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ABSTRACT

Chlorhexidine belongs to the second generation of anti-plaque agents, which is widely used to prevent oral
infections and promote periodontal health. Chlorhexidine, a widely used antiseptic, kills microbes by disrupting
their cell membranes, causing leakage of cell contents. There are several properties of encapsulated chlorhexidine
gel, including its physical, chemical, and antimicrobial properties, as well as its high biocompatibility compared to
other forms of chlorhexidine. The encapsulation process can enhance the efficacy of chlorhexidine by protecting
it from degradation and ensuring a consistent release of the active ingredient. Encapsulated chlorhexidine gel is
a promising formulation that offers sustained release, improved stability, and targeted delivery of chlorhexidine.
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INTRODUCTION

Chlorhexidine, a second-generation antiplaque agent, has been widely used in dentistry for
its efficacy in preventing oral infections and promoting periodontal health.! Chlorhexidine
is considered a gold standard agent, but resistance to chlorhexidine has been reported against
periodontal pathogens by a few studies.*! The resistance has been reported in various forms
of chlorhexidine, such as mouthrinse, sprays, and gels.”! Recent advancements in drug delivery
systems have led to the development of encapsulated chlorhexidine gel to overcome the
disadvantages of routinely used chlorhexidine forms."

A chlorhexidine:beta-cyclodextrin (Chx:fCD) complex is a chlorhexidine encapsulated within
the hydrophobic cavity of beta-cyclodextrin. This innovative formulation has shown promising
results in reducing plaque and improving clinical parameters more effectively than routinely
used chlorhexidine forms." There are several advantages of encapsulated chlorhexidine over
other forms of routine chlorhexidine, such as enhanced stability, sustained release, improved
patient compliance, minimized risk of resistance, reduced toxicity, targeted delivery of agents,
and enhanced bioavailability of the active ingredient while reducing its side effects, such as taste
alteration and tissue damage."!

According to a study published in the Journal of Periodontology, encapsulated chlorhexidine gel
has demonstrated significant antimicrobial activity and clinical benefits in patients with chronic
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periodontitis.”® The encapsulation of chlorhexidine improves
the effectiveness and long-term antimicrobial activity when
compared to routine chlorhexidine.! Cx:3-Cd compounds
exhibited antimicrobial activity against periodontal virulent
pathogens than free Chlorhexidine in a long-term in
vitro study.”) A single administration of encapsulated
Chlorhexidine would result in the persistence of the drug in
the applied site for days, resulting in more efficient antiplaque
effects when compared with free chlorhexidine.”

This review article aims to provide an overview of the
encapsulated chlorhexidine gel, its mechanism of action,
advantages, disadvantages, and its potential applications in
the field of periodontology.

MECHANISM OF ACTION

Chlorhexidine, a widely used antiseptic, kills microbes
by disrupting their cell membranes, causing leakage of
cell contents. At low doses, it slows bacterial growth
(bacteriostatic), while at higher doses, it kills them outright
bactericidal.? It also induces oxidative stress inside the
bacterial cell, thus damaging the cell membrane.” The
mechanism of action of encapsulated chlorhexidine is
similar to that of regular chlorhexidine, with additional
benefits stated below. The mechanism by which encapsulated
chlorhexidine works is shown in Flowchart 1.

Encapsulated chlorhexidine gel advantages

The encapsulation of chlorhexidine in a gel formulation can
increase its antimicrobial spectrum, allowing it to target
a wider range of microorganisms, thus providing a more
effective antimicrobial effect along with several advantages of
sustained release,”* reduced toxicity,” enhanced stability,!
targeted delivery,"” improved patient compliance,'” and
minimized risk of infection.[”!

Sustained release

The encapsulation of chlorhexidine in a gel formulation allows
for a sustained release of the active ingredient, providing a
longer-lasting antimicrobial effect.”® The encapsulation
process can enhance the efficacy of chlorhexidine by
protecting it from degradation and ensuring a consistent
release of the active ingredient.” It can allow for a controlled
and sustained release of chlorhexidine, ensuring that it
remains active over a longer period of time in the applied site.
This can enhance its effectiveness in preventing infections.

Reduced toxicity

Encapsulation may help reduce the local toxicity associated
with chlorhexidine. By controlling the concentration
that is released, it minimizes potential adverse effects on

Flowchart 1: Mechanism of action of encapsulated chlorhexidine.

surrounding tissues. The controlled release of chlorhexidine
from the gel formulation can reduce its toxicity, minimizing
the risk of adverse effects such as oral mucositis, altered taste
sensation, and tooth staining.”

