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Abstract—Ursolic acid (UA), a naturally occurring 

pentacyclic triterpenoid widely found in medicinal 

plants, has gained significant attention due to its diverse 

pharmacological activities, including anti-inflammatory, 

anticancer, antidiabetic, and antimicrobial effects. 

Despite its promising therapeutic potential, the clinical 

application of UA is significantly limited by its poor 

aqueous solubility, low permeability, and consequently 

reduced oral bioavailability. These biopharmaceutical 

challenges necessitate the development of advanced drug 

delivery strategies to enhance its efficacy. 

Polymer-based controlled release systems have emerged 

as a promising approach to overcome these limitations. 

Various natural, semi-synthetic, and synthetic polymers 

such as chitosan, alginate, hydroxypropyl 

methylcellulose (HPMC), and Eudragit have been 

extensively investigated for their ability to modulate 

drug release, improve solubility, and enhance the 

stability of UA. These systems, including matrix tablets, 

nanoparticles, hydrogels, and lipid-polymer hybrid 

carriers, enable sustained drug release, maintain 

therapeutic plasma concentrations, and improve patient 

compliance. Recent advancements in polymer science, 

including the development of smart and stimuli-

responsive polymers, have further improved the 

efficiency of UA delivery systems. This review 

comprehensively discusses the formulation strategies, 

mechanisms of controlled release, and evaluation 

parameters of polymer-based UA delivery systems. 

Additionally, it highlights recent research trends and 

technological innovations aimed at enhancing 

bioavailability and therapeutic outcomes. 

In conclusion, polymer-based controlled release systems 

represent a promising platform for improving the 

clinical potential of ursolic acid, with future research 

focusing on advanced nanocarriers, large-scale 

production, and clinical translation. 

 

Index Terms—Ursolic acid, controlled release, polymers, 

bioavailability, sustained release, drug delivery 

 

I. INTRODUCTION 

 

Herbal and phytopharmaceutical compounds have 

received a lot of attention due to their wide range of 

therapeutic benefits and natural origin; however, their 

clinical use is frequently hampered by issues like poor 

aqueous solubility, low permeability, rapid 

metabolism, and variable bioavailability.[1] These 

restrictions have a substantial impact on their 

therapeutic effectiveness when given in traditional 

dosage forms.[2] By preserving constant medication 

levels in the systemic circulation, lowering dose 

frequency, and enhancing patient compliance, 

controlled release drug delivery systems have become 

a successful tactic to get around these problems.[3]  A 

pentacyclic triterpenoid found in many medicinal 

plants, ursolic acid (UA) has several pharmacological 

properties, such as anti-inflammatory, anticancer, 

antidiabetic, and antibacterial actions.[4] UA's poor 

solubility and limited oral bioavailability when 

prepared using conventional methods impede its 

therapeutic utilization, despite its intriguing 

potential.[5] As a result, there is an increasing demand 

for sophisticated formulation techniques, especially 

polymer-based controlled release systems that can 

improve solubility, shield the medication from 

deterioration, and offer prolonged drug release.[6] 

With an emphasis on formulation techniques, 

controlled release mechanisms, and methods to 

enhance ursolic acid's bioavailability and therapeutic 

efficacy, the current study attempts to thoroughly 

address recent developments in polymer-based 

delivery systems for the drug.[7] 
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II. URSOLIC ACID: A PHARMACOLOGICAL 

OVERVIEW 

 

Apple peels, basil, rosemary, and Ocimum sanctum 

are just a few of the medicinal plants and herbs that 

contain ursolic acid (UA), a naturally occurring 

pentacyclic triterpenoid.[8] Its poor water solubility is 

partly due to its hydrophobic structure, which makes it 

a member of the class of triterpenoids.[9] UA is a 

viable candidate for therapeutic uses because of its 

wide range of pharmacological properties, which 

include anti-inflammatory, anticancer, antidiabetic, 

and antibacterial effects.[10] However, a number of 

biopharmaceutical issues, including poor water 

solubility, low intestinal permeability, and substantial 

first-pass metabolism, which together result in low 

oral bioavailability, limit its therapeutic relevance.[11] 

These drawbacks underscore the necessity of 

sophisticated drug delivery strategies, especially 

polymer-based controlled release systems, to improve 

the medication's solubility, stability, and overall 

therapeutic efficacy.[12] 

 

Fig.1: Structure of Ursolic acid [13] 

III. CONTROLLED RELEASE DRUG DELIVERY 

SYSTEMS 

 

In order to get the best possible clinical results, 

controlled release drug delivery systems are made to 

distribute therapeutic substances at a predefined rate, 

duration, and location.[13] These systems work on the 

basis of basic mechanisms like diffusion, in which the 

drug gradually moves through a polymer matrix; 

erosion, in which the polymer gradually deteriorates; 

and swelling, in which the polymer expands when it 

comes into contact with biological fluids, allowing for 

controlled drug release.[14] For substances like ursolic 

acid, which need prolonged exposure to retain 

therapeutic potency, these methods are especially 

beneficial.[15] 

