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A B S T R A C T 
 

A R T I C L E    I N F O R M A T I O N 

The increasing demand for sustainable and eco-friendly drug delivery systems has driven significant 
interest in the development of eco-biomaterials derived from natural polymers and waste derivatives. 
This paper explores the potential of these renewable resources as versatile platforms for controlled 
and targeted drug delivery applications. Natural polymers along with bio-waste derivatives, offer 
unique advantages including biocompatibility, biodegradability, and cost-effectiveness. Additionally, 
the environmental benefits of utilizing waste-derived biomaterials are highlighted, showcasing a 
circular economy approach that reduces environmental impact while enhancing healthcare outcomes. 
This article underscores the promise of eco-biomaterials as sustainable alternatives to conventional 
synthetic carriers, paving the way for greener pharmaceutical technologies and improved patient 
care.  
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In recent years, the field of drug delivery has witnessed a paradigm shift 
towards sustainability and environmental responsibility [1]. Traditional 
synthetic materials, often derived from non-renewable resources and 
associated with environmental toxicity, are increasingly being replaced by 
eco-biomaterials  . These materials, sourced from natural polymers and waste 
derivatives, offer a promising route to develop sustainable drug delivery 
platforms that align with green chemistry principles and circular economy 
concepts [2]. Natural polymers such as chitosan, alginate, cellulose, starch, 
and gelatin have gained significant attention due to their biocompatibility, 
biodegradability, and non-toxic nature [3-5]. These polymers are abundant in 
nature and can be extracted from renewable resources like crustacean shells, 
seaweed, plants, and animal tissues. Their inherent properties allow for the 
fabrication of versatile drug delivery systems including hydrogels, 
nanoparticles, films, and microspheres that can provide controlled and 
targeted release of therapeutic agents [6, 7]. Moreover, the functional groups 
present in natural polymers facilitate chemical modifications, enabling fine-
tuning of drug release kinetics and enhancing interaction with biological 
tissues [8]. Incorporating waste-derived biomaterials into drug delivery 
platforms supports waste valorization and reduces dependency on virgin raw 
materials. The application of eco-biomaterials in drug delivery offers multiple 
advantages beyond sustainability. Their biodegradability minimizes long-term 
accumulation in the body and environment, reducing the risk of chronic 
toxicity [9]. Additionally, many natural polymers exhibit inherent bioactivity, 
such as antimicrobial or wound-healing properties, which can synergistically 
enhance therapeutic outcomes [10, 11]. The mild processing conditions 
required for natural polymers also preserve the stability and activity of 
sensitive drugs, making them suitable for delivering proteins, peptides, and 

nucleic acids [12]. Despite these benefits, challenges remain in standardizing 
the quality and performance of eco-biomaterials due to variability in natural 
sources and extraction processes. Advances in characterization techniques and 
scalable manufacturing methods are essential to ensure reproducibility and 
regulatory compliance [13, 14]. Furthermore, interdisciplinary research 
combining materials science, pharmacology, and environmental science is 
crucial to optimize these platforms for clinical translation [15]. 

Generally, eco-biomaterials derived from natural polymers and waste 
derivatives represent a sustainable and innovative frontier in drug delivery 
technology. By connecting renewable resources and promoting circular 
economy principles, these platforms not only address environmental concerns 
but also enhance therapeutic efficacy and patient safety. Further research and 
development in this area hold great promise for creating greener, safer, and 
more effective drug delivery systems for the future. 
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