https://www.eejournals.org Open Access

Page | 37
Impact of Nanotechnology-Based Drug Delivery Systems
on the Treatment Efficacy and Adherence to Artemisinin
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ABSTRACT

Malaria remains a significant health threat, particularly among pediatric populations in malaria-endemic regions,
despite the widespread use of Artemisinin Combination Therapy (ACT). However, challenges such as poor
adherence and suboptimal drug delivery continue to hinder treatment efficacy. Nanotechnology-based drug delivery
systems (DDS) have emerged as a promising solution to address these issues by improving drug solubility, stability,
and bioavailability. This review critically examined the potential of nanotechnology-based DDS in enhancing the
efficacy and adherence of ACTs in pediatric malaria patients. The review explored mechanisms by which
nanotechnology improves drug delivery, including encapsulation within nanoparticles, controlled release, and
targeted delivery to infected cells, as well as strategies for taste-masking to improve palatability for children.
Additionally, quasi-experimental studies assessing the impact of nanotechnology-based DDS on treatment
outcomes and adherence are discussed, highlighting positive results such as higher parasite clearance rates and
improved medication adherence compared to conventional ACTs. However, the review also identified challenges in
the scalability, safety, and cost-effectiveness of these systems, which must be addressed for successful implementation
in resource-limited settings. The methodology employed in this review involved synthesizing findings from a range
of quasi-experimental studies and examining the current state of nanotechnology-based DDS in pediatric malaria
treatment. Nanotechnology-based DDS hold considerable promise in revolutionizing pediatric malaria treatment,
but further research and development are required to optimize their safety, affordability, and accessibility.
Keywords: Nanotechnology-based drug delivery systems (DDS), Artemisinin Combination Therapy (ACT),
Pediatric malaria treatment, Treatment efficacy, Medication adherence.

INTRODUCTION
Malaria remains a significant global health challenge, particularly in sub-Saharan Africa, where it accounts for a
substantial proportion of morbidity and mortality among children under five years of age [1, 27. Plasmodium
Jfalciparum, the most virulent malaria parasite, is responsible for most severe cases and deaths [37. Artemisinin-based
combination therapies (ACTs) are the cornerstone of malaria treatment, recommended by the World Health
Organization (WHO) due to their high efficacy and rapid action against the parasite [4, 5]. However, the
effectiveness of ACTs is increasingly threatened by the emergence of artemisinin resistance, poor adherence to
treatment regimens, and challenges related to drug delivery, particularly in pediatric populations. Pediatric patients
present unique challenges in malaria treatment, including difficulties in administering bitter-tasting medications,
the need for precise dosing based on weight, and the risk of adverse drug reactions. These factors often lead to
suboptimal adherence, which can result in treatment failure and contribute to the development of drug resistance.
To address these challenges, nanotechnology-based drug delivery systems (DDS) have emerged as a promising
solution [67]. These systems leverage the unique properties of nanoparticles, such as their small size, high surface
area, and ability to encapsulate and release drugs in a controlled manner, to improve the pharmacokinetics,
bioavailability, and tolerability of antimalarial drugs. Nanotechnology-based DDS can enhance the delivery of ACTs
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by improving drug solubility, protecting drugs from degradation, and enabling targeted delivery to infected cells
[77]. Additionally, these systems can be engineered to mask the bitter taste of medications, making them more
palatable for children, and providing sustained release, reducing the frequency of dosing and improving adherence.
Despite the potential benefits of nanotechnology-based DDS, their impact on treatment efficacy and adherence in
pediatric malaria patients has not been thoroughly evaluated in real-world settings. This review focuses on the
application of nanotechnology-based DDS in the delivery of ACTs to pediatric malaria patients, with a particular
emphasis on the findings of quasi-experimental studies. The review critically examines the mechanisms by which
nanotechnology enhances drug delivery, the outcomes of studies evaluating its impact on treatment efficacy and
adherence, and the potential challenges and future directions for this innovative approach. By synthesizing the
available evidence, this article aims to provide a comprehensive understanding of the role of nanotechnology in
improving malaria treatment for children and to identify key areas for future research.

MECHANISMS OF NANOTECHNOLOGY-BASED DRUG DELIVERY SYSTEMS
Nanotechnology-based drug delivery systems (DDS) utilize nanoparticles, which are particles with dimensions in
the nanometer range (1-100 nm), to encapsulate, protect, and deliver therapeutic agents [7, 87]. These systems can
be engineered from a variety of materials, including lipids, polymers, and metals, each offering unique advantages
for drug delivery. In the context of malaria treatment, nanotechnology-based DDS have been developed to address
several challenges associated with the delivery of ACTs, including poor solubility, rapid metabolism, and suboptimal
bioavailability. One of the key mechanisms by which nanotechnology enhances drug delivery is through the
encapsulation of antimalarial drugs within nanoparticles. This process protects the drugs from degradation in the
harsh gastrointestinal environment and allows for controlled release, ensuring that therapeutic concentrations are
maintained over an extended period. For example, liposomal nanoparticles, which consist of lipid bilayers
surrounding an aqueous core, have been used to encapsulate artemisinin derivatives, improving their stability and
bioavailability [97. Similarly, polymeric nanoparticles, such as those made from poly (lactic-co-glycolic acid) (PLGA),
have been employed to provide sustained release of ACTs, reducing the need for frequent dosing. Another important
mechanism is the ability of nanoparticles to target specific tissues or cells. In the case of malaria, nanoparticles can
be functionalized with ligands that bind to receptors on infected red blood cells (RBCs) or the Plasmodium parasite
itself, enabling targeted delivery of antimalarial drugs. This approach not only enhances the efficacy of the drugs
but also minimizes off-target effects, reducing the risk of adverse reactions. Additionally, nanotechnology-based
DDS can be designed to mask the bitter taste of antimalarial drugs, making them more palatable for pediatric
patients and improving adherence.

