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ABSTRACT:   

Various fungal species cause a wide range of 

diseases, necessitating the use of antifungal agents. 

This paper discusses different classes of antifungal 

drugs, including polyenes, azoles, allylamines, and 

echinocandins, and their effectiveness in treating 

fungal infections. The older agents, such as topical 

azoles and first-generation triazoles (fluconazole 

and itraconazole), are commonly used for 

superficial and invasive fungal infections. Newer 

agents, such as echinocandins (e.g., caspofungin) 

and second-generation triazoles (e.g., voriconazole, 

posaconazole), exhibit broad-spectrum activity. 

Voriconazole and posaconazole are effective against 

both yeasts and molds, with posaconazole being the 

only azole with activity against Zygomycete fungi. 

Caspofungin is particularly effective against 

Candida and Aspergillus infections. Though azoles 

are relatively safe, they can cause adverse effects 

such as visual disturbances (voriconazole), liver 

enzyme elevation, and skin rashes, whereas 

caspofungin has minimal side effects. Combination 

antifungal therapy may be used in specific cases of 

invasive fungal infections. The need for novel 

antifungal agents remains pressing due to changing 

clinical demands. 

Keyword:Antifungal agents, antifungal medicament, 

antifungal treatment, topical antifungal, fungicidal. 

INTRODUCTION 

The fungal kingdom represents a vast and 

diverse group of organisms, though only 

5% of an estimated 1.5 million species have 

been formally classified. Fungi can act as 

parasites on plants, animals, and humans, 

causing significant agricultural and forestry 

losses (e.g., rice blast, Dutch elm disease). 

In humans, certain fungal infections can be 

life-threatening without treatment. Current 

antifungal treatments are categorized into 

four major drug classes, each targeting 

different aspects of the fungal cell. 

1. Polyenes: Amphotericin B (AMB) 

interacts with ergosterol in fungal cell 

membranes, making it fungicidal against 

species like Candida and Aspergillus.   

2. Triazoles: First- and second-generation 

triazoles inhibit ergosterol biosynthesis. 

They are fungistatic against yeasts and 

fungicidal against Aspergillus species. 

3. Echinocandins: These block the 

synthesis of β‐D‐glucans in the fungal cell 

wall, making them effective against 

Candida and fungistatic against 

Aspergillus. 

4. Pyrimidine analogues: Flucytosine (5‐

FC) interferes with fungal protein and DNA 

biosynthesis. 

However, the overuse of antifungal agents 

is contributing to increased resistance 

among opportunistic pathogens, identified 

by the World Health Organization as a 

critical threat. As such, antifungal agents, 

while generally fungistatic, play a key role 

in treating infections like candidiasis and 

ringworm, with a growing need for novel 

therapies due to resistance. 

History   
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The history of antifungal agents spans 

several decades of discovery, starting in the 

early 20th century. Over time, antifungal 

therapies have evolved from rudimentary 

treatments with high toxicity to modern 

drugs with more specific mechanisms of 

action. Here's a breakdown of the key 

milestones in the development of antifungal 

agents: 

Treatments (Pre-1940s) Early  

Before the development of modern 

antifungal agents, fungal infections were 

treated using a variety of natural remedies 

and chemicals, but there were few effective 

options, especially for systemic infections. 

- Natural Compounds: Early antifungal 

remedies included herbal and plant-based 

treatments, but these were mostly limited to 

topical applications for superficial fungal 

infections like tinea (ringworm) and 

onychomycosis (nail infections). 

- Gentian Violet (1890s): This was one of 

the first chemical agents used to treat fungal 

infections like oral thrush (Candida 

albicans). Though still used in some cases, 

it is largely obsolete today due to its 

staining properties and the availability of 

more effective drugs. 

 Development of Polyenes (1940s-1950s) 

The introduction of polyenes marked a 

significant advancement in antifungal 

treatment, particularly for systemic 

infections. 

- Amphotericin B (1955): Discovered in the 

1950s, amphotericin B, derived from 

Streptomyces nodosus, was the first broad-

spectrum antifungal agent effective against 

systemic fungal infections. It binds to 

ergosterol in fungal cell membranes, 

causing the cells to leak and die. However, 

its use has been limited by severe side 

effects, particularly kidney toxicity. 

  - Nystatin (1950): Developed by Elizabeth 

Lee Hazen and Rachel Fuller Brown, 

nystatin was the first polyene antifungal 

and is still used today for treating 

superficial infections like oral thrush and 

diaper rash. It was the first successful 

antifungal drug, and its discovery paved the 

way for more advanced treatments. 

 Introduction of Azoles (1960s-1980s 

The azoles class of antifungal agents 

revolutionized the treatment of both 

superficial and systemic fungal infections. 

