arthritis, and nervous diseases 

[29], [30] 

Swarn makshik 
Bhasma 

Copper pyrite Anemia, jaundice, convulsions, insomnia, 
stomatitis, chronic fever, and skin diseases 

[26], [31] 

Tamra Bhasma Cu Ascites, anemia, asthma, hyperacidity [32] 
Trivanga 
Bhasma 

Pb, Zn, and Sn Diabetes mellitus and urinary disorders [33] 

Vanga Bhasma SnO2 Genitourinary disorder, diabetes, anemia, 
asthma, gastric ulcers, and urinary diseases 

[34] 

Vaikranta 
Bhasma 

Black Tourmaline Diabetes  [26], [35] 

Yashada 
Bhasma 

Zn Diabetes, eye disorder, urinary disorder [36] 

Krishna Vajra 
Abhraka 
Bhasma 

Biotite mica Respiratory diseases [37] 

 
Nano-Based Drug-Delivery Systems: 
By using nanostructures and nanophases in a 

variety of scientific domains, particularly in na-
nomedicine and nano-based drug-delivery sys-
tems, in which such particles are of great inter-
est, nanotechnology has been shown to bridge 
the gap between biological as well as physical 
sciences [38], [39]. Nanomaterials, which af-
fect the frontiers of nanomedicine from biosen-
sors, drug delivery, microfluidics, and tissue 
engineering, can be precisely described as ma-
terials with diameters ranging from 1 to 100 nm 
[40]. Nanoparticles have been the driving force 
behind the development of nanobiotechnology, 
biosensors, drug delivery, and tissue engineer-
ing technologies in the biomedical industry. 
Nanoparticles are typically small nanospheres 
because they are made of materials engineered 
at the molecular or atomic level [41]. As a re-
sult, they can travel within the human body with 

greater freedom than bulkier materials. The 
structural, mechanical, chemical, electri-
cal, magnetic, and biological features of na-
noscale-sized particles are distinctive. 
Nanostructures can be used as delivery agents 
to enclose medications or bind therapeutic 
pharmaceuticals and transport them to target 
tissues more accurately with a controlled re-
lease [42]. This developing subject, nanomedi-
cine, applies nanoscience knowledge and meth-
ods to biology, disease prevention, and medical 
treatment. It refers to using nano-dimensional 
materials such as nanorobots and nanosensors 
for delivery, diagnostics, sensory functions, and 
actuating materials in living cells. For instance, 
a nanoparticle-based approach that combines 
cancer detection and treatment modalities has 
been created [43]. Currently, FDA-approved li-
pid systems such as liposomes and micelles 
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were a part of the earliest generation of nano-
particle-based therapies [44]. Inorganic nano-
particles, including Ag(gold) or magnetic na-
noparticles, may be present in these liposomes 
and micelles [45]. These characteristics have 
led to a rise in the usage of inorganic nanopar-
ticles, particularly for therapeutic, imaging, and 
drug-delivery purposes. According to reports, 
nanostructures also improve the transport of 
sparsely water-soluble medications to their in-
tended place and prevent drugs from becoming 
tainted in the gastrointestinal area. Nano-drugs 
have better oral bioavailability due to their 
usual absorptive endocytosis uptake processes. 

Nanostructures allow the release of combined 
medications at the prescribed dose since they 
persist in the blood circulation system for a long 
time. They result in fewer plasma variations and 
adverse effects [46]. Due to their nanoscale, 
these structures can quickly enter the tissue sys-
tem, make medication administration more ef-
fective, and ensure that the medicine acts where 
it is intended. Nanostructures are far more read-
ily absorbed by cells than big particles, falling 
in the range of 1-10 µm in size [47]. As a result, 
they work together directly to treat the sick cells 
more effectively and with fewer, if any, adverse 
effects. 

Nanoparticles have been discovered to be 
helpful in gathering information at all phases of 
clinical procedures due to their application in 
several innovative tests for treating and diag-
nosing diseases. The main advantages associ-
ated with these nanoparticles are linked to their 
surface characteristics because different pro-
teins can attach to the surface. For example, 
gold nanoparticles are utilized as tumor labels 
and biomarkers in a variety of biomolecule de-
tection procedures. 

While using nanomaterials for drug delivery, 
the drug's physicochemical characteristics are 
considered when choosing a nanoparticle. Us-
ing bioactive natural chemicals with nanosci-
ence is highly appealing and has grown signifi-
cantly in recent years. When it boils down to 
administering natural remedies for treating can-
cer, along with many other diseases, it offers 
several benefits. As a result of their numerous 
distinctive properties, including their ability to 
induce tumor-suppressing autophagy and func-
tion as antimicrobial agents, natural chemicals 
have been thoroughly researched in treating 
diseases. Curcumin and caffeine have been 

linked to autophagy, whereas cinnamaldehyde, 
carvacrol, curcumin, and eugenol have been 
linked to antimicrobial properties [48], [49]. 
Adding nanoparticles enhanced their features, 
such as bioavailability, targeting, and con-
trolled release. For instance, the bioactive in-
gredient in Nigella sativa called thymoquinone 
is examined after being enclosed in a lipid 
nanocarrier. Its bioavailability increased sixfold 
after encapsulation compared to free thymoqui-
none, protecting the gastrointestinal tract [50]. 
Additionally, it improved the natural product’s 
pharmacokinetic properties, improving thera-
peutic effects. 

