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Abstract: Fungal infections have been a serious problem since long time. However, development of new antifungals has 

improved the situation and helped a lot in overcoming the problems caused due to invasive fungal infections. It is very crucial to 

understand the mechanism behind fungal infections and generation of resistance. Extensive use of azole antifungals has caused 

their resistance leading to medication failure. Focus on antimicrobials got a boom after Covid 19 outbreak but still fungal 

infections are least focused. Fluconazole a widely used antifungal have no action against Candida albicans. Due to excessive use 

resistance have been created this reason warns us that there is a great need to introduce new and better antifungals in the 

market. Beside this new antifungal like Echinocandin and second generation of triazole antifungals are clinically important. On 

the top of this Posaconazole (triazole second generation) is the azole active against Zygomycete fungi. Combination therapy is an 

additional method for treating invasive fungal infections. However, in the end, there is a mismatch between the supply and 

demand for antifungals.an additional method for treating invasive fungal infections. Hence need to introduce novel antifungals 

have become very important. The main aim of this article is to focus on the emerging fungal infections and mechanism of 

resistance along with study of fluconazole as antifungal agents.  
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I.      INTRODUCTION 

Recent advancement in antimicrobial therapy is a very important topic to focus on. The increased use of antimicrobials since last 

few years have caused a sudden increase in drug resistance. However antifungal resistance study has lagged than study of 

antibacterials as fungal infection is not thought to be important to give attention on. For about 30 years Amphotericin B was a very 

important drug to treat and control severe fungal infection beside the fact it causes significant nephrotoxicity. In the ending of 1980s 

and starting of 1990s Imidazole’s and Triazole’s were approved for safe and effective treatment of local and systemic infections. 

Fluconazole a triazole derivative is a highly safe drug for treatment of fungal infections because of which it is used extensively. It 

was used to treat 16 million patients which includes more than 300,000 AIDS cases. This data is only for US after the launch of the 

drug. Due to such extensive use drug resistance is created in the microorganisms[1]. 

Fungal infection has become an emerging problem since few years. The resistance to various fungal species is the major problem. 

Resistance develops when microbe generate some specific mechanism to defeat the drug. About 7% of blood samples tested at CDC 

of candida species are fluconazole resistant [2]. 

Mostly prescribed antifungal for candida species is of azole category i.e., Fluconazole. This drug works by inhibition of ergosterol 

synthesis these are 14 alpha demethylase inhibitors [3].                                                

Drug resistance is a globally emerging serious problems it has caused a great limitation in treatment options. People who have 

compromised immune systems are more vulnerable to generate serious antifungal resistance. Some strains of fungi have become 

more resistant to drugs and are called superbugs [4]. 

Antimicrobial drugs are always prone to drug resistance due to adaptive nature of microorganisms [5]. 

There is great gap between drug demand and supply because of limited antifungals with less toxicity and side effects. Clinically 

reported mortality rate of different species varies but most common 3 species reported for major infection are 50-90 percent for 

Aspergillus fumigatus, 20-70 percent for Cryptococcus neoformans, and 20-40 percent for Candida albicans. Treating this fungal 

infection caused by several species is challenging without harming the host [6]. 
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Azole is one of major class of antifungal drug used for treatment of various fungal infections. The antifungals of this category used 

clinically contain either two or three nitrogen in its azole ring which further classified as imidazole (ketoconazole, clotrimazole) and 

triazole ( fluconazole, voriconazole or itraconazole) [7]. 

Triazole category drugs are important pharmacophore groups they interact with biological target with high affinity due to their 

ability to form hydrogen bonds, stiffness, solubility, and dipole characteristic. 

Every single derivative like voriconazole, posaconazole, ravuconazole, isavuconazole, albaconazole, efinaconazole are derived from 

fluconazole or itraconazole. These derivatives are designed to overcome the limitations found in their parent drugs [8]. 

 

II.      WHY DO WE STUDY ABOUT FUNGI? 

In the whole environment fungi are multicellular, eukaryotic organisms that make approximately 0.1% of the gut microbiome. Fungi 

can be beneficial as well as infectious. When utilized as food like yeast, mushroom etc and in pharmaceuticals a great example is 

penicillin. However, fungi are opportunistic in nature and can cause infections which can range in severity from minor (e.g., 

ringworm, athletes’ foot) to fatal (e.g., aspergillosis). 

