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Abstract:

Chronic diseases like cancer, diabetes, cardiovascular diseases (CVD), neurodegenerative diseases, and chronic
wounds are still major global health challenges, making it necessary to discover new, effective, and safe
methods of treatment. Traditional systems of medicine like Siddha and Ayurveda have seen the use of medicinal
mushrooms gain renewed interest because they have various biologically active compounds that are endowed
with the capabilities of antioxidant, anti-inflammatory immunomodulatory, antimicrobial, and anticancer. Curcuma
longa, Phyllanthus emblica, and Withania somnifera are among the Siddha medicinal plants that, when combined
with medicinal mushrooms like Ganoderma lucidum, Cordyceps militaris, Lentinula edodes, Hericium erinaceus,
and Trametes versicolor, have shown promising therapeutic effects in treating chronic diseases. Yet, their traditional
applications are quite restricted because of their poorly solubilizing, unstable nature, low bioavailability, and low
specificity for the target. Nanotechnology can provide means to overcome these restrictions by developing
advanced drug delivery systems like nanocarriers and nano delivery systems, which help in delivering the drug
at the targeted site with enhanced bioavailability and stability. This mini-review covers recent discoveries in the
therapeutic use of Siddha plants and medicinal mushrooms, highlights the role of nanoformulations in enhancing
their pharmacological characteristics, and discusses their possibilities in treating the diseases of cancer, diabetes,
chronic wound healing, neurodegenerative disorders, and CVD. Besides that, the authors of the review have
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also brought to light the current challenges and limitations in the field of integrative therapies on a scientific,
technological, and clinical level and have identified some ways of research that will lead the way in developing
these therapeutic approaches into effective clinical treatments for the management of chronic diseases.

Keywords: Siddha medicine, medicinal mushrooms, nanoformulations, chronic diseases, drug delivery, integrative

medicine

Introduction

Chronic illnesses like cancer, diabetes, cardiovascular
diseases (CVD), neurodegenerative disorders, and chronic
inflammatory diseases play a major role in the global disease
landscape (1). The increasing number of people with such
diseases is largely attributed to factors including aging
societies, sedentary lifestyles, unhealthy dietary habits,
environmental contamination, and genetic makeup. The
latest health data on a world scale shows that besides
being responsible for a great number of deaths, chronic
non-communicable diseases quite a bit affect the economy
through increased medical costs, a decrease in productivity,
and a lower quality of life. Given that these diseases have
complex and multifactorial causes that usually call for
long-term therapies, there is a need to develop effective, safe,
and sustainable ways of treatment. Although much progress
has been made in medical pharmacology, there are still
several shortcomings with the traditional approaches. For
example, many synthetic drugs merely alleviate symptoms
instead of targeting the root causes, and implementation
over a long period often leads to undesirable effects, drug
resistance, poor adherence to treatments, and high drug
prices (2). Also, many chronic diseases are connected
to interrelated biological pathways such as oxidative
stress, persistent inflammation, immune dysregulation,
mitochondrial dysfunction, and metabolic imbalance (3).
It is challenging to find single-target therapeutic agents
that could effectively and safely alter these long-associated
pathological pathways. These difficulties have motivated
research into polypharmacology, which involves the
design/script and use of pharmaceutical agents that act on
multiple targets or disease pathways and thereby potentially
yield desirable therapeutic effects with fewer side effects.
Lately, there has been a resurgence of interest in
traditional medicines on a global level as a complementary
and alternative form of healthcare. Traditional medicinal
systems are increasingly being viewed as a combustible
source of lead compounds with many biological activities
(4). Collaborative efforts involving the use of traditional
wisdom and advanced biomedical research have led to the
identification of new drug candidates and also prompted
the creation of novel methods of drug delivery. Natural
compounds obtained from medicinal plants and mushrooms
are the subject of intense research to validate their efficacy
in the prevention and treatment of chronic diseases
(5). In particular their remarkable properties, including

