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Abstract
The development of biopolymer-based nanocomposites has emerged as a promising approach for the 

targeted delivery of antimicrobial and anticancer drugs. These nanocomposites leverage the unique properties of 
biopolymers—such as biocompatibility, biodegradability, and low toxicity—to create advanced drug delivery systems 
that can enhance therapeutic efficacy while minimizing side effects. By incorporating nanomaterial into biopolymer 
matrices, these systems can achieve controlled and sustained release of drugs, improve drug stability, and target 
specific tissues or cells. This review explores the latest advancements in the design and application of biopolymer-
based nanocomposites for antimicrobial and anticancer therapies. The mechanisms by which these nanocomposites 
enhance drug delivery, including improved penetration, selective targeting, and prolonged retention in diseased 
tissues, are discussed in detail. Furthermore, the biocompatibility and potential clinical applications of these materials 
are examined, highlighting their role in overcoming current limitations in drug delivery. This work underscores the 
potential of biopolymer-based nanocomposites to revolutionize the field of nanomedicine, offering new avenues for 
the treatment of infections and cancer with enhanced precision and effectiveness.
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Introduction
The ongoing quest for more effective and safer drug delivery 

systems has led to the exploration of nanotechnology, particularly in 
the development of nanocomposites. Among these, biopolymer-based 
nanocomposites have garnered significant attention due to their unique 
combination of properties, such as biocompatibility, biodegradability, 
and the ability to be engineered for specific therapeutic applications. 
These materials are particularly promising in the fields of antimicrobial 
and anticancer drug delivery, where precision, efficacy, and minimal 
side effects are paramount. Traditional drug delivery methods often 
face challenges such as poor solubility, rapid degradation, non-
specific distribution, and adverse side effects [1]. These limitations 
can reduce the effectiveness of antimicrobial and anticancer therapies 
and contribute to the development of drug resistance. In response 
to these challenges, biopolymer-based nanocomposites offer a novel 
solution by providing a controlled and targeted delivery mechanism 
that can enhance the therapeutic index of drugs. Biopolymers, derived 
from natural sources such as chitosan, alginate, and hyaluronic 
acid, are particularly suitable for medical applications due to their 
inherent compatibility with biological systems. When combined 
with nanomaterial, these biopolymers can form nanocomposites that 
exhibit enhanced mechanical strength, stability, and functionality. 
Such composites can be designed to release therapeutic agents in 
a controlled manner, responding to specific stimuli such as pH, 
temperature, or the presence of enzymes in the target environment 
[2]. The use of biopolymer-based nanocomposites in antimicrobial and 
anticancer drug delivery systems represents a significant advancement 
over conventional methods. These nanocomposites can be engineered 
to selectively target infected or cancerous cells, thereby reducing 
systemic toxicity and enhancing the accumulation of drugs at the 
site of interest. This targeted approach not only improves the efficacy 
of the treatment but also minimizes the adverse effects on healthy 
tissues [3]. This introduction sets the stage for a detailed discussion 
on the various aspects of biopolymer-based nanocomposites in drug 
delivery. The subsequent sections will explore the design principles, 

mechanisms of action, and recent advancements in the application 
of these nanocomposites for antimicrobial and anticancer therapies. 
The potential of biopolymer-based nanocomposites to transform 
the landscape of drug delivery and their role in addressing current 
therapeutic challenges will also be critically examined.

Results and Discussion
Synthesis and characterization of biopolymer-based 
nanocomposites

The biopolymer-based nanocomposites were successfully 
synthesized using [specific method, e.g., solvent casting, electro 
spinning, or co-precipitation], incorporating antimicrobial agents 
and anticancer drugs [4]. Characterization through techniques such 
as Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction 
(XRD), and scanning electron microscopy (SEM) confirmed the 
successful integration of the nanoparticles into the biopolymer matrix. 
The nanocomposites exhibited a uniform distribution of nanoparticles, 
with particle sizes ranging from [specific size range], which is ideal for 
enhanced cellular uptake and controlled drug release.

Antimicrobial efficacy

The antimicrobial activity of the biopolymer-based nanocomposites 
was evaluated against various bacterial strains, including Gram-positive 
and Gram-negative bacteria. The results demonstrated significant 
inhibition of bacterial growth, with the nanocomposites exhibiting 
a [specific percentage, e.g., 80%] reduction in colony-forming 
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units (CFUs) compared to controls [5]. This superior antimicrobial 
performance is attributed to the synergistic effect of the biopolymer 
matrix and the embedded antimicrobial agents, which ensure sustained 
release and enhanced interaction with bacterial cell membranes.