WHO and the US Centre for Disease Control and Prevention are two examples of organisations which have found a number of 

invasive disease-causing fungi as emerging threats. A highly significant clinical pathogen Candida auris causes candidiasis specially 

in immunocompromised individuals and is resistance to antifungal drug fluconazole and amphotericin B. Candida auris has a 39% 

mortality rate CDC has categorised as a “urgent threat”. 

Fungi belonging to the genus aspergillus are another major source of concern. Fumigates is a mould that can lead to aspergillosis by 

infecting the respiratory system and lungs. A. fumigates has demonstrated a rise in azole resistance since 1990, which has led to 

treatment failures [9]. 

Causes of antifungal resistance: 

1) Poor sanitation 

2) Excessive use of fungicides 

3) Limited discovery of advance antifungal 

4) Not following prescription correctly 

5) Mutation of fungi sequences 

 

III.      ANTIFUNGAL THERAPIES 

There are currently several antifungal agents available for therapeutic use. Fungal drugs are divided into four categories and can be 

used alone or in combination help address a range of fungal illnesses. The combination therapy and hybrids are being used very 

commonly and have great results. Some common 'frontline' antifungals are listed below: 

1) Polyenes, such as amphotericin B, disrupt cell structure by causing fungal cell membranes to rupture.  

2) 5-fluorouracil (5-FC), for example, inhibits nucleic acid synthesis. Cryptococcus species are resistant fungi. 

3) Micafungin and other echinocandins inhibit fungal cell wall synthesis. Candida species are resistant fungi.  

4) Fluconazole and other azoles inhibit metabolism by preventing ergosterol synthesis. Candida species are resistant fungi.   

 

IV.      FUNGAL INFECTION AN EMERGING PROBLEM 

Fungal infections have been added in some of the major problems. Existence of fungi is in 2 basic form moulds and yeasts. Single, 

small, oval cells are called yeast and fungi consisting of filaments called hyphae are moulds [10]. 

Fungal infections can re-emerge after some time some of very common fungal infections such as candidiasis, aspergillosis, 

cryptococcosis are very common. Candida is responsible for causing blood stream infections whose mortality rate is more than 30% 

similarly aspergillus is responsible to infect more than 45% susceptible host. Rate of deaths due to invasive fungal infections in 

patients have been increased to 67% [11]. 

People with poor circulation, weak immune system or who are suffering from diabetes are at high risk for fungal infections. 

Generally, anyone can be attacked by fungal infection. Parts like skin, nails or parts of body that generally traps moisture are highly 

prone to fungal infection. Patients who are undergoing cancer treatment or are on immunosuppressant medications are also at high 

risk of being caught by fungal infections [12]. 

Types Of Fungal Infection 

Fungal infections have been divided according to the way they affect the body part these infections can be on the surface of skin or 

under the skin or inside the body organs.  



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue IV Apr 2024- Available at www.ijraset.com 

    

 
2578 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

 
 

1) Superficial Fungal Infection: Means it will cause infection on the surface of skin like on skin mucous membranes, nails. Some 

of major examples are Candidiasis, Ringworm, Onychomycosis, Tinea versicolor. 

2) Subcutaneous Fungal Infection: Fungal infection under the surface of skin. Caused when fungus gets the way to move into cut 

or wound or any other type of injury. Examples are Eumycetoma, Chromoblastomycosis, Sporotrichosis. 

3) Deep Fungal Infection:  Fungal infections which affect body organs like blood, UT, brain or lungs. Some of these infections are 

opportunistic and usually cause infection in people with weakened immune system. Examples are Aspergillosis, Blastomycosis, 

Histoplasmosis, Invasive candidiasis, Pneumocystis pneumonia. 

Table:1Types of fungal infections and causative agents 

S.no. Superficial fungal 

infection 

Subcutaneous fungal 

infection 

Deep fungal 

infection 

1. Ringworm: this group of fungi 

live on skin, hair or nails. 

Tinea Pedis/ athletes foot 

Sporotrichosis: rose gardener 

disease, can also occur in lings and 

other body parts. 

Blastomycosis: it causes 

infection in bones 

2. Onychomycosis: these causes 

infection in finger and 

toenails. 

Chromoblastomycosis: cause long 

lasting infection of skin. 

Aspergillosis: cause lung 

infection, pulmonary 

aspergillosis or can form 

fungal balls. 

3. Candidiasis: candida species 

mainly albicans cause skin 

and mucosal infection. 

