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ABSTRACT

Fungal infections are a problem for people all around the world especially for those who have weak immune systems. This
is because fungal infections can make people very sick and even cause death. Doctors usually treat infections with
medicines like azoles, allylamines, echinocandins, polyenes and antimetabolites. Fungal infections are a deal and we need
to find better ways to treat them. The problem with these medicines is that they can have side effects do not work well in
the body and people have to take them for a long time. Also, some fungi are becoming resistant, to these medicines. This
means we really need to find better ways to treat fungal infections. Herbal antifungal agents from plants are getting more
attention because they have many bioactive phytochemicals like flavonoids and terpenoids. These phytochemicals, which
also include phenolics and alkaloids are good at fighting fungus. They work in ways, such, as damaging the fungus cell
membrane stopping the fungus from making ergosterol causing oxidative stress and preventing the fungus from forming
a biofilm. Herbal antifungal agents have a lot of potential to help people. It is hard to use them as medicine because they
do not dissolve well in water they are not very stable and they have a hard time getting through the skin.
Microemulsion-based drug delivery systems are a way to deal with these problems. These tiny systems are stable. They
help herbal bioactives to be absorbed and to last longer in the body. This makes the treatment work better. The drug is
released in a controlled way. This review talks about the types of fungal infections the problems with the treatments that
are available now and the new developments in herbal microemulsion formulations. Herbal microemulsion formulations
have the potential to be more effective treatments, for fungal infections and they can be used in clinics.
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1. INTRODUCTION sick. For example, people with HIV or cancer can get very

Fungal infections are a problem for people everywhere in
the world. Two thirds of the people in the world get fungal
infections. A lot of people die from diseases every year. The
quantity of deaths caused by illnesses is really high. It is
around 3.75 million people per year. This is a lot more than
it used to be. Before it was around 1.5 to 2 million people
per year. Most of these deaths 68 percent are because of
infections. This is around 2.5 million people. These numbers
are high because a lot of people do not know about
infections. Also, some people are more susceptible to
infections than others. People are included in this who're
sick or have weak immune systems. Fungal infections can
be mild or severe [1]. They can affect the skin or the inside
of the body. Some fungi, like Candida are normally found
on our bodies. They can cause problems for people who're

sick from Candida. People who take medicine that weakens
their system can also get sick. Fungi like Candida,
Aspergillus and Fusarium can cause problems for people
who're already sick. They can get infections in the hospital,
which can be very bad. This is especially true, for people
who have health problems. Fungal infections are a deal and
we need to know more about them to stay safe. Fungal
infections are a problem in areas. They cause diseases like
Blastomycosis, Coccidiodomycosis,  Histoplasmosis,
Talaromycosis, Paracoccidiodomycosis and Sporotrichosis
[2]. Fungal skin infections are common because fungi love
to eat keratin. Keratin is a protein found in our nails, skin,
and hair. Skin infections caused by fungi can cause
symptoms. You may get a scaly, itchy and dry rash.
Sometimes the rash can be really bad. Symptoms of skin
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infections can look different on people. For example, one
person gets a rash while another person gets a small itchy
spot. Doctors usually prescribe medicines that you put
directly on your skin to get rid of infections. These
medicines come in forms, like lotions, sprays, gels and
creams. Doctors like to use these medicines because they
help kill the fungi that cause the infection. Sometimes
doctors also give you medicines that you take by mouth.
These medicines are called fluconazole, itraconazole and
micafungin. Fungal infections are treated with these
medicines because they help kill the fungi that cause
infections [3]. Fungal infections remain a major therapeutic
challenge despite the availability of several conventional
antifungal agents. Triazole derivatives such as
Luliconazole, Ketoconazole, Sertaconazole, and
Eberconazole are commonly prescribed for the treatment of
fungal infections; however, their use is often associated with
adverse effects including itching, skin irritation, rashes, and
hypersensitivity reactions. In addition, prolonged use of
these synthetic antifungal agents may lead to reduced
patient compliance and the development of drug resistance.
Therefore, there is an increasing need to develop safer and
more effective alternatives for antifungal therapy. In this

context, plant-based medicines have attracted considerable
attention due to their natural origin, therapeutic potential,
and comparatively better safety profile. Phytochemical
studies have demonstrated that medicinal plants contain a
wide range of bioactive compounds with significant
antifungal activity, suggesting their potential as promising
alternatives to conventional synthetic antifungal agents [4].
Microemulsion systems have also emerged as promising
carriers for herbal antifungal agents due to their
thermodynamic stability, improved solubilization capacity,
enhanced skin permeation, and better bioavailability. The
nanosized droplet structure of microemulsions facilitates
efficient delivery of phytoconstituents at the site of
infection, thereby improving antifungal efficacy and
therapeutic outcomes [5].

2. CLASSIFICATION OF FUNGAL INFECTIONS
Fungal infections (mycoses) are categorized according to
the location and extent of tissue involvement, as well as the
method of transmission and the organism's pathogenic
potential, as shown in Figure 1.

Human
Pathogen
Infection
!
The infection Lhe pathogen's The type of
. acquisition virulence that
site route fungus displayed
Superficial Primary
mycoses Expeenays infection
Subcutaneous Opportunistic
mycoses Enflogenaus infection
Systemic
mycoses

Figure: -1 Classification of fungal infection

Mycoses are fungal diseases that affect humans as well as
animals, and they are categorized according to the depth of
tissue involvement at the initial stage of infection. The
clinical classification is further based on parameters such as
anatomical site, route of acquisition, and pathogenic
potential of the organism [6]

2.1. Classification Based On The Infection Site

Mycoses are basically kinds of infections. They can be on
the surface of the skin. They can be in the skin or even
deeper. Doctors group Mycoses, into four types: superficial
Mycoses, cutaneous Mycoses, subcutaneous Mycoses or
systemic Mycoses. The type of Mycoses depends on how
bad the infection's how the body reacts to the bad guy that
is causing the infection, which is called a pathogen [7]. The
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categorization by

site,

together with

their main Table I.

characteristics and responsible organisms, is outlined in

Table: -1 Classification Based on the infection site

Type of Mycoses Sites Involved Key Features Example / Causative | Reference
Organism
I. Superficial Outer skin and hair Affects outer skin; causes Malassezia furfur [8]
Mycoses discolored spots; common in (Tinea versicolor)
humid areas.
II. Cutaneous Epidermis, hair, nails | Infect keratinized tissues; cause Trichophyton, 9]
Mycoses ringshaped itchy lesions. Microsporum,
Epidermophyton
III. Subcutaneous | Dermis, subcutaneous Enters via trauma; chronic Sporothrix schenckii, [10]
Mycoses tissue, muscle nodules; may need surgery. Cladosporium spp.