When creating target-specific drug-delivery 
systems, metallic, organic, inorganic, and poly-
meric nanostructures, such as dendrimers, mi-
celles, and liposomes, are commonly consid-
ered. These nanoparticles are added explicitly 
to medications that have limited solubility and 
poor absorption [51]. The effectiveness of these 
nanostructures in drug-delivery systems, how-
ever, differs based on their size, shape, and ad-
ditional inherent biophysical/chemical proper-
ties. For instance, polymeric nanoparticles with 
diameters between 10 and 1000 nm have quali-
ties that make them excellent delivery systems. 
Numerous synthetic polymers, including poly-
L-lactic acid, polyvinyl alcohol, polyethylene 
glycol, and poly (lactic-co-glycolic acid), as 
well as natural polymers, like alginate and chi-
tosan, are widely used in the nanofabrication of 
nanoparticles because of their high biocompat-
ibility and biodegradability properties [52]–
[54]. Both types of polymeric nanoparticles—
nanospheres and nanocapsules are good drug-
delivery methods. Like liposomes and micelles, 
compact lipid nanostructures and phospholipids 
are particularly helpful in delivering targeted 
drugs. 

The biophysical and biochemical characteris-
tics of the targeted medications chosen for ther-
apy have a significant role in selecting the best 
nano-drug delivery technology [55]. Problems 
like the toxicity that nanoparticles exhibit must 
be considered when thinking about the use of 
nanomedicine. Nanoparticles have also been 
used in conjunction with natural products. Cre-
ating drug-loaded nanoparticles is a popular 
green chemistry strategy since it reduces the po-
tentially harmful components involved in the 
biosynthetic process. As a result, utilizing green 
nanoparticles to carry drugs can decrease their 
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adverse effects [42]. The bioactivity of these 
nanomaterials can also be improved by modify-
ing the nanostructure's size, hydrophobicity, 
shape, and surface properties. 

Thus, the site-specific and target-oriented ad-
ministration of medications made possible by 
nanotechnology has many advantages in treat-
ing chronic human diseases. However, the lack 
of knowledge regarding the toxicity of 
nanostructures is a significant concern and un-
questionably calls for more research to increase 
the efficacy while maintaining better safety, al-
lowing for safer actual application of these 
medications. Therefore, tackling the issues re-
lated to the utilization of these nanoparticles 
may benefit from careful design. Considering 
the aforementioned information, the review 
aims to discuss various nano-based drug-deliv-
ery systems. These notable applications utilize 
natural compound-based nanomedicines along-
side the targeting sites, bioavailability, pre-
cisely controlled release of these nano-drugs, 
and other difficulties related to nanomaterials in 
pharmaceuticals. 

Fundamentals of Nano-Based Drug-Deliv-
ery Systems: 

Nanomedicine uses the science of nanotech-
nology [54]–[56] using nanoscale material di-
agnosis, sensorial nanoparticles, and nano-
robots for various applications, including diag-
nosis, sensory, delivery, or actuation purposes 
inside a living organism. Drugs with extremely 
low solubility have a variety of biopharmaceu-
tical delivery problems, such as limited bio ac-
cessibility following oral intake, reduced ability 
to diffuse into the outer membrane, needing 
more for intravenous intake, and unfavorable 
side effects prior to the conventionally formu-
lated vaccination process. However, all these 
restrictions could be removed by incorporating 
nanotechnology methods into the medication 
delivery system. 

Because of its potential benefits, including the 
ability to alter properties such as solubility, dif-
fusivity, drug release profiles, bioavailability, 
and immunogenicity, drug designing at the na-
noscale is by far among the latest developments 
in nanoparticle applications. As a result, more 
effective and convenient delivery routes may be 
created, along with fewer side effects, de-
creased toxicity, enhanced biodistribution, and 
a prolonged drug life cycle [57]. The designed 

drug-delivery systems are either intended for 
the regulated release of therapeutic substances 
at a specific spot or are directed to a particular 
place. Their development involves self-assem-
bly, in which predetermined forms or patterns 
emerge from constituent parts [58]. They must 
also overcome obstacles such as being opso-
nized or sequestered via the mononuclear phag-
ocyte system [59]. 