 

Reduced dose frequency, increased patient 

compliance, and the maintenance of steady plasma 

drug concentrations—all of which lessen side effects 

and improve treatment efficacy—are just a few 

benefits of controlled release systems.[16] Osmotic 

systems, which use osmotic pressure to control drug 

release, reservoir systems, which have a core drug 

encased in a polymeric membrane, and matrix 

systems, where the drug is evenly distributed within 

the polymer, are some of the different kinds of 

controlled release systems that have been 

developed.[17] These systems are very important for 

increasing the bioavailability of poorly soluble 

medications like ursolic acid and are essential for 

overcoming the drawbacks of traditional dosing 

forms.[18] 
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Fig.2: Drug-release kinetic studies (A) Zero order drug release kinetics, (B) First order drug release kinetics, (C) 

Higuchi model drug release kinetics, (D)Korsemyer peppas model drug release kinetics. [19] 

 

IV. ROLE OF POLYMERS IN CONTROLLED 

RELEASE 

 

By controlling the rate and pattern of medication 

release, polymers improve therapeutic efficacy and 

play a critical role in controlled release drug delivery 

systems.[20] They can be broadly divided into three 

categories: semi-synthetic polymers, which offer 

unique physicochemical features appropriate for 

formulation design, synthetic polymers, such as 

hydroxypropyl methylcellulose (HPMC) and 

Eudragit, and natural polymers, such as chitosan and 

alginate.[21] Diffusion-controlled release, in which 

the drug moves through the polymer matrix; swelling-

controlled release, in which the polymer expands upon 

hydration; and erosion-controlled release, in which the 

polymer gradually deteriorates, are some of the 

mechanisms that cause drug release from polymeric 

systems.[22] 

The choice of a suitable polymer is crucial and is 

influenced by variables like stability, biocompatibility, 

and the type of drug–polymer interactions, all of which  

 

have an impact on the formulation's overall 

performance and release profile.[23] Polymer-based 

systems are especially crucial for improving ursolic 

acid's solubility, preventing its degradation, and 

achieving regulated and prolonged drug release.[24] 

 

V. POLYMER-BASED DELIVERY SYSTEMS 

FOR URSOLIC ACID 

 

By increasing ursolic acid's solubility, stability, and 

bioavailability, polymer-based delivery methods have 

demonstrated a great deal of promise in boosting the 

drug's therapeutic efficacy. [25] Among these, matrix 

tablets—which offer benefits like ease of formulation 

and prolonged drug release—are frequently used.[26] 

Ursolic acid is evenly distributed within a polymer 

matrix utilizing methods including direct compression 

and wet granulation.[27] Furthermore, systems based 

on nanoparticles, such as polymeric nanoparticles and 

nanomicelles, offer better drug solubilization, 

increased cellular absorption, and tailored 

delivery.[28] 
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Another interesting strategy is the use of hydrogels, 

which act as regulated swelling systems that control 

drug release by hydrating and expanding the polymer 

network.[29] Moreover, lipid–polymer hybrid systems 

combine the advantages of polymer matrix and lipid 

carriers, resulting in longer release profiles, better drug 

encapsulation, and increased permeability.[30] All of 

these cutting-edge polymer-based solutions work 

together to overcome ursolic acid's intrinsic 

drawbacks and greatly increase its therapeutic 

efficacy.[31] 

 

 
Fig.3: Lipid-polymer hybrid nanoparticles.[32] 

 

VI. EVALUATION PARAMETERS 

 

To guarantee quality, efficacy, and performance, 

extensive pre formulation, post-formulation, and 

stability investigations are required for the evaluation 

of polymer-based controlled release systems for 

ursolic acid. Using analytical methods like Fourier 

Transform Infrared Spectroscopy (FTIR) and 

Differential Scanning Calorimetry (DSC), which aid 

in identifying potential drug–polymer interactions, 

preformulation studies mainly evaluate the solubility 

properties of ursolic acid and its compatibility with 

particular polymers.[33] 

In order to guarantee the mechanical strength of 

tablets, post-formulation evaluation involves 

measuring physical characteristics like hardness and 

friability as well as the consistency of medication 

content for precise dosage.[34] To ascertain the 

dissolution profile and comprehend the release 

behavior of the formulation, in-vitro drug release 

studies are essential. The mechanism of drug release is 

then further examined utilizing kinetic models like 

zero-order, first-order, Higuchi, and Korsmeyer-

Peppas.[35] Furthermore, stability tests carried out in 

different environmental settings assess the 

formulation's long-term chemical and physical 

stability.[36]  In order to optimize polymer-based 

delivery systems and provide a steady, regulated 

release of ursolic acid with improved bioavailability 

and therapeutic efficacy, certain evaluation parameters 

are crucial.[37] 

 