their ability to counteract oxidative stress, inflammation,
microbial infection, modulation of immune responses, and
enhancement of tissue regeneration, as well as anticancer
effects. Among the four ancient traditional health care
systems, the Siddha system is unique, as it is one of the
oldest methods of therapy and also owns an integral
and comprehensive way of approach to health and well-
being (6). The Siddha system of medicine developed in
Southern India is very much oriented towards balancing
the functions of the human body through the plants
use of minerals, metals, and diet (7). Phytoconstituents
like polyphenols flavonoids, alkaloids, terpenoids, which
are known for their medicinal properties, can be found
abundantly in the bio-resources of the Siddha system, like
Curcuma longa (Turmeric), Phyllanthus emblica (Indian
gooseberry), Tinospora cordifolia (Guduchi), Withania
somnifera (Ashwagandha), and Azadirachta indica (Neem).
These plants exert a protective effect against oxidative
stress, have anti-inflammatory actions, and are antidiabetic,
antimicrobial, hepatoprotective, neuroprotective, and
anticancer in nature, as shown through various experimental
investigations. Equally, mushroom-based medicines also
have surfaced as a new dimension of natural therapeutic
products due to their various bioactive molecules. These
medicinal fungi species Ganoderma lucidum (Lingzhi or
Reishi), Cordyceps militaris (Caterpillar fungus), Hericium
erinaceus (Lion’s mane), Lentinula edodes (Shiitake),
and Trametes versicolor (Turkey tail) possess bioactive
constituents like P-glucans polysaccharides, triterpenoids,
lectins, phenolic components, and ergosterol derivatives
(5). Not only have these shown immunomodulatory,
antioxidant, anticancer, antimicrobial, neuroprotective, and
anti-inflammatory activities in vitro, but also different stages
of experimental and preclinical work support the capability
of medicinal mushrooms to modulate immune functions,
scavenge free radicals, inhibit pro-inflammatory mediators,
and induce tissue repair.

Siddha botanicals and medicinal mushrooms have
incredible therapeutic potential. But their clinical application
is often delayed due to several pharmaceutical issues. Most
of the bioactive compounds that are present naturally
have one or more of these problems: they are poorly
soluble in water, not chemically stable, cannot be well
absorbed in the gastrointestinal tract, undergo metabolism
very rapidly, have very short biological half-lives, and
the delivery of the compound to the specific target is not
efficient (8). These issues eventually lead to a decrease in
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therapeutic effects. Recently, nanotechnology has become
a powerful tool for solving drug delivery issues because
it enables the modification of the physicochemical and
pharmacokinetic properties of natural substances mostly.
Nanoformulations like polymeric nanoparticles, lipid
nanoparticles, liposomes, nanoemulsions, nanofibers,
hydrogels, and metallic nanoparticles can overcome drug
solubility largely, protect drug molecules from degradation,
allow controlled and sustained drug release, offer targeted
delivery, and enhance the internalization of drugs by cells
while at the same time reducing systemic toxicity (9, 10).
These features of nanotechnology not only merged but also
brought about a significant growth in the applications of
natural product-based therapeutics for the amelioration of
various chronic diseases. A few research articles have been
published recently summarizing the therapeutic potential of
natural products, medicinal mushrooms, or nanotechnology-
based drug delivery alone. Venturella et al. have reviewed
in detail the bioactive compounds, pharmacological
activities, and clinical applications of medicinal mushrooms,
with special reference to their therapeutic efficacy in
different diseases (5). Also, Sanjai et al. discussed the
combination of naturally derived bioactive compounds
with nanotechnology, emphasizing the nanoformulation
strategies to improve stability, bioavailability, and clinical
translation of therapeutics derived from plants (11). Other
reviews have mainly focused on herbal nanoformulations
and nanocarrier-based delivery systems to overcome the
pharmaceutical limitations of phytochemicals (12, 13).
However, these reports are mostly on either medicinal
plants, mushrooms, or nanotechnology as separate topics
and do not specifically discuss the synergistic integration
of Siddha botanicals, medicinal mushrooms, and advanced
nanoformulation platforms in a single evidence-based
framework for the management of chronic diseases. In
addition, the role of Siddha medicine with medicinal
mushrooms and modern nanotechnology has not been much
discussed, although it has the potential to develop multi-
target therapeutic approaches. This review summarizes
an extensive review of how this combination of botanical
drugs from the Siddha tradition, medicinal mushrooms,
and nanoformulations could be a promising approach
for long-term disease management. It also presents the
high therapeutic potential of these natural resources, the
nanotechnology-based drug delivery systems that can be free
of challenges, discusses the newest biomedical innovations in
human disease areas like cancer, diabetes, chronic wounds,
neurodegenerative disorders, and CVD in the application
of this model, and finally identifies the limitations due to
which they have not been widely accepted yet and makes
recommendations on future possibilities for their usage. By
bringing together the knowledge of traditional medicine,
medicinal mycology, and nanotechnology, this article

intends to offer a brief depiction of a rapidly developing
area that has immense potential for the development of
safe, effective, and novel therapeutic approaches for chronic
disease management.