Nanostructures can deliver drugs in two dif-
ferent ways: passively and actively. In the for-
mer, the hydrophobic effect primarily incorpo-
rates pharmaceuticals into the structure’s inner 
cavity. Due to the drug’s low concentration and 
its hydrophobic environment, the intended 
amount of the medication is released whenever 
the nanostructure materials are directed to spe-
cific places. In contrast, the medications in-
tended for release are immediately attached to 
the carrier nanostructure material, the latter per-
mitting simple distribution. In this method, the 
timing for release is essential because other-
wise, the drug is unlikely to reach the target site 
and will soon dissociate from the carrier; con-
versely, if the drug is released from the 
nanocarrier system at the proper time, its bioac-
tivity, as well as efficacy, will increase [58]. 
Another important component of medication 
delivery is targeting, which can be active or 
passive and utilizes nano-formulations or nano-
materials for drug-delivery systems. In active 
targeting, drug-delivery systems are combined 
with moieties, such as antibodies and peptides, 
to bind them with the receptor complexes ex-
pressed at the target region. In passive target-
ing, the produced drug carrier complex is trans-
ported to the target site via affinity or binding 
influenced by factors including pH, tempera-
ture, molecular size, and shape as it circulates 
through the circulation. Receptors upon cell 
membranes, lipids in the cell membrane, and 
antigens/proteins on cell surfaces are the pri-
mary targets in the body[60]. Most drug-deliv-
ery systems made possible by nanotechnology 
today are geared toward treating cancer and 
finding a cure. 

Drug Design and Mechanism of Drug De-
livery: 

Several treatment procedures have been sug-
gested to improve the drug specificity and diag-
nostic accuracy, and conventional clinical diag-
nostic approaches have been investigated. 
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These developments in nanomedicine, drug dis-
covery/design, and drug-delivery systems have 
all contributed to these developments. For ex-
ample, new medication administration methods 
are being investigated, and emphasis is being 
placed on ensuring that they function specifi-
cally in designated areas, minimizing their tox-
icity and enhancing their accessibility to cells in 
the organism [61]. 

Drug designing has emerged as a promising 
aspect of identifying novel lead medications 
based on understanding a biological target in 
this context. For this industry to expand and 
flourish, experimental techniques for classify-
ing and purifying proteins and biological tar-
gets must evolve, as well as computer science 
breakthroughs [62], [63]. Additionally, several 
studies and reviews in this field emphasize 
the rational planning of various molecules and 
highlight the significance of researching vari-
ous drug release mechanisms [64]. Further-
more, natural products can inspire the creation 
of new drugs with desired physicochemical fea-
tures and offer workable and intriguing answers 
to the problems associated with drug design 
[65]–[67]. 

Additionally, over the past few years, the im-
portance of medication delivery systems has in-
creased. Such systems are simple to create and 
have the potential to encourage the body’s cus-
tomized release from active substances. For in-
stance, Chen et al. [66] explored the therapeutic 
impact of their system that used nanocarriers 
for visualization and sensory applications. Ad-
ditionally, Pelaz et al.’s [68] discussion of fresh 
potential and difficulties for this industry in-
cluded an up-to-date description of many 
nanocarrier applications to nanomedicine. 

It’s interesting to note that every one of these 
drug-delivery systems has distinct chemical, 
physical, and morphological properties and 
may prefer drug polarities through chemical or 
physical interactions, such as electrostatic as 
well as van der Waals interactions, or covalent 
bonds and hydrogen bonds. For instance, Mat-
tos et al. [69] showed that the release profile of 
biogenic silica nanoparticles grafted with neem 

bark extract (chemical interactions) was lesser 
than that of biogenic silica nanoparticles loaded 
with neem bark extract. Thus, these variables 
impact how nanocarriers interact with the bio-
logical systems [70] and how quickly the active 
ingredient is released into the body [64]. Addi-
tionally, Sethi et al. [71] created a cross-linka-
ble lipid shell (CLS) with wortmannin and 
docetaxel as model medicines for regulating 
drug discharge kinetics. After studying the 
CLS’ discharge profile, they discovered that it 
was impacted by both in vitro and in vivo set-
tings. Other factors that are essential to compre-
hending the drug-delivery profile of nanocarri-
ers include their composition (e.g., inorganic, 
organic, and hybrid materials), as well as the 
way that drugs are attached to them (e.g., core-
shell system or matrix system). Numerous in-
vestigations into the drug release mechanisms 
in nanocarriers have been carried out and con-
ducted collectively. Figure 1 shows several 
mechanisms, including chemical reaction, sol-
vent, diffusion, and stimulus-controlled re-
lease, that can describe how pharmaceuticals 
are released from nanocarriers. The extensive 
evaluation of controlled-release systems by 
Kamaly et al. [72] was centered on research on 
regulating the release of drugs from polymeric 
nanocarriers. Although there are numerous 
nanocarriers with various drug release profiles, 
strategies are currently being developed to in-
crease the specificity of the nanostructures to 
the organism’s target areas [73] and to lessen 
their immunogenicity by coating or chemically 
functionalizing them with a variety of sub-
stances, like natural polysaccharides [74], [75], 
polymers [76], antibodies [77], tuneable surfac-
tants [78], cell membranes [79],  peptides [80], 
etc. 

The ligand-modified nanocarriers were used 
to penetrate through the cell membrane and en-
able a programmed drug delivery in a specific 
environment in some cases where drugs do not 
exhibit binding alongside affinity with a partic-
ular target or fail to penetrate certain barriers 
(such as the blood-brain barrier or the blood-
cerebrospinal fluid barrier) [81]. 
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Figure 1. Mechanisms concerning the release of drugs by the use of various types of nanocarriers.  
 
