Anti-Mycosal Agents and their Assorted Drugs with Specific Targets: An Overview for Mycosis Treatment
Riya Sarkar1, Arundhati Banerjee1, Krishnendu Ganguly1, Riya Sarkar2, Krishnendu Adhikary1*

1Department of Medical Laboratory Technology, Paramedical College Durgapur, West Bengal 713212, India

2Department of Medical Lab Technology, Dr. B. C. Roy Academy of Professional Courses, Durgapur, West Bengal 713206, India
*Corresponding Mail: krisskrishnendu@gmail.com 
Running title: Anti-mycosal agents with specific targets for mycosis treatment

Abstract
Infections due to pathogenic fungi are endemic in particular area with increased morbidity and mortality. More than thousands of people are infected per year and the way of treatment is of high demand having a significant impact on the population health. Medical practitioners confront various troublesome analytic and therapeutic challenges in the administration of immunosuppressed sufferer at high danger of expanding fungal infections. An upgraded antimycosal treatment is fundamental for a fruitful result while treating intrusive mycoses. A collection of antimycosal drugs keeps on developing with their specific antifungal targets including cell membrane, mitochondria, cell wall, DNA /RNA or protein biosynthesis. However, few immunotherapy processes and its drugs are being developed to mark this need, although one presently can't seem to arrive at the conclusion. In this chapter, there has been a visualization about the various assorted drugs and their specific target analysis.
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1. INTRODUCTION
Mycoses give rise to broad-spectrum infections in people.  The clinical terminologies utilized for the mycoses depend on the various strands including contamination area, course of obtaining of the microorganism as well as a sort of harmfulness showed by the parasite. According to the area of the contamination, mycoses are ranking as cutaneous, superficial, and systemic or subcutaneous infections relying upon the sort and level of tissue inclusion and the reaction of the host to the microorganism (Fisher et.al, 2022; Nau et.al, 2020). Contaminating fungi might be either exogenous or endogenous based on their way of accession (Mota Fernandes & Del Poeta, 2020). Mycoses range in degree from shallow contaminations including the external layer of the layer corneum of the skin to dispersed disease including the cerebrum, lungs, heart, liver, and renal. In the last several years the growth of mycoses is very offensive, which has become a major problem for human health (Ward et.al, 2022; Fuentefria et al., 2017). They are most usually acquired through touch with nature and at any time with infected people or animals. It is almost found in rural areas and especially in low socioeconomic groups. Most fundamental endemic mycosis emerges after inward breath of conidia, while subcutaneous mycoses are because of vaccination of vegetable matter or soil (Hoenigl et.al, 2021). The recurrence of AIDS- related histoplasmosis and coccidioidomycosis is currently developing with the spread of HIV contamination, normally giving as dispersed illness, diverse endemic mycosis is less frequently identified with HIV diseases (Perfect, 2017). Additionally, an explosion of mycetomas is a subcutaneous infection caused by fungi, present many medical, health, and other adversities for the infected patient. About 30 crores of people are suffering from different types of fungal infections, which give rise to chronic disease, and in most severe cases the patient will die. As a consequence, about 16 lakhs people are dying due to mycoses (Алдошина & Резниченко, 2019). The trouble in quickly developing mycoses is additionally bothered by the openness of the organism’s assurance to available antifungal treatment. Isavuconazole was the last compound, endorsed for the treatment of a few mycoses. The usual pathogenic organisms are pledged for the fungal infection in humans, they are; Aspergillus, Candida, Coccidioides, Paracoccidioides, etc (Patterson et al., 2016; Hope et.al, 2017). The reality that reproduction and evolutionary proximity of animals pose a major challenge to therapeutic targets, as targets such as biomolecules synthesis are more likely to be toxic. In this present day, a lot of antifungal agents have been supported for the treatment of obtrusive parasitic diseases (Bueno, P., et al., 2019). Antifungal therapy for systemic mycosis mainly focuses on three categories: Polynes, Azol, and Echinocandins. Treatment of invasive infection involves hospitalization of patients considering the route of administration (Fig. 1, Table 1), presents restrictions such as toxicity, drug interactions, and sometimes high costs. 
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Figure 1: Mode of action of antifungal drugs with specific old and new targets.
In some cases, prolonged treatment may be required with clinical intervention due to side effects (Souza & Amaral, 2017; Oliver et.al, 2016). Recently, drug prevention has also become a matter of concern. Unfortunately, the development of antifungal drugs does not follow the progressive increase in invasive infections as a result of modern medical interventions, primary and acquired immunodeficiency, and immunosuppressive therapy (Gupta et al., 2020).
Table 1. Routes of administration of anti-fungal drugs with examples