Therapeutic potential of Siddha
botanicals

Siddha medicine is one of the oldest systems of traditional
medicine. It originated in South India and has been
practiced for several centuries to promote well-being and
cure various ailments (14). This system revolves around
restoring the balance of three essential bodily humors
called Vali (Vatham), Azhal (Pitham), and Iyyam (Kabam),
which control the normal physiological activities of the
body (15). Siddha medicine employs a holistic approach
through the amalgamation of herbal medicines, mineral
concoctions, diet, and lifestyle changes to not only prevent
but also keep in check the diseases. Recently, a lot of
scientific researchers have verified the medicinal potentials
of the Siddha botanicals, and they are considered as potent
suppliers for the creation of new drugs for the treatment of
chronic diseases.

The therapeutic property of Siddha botanicals mostly
stems from their excellent phytochemical profile, which
comprises polyphenols, flavonoids, alkaloids, terpenoids,
tannins, and glycosides (16). These compounds have the
capability to fight free radicals, reduce inflammation, kill
germs, boost immunity, control sugars, destroy cancer cells,
and protect the brain. As oxidative stress and persistent
inflammation are mainly responsible for the deterioration of
various chronic diseases, Siddha medicinal plants are being
highly appreciated as multi-target agents capable of therapy
(17). One of the Siddha botanicals frequently used is C. longa,
which is highly revered for its main chemical curcumin that
has very strong antioxidant, anti-inﬂammatory, anticancer,
and wound-healing qualities (18). P. emblica contains a
very high level of vitamin C and polyphenols and has
been found to be antioxidant, antidiabetic, hepatoprotective,
and cardioprotective (19). T. cordifolia is best known for
its immunomodulatory, antioxidant, and anti-inflammatory
effects, while W. somnifera has withanolides that give
it adaptogenic, neuroprotective, and anticancer properties
(20, 21). Same thing, A. indica has been the subject of
extensive research for its antimicrobial, anti-inflammatory,
antioxidant, and wound-healing powers (22). Other Siddha
medicinal plants like Ocimum tenuiflorum, Gymnema
sylvestre, Andrographis paniculata, and Aloe vera also have
significant therapeutic effects leading to the treatment
of diabetes infections, inflammatory disorders, and tissue
regeneration (23).
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Role of mushrooms in Siddha
formulations

Mushrooms (Kaalaan) occupy a significant place in Siddha
medicine. They are not only valued for their medicinal
properties but also for their capacity to alter metals (alchemy).
The texts indicate that specific species of mushrooms
are employed both as internal medicines and as catalytic
substances in the preparation of mineral- and metal-based
medicines. According to the literature, mushrooms are useful
in the management of fever, chickenpox (Ammai), cholera,
chronic ulcers, and inflammation. Decoctions, juice, and
paste are the commonly used dosage forms of mushroom.
In addition to therapeutic use, mushroom preparations
are recommended as preventive medicines during epidemic
outbreaks. Also, juice of mushrooms grown under the Albizia
amara tree is added to an equal quantity of honey and used in
the treatment of ear diseases. Among the various applications
of mushrooms in traditional literature is particularly in
alchemy (Rasavatham). The literature states that mushrooms
contain the properties of iron and gold. Classical texts
mention that the juice of mushrooms possesses the properties
of Jeya Neer, a highly valued alkaline processing medium
employed in the of metals and minerals. One of the important
references is found in Bogar 7000, where mushroom-derived
alkaline preparations are utilized in the preparation of
Uppu Kattu. The text describes the use of mushroom juice
in converting mineral salts into stable, assimilable forms
suitable for medicinal applications (24, 25).