I. Superficial mycoses

The skin and hair can get a kind of infection that only affects
the outer layers. This is called a mycoses. For example, there
is Tinea versicolor. It is an infection that a lot of young
people get. Tinea versicolor usually shows up on the upper
portions of the arms and legs, as well as the chest and back.
Tinea versicolor is caused by a fungus that lives on the skin
of some adults. Typically, it doesn't show up on the face.
This fungus can make spots on the skin they are either
reddish-brown or lighter color. Tinea versicolor comes in
two forms one of them makes spots that you can see. Some
things that can make the fungus more noticeable are when it
is really humid and when there are problems, with the
system or hormones. Even though Tinea versicolor is very
common people who have it are usually healthy [8].

I1. Cutaneous mycoses

Skin infections like mycoses go deeper into the skin. They
can also affect the hair and nails. These infections only
happen in the layers of the nails, hair, and skin.
Dermatophytes are the organisms that cause these illnesses.
The illnesses that come from these infections are frequently
referred to as tinea, dermatophytosis, or ringworm.
Cutaneous mycoses are a type of infection that can cause a
lot of problems for the nails, hair, and skin. The
dermatophytes responsible for mycoses are very good, at
infecting the skin, hair and nails [9].

III. Subcutaneous mycoses
Skin infections like mycoses affect the skin and the tissues

underneath. Subcutaneous mycoses can get into the dermis
and the subcutaneous tissues. Even, into the muscle and
fascia. These subcutaneous mycoses infections are term and
usually start when something pierces the skin and lets the
fungi in. Subcutaneous mycoses infections are hard to get
rid of. Sometimes doctors have to do surgery to fix the
problem like removing the bad tissue which is called
debridement [10].

2.2. Classification Based On The Pathogen's Acquisition
Route

Depending on how they enter the host, infecting fungus can
be categorized as either endogenous or exogenous.

i  Exogenous infections
These happen when fungus get inside the host from outside.
Typical entry points consist of:
Fungal spore inhalation is airborne.
*  Cutaneous: Direct skin touch

* Percutaneous: Via skin or mucous membrane
fissures.

ii Endogenous infections

These problems come from fungi that are normally found in
the hosts body or because of an infection that starts up again
[11].

Table 2 provides more information about the detailed
classification depending on the acquisition path.

Table: -2 Classification Based on Route of Acquisition

Type of Infection Source / Route Examples Key Features
of Entry (Short)
L Exogenous Acquired from Infections originate outside the body and
Infections external environment enter through different routes.
a) Airborne Inhalation of Aspergillus, Enters via respiratory tract.
fungal spores Histoplasma
b) Cutaneous Direct contact with infected Dermatophytes Affects skin, hair, nails.
material or skin (Tinea)
c) Percutaneous | Through wounds or skin breaches Sporothrix Enters via trauma; subcutaneous
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schenckii infection.

From normal flora or
reactivation of latent infection

II. Endogenous
Infections

Candida albicans Occurs when host immunity is

compromised.

2.3. Classification Based On Virulence

Normal hosts are susceptible to infection by primary
pathogens. People with weakened host defense systems are
susceptible to illness from opportunistic infections.

i. Primary pathogen-induced systemic mycoses:
The lungs are the principal site of mycoses caused by
primary infections, which can spread to several organ
systems. Systemic mycoses are caused by organisms that
are virulent by nature. Systemic mycoses are typically
caused by dimorphic main infections [12].

ii. Systemic mycoses brought on by opportunistic

infections

Patients with immune deficits who would not otherwise be
infected can develop mycoses caused by opportunistic

microorganisms. AIDS, antibiotic-induced change of
natural flora, immunosuppressive medication, and
metastatic cancer are examples of situations that are not
compromised.

Aspergillosis, cryptococcosis, and candidiasis are a few
instances of opportunistic mycoses [13].

iii. Opportunistic Mycosal disease Candidiasis
The most prevalent Candida albicans and other Candida

species cause candidiasis, an opportunistic fungal infection.
The most frequent cause of candidiasis is Candida albicans.
There are two types of candidiasis: superficial and
profound. The mouth, throat, esophagus, intestines, bladder,
and vagina's mucosal and epithelial surfaces can all be
affected by superficial candidiasis. The two primary entry
sites for visceral or deep candidiasis are the digestive system
and intravascular catheters. The kidneys, liver, spleen, brain,
eyes, heart, and other tissues are primarily affected by deep
or visceral candidiasis. Prolonged regimens of wide
vascular catheters, corticosteroids, cytotoxic chemotherapy,
and spectrum antibiotics are the primary risk factors for
highly invasive candidiasis.[14].

3. PATHOPHYSIOLOGY OF FUNGAL INFECTION
The way fungal infections work is that they stick to grow on
and get into the tissues of the body, which can damage the
tissues because the fungi make things like enzymes and
toxins. When this happens, the body tries to fight the
infection. People, with weak immune systems might get
very sick because the infection can spread. The main things
that happen when someone gets an infection are shown in
Figure 2 [15-17]. Fungal infection is a problem and fungal
infection can cause a lot of damage. The body tries to stop
infection from spreading.

Exposure to fungal spores/ cell

Colonization
Adherence of fungal cells to host tissue through cell wall adhesion and glvcoprotein that

bind to host proteins such as fibronectin and laminin (e_g., Candida albicans).

Adhesion to Host Cells
Stable attachment of fungal cells to epithelial surfaces, enabling persistence and establishment of infection.

Tissue Invasion
Penetration of host tissues by hyphal growth or endocytosis along with secretion of virulence

factors (e.g.. gliotoxin produced by Aspergillus fumigatus).

Fungal Proliferation
Active growth and replication of fungi using host nutrients: some species can survive within

macrophages (e.g., Histoplasma capsul atum)).

Host Immune Activation
Recognition of fungal cell wall components such as f-glucans and chitin by immune cells.

Inflammation and Tissue Damage

Release of cvtokines and recruitment of immune cells leading to localized infection or systemic
dissemination.

Figure: -2 Pathophysiology of Fungal Infection
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3.1 Skin Barrier Role

The skin acts as a critical physical barrier that prevents
fungal entry and protects the body from pathogenic
invasion. The outermost layer, the stratum corneum,
consists of corneocytes and lipids that maintain hydration
and restrict microbial penetration. Beneath this, the stratum
granulosum contains tightly packed cells that further
strengthen barrier integrity, while the stratum basale is
responsible for continuous regeneration of epidermal cells,
ensuring maintenance of skin structure and function [18].
In addition to its structural role, the skin possesses an active
immune defense system. Epithelial cells can recognize
fungal pathogens and initiate immune responses by
releasing signaling molecules and antimicrobial proteins
that inhibit fungal growth [19]. Furthermore, resident
immune cells, including Langerhans cells, macrophages,
and dendritic cells, play a vital role in pathogen recognition
and activation of host defense mechanisms. These cells
work in coordination with skin cells to control fungal
proliferation and maintain cutaneous health [20].

