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ABSTRACT 

Herbal bioactives offer immense therapeutic potential; however, their clinical application is 

frequently hampered by poor aqueous solubility and erratic bioavailability. This study 

explores formulation innovations that leverage natural polymers to enhance the dissolution of 

herbal bioactives through strategic interactions with phytoconstituents. By employing various 

approaches—including solid dispersions, nanoparticulate systems, and inclusion 

complexation—we demonstrate that natural polymers not only improve the wettability and 

dissolution rate of these compounds but also protect them from environmental degradation. In 

vitro dissolution studies reveal a marked improvement in the solubility profiles of selected 

herbal actives, suggesting that biopolymer-phytoconstituent interactions could serve as a 

promising platform for developing effective and sustainable herbal formulations. 

Keywords: Natural polymers, herbal bioactives, dissolution enhancement, phytoconstituents, 

drug delivery 

I. INTRODUCTION 

Herbal bioactives have long been celebrated for their multifaceted pharmacological 

properties, ranging from anti-inflammatory and antioxidant effects to anticancer and 

antimicrobial activities. Despite these therapeutic potentials, the clinical utility of many plant-

derived compounds is significantly limited by their inherent poor aqueous solubility and low 

oral bioavailability. This solubility challenge often results in reduced therapeutic efficacy, 

necessitating high dosages that can inadvertently lead to adverse side effects. 

Natural polymers, such as chitosan, alginate, cellulose derivatives, and cyclodextrins, have 

emerged as effective carriers to improve the solubility and delivery of hydrophobic herbal 

compounds. Their biocompatibility, biodegradability, and functional versatility allow for the 

creation of innovative formulation strategies that optimize drug dissolution rates and sustain 

release profiles. The interaction between these polymers and phytoconstituents can lead to the 

formation of amorphous solid dispersions, nanoparticles, and inclusion complexes, all of 

which contribute to enhanced solubility and stability of the active ingredients. 

This paper investigates the formulation innovations that utilize natural polymers to boost the 

dissolution of herbal bioactives. By examining the mechanisms of polymer-phytoconstituent 
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interactions, we aim to provide a comprehensive overview of the current strategies and their 

potential to revolutionize herbal drug delivery systems. 

II. MATERIALS AND METHODS 

In this study, we selected three model herbal bioactives—curcumin, quercetin, and 

resveratrol—known for their poor aqueous solubility. Natural polymers including chitosan, 

hydroxypropyl methylcellulose (HPMC), and β-cyclodextrin were employed as solubilizing 

agents. 

Preparation of Formulations 

Solid Dispersions: 

Herbal bioactives were dispersed in a hydrophilic polymer matrix (HPMC) using the solvent 

evaporation method. Briefly, the bioactive and polymer were dissolved in ethanol, and the 

solvent was subsequently evaporated under reduced pressure to yield a uniform amorphous 

dispersion. 

Nanoparticulate Systems: 

Chitosan nanoparticles were prepared using the ionic gelation method. The bioactive was 

incorporated into a chitosan solution, which was then cross-linked with sodium 

tripolyphosphate (TPP) to form nanoparticles. Particle size and morphology were 

characterized using dynamic light scattering (DLS) and scanning electron microscopy (SEM). 

Inclusion Complexes: 

β-Cyclodextrin inclusion complexes were formed by mixing the herbal bioactives with β-

cyclodextrin in an aqueous medium under constant stirring. The mixture was then lyophilized 

to obtain a stable complex, which was characterized using Fourier-transform infrared 

spectroscopy (FTIR) and X-ray diffraction (XRD) to confirm the formation of the inclusion 

complex. 

III. DISSOLUTION STUDIES 

A comprehensive set of in vitro dissolution studies was conducted to assess the performance 

of various formulations integrating natural polymers. Using a USP dissolution apparatus 

maintained at 37 °C to simulate physiological conditions, the release profiles of the herbal 
bioactives were monitored over time. Formulations prepared as solid dispersions, 

nanoparticles, and inclusion complexes were evaluated, with high-performance liquid 

chromatography (HPLC) employed to accurately quantify the concentration of the active 

compounds in the dissolution medium. The results revealed a significant enhancement in the 

dissolution rates of the polymer-based formulations compared to the pure herbal extracts. 