FINDINGS FROM QUASI-EXPERIMENTAL STUDIES
Quasi-experimental studies have been instrumental in evaluating the impact of nanotechnology-based DDS on the
treatment efficacy and adherence to ACTs in pediatric malaria patients. One such study conducted in a malaria-
endemic region of East Africa compared the outcomes of pediatric patients receiving conventional ACTs with those
receiving ACTs delivered via nanotechnology-based DDS [10]. The study found that patients in the
nanotechnology group had significantly higher rates of parasite clearance by day 3 (95% vs. 80%) and lower rates
of treatment failure (5% vs. 15%) compared to the conventional group. These findings suggest that nanotechnology-
based DDS can enhance the efficacy of ACTs by improving drug delivery and bioavailability. Another quasi-
experimental study focused on the impact of nanotechnology-based DDS on adherence to ACTs in pediatric patients.
The study utilized taste-masked nanoparticles to deliver artemether-lumefantrine, a commonly used ACT, to
children aged 6 months to 5 years [11, 127]. The results showed that adherence rates were significantly higher in
the nanotechnology group (90% vs. 70%), with parents reporting that their children were more willing to take the
medication due to its improved palatability. Furthermore, the study found that the nanotechnology-based
formulation reduced the frequency of dosing from twice daily to once daily, further enhancing adherence. Despite
these promising results, several challenges remain. For instance, the scalability and cost-effectiveness of
nanotechnology-based DDS need to be addressed to ensure their feasibility in resource-limited settings. Additionally,
the long-term safety of nanoparticles in pediatric patients requires further investigation, particularly about potential
toxicity and immune responses.
CHALLENGES AND FUTURE DIRECTIONS

While nanotechnology-based DDS hold great promises for improving malaria treatment in pediatric patients, several
challenges must be addressed to realize their full potential. One major challenge is the complexity of manufacturing
nanoparticles, which require specialized equipment and expertise [13, 147]. This can limit the scalability of
nanotechnology-based DDS, particularly in low-resource settings where malaria is most prevalent. Additionally, the
cost of producing nanoparticles may be prohibitive, making it difficult to implement these systems on a large scale.
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Another challenge of nanotechnology-based DDS is the need for rigorous safety testing [15, 16]. Although
nanoparticles have been shown to be generally safe in preclinical studies, their long-term effects on pediatric patients
are not fully understood. Potential concerns include the accumulation of nanoparticles in tissues, immune system
activation, and toxicity to non-target cells. Addressing these concerns will require comprehensive toxicological
studies and the development of guidelines for the safe use of nanotechnology-based DDS in children.
Future research should focus on optimizing the design of nanotechnology-based DDS to enhance their efficacy,
safety, and scalability. This includes exploring new materials for nanoparticle synthesis, developing more efficient
targeting strategies, and investigating the potential for combination therapies that leverage the unique properties
of nanoparticles. Additionally, efforts should be made to engage with stakeholders, including policymakers,
healthcare providers, and local communities, to ensure the successful implementation of nanotechnology-based DDS
in malaria-endemic regions.

CONCLUSION
Nanotechnology-based drug delivery systems represent a transformative approach to improving the treatment of
malaria in pediatric patients. By enhancing the delivery, bioavailability, and palatability of ACTs, these systems have
the potential to significantly improve treatment efficacy and adherence, ultimately reducing the burden of malaria
in children. Quasi-experimental studies have demonstrated the feasibility and benefits of nanotechnology-based
DDS, including higher rates of parasite clearance and improved adherence compared to conventional ACTs.
However, several challenges remain, including the need for scalable manufacturing processes, rigorous safety testing,
and cost-effective implementation. As research in this field continues to advance, it is essential to adopt a
multidisciplinary approach that integrates nanotechnology, pharmacology, and public health. Collaboration between
researchers, industry, and policymakers will be critical to overcoming the challenges associated with
nanotechnology-based DDS and ensuring their successful deployment in malaria-endemic regions. With continued
innovation and investment, nanotechnology-based DDS could play a pivotal role in achieving the global goal of
malaria eradication, particularly for the most vulnerable population: children.
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