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ABSTRACT

Medicine

Nanotechnology has emerged as a transformative approach in the field of drug delivery, significantly improving the
pharmacokinetics of therapeutic agents. This article reviews the development and application of nanodrugs, focusing on how
they enhance drug solubility, bioavailability, and targeted delivery. We discuss various nanocarrier systems, their mechanisms
of action, and clinical applications, particularly in oncology and chronic diseases. Future directions in nanodrug development
are also highlighted, emphasizing the potential for personalized medicine.
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INTRODUCTION

The pharmacokinetics of therapeutic agents how drugs are
absorbed, distributed, metabolized, and excreted—plays a crucial
role in determining their efficacy and safety. Traditional drug
formulations often suffer from poor solubility, low bioavailability,
and systemic toxicity. Recent advancements in nanotechnology have
led to the development of nanodrugs, which leverage nanoscale
materials to enhance the pharmacokinetics of therapeutic agents
[1]. This article reviews the innovations in nanodrug formulations,
highlighting their mechanisms of action and clinical applications.

THE ROLE OF NANOTECHNOLOGY IN DRUG
DELIVERY

Nanotechnology involves manipulating materials at the nanoscale
(1-100 nm) to create novel drug delivery systems. These nanocarriers
can encapsulate therapeutic agents, improving their stability,
solubility, and absorption. Several types of nanocarriers are utilized,
including liposomes, micelles, dendrimers, and nanoparticles made
from metals or polymers. Each type has unique properties that can
be tailored for specific therapeutic applications [2].

Liposomes

Liposomes are lipid-based vesicles that can encapsulate both
hydrophilic and hydrophobic drugs. Their biocompatibility and
ability to mimic cell membranes make them suitable for drug
delivery. The encapsulation of drugs in liposomes enhances their

solubility and prolongs circulation time in the bloodstream [3]. For
example, liposomal formulations of doxorubicin, such as Doxil,
have been shown to improve therapeutic outcomes in breast cancer
by reducing cardiotoxicity and enhancing drug accumulation in
tumors.

Micelles

Micelles are formed by the self-assembly of amphiphilic surfactants
in aqueous environments. They can solubilize poorly water-soluble
drugs, enhancing their bioavailability. Micelles can be designed
to release their payload in response to specific stimuli (e.g., pH
changes), further improving their therapeutic efficacy [4]. Research
has shown that micellar formulations of paclitaxel can significantly
enhance its solubility and therapeutic effect in ovarian cancer
treatment.

Dendrimers

Dendrimers are branched, synthetic macromolecules that allow
for precise control over size and functional groups. Their unique
structure provides high drugloading capacity and the ability to
target specific cells through surface modifications. Dendrimers have
been explored for delivering nucleic acids and small molecules,
demonstrating potential in gene therapy and cancer treatment.

Inorganic Nanoparticles

Inorganic nanoparticles, such as gold, silica, and iron oxide
nanoparticles, offer unique optical and magnetic properties
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that can be utilized in drug delivery. These nanoparticles can be
functionalized with targeting ligands to enhance specificity towards
diseased cells [5]. For instance, gold nanoparticles can be used for
photothermal therapy, where localized heating can enhance the
efficacy of co-delivered chemotherapeutic agents.

ENHANCING PHARMACOKINETICS WITH
NANODRUGS

Improved Solubility

Many therapeutic agents, particularly anticancer drugs, have poor
water solubility, leading to limited bioavailability. Nanodrug
solubility through the
encapsulation of drugs in nanocarriers. This improvement enables
higher plasma concentrations and enhanced therapeutic effects [6].
For example, the nanocrystallization of poorly soluble drugs like

formulations significantly enhance

curcumin has demonstrated significantly improved solubility and

bioavailability.
Targeted Delivery

Nanodrugs can be engineered for targeted delivery, minimizing
systemic exposure and enhancing drug accumulation at the site of
action. This is achieved through passive targeting via the enhanced
permeability and retention (EPR) effect in tumors or active targeting
by conjugating ligands to nanocarriers that bind specifically to
cancer cell receptors. Studies have shown that targeted nanodrugs
can significantly improve therapeutic outcomes in various cancers
while reducing side effects.

Sustained Release

Nanodrugs can provide controlled and sustained release of
therapeutic agents, leading to prolonged therapeutic effects and
reduced dosing frequency. This is particularly beneficial in chronic
diseases, where maintaining steady drug levels can improve patient
compliance [7]. For instance, polymeric nanoparticles have been
developed to release drugs in response to physiological conditions,
allowing for site-specific therapy and reducing systemic toxicity.

Enhanced Bioavailability

The combination of improved solubility, targeted delivery, and
sustained release contributes to the overall enhancement of
bioavailability for nanodrugs. Increased bioavailability ensures
that a greater proportion of the administered drug reaches the
systemic circulation and exerts its therapeutic effect. For instance,
lipid-based nanoparticles have been shown to significantly increase
the bioavailability of poorly soluble drugs such as fenofibrate and
ketoprofen [8].

CLINICAL APPLICATIONS OF NANODRUGS

Cancer Therapy

Nanodrugs have shown tremendous promise in oncology, where
targeted delivery can significantly improve the therapeutic index of
chemotherapeutic agents. Several nanodrug formulations, such as
Abraxane (paclitaxel albumin-bound nanoparticles) and Doxil, are
already in clinical use. These formulations not only enhance drug
delivery to tumors but also reduce off-target effects, resulting in
improved patient outcomes [9].
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Cardiovascular Diseases

Nanotechnology has also been explored for delivering therapies
in cardiovascular diseases. For instance, nanoparticles can be used
to deliver anti-inflammatory agents to atherosclerotic plaques,
potentially preventing plaque rupture and subsequent heart
attacks. Research into nanodrug delivery systems for cardiovascular
applications is ongoing, with promising preliminary results.

Chronic Diseases

In chronic diseases such as diabetes and arthritis, sustained release
of therapeutic agents through nanodrugs can significantly improve
patient compliance and treatment outcomes. Nanoparticles can
deliver anti-diabetic agents, hormones, or immunomodulatory
drugs in a controlled manner, allowing for better disease
management.

FUTURE DIRECTIONS

Despite the advancements in nanodrug technology, several
challenges remain, including regulatory hurdles, manufacturing
scalability, and long-term safety. Further research is necessary to
establish standardized protocols for the evaluation of nanodrugs
and their interactions with biological systems.

Emerging technologies such as machine learning and artificial
intelligence can aid in the design and optimization of nanodrugs,
facilitating the identification of effective formulations more
rapidly. Moreover, the integration of nanotechnology with
personalized medicine offers exciting possibilities for developing
tailored therapies based on individual patient characteristics and
disease profiles [10].

CONCLUSION

Nanodrugs represent a significant advancement in the field of drug
delivery, transforming the pharmacokinetics of therapeutic agents.
By enhancing solubility, bioavailability, and targeted delivery,
nanodrugs improve therapeutic outcomes while minimizing
side effects. As research continues to advance, the potential for
nanodrugs to revolutionize treatment paradigms in various medical
fields becomes increasingly apparent, paving the way for more
effective and personalized therapeutic strategies.
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