	Routes of administration of anti-fungal drugs
	Examples

	Ocular
	Natamycin

	Intrathecal
	amphotericin B

	Vaginal
	Clotrimazole

	Topical
	Terbinafine

	Oral 

(mainly; coccidioidomycosis)
	Ketoconazole

	Intravenous
	IV amphotericin B


This evaluation will focus on the development of several fungal immunotherapy and vaccination strategies as well as the multiple categories of antifungal agents or drugs and also the mode of their actions (Hashim & Idampitiya, 2019). Moreover, there will be a summation of the advances of contemporary treatments to cure mycoses. 
2. ASSORTED DRUGS AND THEIR TARGETS  
2.1 Plasma Membrane/ Ergosterol
 A Fungal cell membrane upgraded with various lipids constituents including the class of sphingolipids, glycerophospholipids and sterols (mainly ergosterol). Due to target identification and therapy upgradation the lipids are play a significant role during the previous few years. Three main groups of antifungal complex are in the process of clinical use; azoles derivatives, polyene antibiotics, and allylamines thiocarbamates (Ikemoto, 1989). Among those polyene antibiotics and azoles derivatives are most useful. Every interconnection with or obstruct ergosterol, the largest sterol in plasma membrane.
Ergosterol is a sterol which is lipid responsible for the liquidity and permeability and for the function of the integral fungal membrane protein; therefore this sterol is primary substance for cell permanency. Severe antifungal drugs mainly attack ergosterol by inhibiting or combining its biosynthesis, leading to the formation of membrane pores (Carrillo-Munoz et al., 2004).
2.1.1 Polyenes
Polyene antibiotics are produced from Streptomyces species. Which are act against many kind of fungi than more antifungals. They tie sterol membranes and causing membrane permeability increased, the cytoplasmic component leakage, and death of the cell (Denning, 1996). Amphotericin B and nystatin are including in polyene which show fungiodal activity normally by binding ergosterol to formation of an elaborate able to interrupting membrane and also the key to monovalent ion leaks next to various cytoplasmic content . The second mechanism of action of polyenes involves the cascade of oxidation reactions and the interaction with lipoproteins, which damage membrane permeability by releasing free radicals (Maurya et al., 2010).
2.1.2 Amphotericin B
Amphotericin B is polyene which is mainly used for mycoses therapy. It is a nodosus streptomyces product and is 38 members lactone ring with moiety amino sugar connected covalently. Polyene compounds are named so because conjugated double bonds alternately which is part from their macrolide ring structure (Schell et al., 2017). Amphotericin B is noted to have antifungal activity in 1953 and which was approved for use in the United States in 1957. Amphotericin B particularly and unrepairable binds sterol membrane of fungal cells. That interlinking with sterol produces the formation of transmembrane pores, allows for ion leaks and small molecules produce cellular damage and death (Bassetti et al., 2018). Also the formation of ergosterol has 100 folding part of life more than the pores afterwards cholesterol binds. Until the presentation of more new echinocandians and azoles, amphotericin for a long time become an antifungal "gold standard”. The main reason for this is a very rare resistance, with significant to Aspergillus terreus, Malassezia furfur, Trichosporon beigelii,Fusarium spp., Pseudallescheria boydii ,Candida lustainiae. The main disadvantage of the use of Amphotericin B is significant side effect related to their use that intravenous administration is need for the treatment invasive mycoses (Sofjan et al., 2018). The notable toxicity including fever, arrhythmia, chills, hypotension, renal failure, respiratory distress, and anemia. The important drag toxicity causes lipid recognition product based in 1990s. The available three drugs are ABCD (amphotec, InterMune), ABLC (abelcet, Enzon Pharmaceuticals) and Ambisome, with ambisome only the correct liposome form of Amphotericin B. This product importantly more expensive, but it has reduced side effects. There are two main indication for these lipid based antifungal is intolerance to conventional Amphotericin B or unmanageable disease. Similar attempts are going on to bring the second polyene, nystatin to the medical field at a liposome form (Gebremariam et al., 2020).