The skin barrier and its immune cells help keep us safe from
things. They keep us safe from things like fungi and other
stuff that can hurt us. When the skin barrier gets hurt
because it is too wet or we get an injury fungi can stick to
the skin. Cause problems. This is not good for us. The skin
barrier is like a wall around us that keeps things out. When
this wall is broken fungi can get inside cause trouble [21].
This can lead to infections. That is very bad. Fungi that get
inside the skin make things that break down the skin. This
makes the skin get red and swollen. It can be very painful.
So we need to keep the skin barrier strong. This will help
keep fungi from getting and causing infections. We do not
want that to happen. The skin barrier and its immune cells
are, like our protectors. They defend us against fungi and
other bad things that can hurt us. We must take care of our
skin barrier so we can stay safe from fungi infections and be
healthy [22].

4.CONVENTIONAL ANTIFUNGAL THERAPY

Major classes of antifungals include allylamines such as
terbinafine, azoles, echinocandins, antimetabolites such as
flucytosine, polyenes.

4.1 Drugs

Allylamines

Allylamines are a type of medicine that helps fight fungus.
They are used to treat infections that affect the skin, hair and
nails. Allylamines come in creams and pills. They work well
and most people can take them without any problems [23].
Allylamines like terbinafine and naftifine are very good at
fighting kinds of fungus. Doctors usually give people these
medicines for things like athletes foot, ringworm and fungus
in the nails. These medicines are good at stopping squalene
epoxidase. Squalene epoxidase is an enzyme that helps to
make ergosterol. The fungus needs ergosterol to survive.
When the medicine stops squalene epoxidase the fungus
cannot make ergosterol. This is bad for the fungus because
it cannot work properly without ergosterol. The fungus will

die. Allylamines are good, at killing fungus because they
stop the fungus from making what it needs. Allylamines
target the fungus [24].

Azoles

Azoles are widely used antifungal agents classified into
imidazoles (e.g., miconazole, ketoconazole) and triazoles
(e.g., fluconazole, itraconazole, voriconazole,
posaconazole, isavuconazole). Imidazoles are mainly used
for topical or limited systemic infections, while triazoles are
commonly prescribed for systemic fungal infections. Azoles
exert their antifungal activity by inhibiting ergosterol
synthesis through blockade of a key fungal enzyme, leading
to disruption of cell membrane integrity and fungal cell
death. However, their use may be associated with drug
interactions and hepatotoxicity [25].

Echinocandins

Caspofungin, micafungin, and anidulafungin are members
of the significant class of antifungal drugs known as
echinocandins, which were identified in the 2000s. They are
lipophilic side chains in cyclic hexapeptides that make up
non-ribosomal lipopeptides. They are lyophilized powders
that are water soluble and administered intravenously
because of limited absorption in the digestive system.
Echinocandins are generally well tolerated and have fewer
medication interactions than azoles [26]. They have
fungistatic properties against Aspergillus and fungicidal
properties against Candida species. By binding to the Fks1p
subunit, they inhibit f(1,3)-D-glucan synthase, preventing
the production of B-(1,3)-D-glucan, a crucial part of the
fungal cell wall. Although their effectiveness against some
fungal species is restricted, this causes cell wall instability
and fungal cell death [27].

Flucytosine

Flucytosine, also known as 5-fluorocytosine, or 5-FC, is a
synthetic pyrimidine analogue introduced as an antifungal
medication in 1968. It is effective against fungi such as
Candida tropicalis, Candida lusitaniae, Candida albicans,
Candida glabrata, Candida parapsilosis, and Cryptococcus
neoformans are among the fungus that flucytosine
effectively combats. It can be taken orally or intravenously,
and it is transformed into 5-fluorouracil (5-FU) when it
reaches fungal cells via cytosine permease. This metabolite
suppresses the growth of fungal cells by interfering with
RNA by preventing the synthesis of proteins and DNA by
preventing the synthesis of thymidylate synthetase [28].

Polyenes

Since their discovery in the 1950s, polyenes—such as
amphotericin B, nystatin, and natamycin—remain crucial
antifungal medications because of their wide-spectrum
action and low rates of resistance. Many different types of
fungi, including Histoplasma, Aspergillus, Fusarium,
Cryptococcus, Candida, Blastomyces, Coccidioides, Mucor,
and Sporothrix species, can be effectively treated with
amphotericin B. By attaching to ergosterol in the fungal cell
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membrane, polyenes cause hole development, intracellular
content leakage, and ultimately fungal cell death [29].

4.2. Limitations
The most prevalent adverse effect of allylamines, such
terbinafine, on the central nervous system is a headache.

Rashes, diarrhea, dyspepsia, and upper respiratory
inflammation or infection are further signs of adverse events
[30].

Although azole antifungals are usually well tolerated, they
frequently result in Nausea, vomiting, diarrhea, and stomach
discomfort are examples of gastrointestinal adverse effects.
One significant restriction is hepatotoxicity, which includes
increased liver enzymes, hepatitis, and infrequently, liver
failure. Drug efficacy may be decreased by resistance that
arises from mutations in target enzymes and efflux pumps.
Azoles also inhibit CYP450 enzymes, which increases the
risk of toxicity and causes serious drug-drug interactions
[31].

Hepatotoxicity, hypotension, infusion-related responses,
phlebitis, gastrointestinal problems, electrolyte imbalances,
and anemia are all possible side effects of echinocandins.
Because they don't have an oral formulation and must be
administered intravenously, their long-term use is limited by
their susceptibility to resistance and chemical deterioration
[32].

Flucytosine can cause side effects. Some of the serious ones
affect the blood, like agranulocytosis aplastic anemia and
pancytopenia. People may also experience stomach
problems, such as nausea and abdominal pain. Liver damage
and kidney damage are possible. Flucytosine can also cause
confusion, headache and hallucinations. Some individuals
may have nerve damage leading to neuropathy. Additionally
skin reactions like rash and itching can occur. These side
effects show that Flucytosine and its effects, on the body
need monitoring. Flucytosine side effects can be severe so
patients taking Flucytosine should be aware of them [33].
Significant toxicity limits the use of polyenes, especially
amphotericin B and related formulations. Nephrotoxicity,
which includes renal failure and high serum creatinine
levels, is the main drawback. They are also linked to
electrolyte imbalances (hypokalemia, hypomagnesemia),
anemia, and infusion-related responses as fever, chills,
rigors, hypotension, and headache [34].

4.3. Resistance
Single-nucleotide variants (SNVs) in the SQLE gene,
encoding squalene epoxidase, are the primary cause of

allylamine  resistance to  terbinafine  resistance.
Dermatophytes like Trichophyton rubrum, Trichophyton
mentagrophytes, and Trichophyton indotineac often have
common mutations like Phe397Leu and Leu393Ser, which
are linked to high treatment resistance [35]. Although there
have been reports of another mutation, Ala448Thr, its
precise function in resistance is still unknown. Additionally,
mutations in the ERG1I gene may contribute to reduced
susceptibility to azole antifungals. [36].