VII. BIOAVAILABILITY ENHANCEMENT 

APPROACHES 

 

Given ursolic acid's poor aqueous solubility and 

limited absorption, increasing its bioavailability is a 

crucial goal in the development of efficient drug 

delivery methods.[38] To overcome these obstacles, a 

number of strategies have been investigated; among 

these, polymer modification is crucial for enhancing 

drug solubility, stability, and controlled release 

behavior. Better absorption is made possible by the 

addition of surfactants, which also help to improve 

wettability and dissolution rate.[39] 

Ursolic acid is disseminated into a hydrophilic 

polymer matrix using solid dispersion techniques, 

which are also frequently used to enhance the 

solubility and dissolution characteristics of the 

compound.[40] Furthermore, nanoparticles, 

nanoemulsions, and nanomicelles are examples of 

nano-based delivery methods that greatly increase 

surface area, facilitate effective drug transport, and 

improve permeability across biological 

membranes.[41] These tactics, either separately or in 

combination, help ursolic acid overcome its 

biopharmaceutical constraints and are essential for 

improving its overall bioavailability and therapeutic 

efficacy.[42] 

 

VIII. THERAPEUTIC APPLICATIONS OF UA 

CONTROLLED RELEASE SYSTEMS 

 

Given ursolic acid's poor aqueous solubility and 

limited absorption, increasing its bioavailability is a 

crucial goal in the development of efficient drug 

delivery methods.[43] To overcome these obstacles, a 

number of strategies have been investigated; among 

these, polymer modification is crucial for enhancing 

drug solubility, stability, and controlled release 

behavior. Better absorption is made possible by the 

addition of surfactants, which also help to improve 
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wettability and dissolution rate.[44] Ursolic acid is 

disseminated into a hydrophilic polymer matrix using 

solid dispersion techniques, which are also frequently 

used to enhance the solubility and dissolution 

characteristics of the compound.[45] 

Furthermore, nanoparticles, nanoemulsions, and 

nanomicelles are examples of nano-based delivery 

methods that greatly increase surface area, facilitate 

effective drug transport, and improve permeability 

across biological membranes.[46] These tactics, either 

separately or in combination, help ursolic acid 

overcome its biopharmaceutical constraints and are 

essential for improving its overall bioavailability and 

therapeutic efficacy.[47] 

 

IX. CHALLENGES AND LIMITATIONS 

 

Polymer-based controlled release methods for ursolic 

acid have made great strides, but a number of obstacles 

and restrictions prevent their broad use and 

commercialization.[48] The scale-up of laboratory-

developed formulations to industrial manufacturing is 

one of the main issues because it can be challenging to 

maintain consistency in drug release patterns and 

product quality.[49] The intricacy of polymer-based 

systems and the requirement for substantial safety, 

efficacy, and quality data to satisfy approval standards 

make regulatory concerns another major obstacle.[50] 

As ursolic acid formulations may be vulnerable to 

physical and chemical deterioration over time, 

particularly under changing environmental 

circumstances, stability issues continue to be a 

significant difficulty.[51] 

 

X. FUTURE PERSPECTIVES 

 

With new developments aimed at improving 

therapeutic precision and practical application, the 

future of polymer-based controlled release systems for 

ursolic acid is bright.[52] It is anticipated that the use 

of personalized medicine techniques will allow for 

customized medication delivery systems depending on 

the requirements of each patient, enhancing treatment 

results and reducing adverse effects.[53] The 

bioavailability and site-specific effect of ursolic acid 

can be further improved by the creation of 

sophisticated nanocarriers, such as stimuli-responsive 

and targeted delivery systems, made possible by 

advances in nanotechnology.[54] 

Moreover, efforts toward clinical translation are 

gaining momentum, with increasing emphasis on 

bridging the gap between laboratory research and 

large-scale production, supported by rigorous clinical 

studies and regulatory advancements.[55] Through 

creative polymer-based delivery methods, these future 

paths have enormous potential to make ursolic acid a 

more potent and extensively utilized medicinal 

drug.[56] 

 

XI. CONCLUSION 

 

In conclusion, because of its wide range of 

pharmacological activity, ursolic acid has 

considerable therapeutic potential; nevertheless, its 

low bioavailability and poor solubility limit its clinical 

utility.[57] This review emphasizes that by enhancing 

drug solubility, stability, and sustained release 

patterns, polymer-based controlled release systems 

provide an efficient way to get around these 

problems.[58] Ursolic acid's bioavailability and 

therapeutic efficacy have been shown to be improved 

by a number of strategies, including matrix systems, 

hydrogels, nanoparticles, and hybrid 

formulations.[59] 

Using the right polymers is essential for controlling 

drug release and guaranteeing the formulation's 

constant performance.[60] All things considered, 

polymer-based delivery methods are a significant 

development in phytopharmaceutical research, and 

they have a great chance of successfully translating 

ursolic acid into useful therapeutic formulations with 

further development and clinical validation.[61] 
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