
Acta Scientific Pharmaceutical Sciences (ISSN: 2581-5423)

     Volume 8 Issue 6 June 2024

Advances in Topical Drug Delivery System for the Impressive Management of Fungal Bugs

Abhay Pratap, Anupriya Kapoor, Ajay Kumar, Manisha Trivedi and 
Shashi Kiran Misra*
School of Pharmaceutical Sciences, CSJM University, Kanpur, India

*Corresponding Author: Shashi Kiran Misra, Director, School of Pharmaceutical 
Sciences, CSJM University, Kanpur, India.

Review Article

Received: April 22, 2024

Published: May 07, 2024
© All rights are reserved by Shashi Kiran 
Misra.

Introduction

Abstract
   Drug delivery systems show how a medicinal substance is delivered to the intended location to provide a therapeutic effect. These 
days, fungi are responsible for an increasing number of ailments all over the world. Four types of infections may be distinguished: 
cutaneous mycosis, subcutaneous mycosis, superficial mycosis, and systemic mycosis. It is believed by researchers that treating 
these mycoses with only currently known antifungal agents would not be enough. A novel antifungal medication that acts on the 
target locations must go through a protracted research process, several animal and human clinical tests and trials, development, and 
regulatory approval before it can be introduced to the market. It is time-consuming, expensive, and likely to fail. As a result, changes 
to the current medication delivery system have always been considered and are being sought in novel ways. Novel developments in 
antifungal drug delivery systems have been created and managed to overcome the problems of dissolution, stability, bioavailability, 
safety, and efficacy existing in conventional formulations and procedures by applying the understanding of pharmacodynamics and 
pharmacokinetic principles. The four main categories of advancements in the delivery of antifungal medications include vesicular 
systems, Nano particulate-based structures, colloidal carriers, and various drug delivery systems. Amphotericin B and other azole 
types are examples of well-established therapeutic drugs for antifungal therapy that may be designed into many different carriers 
and delivery systems that are tailored to the patient's sickness level and the affected area. New avenues for reducing therapeutic side 
effects have been made possible by innovative antifungal drug delivery methods. 
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It is promising to break down the skin penetration barrier and 
increase the effectiveness of antifungal medications for treating 
topical fungal infections. Improvements in medication delivery 
technologies have revolutionized the management of transder-
mal fungal infections by increasing patient safety and efficacy. 
New drug delivery methods are essential for effectively manag-
ing topical fungal infections Emerging drug delivery systems pro-
vide promising ways to effectively treat topical fungal infections 
If necessary, use the following resources Current fungal infection 
management with novel drug delivery methods has become attrac-
tive to improve the safety and efficacy of antifungal drugs for the 

management of bacterial infections on the skin, innovative drug de-
livery strategies have been invented. Recent developments in drug 
delivery methods have shown themselves to be a promising meth-
od of managing contemporary fungal infections new drug delivery 
systems improve solubility, stability, bioavailability, and safety, and 
help treat topical fungal infections effectively [1].

Novel drug delivery systems overviews
Antifungal drug delivery advances fall into four primary catego-

ries: vesicular systems, colloidal carriers, Nano particulate-based 
systems, and alternative drug delivery techniques. These develop-
ments in the delivery of drugs have addressed the drawbacks of 
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conventional antifungal drug compositions and delivery methods. 
Novel medication delivery methods for the management of cutane-
ous fungal infections. These methods such as vesicular, Nano par-
ticulate-based, colloidal carriers, and various others have greatly 
enhanced the delivery of antifungal drugs. The contaminated re-
gion is the goal of these innovative medication delivery systems, 
which adjust therapy based on the infection’s severity. New drug 
delivery systems have opened a new chapter in reducing drug 
adverse effects and improving therapeutic outcomes for topical 
fungal infections for the management of topical fungal infections, 
Drug delivery for antifungals has been transformed by novel tech-
nologies such as vesicular, Nano particulate-based, colloidal carri-
ers, and various systems [1].

Nanotechnology in drug delivery systems for topical fungal 
infection

When it comes to managing topical fungal infections, nanotech-
nology has become a powerful tool. which makes use of nanopar-
ticles and nanostructured carriers. Antifungal medication can also 
be delivered with targeted administration, prolonged release, and 
increased bioavailability and solubility thanks to nanotechnology. 
The management of topical fungal infections has been revolution-
ized by the creation of new methods for delivering medications 
using nanotechnology, including vascular structures, Nano-par-
ticulate-based systems, particle transporters, and other miscella-
neous systems. These systems have overcome constraints that ac-
company conventional drug delivery systems and can improve the 
drug’s absorption and retention in the affected area. Lipid-based 
Nanocarriers, such as liposomes and nanostructured matter lipid 
carriers, can be modified to include antifungal medications to en-
hance their penetration and retention in the impacted region [1]. 

Advancements in topical antifungal treatments
Recent advancements in topical antifungal treatments have fo-

cused on enhancing drug delivery systems so that they are more 
effective and less harmful by enhancing drug penetration and re-
tention, increasing bioavailability, reducing toxicity, and allowing 
targeted delivery to the site of infection, Innovative drug delivery 
approaches, such as vesicular, Nano particulate-based, colloidal 
carriers, and other systems, have completely transformed the sec-
tor. These developments offer a potential approach to treating cu-
taneous fungal infections and have significantly improved therapy 
results for these illnesses. Antifungal drugs may be safer and more 
successful in treating fungal infections of the skin if they are de-

livered by cutting-edge drug delivery techniques such as vesicular, 
colloidal, nanoparticle-based, and other types of drug delivery sys-
tems. These methods employ nanotechnology to enhance medica-
tion delivery, hence facilitating greater penetration and retention 
of antifungal drugs at the intended spot. Using nanotechnology for 
drug delivery techniques, it may be possible to build mucous ad-
hesive systems and deliver peptides to treat symptoms of oral and 
vaginal candidiasis [2].