For example, hyaluronic acid (a polysaccha-

ride found in the extracellular matrix) was re-
cently used as a ligand-appended in multiple 
nanocarriers, demonstrating promising out-
comes in enhancing the antitumor effect against 
breast cancer cells [82], the melanoma stem-
like cells [83], pulmonary adenocarcinoma 
cells [84], and also to help with intravitreal drug 
delivery for retinal gene therapy [75] as well as 
to reduce the immunogenicity of the formed 
protein corona [74]. However, building ligand-
appended systems for drug delivery requires a 
lot of work, and numerous targeting designs 
must be made in advance, considering physio-
logical factors like blood flow, illness severity, 
and tissue architecture [85]. More research is 
needed to determine how ligand-appended 
nanocarriers interact with the membranes of 
cells, and it is yet unknown how they are ab-
sorbed. 

Furthermore, it is well known that phagocytic 
or non-phagocytic pathways (such as caveolae-
mediated endocytosis, clathrin-mediated endo-
cytosis, and others) are used by cells to take up 
nanoparticles [86], [87]. However, due to the 
unique physicochemical properties of each de-

livery system, it has been challenging to stand-
ardize the mechanism of action/interaction of 
these systems in cells. For instance, Salatin and 
Khosroushahi [88] highlighted the key endocy-
tosis pathways in a review that oversees cell up-
take of polysaccharide nanoparticles carrying 
active ingredients. However, by using external 
stimuli like heat [89]–[91], ultrasound 
[92], magnetism [93], [94], pH [95], light 
[96], and ionic strength [97], stimuli-responsive 
nanocarriers have demonstrated the capacity to 
control the release profile of drugs (as a trig-
gered release) that can enhance targeting and 
enable greater dosage control (Fig. 1). For in-
stance, lipids or polymeric nanocarriers are 
joined with superparamagnetic iron oxide nano-
particles [98] to first initiate a controlled-re-
lease system through the application of an ex-
ternal magnetic field. Ulbrich et al. [99] also 
discussed the effectiveness of covalently / non-
covalently attached medicines for the treatment 
of cancer while reviewing current develop-
ments in drug-delivery systems, particularly 
those based on polymeric and magnetic nano-
particles. For use in NIR-triggered chemo-pho-
tothermal treatment, Au/Fe3O4 polymer nano-
particles were additionally created [100]. Due 
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to their ability to combine the characteristics of 
various systems into a single system and 
thereby guarantee materials with improved per-
formance both in therapeutic and diagnostic ap-
plications (i.e., theragnostic systems), hybrid 
nanocarriers are, at present, among the most 
promising tools for nanomedicine. Despite this, 
there is a need for more research because little 
is understood about the true mechanisms of ac-
tion as well as the toxicity of these drug-deliv-
ery systems. Studies that use plant extracts 
along with microorganisms to create ecologi-
cally friendly chemical processes to create 
nanocarriers have also grown in number [101]. 

Green Nanoparticles and Drug Delivery: 
According to a World Health Organization 

(WHO) assessment, traditional medicine pro-
vides basic healthcare to 80% or more of the 
population in underdeveloped nations [102]. 
The scientific community is currently research-
ing bioactive substances, their chemical 
makeup, and the pharmacological properties of 
various plant species to develop novel active 
components with fewer adverse side effects 
than current molecules [103]. Plants have long 
been recognized as significant sources of natu-
ral chemicals with therapeutic value, and they 
continue to hold a wealth of information for the 
development of novel, highly effective medica-
tions. However, because they come from living 
things whose metabolite composition shifts un-
der stress, active chemicals from natural 
sources are linked to several problems. Pharma-
ceutical firms have decided to pool their re-
sources to develop synthetic molecules in this 
way [103], [104]. Despite these obstacles, re-
search on active compounds derived from natu-
ral products is now again receiving attention as 
the total quantity of marketed synthetic mole-
cules continues declining [105]. Most commer-
cially available natural chemicals with thera-
peutic potential that are of economic signifi-
cance were found in higher plants [103], [106]. 
There are multiple naturally derived therapeutic 
agents which already exist in commercially 
available drugs. 

Numerous natural chemicals’ makeup and ac-
tivities have already been investigated and es-
tablished. The bioactive molecules present in 
plants include, among others, alkaloids, tan-
nins, flavonoids, terpenes, steroids, sapo-
nins, and phenolic compounds. However, these 