Medicinal mushrooms as bioactive
therapeutics

In recent years, medicinal mushrooms have also been widely
looked at in the scientific literature for being natural and rich
sources of such ingredients, which could be used not only to
cure but also to prevent different illnesses (26). These include
mushrooms like truffles—rich in polysaccharides, B-glucans,
terpenes phenolics, proteins, sterols, and other secondary
metabolites, which possess antioxidant, anti-inflammatory
immunomodulatory, antimicrobial, antineoplastic, and
neuroprotective properties, among others (27). Since they
have this capability of exerting their effects simultaneously
on several physiologic pathways, they are not only seen
as complementary herbs but also as possible drug delivery
systems. It is well known that G. lucidum, or Reishi, which
is highly regarded for its many health benefits, has been the
subject of countless studies on the bioactive compounds
of medicinal mushrooms. This species of mushroom owes
its wide spectrum of effects to compounds like B-glucans
and triterpenoids, which exert strong immunomodulatory,
antioxidant, anti-inflammatory, and antitumor effects.
Research has revealed the ability of G. lucidum to modulate

immune functions, prevent cancer cell proliferation, lessen
oxidative damage, and relieve symptoms of metabolic
diseases, which is why it could be a good treatment option
for cancer, diabetes, and heart diseases (28).

Medicinal mushroom C. militaris also has a large potential
for the biomedical field because it contains cordycepin,
polysaccharides, and phenolic compounds. The molecules
have been proven to possess such properties as antioxidative,
anti-inflammatory, antimicrobial, and antitumor, while they
also help to elevate energy production and immune system
efficiency. Therapeutic properties of C. militaris have been
revealed in diabetes, ongoing inflammation ailments, and
brain disorders. This way, it reveals its capability to handle
various chronic diseases (29). L. edodes not only acts as
one of the most popular edible mushrooms but has also
been a medicinal mushroom. Besides being rich in B-glucans,
mostly lentinan, which is a known immunostimulatory
and antitumor polysaccharide, it has also been shown that
L. edodes is capable of exhibiting antioxidant, antimicrobial,
and cholesterol-lowering activities, among others, which
could be substantial for immune health and the lowering of
risk factors for metabolic and CVD (30).

Owing to its distinctive neuroprotective nature,
H. erinaceus was the subject of growing fascination.
Neurotrophic compounds were discovered in this
mushroom, like hericenones and erinacines, which promote
nerve growth factor (NGF) production and encourage the
regeneration of nerve cells. Experiments have confirmed
that H. erinaceus has antioxidant, anti-inflammatory,
memory-boosting, and neuroprotective qualities, implying
that it might be used to treat neurodegenerative diseases
like Alzheimer’s and Parkinson’s (31). Another medicinal
mushroom that is important on its own is T. versicolor,
which is known for its immunoregulatory polysaccharides,
polysaccharide-K (PSK) and polysaccharide peptide (PSP).
The immune-boosting, anti-tumor, and cancer therapy-
enhancing effects of these substances have already been
extensively studied. T. versicolor also exhibits antioxidant
and antimicrobial activities, further supporting its role
as a complementary therapeutic agent in chronic disease
management (32).

Nanoformulations for herbal and
mushroom-based therapeutics

Several bioactive components obtained from Siddha herbs
and medicinal mushrooms have demonstrated different
pharmacological effects, like antioxidant, anti-inflammatory,
antimicrobial, immunomodulatory, and anticancer activities.
Though, the successful implementation of these compounds
clinically is often hindered by various pharmaceutical
disadvantages like minimal water solubility, a lack of
bioavailability, chemical instability, rapid metabolism, and
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NANOFORMULATIONS FOR HERBAL AND MUSHROOM-BASED THERAPEUTICS
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FIGURE 1 | Schematic illustration of nanoformulations for herbal and mushroom-based therapeutics.

limited absorption after ingestion (Figure 1). These factors
altogether cause a reduction of the therapeutic concentration
of bioactive molecules at the site of a disease, thereby
resulting in poor clinical outcomes nanotechnology recently
came forward as a highly effective method to deal with
such a problem by enhancement of physicochemical and
pharmacokinetic properties of natural products. Because of
this nanoformulations are transforming into a new horizon
for the treatment of chronic diseases.

Drug administrations of nanoformulation-based systems
have various advantages compared to the traditional ones.
Initially, by capping the drug molecules within nano carriers,
these systems not only protect the bioactive compounds from
rapid degradation and degradation but also enhance their
solubility, and as a result, the availability of these drugs in
the body (33). Besides, such nano drug release systems are
capable of providing a controlled and extended release of
the active pharmaceutical ingredient so that a continuous
therapeutic concentration is achieved in the body, and a
reduction in the frequency of the dose administrations is
allowed (34). And another major point of nanomedicine is
its ability of drug targeting, because the nanomaterials can be
tailored to gather only at the diseased regions of the body; this
results in the enhancement of pharmacotherapeutic effect
and the decrease of unwanted drug side effects (35). All
of these features make them perfectly suitable to meet the
requirements of long-term treatment of chronic diseases and
precise drug delivery needed.