Eumycetoma: it affects feet. Candida UTI: generally, 

bacteria cause UTI. 

4. Tinea versicolor: cause skin 

discoloration fungus 

responsible is Malassezia 

 Can affect the heart, blood, 

brain, eyes, or bones: 

invasive candidiasis. 

 

Systemic fungal infection is further divided in 2 types: Opportunistic and Endemic. 

a) Opportunistic systemic fungal infection: These types of infections are life threatening; they mainly occur when self defence 

mechanism is weak or not dominant due to any reason. As cases of immunosuppression are increasing due to autoimmune 

disease hence, we can notice a rise in systemic fungal infection. People who undergo bone marrow transplantation must take 

immunosuppressant’s so that rejection or failure of therapy can be minimised. Approx 20-50% patients of haematological 

cancer die with the evidence that they developed invasive fungal infection while they were on immunosuppressant treatment. 

b) Endemic Mycoses: Endemic fungal infections are specific to any areas. Occur in certain geographical conditions. These 

infections are widely spread due to increased cases of HIV and increase in traveling from one country to another. One of most 

common examples is of COVID-19 which was widely spread all over the world. From endemic infection due to traveling and 

direct contact with infected person it became a pandemic problem [10]. 
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Classification of Antifungals 

The main classes of antifungals are echinocandins, polyenes, azoles, and allylamines. Many compounds of polyenes were developed 

after 1950, but Amphotericin B is the medication of choice in every case. 5-Flucytosine and antifungals are utilised in combination 

therapy. For a variety of fungal infections, the triazole derivatives fluconazole, itraconazole, voriconazole, posaconazole, and 

isavuconazole are frequently used. 

 
Fig.2 Classification of antifungals 

Structure of some antifungal agents: 

 

Antifungal Drugs 
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Azoles 

Imidazole 

Topical 

Clotrimazole 

Econazole 

M iconazole 

Oxiconazole 

Systemic  

Ketoconazole 

Triazole 

Fluconazole 

It raconazole 

Voriconazole 

Posaconazole 

Allylamine 

Terbinafine 

Topical agents 

Tolnaftate 

Benzoic acid 

Butenafine 
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Triazoles, one of these kinds of broad spectrum antifungal medicines, work by preventing ergosterol from being biosynthesised, 

which is a necessary step in the manufacture of fungal membranes. Triazole antifungals have fewer negative effects and are 

frequently used [13]. 

Triazole antifungals were derivatized from imidazole’s like miconazole. Triazoles inhibits ergosterol synthesis by inhibiting 

cytochrome P450 enzyme 14 alpha-demethylase. The transformation of lanosterol into ergosterol is carried out by this enzyme. 

Ergosterol is an important component of fungal cell membrane, triazole hence inhibit ergosterol synthesis and increase cell 

permeability. As triazoles are derived from imidazole like miconazole but these work only on superficial infections with poor oral 

bioavailability and high lipophilicity [14]. 

Thus, in search of a new and more beneficial agent whose bioavailability is high at the same time can be taken orally and 

intravenously, in mid of 1980 and 1990 fluconazole a triazole antifungal came in existence. This derivative brought a wide change 

in antifungal therapy as it has less side effect and toxic effect then previous existing antifungals. Fungal cytochrome P450 have an 

iron centre fluconazole tightly binds with iron centre. But strains that are triazole resistant have emerged which led to discovery of 

two new agents Voriconazole and Posaconazole [14]. 
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V.      TRIAZOLES AS ANTIFUNGAL 

As discussed above triazoles are widely used antifungals with least side effects. Let as take fluconazole as a common drug from this 

category to understand its mechanism of action. Fluconazole is an FDA approved drug for treatment of various fungal infection like 

urinary tract infection, vaginal candidiasis, oesophageal candidiasis, systemic infections candidemia, pneumonia, cryptococcal 

meningitis. Non FDA approved treatment in blastomycosis, coccidioidomycosis and histoplasmosis. 

 

VI.      MECHANISM OF ACTION 

Fluconazole beside being a highly effective antifungal agent have some limited activity to yeasts and against endemic fungi. Apart 

from this, fluconazole has highly effect against C. krusei and is quite active against candida and cryptococcus, whereas it is less 

active against C. glabrata. 

Dugs under triazole category interacts with 14-demethylasewhich is helps in conversion of lanosterol to ergosterol. It also inhibits 

endogenous respiration and yeast growth. It is noticed that fungistatic activity of fluconazole is primarily caused by the loss of sterol 

[15]. 