substances typically have low absorption ca-
pacities because they cannot permeate lipid 
membranes due to their large molecular sizes, 
which results in decreased bioavailability along 
with efficacy [107]. These compounds also 
have high systemic clearance, which necessi-
tates frequent administration and/or high doses 
and reduces the therapeutic efficacy of the med-
icine. By delivering instruments capable of re-
solving the issues raised above that prevent the 
use of these compounds on a wide scale in na-
nomedicine, the scientific advancement of nan-
otechnology has the potential to revolutionize 
the research and development of natural prod-
uct-based formulations. In the past few years, 
there has been a lot of research done on the use 
of nanotechnology methods throughout the 
medical profession [108]. Therefore, they can 
get around these obstacles and enable the use of 
various substances and mixes in the creation of 
an identical formulation. They can also alter a 
compound’s characteristics and behavior 
within a biological system. In addition to im-
proving a product’s solubility and stability, re-
lease systems also route a compound to a spe-
cific region, boost bioavailability, prolong the 
duration of a compound’s activity, and mix 
molecules with different levels of hydrophilic-
ity and lipophilicity. Additionally, there is 
proof that the combination of release mecha-
nisms along with natural compounds may delay 
the emergence of drug resistance and, as a re-
sult, play a crucial role in the search for novel 
therapeutic options for several diseases that do 
not respond well to conventional modern med-
ical approaches [105]. 

The materials made from natural products fall 
into one of two categories: (1) those that are re-
leased at specific locations to treat a variety of 
ailments [60], [109] or (2) those that are mostly 
used in the process of synthesis [110]. Since 
cancer is currently the leading cause of death 
worldwide, most of the research is focused on 
developing treatments for the disease [111]. Yet 
several applications of nanomedicine for other 
illnesses are also being worked on [112], [113]. 
Since cancer affects various body organs, the 
need to develop another form of medicine to 
target cancerous cells is of the utmost im-
portance to modern researchers. These delivery 
methods are divided into groups based on their 
particle size, surface charge, size dispersion, 
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form, stability, encapsulation potential, and bi-
ological activity, which are then used in accord-
ance with their specific needs [114]. Fig. 2 
gives some illustrations of biological chemicals 
derived from higher plants and their applica-
tions in the field of nanomedicine. For the ad-
vancement and design of contemporary phar-
maceuticals as well as the improvement of cur-
rent ones, the pharmaceutical industries have 
consistently sought the development and imple-
mentation of new technologies [68], [115]. In 

this regard, the rapid advancement of nanotech-
nology has prompted the development of new 
formulations using a variety of strategies, in-
cluding delivering the drug to its site of action 
(nano pharmaceutics), imaging and diagnosing 
(nano diagnostic), implanting medical devices 
(nano biomaterials), and combining disease di-
agnosis and treatment (nano-theragnostic) [68], 
[116], [117]. 

 

 
Figure 2. Different plant-derived substances that may be employed for nanoparticle synthesis.  

Many of the nanomedicines currently under 
development involve altered release mecha-
nisms for active ingredients that have been uti-
lized to treat patients [117], [118]. It is assessed 
for this type of strategy whether the sustained 
release alters the pharmacokinetic profile and 
biodistribution of these ingredients. If the active 
ingredients are directed into the target tissue 

and exhibit enhanced uptake/absorption by the 
cells and a decreased toxicity profile for the or-
ganism, it can be determined that the nano-for-
mulation offers benefits over the current formu-
lation [119], [120]. Resveratrol, berberine, el-
lagic acid, curcumin, and quercetin are the main 
topics of this section [8]. Doxorubicin, 
paclitaxel, and vancomycin are a few additional 
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substances that were suggested; they are all de-
rived from natural materials. 

Natural substances have been used to create 
nanoparticles. For instance, it has been reported 
that various microorganisms, such as bacteria, 
fungi, algae, yeast, and so on [121] or plant ex-
tracts, can be used to generate metallic, metal 
oxide, and sulfide nanoparticles. The first 
method involves preparing the microbe that 
helps with the synthesis process in the appropri-
ate growth medium, mixing it with a metal pre-
cursor in solution, and then allowing it to incu-
bate to produce nanoparticles intracellu-
larly/extracellularly [122]. In the second 
method, the plant extract is made, combined 
with the metal precursor in solution, and then 
further incubated at either ambient temperature 
or boiling temperature or exposed to light, 
which acts as an external stimulus [123]. 

Because they have intriguing qualities like be-
ing biodegradable, biocompatible, readily 
available, renewable, and exhibiting low tox-
icity, these natural product-based materials are 
currently considered crucial ingredients in pre-
paring and processing novel nano-formulations 
[124]–[126]. Biomaterials typically allow for 
chemical alteration in addition to the character-
istics, which ensures that they have unique and 
desired qualities for their prospective applica-
tions in the growing field of nanomedicine 
[127], [128]. Bacillus subtilis, Escherichia coli, 
Pseudomonas aeruginosa, and Klebsiella pneu-
moniae have all been used to synthesize distinct 
morphological forms of gold, silver, cadmium 
sulfide, and titanium dioxide [122]. Due to their 
greater potential among all metal nanoparticles, 
these nanoparticles, particularly the silver ones, 
have been extensively examined in vitro for 
their antifungal, antibacterial, and cytotoxicity 
potential [129], [130]. When nanoparticle pro-
duction is mediated by microorganisms, most 
of the research is concentrated on how the mi-
croorganisms decrease metal precursors and 
produce the nanoparticles. As an illustration, 
Rahimi et al. [131] produced silver nanoparti-
cles using Candida albicans and investigated 
their antibacterial effectiveness against two 
harmful bacteria, Staphylococcus aureus and E. 
coli. Similarly, Ali et al. [132] created silver na-
noparticles using an aqueous extract of Artemi-
sia absinthium and tested their efficacy against 
Phytophthora parasitica and Phytophthora cap-
sici. 