2.1.3 Azoles
Azoles are another category to attack fungal cell membrane. Azole's main group is triazoles and imidizoles, which have a five member organic ring contains two or three molecules of nitrogen individually (Wiederhold et al., 2019). The azoles are firstly act on biosynthesis of ergosterol at the step of C-14 demethylation step, a reaction of depending on cytochrome P-450. Ergosterol produced exhaustion and growth are melted a disturbing sterol with ergosterol "bulk" function: Structure of plasma membrane is modified, composing it more casualty and change activity some membranes enzyme, like for nutritional transportation and synthesis of chitin. Cytochrome P450 dependent 14-Lanosterol Demothylation is inhibits by azoles, which is censorious step in ergosterol synthesis in fungal cell membrane. Azola affect the cell and mitochondrial membranes, imidizoles are normally used currently (Bonifaz et al., 2011). In 1981, imidizole ketoconazole (nizoral, janssen),was the first azole to use in US considering the modern azoles have little toxicity. Triazole most have replaced ketoconazole because they are better potential and increase in toxicity profiles. Triazoles used both way, in form of oral or intravenous. Intraconazole voriconazole and fluconazole and ravuconazole are staying in preclinical evolution. Voriconazole and the exploration azoles have a larger spectrum of diversion and low side effects considered as older azoles (Butts & Krysan, 2012). Actually, supercilious to Amphotericin B in the therapy of infection of different molds (such as aspergillosis) can be voriconazole.
2.1.4  Syringomycins
Syringomycins acts as an inhibitor which has potent antifungal activity. They are belonging to the members of the pseudomonas syringae group. Previous study reported that it contains various agents with their fungicidal characteristics including Syringostatin SE (Kapoor et al., 2019). Syrngostatin as well as Syringotoxin B. SE, the larger form among them, which changes multiple functions of the membrane like potentiality of the membrane, cation transport fluxes, phosphorylation of protein and the activity of H1-ATPase.  
2.2 Mitochondria
Mitochondria are fundamental for cell development and endurance of most fungal cells. Energy (ATP) created during oxidation/decrease responses of the electron transport chain (ETC) Complexes I, III and IV (CI, CIII, CIV) power module amalgamation. The mitochondria of parasitic microorganisms are understudied despite the fact that later distributed information recommend basic practical tasks to contagious explicit proteins (Tucker et al., 1988). Generally Fungal pathogen contain several types of protein, include categories are Protein import, stress response, fission/fusion morphology, carbon source metabolism and OXPHOS. Previous study examined that the antifungal drug discovery depends on these proteins (fungal specific) which may be utilize as targets. ETC is an alluring target for the evolution of the advance therapy to handle pathogen of fungi (Cunha-Azevedo et al., 2011). This emerges from the presence of contagious explicit electron transport chain parts and connections among breath and the control of destructiveness qualities in a few pathogenic animal varieties. Be that as it may, as the physiological parts of mitochondria remain generally dubious concerning pathogenesis, its demand as a potentiality of the target of new drug still needs to be resolved (Como & Dismukes, 1994). 