For the conveyance of phytochemicals obtained from
plants and mushrooms, the nanocarriers based on synthetic
polymers are among the main types of systems extensively
studied in the scientific literature as vehicles due to their
very high biocompatibility, the biodegradation feature, and
the dual drug delivery capability. There are just a few
of the reasons why these particles are so appealing. Such

carriers make drug loading and the improvement of stability
of the drug possible and, in this way, offer a very good
solution to the delivery of such compounds (36). There
is another delivery system already well-established in this
area: liposomes, which are tiny vesicles that have one or
more phospholipid bilayers. Liposomes have the ability to
encapsulate various types of molecules in their interior, the
transporters will carry them across membranes, and the
delivery system targets the drug while minimizing the adverse
effects on other tissues of the body (37). Along the same lines,
solid lipid nanoparticles, exhibiting good physical stability,
controlled drug release, and consequent high drug-loading
capacity, are excellent carriers for the delivery of natural
compounds exhibiting low solubility in water (38).
Nanoemulsions, due to their reduced droplet size, elevated
surface area, and the ability to boost the solubility as
well as oral delivery of hydrophobic phytochemicals,
have been widely used recently. They effectively increase
the bioavailability of compounds presenting difficulty in
dissolution in water (39). Nanofibers fabricated mostly by
electrospinning possess a large surface area and porous
structure, contributing to the maintenance of a prolonged
drug release and tissue regeneration. This feature of
nanofibers makes them excellent materials for the healing
of wounds, antimicrobial dressings, and tissue engineering
(40). Hydrogels consisting of three-dimensional polymeric
networks not only retain large quantities of water but also
provide a moist environment for the controlled release of
drugs. Being made of materials with great compatibility with
human tissues and a high degree of flexibility, hydrogel-
based formulations have been extensively researched for site-
specific drug delivery and treatment of chronic wounds (41).
Combining nanoformulations with bioactive compounds
from Siddha botanicals and medicinal mushrooms has led
to great results in various cases of treatment. Not only
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can nanoencapsulation stabilize these natural substances
and make them more bioavailable, but it also allows
for their targeted delivery, sustained release, and better
cellular uptake. The nanoformulation-based delivery system
is considered by the experts to be one of the best ways
of using herbs and mushrooms to get the full therapeutic
potential out of them and, in the meantime, help with the
treatment of the mentioned long-standing conditions such as
cancer, diabetes, neurodegenerative disorders, cardiovascular
illnesses, and chronic wounds.

Biomedical applications
Cancer

Cancer continues to be one of the biggest causes of disease
and death worldwide. Because of the way cancer is structured,
development of the disease is usually a complex process,
making it rather difficult to stop with conventional medicine
only (42). Many of the compounds identified as bioactives
in medicinal mushrooms and Siddha botanicals can act
as antioxidants, anti-proliferative, and immunomodulators
and so can interfere at several steps in tumor progression.
Some examples of such phytochemical include curcumin and
withanolides with B-glucans and triterpenoids isolated from
mushrooms, which were found to have potential for reducing
oxidative stress, inducing apoptosis, inhibiting tumor cell
proliferation, and activating antitumor immune response
(43). Another advantage of phytochemicals formulation
using nanotechnology is that bioactives are mostly improved
in their therapeutic efficacy. This includes not only enhancing
solubility but also preventing degradation and finally,
getting into the tumor area by increasing the cellular
uptake through the use of an enhanced delivery mechanism
(11). Nano-enabled systems of this sort can bring better
treatment results and at the same time reduce the risk of
systemic toxicity and other side effects that are seen with
conventional chemotherapy.