Additionally, Malapermal et al. [133] created 
nanoparticles from extracts of Ocimum basili-
cum and Ocimum sanctum and investigated 
their antibacterial and antidiabetic properties 
against E. coli, Salmonella spp., S. aureus, and 
P. aeruginosa. Similarly, Sankar et al. [134] in-
vestigated the antibacterial and anti-cancer ef-
fects of silver nanoparticles on a human lung 
cancer cell line. Besides the use of microorgan-
isms, silver, gold, and iron oxide nanoparticles 
were also synthesized using various food waste 
materials such as extracts of Zea mays leaves 
[135], onion peel extract [136], silky hairs 
of Zea mays [137], outer peel of fruit of Cu-
cumis melo and Prunus persica [135], outer 
peel of Prunus persica [138] and the rind ex-
tract of watermelon [139], etc. and have tested 
their potential antibacterial effects against vari-
ous foodborne pathogenic bacteria, antican-
didal activity against a number of patho-
genic Candida spp., for their potential antioxi-
dant activity and proteasome inhibitory effects. 
However, it needs to be kept in mind that some 
of the metals (i.e., cadmium, silver) may be 
toxic in vivo if released prematurely from mi-
crobial carriers, as these may be charged ions 
and, therefore, not inert, potentially rendering 
them unsuitable for human use. 

Liposomes, crystal nanoparticles, micelles, 
polymeric nanoparticles, superparamagnetic 
iron oxide nanoparticles, solid lipid nanoparti-
cles, silica-based nanoparticles, and dendrimers 
are the most frequently researched nanocarriers 
for drug delivery [140]–[142]. These nanocar-
riers are all designed for medicine delivery us-
ing natural product-based ingredients. Gupta et 
al. [143] created chitosan-based nanoparticles 
filled with paclitaxel (Taxol), a substance de-
rived from the Taxus brevifolia plant, for the 
treatment of various cancers. Compared to pure 
paclitaxel, the authors found that the drug-
loaded with nanoparticles displayed improved 
activity, high cell uptake, sustained release, and 
lower hemolytic toxicity [143]. The barberry 
plant produces the alkaloid known as berberine. 
A heparin/berberine combination was devel-
oped [144] to boost Helicobacter pylori growth 
suppression while also minimizing harmful ef-
fects on infected cells. 

To encapsulate vancomycin, a glycopeptide 
antibiotic produced in Amycolatopsis orientalis 
cultures, ellagic acid-SLNs (Solid Lipid Nano-
particles) were created [145]. Additionally, in 
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vivo testing on rabbits showed that ellagic acid 
inhibited the production of free oxygen radi-
cals, and their clearance encouraged healing. 
Citrus vegetables and citrus fruits include the 
polyphenol quercetin, a member of the flavo-
noid family with antioxidant effects. Polymeric 
micelles were utilized to transport quercetin in 
a study by Dian et al. [146], and the results 
showed that these micelles could give continu-
ous release for as long as ten days in vitro, with 
sustained plasma level and increased full acces-
sibility of the medication under in vivo settings. 

Doxorubicin (DOX) is a naturally occurring 
compound produced from various distinct wild-
type strains of Streptomyces [126] and is 
widely used in human cancer chemotherapy. A 
versatile liquid crystal nanoparticle system with 
transferrin-functionalized nanoparticles was 
created by Spillmann et al. [147] for doxorubi-
cin delivery and intracellular fluorescence im-
aging. In HEK 293T/17 cells, cellular absorp-
tion, and sustained release were achieved 
within endocytic vesicles. To monitor the parti-
cles and encapsulate medicines intended for in-
tracellular administration, perylene was utilized 
as a chromophore. Agarwal et al. [148] devel-
oped a dendrimer formulation based on dex-
tran and assessed the formulation’s hemolytic 
activity and drug discharge capability in an in 
vitro setting. They concluded that the dendritic 
structure only affects the highly permeable area 
of the afflicted cells, sparing the healthy tissues 
and making it more practical for use in biomed-
ical research. Doxil, a type of doxorubicin that 
was the first nano-drug to receive FDA ap-
proval in 1995, is delivered via foliate-function-
alized iron oxide nanoparticles with superpara-
magnetic properties that were first created to 
treat liver cancer [149]. Compared to Doxil® 
alone, the in vivo trials in rabbits and rats re-
vealed a two- to fourfold decrease, while folate 
helped and strengthened precise targeting 
[150]. The most researched nanostructures are 
liposomes, employed in several formulations to 
carry natural compounds like resveratrol [151]. 
It has been claimed that curcumin, a polyphe-
nolic molecule derived from turmeric, is used 
to treat malignancies of the breast, bone, 
lung, cervix, liver, and prostate [152]. For the 
treatment of cancer, liposomal curcumin for-
mulations have been created [153]. Curcumin 
was encapsulated in liposomes using several 
techniques by Cheng et al., who then evaluated 

the results and found that the approach that de-
pended on pH produced stable products that had 
good efficiency in encapsulation and bioacces-
sibility that might be used to treat cancer [154]. 
Overall, it can be stated that continuous release 
systems of naturally existing therapeutic com-
pounds provide themselves as a key tool for en-
hancing their biological activity and minimiz-
ing their constraints by offering fresh options 
for treating chronic and fatal diseases. [155].  