Genetic alterations are the primary cause of azole resistance
in fungus. Mutations in the ERG11 gene result in azole
resistance by reducing the azole's ability to bind to the
enzyme's active site [37]. Two genes, cypS1A and cyp51B,
encode the Cyp51 isoenzymes in A. fumigatus. Mutations
in cyp51A result in resistance to triazole, while mutations in
cypS1A give resistance to voriconazole. Another resistance
mechanism is increased efflux, which is mediated by the
major facilitator  superfamily transporters (MSF
transporters) and ATPbinding cassette transporters (ABC)
[38, 39].

Echinocandins resistance is something that happens mainly
because of changes in the one three glucan synthase
enzymes called FKS1. This is found in things like Candida
and Cryptococcus and Aspergillus. There is also another one
called FKS2 that is found in C. Glabrata. When we look at
Candida we see that changes in the FKS1 enzyme can make
it resistant to echinocandins. This is especially true for
things like C. Albicans and C. Tropicalis, P. Kudriavzevii
and C. Glabrata [40]. These changes in the FKS1 enzyme
are like a switch that turns on the resistance. They are called
gain of function mutations. They happen in certain areas of
the enzyme [41].

The rapid development of flucytosine (5-FC) resistance
restricts its application in therapeutic treatment. This
resistance typically results from increased pyrimidine
synthesis, or enzyme mutations or deletions that affect its
transport and metabolism. Because of this, 5-FC is usually
advised in conjunction with other antifungals and is rarely
used as a monotherapy. It is used in conjunction with AmB
or voriconazole to treat invasive Candida infections, and it
is commonly used in conjunction with AmB to treat
cryptococcal meningitis [42].

Polyenes resistance to (AmB) is rare and associated changes
in the route that produces ergosterol, which causes the
buildup of other sterols by removing ergosterol from the
membrane. However, resistance frequently leads to trade-
offs in fitness, such as heightened susceptibility to
neutrophil-mediated death, heightened susceptibility to
fever and stress [43].
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Table: -3 Major Classes of Antifungal Therapies: Molecular Targets, Mechanisms, Limitations, and Resistance

Mechanisms

Antifungal Main Specific Major Resistance | Activity vs. | Reference

Class Mechanism of | Molecular Mechanisms Key
Action Target Pathogens

Allylamines Inhibits  ergosterol | Squalene Mutations or| Fungicidal  against| [23]

(e.g., synthesis  causing| epoxidase overexpression of | dermatophytes such

Terbinafine) accumulation of| (Ergl/SQLE) SQLE/ERGI gene; as Trichophyton
toxic squalene amino-acid rubrum

substitutions such as
Phe397Leu and
Leu393Ser

Azoles (e.g., Inhibits  ergosterol | Lanosterol ERG11/CYPS51 Fungistatic ~ against| [26]

Fluconazole, synthesis leading to 140- mutations, yeasts such as

Itraconazole, toxic sterol| demethylase overexpression of | Candida albicans and

Voriconazole, | accumulation (Ergl1/Cyp51A) | target enzyme,| active against

Posaconazole increased efflux via | Aspergillus fumigatus

) ABC  and [26]

MFS
transporters,
chromosomal
duplications

Echinocandins | Prevents the| Fks1/Fks2 B-| Hotspot mutations in | Fungistatic  against| [33]

(e.g., formation of B- (1,3)-Dglucan FKS1 or FKS2 genes, | Aspergillus  species;

Caspofungin, (1,3)-D-glucan, synthase particularly in| fungicidal against

Micafungin, Which damages cell Candida glabrata Candida species [33]

Anidulafungin) | walls.

Flucytosine Converted Synthesis of DNA| Mutations in FCY1,| Fungistatic [37]
intracellularly to 5-| and RNA FCY2, or FURI, against
fluorouracil, reduced drug uptake,| Candida
inhibiting altered  pyrimidine spp- and
thymidylate metabolism Cryptococcus
synthase and RNA neoformans [37]
synthesis

Polyenes Binds ergosterol | Ergosterol in| Reduced ergosterol | Broad-spectrum [42]

(e.g., causing pore| fungal membrane | content due to ERG2, | fungicidal  activity

Amphotericin | formation and ERG3, ERGS6, against Candida,

B, Nystatin) membrane leakage ERG11  mutations,| Aspergillus, and

altered membrane | Cryptococcus [42]
sterol composition
(rare)

5. RATIONALE FOR EXPLORING HERBAL
ANTIFUNGAL AGENTS

Azoles, allylamines, echinocandins, griseofulvin, and
flucytosine are the main categories of antifungal
medications used in clinical settings to treat fungal
infections. Despite the fact that these medications have
made it easier to treat fungal illnesses, their usage is
frequently restricted due to toxicity, extensive treatment
times, and the development of drug resistance [44].
Particularly in pathogenic fungi like Candida albicans and

the multidrug-resistant species Candida auris, resistance to
azole antifungals like fluconazole has becoming more
prevalent. These difficulties emphasize the necessity of
creating novel antifungal medications. Given that
phytochemicals derived from plants have demonstrated
encouraging antibacterial and antifungal properties and
have been utilized in traditional medicine for ages,
medicinal plants have drawn interest as possible sources of
antifungal agents [45].
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6. HERBAL ANTIFUNGAL AGENTS

Herbal antifungal agents are organic compounds made from
therapeutic herbs that have the capacity to stop the growth
of or eradicate harmful fungi. Flavonoids, terpenoids,
alkaloids, and phenolic compounds are instances of
bioactive phytochemicals with antifungal properties that are
present in these medications properties via a variety of
mechanisms. Due to their possible efficacy, lower toxicity,
and decreased risk of resistance when compared to standard
antifungal medications, herbal antifungal medicines are
being extensively researched as supplementary or
alternative therapy for fungal infections [46].

6.1. Mechanism Of Action

* Disruption of Fungal Cell Wall and Membrane
Numerous plant-based substances, such as phenolics,
terpenoids and essential oils affect the membrane and fungal
cell wall. These substances weaken the cell wall by
disrupting its structure, which includes things like chitin and
glucans. The plant substances also upset the lipid bilayer of
the membrane. This damage causes the fungal cell to lose
its components and ultimately leads to cell death. The result
is that the fungal cells get damaged. The plant-based
substances keep affecting the cell wall and membrane. [47].

« Inhibition of Ergosterol Biosynthesis

The manufacture of ergosterol, a crucial sterol that keeps
fungal cell membranes stable and functional, is hampered
by some phytochemicals. Fungal growth and survival are
eventually hampered by the disruption of membrane

permeability and structure caused by a decrease in
ergosterol concentration [48].

* Induction of Oxidative Stress

It is possible to produce reactive oxygen species (ROS)
inside fungal cells by herbal antifungal medicines. Cellular
components such lipids, proteins, and nucleic acids are
oxidatively damaged by excessive ROS buildup, which
results in cellular malfunction and fungal cell death [49].

* Inhibition of Enzymatic and Metabolic Processes
Some substances originating from plants disrupt metabolic
pathways and protein production, as well as block important
fungal enzymes. Energy production and vital metabolic
processes necessary for fungal growth and replication are
impacted by this disruption [50].