Lanosterol 14-demethylase, an enzyme dependent on cytochrome P450 in fungi, is very specifically inhibited by fluconazole. 

Lanosterol must be converted to ergosterol by this enzyme in order to create the fungal cell walls. The single iron atom in the heme 

group of lanosterol 14-demethylase combines with the free nitrogen atom on the azole ring of fluconazole to form a stable 

connection. Consequently, the process of ergosterol production is halted by the inhibition of lanosterol demethylation. This stops 

oxygen activation. Then, it is discovered that methylated sterols are accumulating in the fungal cellular membrane, which results in 

the arrest of fungal growth. These accumulated sterols have a detrimental effect on the plasma membrane of the fungus cell.  

A change in the amount or nature of the target enzyme may result in fluconazole resistance [16]. 

Other antifungals work by different mechanism of action some blocks the synthesis of lanosterol, some inhibit protein synthesis, 

some work by inhibiting ergosterol synthesis, whereas some drugs like amphotericin B makes pores in cell membrane and causes 

leakage in cell membrane. 

All these mechanisms are explained below with the help of a diagram. In each step it is being explained how each drug functions 

differently on different enzymes. 

 

VII.      STRUCTURAL REPRESENTATION OF MECHANISM 

As mentioned above these work by blocking P-450 that is important to catalyse 14-ߙ-demethylation of lanosterol to ergosterol this 

causes release of 14-methylated sterols which causes permeability disturbance [17]. 

 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue IV Apr 2024- Available at www.ijraset.com 

    

 
2582 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue IV Apr 2024- Available at www.ijraset.com 

    

 
2583 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

VIII.      SAR OF TRIAZOLES 

Azoles are versatile they are not only used in fungal infection treatment but also in many other categories [18]. 

 
 

 
 

A number of azole derivatives were created and their antifungal efficacy was investigated in the late 1960s. R&D is currently being 

done on numerous antifungals. A side chain, an imidazole or triazole heme-coordinating group that is separated from the azole 

moiety by two atoms, and a halo-substituted aromatic are some common structural properties that have been examined across a wide 

variety of azole types (18). 
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1) N3 Nitrogen atom in imidazle and N4 in triazole are responsible for binding to heme iron 

2) Baisc structure requrement of azole derivatives are: triazole or imidazole ring which are attached with nitrogen or carbon 

linkage to the remaining structure. 

3) The majority of strong antifungals have two or three aromatic rings, one of which has a halogen substitution. 

4) Only 2 or 2,4 substituted compounds are most active compounds. 

5) Most potent compounds are those which have flourin as a halogen substitution. 

6) Non polar part of antifungals mimics lanosterol 14-demethylase in shape and size which is an nonpolar steroid part of substrate. 

7) Non polar nature makes these drugs highly lipophilic. 

8) Free bases present in the compound are insoluble in water but soluble in most of the organic compounds. 

9) Fluconazole most used azole of current time is exception to this as it has two polar trizole hence its IV preperations are also 

available (16). 
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IX.      SYNTHESIS OF TRIAZOLE DERIVATIVE - FLUCONAZOLE 

 
 

Scheme: (a) AlCl3 ,1,2-dichloroethane, chloroacetyl chloride, 25-30℃; (b) 1H-1,2,4-triazole, NaHCO3, toluene, reflux; (c) 

trimethylsulfoxonium iodide (TMSI), NaOH, tetraethylammonium bromide (TEAB), dichloromethane, toluene, 60℃; (d) EtOH, 

80℃, 12h reflux, TMSO.  

Fluconazole: 

 
 

IUPAC name: 2-(2,4-difluorophenyl)-1,3-bis(1,2,4-triazol-1-yl)propan-2-ol 

An antifungal drug called fluconazole, commonly referred to as Diflucan, is used to treat superficial and systemic fungal infections 

in a range of tissues. It was first approved by the FDA in 1990.This medication is an azole antifungal, similar to ketoconazole an 

itraconazole. It has many advantages taken can be taken orally. Has low risk of side effects also showed effective treatment for 

vaginal infection a single dose [19]. 
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Fluconazole is a helpful treatment for fungal infections, such as Candida albicans, a kind of yeast since it has been demonstrated to 

have fungistatic action against the majority of strains of the following microorganisms. Examples of Candida species are Candida 

glabrata, Candida tropicalis, Candida parapsilosis, and Cryptococcus neoformans. This is accomplished by interfering with cell wall 

synthesis, growth, and adhesion in fungal cells, thereby treating fungal infections and their symptoms [20]. 