Understanding topical fungal infections
Effective treatment strategies require an understanding of topi-

cal fungal infections. Surface mycosis, skin mycosis, subcutaneous 
mycosis, and systemic mycosis are a global problem that has a sig-
nificant impact on public health। Topical fungal infection manage-
ment with novel drug delivery systems has become a promising 
way to overcome conventional methods. These advancements have 
dramatically improved the therapeutic outcomes for topical fungal 
infections and provide a promising way to manage these condi-
tions. To overcome the limitations of conventional medication ad-
ministration methods, new drug delivery strategies have emerged 
as a potential therapeutic option for fungal infections of the skin. 
Numerous drug delivery strategies have shown great promise in 
improving the efficacy and safety of antifungal drugs. These tech-
nologies include vesicular, micro particulate-based, dispersion car-
riers, and other systems. By improving drug delivery through the 
use of nanotechnology, these devices enable better penetration and 
retention of antifungal medications at the target site [3]. 

Challenges in treating topical fungal infections
Treating fungal infections on the skin presents several difficul-

ties. Among these difficulties are low medication absorption and 
retention, restricted bioavailability, hypersensitivity events linked 
to the medicine, and generally declining effectiveness of traditional 
administration methods such as gels, creams, and lotions. Novel 
drug delivery techniques have been developed to address these is-
sues. The shortcomings of conventional delivery methods may be 
addressed by these state-of-the-art drug transport technologies, 
including lipid-based Nanocarriers. The greater efficacy of treating 
topical fungal infections can be attributed to the improved medica-
tion penetration and retention of these lipid-based Nanocarriers. 
The advantage of tailored medication administration to the af-
fected area is another benefit of innovative drug delivery systems, 
which maximizes therapeutic effect while reducing the possibility 
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of systemic side effects. Because these cutting-edge drug delivery 
technologies solve the problems of antifungal medication solubil-
ity, stability, bioavailability, safety, and efficacy, they have com-
pletely changed the treatment of topical fungal infections [4].

The promise of nanoparticle-based drug delivery systems
Topical fungal infections may benefit greatly from the use of 

nanoparticle-based drug delivery systems, one of the many inno-
vative drug delivery system types that have shown a lot of prom-
ise. These methods use tiny particles, including solid nanoparticles 
of lipid and nanostructured lipid carriers, to package and deliver 
antifungal drugs to the intended area [5]. Drug delivery methods 
based on nanoparticles have many benefits due to their use of 
nanotechnology. Better medication solubility, better stability, ex-
tended drug release, and greater drug penetration and retention at 
the injection site are some of these benefits. Furthermore, antifun-
gal medications’ bioavailability can be increased by nanoparticle-
based drug delivery systems, lowering dosage requirements and 
lowering the possibility of toxicity. Moreover, problems with drug 
resistance that may occur with traditional formulations can also be 
resolved by these systems. Overall, by overcoming the drawbacks 
of traditional delivery techniques and enhancing the effectiveness 
and safety of antifungal medications, the management of cutane-
ous fungal infections has been completely transformed by the cre-
ation and use of innovative drug delivery methods, including Nano 
carriers made from lipids and nanoparticle-based systems. One 
example of this is the use using mucoadhesive drug delivery sys-
tems to treat oral fungal infections. Mucoadhesive systems for drug 
delivery are appropriate for medications with a limited therapeu-
tic index since they have been shown to offer prolonged residence 
times and localized drug release [6].

Safety and regulatory considerations in novel drug delivery 
systems

Regarding safety and regulatory aspects, novel drug delivery 
systems for topical fungal infections need to be thoroughly tested 
and evaluated to guarantee their efficacy and safety. Before being 
approved for commercial use, regulatory bodies like the FDA re-
quire substantial data on the safety and effectiveness of novel drug 
delivery systems, which includes conducting preclinical studies 
to evaluate the toxicity and biocompatibility of the delivery sys-
tem as well as its pharmacokinetic and pharmacodynamics pro-
files. These studies are essential for determining the right dosage, 
length of treatment, and possible side effects [7].

Innovative drug delivery mechanisms for fungal management
To overcome the drawbacks of traditional formulations, novel 

medication delivery strategies for fungal control have been cre-
ated. These drug delivery methods include colloidal carriers, ve-
sicular drug delivery systems, nanoparticulate-based systems, and 
other drug delivery methods. In terms of enhancing the solubility, 
stability, bioavailability, safety, and efficacy of antifungal medica-
tions, these developments have produced encouraging outcomes. 
Liposomal gel formulations, among these cutting-edge drug deliv-
ery methods, are mucoadhesive drug delivery systems, nanostruc-
tured matter lipid carriers, and solid lipid nanoparticles. All things 
considered, the introduction of novel drug delivery techniques has 
opened up new therapeutic options for the safe and effective treat-
ment of topical fungal infections. Lipid-based nanocarriers can 
overcome the limitations of conventional delivery techniques they 
have attracted considerable attention as a possible drug delivery 
mechanism for topical antifungal medications. These lipid-based 
Nanocarriers have proven to be more effective against superficial 
fungal infections due to better medication penetration and reten-
tion. They are therefore appropriate for administering medications 
with a limited therapeutic index [8].