2.2.1 Honokiol 
Honokiol is an inhibitor of fungal Complex I (NADH; ubiquinone oxidoreductase) of respiratory chain, originate from Mangolia officinalis, which have fungistatic effect by regulating ATP production. Various fungal pathogen such as A. fumigatus, Cryptococcus neoformans, others Candida species (except Candida glabrata) contain complex I which have deteriorated by the honokiol as well as accumulate and escalate the mitochondrial ROS levels (Denning & Hope, 2010).
2.2.2. 2-thenoyltrifluoroacetone (TTFA)
As a fungal inhibitor 2-thenoyltrifluoroacetone (TTFA) inhibits the reduction activity of quinone (Complex II) in the Electron transport chain. Moreover, the character of Complex II (Succinate; ubiquinone oxidoreductase) in the destructiveness of human fungal pathogen isn't surely known, and subsequently its hindrance has not yet been investigated as an antifungal treatment. Notwithstanding, there is proof that Complex II capacity is significant for morphogenesis, as hindrance of quinone decrease action with TTFA was displayed to totally restrain filamentation in C. albicans (Dupont, 2002).
2.2.3 Antimycin A; Atovaquone; Fluconazole
A previous studies examined that the Complex III (cytochrome bc1 complex) is a significant source of the accumulation of mitochondrial ROS and Antimycin A is the inhibitor of Complex III in the C. albicans, which was effectual in the reducing augmentation as well as a limited extent might be the consequence of an expansion in oxidative stress. Another studies said that the hydroxynapthoquinone atovaquone perform as an inhibitor by binding to the site of the ubiquinol oxidation (Qo), which was functional against the fungal pathogen Pneumocystis jirovecii  (Gangadhar et al., 2014). After that an examination reports the obstruction of C. albicans to Atovaquone and that it's anything but viable in curbing glucose-dependent development. Notwithstanding, the report likewise depicts its adequacy in hindering breath to a degree contrast to antimycin A. The disappointment of Atovaquone to defeat C. albicans development for this situation might be because of induction of unusual breath. A recent study reveals Complex III Fungal-specific inhibitor was coactive with fluconazole by the attachment to the Qo site, leading to totally prevention of respiration (Gulati et al., 1998).
2.2.4  Ilicicolin-H
Ilicicolin-H is a polyketide normal item that has intense, wide range movement against types of Candida, Aspergillus, and Cryptococcus. The in vitro method of-activity of ilicicolin was pleasantly recognized to the Saccharomyces cerevisiae cytochrome bc1 reductase of Complex III of the mitochondrial ETC (Groll et al., 1998).
2.3 Cell wall 
Cell wall of the fungi is a fundamental construction with extraordinary versatility that is essential to keeping up cell respectability and feasibility. The cell wall assumes a significant part in various natural capacities like controlling cell porousness and increasing the osmotic and mechanical stress by shielding the cell (Havlickova et al., 2008). The cell wall is individually composed of proteins (glycoprotein), polysaccharides, lipids (Glycosylphosphatidyl Inositol or GPI) and pigments (melanin); additionally the innermost layer of the cell wall contain chitin, glucans; 65-90% made up with 1, 3 linkage of glucose units (except Candida) and mannan which is essential for adhesive and fungal pathogenesis and also acts as a protective barrier, limiting the access of molecules to the plasma membrane. However these several components of the cell wall are viable targets of the antifungal drug to cure of mycoses (Wagener et al., 2017).
2.3.1 Echinocandins
Echinocandins is an inhibitor ( originate  from Aspergillus nidulans) of [image: image3.png]