* Inhibition of Fungal Virulence and Biofilm Formation
Certain herbal chemicals inhibit the development of
biofilms, hyphal production, adhesion, and other aspects of
fungal pathogenicity. Herbal antifungal drugs decrease
fungal colonization, slow the spread of illness, and improve
antifungal efficacy by blocking these processes [S1].

Figure 3 shows a schematic summary of the mechanism of
action.

Induction of Oxidative S

Figure: -3 Mechanism of Action

6.2. Example Of Common Herbs With Antifungal
Activity: - Numerous medicinal herbs and plant-based
formulations have shown considerable antifungal activity
against a variety of pathogenic fungi due to their bioactive

phytochemicals. Here are some representative examples-

Curcuma aromatica (Wild turmeric): Curcuma
aromatica, also known as Wild turmeric has some
properties. The main reason Curcuma aromatica can fight
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off fungus is because of the things it contains like
curcuminoids and flavonoids and phenolic compounds.
These things are good at messing up fungus cell membranes.
Stopping them from working. Curcuma aromatica can stop
fungus like Candida albicans and Aspergillus flavus from
growing [52].

Aloe vera (Aloe)

Aloe vera is also good at fighting off fungus. Aloe vera
contains ~ compounds and  anthraquinones  and
polysaccharides that stop fungus cells from working and
growing. These things, in Aloe vera help our bodies fight
infections. That makes Aloe vera good at fighting Candida
species and other fungus [53].

Azadirachta indica (Neem)

Azadirachta indica has a lot of potential to fight off fungus.
This is because it has things like azadirachtin, nimbin and
nimbolide in it. These things from plants really mess with
the walls of cells change how easy it is for things to get in
and out of the cell and stop the spores from growing. This
means that Azadirachta indica is really good at stopping
Candida albicans and other bad fungi from growing [54].

Curcuma longa (Turmeric)

Curcumin is a part of Curcuma longa and it is really good
at fighting off fungus too. It does this by changing how easy
it is for things to get in and, out of the cell stopping the
fungus from making ergosterol and making things that hurt
the cells of the fungus. This hurts the fungus like Candida
albicans. Stops it from working properly [55].

Origanum vulgare (Oregano)

The oil from Origanum vulgare is really good at fighting
fungus. This is because it has a lot of carvacrol and thymol
in it. These things are very bad for fungus. They mess up the
fungus cells. Cause all the insides to leak out. They also stop
the cells from working. This is especially bad for Candida
albicans [56].

Syzygium aromaticum (Clove)

The oil from Syzygium aromaticum is also very good at
fighting fungus. This is because it has a lot of eugenol in it.
The eugenol damages the fungus cells. Stops them from
working. It also stops the proteins in the cells from doing
their job. This causes the cells to die. Candida albicans is
one of the fungi that this oil's very good at killing [57].

Lawsonia inermis (Henna)

Lawsonia inermis has some ingredients that help it fight
fungus. These ingredients are lawsone, flavonoids and
tannins. They stop the fungus from building cells. They also
stop the proteins in the cells from working. This means that
the fungus cannot grow. It is especially bad, for Candida
albicans and Aspergillus niger. [58]

Cymbopogon citratus (Lemongrass)

The antifungal effect of Cymbopogon citratus comes from
other things called terpenoids. These things hurt the
membranes of cells. They also stop the spores from
growing. Make it hard for the fungi to breathe. This is
especially true for Candida albicans.[59]

Ocimum sanctum (Tulsi)

The antifungal activity of sanctum is due to eugenol ursolic
acid and some other compounds that have a lot of phenol in
them. These compounds mess up the membranes of the
cells. Stop the fungi from growing. They do this by
interfering with the way the cells make things they need.
This happens with Candida albicans.[60]

Herbal antifungal agents are pretty good, at what they do.
They have some problems. They do not dissolve well in
water. They also have a time getting into the body and they
are not very stable. They have a hard time getting through
the skin. There are some ways to give these agents to people
that can help with these problems. These are called drug
delivery systems. One kind is called microemulsions. These
systems help the agents dissolve better and stay stable. They
also help them get through the skin. This makes the
antifungal agents work better against the fungi.

7. MICROEMULSION DRUG DELIVERY SYSTEM
Microemulsions are a unique type of "dispersion" that can
seem translucent or transparent. In their research
investigation to create translucent or transparent emulsion
systems, medium short chain alcohols are titrated with long-
chain fatty (soapy milky emulsions), Hoar and Schulman
(1943) made the initial discovery of them. A
thermodynamically stable, isotropically transparent mixture
of two immiscible liquids, such oil and water, supported by
a surfactant molecule interfacial coating is called a
microemulsion (ME) [61]. They have become innovative
drug delivery vehicles that enable parenteral, ocular,
percutaneous, topical, transdermal, and regulated or
sustained release of medication. Microemulsions typically
contain uniformly distributed droplets with diameters
between 10 and 100 nm. These systems have low viscosity,
a high solubilizing capacity for lipophilic and amphiphilic
medicines, and improved stability in comparison to
traditional emulsions because of their nanoscale size. They
are adaptable carriers because of their biphasic composition,
which permits the addition of both hydrophilic and
lipophilic medications as well as permeation enhancers [62].
Microemulsions' applications of pharmacology have been
thoroughly investigated as potential medication delivery
methods for medications that are poorly soluble in water.
They are frequently used as drug carrier systems for topical,
oral, and parenteral drug administration because to a variety
of advantages, including as simplicity of synthesis,
spontaneous generation and scale-up, thermodynamic
stability, enhanced drug solubilization, and bioavailability
[63,64]. The structure of microemulsions is shown in Figure
4.
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Cosurfactant: minimize interfacial stress and guarantee the interfacial layer's flexibility
Figure: -4 Structure of microemulsion

7.1. Types Of Microemulsions

Despite their thermodynamic stability, microemulsions are
only present under certain conditions. There are four
different kinds of equilibrium microemulsion phase,
according to

Winsor; these phases are also known as Winsor phases.
They are-

7.1.1. Winsor I, an oil-in-water microemulsion

7.1.2. Winsor II or water-in-oil microemulsion

7.1.3. Winsor III or bi-continuous microemulsion

7.1.4. Winsor IV or single-phase homogenous mixture

7.1.1. Winsor I, an oil-in-water microemulsion

A surfactant (and sometimes co-surfactant) film envelops
the oil-in-water oil droplets type of microemulsion, creating
the water-dispersed continuous internal phase. In contrast to
the w/o microemulsion, this kind of microemulsion has a
greater volume of interaction [65].

7.1.2. Winsor II or water-in-oil microemulsion

Water droplets are encased in a continuous oil phase in the
water-in-oil. These are known as

"reversemicelles," where the polar head groups of the
surfactant face the water droplets and the fatty acid tails face
the oil phase. A parenterally or orally administered w/o
microemulsion may become unstable due to the aqueous
biological system [66].