These agents inhibit ergosterol synthesis, a 

vital component of fungal cell membranes. 

- Clotrimazole (1969): One of the first 

azoles introduced for topical fungal 

infections. It became widely used for skin 

infections, vaginal candidiasis, and athlete's 

foot. 

- Miconazole (1970s): Another early azole, 

commonly used for both topical and 

systemic infections. 

- Ketoconazole (1981): The first azole 

developed for oral use. Ketoconazole 

became a widely used drug for systemic 

infections but was eventually replaced by 

safer azoles due to its hepatotoxicity (liver 

toxicity). 

 Triazoles 

Triazoles represented a further refinement 

of azole antifungals, offering improved 

potency and fewer side effects compared to 

earlier azoles. 

  - Fluconazole (1990): One of the most 

important advances in antifungal therapy, 

fluconazole offered excellent 

bioavailability, good safety profile, and 
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effectiveness against Candida and 

Cryptococcus infections. It became the 

standard treatment for conditions like 

vaginal candidiasis and cryptococcal 

meningitis. 

- Itraconazole (1992): This was more 

broad-spectrum than fluconazole and 

effective against dermatophytes and molds 

like Aspergillus. Itraconazole’s role in 

treating systemic infections like 

histoplasmosis and blastomycosis was 

crucial. 

- Voriconazole (2002): A second-

generation triazole, voriconazole, became a 

primary treatment for invasive 

aspergillosis, a life-threatening mold 

infection, and for fluconazole-resistant 

Candida species. 

- Posaconazole (2006): Effective against a 

broad range of fungal infections, including 

mucormycosis and multidrug-resistant 

fungi. It is used for prophylaxis in 

immunocompromised patients. 

 Development of Allylamines and 

Griseofulvin (1950s-1990s) 

- Griseofulvin (1958): Griseofulvin, 

derived from Penicillium griseofulvum, 

was developed as an oral antifungal for 

treating dermatophyte infections. It works 

by inhibiting fungal mitosis. While still 

used for skin and nail infections, it has 

largely been replaced by newer agents like 

terbinafine. 

- Allylamines (1980s): This class of drugs, 

including terbinafine and naftifine, works 

by inhibiting squalene epoxidase, reducing 

ergosterol synthesis in the fungal cell 

membrane. 

  - Terbinafine (1990s): Terbinafine became 

the drug of choice for treating 

dermatophyte infections, particularly 

onychomycosis (fungal nail infections), due 

to its effectiveness and safety profile. 

 Echinocandins (2000s) 

The echinocandins are the most recent class 

of antifungal agents and work by inhibiting 

the synthesis of β-1,3-glucan, a crucial 

component of the fungal cell wall. This new 

mode of action was important for 

combating resistant infections. 

- Caspofungin (2001): The first 

echinocandin approved, it provided a new 

treatment option for invasive candidiasis 

and aspergillosis, particularly in cases 

where azoles or polyenes were ineffective 

or poorly tolerated. 

- Micafungin (2005) and Anidulafungin 

(2006): Both followed caspofungin, 

offering expanded treatment options with 

fewer side effects and drug interactions. 

 Novel Antifungal Agents (2010s-Present) 

Ongoing research is focused on overcoming 

antifungal resistance and improving the 

safety and efficacy of treatments. 

- Fosmanogepix (APX001): A promising 

novel agent that targets fungal GPI-anchor 

biosynthesis. It shows activity against 

resistant fungi, including Candida auris and 

Aspergillus. 

- Ibrexafungerp (2021): This new class of 

antifungal, referred to as a triterpenoid, was 

approved for treating vaginal yeast 

infections (Candida vulvovaginitis). It 

works similarly to echinocandins by 

inhibiting fungal cell wall synthesis. 

- VT-1161 and VT-1129: Novel antifungal 

drugs targeting fungal sterol biosynthesis 

enzymes, showing promise for treatment of 
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resistant Candida infections and 

cryptococcosis. 

Antifungal Agents 

Antifungal agents are medications or 

substances that inhibit the growth of or kill 

fungi, which are responsible for various 

infections in humans, animals, and plants. 

These agents are used to treat fungal 

infections (mycoses) by targeting specific 

components of fungal cells, such as the cell 

wall or membrane, which are different from 

human cells. Common types of antifungal 

agents include: 

- Azoles (e.g., fluconazole, itraconazole): 

Disrupt the production of ergosterol, a key 

component of fungal cell membranes. 

- Polyenes (e.g., amphotericin B, nystatin): 

Bind to ergosterol, creating pores in the 

fungal cell membrane. 

- Echinocandins (e.g., caspofungin): Inhibit 

the synthesis of β-glucan, an essential 

component of the fungal cell wall. 