Innovative drug delivery mechanisms for fungal management
Novel approaches to medication administration for fungus con-

trol have been devised to overcome the shortcomings of traditional 
formulations [8]. These drug delivery methods include colloidal 
carriers, vesicular drug delivery systems, Nano particulate-based 
systems, and other drug delivery methods. In terms of enhancing 
the solubility, stability, bioavailability, safety, and efficacy of anti-
fungal medications, these developments have produced encour-
aging outcomes [9]. These cutting-edge drug delivery strategies, 
like vesicular drug delivery and nanoparticulate-based approach-
es, have been shown to increase drug penetration and retention, 
which has increased the medication’s effectiveness against su-
perficial fungal infections. Furthermore, there has been a notice-
able increase in interest in the use of lipid-based nanocarriers as 
a possible delivery route for topical antifungal medications. This 
is because they show better medication penetration and retention 
in the target area and can overcome the drawbacks of traditional 
delivery systems. In conclusion, by developing innovative drug 
delivery strategies, especially lipid-based Nanocarriers, the safety 
and effectiveness of antifungal therapy can be further improved for 
topical fungal diseases. 
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Comparative analysis of new Vs traditional antifungal thera-
pies

A comparative study between novel drug delivery methods and 
standard formulations of antifungal medicines shows that the for-
mer has several advantages over the latter. These benefits include 
decreased toxicity, better drug penetration, better drug retention 
in the target area, and higher efficacy against superficial fungal 
infections. The use of Nanosystems for drug delivery, including 
liposomes as lipid nanoparticles, nanoparticles of polymers, and 
dendrimers, has also improved the pharmacokinetics and phar-
macological profiles of antifungal drugs, with positive results. Ad-
ditionally, more advanced drug delivery techniques, such as muco-
adhesive dosage forms, may offer more focused drug delivery and 
a longer residence period in the buccal cavity for localized effects. 
All things considered, there is a lot of promise in developing new 
medication delivery methods for fungal infections that target the 
skin to overcome the drawbacks of existing formulations and en-
hance patient outcomes when used topically, the utilization of in-
novative drug delivery techniques, especially lipid-based Nanocar-
riers, shows promise for the treatment of fungal infections. These 
systems have demonstrated greater drug absorption and retention 
as compared to conventional formulations, leading to enhanced 
safety and effectiveness. This study emphasizes the significance of 
Nanocarriers made from lipids as a potential medication delivery 
method for topical antifungals [10].

Future directions in antifungal drug delivery technologies
Antifungal drug delivery methods will likely take new turns in 

the future as creative solutions to the problems of topical fungal 
infections are explored. These methods include the creation of 
colloidal carriers, nanostructured lipid carriers, vesicular drug 
delivery systems, and other various delivery systems. Addition-
ally, researchers are focusing on the development of mucous ad-
hesive drug delivery methods and configurable release patterns 
to improve the clinical efficacy of antifungal drugs. Furthermore, 
as a potential alternative for addressing superficial fungal infec-
tions, lipid-based nanotechnology transporters for the delivery of 
herbal medications are being researched. All things considered, 
the field of antifungal drug delivery is constantly changing, with an 
emphasis on developing new drug candidates that target certain 
processes of fungal infection and enhancing the safety and efficacy 
of currently available medications through innovative delivery 
methods. The pharmacokinetic and pharmacodynamic character-

istics of antifungal medications have been improved by novel drug 
delivery vehicles, increasing their bioavailability and efficacy in 
treating topical fungal infections. Additionally, these systems may 
lessen side effects and lower toxicity, improving patient safety [11].

Future perspectives and challenges
Future advancements in the administration of antifungal medi-

cations may entail the development of customized and tailored 
therapies, including Nanocarriers that may precisely target fungal 
infections while minimizing damage to healthy cells. Additionally, 
new approaches to the more efficient treatment of microbial in-
fections may become available with the use of combined therapy 
and pharmaceutical repurposing techniques. Furthermore, precise 
and regulated administration of medication to the infection site is 
greatly possible because to the development of smart systems for 
drug delivery with stimuli-responsive release mechanisms. In the 
realm of antifungal drug delivery, issues include optimizing drug 
loading and release kinetics and requiring improved stability and 
scalability of creative delivery methods. In conclusion, novel ap-
proaches to medication distribution provide promising possibili-
ties [12]. To sum up, innovative drug delivery methods present en-
couraging options for treating topical fungal infections. They may 
maximize drug absorption, reduce side effects, and increase the 
safety and effectiveness of currently available antifungal medica-
tions. They may also help increase patient compliance and over-
come drug resistance. Antifungal medications’ pharmacokinetic 
and pharmacodynamic characteristics have been improved by 
novel drug delivery methods, increasing their bioavailability and 
efficacy in treating topical fungal infections [13].

Future directions in antifungal drug delivery technologies fu-
ture directions in antifungal drug delivery technologies

Antifungal medication delivery methods will likely take new 
turns in the future as creative solutions to the problems of topi-
cal fungal infections are explored. These methods include the cre-
ation of colloidal carriers, nanostructured lipid carriers, vascular 
drug delivery systems, and other various delivery systems. Sticky 
drug delivery methods and adjustable release patterns are being 
developed to improve the therapeutic efficacy of antifungal drugs. 
Researchers are now investigating the idea of using lipid-based 
nanocarriers to deliver herbal medications as an alternative treat-
ment strategy for infections caused by superficial fungus. On top 
of that, developments in biotechnology and nanotechnology are 
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being used to create tailored delivery methods that minimize side 
effects while precisely targeting fungal cells. By increasing the an-
tifungal medications’ bioavailability, lowering their toxicity, and 
minimizing side effects, these cutting-edge drug delivery methods 
seek to increase both the safety and efficacy of currently available 
treatments. All things considered, antifungal medication delivery 
systems have a bright future ahead of them that might completely 
change the way topical fungal diseases are treated. To sum up, cre-
ating innovative medicine delivery methods is enormous [14].