This improvement was largely attributed to the increased wettability, reduced particle size, 
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and amorphization of the bioactives, which collectively facilitated enhanced water 

penetration and solubilization. Additionally, the controlled release observed in these systems 

suggested that the choice of polymer not only affected the initial burst release but also 

sustained the release over an extended period. Overall, these studies underscore the critical 

role of natural polymers in optimizing the dissolution and bioavailability of poorly soluble 

herbal bioactives. 

IV. RESULTS AND DISCUSSION 

Table 1. Dissolution Profile of Herbal Bioactives in Various Formulations 

Bioactive Formulation 

Type 

Polymer 

Used 

% 

Dissolution 

at 30 min 

% 

Dissolution 

at 60 min 

Remarks 

Curcumin Pure – 20% 30% Poor dissolution 

Curcumin Solid 

Dispersion 

HPMC 65% 85% Improved 

wettability and 

amorphization 

Curcumin Nanoparticles Chitosan 75% 90% Highest 

enhancement; 

rapid release 

Curcumin Inclusion 

Complex 

β-

Cyclodextrin 

70% 88% Moderate 

improvement; 

reduced 

crystallinity 

Quercetin Pure – 25% 35% Poor dissolution 

Quercetin Solid 

Dispersion 

HPMC 60% 80% Significant 

improvement 

Quercetin Nanoparticles Chitosan 68% 85% Good 

enhancement; 

increased 

surface area 

Quercetin Inclusion 

Complex 

β-

Cyclodextrin 

65% 82% Moderate 

improvement 

Resveratrol Pure – 22% 32% Poor dissolution 
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Resveratrol Solid 

Dispersion 

HPMC 58% 78% Improved 

solubility 

Resveratrol Nanoparticles Chitosan 70% 88% Enhanced 

dissolution; high 

efficiency 

Resveratrol Inclusion 

Complex 

β-

Cyclodextrin 

66% 84% Moderate 

improvement 

 

These results underscore the critical role of natural polymers in overcoming the solubility 

challenges of herbal bioactives. The optimized formulations, particularly the nanoparticulate 

systems, not only demonstrated rapid initial release but also maintained a sustained release 

profile. This dual enhancement is vital for achieving consistent therapeutic levels and 

maximizing the bioavailability of these compounds. The observed improvements across 

different herbal bioactives confirm the broad applicability of these polymer-based strategies 

in the field of phytopharmaceuticals. 

The formulation innovations demonstrated a significant enhancement in the dissolution rates 

of all three herbal bioactives. Solid dispersions with HPMC resulted in an amorphous state of 

the bioactives, which contributed to improved wettability and rapid dissolution. Chitosan-

based nanoparticles provided a high surface area-to-volume ratio, thereby facilitating faster 

dissolution and enhanced bioavailability. In the case of β-cyclodextrin inclusion complexes, 

the encapsulation of the hydrophobic molecules led to a notable increase in aqueous 

solubility, as evidenced by the marked reduction in crystallinity observed in XRD patterns. 

Each formulation approach exhibited distinct advantages. The solid dispersion technique was 

simple and scalable, making it suitable for industrial applications. Nanoparticulate systems, 

while offering enhanced bioavailability, required careful optimization of particle size and 

surface charge to maintain stability. Inclusion complexation, on the other hand, provided the 

dual benefits of solubility enhancement and protection against chemical degradation, albeit 

with the necessity for rigorous control over complexation conditions. 

The improved dissolution profiles are attributed to the interactions between natural polymers 

and phytoconstituents. These interactions disrupt the crystalline lattice of the bioactives, 

facilitating a transition to an amorphous form that is more soluble in aqueous environments. 

Moreover, the hydrophilic nature of the polymers enhances water penetration and wettability, 

which further contributes to the dissolution process. 

The study underscores the potential of natural polymers as versatile tools for formulation 

innovations in herbal medicine. By strategically leveraging polymer-phytoconstituent 
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interactions, it is possible to develop more effective and patient-friendly herbal formulations 

that overcome the longstanding challenge of poor solubility. 

V. CONCLUSION 

The research highlights that innovative formulation strategies employing natural polymers 

can significantly boost the dissolution of herbal bioactives. Through techniques such as solid 

dispersions, nanoparticle fabrication, and inclusion complexation, the inherent limitations of 

poorly soluble plant-derived compounds can be effectively mitigated. These advancements 

not only enhance the therapeutic efficacy of herbal medicines but also pave the way for more 

sustainable and biocompatible drug delivery systems. Future work should focus on in vivo 

validation of these formulations and the exploration of additional natural polymers to further 

optimize herbal bioavailability. 
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