- Allylamines (e.g., terbinafine): Inhibit 

squalene epoxidase, an enzyme in the 

ergosterol synthesis pathway. 

These agents are used to treat conditions 

ranging from superficial infections like 

athlete's foot to more severe systemic 

infections like candidiasis or aspergillosis. 

Additional Antifungal Compounds: 

- Amorolfine (morpholine derivative) and 

Ciclopirox (hydroxypyridone) for 

dermatophytic infections. 

- Benzoic acid, coal tar, and chlorhexidine 

as topical antifungal agents. 

- Flucytosine, an antimetabolite, used 

systemically in combination therapies. 

- Nikkomycin targets chitin synthesis in 

fungal cell walls, showing promise for 

future development. 

Challenges in Antifungal Therapy 

1. Resistance: The rise of drug-resistant 

fungi, such as Candida auris and azole-

resistant Aspergillus, has become a major 

concern. This has prompted efforts to 

discover new antifungal agents and 

mechanisms of action. 

2. Toxicity: While antifungals like 

amphotericin B are highly effective, their 

severe side effects (particularly 

nephrotoxicity) limit their use. Safer 

alternatives like echinocandins are 

generally better tolerated, but still have 

limitations. 

3. Immunocompromised Patients: Patients 

with weakened immune systems, such as 

those undergoing chemotherapy or organ 

transplants, are at greater risk for fungal 

infections, making the development of 

effective antifungals critical. 

Mechanisms of Action of Antifungal 

Agents: 

Over the years, clinical needs for antifungal 

agents have evolved, driven by changes in 

the spectrum of fungal infections linked to 

immunosuppressive therapies and HIV-

related mycoses. Recent research into new 

molecular targets has yet to yield new 

agents, but six new antifungal drugs, 

including three triazoles and three 

echinocandins, are approaching clinical 

use. These agents have broad antifungal 

activity, targeting both yeast and molds. 

The search for novel antifungals continues, 

with some promising candidates, such as 

sordarins, which inhibit fungal protein 

synthesis. Griseofulvin, the first agent 
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specifically for fungal species, has a still-

uncertain mechanism but is thought to 

interfere with microtubule assembly, 

though its selective toxicity is moderate and 

largely limited to dermatophytes (e.g., 

ringworm, athlete’s foot).  

Newer antifungal agents are expected to 

play a significant role in treating resistant 

infections, with research focusing on novel 

targets such as fungal microtubules. 

This revision provides a clearer overview of 

the topic and organizes the information in a 

more structured way. Let me know if you'd 

like to make further adjustments or if there 

are specific sections you'd like to expand. 

The classification of fungal infections, or 

mycoses, is crucial for understanding the 

nature of the infection and determining 

appropriate treatment strategies. Mycoses 

are classified in different ways depending 

on the site of infection, route of acquisition, 

and the virulence of the fungal pathogen. 

The main routes of administration for 

antifungal agents: 

Antifungal agents can be administered 

through various routes depending on the 

type and severity of the fungal infection. 

The choice of administration route is 

influenced by factors such as the location of 

the infection (topical, systemic), the drug's 

properties (bioavailability, tissue 

penetration), and the patient's condition 

(e.g., immunosuppression, organ function). 

 1. Topical Administration 

Topical antifungals are applied directly to 

the skin, nails, or mucous membranes and 

are mainly used for superficial fungal 

infections. This route minimizes systemic 

absorption, reducing the risk of side effects. 

   - Examples of Topical Antifungals: 

     - Creams: Clotrimazole, miconazole 

     - Ointments and gels: Terbinafine, 

nystatin 

     - Powders and sprays: For fungal 

infections in areas prone to moisture, such 

as the feet (athlete's foot). 

     - Shampoos: Ketoconazole shampoo for 

seborrheic dermatitis and dandruff. 

     - Nail lacquers: Amorolfine for 

onychomycosis (fungal nail infections). 

   - Common Uses: Athlete’s foot, 

ringworm, jock itch, cutaneous candidiasis, 

and mild cases of onychomycosis. 

 2. Oral Administration (Systemic) 

Oral antifungal agents are commonly used 

for systemic fungal infections or infections 

that involve deeper tissues (such as nails or 

mucosal surfaces). The drug is absorbed 

through the gastrointestinal tract and 

distributed via the bloodstream to infected 

areas. 

   - Examples of Oral Antifungals: 

     - Azoles: Fluconazole, itraconazole, 

ketoconazole, voriconazole 

     - Allylamines: Terbinafine 

     - Polyenes: Nystatin (for oral 

candidiasis) 

   - Common Uses: Oral thrush, systemic 

candidiasis, fungal nail infections, and 

invasive fungal infections like 

histoplasmosis or aspergillosis. 