Ensuring patient compliance with advanced topical formula-
tions

A crucial part of managing topical fungal infections is making 
sure patients adhere to sophisticated topical preparations. This 
can be accomplished by using a variety of tactics, including pa-
tient education and counseling, streamlining the formulation ap-
plication procedure, and offering unambiguous usage directions. 
Furthermore, utilizing easy and inventive container designs can 
also aid in increasing patient compliance. Furthermore, by offering 
ongoing monitoring and reminders for taking medicine, patient-
centric drug delivery systems like wearable technology or smart 
patches might improve patient compliance even further [15]. 
When it comes to treating topical fungal infections, these cutting-
edge topical formulations and delivery methods can significantly 
improve treatment efficacy and patient outcomes. The application 
of innovative drug delivery techniques, such as vascular systems 
for drug delivery, solid lipid nanoparticles, colloidal carriers, and 
other miscellaneous delivery systems. Healthcare practitioners 
can more successfully administer antifungal drugs to the target 
site by using these cutting-edge drug delivery systems, maximiz-
ing the therapeutic efficacy and reducing side effects. This strategy 
emphasizes how important personalized medicine is to improving 
treatment outcomes for patients with fungal infections on the skin. 
Moreover, developing personalized medicine strategies based on 
the unique condition and traits of each patient can further increase 
the efficacy of antifungal drug delivery systems [16].

Healthcare providers can more effectively optimize the use of 
antifungal medication delivery systems and customize treatment 
plans to meet the unique needs of each patient by implementing 
personalized medicine techniques like pharmacogenomics and 
customized dosage strategies. All things considered, the manage-
ment of topical fungal infections has considerable promise for the 
application of customized drug delivery systems and sophisticated 

topical formulations. To sum up, the creation of innovative medica-
tion delivery methods is essential to addressing the drawbacks of 
traditional dosage forms in the treatment of topical fungal infec-
tions [17].

Antifungal drug delivery technologies compliance with ad-
vanced topical formulations

When treating topical fungal infections, the application of 
cutting-edge topical formulations such as colloidal carriers, solid 
lipid nanoparticles, and vesicular drug delivery systems can sig-
nificantly increase patient compliance. These cutting-edge delivery 
systems assist patients adhere to their treatment plans by offer-
ing constant monitoring and medication application reminders. 
Additionally, these technologies offer controlled administration 
of an antifungal agent, reducing the frequency of therapy and en-
suring consistent dosages at the target location. Patients may get 
improved symptom relief and quicker recovery from their fungal 
infections as a consequence. Customized medication delivery sys-
tems can also be integrated to improve adherence by patients in 
the medical management of fungal diseases applied topically. For 
example, the time of an antifungal medication’s stay in the buc-
cal cavity can be extended by using mucoadhesive drug delivery 
techniques, which will enhance absorption and prolong the drug’s 
release. All things considered, the creation and application of new 
drug delivery methods for fungal infections of the skin, along with 
customized medicine techniques and cutting-edge topical formula-
tions, have the potential to completely transform the management 
and treatment of fungal infections. Moreover, the problems with 
traditional dosage forms can be resolved by new developments in 
drug delivery technology. The safety and efficacy of antifungal ther-
apies might be significantly increased by these cutting-edge drug 
delivery methods, which would eventually benefit those suffering 
from topical fungal infections. Enhancing medication uptake and 
retention, lowering side effects, raising patient compliance, and 
providing customized dose regimens are some of these advantages. 
In conclusion, novel medication delivery systems must be devised 
for the management of external fungal infections to overcome the 
limits of standard dose forms [18].

Regulatory considerations for new antifungal delivery systems
The creation and approval of novel antifungal medication deliv-

ery methods are heavily influenced by regulatory factors. Before 
giving regulatory approval, health authorities need thorough proof 
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of the innovative delivery methods’ efficacy, safety, and quality. 
Before these antifungal drug delivery systems can be made acces-
sible to patients, quality control procedures and regulatory com-
pliance must be followed throughout the production process to 
guarantee the antifungal drug delivery systems’ effectiveness and 
safety. Moreover, clinical studies and post-marketing surveillance 
are needed to monitor the long-term safety and effectiveness of 
these cutting-edge drug delivery systems in real-world settings. In 
conclusion, For the management of topical fungal infections, novel 
drug delivery techniques must be developed to get around the 
limitations of conventional dosage forms. With the help of these 
innovative drug administration strategies, patients may take their 
medications more consistently, get better therapeutic outcomes, 
experience fewer side effects, and be more compliant [19]. The 
utilization of these drug delivery systems for the treatment of topi-
cal fungal infections can also be further optimized by integrating 
personalized medicine techniques like pharmacogenomics and 
customized dosage regimens. Furthermore, the creation of cut-
ting-edge drug delivery methods that can target particular fungal 
species or infection areas can improve the therapeutic efficiency of 
antifungal medications and reduce their side effects [20].