Recent Trends and Discussion: 
There are now 51 products that utilize this 

technology being used in clinical practice in the 
present-day medical nanotechnology landscape 
[118], [156]–[158]. Notably, these nanomedi-
cines are generally created for pharmaceuticals 
with limited aqueous dissolution and highly 
toxic effects, and they frequently could increase 
the pharmacokinetic features of the drug in con-
sideration while lowering its toxicity. Although 
only a small number of nanomedicines have 
been subject to FDA regulation, a recent analy-
sis by Caster et al. [159] found that numerous 
clinical trial programs are presently underway, 
indicating that many new pharmaceuticals 
based on nanotechnology will soon be able to 
enter the market. Among these nanomaterials, 
18 are geared toward chemotherapeutics, 15 are 
for antibacterial drugs, 28 are for various med-
ical uses, including treating autoimmune ill-
nesses, psychological disorders, and many oth-
ers, and 30 are for nucleic acid-based therapies.  

All nations, developed or developing, are ex-
panding their spending on scientific and tech-
nological advancement in this field because of 
the rapid development of nanotechnology in re-
cent years. However, the characterization of 
these nanomaterials regarding safety and tox-
icity and the absence of effective regulation 
provide significant challenges to researchers 
working on practical uses of nano-drugs. The 
therapeutic potential of nanomedicine is ham-
pered by the lack of clear regulatory criteria for 
developing and assessing the properties of these 
nanomaterials, even though the list of approved 
nanomedicine is rather long. Different nano-
materials’ structure/function relationships, as 
well as their traits, makeup, and surface coating, 
interact with biological systems. Additionally, 
because these nanomedicines do not reflect the 
characteristics of the individual particle, it is 
crucial to consider the possibility of aggregate 
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and agglomerate formation when introducing 
them into biological systems. Depending on the 
nano-formulation, this could lead to unexpected 
toxic effects and different results [160]. 

Many researchers have struggled to determine 
the toxicity of nano-drugs in the early stages of 
testing due to the lack of standard protocols for 
physio-chemical and physiological/biological 
characterization of nanomedicines. This has led 
to failures in late-phase clinical trials. Stronger 
collaboration between regulatory bodies is re-
quired to streamline or minimize the approval 
process for nano-based medicines/drugs, drug-
delivery systems, etc. [118], [161]. 

The safety evaluation, toxicity testing, and 
compatibility testing of nanomedicines, along 
with nano-drug delivery systems, are done 
based on the rules the FDA uses for conven-
tional medications to defend against their lack 
of regulation. Nanomedicines and nano-drug 
delivery systems start the clinical trials phase 
after the FDA grants the designation of new re-
search drugs (Investigational New Drug, IND) 
to examine their safety and effectiveness in 
people. Phase 1, which mostly investigates 
safety, is followed by Phase 2, which primarily 
evaluates efficacy, and Phase 3, which primar-
ily evaluates safety, efficacy, and dosage. The 
FDA may submit an IND after receiving ap-
proval in each of these three stages to ask for 
approval of novel nanomedicines or nano-drug 
delivery systems. However, this method of reg-
ulating nanomedicine has been seriously con-
tested [156], [162] 

Considering nanotechnology’s rapid growth 
and prospective applications in nanomedicine, 
a revised and more comprehensive regulatory 
strategy is urgently needed. To ensure the re-
lease of safe and helpful nanomedicine for pa-
tients, country governments must collaborate to 
design new guidelines that must be precise and 
sufficiently stringent to address any safety is-
sues [162], [163]. 

Future Aspects with Respect to Nano-
medicine and Ayurveda: 

In recent years, the convergence of modern 
scientific breakthroughs and ancient healing 
traditions has sparked growing interest and ex-
ploration in healthcare innovation. One such in-
triguing intersection lies in the synergistic com-
bination of nanomedicine and Ayurveda. Nano-

medicine, with its precision and targeted ap-
proach, and Ayurveda, with its holistic wisdom 
and personalized therapies, offer complemen-
tary strengths that hold the potential to reshape 
the landscape of medical treatment. As re-
searchers delve deeper into this interdiscipli-
nary collaboration, a horizon of promising fu-
ture aspects emerges, poised to revolutionize 
drug delivery, diagnostics, and holistic well-be-
ing. A few of the possible future aspects have 
been discussed as follows:  

Personalized Healthcare: Ayurveda empha-
sizes individualized treatments based on one’s 
unique constitution (dosha) and imbalances. A 
new era of personalized healthcare could 
emerge when combined with nanomedicine, 
which enables targeted drug delivery and pre-
cise diagnostics at the molecular level. Nano-
technology could enhance Ayurvedic therapies 
by delivering herbs or compounds directly to 
specific cells or tissues, optimizing treatment 
effectiveness while minimizing adverse effects. 