   - Considerations: Some oral antifungals 

have poor bioavailability or require specific 

conditions (e.g., taking with food) to ensure 

proper absorption. Long-term use may 

require liver function monitoring due to 

potential hepatotoxicity. 
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 3. Intravenous (IV) Administration 

Intravenous administration is used for 

severe or invasive fungal infections, 

particularly in immunocompromised 

patients or when oral administration is not 

possible (e.g., due to poor gastrointestinal 

absorption or severe illness). 

   - Examples of IV Antifungals: 

     - Azoles: Voriconazole, fluconazole, 

posaconazole 

     - Echinocandins: Caspofungin, 

micafungin, anidulafungin (often used for 

systemic candidiasis) 

     - Polyenes: Amphotericin B and its 

liposomal formulations (AmBisome) 

   - Common Uses: Systemic infections 

such as candidemia, aspergillosis, and 

cryptococcal meningitis. 

   - Considerations: IV administration 

allows for faster and more reliable drug 

delivery to the bloodstream and tissues, 

making it ideal for critically ill patients. 

However, it can be associated with 

significant toxicity (e.g., nephrotoxicity 

with amphotericin B). 

 4. Intravaginal Administration 

Antifungal agents administered 

intravaginally are used to treat vaginal yeast 

infections (vulvovaginal candidiasis). This 

route delivers the drug directly to the site of 

infection with minimal systemic 

absorption. 

   - Examples of Intravaginal Antifungals: 

     - Suppositories or Pessaries: 

Clotrimazole, miconazole, nystatin 

     - Creams or Gels: Tioconazole, 

clotrimazole 

   - Common Uses: Vaginal yeast infections 

(vulvovaginal candidiasis). 

   - Considerations: This route minimizes 

systemic side effects and is typically used 

for uncomplicated infections. 

 5. Inhalational Administration 

Inhaled antifungals are used for pulmonary 

fungal infections (e.g., aspergillosis). The 

drug is delivered directly to the lungs via 

aerosol or nebulized formulations. 

   - Examples of Inhaled Antifungals: 

     - Amphotericin B (nebulized): Used for 

pulmonary aspergillosis and in prophylaxis 

for patients at high risk for fungal infections 

(e.g., after lung transplant). 

   - Common Uses: Pulmonary fungal 

infections and prophylaxis in 

immunocompromised patients. 

   - Considerations: This route is less 

commonly used but is beneficial in directly 

targeting lung infections while reducing 

systemic toxicity. 

6. Ophthalmic Administration 

Antifungal eye drops or ointments are used 

for fungal infections of the eye (e.g., fungal 

keratitis).  

   - Examples of Ophthalmic Antifungals: 

     - Natamycin (5% suspension) 

     - Amphotericin B (compounded) 

   - Common Uses: Fungal keratitis, 

endophthalmitis. 

   - Considerations: These infections are 

rare but serious, often requiring aggressive 

treatment to prevent vision loss. 

 7. Intradermal or Subcutaneous 

Administration 
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This route is rarely used but can be 

considered in deep fungal skin infections or 

for localized infections where other 

treatments have failed. Some antifungals 

can be injected directly into the infected 

tissue. 

   - Examples: Amphotericin B (in special 

cases, but more commonly used 

systemically). 

   - Common Uses: Localized fungal 

infections unresponsive to topical or 

systemic therapy. 

   - Considerations: This route is used only 

in specific clinical situations and typically 

as an adjunct to systemic therapy. 

 8. Intrathecal Administration 

In some rare and serious cases, antifungal 

agents may be administered via the 

intrathecal route (direct injection into the 

cerebrospinal fluid) for central nervous 

system (CNS) fungal infections. 

   - Examples of Intrathecal Antifungals: 

     - Amphotericin B (for cryptococcal 

meningitis). 

   - Common Uses: Fungal meningitis or 

infections that have spread to the CNS, 

where systemic drugs may not penetrate 

effectively. 

   - Considerations: This is a very invasive 

and risky procedure, often used as a last 

resort for life-threatening CNS infections. 

Treatment and prevention of fungal 

infections can vary depending on the type 

and severity of the infection. Here’s an 

overview of both approaches: 

 Treatment of Fungal Infections    

 

Fungal infections can range from 

superficial (skin, hair, nails) to systemic 

(internal organs), and the treatment depends 

on the location and severity of the infection. 

 A. Topical Antifungals (for skin, nail, or 

mucosal infections) 

- Examples: Clotrimazole, Miconazole, 

Terbinafine, Ketoconazole creams, 

powders, or sprays. 