7.1.3. Winsor III or bi-continuous microemulsion

The volumes of oil and water in a bi-continuous
microemulsion systems are similar. Water as well as oil are
present in this instance as a continuous phase. Oil and water
are combined in an irregular channel that looks like a
"spongephase." This bi-continuous condition may be
traversed by transitions from o/w to w/o microemulsion.
Non-Newtonian flow and plasticity are possible
characteristics of bi-continuous microemulsions. These
qualities make them very useful for topical or intravenous
drug administration [67].

7.1.4. Winsor IV or single-phase homogenous mixture
Surfactants, water, and oil are all uniformly combined
Winsor IV, a single-phase homogenous mixture
Microemulsions' classification emphasizes how adaptable
they are as drug delivery methods, especially for topical
applications. Herbal microemulsion systems for better
antifungal therapy have been developed as a result of the
increased exploration of microemulsions for the
incorporation of herbal antifungal agents due to their high
solubilization capacity and penetration-enhancing qualities
[68].

7.2. Components Of Microemulsion
Microemulsions are developed and formulated using a
variety of ingredients. Microemulsions mostly contain oil
and surfactants, which must be therapeutically acceptable,
nontoxic, and biocompatible.
The primary elements of a microemulsion are:

I Oil phase

IL Aqueous phase

ITI.  Surfactant

IV.  Cosolvent

L. Oil phase

Any liquid with low polarity and low water miscibility is
considered oil; examples of such phases include vegetable
oil, toluene, mineral oil, cyclohexane, etc. Because it can
solubilize the required dose of the lipophilic medicine and
increase the amount of lipophilic drug carried by the
intestinal lymphatic system, oil is one of the most important
components of microemulsion [69].

II. Aqueous phase

The aqueous phase usually contains hydrophilic active
ingredients and preservatives.

Sometimes buffer solutions are used as an aqueous phase
[70].
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III.Surfactant

A substance with some superficial or interfacial action and
a surfactant is a substance that is used to lessen surface or
interface tension. It is drawn to both nonpolar and polar
liquids. Molecules with a polar head group and a polar tail
are known as surfactants. Surfactant molecules selfassociate
due to a range of intramolecular and intermolecular
interactions as well as entropy concerns. For instance,
because it is thermodynamically advantageous, surfactants
concentrate when mixed with water close to the oil/water
interaction [71]. The surfactant's molecules can organize
themselves in many ways. They can produce spherical
micelles, hexagonal reverse micelles, rod-shaped micelles,
a hexagonal phase, and lamellar (sheet) phases. Spherical,
isolated droplets with modest quantities of dispersed phase
are present in the microemulsions [72].

The several kinds of surfactants that support the
advancement of microemulsion systems are

. Cationic

. Anionic

. Non-ionic

. Zwitterionic surfactants.

* Cationic Surfactants

In water, cationic surfactants split into a positively charged
amphiphilic ion and a counter anion, typically a halide. They
frequently include nitrogen-based substances such fatty
amine salts with lengthy alkyl chains and quaternary
ammonium salts. Hexadecyltrimethylammonium bromide
and didodecyl ammonium bromide are two examples [73].

* Anionic Surfactants

In water, anionic surfactants split into a negatively charged
amphiphilic ion and a cation, such as potassium or sodium.
They account for almost half of the world's surfactant
production and are the most often utilized surfactants.
Usually, carboxylate, sulfate, or sulfonate groups are the
source of their charge [74].

* Non-ionic Surfactants

Non-ionic surfactants don't ionize in aqueous solutions.
Alcohols, esters, phenols, and amides are examples of non-
dissociable functional groups found in their hydrophilic
groups. Polyethylene glycol chains are present in many non-
ionic surfactants, which increase their water solubility [75].

» Zwitterionic Surfactants

Surfactants that are zwitterionic are molecules that have
both negative and positive charges. Phospholipids like
lecithin and betaine derivatives are two examples. These
surfactants are frequently utilized in microemulsions and
show good biocompatibility [76].

IV. Co-solvent (Co-surfactant)

Often, the oil-water interfacial tension cannot be adequately
reduced by single-chain surfactants alone to create stable
microemulsions. In order to improve the interfacial film's
flexibility and enable the creation of microemulsions across
a larger range of compositions, cosolvents or Co-surfactants
are introduced. Glycols (propylene glycol), medium-chain
alcohols, amines, and short-chain alcohols (ethanol,
propanol, butanol), and organic acids are examples of
common co-surfactants. Additionally, these substances help
to stabilizing the microemulsion system by preventing the
development of liquid crystalline or gel phases [77].

7.3. Mechanism Of Drug Penetration And Enhancement
Of Penetration:

The skin, which is the body's outermost layer, serves mainly
as a barrier that keeps viruses and other foreign substances
out of the body and shields it from damaging environmental
stimuli like light, temperature, and radiation. Because of the
skin's protective properties, topical or transdermal
medication delivery is exceedingly challenging. As a result,
a number of different approaches have been used to boost

medication delivery and skin absorption, such as
transdermal adhesives, delivery systems, penetration
enhancers, and novel drug delivery systems. By

momentarily disturbing the stratum corneum of the
epidermis, all of these techniques improve medication
penetration [78].

Microemulsions dissolve the medication and lessen the drag
force on the skin's surface. Surfactants or lipids that can
disintegrate or disturb the stratum corneum's lipid bilayer
structure are occasionally utilized as penetration enhancers
in formulations. As a result, the layer reduces the cornea's
barrier function and creates holes or channels that allow
drugs to pass through the skin. Penetration enhancers allow
the medication to enter the stratum corneum at a particular
rate by altering the lipid bilayer and keratinocyte
organization [79]. The lipid-protein partitioning theory
provides the best explanation for the relationship between
transmission enhancers and the stratum corneum (skin
barrier). This theory states that three key factors contribute
to drug penetration: 1) drug interaction with the cellular
lipid bilayer; 2) drug interaction with keratinocytes; and 3)
an extra solvent or intervening enhancer. Transdermal
medication administration can be facilitated by reversing
the skin barrier through the stratum corneum. Three key
mechanisms can lead to medication release once the
constriction is lessened. 1) Intracellular: Hydrophilic
materials benefit from pathways between cells. 2)
Intracellular: Lipophilic drugs are best transported between
cells. 3) Follicular/transadnexal: medication administration
via skin appendages or hair follicles [80]. The different
pathways of skin penetration by microemulsions are shown
in Figure 5.
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Figure: - S “Skin penetration pathway of microemulsion”

7.4. Advantages Of Microemulsion System: -

Microemulsion  systems improve drug solubility,

bioavailability, and penetration due to their nanosized

droplets and high stability. There are several advantages of

microemulsion systems- [81-84].

e  The microemulsion can be reversed. They can become
erratic at high or low temperatures, but the
microemulsion reforms when the temperature reaches
the stability range.

e Because of their strong thermodynamic stability,
microemulsions are simple to make and require no
energy input.

e  Thermodynamically stable, microemulsions enable the
system to self-emulsify.

e  Microemulsions function as drug supersolvents,
solubilizing both hydrophilic and hydrophobic
[lipophilic] medicines, including those that are not
soluble in either hydrophobic and aqueous solvents.

e Using microemulsions as delivery methods can
increase a medication's effectiveness by lowering the
overall dosage and reducing side effects.

e  Microemulsions have an advantage over creams in
terms of improving stratum corneum hydration and
medication penetration into the skin and bloodstream.

e  Thermo-labile drugs don't break down and are easy to
administer.

e A substantial amount of medication can be added due
to the formulation's excellent solubilizing capacity,
which may increase thermodynamic action towards the
skin.

e The surfactant and co-surfactant in the microemulsions
may reduce the diffusional barrier of the stratum
corneum by acting as penetration enhancers.

e Low surface tension guarantees good skin contact. A
practically constant concentration gradient across the
skin can also be maintained throughout time by using
the dispersed phase as a reservoir.