-1,3-glucan synthase which perform as an antibiotics for reducing the synthesis of [image: image5.png]


-D glucan in a non competitive way against Aspergillus fumigatus, Cryptococcus neoformans and Candida albicans (Vincent et al., 2016). The class of Echinocandin represents several commercially available drugs include micafungin, anidulafungin and caspofungin as well as an another unique drugs rezafungin(CD101),which is recently evaluated with the third phase of clinical trial for the treatment of Candida disease (Kim et al., 2014).
2.3.2. Triterpenoids/ Ibrexafungerp (SCY-078) 
The class Triterpenoids is expressed by a novel drug Ibrexafungerp (SCY-078),which  is an inhibitor of the β-D-glucan synthase, exhibit a  wide in vitro and in vivo movement  against mainly the species of Candida (Kraus et al., 2003) and Aspergillus fumigates. In vitro contemplates have shown that this new medication has fungicidal action against azole-safe Candida spp. In any case, because of the restricted antifungal movement of these medications against Aspergillus spp., echinocandins compounds are utilized uniquely as another option or a rescue treatment for the cure of obtrusive aspergillosis when fails the main line treatment with azole drugs (Perlin, Rautemaa-Richardson, & Alastruey-Izquierdo, 2017).
2.3.3 Nikkomycins
Nikkomycins is an agent of the peptidyl nucleoside, antagonistically inhibits the chitin synthase to the fungal cell wall. Nikkomycin Z has various in vitro gesture against C. parapsilosis, Blastomyces dermatitidis and Coccidioides immitis, however its convenience depends on the combined efforts with echinocandins for C. albicans, A. fumigatus, and C. immitis (Hay, 2003). One examination utilizing a murine model of obtrusive candidiasis revealed that Nikkomycin Z in addition to echinocandins were compelling for the therapy of diseases by echinocandin-safe C. albicans (Thompson et al., 2016).
2.3.4 Isoquinoline (BIQ); Manogepix (APX001A)
Isoquinoline (BIQ) is a first compound which was utilized to the inhibitor of the Gwt1 (GPI-anchored wall protein transfer 1) enzyme  Glycosylphosphatidyl Inositol or GPI is a constituent of the cell wall of eukaryotes and the protein Gwt1 is an unique antifungal target of the GPI anchor synthesis pathway as well as the outcome of the Gwt1 inhibition  are the solidarity of the cell wall, germ tube arrangement, biofilm creation and generate acute fungal development absconds (Lima, Colombo, & de Almeida Junior, 2019).
According to Tsukuba Research Laboratories of Eisai Co., Ltd. (Ibaraki, Japan) the Manogepix (APX001A) is act as an novel inhibitor of protein Gwt1 with high potential of antifungal activity. After that Amplix Pharmaceuticals Inc. introduced an N-phosphonooxymethyl prodrug, named fosmanogepix (APX 001), which is ingestion by phosphatases and transform to manogepix (APX 001A) results Gwt1 inhibition in the species of Candida albicans and Saccharomyces cerevisiae (MUNKRES, 1990).
2.4 DNA/RNA and Protein Biosynthesis
Fungal DNA or RNA and protein biosynthesis is a predominant biochemical pathways in the developmental era of new drugs (Berman & Krysan, 2020). In biosynthesis pathway the activity of the enzyme have been extremely utilizing targets of the various antibiotic agents or drugs which can leads to cell death.
2.4.1 Flucytosine (5-f1uorocytosine)
Flucytosine is a fluorinated pyrimidine which is an inhibitor of the biosynthesis pathway of fungal DNA or RNA. Several fungal pathogen have proteins needed to disguise and change over flucytosine to 5-fluorouracil. It is transfered firstly to 5-fluorouracil by deamination in presence of cytosine deaminase enzyme, after that will be converted to 5-flurouridylic acid by the presence of UMP pyrophosphorylase.  This 5-flurouridylic acid  can be absorb by the fungal developing RNA particle causes untimely chain termination, Likewise, 5-fluorouracil can follow up on thymidylate synthase to suppress DNA synthesis (Halek & Garg, 1988). The restraint of the synthesis of DNA and RNA accordingly prompts cell death. Some filamentous organisms need compounds important for the disguise and change of flucytosine; thusly, the fungicidal action of 5-flucytosine is restricted to Saccharomyces cerevisiae, specifically the species of Candida and C. neoformans as well as dynamic against Cryptococcus neoformans and the specialists of chromomycosis. When flucytosine is utilized alone, opposition creates during treatment in upwards of 66% of disengages (Pascual et al., 2008).
2.4.2 Eupolauridine
Eupolauridine is an alkaloid compound which is involved in the prevention of the activity of Topoisomerase (TOP) I and II including transcription, replication, DNA repair and the segregation of chromosome in fungal cells (Ruiz-Herrera & San-Blas, 2003). According to the previous study, Topoisomerase I has been strongly effected target in the circumstances of the inhibitor against Candida albicans, additionally the action of the topoisomerase of C. albicans may be stabilized by thr formation of the cleavage complex (Liu, Oguntimein, Hufford, & Clark, 1990). However, it is not totally understandable that the other topoisomerase, TOP II, could fill in as a particular target comparative with its mammalian partner. 
2.4.3 Sordarins
Sordarins are the well characterized compounds which are known to inhibit the elongation cycle of the protein synthesis in yeasts. Whole mechanism activity of sordarins are engaged with the inhibition of the Elongation Factor 2 (EF-2) (Campoy & Adrio, 2017). Basically EF -1 and EF-2 are needed for the elongation reaction of the polypeptide chain in the protein synthesis. The structure-affinity relationship for restricting to EF-2 from various species is affected by the idea of the sugar buildup of the glycoside (Graybill, Najvar, Fothergill, Bocanegra, & Gomez, 1999). BE31405, whose sugar is an inflexible tricyclic ring framework, has a more extensive range of action contrasted with sordarin. The counterpart of sordarins, GM237354 and GM22271, allegedly show in vitro exercises in case of a various pathogenic fungi (De Pauw, 2000).
Few usual antifungal drugs and their targets and utilization has been tabulated in Table 2.