- Used for: Athlete’s foot (tinea pedis), jock 

itch (tinea cruris), ringworm (tinea 

corporis), and yeast infections (candidiasis) 

of the skin or mucous membranes. 

- Application: Applied directly to the 

infected area once or twice daily for several 

weeks, depending on the infection's 

severity. 

 B. Oral Antifungals (for moderate to severe 

or resistant infections) 

- Examples: Fluconazole, Itraconazole, 

Terbinafine, Griseofulvin. 

- Used for: More extensive skin infections, 

onychomycosis (nail infections), oral 

thrush, or systemic fungal infections. 

- Dosage: Often taken daily for several 

weeks to months, depending on the specific 

infection. 
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 C. Systemic Antifungals (for serious or 

life-threatening infections) 

- Examples: Amphotericin B, Voriconazole, 

Caspofungin. 

- Used for: Serious systemic infections like 

cryptococcal meningitis, invasive 

aspergillosis, or systemic candidiasis. 

- Administration: Usually given 

intravenously in hospitals for severe 

infections, often combined with oral 

treatments for long-term therapy. 

 Prevention of Fungal Infections                                   

 

Fungal infections are more common in 

certain environments and individuals with 

weakened immune systems (e.g., people 

with diabetes, cancer, or HIV). Preventive 

measures can help reduce the risk of 

infections. 

 A. Personal Hygiene 

- Keep skin dry and clean: Fungi thrive in 

warm, moist environments, so it’s 

important to dry areas prone to infection 

(e.g., between toes, groin). 

- Change damp clothes and shoes: Wearing 

dry socks and breathable footwear can 

prevent athlete’s foot. 

- Avoid sharing personal items: Items like 

towels, shoes, and nail clippers can harbor 

fungal spores and should not be shared. 

 B. Environmental Control 

- Maintain clean living spaces: Regularly 

disinfect areas prone to moisture, like 

bathrooms and kitchens, to prevent mold 

and fungal growth. 

- Wear sandals in public areas: In communal 

showers, pools, or gyms, wearing sandals 

can help avoid contact with surfaces that 

may carry fungi. 

 C. Antifungal Prophylaxis 

- For high-risk individuals (e.g., people 

with compromised immune systems): Some 

individuals may be prescribed antifungal 

medications preventively, especially in 

cases where they are at risk for developing 

invasive fungal infections (e.g., transplant 

recipients, those undergoing 

chemotherapy). 

- Example medications: Fluconazole or 

Itraconazole may be used prophylactically 

in immunocompromised patients. 

 D. Strengthening the Immune System 

- Maintain a healthy immune system: A 

strong immune system is key to preventing 

fungal infections. This includes good 

nutrition, managing chronic conditions like 

diabetes, and following proper medical 

treatment if immunocompromised. 

 E. Avoiding Overuse of Antibiotics 

- Use antibiotics carefully: Overuse or 

misuse of antibiotics can kill beneficial 

bacteria, allowing fungi like Candida to 

overgrow and cause infections. Avoid 

taking antibiotics unless prescribed by a 

doctor. 

Prevention strategies and prompt treatment 

are key to reducing the risk and impact of 

fungal infections, especially in individuals 

with higher susceptibility. 

Novel Antifungal Agents in Development 
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1. Fosmanogepix (APX001): A prodrug 

targeting Gwt1, essential for GPI-anchor 

biosynthesis, showing promise against a 

variety of yeasts and molds. 

2. VL-2397: A siderophore-like antifungal 

taken up by the Sit1 transporter in fungi, 

showing potential in treating aspergillosis. 

3. T-2307: Disrupts mitochondrial function, 

showing broad-spectrum antifungal 

activity, including against Candida and 

Cryptococcus. 

CLASSIFICATION 

1. Classification Based on Site of 

Infection: 

Fungal infections are classified as 

superficial, cutaneous, subcutaneous, or 

systemic (deep) depending on the tissue 

layers involved and host response. 

- Superficial Mycoses: Limited to the 

outermost layers of the skin and hair. 

Example: Tinea versicolor, which affects 

the chest, back, and limbs. This condition 

can cause lighter or reddish-brown patches 

on the skin and is usually influenced by 

humidity or hormonal changes. 

  - Cutaneous Mycoses: Affect the deeper 

layers of the epidermis, hair, and nails, 

caused by fungi called dermatophytes. 

These infections are often referred to as 

dermatophytosis or ringworm (e.g., tinea 

infections of the skin). 

- Subcutaneous Mycoses: These infections 

involve the dermis, subcutaneous tissue, 

and occasionally bone. Subcutaneous 

mycoses often result from trauma that 

allows fungi to enter. These infections are 

chronic and harder to treat, sometimes 

requiring surgical intervention. 

