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ABSTRACT 

Colon-targeted drug delivery systems have emerged as an effective approach for the localized 

treatment of colonic disorders and for improving the systemic delivery of certain therapeutics. 

Conventional oral drug delivery often results in premature drug release and degradation in the 

upper gastrointestinal tract, limiting drug availability at the target site. Natural polymeric 

carriers have gained increasing attention due to their biocompatibility, biodegradability, non-

toxicity, and environmental sustainability. These polymers, particularly polysaccharides, are 

susceptible to enzymatic degradation by colonic microflora, making them highly suitable for 

colon-specific drug delivery. Recent advancements have focused on the development of pH-

sensitive, enzyme-triggered, and microflora-activated systems, along with innovative 

formulations such as hydrogels, nanoparticles, microspheres, and polymeric films. 

Additionally, the integration of green synthesis approaches and hybrid polymer systems has 

further enhanced drug stability and controlled release profiles. This review discusses various 

natural polymers, formulation strategies, mechanisms of drug release, recent advancements, 

and challenges associated with colon-targeted drug delivery systems. The study highlights the 

potential of natural polymer-based carriers in improving therapeutic outcomes and promoting 

sustainable pharmaceutical development. 

Keywords: Natural polymers, colon-targeted drug delivery, polysaccharides, controlled release, 
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 INTRODUCTION 

Colon-targeted drug delivery has gained considerable attention as a strategic approach to 

improve the therapeutic efficacy of drugs intended for the treatment of localized colonic 

disorders and systemic diseases requiring site-specific absorption. Conventional oral delivery 

systems often suffer from premature drug release and degradation in the upper gastrointestinal 

tract, leading to reduced drug concentration at the desired site and increased systemic side 

effects. In this context, the colon presents a unique physiological environment characterized by 

a near-neutral pH, prolonged transit time, and the presence of diverse microbial flora, which 

can be exploited for controlled and targeted drug release. Colon-targeted drug delivery systems 

are designed to deliver therapeutic agents specifically to the large intestine, improving 

treatment outcomes for colonic diseases while minimizing systemic exposure. Conventional 

oral drug delivery often results in premature drug release due to acidic pH and enzymatic 

activity in the upper gastrointestinal tract (GIT), leading to reduced drug availability at the 

target site (Chourasia & Jain, 2003). 

In recent years, natural polymers have emerged as promising carriers for colon-targeted drug 

delivery systems due to their biocompatibility, biodegradability, low toxicity, and eco-friendly 

nature. Polymers such as polysaccharides and plant-derived materials are particularly attractive 

because they can be selectively degraded by colonic bacteria, enabling site-specific drug 

release. Additionally, natural polymers offer versatile functional properties, including gel-

forming ability, swelling behaviour, and mucoadhesiveness, which can be tailored to design 

effective drug delivery platforms. These attributes make them suitable for developing various 

formulations such as hydrogels, films, microspheres, and nanoparticles for colon targeting. 

Natural polymers have gained attention as carriers due to their biodegradability, 

biocompatibility, and susceptibility to enzymatic degradation by colonic microflora (Sinha & 

Kumria, 2001). These polymers can be engineered into various drug delivery systems such as 

hydrogels, nanoparticles, and films, offering controlled and site-specific drug release (Philip & 

Philip, 2010). 

Recent research has focused on developing novel natural polymer-based systems, including 

hydrogels, nanoparticles, microspheres, and films, to improve drug targeting efficiency. 

Additionally, emerging technologies such as green synthesis and nanotechnology have further 

enhanced the potential of these systems. This review provides a comprehensive overview of 

natural polymeric carriers, their mechanisms, formulation strategies, recent advancements, and 
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future perspectives in colon-targeted drug delivery. Recent advances focus on stimuli-

responsive systems and green synthesis approaches, enhancing the efficiency and sustainability 

of colon-targeted drug delivery (Gupta et al., 2013). 

PHYSIOLOGY OF THE COLON AND RATIONALE FOR TARGETING 

 

Figure no.1 Physiology of colon 

The colon is characterized by a near-neutral pH (6.5–7.5), low enzymatic activity compared to 

the upper gastrointestinal tract, and a high density of anaerobic bacteria. These bacteria produce 

enzymes such as Az reductases, glucuronidases, and glycosidases, which can degrade natural 

polymers like polysaccharides. The prolonged transit time in the colon (20–30 hours) further 

supports sustained drug release. 

Targeting the colon is beneficial for the treatment of diseases such as inflammatory bowel 

disease (IBD), ulcerative colitis, Crohn’s disease, colorectal cancer, and infections. 

Additionally, it can improve the bioavailability of drugs that are poorly absorbed in the upper 

gastrointestinal tract. 

 

Mouth → Stomach → Small Intestine → Colon 

          (pH 1-3)      (pH 6-7)      (pH 6.5-7.5) 

 

                ↓ Target Site 

              [COLON] 

   - High microbial population 

   - Enzyme secretion (Az reductase, glucosidase) 

   - Long residence time (20–30 hrs) 
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The colon environment supports microbial-triggered drug release due to enzymatic degradation 

of natural polymers (Friend, 2005) 

MECHANISMS OF COLON TARGETING 

1. pH-Dependent Systems 

These systems utilize polymers that dissolve at the higher pH of the colon, preventing drug 

release in the stomach and small intestine. 