Advances in drug delivery systems for the management of 
topical fungal infections

Modern drug delivery system developments have completely 
changed how topical fungal infections are treated. These develop-
ments include the creation of colloidal carriers, solid lipid nanopar-
ticles, and vesicular drug delivery methods. Antifungal drug deliv-
ery vehicles such as liposomes that and nucleic acids have shown 
promise in improving drug uptake and preservatio [21] through-
out the layers of the skin, improving efficacy. Improved medication 
stability and sustained release characteristics have been shown 
by solid lipid nanoparticles, enabling extended drug exposure at 
the injection site. Furthermore, studies on colloidal carriers—such 
as microemulsions and nanoparticles—have demonstrated en-
hanced medication solubility and deeper skin penetration, which 
makes them perfect for treating fungal infections. Compared to 
conventional dosage forms, these innovative drug delivery meth-
ods have several advantages, such as increased therapeutic effi-
cacy, decreased toxicity, and better drug bioavailability. There is 
frequently a lot of potential for enhancing treatment results and 
patient satisfaction as it pertains to the invention of innovative 
drug-delivery methods for cutaneous fungal diseases. The applica-
tion of nanotechnology in topical medication delivery techniques 

for fungal infections has also shown promising outcomes. These 
nanotechnology-based solutions, like nanogels that are including 
nano emulsions, have demonstrated enhanced drug stability, more 
effective skin penetration, and administration that is customized 
for the infection site.

Future directions in antifungal drug delivery technologies
The development of personalized medicine techniques like 

pharmacogenomics and customized dosing regimens is one of the 
next paths in antifungal medication delivery technology. These 
methods seek to customize the course of treatment for fungal infec-
tions according to the unique attributes of each patient, including 
drug metabolism rates and genetic composition. Healthcare pro-
fessionals can optimize therapy to maximize efficacy and minimize 
harm by knowing the precise genetic differences and metabolic 
pathways that affect antifungal medication response. Another pos-
sible direction for fungal drug delivery method innovation is the in-
corporation of newly developed biomaterials and nanotechnology 
in drug delivery systems. These materials have special qualities like 
tailored drug delivery, prolonged release patterns, and increased 
drug solubility that can improve medication delivery. Additionally, 
a promising direction for future research and development is the 
incorporation of wearable technology and smart technology into 
antifungal drug delivery systems [22]. Healthcare professionals can 
optimize patient outcomes by adjusting therapies in real time and 
monitoring drug release, patient adherence, and therapeutic re-
sponse with smart technologies and wearable devices. With advan-
tages like better drug bioavailability, fewer side effects, increased 
patient compliance, and improved therapeutic outcomes, the de-
velopment of innovative drug delivery methods for topical fungal 
infections has a lot of potential to improve treatment outcomes. 
The management of topical fungal infections could be completely 
changed by these developments in medication delivery methods, 
which would also raise the standard of patient care in general [23].

Clinical implications of novel drug delivery systems
There are significant therapeutic implications for the creation 

of innovative drug delivery strategies for fungal infections of the 
skin. Infections caused by fungi can be managed more successfully 
because of these systems’ enhanced safety and effectiveness. They 
may also increase patient adherence and pleasure due to their 
superior drug delivery qualities and reduced adverse effects. Fur-
thermore, novel drug delivery strategies may aid in delaying the 
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development of drug resistance as they allow for the controlled 
and exact release of antifungal medications to the infection site. 

When everything is considered, the development and use of 
novel drug delivery techniques for external fungal infections have 
great promise for improving treatment outcomes and the patient’s 
quality of life. The emergence of drug resistance is reduced by 
these developments in drug delivery technologies, which also in-
crease the efficacy of antifungal medications [24].

Advancements in mucoadhesive drug delivery systems for 
topical fungal infections

The management of cutaneous fungal infections appears to 
be promising with the development of mucoadhesive medication 
delivery devices. The advantage of these systems is that they stay 
longer at the application site, which results in better bioavailability 
and sustained drug release. Additionally, they offer localized medi-
cation administration, which reduces systemic adverse effects and 
boosts therapeutic efficacy. Moreover, mucoadhesive drug delivery 
systems can solve problems with traditional dosage forms, like low 
drug retention and penetration. All things considered, these devel-
opments in mucoadhesive drug delivery systems offer a more fo-
cused and efficient method of treating topical fungal infections. ## 
Smart Technology Integration in Antifungal Drug Delivery Systems 
One interesting direction for future research and development is 
the incorporation of smart technology into antifungal medication 
delivery systems. Smart drug delivery systems are equipped with 
sensors, wireless connectivity, and data analytic capabilities that 
enable them to give real-time feedback and monitoring on patient 
adherence, drug release, and treatment progress [25].

Advancements in topical antifungal treatment of topical fun-
gal infections

Because they may administer drugs more effectively and with 
fewer side effects, novel drug delivery systems have become at-
tractive options for treating fungal infections on the skin. Among 
these developments are the applications of dendrimers, polymeric 
nanoparticles, liposomes, solid lipid carriers, and other nanosys-
tems [26]. The antifungal medications’ therapeutic benefits have 
been enhanced by these delivery systems, which have demon-
strated reduced toxicity, enhanced bioavailability, and targeted tis-
sue delivery. Additionally, they have shown promise in enhancing 
medication release profiles via customizable release profiles and 

circumventing drug resistance mechanisms. Furthermore, there is 
a growing interest in using mucoadhesive drug delivery methods to 
treat vaginal and oral candidiasis [27].

The management of topical fungal infections has undergone a 
revolutionary change thanks to novel drug delivery technologies 
that enhance drug targeting, increase efficacy, and minimize side 
effects. These advancements in drug delivery technologies, such as 
vesicular systems, colloidal carriers, nanoparticulate-based struc-
tures, and additional drug delivery techniques [28].