- Systemic Mycoses: These infections can 

affect internal organs and tissues and may 

spread from the lungs to other systems. 

These are often caused by primary or 

opportunistic pathogens. 

 2. Classification Based on Route of 

Acquisition: 

Fungal infections can be exogenous (from 

external sources) or endogenous (arising 

from the host’s flora or latent infection). 

Exogenous fungi can enter via airborne, 

cutaneous, or percutaneous routes, while 

endogenous infections may result from a 

reactivation of dormant fungi. 

 3. Classification Based on Virulence: 

- Primary Pathogens: These fungi can infect 

even healthy individuals and usually cause 

systemic mycoses originating in the lungs. 

Primary pathogens are often dimorphic 

(having both yeast and mold forms). 

  - Opportunistic Pathogens: These fungi 

cause infections primarily in 

immunocompromised individuals, such as 

those with AIDS, cancer, or those on 

immunosuppressive therapy. Opportunistic 

mycoses include infections like 

Candidiasis, Cryptococcosis, and 

Aspergillosis. 

 Opportunistic Mycoses: 

- Candidiasis: The most common 

opportunistic fungal infection, primarily 

caused by Candida albicans. It can manifest 

as superficial (skin and mucosal) or deep 

infections. 

4.Classification Based on Virulence 

Fungal infections can also be classified 

based on the pathogen’s ability to cause 

disease Systemic Mycoses due to Primary 

Pathogens 

mailto:anveshanaindia@gmail.com
http://www.anveshanaindia.com/


AIJRPLS                                  VOLUME 9, ISSUE 3 (2024, July/Aug/Sept)                           (ISSN-2456-3889)ONLINE 

Anveshana’s International Journal of Research in Pharmacy and Life Sciences 

 

 

Anveshana’s International Journal of Research in Pharmacy and Life Sciences 

EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com 
189 

Primary pathogens can cause infections 

even in healthy individuals. These 

infections, often originating in the lungs, 

may spread to other organs. Pathogens that 

cause systemic mycoses are typically 

dimorphic, meaning they can exist in two 

forms depending on the environmental 

conditions.  

I. Systemic Mycoses due to Opportunistic 

Pathogens 

Opportunistic infections occur in 

individuals with weakened immune 

systems, such as those with AIDS, cancer, 

or those undergoing immunosuppressive 

therapy. Common examples include 

Candidiasis, Cryptococcosis, and 

Aspergillosis. Candida albicans is the most 

frequent cause of candidiasis, which can be 

either superficial (affecting the skin or 

mucous membranes) or deep (affecting 

internal organs). 

 4)Emerging Antifungal Agents: 

- Rezafungin: A next-generation 

echinocandin with a long half-life and 

broad activity against various Candida 

species, including resistant strains. Its once-

weekly dosing is particularly advantageous 

in clinical settings. 

- Ibrexafungerp: A triterpenoid with a 

similar mechanism of action to 

echinocandins but with the advantage of 

oral bioavailability. It retains activity 

against echinocandin-resistant Candida 

strains and is being evaluated in phase III 

studies for treating resistant fungal 

infections. 

- Olorofim: A new class of antifungal 

agents (orotomides) that target pyrimidine 

biosynthesis, making it effective against 

Aspergillus species and certain resistant 

moulds. It has limited activity against 

Candida and Cryptococcus species. 

- MGCD290: An oral histone deacetylase 

inhibitor designed to potentiate the activity 

of other antifungal agents like azoles and 

echinocandins, though it has not shown 

strong in vivo efficacy. 

- Amphotericin B Cochleate: An oral 

formulation of amphotericin B, a broad-

spectrum antifungal typically administered 

intravenously. This formulation avoids 

some of the toxicities associated with 

intravenous forms. 

- Tetrazoles: These are novel azole-like 

compounds designed with increased 

affinity for fungal cell targets, offering a 

better safety profile with reduced human 

CYP450 interactions. They are effective 

against a range of yeasts, moulds, and 

endemic fungi. 

These new and upcoming antifungal agents, 

with their novel mechanisms of action and 

improved pharmacokinetics, are being 

developed to address the growing issue of 

drug-resistant fungal infections. 

Fosmanogepix (APX001) is a promising 

antifungal prodrug developed by Amplyx, 

which is converted to its active form, 

manogepix (MGX). It targets Gwt1, a 

fungal-specific enzyme essential in 

glycosylphosphatidylinositol (GPI)-anchor 

biosynthesis. This process is critical for 

anchoring proteins to the fungal cell 

membrane, thus compromising fungal cell 

integrity. Manogepix shows efficacy 

against a range of fungal pathogens, 

including Candida spp., Cryptococcus 

neoformans, Aspergillus spp., and 

Fusarium spp., with particularly low MICs 

reported across these species. 
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In animal models, manogepix demonstrated 

improved survival and decreased fungal 

burden in immunosuppressed mice, 

showing strong potential for treating 

candidemia and invasive fungal infections. 

