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ABSTRACT 

The development of Mucoadhesive vaginal gels using β-cyclodextrin represents a significant 

advancement in drug delivery systems. This research focuses on formulating a vaginal gel with 

enhanced adhesion properties and sustained drug release, leveraging the unique capabilities 

of β-cyclodextrin. The study includes the formulation process, characterization of the gel, and 

an analysis of its mucoadhesive properties and drug release kinetics. The findings indicate that 

β-cyclodextrin is a promising component in the development of effective vaginal drug delivery 

systems. 

Keywords: Mucoadhesive Gels, Vaginal Drug Delivery, β-Cyclodextrin, Drug-Polymer 

Interactions, Controlled Release. 

I. INTRODUCTION 

Vaginal drug delivery has garnered 

significant interest in recent years due to its 

potential advantages over other routes of 

administration. The vaginal route offers 

several benefits, including a large surface 

area, rich blood supply, avoidance of first-

pass metabolism, and a relatively low 

enzymatic activity compared to the 

gastrointestinal tract. These attributes make 

it an attractive option for localized 

treatment of various conditions, such as 

infections, inflammation, and hormonal 

imbalances, as well as for systemic delivery 

of certain drugs. Among the various 

formulations designed for vaginal delivery, 

mucoadhesive gels have emerged as a 

particularly promising approach due to 

their ability to adhere to the mucosal 

surface, thereby prolonging the residence 

time of the drug at the site of action and 

enhancing drug absorption. 

The development of mucoadhesive vaginal 

gels involves the use of polymers that can 

adhere to the mucosal tissues. These 

polymers interact with the mucin layer 

covering the vaginal epithelium, allowing 

the formulation to remain in place for 

extended periods. This not only enhances 

the local effect of the drug but also reduces 

the frequency of administration, thereby 

improving patient compliance. Commonly 

used mucoadhesive polymers include 

Carbopol, hydroxypropyl methylcellulose 

(HPMC), and hydroxyethyl cellulose 

(HEC). These polymers can form 

hydrogels, which are ideal for incorporating 

various drugs and ensuring their controlled 

release. 
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β-Cyclodextrin (β-CD) has gained attention 

in pharmaceutical formulations due to its 

unique molecular structure and ability to 

form inclusion complexes with a wide 

range of drug molecules. β-Cyclodextrin is 

a cyclic oligosaccharide composed of seven 

glucose units, creating a hydrophobic 

central cavity and a hydrophilic outer 

surface. This structure allows β-CD to 

encapsulate hydrophobic drug molecules 

within its cavity, enhancing their solubility, 

stability, and bioavailability. The inclusion 

complexes formed between β-CD and drug 

molecules can protect the drug from 

degradation, improve its dissolution rate, 

and facilitate its controlled release. 

In the context of vaginal drug delivery, the 

use of β-cyclodextrin presents several 

advantages. Firstly, the formation of 

inclusion complexes with β-CD can 

enhance the solubility of poorly water-

soluble drugs, which is particularly 

beneficial for drugs intended for vaginal 

administration. Enhanced solubility 

ensures that the drug is readily available in 

the vaginal fluid, leading to better 

absorption and therapeutic effect. 

Secondly, β-CD can improve the stability 

of the drug by protecting it from 

environmental factors such as light, heat, 

and moisture. This is especially important 

for drugs that are sensitive to such 

conditions. Lastly, the ability of β-CD to 

form inclusion complexes allows for the 

controlled release of the drug, ensuring a 

sustained therapeutic effect over an 

extended period. 

The objective of this research is to develop 

and characterize a mucoadhesive vaginal 

gel formulation incorporating β-

cyclodextrin as a key component. The 

formulation process involves the 

preparation of a β-CD-drug inclusion 

complex, which is then incorporated into a 

gel matrix composed of mucoadhesive 

polymers. The gel is designed to provide 

sustained release of the drug, enhance its 

solubility and stability, and improve its 

adhesion to the vaginal mucosa. 

The development process begins with the 

selection of a suitable drug for 

incorporation into the gel. For this study, 

miconazole nitrate, an antifungal agent 

commonly used for the treatment of vaginal 

candidiasis, was chosen as the model drug. 

Miconazole nitrate is known for its poor 

water solubility, making it an ideal 

candidate for complexation with β-

cyclodextrin. The inclusion complex is 

prepared using the kneading method, which 

involves mixing the drug and β-CD in a 

specific molar ratio, followed by drying and 

pulverizing the mixture to obtain a fine 

powder. 