Enhanced stability

Encapsulation can improve the stability of chlorhexidine,
protecting it from degradation due to environmental factors,
such as light, temperature, and moisture. The encapsulation
process can improve the stability of chlorhexidine, protecting
it from degradation caused by factors such as light,
temperature, and pH.®

Targeted delivery

The encapsulated form can be designed to target specific
tissues or areas, making it more effective in localized
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applications, such as in periodontal treatments or wound
care. The encapsulation of chlorhexidine in a gel formulation
can allow for targeted delivery of the active ingredient to
specific areas of the mouth, such as periodontal pockets.!'”
The encapsulation of chlorhexidine in a gel formulation can
enhance its bioavailability, allowing it to penetrate deeper into
the oral tissues and providing a more effective antimicrobial
effect.l!”

Improved patient compliance

The use of a gel formulation can make it easier for patients
to apply the chlorhexidine, improving compliance with
treatment.”’ Formulations that provide prolonged action
or ease of use could lead to improved compliance among
patients, as less frequent application may be required. The
use of a gel formulation can improve patient acceptance
of chlorhexidine treatment, as it can be less irritating and
more comfortable to use than traditional chlorhexidine
mouthwashes.!!"

Minimized risk of resistance

Sustained and controlled release can help minimize the risk of
microbial resistance by maintaining effective concentrations
over time, rather than fluctuating levels seen with standard
applications.%

Encapsulated chlorhexidine gel disadvantages

Encapsulated chlorhexidine gel can be more expensive
than traditional chlorhexidine mouthwashes, making it less
accessible to some patients.® If the gel is not used correctly,
there is a risk of overdose, which can lead to adverse effects
such as nausea, vomiting, and diarrhoea. Encapsulated
chlorhexidine gel may require special storage and handling
procedures to maintain its stability and efficacy, which can be
inconvenient for some patients."

METHOD OF USE
Professional application

The dental professional will assess the patient’s oral health
and prepare the area for treatment.’! The encapsulated
chlorhexidine gel is applied to the affected area using a syringe
or a specialized applicator.! The gel is applied directly into
the periodontal pocket, if necessary, in subgingival scaling.”!

Home use

Brush and floss teeth as usual before applying the gel.”!
Apply a small amount (usually 0.5-1.0 mL) of encapsulated
chlorhexidine gel to the affected area using a brush or a
swab.?l Leave the gel in place for the recommended time

(usually 30 min to 1 h).' Rinse mouth thoroughly with water
to remove any remaining gel.”)

OTHER APPLICATIONS

Wound care: Encapsulated chlorhexidine gel can be used to
prevent and treat wound infections.

Skin care: Encapsulated chlorhexidine gel can be used in skin
care products to prevent and treat various skin infections and
conditions, including acne.”

PROPERTIES OF ENCAPSULATED
CHLORHEXIDINE GEL

Physical and chemical properties

The encapsulation of chlorhexidine allows for a sustained
release of the antimicrobial agent, providing longer-lasting
protection against microbial growth.! The encapsulating
material can improve the stability of chlorhexidine, protecting
it from degradation caused by environmental factors such as
light, temperature, and pH.['>"*! Encapsulated chlorhexidine
gel can be designed to target-specific areas or tissues,
increasing the effectiveness of the antimicrobial agent.['>'!

Antimicrobial properties

Encapsulated chlorhexidine gel has been used to prevent and
treat oral diseases such as plaque, gingivitis, and periodontitis
due to its broad-spectrum antimicrobial activity similar to
chlorhexidine.!'>"!

Biocompatibility and safety

The encapsulating material used to encapsulate chlorhexidine
gel is typically biocompatible and non-toxic.'"? The
encapsulation of chlorhexidine gel can minimize side effects
such as irritation, staining, and allergic reactions.!'”

Evidence-based studies

Franca et al. in 2025, did a study to evaluate the effects of
a slow-delivery Cx:B-Cd gel compared with those of free
chlorhexidine formulations in patients undergoing fixed
orthodontic treatment and concluded that Cx:3-Cd gel is
effective for the slow delivery of Cx, improving the gingival
health.®!

CONCLUSION

Encapsulated chlorhexidine gel is a promising formulation
that offers sustained release, improved stability, and
targeted delivery of chlorhexidine. Its broad-spectrum
antimicrobial activity makes it effective against various oral
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pathogens, reducing plaque, gingivitis, and periodontitis. The
encapsulation of chlorhexidine gel enhances its bioavailability,
reduces side effects, and improves patient compliance. Its
applications extend beyond oral care to wound care and skin
care, providing a versatile solution for various healthcare
needs. Overall, encapsulated chlorhexidine gel is a valuable
innovation in the field of antimicrobial therapy, offering
improved efficacy, safety, and convenience for patients.
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