Currently, fosmanogepix is undergoing a 

phase 2 trial (SURGE; NCT03604705) for 

safety and efficacy in candidemia  . 

VL-2397, also known as ASP2397, is an 

intravenous antifungal agent that was 

discovered from Acremonium species. It is 

structurally similar to fungal siderophores, 

which are molecules fungi use to acquire 

iron. VL-2397 targets the fungal 

siderophore iron transporter 1 (Sit1), a 

protein not found in mammalian cells, 

making it highly selective for fungi. This 

targeted mechanism disrupts essential 

intracellular processes in the fungal cell. 

Advantages of antifungal agents 

Antifungal agents are crucial in the 

treatment and management of fungal 

infections, ranging from superficial skin 

infections to life-threatening systemic 

conditions. The development of various 

classes of antifungal agents has brought 

significant advantages in terms of treating 

these infections more effectively and safely. 

Here are some of the key advantages of 

antifungal agents. 

 1. Broad Spectrum of Activity 

Many antifungal agents have a broad 

spectrum of activity, making them effective 

against a wide range of fungal pathogens: 

   - Azoles (e.g., fluconazole, itraconazole) 

and polyenes (e.g., amphotericin B) can 

treat various fungal infections, including 

Candida, Aspergillus, and dermatophytes. 

   - Echinocandins (e.g., caspofungin, 

micafungin) offer targeted activity against 

Candida and Aspergillus species, especially 

useful for resistant strains. 

 2. Variety of Formulations 

Antifungal agents come in multiple 

formulations, allowing flexibility in 

treatment approaches: 

   - Topical: For localized infections like 

athlete’s foot, ringworm, and vaginal 

candidiasis. 

   - Oral: For systemic or more widespread 

infections, offering convenience and ease of 

administration. 

   - Intravenous (IV): For severe systemic 

infections in critically ill or 

immunocompromised patients. 

 3. Improved Safety Profiles 

Advances in antifungal agents have resulted 

in drugs with fewer side effects and better 

tolerability: 

   - Echinocandins like caspofungin have a 

more favorable safety profile compared to 

older agents like amphotericin B, with 

reduced nephrotoxicity and hepatotoxicity. 

   - Triazoles like fluconazole and 

voriconazole have become popular due to 

their better absorption, predictable 

pharmacokinetics, and fewer serious side 

effects than previous antifungals. 

 4. Targeted Mechanisms of Action 

Different classes of antifungal agents have 

targeted mechanisms that specifically affect 

fungal cells while minimizing harm to 

human cells: 

   - Azoles inhibit ergosterol synthesis, a 

crucial component of the fungal cell 

membrane. 
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   - Polyenes bind to ergosterol, creating 

pores in fungal cell membranes, leading to 

cell death. 

 5. Effectiveness Against Resistant 

Fungal Strains 

Some newer antifungal agents are effective 

against drug-resistant fungal species, 

addressing a growing challenge in 

medicine: 

   - Ibrexafungerp, a novel antifungal, offers 

activity against resistant species, providing 

an alternative where other drugs fail. 

 6. Prophylactic and Preventative Use 

Antifungal agents are often used 

prophylactically to prevent infections in 

high-risk populations, such as: 

   - Immunocompromised patients (e.g., 

organ transplant recipients, chemotherapy 

patients) are often given antifungals like 

fluconazole or posaconazole to prevent 

opportunistic infections. 

   - This prophylactic use reduces the 

incidence of potentially life-threatening 

infections in vulnerable patients. 

 7. Effective in Treating Life-Threatening 

Systemic Infections 

Systemic fungal infections, such as 

cryptococcal meningitis, invasive 

aspergillosis, and candidemia, can be life-

threatening, particularly in 

immunocompromised individuals. 

Antifungal agents play a critical role in 

treating these infections: 

   - Amphotericin B remains a gold standard 

for severe systemic infections, despite its 

toxicity, due to its potent antifungal action. 

   - Newer agents like voriconazole are 

highly effective in treating invasive 

Aspergillus infections with fewer side 

effects. 

 8. Longer-Lasting Effects 

Some antifungals have a long half-life, 

allowing for convenient dosing schedules 

and prolonged action against the infection: 

   - Fluconazole and terbinafine can be 

taken once daily due to their long duration 

in the body, making adherence easier for 

patients. 