Enhanced Drug Delivery: Nanotechnology 
offers the ability to encapsulate and deliver bi-
oactive compounds from Ayurvedic herbs in a 
controlled and targeted manner. This could lead 
to improved bioavailability, prolonged release, 
reduced side effects, and less toxicity of herbal 
remedies. Nano-sized carriers could transport 
these compounds across barriers like the blood-
brain barrier, enabling more effective treatment 
of neurological disorders. 

Combating Antibiotic Resistance: Ayurveda 
has a rich history of using natural substances 
with antimicrobial properties. By utilizing nan-
otechnology, these natural compounds could be 
encapsulated in nanoparticles to create potent 
antimicrobial agents. This could address the 
global challenge of antibiotic resistance by 
providing alternative treatment options. 

Chronic Disease Management: Ayurveda bal-
ances the body’s systems to prevent and man-
age chronic diseases. Nanomedicine could en-
hance Ayurvedic treatments for diabetes, cardi-
ovascular diseases, and cancer. Nanoparticles 
could deliver therapeutic agents directly to af-
fected tissues, improving efficacy and reducing 
side effects. 

Diagnostics and Monitoring: Ayurvedic diag-
nostics, which include pulse analysis and 
tongue examination, could be complemented 
by advanced nanosensors. These sensors could 
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detect biomarkers and provide real-time infor-
mation about the body’s physiological state. In-
tegrating Ayurvedic diagnostic techniques with 
nanotechnology could offer a holistic and data-
driven approach to health assessment. It also 
promises to enable early cancer detection 
through innovative nanoparticle-based diagnos-
tic approaches, enhancing the potential for 
timely intervention and improved patient out-
comes. 

Regenerative Medicine: Ayurveda empha-
sizes rejuvenation and revitalization. Nanotech-
nology could facilitate tissue engineering and 
regenerative medicine by delivering growth 
factors or stem cells to promote tissue repair 
and regeneration, aligning with Ayurvedic prin-
ciples of restoring balance and vitality. Nano-
particles enhance stem cell therapies for anti-
aging by optimizing delivery and rejuvenation, 
showing potential for transformative outcomes. 

Natural Product Standardization: Ayurveda 
often employs natural ingredients with variable 
compositions. Nanotechnology could enable 
the standardization of herbal products by en-

capsulating bioactive compounds in nanoparti-
cles with consistent concentrations. This would 
ensure reproducible and reliable therapeutic ef-
fects. 

Global Healthcare Accessibility: The fusion 
of Ayurveda and nanomedicine could contrib-
ute to affordable and accessible healthcare so-
lutions, especially in resource-constrained re-
gions. Nanotechnology-based Ayurvedic thera-
pies could provide effective treatments with 
lower doses and reduced side effects, making 
them more accessible to a wider population. 

Stress Management: Nanoparticles can opti-
mize the delivery of Ayurvedic remedies, en-
hancing their effectiveness in combating stress. 
This collaboration also holds the potential for 
personalized stress assessment, targeted neuro-
logical interventions, and reduced side effects. 
By integrating Ayurvedic practices with nano-
technology, a comprehensive approach to stress 
relief emerges, potentially promoting emotional 
balance, resilience, and overall well-being. Eth-
ical considerations ensure this fusion respects 
cultural values while advancing innovative so-
lutions for modern-day stress challenges. 

Conclusion:  
This review highlights the scope for integrating green nanoparticle-based drug-delivery systems with 

Ayurveda and presents a compelling opportunity to bridge ancient healing wisdom with modern scien-
tific advancements by bringing forward the recent advancements in the field of Ayurveda and nano-
medicine. Combining the principles of Ayurveda with green nanoparticles offers an eco-friendly ap-
proach to drug delivery, aligning with Ayurvedic emphasis on natural remedies and sustainable prac-
tices. This convergence could lead to the development of environmentally conscious therapeutic solu-
tions. The potential for enhanced therapeutic efficacy through targeted delivery of Ayurvedic bioactive 
compounds using green nanoparticles holds promise. This could potentially optimize treatment out-
comes and reduce side effects, aligning with Ayurveda’s holistic approach to healing. By encapsulating 
Ayurvedic ingredients within green nanoparticles, the bioavailability and stability of herbal compounds 
can be addressed, potentially unlocking their full therapeutic potential. This aligns with Ayurvedic 
teachings on optimal absorption and assimilation of remedies. The personalized and targeted approach 
of Ayurveda, combined with the precision of green nanoparticle-based drug delivery, could usher in a 
new era of individualized medicine. This convergence represents a powerful example of how the syn-
ergy between traditional knowledge and scientific progress can drive transformative advancements in 
medicine. 
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