Table 2:   Usual anti-fungal drugs with their site of action
	Recurrent drugs
	Specific targets
	Clinical utilization
	Drawbacks

	Amphotericin B

	It attaches to the fungal membrane’s ergosterol. 
	Cryptococcosis, Aspergillosis, Candidiasis.
	Toxic to a significant degree. Chemical stability is non-existent. CNS penetration is limited. There is not an oral formulation available.

	5-flurocytosine
	Antimetabolite of nucleic acid synthesis.
	Cryptococcus neoformans (It is the most effective treatment for mold induced mycosis and candidiosis)
	Toxicity of the medulla as well as digestive issues.

	Echiocandins
	It synthesize β-glucan to traverse the inhibition of the enzyme of β-glucan synthase. 
	Aspergillosis, Candidiasis 
	There has not been any activity against Cryptococcus. There is not an oral formation available.

	Terbinafine
	It synthesize ergosterol, at the level of epoxidase squalense enzyme. 
	Aspergillosis, Candidiasis.
	It has a small systemic donity & causes liver toxicity. 

	Antimycin A
	Inhibitor of complex III in the C. Albicans. 
	Coccidioidomycosis.
	Effects of low oxygen and antimycin A treatments on myocardial energy. 

	SCY-078
	Inhibitor of the β- D glucan synthesis. 
	Candidiasis, Aspergillosis. 
	SCY - 078 in vitro activity was determined for 178 isolates of resistant. 

	Nikkomycin 
	Inhibits the chitin synthase to the fungal cell wall. 
	C. Parapsilosis, Blastomycos dermatitidis.
	There natural progenitors providing broader activity. Nikkomycin Z adi peptide with a nucleoside side chain. 

	Isoquinoline 
	Inhibitor of Gwt - 1 enzyme. 
	Candidiasis. 
	This method has enormous drawbacks, i.e - the use of carcinogenic solvents and a low polymerizations. 

	Manogepix 
	Inhibitor of Gwt - 1 enzyme.
	Saccharomyces cerevisiae. 
	The prodrug of APX001A is a first class antifungal agent that has a potent activity against Aspergillus fumigatus. 


3. CONCLUSION 
A common worldwide disease mycosis might be diminished by keeping up with the most reduced attainable cluster of spores of fungi in the environment. In the first step, the antifungal medications are utilized to treatment, which is evaluated throughout in this review and several mycosal agents with their targets that have ideally work on the adequacy and decrease the toxicity of obtrusive fungal diseases. Generally in the light of clinical advances and the development of HIV, the quantity of immune-compromised or immunosuppressed peoples allowing to fungal infections has dramatically expanded over the most recent years. However, even though it is actually the case that somewhat recently, the science of the mycoses has been concentrated inside and out, numerous inquiries stay unanswered requiring extra investigations.
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