 9. Improved Outcomes in 

Immunocompromised Patients 

Immunocompromised individuals, such as 

those with HIV/AIDS or undergoing 

chemotherapy, are particularly susceptible 

to fungal infections. Modern antifungal 

agents have significantly improved 

outcomes in this patient population: 

   - Fluconazole has been instrumental in 

reducing the incidence of cryptococcal 

meningitis in HIV-positive patients. 

10. Combination Therapy 

Antifungal agents can often be used in 

combination with other drugs to enhance 

efficacy and reduce resistance: 

   - Combining amphotericin B with 

flucytosine is a standard treatment for 

severe cases of cryptococcal meningitis. 

   - Combination therapy can also reduce the 

dosage required of each drug, potentially 

minimizing toxicity. 

 11. Availability of Newer Classes 

Recent antifungal classes like 

echinocandins and triterpenoids offer new 

mechanisms of action and improved 

efficacy, especially for resistant fungi. 

Their development addresses gaps in 
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treatment, offering more targeted therapies 

with fewer side effects 

Disadvantages of antifungal agents: 

 1. Emerging Drug Resistance 

   - Echinocandin resistance: Although 

echinocandins are newer agents, resistant 

strains of Candida species have begun to 

emerge, reducing the options for effective 

treatment. 

   - Resistant infections require more potent 

and often more toxic therapies, 

complicating treatment and leading to 

poorer patient outcomes. 

 2. Toxicity and Side Effects 

Many antifungal agents are associated with 

significant toxicity, particularly with 

prolonged use or at higher doses: 

   - Hepatotoxicity: Liver damage is a 

common concern, especially with azoles 

(e.g., ketoconazole, fluconazole) and 

amphotericin B. Patients undergoing long-

term therapy require regular monitoring of 

liver function. 

    - Gastrointestinal disturbances: Nausea, 

vomiting, diarrhea, and abdominal pain are 

common side effects, especially with oral 

antifungal agents like itraconazole or 

voriconazole. 

   - Cardiotoxicity: Some azoles, such as 

voriconazole and itraconazole, can cause 

cardiotoxic effects, including heart rhythm 

disturbances (QT prolongation). 

 3. Narrow Therapeutic Index 

Some antifungal agents have a narrow 

therapeutic index, meaning the effective 

dose is very close to the toxic dose: 

   - This makes dosing difficult, as small 

changes in drug levels can lead to toxic side 

effects without significantly improving the 

therapeutic effect. 

 4. Drug Interactions 

Antifungal agents, particularly the azole 

class, are associated with a high potential 

for drug interactions: 

   - Azoles inhibit cytochrome P450 

enzymes (especially CYP3A4), affecting 

the metabolism of many other drugs, 

including statins, anticoagulants, and 

immunosuppressants. 

   - This can lead to increased levels of other 

medications, risking toxicity, or reduced 

effectiveness of antifungals. 

   - Voriconazole and fluconazole have been 

noted for significant interactions, 

complicating their use in patients on 

multiple medications. 

 5. Limited Efficacy in Certain Infections 

While antifungal agents are effective 

against a wide range of fungal pathogens, 

some infections remain difficult to treat due 

to: 

   - Fungal biofilms: Fungi like Candida can 

form biofilms on medical devices (e.g., 

catheters, prosthetics), making them more 

resistant to treatment. Standard antifungal 

therapies are often less effective against 

biofilm-associated infections. 

10. Environmental Impact and 

Ecological Concerns 

The overuse of antifungal agents, 

particularly in agriculture (e.g., azoles used 

as fungicides), has contributed to the 

development of antifungal-resistant fungal 

species: 
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   - Resistant environmental strains can 

transfer to humans, leading to treatment-

resistant infections. 

   - Overuse in non-human settings has 

raised concerns about the broader 

ecological impact, similar to the concerns 

surrounding antibiotic overuse in livestock. 

Conclusions 

   - The development of antifungal 

resistance emphasizes the need for newer, 

more effective antifungal agents. As current 

antifungals suffer from bioavailability 

issues, toxicity, and resistance, ongoing 

research into novel agents like 

Fosmanogepix and VL-2397 is critical to 

expanding treatment options. Antifungal 

agents play a critical role in managing both 

superficial and life-threatening fungal 

infections. However, the rise in drug 

resistance and the side effects of long-term 

antifungal therapy highlight the need for 

new, safer, and more effective antifungals. 

Ongoing research into novel antifungals 

like Fosmanogepix and VL-2397 is 

essential to overcoming current limitations. 

 - The antifungal armamentarium continues 

to evolve, with a focus on improving the 

safety, efficacy, and resistance profile of 

newer agents.The review underscores the 

critical need for continuous research and 

the development of new antifungal 

therapies to combat emerging resistance 

and improve patient outcomes. 
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