Diabetes

Diabetes mellitus results in long-term high blood sugar,
oxidative stress, inflammation, and gradual damage to
tissues. Many Siddha medicinal plants like C. longa,
P. emblica, and G. sylvestre have anti-hyperglycemic
and antioxidant properties, which help in controlling
glucose metabolism and enhancing insulin sensitivity (44).
Besides this, medicinal mushrooms like G. lucidum and
C. militaris have exhibited potential antidiabetic properties
by regulating glucose levels and lowering oxidative stress
(45, 46). Nanoformulations have the ability to greatly
increase the bioavailability and controlled release of these
bioactive substances, which, in turn, can improve glycemic

management and minimize the complications caused by
diabetes. Also, their antioxidant and anti-inflammatory
effects might speed up the process of healing diabetic
wounds, one of the major clinical problems in diabetes.

Chronic wounds

Chronic wounds, such as diabetic foot ulcers and pressure
ulcers, are mostly defined by inflammation that lasts
indefinitely, an infection that is hard to get rid of, and
the tissue not healing properly. The traditional herbal
medicines called Siddha medicines that use the parts of
the plants and mushrooms that are believed to have health
benefits mainly have antibacterial, antioxidant, and anti-
inflammatory properties that may also work together when
combined and because of this may be helpful in the
healing of wounds (47). On one side, phytochemicals from
plants can stop the proliferation of microorganisms and
can also help suppress the inflammatory response. Yet
the polysaccharides in mushrooms support the immune
system regulation and tissue formation. Incorporating
these naturally occurring active ingredients into nanofibers,
hydrogels, or nanoparticle-based types of wound dressings
results in easier and prolonged release of the medication,
and besides that, it can help in keeping the wound in moist
environment and also in amplifying the therapeutic effects
locally. Besides that, these advanced formulations could
speed healing at the cellular level, increase collagen synthesis
and the development of new blood vessels, and also decrease
the possibility of occurrence of infectious diseases of the
secondary nature.

Neurodegenerative disorders

The principal symptoms of Alzheimer’s and Parkinson’s
diseases are neuronal death and dysfunction caused largely
by oxidative stress and chronic inflammation (48). Siddha
botanicals like W. somnifera and C. longa really help in
neuroprotection and antioxidation, while H. erinaceus is rich
in NGF-stimulating compounds that also enhance neuronal
growth (49). The mixture of these different natural products
may interact to provide various ways to defend neurons and
suppress neuroinflammation. Besides that, nanoformulations
capable of passing the blood brain barrier Really enhance
the delivery of these biologically active molecules to the
central nervous system, thereby increasing their therapeutic
potential and also addressing the major drawback of present
neuroprotective treatments (50).

Cardiovascular diseases

Cardiovascular diseases continues to be one of the root causes
of death all over the world and owes its development to redox
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imbalance, vascular wall damage, low-grade inflammation,
and metabolic disorders (51). Siddha botanicals containing
polyphenols and flavonoids, plus medicinal mushrooms
having p-glucans and triterpenoids, can be considered as
a source of antioxidant, anti-inflammatory, lipid-lowering,
and cardioprotective properties. These natural, biologically
active molecules may help lower the level of reactive oxygen
species, restore endothelial function, and prevent vascular
tissues from oxidative damage (52). With the help of
nanoformulation-based delivery systems, these therapeutic
effect mechanisms can be further improved since the
limitations of the bioavailability, circulation time, and the
selectivity of the delivered nanoparticles are overcome.
Because of this, the use of synergistic nanoformulations
by combining Siddha botanicals and medicinal mushrooms
has great potential for developing novel strategies for the
prevention of cardiovascular complications and betterment
of long-term vascular health (53).

Challenges and future perspectives

Though Siddha botanicals and medicinal mushrooms hold
significant promise as therapies, a number of scientific issues
need to be resolved for their clinical use. They are one of such
natural therapeutic resources whose major limitations arise,
in fact, from really standardized methods of extraction have
to be coupled with effective quality control systems; these
are not present at all in many natural products. The result
is that the same product can exhibit tremendous variation
from one batch to another with chemical composition
and biological activities. Different natural environments or
cultivation methods, the place of origin, or the timing of the
harvest, as well as various extraction ways, might definitely
contribute to the alteration of the levels of biologically active
compounds, leading to difficulties in therapeutic delivery.
Apart from this, although many have demonstrated the
pharmacological usefulness of these extracts through their
experiments both in vitro and in vivo ways, the genetic
and cellular mechanisms of these synergistic effects are still
mysteries. So, mechanistic investigation is very important for
understanding the ways botanicals and mushroom-derived
medicinal compounds interact with each other and also
for validating their healing efficacy. First, by applying a
nanotechnology view, the large-scale usage of herbal and
mushroom-based nanoformulations is hampered mainly
due to several major challenges. Apart from laboratory
testing, a major hurdle comes in the form of manufacturing
and producing a commercially viable product by having
a scalable and reproducible process. Formulation issues
include nanoparticles that might tend to aggregate upon
storage and achieving both uniformity and consistency
of drug loading and release by the nanoparticles, among
other issues. And, it is absolutely important to know
about long-term toxicity biodistribution biodegradation,