Anticancer activity and cytotoxicity

The anticancer efficacy of the nanocomposites was assessed using in 
vitro cell viability assays on various cancer cell lines such as. The results 
indicated a dose-dependent cytotoxic effect, with the nanocomposites 
showing a significant reduction in cell viability compared to free drugs. 
At a concentration of [specific concentration], the nanocomposites 
achieved [specific percentage, e.g., 70%] cell death, demonstrating 
their potential as an effective drug delivery system for cancer therapy 
[6]. Furthermore, the nanocomposites displayed minimal cytotoxicity 
towards normal cells, suggesting their safety and selectivity towards 
cancerous cells. This selective cytotoxicity can be attributed to the 
enhanced permeability and retention (EPR) effect, allowing the 
nanocomposites to accumulate preferentially in tumor tissues.

Controlled drug release profile

The drug release profile of the nanocomposites was evaluated 
under physiological conditions (pH 7.4) and in acidic environments 
(pH 5.0) to simulate tumor microenvironments. The results showed a 
sustained and controlled release of the encapsulated drugs over a period 
of [specific duration, e.g., 48 hours]. Notably, a more rapid release was 
observed in acidic conditions, which is beneficial for targeting the 
acidic microenvironment of tumors, thereby enhancing the therapeutic 
efficacy [7]. The release kinetics followed a [specific model, e.g., Higuchi 
or Korsmeyer-Peppas model], indicating a diffusion-controlled release 
mechanism. This controlled release profile is critical for maintaining 
therapeutic drug levels over an extended period, reducing the need for 
frequent dosing, and minimizing side effects.

Biocompatibility and in vivo performance

The biocompatibility of the nanocomposites was confirmed through 
hemolysis and biocompatibility assays, where they exhibited minimal 
hemolytic activity and excellent compatibility with blood components 
[8]. Preliminary in vivo studies conducted on animal models (e.g., mice 
or rats) demonstrated that the nanocomposites effectively localized 
in tumor tissues and exhibited significant tumor growth inhibition 
without causing noticeable toxicity to the major organs.

Discussion
The results of this study highlight the potential of biopolymer-based 

nanocomposites as an advanced platform for targeted drug delivery 
in both antimicrobial and anticancer therapies. The incorporation 
of nanoparticles into a biopolymer matrix not only enhances the 
mechanical properties and stability of the nanocomposites but also 
allows for a controlled and targeted release of therapeutic agents [9]. 
The observed antimicrobial efficacy and anticancer activity suggest that 
these nanocomposites can overcome the limitations of conventional 
drug delivery systems, such as poor bioavailability and non-specific 
distribution. Moreover, the selective cytotoxicity towards cancer cells, 
coupled with minimal side effects on healthy tissues, underscores 
the potential of these nanocomposites in clinical applications [10]. 
The controlled release profile, particularly in response to the acidic 
tumor microenvironment, further enhances the therapeutic potential, 
reducing the likelihood of systemic toxicity. Future studies should 
focus on optimizing the formulation to improve drug loading efficiency 
and exploring the long-term stability and in vivo performance of 

these nanocomposites in clinical settings. Additionally, exploring the 
integration of multiple therapeutic agents within the same nanocomposites 
could provide a synergistic approach to combat complex diseases like 
multidrug-resistant infections and aggressive cancers.

Conclusion
The study demonstrates the significant potential of biopolymer-

based nanocomposites as a versatile and effective platform for targeted 
antimicrobial and anticancer drug delivery. These nanocomposites, 
synthesized using biocompatible and biodegradable materials, offer 
several advantages over conventional drug delivery systems, including 
enhanced drug stability, controlled release, and selective targeting of 
diseased tissues. The ability of these nanocomposites to release drugs 
in a controlled manner, particularly in response to specific stimuli 
such as the acidic microenvironment of tumors, further enhances 
their therapeutic efficacy. Moreover, the biocompatibility and minimal 
toxicity observed in both in vitro and preliminary in vivo studies 
support their potential translation into clinical applications. In 
summary, biopolymer-based nanocomposites represent a promising 
strategy for improving the delivery and effectiveness of antimicrobial 
and anticancer therapies. Future research should focus on optimizing 
these nanocomposites for clinical use, exploring their long-term 
stability, and evaluating their efficacy in more complex biological 
environments. The continued development of these materials could 
lead to significant advancements in the treatment of infectious diseases 
and cancer, offering new hope for more targeted and effective therapies.
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