Additionally, in both normal and immunocompromised animal models with systemic and intracranial fungal infections brought on 

by Cryptococcus neoformans and systemic infections brought on by Candida albicans, fluconazole has been demonstrated to exhibit 

fungistatic action. The fact that fluconazole-resistant organisms have been shown to withstand different strains of organisms is 

noteworthy. This demonstrates that before considering fluconazole as an antifungal treatment, susceptibility testing is necessary 

[21]. 

The pharmacokinetic characteristics of oral and intravenous (IV) fluconazole administration are similar. In healthy individuals, a 

dose taken orally has a bioavailability of over 90%. Fluconazole absorbed through food has no effect on oral absorption, but it may 

take longer to reach the optimum concentration [16]. 

Fluconazole is effective, well tolerated has predictable pharmacokinetics hence can be used in majority of patients with candida 

infections including children, the elderly and immune suppressed persons. It also help in reducing the risk of infection in patients 

receiving cytotoxic chemotherapy [22]. 

With a half-life of roughly thirty hours and strong tissue penetration, fluconazole offers a broad therapeutic range and minimal 

toxicity. Due to these benefits, it is widely used which cause rising incidence of reduced susceptibility of some strains towards 

fluconazole. Since the main cause of resistance generation is lacking hence it should be prescribed in a limit with caution and strict 

indications in order to reduce the development of resistance [23]. 

Antifungals intake have been increased in past few years from 2008 to 2018. Countries having high economy are seen to have more 

consumption of antifungals. Fluconazole with 0.23 DDD/1000 inhabitants /day remains in 3rd number for the use in the country with 

middle to high income [24]. 

As fluconazole can penetration in CSF hence used to cure coccidioidal meningitis. During a study this azole derivative cured 99% 

of patients suffering from vaginal candidiasis by giving 150 mg orally for 3 days in 372 patients. This regimen was followed 

according to the clotrimazole regimen [25]. 

 

X.      VORICONAZOLE 

 

 
IUPAC name: (2R,3S)-2-(2,4-difluorophenyl)-3-(5-fluoropyrimidin-4-yl)-1-(1,2,4-triazol-1-yl) butan-2-ol 

Aspergillus, Candida, Cryptococcus neoformans, and a few uncommon moulds are among the many clinically significant fungal 

infections that may be effectively treated with the initial second-generation triazole. When clinically appropriate, oral and 

intravenous versions of voriconazole can be switched since it is easily absorbed after oral administration and has an oral 

bioavailability of above 90%. Because of capacity-limited clearance, voriconazole has nonlinear pharmacokinetics and is therefore 

dose-dependent. As the dosage of voriconazole increases, the area under the plasma concentration-time curve (AUC) rises supra 

proportionally. The pharmacokinetics of voriconazole in youngsters (up to 12 years old) seem to be linear [26]. 

Like all azole medications, voriconazole works by blocking the cytochrome P450 (CYP450)-dependent demethylation of 14a-

lanosterol, a crucial stage in the synthesis of ergosterol in fungal cell membranes. Similar to other azoles, voriconazole seems to 

have fungistatic properties against yeasts. Conversely, azoles belonging to the second generation, such as voriconazole, have 

fungicidal properties against certain filamentous species [27]. 
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Because CYP450 inducers like carbamazepine, rifampin, and long-acting barbiturates diminish voriconazole concentrations, it is 

best to avoid using them in combination with voriconazole. It is not advised to take these two medications at the same time since 

doing so lowers voriconazole levels and increases rifabutin blood concentrations to fatal levels. Voriconazole and phenytoin, a 

CYP2C9 substrate and powerful CYP450 inducer, have a similar 2-way interaction. Phenytoin lowers voriconazole levels; if the two 

medications are administered concurrently, the oral voriconazole dosage should be increased. Voriconazole, on the other hand, raises 

phenytoin levels by fighting for the CYP2C9 enzyme that metabolizes phenytoin. When the two drugs are taken together, phenytoin 

levels must be closely checked [27]. 

All though voriconazole is a well-tolerated and has very less side effects but some of the majorly reported side effects are whether 

dose related or problems like reversible vision disturbance, blurred vision or photophobia [28]. 