Clinical implications of novel drug delivery system 
Innovative drug delivery strategies have significant therapeu-

tic implications for the management of fungal diseases of the skin. 
Numerous advantages result from these developments in drug 
delivery systems, including better drug absorption and retention, 
lower toxicity, more bioavailability, and more effective treatment. 
These systems also can provide real-time feedback and monitoring 
of patient adherence and medication release, which could improve 
treatment outcomes. The treatment of topical fungal infections may 
undergo a revolution thanks to these developments in drug deliv-
ery technologies, which offer more effective and focused therapy 
with reduced side effects and better patient outcomes. Because of 
innovative drug delivery methods such as vesicular systems, col-
loidal carriers, nanoparticulate-based systems, and other methods, 
there are now more choices for treating topical fungal infections. 

Healthcare providers can customize the treatment plan to each 
patient’s unique needs by using these innovative medication de-
livery systems, which take into consideration variables including 
the infection site, patient immune status, and infection severity. 
Healthcare practitioners can optimize the therapeutic potential of 
antifungal medications while minimizing systemic negative effects 
by integrating them into these cutting-edge delivery methods [29. 

Nanoparticle-based drug delivery systems have shown prom-
ise in improving the treatment of topical fungal infections

The management of fungal infections treated topically has 
shown promise with the use of nanoparticle-based systems for 
drug delivery because of its enhanced drug targeting, reduced tox-
icity, and better therapeutic results. These gadgets, which provide 
real-time medication release monitoring and feedback, help ensure 
optimal dosing and patient adherence [30].
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Additionally, they can increase the digestion of antifungal medi-
cations and circumvent resistance to drug processes. Moreover, 
the application of systems for drug delivery based on nanoparti-
cles enables customized therapy for the area of infection, minimiz-
ing systemic side effects and enhancing patient comfort. All things 
considered, there is a significant chance that the creation of new 
drug delivery methods for the treatment of cutaneous fungal infec-
tions may enhance therapeutic outcomes and lessen the burden of 
resistance to antibiotics. Topical fungal infections have also shown 
potential for the use of mucoadhesive medication delivery devices. 
These systems have the benefit of having a longer half-life at the 
site of infection, which prolongs medication release and increases 
therapeutic efficacy. Additionally, mucoadhesive medication deliv-
ery devices can be used to treat [31].

In conclusion, employing novel drug delivery techniques to 
treat fungal infections of the skin offers several advantages, such 
as improved medication targeting, reduced toxicity, and increased 
therapeutic efficacy. These advancements in drug delivery tech-
nologies have the potential to dramatically change the way fungal 
infections are treated by providing more effective and targeted 
therapies. By enhancing drug targeting, decreasing systemic ad-
verse effects, and boosting therapeutic outcomes, these state-of-
the-art drug delivery technologies—which include nanoparticles 
made of polymers, liposomes, and solid lipid carriers—have an 
opportunity to completely change the way fungal infections are 
treated topically. The solubility and bioavailability of antifungal 
medications can be improved, leading to better patient outcomes 
and effectiveness. Taking everything into account, there is a great 
deal of opportunity for enhancing treatment [32].

Conclusion
To sum up, there are several benefits to using innovative drug 

delivery methods for treating fungal infections on the skin, includ-
ing better medication targeting, lower toxicity, and higher thera-
peutic efficacy. By offering more potent and focused treatments, 
these developments hold the potential to completely transform 
the way that infections caused by fungi are treated. These advance-
ments in drug delivery technologies, such polymeric nanoparticles, 
liposomes, and solid lipid carriers, may be able to solve problems 
with traditional drug administration techniques and greatly en-
hance the prognosis for those suffering topical fungal infections. 
Innovative drug delivery methods, such polymeric nanoparticles, 

liposomes, and solid lipid carriers, can greatly improve the safety 
and effectiveness of antifungal medications when used to treat fun-
gal infections on the skin.

Bibliography

1. Kaur Indu Pal and Shilpa Kakkar. “Topical delivery of anti-
fungal agents”. Expert Opinion on Drug Delivery 7.11 (2010): 
1303-1327.

2. Mehra Tarun., et al. “Alternative approaches to antifungal ther-
apies”. Experimental Dermatology 21.10 (2012): 778-782.

3. El Mahrab Robert., et al. “New developments in topical anti-
fungal therapy”. American Journal of Drug Delivery 4 (2006): 
231-247.

4. Ma Z., et al. “Advances in anti-invasive fungal drug delivery 
systems”. Journal of Zhejiang University (Medical Sciences) 52.3 
(2023): 318-327.

5. Nene Shweta., et al. “Lipid based nanocarriers: A novel para-
digm for topical antifungal therapy”. Journal of Drug Delivery 
Science and Technology 62 (2021): 102397.

6. Mansuri Shakir., et al. “Mucoadhesion: A promising approach 
in drug delivery system”. Reactive and Functional Polymers 100 
(2016): 151-172.

7. Trombino Sonia., et al. “Solid lipid nanoparticles for antifun-
gal drugs delivery for topical applications”. Therapeutic Deliv-
ery 7.9 (2016): 639-647.

8. Souza Ana CO and Andre C Amaral. “Antifungal therapy for sys-
temic mycosis and the nanobiotechnology era: improving ef-
ficacy, biodistribution and toxicity”. Frontiers in Microbiology 8 
(2017): 244287.

9. Osanloo, Mahmoud., et al. “Niosome-loaded antifungal drugs 
as an effective nanocarrier system: A mini review”. Current 
Medical Mycology 4.4 (2018): 31.