8. HERBAL MICROEMULSION IN ANTIFUNGAL
THERAPY

In antifungal medicine, "herbal microemulsion" refers to
sophisticated colloidal systems that incorporate bioactive
chemicals obtained from plants to improve solubility,
stability, and antifungal efficacy. In addition to providing a
safer and more biocompatible substitute for traditional
antifungal formulations, these systems enhance drug
penetration, bioavailability, and therapeutic performance.

8.1. Reported Studies

1. Li et al (2021) prepared a microemulsion
formulation of Waltheria indica extract with flavonoids,
alkaloids, tannins, and terpenoids. The formulation
demonstrated improved permeability, good stability, and an
appropriate droplet size. By compromising the integrity of
the fungal cell membrane and modifying enzymes linked to
oxidative stress, the study showed substantial antifungal
activity against Phytophthora capsica, suggesting its
potential as a plant-based antifungal system [85].

2. Nguyen et al. (2022) prepared a microemulsion
system incorporating Citrus hystrix (kaffir lime) leaf oil rich
in citronellal, limonene, and terpenoids. The formulation
demonstrated enhanced solubility of the active ingredients,
nano-sized droplets, and high physical stability. Strong
antifungal activity against Aspergillus niger, Trichophyton
species, and Candida albicans demonstrated its efficacy in
treating dermatophytic infections [86].

3. Khan et al. (2023) formulated a microemulsion-
based gel of Thymus vulgaris (thyme oil), containing
bioactive compounds such as thymol and carvacrol. It helps
medicine get into the skin better. Release it properly. This
results in it working well against certain fungus infections
like Candida and Trichophyton. This suggests it could be a
way to make a medicine that you put on your skin to fight
fungus [87].

4. Sharma et al. (2020) developed a herbal
microemulsion incorporating essential oil of Ocimum
sanctum for topical antifungal application. It helps the drug
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get into the skin better. Keeps releasing it over time. The
new mixture worked better than the herbal things we use. It
got into the skin. Stayed there longer. The study showed that
it was really good, at fighting a type of fungus called
Candida albicans and other fungi that affect the skin. The
mixture was also very stable. People liked using it because
it did not feel greasy on the skin and was easy to put on.
Sharma and his team found that the herbal microemulsion
was a way to fight fungus on the skin [88].

5. Chen et al. (2015) formulated an essential oil-
based microemulsion incorporating tea tree oil rich in
terpinen-4-ol. They used tea tree oil that had a lot of
terpinen-4-ol in it. This mixture had small drops and was
very stable. It also helped the oil spread out better. The study
found that this mixture was very good at fighting fungi like
Candida albicans and Trichophyton rubrum. This was
because the good stuff in the mixture could get to where it
needed to go and work better [89].

microemulsion loaded with essential oil of Cymbopogon
nardus for topical antifungal application. This mixture was
for putting on the skin to fight fungus. The mixture helped
the good stuff in the herb get into the skin better. It stayed
in the body for a longer time. This study showed that the
mixture was really good at fighting a type of fungus called
Candida albicans. It worked well in tests with cells and with
living things. The mixture was also better, than using the oil
from

the herb. It did not go bad as easily. It did not evaporate as
quickly. This made the herb work better to help people [90].

8.2. Comparative Efficacy

The comparative evaluation of herbal microemulsion and
synthetic antifungal formulations, based on parameters such
as source, mechanism of action, drug delivery efficiency,
safety, resistance development, and therapeutic outcomes, is
summarized in Table 4.

Toledo et al. (2020) developed a herbal
Table: -4 Comparative efficacy
Parameter Herbal Microemulsion Formulation Synthetic Antifungal
Formulation
Source of | Obtained from botanical extracts, essential oils, and| Made up of chemically
Active phytochemicals like neem oil, tea tree oil, turmeric,| produced antifungal substances like
Ingredient and aloe vera ketoconazole, clotrimazole, terbinafine, and
nystatin [91]
Mechanism Various mechanisms such as damaging fungal cell| Primarily focus on particular fungal pathways
of membranes, suppressing fungal growth, exhibiting| like blocking ergosterol production or
Action antioxidant properties, and providing| inhibiting squalene epoxidase
antiinflammatory effects [92]
Drug Microemulsion droplets boost the solubilization of| Traditional creams or gels might exhibit
Deliv | hydrophobic phytochemicals while enhancing skin| restricted absorption and reduced solubility for
ery absorption and bioavailability lipophilic medications [93]
Efficiency
Safety Profile | Typically more secure with low toxicity and reduced| May lead to irritation, a burning feeling, allergic
side effects because of its natural source responses, and systemic
effects with extended use [94]
Resistance Reduced likelihood of resistance because various| Frequent use of single-target medications may
Development | bioactive compounds work together synergistically | result in fungal resistance
[95]
Additional Provide additional benefits such as antioxidant, anti-| Primarily antifungal with limited additional
Therapeutic inflammatory, wound healing, and moisturizing| therapeutic benefits [96]
Effects effects
Onset of | Sometimes slower due to natural compounds but| Rapid antifungal action due to potent synthetic
Action effective with sustained use drugs [97,98]
Patient Chosen for its natural origin and gentle impact on the | Occasionally constrained because of
Acceptability | skin discomfort or negative
responses
[99]
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9. CHARACTERIZATION TECHNIQUES

9.1. Physical appearance

Looking at the microemulsion helps us see what it looks
like. We check if it is clear, transparent and if all parts are
well mixed. A good microemulsion should look clear. Not
separate into different parts. This means the microemulsion
is stable and well mixed [100].

9.2. Zeta potential

Zeta potential is used to check if the microemulsion is
stable. The HORIBA SZ-100 helps find out the surface
charge of the particles by measuring the Zeta potential of
the microemulsions. To do this we put the sample in a
single-use cell. Then we measure how the particles move in
a field to find the Zeta potential [101].

9.3. Droplet Size and Size Distribution

One important factor affecting stability, medication release,
and bioavailability is droplet size. Dynamic light scattering
(DLS) is typically used to measure it. Microemulsions
usually show uniform distribution with droplet sizes
between 10 and 100 nm and a low polydispersity index
(PDI) [102].