2.  Microflora-Activated Systems 

Natural polymers are degraded by colonic bacteria, triggering drug release specifically in 

the colon. 

3. Time-Dependent Systems 

These systems rely on gastrointestinal transit time to release drugs after a predetermined 

lag period. 

4.  Pressure-Controlled Systems 

Drug release is triggered by increased luminal pressure in the colon. 

Figure 2: Mechanisms of Drug Release 

                 Colon Targeting Systems 

 

 

 

 

 

 

 

Microflora-activated systems are most suitable for natural polymers due to enzymatic 

degradation in the colon (Sinha & Kumria, 2001). 
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NATURAL POLYMERS USED  

1. Polysaccharides 

Polysaccharides are the most widely used natural polymers due to their susceptibility to 

microbial degradation. Common examples include: 

Pectin 

Chitosan 

Guar gum 

Xanthan gum 

Sodium alginate 

These polymers remain intact in the upper gastrointestinal tract but are degraded by colonic 

bacteria, enabling targeted drug release. 

2.  Protein-Based Polymers 

Natural proteins such as gelatin and albumin are also used due to their biodegradability and 

ability to form stable drug delivery systems. 

3. Plant-Derived Polymers 

Plant-based polymers like cellulose derivatives and starch offer advantages such as availability, 

cost-effectiveness, and environmental sustainability. 

 

Table 1: Natural Polymers for Colon Targeting 

Polymer  Source Key property Mechanism of 

release 

Reference 

Pectin Plant Biodegradable Microbial 

degradation 

Liu et al., 2007 

Chitosan Marine  Mucoadhesive Enzyme-

triggered 

Gupta et al., 

2013 

Guar gum Plant  Swelling agent Bacterial 

degradation 

Sinha & 

Kumria, 2001 
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Sodium 

Alginate 

Algae Gel forming pH + enzyme-

sensitive 

Philip & Philip, 

2010 

Xanthan gum Microbial High Viscosity Microbial 

degradation 

Chourasia & 

Jain, 2003 

 

FORMULATION APPROACHES USING NATURAL POLYMERS 

1. Hydrogels 

Hydrogels are three-dimensional networks capable of swelling and retaining large 

amounts of water, enabling controlled drug release. 

 

2. Nanoparticles 

Natural polymer-based nanoparticles enhance drug stability, bioavailability, and 

targeted delivery. 

 

3. Microspheres 

Microspheres provide sustained release and protect drugs from premature degradation. 

 

4. Polymeric Films 

Films prepared using natural polymers offer controlled release and are suitable for 

localized drug delivery. 

 

 

Figure no.3: Types of Polymeric Drug Delivery Systems 

 

Natural Polymer-Based Systems 
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Table 2: Formulation Strategies 

Formulation type  Advantages Limitations Reference 

Hydrogels Controlled release Low mechanical 

strength 

Tiwari et al., 2012 

Nanoparticles High availability Complex synthesis Singh & Lillard, 

2009 

Microspheres Sustain release Stability issues Vyas & Khar, 2012 

Films Easy administration Limited drug 

loading 

Philip & Philip, 

2010 

 

EMERGING TRENDS IN NATURAL POLYMERIC CARRIERS 

Recent advancements include: 

Stimuli-responsive systems (pH, enzyme, and temperature-sensitive) 

Nanotechnology-based carriers for improved targeting 

Green synthesis approaches using plant extracts 

Hybrid polymer systems combining natural and synthetic polymers 

3D printing technologies for personalized drug delivery 

These innovations aim to enhance drug delivery efficiency, reduce toxicity, and promote 

sustainable pharmaceutical development. 

 

Figure 4: Recent Innovations 

Emerging Technologies 
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Nanotechnology and hybrid polymer systems significantly enhance drug targeting efficiency 

and stability (Gupta et al., 2013). 

 

 

ADVANTAGES OF NATURAL POLYMER-BASED SYSTEMS 

Biodegradable and biocompatible 

Non-toxic and eco-friendly 

Cost-effective and widely available 

Capable of site-specific drug release 

Suitable for various formulation techniques 

Table 3: Comparative Analysis 

Advantages Limitations 

Biodegradable Batch variability 

Biocompatible Low mechanical strength 

Eco-friendly Stability issues 

Cost-effective Scale-up challenges 

 

CHALLENGES AND LIMITATIONS 

Variability in polymer composition 

Limited mechanical strength 

Stability issues during storage 

Difficulty in large-scale production 

Reproducibility concerns 

 

FUTURE PERSPECTIVES 

Future research should focus on improving the physicochemical properties of natural polymers 

through chemical modification and hybridization. The integration of nanotechnology and 

artificial intelligence in drug delivery design is expected to revolutionize colon-targeted 
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therapies. Additionally, more clinical studies are required to validate the safety and efficacy of 

these systems. 

 

 

 

CONCLUSION 

Natural polymer-based carriers represent a promising and sustainable approach for colon-

targeted drug delivery. Their unique properties, combined with recent technological 

advancements, have significantly improved the efficiency of site-specific drug delivery 

systems. Despite certain challenges, ongoing research and innovation are expected to overcome 

these limitations and expand the application of natural polymers in modern pharmaceutical 

sciences. 
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