10. Khalil Rawia M., et al. “Formulation and characterization of ny-
statin-loaded nanostructured lipid carriers for topical delivery 
against cutaneous candidiasis”. British Journal of Pharmaceuti-
cal and Medical Research 4.4 (2014): 490-512.

Citation: Shashi Kiran Misra., et al. “Advances in Topical Drug Delivery System for the Impressive Management of Fungal Bugs". Acta Scientific 
Pharmaceutical Sciences 8.6 (2024): 19-27.

https://pubmed.ncbi.nlm.nih.gov/20961206/
https://pubmed.ncbi.nlm.nih.gov/20961206/
https://pubmed.ncbi.nlm.nih.gov/20961206/
https://pubmed.ncbi.nlm.nih.gov/23078400/
https://pubmed.ncbi.nlm.nih.gov/23078400/
https://www.researchgate.net/publication/233486740_New_Developments_in_Topical_Antifungal_Therapy
https://www.researchgate.net/publication/233486740_New_Developments_in_Topical_Antifungal_Therapy
https://www.researchgate.net/publication/233486740_New_Developments_in_Topical_Antifungal_Therapy
https://doi.org/10.3724/zdxbyxb-2023-0030
https://doi.org/10.3724/zdxbyxb-2023-0030
https://doi.org/10.3724/zdxbyxb-2023-0030
https://www.researchgate.net/publication/348990100_Lipid_based_Nanocarriers_A_Novel_Paradigm_for_Topical_Antifungal_Therapy
https://www.researchgate.net/publication/348990100_Lipid_based_Nanocarriers_A_Novel_Paradigm_for_Topical_Antifungal_Therapy
https://www.researchgate.net/publication/348990100_Lipid_based_Nanocarriers_A_Novel_Paradigm_for_Topical_Antifungal_Therapy
https://journaljpri.com/index.php/JPRI/article/view/865
https://journaljpri.com/index.php/JPRI/article/view/865
https://journaljpri.com/index.php/JPRI/article/view/865
https://journaljpri.com/index.php/JPRI/article/view/865


27

Advances in Topical Drug Delivery System for the Impressive Management of Fungal Bugs

11. Walsh T J., et al. “New targets and delivery systems for anti-
fungal therapy”. Sabouraudia 38.1 (2000): 335-347.

12. Waghule Tejashree., et al. “Emerging role of nanocarri-
ers based topical delivery of anti-fungal agents in combat-
ing growing fungal infections”. Dermatologic Therapy 33.6 
(2020): e13905.

13. Nagasa Gamachu Diba and Anteneh Belete. “Review on nano-
materials and nano-scaled systems for topical and systemic 
delivery of antifungal drugs”. Journal of Multidisciplinary 
Healthcare (2022): 1819-1840.

14. Ahmed Sadek., et al. “A comprehensive review on recent nano-
systems for enhancing antifungal activity of fenticonazole 
nitrate from different routes of administration”. Drug Deliv-
ery 30.1 (2023): 2179129.

15. Spadari Cristina de Castro., et al. “Potential use of alginate-
based carriers as antifungal delivery system”. Frontiers in Mi-
crobiology 8 (2017): 241872.

16. Misra S K., et al. “Tolnaftate–graphene composite-loaded na-
noengineered electrospun scaffolds as efficient therapeutic 
dressing material for regimen of dermatomycosis”. Applied 
Nanoscience 8 (2018): 1629-1640.

17. Rai M., et al. “Nanotechnology for the treatment of fungal in-
fections on human skin”. The microbiology of skin, soft tissue, 
bone and joint infections. Academic Press, (2017): 169-184.

18. Nagpal Manju and Malkiet Kaur. “Nanomaterials for skin an-
tifungal therapy: An updated review”. Journal of Applied Phar-
maceutical Science 11.1 (2021): 015-025.

19. Mucoadhesive Drug Delivery System: A Review (2018).

20. Shaikh Rahamatullah., et al. “Mucoadhesive drug delivery sys-
tems”. Journal of Pharmacy and Bioallied Sciences 3.1 (2011): 
89-100.

21. Dhanjal DS., et al. “Mycology-nanotechnology interface: appli-
cations in medicine and cosmetology”. International Journal of 
Nanomedicine (2022): 2505-2533.

22. Prow Tarl W., et al. “Nanoparticles and microparticles for skin 
drug delivery”. Advanced Drug Delivery Reviews 63.6 (2011): 
470-491.

23. Osanloo Mahmoud., et al. “Niosome-loaded antifungal drugs as 
an effective nanocarrier system: A mini review”. Current Medi-
cal Mycology 4.4 (2018): 31.

24.  Misra SK., et al. “Tolnaftate-Loaded Polyacrylate Electrospun 
Nanofibers for an Impressive Regimen on Dermatophyto-
sis”. Fibers (2017): 41. 

25. Nene Shweta., et al. “Lipid based nanocarriers: A novel para-
digm for topical antifungal therapy”. Journal of Drug Delivery 
Science and Technology 62 (2021): 102397.

26. Roberts M S., et al. “Topical and cutaneous delivery using nano-
systems”. Journal of Controlled Release 247 (2017): 86-105.

27. Wang Fang., et al. “Cross-linked fluorescent supramolecular 
nanoparticles for intradermal controlled release of antifun-
gal drug—A therapeutic approach for onychomycosis”. ACS 
Nano 12.7 (2018): 6851-6859.

28. Araujo Victor Hugo Sousa., et al. “Nanosystems against can-
didiasis: a review of studies performed over the last two de-
cades”. Critical Reviews in Microbiology 46.5 (2020): 508-547.