9.4. FTIR spectroscopy

Potential drug-excipient interactions can be found using
Fourier Transform Infrared (FTIR) spectroscopy. The KBr
pellet method is used to prepare the sample, which is
compressed under high pressure and scanned throughout a
wavelength range of 4000 to 400 cm™'. Any alteration or
shift in the formulation's characteristic peaks suggests
potential interactions [103].

9.5. Measurement of pH

Using a calibrated pH meter (Digital Potentiometer Model
EQ-601 Equip-Tronics), the electrode was submerged
directly into the dispersion to determine the pH values of the
improved formulation [104].

9.6. Viscosity measurement

Low viscosity systems are often micro emulsions. Using a
Brookfield viscometer and LV spindle number 63, the
produced micro emulsion's viscosity was tested at 25°C and
60 rpm [105].

9.7. Drug stability

The optimal microemulsion is stored at room temperature,
at 50 £ 2 °C, and under cold temperatures (4—8 °C). The
microemulsion can be examined for phase separation,
percent transmittance, globule size, and percent assay after
every two months [106].

9.8. Differential scanning calorimetry (DSC)

An essential assessment method for identifying potential
drug-excipient interactions is thermal analysis. Any change
in the thermogram can be used to identify such an
interaction. A DSC thermogram (PerkinElmer 4000, PYRIS
Version-11.1.0.0488, 2009, PerkinElmer, Inc.) for the pure

drug and prepared microemulsion was obtained after about
1 mg of the sample was sealed in an aluminum pan and
heated at a rate of 10 °C/min, covering a temperature range
of 30 °C to 300 °C under a nitrogen atmosphere at a flow
rate of 20 ml/min) [107].

9.9. Dilution test:

The purpose of the dilution test is to verify the
microemulsion's stability and kind. A stable microemulsion
should exhibit no phase separation or cracking when diluted
with the continuous phase, indicating its thermodynamic
stability [108].

9.10. Transmission electron microscopy (TEM) study.

The tiny drops of microemulsion are looked using a special
tool called transmission electron microscopy. This tool
helps us see the details of the microemulsion by showing us
the size, shape and how the tiny drops are spread out [109].

9.11. Determination of drug Content

We take an amount of microemulsion and mix it with a
liquid like methanol. Then we add liquid to make it dilute
so we can figure out how much medicine is, in it. To make
sure the medicine is spread evenly throughout the
microemulsion by using UV spectrophotometer to measure
how much light is absorbed at a wavelength [110].

9.12. Refractive index

To figure out the index of the microemulsion a small drop
of the microemulsion is put on the slide of an Abbe
refractometer. The Abbe refractometer is set at 25°C. This
helps us see if the microemulsion is really mixed well and if
it looks the same in all directions [111].

9.13. In-vitro drug release

A Franz diffusion cell helps to test how a drug is released in
the body. The Franz cell has two parts: a receptor
compartment and a donor compartment. The receptor part
has a liquid that works like the body fluids. The donor part
holds the drug in a liquid form called microemulsion. The
two parts are separated by a membrane. To understand how
the drug is released we take samples at set times. These
samples are then checked using UV spectrophotometer. The
Franz diffusion cell is useful, for finding out how a drug
behaves. The drug release profile shows how much of the
drug is released over time. The diffusion behavior shows
how the drug moves through the membrane [112].

10. CHALLENGES

The wuse of microemulsion systems for antifungal
medication is limited by several issues despite their
potential. One major concern is the stability of compounds.
Many herbal compounds, such as terpenoids and flavonoids
are sensitive to light, temperature, oxygen and pH. This
sensitivity can reduce the stability and effectiveness of the
formulation. Herbal microemulsion systems need a balance
of ingredients. This balance includes oil phase, surfactants,
co-surfactants and aqueous phase. Finding the balance is a
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challenge. Prolonged use of microemulsion systems on the
skin can cause irritation or hypersensitivity. This is due to
the concentration of surfactants required for microemulsion
production. The chemical makeup of extracts can vary. This
variation is caused by differences in plant source growing
conditions and extraction methods. As a result, the
therapeutic results of microemulsion systems can be
inconsistent.

Most research on microemulsion systems is limited to
laboratory studies. There are studies, on animals and
humans. For herbal microemulsion systems to be developed
into medicines several obstacles must be overcome. These
obstacles include approval, standardization of herbal
extracts and large-scale production while maintaining
formulation stability [114].

11. FUTURE PERSPECTIVES

Herbal microemulsion systems are interesting ways to
deliver antifungal therapy. These systems have gotten a lot
of attention because they can help make medication more
stable and release it in a controlled way. In the future
researchers might look into combining microemulsion
systems with other tiny systems like nanoemulgels,
liposomes, solid lipid nanoparticles and nanostructured lipid
carriers to make antifungal drugs work better [115].
Another cool idea is to make gel formulations that use
microemulsions or emulgels which bring together the good
things about gels and herbal microemulsions to make them
thicker, easier to spread and better at staying on the skin,
which can make antifungal therapy work better when you
put it on your skin. Herbal microemulsion systems have
been studied a lot for delivering medication to the skin.
These systems can hold components and make them more
stable and they can release medication over a longer time.
Compared to the ways of making medication herbal
microemulsion systems can make herbal medicines work
better when you put them on your skin by helping the active
components get through the outer layer of skin [116].

Also looking into antifungal chemicals from plants and
putting them into better herbal microemulsion systems
might give us safer and more powerful alternatives to
traditional antifungal medications. We might be able to
overcome antifungal medication resistance by combining
antifungal drugs with natural herbal components to make
them work together. Moreover, to get these microemulsion
systems approved and made on a big scale we need to
standardize the herbal extracts and make rules, for quality
control [117].

12. CONCLUSION

Fungal infections are a problem because they are happening
a lot and they are getting harder to treat with the usual
medicines. This is a health concern worldwide. The thing is,
many of the medicines we use to treat infections are not very
good. They can be bad, for us they do not work well and
they can even help create new kinds of fungi that are hard
to kill. Fungal infections are a problem because many
antifungal medicines have limitations. These limitations
include being toxic not being absorbed well by the body and
not being able to be dissolved. Also new fungus strains are

developing. All these problems show that we need to find
ways to treat fungal infections. We need to make treatments
more effective. One way to do this is to use microemulsion-
based drug delivery systems to help fight infections.
Microemulsions can improve medication solubility,
stability and skin penetration. Microemulsions have
advantages over traditional carriers. They work well with
both water loving and fat-loving chemicals. They can
dissolve substances and are easy to make. They are also very
stable. Adding bioactive components to microemulsion
systems can make antifungal treatments more effective. It
can also reduce toxicity. Improve skin penetration. Herbal
microemulsion formulations show promise for creating
more effective topical antifungal treatments. However more
research and testing are needed to make these treatments a
reality. Further investigation and clinical validation are
required for their use in medicine. This includes refining the
formulations to ensure they are safe and effective. Then can
herbal microemulsion based treatments become a practical
solution, for fungal infections.
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