The prepared inclusion complex is then 

incorporated into a gel matrix composed of 

Carbopol 934P and HEC. Carbopol is 

chosen for its excellent mucoadhesive 

properties and ability to form clear gels, 

while HEC is included to improve the 

viscosity and consistency of the gel. The gel 

is prepared by dispersing the polymers in 

distilled water and allowing them to 

hydrate. Propylene glycol is added as a 

plasticizer to enhance the spreadability and 

ease of application of the gel. The β-CD-

drug complex is then incorporated into the 

gel matrix, and the pH is adjusted to the 

vaginal pH range (4.5-5.0) using 

triethanolamine. 
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II. CHARACTERIZATION OF 

THE GEL 

Physical Appearance and pH 

1. Physical Appearance: 

o The gel's clarity, color, and 

homogeneity are visually 

inspected. 

o The ideal gel should be 

clear, free of air bubbles, 

and uniformly mixed 

without any phase 

separation or particulate 

matter. 

o The consistency and 

spreadability are also noted 

to ensure ease of 

application. 

2. pH Measurement: 

o The pH of the gel is 

measured using a calibrated 

pH meter. 

o It is crucial that the pH of 

the gel falls within the 

normal vaginal pH range 

(4.5-5.0) to prevent 

irritation or discomfort upon 

application. 

o Proper pH adjustment 

ensures the gel is compatible 

with the vaginal 

environment and maintains 

the stability of both the gel 

and the drug. 

Viscosity Measurement 

1. Instrument: 

o A Brookfield viscometer is 

used to measure the 

viscosity of the gel. 

o The measurement is 

performed at room 

temperature using a suitable 

spindle and speed. 

2. Viscosity Range: 

o The gel should possess an 

optimal viscosity that allows 

it to be easily applied while 

maintaining adequate 

adhesion to the vaginal 

mucosa. 

o An ideal viscosity ensures 

that the gel remains in place, 

providing a sustained 

release of the drug without 

being too runny or too thick. 

Drug Content Analysis 

1. Uniform Distribution: 

o The drug content in the gel 

is quantified using UV-

visible spectroscopy at a 

specific wavelength 

corresponding to the drug. 

o Samples are taken from 

different parts of the gel to 

ensure uniform distribution 

of the drug throughout the 

formulation. 
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o Consistent drug content 

across samples confirms the 

homogeneity of the gel. 

2. Expected Values: 

o The actual drug content is 

compared with the 

theoretical amount to 

determine the efficiency of 

the drug incorporation 

process. 

o This analysis ensures that 

each dose of the gel delivers 

the intended amount of 

drug. 

Mucoadhesive Strength 

1. Method: 

o Mucoadhesive strength is 

evaluated using a modified 

balance method. 

o Freshly excised porcine 

vaginal mucosa is used as 

the model membrane to 

simulate human vaginal 

conditions. 

2. Procedure: 

o A sample of the gel is 

applied to the mucosa, and 

the force required to detach 

the gel from the mucosal 

surface is measured. 

o Higher mucoadhesive 

strength indicates better 

adhesion, which is crucial 

for prolonged retention and 

effectiveness of the drug. 

III. PHYSICAL APPEARANCE 

AND PH 

Physical Appearance 

1. Clarity: 

o The gel should be clear or 

slightly translucent, free of 

any cloudiness or opacity. 

This clarity indicates the 

absence of undissolved 

particles and the proper 

dispersion of all ingredients. 

2. Color: 

o The color of the gel should 

be consistent and uniform 

throughout the formulation. 

It should not show any signs 

of discoloration, which 

could indicate degradation 

of the drug or other 

components. 

3. Homogeneity: 

o The gel must be 

homogeneous, meaning that 

it should have a consistent 

texture without any lumps, 

phase separation, or visible 

particles. A homogeneous 

gel ensures uniform 

distribution of the drug and 

other excipients, leading to 

consistent dosing and 

performance. 
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4. Consistency and Spreadability: 

o The gel's consistency should 

be such that it can be easily 

applied and spread over the 

vaginal mucosa. It should 

neither be too runny, which 

could lead to leakage, nor 

too thick, which could make 

application difficult. Ideal 

consistency contributes to 

better patient compliance 

and effective drug delivery. 

5. Absence of Air Bubbles: 

o The gel should be free of air 

bubbles, which can affect 

the uniformity and efficacy 

of the formulation. Air 

bubbles might also impact 

the gel's stability and patient 

acceptance. 

Ensuring the appropriate physical 

appearance and pH of the mucoadhesive 

vaginal gel is crucial for its effectiveness 

and patient acceptability. A clear, 

homogeneous gel with suitable consistency 

and a pH within the vaginal range 

guarantees that the formulation is both user-

friendly and effective in delivering the 

drug. Regular monitoring and adjustment of 

these parameters during the formulation 

process help in maintaining the quality and 

performance of the vaginal gel. 

IV. CONCLUSION 

The development of a mucoadhesive 

vaginal gel using β-cyclodextrin has shown 

promising results in terms of physical 

properties, drug content uniformity, 

mucoadhesive strength, and drug release 

profile. This innovative formulation 

approach holds potential for enhancing 

vaginal drug delivery, offering a viable 

solution for localized treatment with 

improved therapeutic outcomes. 
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