29. Pianalto Kaila M and J Andrew Alspaugh. “New horizons in an-
tifungal therapy”. Journal of Fungi 2.4 (2016): 26.

30. Kapoor Anupriya and Navneet Verma. “Acitretin Loaded Nano-
carrier Gel: Formulation and Exploration of In-vitro Release 
Kinetics”. Current Nanomedicine (Formerly: Recent Patents on 
Nanomedicine) 11.2 (2021): 102-111.

31. Pandey Prashant., et al. “Tolnaftate Microsponges Embedded 
Biocompatible Gels For Controlled And Effective Antiderma-
tophytic Activity”. International Research Journal of Pharma-
cy 9.6 (2018).

32. Gupta Prakash Chandra., et al. “Designing and characterization 
of econazole nitrate nanostructured lipid carriers gel for topi-
cal delivery”. European Journal of Pharmaceutical and Medical 
Research 5.6 (2018): 559-567.

Citation: Shashi Kiran Misra., et al. “Advances in Topical Drug Delivery System for the Impressive Management of Fungal Bugs". Acta Scientific 
Pharmaceutical Sciences 8.6 (2024): 19-27.

https://pubmed.ncbi.nlm.nih.gov/36060421/
https://pubmed.ncbi.nlm.nih.gov/36060421/
https://pubmed.ncbi.nlm.nih.gov/36060421/
https://pubmed.ncbi.nlm.nih.gov/36060421/
https://pubmed.ncbi.nlm.nih.gov/36788709/
https://pubmed.ncbi.nlm.nih.gov/36788709/
https://pubmed.ncbi.nlm.nih.gov/36788709/
https://pubmed.ncbi.nlm.nih.gov/36788709/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5276814/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5276814/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5276814/
https://link.springer.com/article/10.1007/s13204-018-0850-5
https://link.springer.com/article/10.1007/s13204-018-0850-5
https://link.springer.com/article/10.1007/s13204-018-0850-5
https://link.springer.com/article/10.1007/s13204-018-0850-5
http://ajptr.com/assets/upload/publish_article/AJPTR%2056002_94.pdf
https://pubmed.ncbi.nlm.nih.gov/21430958/
https://pubmed.ncbi.nlm.nih.gov/21430958/
https://pubmed.ncbi.nlm.nih.gov/21430958/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9170235/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9170235/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9170235/
https://www.mdpi.com/2079-6439/5/4/41
https://www.mdpi.com/2079-6439/5/4/41
https://www.mdpi.com/2079-6439/5/4/41
https://www.sciencedirect.com/science/article/abs/pii/S1773224721000770
https://www.sciencedirect.com/science/article/abs/pii/S1773224721000770
https://www.sciencedirect.com/science/article/abs/pii/S1773224721000770
https://pubmed.ncbi.nlm.nih.gov/28024914/
https://pubmed.ncbi.nlm.nih.gov/28024914/
https://pubmed.ncbi.nlm.nih.gov/29851454/
https://pubmed.ncbi.nlm.nih.gov/29851454/
https://pubmed.ncbi.nlm.nih.gov/29851454/
https://pubmed.ncbi.nlm.nih.gov/29851454/
https://www.tandfonline.com/doi/abs/10.1080/1040841X.2020.1803208
https://www.tandfonline.com/doi/abs/10.1080/1040841X.2020.1803208
https://www.tandfonline.com/doi/abs/10.1080/1040841X.2020.1803208
https://www.ingentaconnect.com/content/ben/cnanom/2021/00000011/00000002/art00005
https://www.ingentaconnect.com/content/ben/cnanom/2021/00000011/00000002/art00005
https://www.ingentaconnect.com/content/ben/cnanom/2021/00000011/00000002/art00005
https://www.ingentaconnect.com/content/ben/cnanom/2021/00000011/00000002/art00005
https://www.researchgate.net/publication/326440045_Tolnaftate_microsponges_embedded_biocompatible_gels_for_controlled_and_effective_antidermatophytic_activity
https://www.researchgate.net/publication/326440045_Tolnaftate_microsponges_embedded_biocompatible_gels_for_controlled_and_effective_antidermatophytic_activity
https://www.researchgate.net/publication/326440045_Tolnaftate_microsponges_embedded_biocompatible_gels_for_controlled_and_effective_antidermatophytic_activity
https://www.researchgate.net/publication/326440045_Tolnaftate_microsponges_embedded_biocompatible_gels_for_controlled_and_effective_antidermatophytic_activity
https://www.researchgate.net/publication/325538424_DESIGNING_AND_CHARACTERIZATION_OF_ECONAZOLE_NITRATE_NANOSTRUCTURED_LIPID_CARRIERS_GEL_FOR_TOPICAL_DELIVERY
https://www.researchgate.net/publication/325538424_DESIGNING_AND_CHARACTERIZATION_OF_ECONAZOLE_NITRATE_NANOSTRUCTURED_LIPID_CARRIERS_GEL_FOR_TOPICAL_DELIVERY
https://www.researchgate.net/publication/325538424_DESIGNING_AND_CHARACTERIZATION_OF_ECONAZOLE_NITRATE_NANOSTRUCTURED_LIPID_CARRIERS_GEL_FOR_TOPICAL_DELIVERY
https://www.researchgate.net/publication/325538424_DESIGNING_AND_CHARACTERIZATION_OF_ECONAZOLE_NITRATE_NANOSTRUCTURED_LIPID_CARRIERS_GEL_FOR_TOPICAL_DELIVERY