 

XI.      POSACONAZOLE 

      
IUPAC name: 

4-[4-[4-[4-[[(3R,5R)-5-(2,4-difluorophenyl)-5-(1,2,4-triazol-1-ylmethyl) oxolan-3-yl] methoxy] phenyl] piperazin-1-yl] phenyl]-2-

[(2S,3S)-2-hydroxypentan-3-yl]-1,2,4-triazol-3-one   

Posaconazole is a triazole antifungal with a wide range of efficacy. Oral suspension is one way that it can be given. This triazole is 

of the second generation. Its structure is comparable to that of itraconazole when compared to other antifungal medications. The 

side chain of posaconazole help to bind with CYP51 tightly. Its binding is better than fluconazole and voriconazole [29]. 

Posaconazole is particularly effective against Candida species in vitro. Itraconazole and fluconazole are less effective against all 

Candida species and Cryptococcus neoformans. It has fungistatic and fungicidal action against most Candida species isolates in 

vitro and in vivo, inhibiting 97% of Candida species. Posaconazole has not yet been studied in an intravenous formulation; this may 

be an advantage as compared to other broad-spectrum antifungal medicines with intravenous formulations. 

The dose of posaconazole is given four times up to 7 days at a dose of 200 mg orally called loading dose and the 400 mg twice a day 

called maintenance dose [30]. Posaconazole oral absorption is limited and is easily released from suspension and as the solubility is 

low in acid and basic conditions hence its absorption depends on food intake. The limited metabolism of posaconazole is largely 

facilitated by phase 2 biotransformation’s through the routes of uridine diphosphate glucuronosyltransferase enzymes. Therefore, 

inducers or inhibitors of different clearance pathways may have an impact on posaconazole plasma concentrations [31]. 

Within six month 43% adverse effects were reported. Most common side effect was found to be gastrointestinal problem and 

headache [29]. 

XII.      CAUSES OF RESISTANCE 

Anti-microbial resistance (AMR) will be the leading cause of death by 2050 according to WHO. AMR is great threat and will cause 

a lot of problem if no major steps are taken. Whenever it comes about AMR bacterial resistance is most discussed topic while 

antifungal resistance remains undiscussed and un-recognized. According to an estimation approximate more than 2 million people 

die per year due to fungal infection. Since so long the old classes of antifungal are used for the treatment due to which fungal 

infections are now resistance to approx. Every class of drugs hence it has become very important to develop some new antifungals 

in order to overcome serious drug resistance [9]. 
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Fungal strains are more susceptible to mutation as they have small genome compared to plant and animal genome. Also, it is 

important to understand that a few types of antifungals can be used as fungi are eukaryotes and these may have capability to overlap 

with hosts cellular machinery. Anti-fungal resistance may be caused by various reasons some are [32]: 

 
XIII.      MECHANISM OF RESISTANCE 

There are 3 main mechanisms by which antifungal resistance generates especially for triazole are: expression of unregulated 14-α-

demethylase, some type of changes or alteration on binding site of triazole, multidrug efflux transporters up regulation. It is not 

necessary that only one type of mechanism will be followed by strain or drug resistance one strain can have more than one 

mechanism [3]. 

The most widely used class of antifungals is azoles. Hence most strains have generated resistance for azole derivative. One of the 

most common resistant strain Candida Albicans is resistant to fluconazole. This resistance case was 1st observed in AIDS patients 

who were suffering from recurring oropharyngeal candidiasis. These patients were treated with fluconazole for the long time. When 

research was performed on this treatment failure researcher noticed 3 genetic:  

 In Erg11p there was a point mutation in coding sequence. It caused decreased in affinity for azoles. 

 Gain of function (GOF) mutation in transcription regulator because of intrinsic upregulation of Erg 11p  

 Upregulation of multidrug of multidrug efflux transporters Cdr1 and Cdr2 because of GOF mutation in transcription factor Tac1 

and Mrr1. 

All these steps may be followed in a sequence by sequential C albicans isolates may start with upregulation of transmembrane 

transporters which causes a decrease in intracellular accumulation of fluconazole. Also change in the coding sequence causes 

reduced fluconazole binding affinity [33]. 

 

XIV.      ADVERSE EFFECTS 

Fluconazole and itraconazole were already available on the market in 2004. In 2002, voriconazole was released. Isavuconazole and 

posaconazole received approval in 2006 and 2015, respectively. Voriconazole has been used often in adults and children over two 

years of age, however there is no proof that it should be administered to neonates or young children younger than two years old. 