immunogenicity, and nanocarriers in the case of the safe
use of such preparations for human administration over a
prolonged period of time. Addressing these challenges and
finding workarounds thereof are mandatory for the creation
of nanotechnologically-based drugs that will also not only
work but will work safely and without the side effects.

Clinical adoption too is not an easy thing. In most
cases, research involving Siddha botanicals and medicinal
mushrooms is still at the basic research level rather than the
clinical research stage; for instance, very few well-controlled
clinical trials have been carried out to establish effectiveness
as well as safety on humans in such natural products. The
main challenge is that the formulation of herbal products
is not standardized and that the development of treatment
protocols does not follow any strict standards, making it
a big hassle to evaluate a given product in total or to
compare it with another product through a study. But
really the herbal medicine and nanotechnology therapeutic
regulatory systems vary from country to country leading
to complications, in particular product approval, quality
assurance, and sales planning in such contexts. So, setting up
global criteria for development specification as well as clinical
testing of a given product can help herbal nanoformulations
to enter the modern medical system more easily and
with confidence. Additional investigations would preferably
focus on combining multidisciplinary areas, which include
traditional medicine, nanotechnology methods that rely on
artificial intelligence (AI), and even precision medicine.

With the help of Al the formulation development can
quickly find the best combinations that work with the
ingredients from Siddha botanicals, medical mushrooms,
and nanocarriers by forecasting their properties, biological
compatibility, etc. Designing nanoformulations based on
the characteristics of a person and also the condition of
a person can enhance therapeutic effectiveness. In this
case, nanomedicine personalization allows for the creation
of a product that a doctor may feel is appropriate at
that moment and which also meets the patient’s wishes
and desires. Green syntheses that use plants and fungi
to manufacture nanoparticle materials produce less toxic
and more environmentally friendly products against the
traditionally chemical methods of synthesis. The conclusion
is that to bring synergistic nanoformulations to the
clinic, it is necessary to combine a team of experts
from pharmacology, nanotechnology, clinical medicine, and
traditional medicine to generate solid preclinical and clinical
data. This collaboration is expected to allow the successful
introduction of new nanomaterials for the treatment of
chronic diseases in medicine.

Conclusion

Siddha botanicals and medicinal mushrooms contain a
diverse range of bioactive compounds that possess various
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pharmacological effects, like antioxidant, anti-inflammatory
immunomodulatory, antimicrobial, and anticancer activities.
Besides, their complementary therapeutic mechanisms have
a high potential in preventing and treating chronic
diseases like cancer, diabetes, cardiovascular disorders,
neurodegenerative diseases, and chronic wounds. This
way, using these natural products together may offer
an effective way of creating multi-functional drugs that
can simultaneously target various pathological pathways.
Also, the use of nanotechnology has greatly improved
the therapeutic effectiveness of Siddha botanicals and
medicinal mushrooms while solving some of their natural
shortfalls such as poor solubility, low bioavailability,
chemical instability, and lack of target specificity. Various
nanoformulations like polymeric nanoparticles, liposomes,
solid lipid nanoparticles, nanoemulsions, nanofibers, and
hydrogels are capable of enhancing the stability, controlled
release, bioavailability, and targeted delivery of bioactive
compounds because of this, improving their therapeutic
efficacy while minimizing systemic toxicity. The combination
of Siddha botanicals and medicinal mushrooms in synergistic
nanoformulations is a promising avenue for new drug
development, but it is still in the nascent stage of clinical
application. Further investigations are needed to uncover the
molecular mechanisms of their synergistic effects, to prepare
standardized formulations with consistent quality, and to
carry out thoroughly designed preclinical and clinical trials to
ensure their safety and efficacy. As nanotechnology continues
to develop and interdisciplinary collaboration extends, these
integrative therapeutic approaches could greatly impact the
production of safe, effective, and sustainable treatments for
managing chronic diseases.
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