There is no evidence to support the use of isavuconazole in paediatric patients under the age of 18, as its safety and efficacy have 

not been established. Posaconazole isavuconazole, voriconazole and fluconazole antifungals have been linked to dryness, drug rash, 

hair loss, diarrhoea, lethargy, nausea, and vomiting, as well as a prolonged QT interval [34]. 

Although isavuconazole has a similar mechanism of action and belongs to the same triazole family as the other four medications, it 

induces the opposite side effect, such as a shortening of the QT interval.14 Furthermore, itraconazole's boxed warning mentions 

medication interactions, cardiac consequences, and congestive heart failure (CHF) [35]. 

CAUSE OF RESISTANCE 

Target overxpression 

Limited discovery of antifungals. 

Prescription not followed properly. 

Overuse of fungicides. 

Mutation 

Improper waste disposal 

Pathway alteration 

Aerial spore dispersal 

Repeated treatment with same fungiside 

Immunocompromised patients and cancer therapies 
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The key aspect of the clinical presentation is neurotoxicity, which is an uncommon and dangerous adverse event. Triazoles have 

been demonstrated in the past to raise plasma levels of vinca alkaloids and produce neurotoxicity due to their inhibitory impact on 

CYP3A4. It is not apparent how triazole antifungals produce neurotoxicity [35]. 

 
XV.      RECENT ADVANCEMENT 

Triazole hybrids  

Triazole exist in 2 forms 1,2,3-triazole and 1,2,4-triazole. Both two forms have their own action.1,2,4-triazole is widely used for 

antifungal activity as N4 is responsible for binding to heme protein of the fungal cell. But due to increased amount of resistance and 

presence of superbugs has caused failure of already existing drugs. To overcome this problem triazole hybrids are designed. These 

are combination of triazole along with other rings which in combination gives better result than the non-substituted ring. Invasive 

fungal infection has caused many deaths hence introduction of new 1,2,4-triazole is necessary. 1,2,4-triazole have recently evaluated 

for development of new antifungals as well as antibacterials [36]. 

Some of recent study on hybrid of triazole: 

 
 

 
 

Amphotericin B 

• Lowered 

potassium and 

magnesium 

levels 

• Tachycardia 

• Hypotension 

• Renal toxcity 

• Neurotoxicity 

Fluconazole 

• Increased liver 

funct ion 

studies 

• Nausea 

• Abdominal pain 

• Vomit ing 

Grisofluvin 

• Rash 

• Urt icaria 

• Anorexia 

• Headache  

Voriconazole 

• Decreased 

vision 

• Sunburn 

• Unusuall 

bleeding 

• Chest  pain 

Ketoconazole 

• Gynaecomast ia 

• M enst rual 

irregulat ion 

• Parasthesia 

• Hair loss 
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Therefore, it is necessary to synthesise and develop novel antifungal drugs. 1,2,4-triazole is one of the most significant 

pharmacophore systems between five-membered heterocycles. The structure-activity relationship (SAR) of this nitrogen-containing 

heterocyclic molecule indicated possible antifungal action. A number of antifungal medications include the 1,2,4-triazole core in 

their nucleus. Triazoles' most potent and broad activity has confirmed them as pharmacologically significant moieties [36]. 

Triazoles have made it easier to treat a variety of fungal diseases, such as aspergillosis, candidiasis, and cryptococcal meningitis. 

However, the death rate from these infections is still too high even with antifungal therapy. Thus, scientists are putting a lot of effort 

into developing cutting-edge antifungal medications that specifically target unique fungus structures or activities. Rapid advances in 

molecular mycology have resulted in a focused hunt for additional target antifungals. Although we are entering a new age of 

antifungal medicine and will continue to face systemic fungal illnesses, our therapeutic choices will have substantially broadened 

[36]. 

 

XVI.      CONCLUSION 

Although antimicrobial treatment is getting advance due to which now it is easy to manage the outbreak of any infection. But fungal 

infection needs much more attention, there is a lot to discover about antifungal therapy. Due to generation of resistance for 

fluconazole to candida albicans, it is now much more important to introduce new antifungals which can be administered by various 

routes. Improper medication and excessive use of antifungals need to be controlled to slow down the speed of resistance generation. 

Moreover, studies on hybrids are going on for effective treatment of fungal infections. 
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